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ABSTRACT 

The Susanville geothermal anomaly, located in northeast California, has 

been identified as a resource with potential for the development of geothermal 

energy for direct use applications. As a result of the City of Susanville's 

interest in developing the resource for a cityride space heating program, the 

Water and Power Resources Service (formerly the Bureau of Reclamation) and the 

Earth Sciences Division of Lawrence Berkeley Laboratory (LBL) have collaborated 

since 1978 on a geothermal resource evaluation project. As part of this pro- 

ject, twelve exploratory temperature gradient holes have been drilled (bring- 

ing the total number of old and new holes and wells to 231, subsurface geologic 

and geophysical data have been analyzed, and a well test has been conducted by 

Lawrence Berkeley Laboratory. 

Interpretation of data obtained from well testing, drillers' and litho- 

logic logs and geophysical surveys suggests the presence of a fault-related 

reservoir of high permeability, shallow depth, limited thickness and limited 

lateral extent. 

Temperature contours and profiles suggest the upwelling of fluids on a 

northwest-trending fault, from where they are dispersed into the reservoir 

along a highly permeable, fractured agglomerate-basalt interface and fractured 

volcanic units. 

the fractured interface, and porosity values are low, supporting evidence for 

a fracture-dominated producing aquifer(8). 

Well tests show a high lateral permeability associated with 
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I 

The areal confinement of t h e  anomaly has been e s t ab l i shed  on t h r e e  s i d e s  

( w e s t ,  south,  east) t o  a depth of 200 me I n  t h e  southern po r t ion ,  temperature 

r e v e r s a l s  below an aglomerate-basaltic i n t e r f a c e  suggest  a v e r t i c a l l y  confined 

aquifer .  Water samples and p e t r o l o g i c  data i n d i c a t e  t h a t  i n  t h e  past ,  f l u i d s  

of temperature8 between 7OoC and 15OOC flowed through t h e  f r a c t u r e  system. 

Computer modeling i n d i c a t e s  t h a t  a hor izonta l ,  reg iona l  flow of h o t  f l u i d s  i s  

requi red  t o  match t h e  observed temperature d i s t r ibu t ion .  

It is  recommended t h a t  c a l c u l a t i o n s  for an es t imat ion  of resource l i f e  

i n  terns of temperature and p res su re  dec l ine  be made. 

estimate of t o t a l  resource p r o d u c i b i l i t y  is possible, t he  resource must be 

more completely i d e n t i f i e d ,  and t h e  to ta l  depth, maximum f l u i d  temperature and 

Before a conf ident  

t he  ex ten t  of t h e  northern p o r t i o n  of t h e  resource must be es tab l i shed .  The 

r e s u l t s  of f u r t h u r  t e s t i n g ,  combined with previous test data, as w e l l  a s  a l l  

other a v a i l a b l e  data, w o u l d  y i e l d  a complete desc r ip t ion  of t h e  r e se rvo i r ,  and 

def ine  f u t u r e  d r i l l i n g  depths ,  expected temperatures, and sites for r e i n j e c -  

t i o n  w e  11s. 

c 
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INTRODUCTION 

The Susanvi l le  geothermal anomaly is loca ted  i n  nor theas t  Ca l i fo rn ia ,  a t  

t h e  f o o t  of t h e  S i e r r a  Nevada. The presence of s eve ra l  shallow hot  water 

w e l l s  and a n a t u r a l  h o t  sp r ing  i n i t i a l l y  i d e n t i f i e d  t h i s  area as a prospect ive 

candidate f o r  t h e  development of geothermal energy. More r ecen t ly ,  increased 

f o s s i l  f u e l  c o s t s  and t h e  high p r i c e  of t r anspor t ing  l i q u i f i e d  n a t u r a l  gas t o  

Susanvi l le  and t h e  surrounding area  s t imulated interest i n  developing t h e  

resource f o r  a city-wide space hea t ing  program. Since l a t e  1978, t h e  Water 

and Power Resources Service and t h e  Earth Sciences Division of Lawrence 

Berkeley Laboratory have co l labora ted  on a geothermal resource eva lua t ion  

p r o j e c t  a t  Susanville.  As p a r t  of t h i s  p ro jec t ,  twelve deep and f i v e  shallow 

temperature grad ien t  ho les  were d r i l l e d ,  sub-surface geologic and geophysical 

data w e r e  analyzed, and a wel l  tes t  was conducted. 

GEOLOGIC SETTING 

The c i t y  of Susanvi l le  is loca ted  a t  t h e  i n t e r s e c t i o n  of t h r e e  major 

physiographic provinces:  

and Range (see Figure  1). Plio-Pleis tocene volcanic  rocks form a d i s sec t ed  

p l a t eau  nor th  and w e s t  of t h e  c i ty .  

as members of t h e  Warner Basa l t ,  a c o l l e c t i v e  u n i t  of pe t rographica l ly  and 

s t r u c t u r a l l y  s i m i l a r  l avas  found throughout t h e  Modoc Plateau. 

Susanvi l le  l i e  t h e  Jurassic-Cretaceous qua r t z  monzonite and quar tz  d i o r i t e  of 

the S ie r r an  ba thol i th .  

graben-like s t r u c t u r e  of Honey Lake Valley, f i l l e d  i n  p a r t  by P le i s tocene  

sediments of e x t i n c t  Lake Lahontan. 

t h e  Modoc Plateau,  t h e  S i e r r a  Nevada and t h e  Basin 

1 These volcanics  have been i d e n t i f i e d  

South of 

Extending east and southeas t  from Susanvi l le  is  t h e  
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Fig. 1. Location map of Susanville Geothermal anomaly. 
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The Susanvi l le  geothermal explora tory  w e l l s  pene t ra ted  Holocene alluvium 

and Ple i s tocene  Lahontan Lake sediments, interbedded with Pl io-Pleis tocene 

b a s a l t s  and andesi tes .  These same l i t h o l o g i c  u n i t s  are penet ra ted  by water 

w e l l s  i n  t h e  Susanville-Johnsonville area and t y p i c a l l y  provide good y i e l d s  of 

groundwater. The r e spec t ive  amounts of water produced from e i t h e r  t h e  b a s a l t  

o r  t h e  sediments are not  w e l l  understood.* Meteoric water permeates through 

f r a c t u r e s  and j o i n t s  i n  t h e  basalt and along ves i cu la r  and scoriaceous zones 

a t  t h e  t o p  and bottom of t h e  b a s a l t  un i t s .  The Lahontan Lake sediments th icken  

t o  t h e  east of Susanvi l le .  To t h e  south,  they  i n t e r f a c e  with coarser, near- 

shore Lahontan deposits. 

Diamond Ridge. 

These near-shore depos i t s  outcrop along t h e  base of 

Hydrologically,  t h e  near-shore Lahontan depos i t s  have a dual  role. They 

are usua l ly  highly permeable and provide a pa th  f o r  groundwater recharge of 

i n t e r f i n g e r i n g  Lahontan sediments and, i n  some cases, recharge t o  underlying 

basalt un i t s .  In  s a t u r a t e d  zones, such a s  along t h e  base of Diamond Ridge, 

near-shore deposits are important shallow groundwater aquifers. 

The geologic r e l a t i o n s h i p s  formed between rock u n i t s  of t h e  t h r e e  major 

i n t e r s e c t i n g  provinces are too complex t o  be discussed i n  d e t a i l  here. W e  can 

comment, though, on s t r a t i g r a p h i c  and s t r u c t u r a l  c h a r a c t e r i s t i c s  of t h e  poten- 

t i a l  Susanvi l le  geothermal area based on observat ions made from l i t h o l o g i c  and 

geophysical w e l l  bore logs. 
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Fig. 2. Location map of wells drilled to date in Susanville. (XBL 801-6767) 
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Geothermal Wells i n  t h e  C i ty  of Susanvi l le  

Twenty-three temperature grad ien t  ho les  and w e l l s  have been d r i l l e d  i n  

t h e  Ci ty  of Susanvi l le  t o  date.  

t a r g e t  depth of 40 m, were d r i l l e d  f o r  prel iminary resource i d e n t i f i c a t i o n .  

Twelve explora tory  w e l l s ,  wi th  depths of 135 m t o  640 m, were then  d r i l l e d  i n  

an attempt t o  o u t l i n e  t h e  areal ex-tent of t h e  geothermal anomaly. Li thologic  

logs  of t hese  w e l l s  are included i n  Appendix B. Six  o lde r  w e l l s ,  f i v e  d r i l l e d  

i n  t h e  1920's and one d r i l l e d  i n  t h e  e a r l y  1960's, a r e  a l s o  i n  t h e  Ci ty  of 

Susanvi l le .  W e l l  l oca t ions  are shown i n  Figure 2. 

Five temperature gradien t  ho les ,  with a 

Five temperature gradien t  ho les  were d r i l l e d ,  and four  (TG-1, TG-17, 

TG-18, TG-19) w e r e  completed t o  a t a r g e t  depth of 46 me TG-2 only reached a 

depth of 15 m due t o  d i f f i c u l t i e s  encountered during d r i l l i n g .  Temperature 

g rad ien t s  of 0.12OC/m t o  0.2I0C/m were encountered i n  a l l  of t h e  TG ho le s  ex- 

cept TG-17 (2.5 m i l e s  south of Susanvi l le ) .  TG-17 had a much lower temperature 

grad ien t  of 0.04OC/m, with a bottom hole  temperature of 12OC. A l l  of t h e  TG 

holes ,  except TG-17 and TG-2, pene t ra ted  interbedded volcanics  and sediments. 

TG-17 pene t r a t ed  mostly g r a n i t i c  sediments; TG-2, d r i l l e d  t o  15 m, pene t ra ted  

a l l u v i a l  f i l l .  . .  

During t h e  per iod  from 1977 t o  1980, t h e  Water and Power Resources Service 

d r i l l e d  twelve exploratory ho le s  (Suzy 1 through Suzy 11, and Suzy 9A) ranging 

i n  depth from 135 m t o  640 m. 

inost of t h e  holes.  

6-1/2 inch  hole  t o  t h e  t o t a l  depth ( T D ) .  A two-inch p ipe  (PVC o r  steel)  w a s  

- ,  
Standard hea t  flow completions w e r e  used f o r  

H e a t  flow completions i n  t h i s  area cons is ted  of d r i l l i n g  a 
I .  

emplaced i n  t h e  hole ,  capped a t  t h e  bottom and f i l l e d  with w a t e r .  The remaining 
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holes  were completed for  poss ib l e  use a s  observat ion w e l l s  i n  f u t u r e  r e se rvo i r  

tests. These holes  w e r e  a l s o  d r i l l e d  with a 6-1/2 inch  diameter, and a 2-inch 

p ipe  w i t h  a screen and wel lpoint  was i n s t a l l e d  a t  t he  bottom of each one. 

The ho le s  w e r e  gravel  packed seve ra l  hundred f e e t  above the  bottom, and then 

cemented t o  t h e  top. One of t h e  holes ,  Suzy 6, w a s  completed with a 6-inch 

blank cas ing  t o  32 m. 

TD w a s  i n s e r t e d  so t h a t  the w e l l  could be used a s  a production, i n j e c t i o n ,  o r  

A 6-inch diameter s l o t t e d  l i n e r  with gravel-pack t o  the  

observat ion w e l l  dur ing t e s t i n g  of t h e  aquifers .  Table 1 o u t l i n e s  d e t a i l e d  

information of t h e  w e l l  completions, l oca t ions ,  depths ,  e l eva t ions  and s t a t i c  

water l eve l s .  

During t h e  d r i l l i n g  of each w e l l ,  a geologic w e l l  l og  was compiled t o  

record borehole c u t t i n g  desc r ip t ions  and d r i l l i n g  opera t ions  a s  descr ibed by a 

w e l l  s i t e  geologis t .  These w e l l  l o g s  a r e  found i n  Appendix B and o f f e r  more 

detailed desc r ip t ions  of t h e  information found i n  Table 1. Upon completion of 

d r i l l i n g ,  geophysical w e l l  logs  w e r e  run t o  i n v e s t i g a t e  t h e  pe t rophys ica l  

na ture  of t h e  l i t h o l o g i c  u n i t s  pene t ra ted  by t h e  w e l l s .  Examples of t h e  geo- 

phys ica l  logs  are presented i n  Appendix C. 

Wells Suzy 2 and Suzy 3 were logged by a commercial w e l l  logging company. 

In  each w e l l  t h e  fol lowing logs  were recorded: s e l f - p o t e n t i a l  (SP), r e s i s t i v -  

i t y ,  n a t u r a l  gamma ray ,  c a l i p e r ,  neutron and dens i ty  po ros i ty ,  sonic  ve loc i ty ,  

bulk dens i ty  and temperature. Subsequent ho les  were logged by a government 

logqing service.  The s tandard  s u i t e  recorded i n  some of t hese  holes  w a s  as 

follows: SP, caliper, r e s i s t i v i t y ,  neutron, gamma-gamma ray ,  na tu ra l  gamma 

ray ,  and temperature (SP, c a l i p e r  and r e s i s t i v i t y  were not  run i n  t h e  cased 



Table 1. WELL COMPLETION DATA 

Total  Cased Casing open S t a t i c  Water 
W e  11 Location Elevat ion Depth Depth Size I n t e r v a l  Level Comments 

( m )  (m) ( m )  ( inches  ) ( m )  (m) 
suzy 1 N393,794 

E2,375,183 

suzy 2 N394,304 

suzy 3 N394,298 

suzy 4 N393,964 

suzy 5 N373,278 

Suzy 6 N392,883 

Naef -- 

E2,374,716 

E2 372 57 1 

E2,373,944 

E2, 376,886 

E2,375,452 

Davis N393,113 
E374,112 

LLB #2 N392,029 
E2,376,569 

Swimming -- 
Pool  
LDS much -- 

Suzy 7 N392,359 

Suzy 8 N396,668 

suzy 9 N396,276 

E2,374,642 

E2,373,994 

Suzy 9a N396,288 

Suzy 10 N406,625 

Suzy 1 1  N397,306 

E2,372,122 

E2,372,595 

1273.4 

1276.0 

1289.0 

1279.0 

1271.0 

1273.0 

1288.0 

1276.0 

1273.0 

1295.0 

1268.0 

1275.3 

1276.8 

1283.2 

1283.2 

1291.4 

1305.8 

271.0 

512.0 

636.0 

234, 0 

225.0 

190.0 

127.0 

192.0 

152.0 

335.0 

175.0 

224.0 

160.9 

135.6 

249.3 

197.4 

243.2 

266.0 

512.0 

636.0 

232.0 

2220 6 

189.0 

114.0 

-- 
-- 
-- 
-- 

223.1 

159.4 

135.6 

249.3 

197.4 

243.0 

2 61-90 (30.5)(2) 2.3 

2 114-129 (1502)(2) 5.8 

2 73-104 (30.5)(2) 15.2 

232-234 (2)(2) 

85-106 (21)(2) 

4 

2 

32-190 ( 158)(2) 6 

12 (0-71)(l) -- 
10 (71-127)(1) 

12 (10.7- 152 
8 ( 127-172)(1) 

w e l l  p o i n t )  ( 1 
2 (159.4)(l) none 

2 none 

2 none 

2 none 

2 none 

4.6 

80 2 

14.0 

4.4 

4.0 

8. 5 

5.5 

-- 
-- 
-- 
-- 
-- 

Perfora ted  61-90 m 
Gravel pack 149-271 m 
W e l l  po in t  266-271 m 
Per fora ted  114-129 m 

W e l l  po in t  2" 
Slo t t ed  l i n e r  2.4 m 
W e l l  po in t  2.4 m 
Gravel pack 152-225 m 
S lo t t ed  l i n e r  32-190 m 

W e l l  d r i l l ed  - 1930(3) 
W e l l  d r i l l ed  - 1929(3) 
W e l l  d r i l l e d  - 1930(3) 
W e l l  d r i l l ed  - 1930(3) 

Bottom of p ipe  sealed is 
f i l l e d  with c l e a r  water 
Bottom of pipe sea led  & 
f i l l e d  w i t h  c l e a r  water 
Bottom of pipe sea led  h 
f i l l e d  w i t h  c l e a r  water 
Bottom of pipe sea led  & 
f i l l e d  w i t h  c l e a r  water 
Bottom of pipe sealed & 

E2,371,270 f i l l e d  with c l e a r  water 
(1) cased i n t e r v a l  i n  meters (2) length of open i n t e r v a l  i n  meters (3) completion data  not ava i l ab le  
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ho les ) .  Temperature surveys have been run pe r iod ica l ly  i n  each hole s ince  

completion. 

In  add i t ion  t o  t h e  aforementioned w e l l s ,  a p r i v a t e  wel l ,  Naef, was cleaned 

out  for  use as an observat ion and tes t  w e l l .  A s u i t e  of geophysical w e l l  logs  

w a s  a l s o  run i n  t h e  Naef w e l l .  

I n  1978, four  of t h e  Suzy w e l l s  were pe r fo ra t ed  (Suzy 1, 2, 3, and 5 )  i n  

order  t o  use them as observat ion we l l s  i n  an in t e r f e rence  t e s t .  Se lec t ion  of 

t h e  pe r fo ra t ion  i n t e r v a l  w a s  based on t h e  maximum measured temperatures and 

est imated porosit ies a s  determined f r o m  t h e  w e l l  logs  obtained during d r i l l i n g  

and completion. Due t o  seve ra l  complicating f a c t o r s  t h e  pe r fo ra t ion  job was 

considered t o  be successfu l  only i n  Suzy 3. 

Six wel l s  had been d r i l l e d  p r i o r  t o  t h i s  i nves t iga t ion :  t h e  Naef W e l l ,  

t h e  Davis W e l l ,  t h e  L.D.S. Church W e l l  ( t h e  Church of Jesus Chr i s t  of L a t t e r  

Day S a i n t s ) ,  Swimming Pool W e l l ,  Lassen Lumber and Box #2 W e l l ,  and t h e  Wirth 

W e l l .  Some of t hese  w e l l s  have been used i n t e r m i t t e n t l y  s i n c e  t h e  1 9 2 0 ' s  f o r  

space heat ing,  i n d u s t r i a l  processing,  and f o r  hea t ing  a swimming pool. Because 

these  w e l l s  were d r i l l e d  long ago, l i t t l e  d e t a i l e d  information on t o t a l  depth 

and w e l l  completion i s  ava i lab le .  The information obtained i s  summarized i n  

Figures 3 and 4, and Table 1. 

I n t e r p r e t a t i o n  of Subsurface Logs 

Two b a s a l t  beds were i d e n t i f i e d  a s  marker u n i t s  on t h e  na tu ra l  gamma ray  

logs.  Corre la t ions  between w e l l s  d r i l l e d  i n  these  two u n i t s  i n f e r r e d  t h e  

s t r u c t u r a l  r e l a t i o n s h i p s  of t h e  l i t h o l o g i c  u n i t s  penetrated.  One of t h e  b a s a l t  
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Fig. 3. Well completion data: Suzy 1-6, Pool, Church, 
Naef, Davis, LLB #2. (XBL 795-7442 ) 
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Fig. 4. W e l l  completion data: Suzy 7-11. 
(XBL 7912-1348A) 
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. beds i s  t y p i c a l l y  pene t ra ted  within t h e  f i r s t  1 0 0  f e e t  of d r i l l i n g .  The second 

bed i s  encountered between 300 and 500 f e e t .  The b a s a l t  beds a r e  absent  o r  ill- 

defined on t h e  Suzy 3 n a t u r a l  gamma w e l l  log;  t h e  upper b a s a l t  bed i s  not  ev ident  
c 

and t h e r e  is a poorly-defined b a s a l t  bed between 140 and 230 feet. In  Suzy 9, 

9A, and 11, t h e  upper b a s a l t  bed is  p resen t  bu t  t h e  lower bed i s  andes i t e  r a t h e r  

than  b a s a l t  (Appendices B and C ) .  

On the b a s i s  of t h e  gamma ray  l o g  c o r r e l a t i o n s ,  t h e  Susanvi l le  geothermal 

prospect  has been divided i n t o  f i v e  s t r u c t u r a l  u n i t s  (F igure  5). Cross sec- 

t i o n s  have been constructed t o  i l l u s t r a t e  t h e  s t r u c t u r a l  r e l a t ionsh ips  between 

/ 
/ 

Fig. 5. Division of t h e  Susanvi l le  geothermal prospect 
i n t o  f i v e  s t r u c t u r a l  un i t s .  (XBL 806-7210)  c 
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1 

t h e  var ious u n i t s  (Figures 6 and 7 ) .  Except as noted i n  t h e  t e x t ,  t h e  Susan- 

v i l l e  w e l l s  t y p i c a l l y  pene t r a t e  10-15 f e e t  of recent  Holocene a l l u v i a l  deposits, 

20-70 feet  of b a s a l t ,  300-400 f e e t  of interbedded Lake Lahontan sediments and 

Ple i s tocene  b a s a l t  l enses ,  and 100+ f e e t  of Plio-Pleistocene basa l t .  

To the w e s t ,  Suzy 3 i n  Block 1 pene t r a t e s  140 f e e t  of c lays ,  sand and 

grave ls  interbedded with t h i n  b a s a l t  l enses ,  9 0  f e e t  of b a s a l t  with minor c l ay ,  

and 1800 f e e t  of sand and c l a y  with minor gravel  beds. Block 2, east of 

Block 1, is  penet ra ted  by w e l l s  Naef and Suzy 4 and is  downfaulted by approxi- 

mately 140 f e e t ,  assuming t h a t  t h e  90 f o o t  t h i c k  b a s a l t  un i t  i n  Suzy 3 is t h e  

same u n i t  as t h e  lower b a s a l t  i n  Naef and Suzy 4. Block 3, south of Block 2, 

is  downfaulted from Block 2 by a t  least  240 f e e t ,  based on o f f s e t  of t h e  l o w e r  

b a s a l t  sec t ion .  The upper b a s a l t  u n i t s  i n d i c a t e  an o f f s e t  of approximately 60 

f e e t  and could be i n d i c a t i v e  of Holocene fau l t ing .  Suzy 5, 6, and 7 pene t r a t e  

Block 3. Block 4 is  o f f s e t  from Block 3 by r e l a t i v e  upfaul t ing  of Block 4 by 

approximately 180 f e e t  and o f f s e t  from Block  2 by downfaulting of Block 4 by 

approximately 100 feet. Cumulative of fse t  b e t w e e n  blocks may vary because of 

v a r i a t i o n s  i n  basalt  f l o w  thicknesses ,  formation of uneven eros iona l  su r f aces  

and minor intra-block fau l t ing .  

Suzy 2 and Suzy 8 pene t r a t e  Block 4. From observat ions of t h e  logs  from 

t h e s e  holes ,  it appears t h a t  t h e  top of t h e  lower b a s a l t  u n i t  is o f f s e t  by 

less than  25 f e e t  between t h e s e  w e l l s ,  and t h e r e  does no t  appear t o  be any 

offset  of t h e  bottom of t h e  upper b a s a l t  un i t .  Such apparent o f f s e t  of t h e  

lower u n i t  can be explained by phenomena o the r  than f a u l t i n g ;  e .g . ,  v a r i a t i o n s  

i n  t h e  th ickness  of t h e  b a s a l t  flow, d i f f e r e n t i a l  topographic and e ros iona l  



I suzy 9 

Fig. 6. Cross sec t ions  showing r e l a t ionsh ips  between var ious 
s t r u c t u r a l  u n i t s  (as i nd ica t ed  by t h e  na tu ra l  gamma l o y s ) .  
hach v e r t i c a l  d i v i s i o n  equals  100 f t .  (XBL 806-72 1 1  1 ) 

Fig. 7. Cross sec t ions  showing r e l a t ionsh ips  between var ious 
s t r u c t u r a l  u n i t s  ( a s  i nd ica t ed  by t h e  na tu ra l  gamma l o y s ) .  
Each v e r t i c a l  d iv i s ion  equals  100 f t .  (XBL 806-7209)  c 
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p a t t e r n s  or j o i n t i n g  and eros ion  of t h e  basa l t .  The l i t h o l o g i c  units are in-  

f e r r e d  t o  be genera l ly  undisturbed between Suzy 2 and Suzy 8. 

. A f i f t h  s t r u c t u r a l  un i t ,  Block 5, has  been i n f e r r e d  by t h e  l i t h o l o g i c  

change i n  the  lower volcanic  u n i t  between Suzy 8 and Suzy 9 and 9A. The lower 

b a s a l t  u n i t  evident  i n  Suzy 8 i s  replaced by a th i ck  andes i t e  u n i t  i n  Suzy 9. 

Based on t h i s  l i t h o l o g i c  unconformity a f a u l t  o r  series of f a u l t s  i s  i n f e r r e d  

to  separate a no r the r ly  block containing w e l l s  Suzy 9, 9A and 11 from Block  4 

t o  t h e  east and Blocks 1 and 2 t o  t h e  south. 

Pe t ro log ic  S tudies  

The Water and Power Resources Service obtained core samples from seve ra l  

of t h e  wells. Several of the cores  f r o m  the b a s a l t i c  u n i t s  had f r a c t u r e  p lanes  

and vugs which were f i l l e d  with hydrothermal mineral  deposits. These deposits 

were p r imar i ly  composed of z e o l i t i c  minerals  and carbonates. Numerous au thors  

have w r i t t e n  articles3, 4, 

t h e  formation and depos i t ion  of t h e  var ious zeo l i t e s .  The f r a c t u r e  p lane  min- 

eral deposits from w e l l  Suzy 9A were analyzed t o  determine what type of hydro- 

thermal minera l iza t ion  had taken place and s p e c i f i c a l l y ,  what type of z e o l i t e s  

w e r e  present .  Corre la t ion  of z e o l i t e  species with d i f f e r e n t  thermal regimes 

provides  valuable  information about the  thermal h i s t o r y  of t h e  resource. Three 

on t h e  temperature-depth r e l a t i o n  a s soc ia t ed  with 

d i s t i n c t  zones of minera l iza t ion  were iden t i f i ed .  Each of t hese  i n d i c a t e s  t h a t  

t h a t  t h e  hydrothermal minera l iza t ion  i n  t h i s  core took place i n  a temperature 

range of approximately 7OoC t o  15OOC. 

A co re  from a depth of 684 f e e t  i n  Suzy 9A w a s  examined i n  d e t a i l .  The 

co re  matr ix  w a s  determined t o  be a highly a l t e r e d  b a s a l t  o r  b a s a l t i c  andes i te .  
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D r s .  H. W i l l i a m s  and A. Pabst (Univers i ty  of Ca l i fo rn ia ,  Berkeley) examined 

t h e  core and concluded t h a t  it w a s  andes i t ic .  Thin sec t ion  s t u d i e s  i d e n t i f i e d  

highly a l t e r e d  pyroxenes and some s i m i l a r l y  altered o l i v i n e s  and fe ldspars .  

Some fe ldspa r s  were r e l a t i v e l y  unal tered.  

F igure  8 shows a t h i n  sec t ion  of t h e  f rac ture-coa t ing  hydrothermal 

depos i t  of t h e  Suzy 9 core. I n  the  f igu re ,  t h r e e  d i s t i n c t  zones can be seen. 

They are, from t h e  ou te r  su r f ace  t o  t h e  rock subs t r a t e :  
, .  

( a )  A buff-gray, f ine-grained c r y s t a l l i n e  l aye r  about 1.5 mm thick.  

( b )  A t r ans lucen t  t o  white coarse  grained c r y s t a l l i n e  l a y e r  with l a r g e  

c r y s t a l s ,  approximately 3.5 rmn th ick .  

( c )  A f ine-grained, w h i t e  t o  gray-white l a y e r  about 1 mm t h i c k  .adjoining 

t h e  rock surface.  

STILBITE 
LAUMONT I T E  
QUARTZ 
CARBONATE 
PYRITE 

STILBITE ( 2  

QUARTZ 
CARBONATE 
CLAY? 
2nd ZEOLITE? 

STILBITE 
LAUMONTITE- 
CARBONATE 
PYRITE 
CLAY ? 
I L L I T E ?  
2nd ZEOLITE? 

LAUMONTITE - 

XBB 800 11506 

Fig. 8. Thin sec t ion  of t h e  f r a c t u r e  coa t ing  hydrothermal depos i t  
under crossed nichols .  

Forms?) 
LEONHARDITE 

LEONHARDITE 
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Petrographic examination and x-ray analyses indicated these deposits form 

a fracture-filling zeolite sequence. The analyses indicate the presence of at 

least two zeolites: stilbite and laumontite-leonhardite. Leonhardite is an 

altered laumontite formed by dehydration. This may have taken place in the 

core after recovery, because it was not sealed in wax and allowed to dry. 

Kirstmannsdottir and Tomasson3 have identified temperature and depth 

zones for zeolites deposited in Icelandic basalts. The temperature zones (in 

order of increasing temperature) are: a chabazite zone, a mesolite/scolecite 

zone, a stilbite zone, and a laumontite zone. If the zeolite temperature 

sequence is applied to layers A, B, and C the following depositional tempera- 

ture sequence can be implied: 

layer A 70° - 15OOC 
layer B 70° - llO°C 
layer C 70° - 150°C 

The thickness and coarse crystalline form of layer B suggest that the 

producing solutions were probably present for a much longer period of time than 

those solutions producing layers A or C. 

The lower temperature range shown for layer B is based on the ratio of 

stilbite to laumontite-leonhardite in the sample. The leonhardite is assumed 

to exist from drying of the core after its removal from the core barrel. 

of the higher temperature minerals (wairakite, epidote, etc.) were noted in 

None 

the sample. The thickness of the fracture plane (zeolite sequence) is quite 

large (5.5 nun). This suggests that warm solutions have been moving through 

the fracture plane for a considerable period of time. 
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Although there are uncertainties in the relationship between ternperature, 

solution, and zeolite deposition, the sample indicates that this geothermal 

system has long been in existence. 

Temperature Distribution of the Anomaly 

Teqerature profiles obtained from the wells are shown in FirJure 9. 

i$xaniination of the temperature logs indicate several trends: 

1. The temperature profiles are characteristically similar for wells within 

each block outlined by the structural study (Figure 1 0 ) .  

Suzy 3 suzy4 suzy I suzy 5 
A A 

0 

'0 100 
$ 5 0  

= 150 60 50 40°C 
'0 100 I .  , r  I 

I \  1 \  I I I  
I 60 50 140°C = 150 

n Davis S u r y 4  suzy 8 P' P Y 

0 I 
e 5 0  
0 z 100 

*, t I -  . 
Fig. 10. Cross sections of the thermal anomaly. See Fig. 15 

for lines A-A' and B-B'. (XBL 796-751 1)  

2.  In wells with temperature reversals, the temperatures were 

recorded in a zone immediately a 

Lake sediments and the lower basalt or andesite unit. 

* 

e or below the contact between the Lahontan 

3. Temperatures are generally warmest in Blocks 2, 4, and 5. 
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6 
Maximum temperatures i n  t h e  w e l l s  range from 35OC t o  83OC. The h o t t e s t  

w e l l s  a r e  Suzy 9, 9a and 11. Unlike t h e  w e l l s  i n  t he  southern po r t ion  of 

Susanvi l le ,  t hese  t h r e e  w e l l s  have no temperature r eve r sa l s ,  indicat;ng the  

p o s s i b i l i t y  of higher temperatures w i t h  depth. The product iv i ty  of w e l l s  i n  

t h i s  area i s  unknown, w i t h  t h e  exception of w e l l  9A. An a i r  l i f t  tes t  i n  9A, 

conducted by t h e  Service,  y ie lded  r e s u l t s  t h a t  w i l l  be re leased  i n  another 

1 

rep0 r t . 
Skbsurface temperatures are contoured a t  t h r e e  subsurface e l eva t ions  

( 1 2 5 0  m, 1200 m, and 1150 m )  i n  Figure 11. A s  i l l u s t r a t e d ,  a t  shallow depths  

(e lev .  1300 m; 50 m b e l o w  average ground surface) ,  t h e  anomaly i s  centered 

around t h e  Davis and Naef w e l l s .  A t  g r e a t e r  depths t h e  anomaly becomes asym- 

me t r i ca l ly  shaped around a northwest t rending  axis .  

t he  northwest. .. 

The anomaly deepens t o  

The anomaly i s  sharply bounded t o  t h e  w e s t ,  i n d i c a t i n g  a hydrologic and/ 

o r  geologic d i scon t inu i ty ;  e.g., a f a u l t ,  o r  a f r a c t u r e  zone. To t h e  e a s t  and 

nor th ,  t h e  thermal anomaly gradual ly  aba tes ,  while it i s  m o r e  abrupt ly  bounded 

t o  t h e  south. 
, 

Analyses of cores and geophysical da ta  suggest cooler  ground- 

water from shallow sa tu ra t ed  s t ra ta  may be mixing with geothermal f l u i d s  i n  

t h e s e  areas. 

temperature r e v e r s a l s  i n  t h e  southern po r t ion  of t h e  f i e l d  suggest t h a t  heated 

The asymmetrically shaped thermal anomaly and t h e  no t i ceab le  

f l u i d s  are upwelling along a northwest t rending  f a u l t  ( o r  a t  t h e  i n t e r s e c t i o n  

of s eve ra l  f a u l t s ) .  

through t h e  most penneable strata. 

t h e  basalt-agglomerate i n t e r f a c e  appears t o  be the most permeable. 

They are then d ispersed  i n t o  t h e  r e se rvo i r ,  f lowing 
. -  

In  t h e  southern po r t ion  of t h e  anomaly, 

c 
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Fig. 11. Subsurface temperature contours: (A) at 1250 m elevation; (B) at 
12UO m elevation; and ( C )  at 1150 m elevation. (XBL SO1 1-6423) 
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RESERVOIR TESTING 

W e l l  t e s t i n g  i n  geothermal reservoirs i s  used t o  determine t h e  r e s e r v o i r  

parameters which govern the flow of f l u i d s  through t h e  r servoir. Factors  

which a f f e c t  f l u i d  flow are reservoir permeabi l i ty ,  k ,  po ros i ty ,  I$, f l u i d  v i s -  

c o s i t y ,  p, and production zone geometry. 

t o  determine t h e  r e s e r v o i r  parameters. Production ( i n j e c t i o n )  tests a r e  those  

tests i n  which t h e  t r a n s i e n t  downhole pressure is  measured i n  t h e  flowing w e l l .  

This  type  of t e s t  is  p a r t i c u l a r l y  use fu l  f o r  determining t h e  condi t ion of a 

w e l l  and ob ta in ing  values  of t h e  r e s e r v o i r  t ransmiss iv i ty ,  kH/p, and s t o r a t i v -  

Two types of w e l l  tests can be used 

A .  

i t y ,  qcH C w h e r e  H i s  r e se rvo i r  th ickness  and c r e se rvo i r  compress ib i l i ty )  i n  

t h e  v i c i n i t y  of t h e  producing w e l l .  An i n t e r f e rence  test  i s  one i n  which t h e  

p re s su re  response a t  a w e l l  s o m e  d i s t ance  from t h e  production w e l l  i s  monitored. 

From t h i s  data w e  can ob ta in  information about reservoir geometry (boundaries)  

and formation heterogenei ty ,  as w e l l  as kH/p and q c H .  The da ta  a l s o  o f f e r s  

information on t h e  hydrologic con t inu i ty  of t h e  reservoir. 

Susanvi l le  W e l l  T e s t s  

From December 10, 1978, t o  January 8, 1979, t h e  reservoir engineer ing 

group a t  Lawrence Berkeley Laboratory conducted a w e l l  t e s t  i n  Susanvi l le .  

Eight  observat ion w e l l s  and one production w e l l  were monitored. The w e l l  t e s t  

cons is ted  of four  segments. The f i r s t  segment involved t h e  measuring of back- 

ground data p r i o r  t o  pumping t h e  Davis w e l l .  

cold weather, t h e  L.D.S.  Church w e l l  w a s  being produced f o r  space hea t ing  a t  

t h e  t i m e .  To avoid or minimize any t r a n s i e n t s  a s soc ia t ed  with t h e  Church w e l l  

However, due t o  t h e  extremely 

flow, t h e  rate w a s  he ld  cons tan t  a t  approximately 90 gpm throughout both t h e  

e 
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Gs 
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background 

The second 

of 250 gpm 

data  c o l l e c t i o n  period and t h e  subsequent pumping of t h e  Davis well. 

segment of t h e  tes t  cons is ted  of pumping t h e  Davis w e l l  a t  a r a t e  

for a per iod  of 9 days. The w e l l  w a s  then shut  i n  and the  pressure  

build-up w a s  observed. 

Church w e l l  w a s  shut  i n  for  twelve hours, then pumped again f o r  s eve ra l  days; 

shu t  i n  f o r  twelve hours, and then pumped continuously f o r  t h e  dura t ion  of t h e  

test. During t h e  l as t  segment of t h e  tes t  t h e  Fbosevelt swimming pool wel l  

w a s  pumped a t  a rate of 275 g p m  f o r  three days and then shut  in.  

Several  days a f t e r  the Davis w e l l  w a s  shu t  i n ,  t h e  

The producing w e l l s  w e r e  flowed using e x i s t i n g  ( i n s t a l l e d )  pumps. Because 

t h e  L.D.S. Church w e l l  had no flow measurement device, a f ive-gal lon bucket and 

s t o p  watch w e r e  used f o r  es t imat ing  t h e  m a s s  flow rate. The elapsed time t o  

f i l l  t h e  f ive-ga l lon  bucket va r i ed  between 2.9 and 3.4 s e c  (110-90 gpm) with 

- +IO% accuracy on t h e  t i m e  measurements. 

and minimum f l o w  rates of 120 t o  80  ~ p m .  A 9 0  gpm flow r a t e  w a s  assumed f o r  

ana lys i s .  

These measurements y ie lded  maximum 

The S w i m m i n g  Pool w e l l  a l s o  had no f l o w  measurement device, so f l o w  rates 

This company were obtained from Reno Pump and Supply Company i n  Reno, Nevada. 

designed and i n s t a l l e d  a pump i n  1975. A t  t h e  t i m e  t h e  pump w a s  s e t  t h e  w e l l  

w a s  repor ted ly  produced a t  300 g p m  with 75 f e e t  of measured drawdown. 

drawdown i s  incons i s t en t  with meas&ed'"drawdow& assoc ia t ed  with t h e  Davis and 

This 

Church w e l l s .  The Swimming Pool w e l l  is est imated t o  be 1100 f e e t  deep, and 

poss ib ly  produces from d i f f e r e n t  zones s i n c e  it is  loca ted  i n  a d i f f e r e n t  geo- 

l o g i c a l  sequence than o the r  w e l l s  i n  t h e  area.  A f l o w  r a t e  of 275 gpm, esti-  

mated without b e n e f i t  of a flow measurement device,  w a s  used i n  t h e  ana lys i s .  
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. Pressure da ta  were recorded a t  e i g h t  observat ion w e l l s  and one production 

w e l l  (Davis w e l l ) .  The pressure  da t a  obtained from f i v e  of the  wel l s  are 

shown i n  Figures 12 through 16. Due t o  the  s m a l l  diameter of t he  casing ( 2") , 

pressure  da t a  i n  a l l  but t h r e e  of the  observat ion w e l l s  w e r e  obtained by lower- 

ing  a n i t rogen- f i l l ed  c a p i l l a r y  tube i n t o  the  w e l l s .  A t  the  sur face  t h e  tubing 

w a s  connected t o  a wellhead pressure  transducer.  Downhole pressure  t ransducers  

were used i n  t he  Suzy 4 and Lassen Lumber and Box w e l l s  ( P a r o s c i e n t i f i c  and 

Hewlett-Packard, r e spec t ive ly ) .  The Naef w e l l  was instrumented f o r  background 

da ta  by t h e  Service i n  J u l y ,  1978, with a continuously recording water l e v e l  

device.  Pressure da t a  obtained by t h e  methods descr ibed above, e s p e c i a l l y  

those  instrumented w i t h  n i t rogen- f i l l ed  tubing,  are s t rongly  a f f e c t e d  ( 2 0 . 5  p s i )  

by atmospheric temperature and p res su re  changes. Table 2 summarizes the  i n s t r u -  

mentation used f o r  t he  w e l l  t e s t i n g .  
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Table 2. INSTRUMENTATION 

Test Measurement 
Well Classification Parameter Instrumentation Re solution 
Naef observation water level Leupold-Stevens Type A 0.1 ft 

water level recorder 
owned by Burec 

Coumeiits: Clear evidence of communication between Davis well, Church well , 
and the Swiinning Pool well. Accuracy of d a t a  uncertain between 12/16/78 and 
L L / 2 0 / 7 Y  due t o  st icking of water level recorder. 
Davis production- pressur e 40 ft of tubing in 0.01 psi 

observation pipe-pump annulus, 
connected to Paro- 
scientific pressure 
transducer 

we 1 lhead platinum HTD 0. 1°F 
temperature 
flow orifice and pitot tube 20% 

Coiments: Af ter  12/19/79 probable nitrogen leak i n  tubing which caused sub- 
seuueiit pressure chanue. C l e c i r  evidence of communication w i t h  the Church  well. 

Church container and stop- 

LLB # L  observation pressure Hewlett-Packard pres- 0.0 1 psi 

LDS production flow flow measured using 20% 

watch 

sure probe and 

temperature tool O.l°F 
temperature Gearhart-Owen 

suzy 1 observation pressure 50 ft tubing connected 0.01 psi 
to Paroscientific 
pressure transducer 

Coisnel?ts: T h e  perforat ion joo was liot successful. No p r e s s u r e  change due t o  
f 1 owirw we1 Is w a s  recorded. 
suzy 3 observation pressure 250 ft tubing and 0.01 psi 

chamber connected to 
Paroscientific pressure 
transducer 

tific transducer set 
suzy 4 observation pressure down-hole Paroscien- 0.01 psi 

suzy 5 observation pressure 200 fttubing and 0.01 psi 
chamber connected to 
Paroscientific pres- 
sure transducer 

COltiiiielltS: D i d  not respond t o  the reservoir pressure due t o  unsuccessful 
peryorcltion job. 
Koosevelt production f l o w  private communication 20% 
Swimming 
Pool 
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The magnitude of drawdowns a t  t h e  observat ion w e l l s  i n  t h i s  tes t  ranged 

from 0.3 m t o  1.5 m (0.4 t o  2.5 p s i ) .  Readings from t h e  w e l l s  instrumented 

with 'n i t rogen-f i l led  tub ing  (Suzy 1, Suzy 2 ,  Suzy 3 and Suzy 5 )  were s t rongly  

a f f e c t e d  by d a i l y  temperature and atmospheric pressure  changes. The background 

noise  obscured both the  i n i t i a l  p ressure  and t h e  drawdown caused by t h e  produc- 

t i o n  w e l l ( s ) ,  and rendered t h e  da ta  unsui tab le  f o r  ana lys i s .  

The da ta  obtained from Suzy 4 and t h e  Lassen Lumber and Box wel l  had 

drawdowns of 2.0 p s i  and 0.5 p s i ,  respec t ive ly .  Both of these  w e l l s  show two 

p e c u l i a r  f e a t u r e s  a s  compared t o  o ther  wel l s  (see Figures 13 and 14). They 

both showed a gradual  pressure  decease severa l  days p r i o r  t o  the  t i m e  the Davis 

w e l l  w a s  turned on; and they  both began to  bu i ld  up seve ra l  days p r i o r  t o  the  

t i m e  the  Davis w e l l  was shut  in .  Because the  reason f o r  t h i s  behavior i s  not  

known, t h e  da t a  from these  w e l l s  were not  s u i t a b l e  f o r  a complete ana lys i s .  

-Since both the  Lassen Lumber and Box and Suzy 4 w e l l s  experienced d r a w -  

down due to  t h e  Davis w e l l  product ion,  it can be in fe r r ed  t h a t  the  pressure i s  

a f f e c t e d  by t h e  Davis w e l l  production and by an ex te rna l  source; e.g. ,  atmos- 

phe r i c  p re s su re ,  ambient temperature,  or an i n f l u x  of f l u i d s  t o  the  r e se rvo i r  

from some unknown source(s1.  

W e l l  T e s t  D a t a  Analysis 

Pressure da t a  obtained from an observat ion w e l l  which is a f fec t ed  by t h e  

production of more than one w e l l  o r  by va r i ab le  flow rates r equ i r e s  computer- 

a s s i s t e d  a n a l y s i s  methods. A nonlinear  least  squares computer matching program 

was used t o  analyze observat ion da ta  from t h e  Naef w e 1 l O 4  The program employs 

c 



The sharp peaks and valleys in the data starting at the beginning of 

September are assumed to be caused by production at the L.D. S. Church well. 

An expanded section of this data is shown in Figure 18. 

three build-ups and drawdowns corresponding to the Church well being shut in 

The figure shows 
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the line source solution (Theis) which calculates pressure drawdowns assuming 

an isotropic, isothermal, homogeneous porous medium of constant thickness. 

The production well is modeled as a line source which fully penetrates the 

reservoir. The program can be used to search for vertical reservoir boundaries 

(impermeable or constant potential). Vertical boundaries are modeled using the 

method of images. These assumptions (isothermal, homogeneous, etc.) are far 

too simple to accurately model the Susanville reservoir; however, the program 

w a s  employed for a preliminary analysis. Over short periods of time the reser- 

voir behaves, in some average sense, as though the above assumptions are reas- 

onable. Because of the lack of data on production zones, well completions and 

lithology in the older wells, a detailed model of the reservoir is not avail- 

able. The application of analytic solutions that assume a more complex reser- 

voir system is impractical. These same considerations require care in applying 

numerical simulators. 

The Service obtained several months of background data at the Naef well 

prior to the w e l l  test. These data are shown in Figure 17. There are daily 

fluctuations of f 0.1 ft superimposed on fluctuations of larger magnitude 

throclghout the summer months. Particularly curious is the water level build-up 

that occurred over a period of several weeks in the early fall. At present the 

cause is unknown, although several possible explanations exist. 
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vera1 h u rs  3 then  pumped qain. n a l y s i s  of t h i s  da t a  re turned a 

t r ansmiss iv i ty  value of 3.6 x lo6 md-ft/cp ( 2 . 8  x lo4 gal/day/foot) and a 

s t o r a t i v i t y  value of 2.3 x f t / p s i .  The bes t  match of t he  da ta  obtained 

ind ica t ed  t h e  pressure  response w a s  influenced by an impermeable v e r t i c a l  

r e s e r v o i r  boundary. The b e s t  match obtained between ca l cu la t ed  and  observed 

pressures  is shown i n  Figure 19. 

Fig. 19. Match of ca l cu la t ed  and observed values f o r  pre-test drawdown a t  Naef 
due t o  production of the  Church w e l l .  (XBL 796-7508) 

Pressure da t a  i n  the  Davis w e l l  w e r e  obtained f o r  t h e  dura t ion  of the  tes t .  
c 4.. - .  

However, due t o  instrumentat ion problems, only da t a  from t h e  drawdown (12/10/78 

t o  12/19/78) are considered reliable. These d a t a  w e r e  analyzed by t h e  Miller- 

Dyes-Hutchinson ( semi-log) ~ tec The da ta  are shown p l o t t e d  on semi-log 

paper i n  Figure 20. After f i r s t  s eve ra l  hundred minutes t h e  da ta  f a l l  on 

a s i n g l e  s t r a i g h t  l i n e  ind ica t ing  t h a t  no boundary i s  inf luenc ing  t h e  pressure 

que.5 

, -  k P :, -* 
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day/foot). This number is s u b s t a n t i a l l y  l o w e r  than those obtained f r o m  t h e  

ana lys i s  of t he  in t e r f e rence  data .  Since the  producing s t ra ta  of t he  resource 

and t h e  thickness  of t he  producing i n t e r v a l ( s 1  i n  this w e l l  are unknown, it is  

d i f f i c u l t  t o  a s c e r t a i n  the meaning of the  discrepancy. However, t h e  l o w  t r ans -  

mis s iv i ty  i n d i c a t e s  t h a t  t h e  e f f e c t i v e  r e se rvo i r  thickness  sampled by t h e  pro- 

duct ion w e l l  i s  less than t h a t  sampled by t h e  observat ion w e l l s .  

obtained f o r  t he  t r ansmiss iv i ty  from t h i s  t es t  is i n  close agreement with the  

The ca l cu la t ed  t r ansmiss iv i ty  i s  7.3 x l o 5  md-ft/cp (3 .4  x l o 3  gal /  

The value 

value obtained from a s i m i l a r  test  performed by t h e  Bureau of Reclamation i n  

1976.6 

Fig. 20. Semilog p lo t  of Davis w e l l  drawdown versus  t i m e .  (XBL 796-750 7 ) 

A p l o t  of wellhead temperature versus  t i m e  dur ing production of the Davis 

6 
w e l l  i s  shown i n  Figure 21. Temperatures dec l ine  from an i n i t i a l  value of 66OC 
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Pig. 2 1. Davis wellhead temperature. (XBL 795-7494) 

t o  59OC over seve ra l  days of production. 

t o  s t a b i l i z e  a t  59OC. The production temperatures may i n d i c a t e  t h e  in f lux  of 

cold w a t e r  t o  the  w e l l  (during product ion) .  The s t a t i c  temperature prof i le ,  

shown i n  Figure 9, shows temperatures g rea t e r  than 6OOC. 

and spinner  surveys could provide information about how and where t h i s  temper- 

ature degradation is  t ak ing  place. 

The discharge temperature appeared 

Flowing temperature 

The in t e r f e rence  da ta  from the  Naef w e l l  w e r e  f i r s t  analyzed using t h e  

production da ta  from a l l  t h r e e  producing w e l l s  ( t h e  Church w e l l ,  t h e  Davis w e l l  

and t h e  Roosevelt Swimming Pool w e l l ) .  

ab l e  match of t h e  p re s su re  da ta  could not  be obtained with one set  of r e se rvo i r  

parameters (kH/p ,  +cH, geometry). For t h i s  reason, t h e  da ta  were analyzed i n  

This ana lys i s  revealed t h a t  an accept- 
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sients associated with it during the Davis well production. Analysis yields 

values for kH/p of 2.3 x 1 O6 md-ft/cp ( 1 8 x 1 O4 gal/day/foot) and values for 

qch of 7.2 x ft/psi. Figure 22 shows the best match obtained between the 

0.7 
0.5 

observed and calculated response. The best match of observed and calculated 

-' 
- 

- 
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- 
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values indicates that the pressure response was influenced by an irn!>ermeable 

boundary. The low storativity values obtained may be an indicatior. that secon- 

dary (fracture) permeability is controlling the fluid flow in these wells. 

A Observed 
o Calculated 
kH/p = 2.3X106 md-ft  /cp 
+CH = 7 . 2 ~ 1 0 - ~ f t  /psi 
Distance to an image well - 7 6 0 0 1 1  

Fig. 22. Match of calculated and observed values for the 
drawdown of the Naef well due to production of 
the Davis well. (XBL 796-7507 ) 

The drawdown at the Naef well caused by the Swimming Pool well was ana- 

lyzed assuming that the pressure transients caused by the Davis and Church 

f c 
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wells were negligible compared to the drauldown caused by the Pool well. Anal- 

ysis of drawdowns caused by the Swimming Pool well are complicated by several 

factors. The swimming pool well is thought to be 1100 feet deep. If the entire 

wellbore length or the lower zones are producing fluids, complications such as 

partial penetration and/or a multilayered system will affect the results of the 

analysis. If the lithology, open interval, and producing zones were known we 

could account for these in the analysis; however, this information is not avail- 

able. Using standard techniques, a transmissivity value of 3.4 x 10' md-ft/cp 

(2.73 x lo4 gal/day/foot) and a storativity of 4 x ft/psi were obtained. 

The value of storativity obtained was substantially larger than that obtained 

from the analysis of drawdowns at the Naef well due to the production of Davis 

and Church wells. The physical meaning of this difference is difficult to infer 

due to the complications mentioned above. 

culated and observed data is shown in Figure 23. 

The best match obtained for the cal- 

a 
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Fig. 23. Match of calculated and observed values for the drawdown 
at the Naef well while pumping the Swimming Pool well. 

(XBL 796-7506) 
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The ultimate goal of any well test is to extract the reservoir permeabil- 

ity k, thickness, H, porosity, 9,  and production zone geometry from the lumped 

parameters transmissivity (kkI/p) and storativity (+CHI. Table 3 presents a 

summary of the values obtained from the well tests and possible indications of 

reservoir boundaries. 

complicated by several factors. 

tained prior to production of the Church Well. 

resulting in small drawdowns that were subject both to the sensitit:? of the 

instrumentation and to pressure transients caused by ambient temperature, 

atmospheric pressure, and precipitat ion.  Interpretation of the analysis  i s  

Interpretation of the reservoir parameters obtained is 

First, no stabilized shutin pressure was ob- 

Secondly, flow rate.; were low, 

Table 3. Summary of well test values and indications of reservoir ooundaries. 

Observation Pumped 
Well Well m/IJ 

Indication of 
Reservoir 
Boundaries 

6 md-ft Naef Church 3.6 x 10 - 
CP 

idaef 

4 (2.8 x 10 gal/day/ft) 

2 . 3  x 1 O-lft/psi Barrier Boundary 

6 md-ft 7.2 x 10 -4 ft/psi Barrier Boundary 
Davis 2.3 x 10 - 

CP 
4 (1.8 x 10 gal/day/ft) 

3.9 x 10-2ft/psi No ne 6 md-ft i\raef Swimming 3.4 x 1 0  - 
CP 

4 (2.7 x 10 yal/day/ft) 

NcJne 5 md-ft 
CP 

Davis Davis 7.3 x 10 - Not obtained 

3 
. (3.4 x 10  gal/day/ft) 

c 
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ambiguous due t o  t h e  lack of ava i l ab le  da t a  on t h e  open i n t e r v a l s ,  well com- 

p l e t i o n s ,  wel l  depths and w e l l  l i t ho logy  of t h e  o lde r  w e l l s  monitored i n  t h e  

area. Furthermore, w e  are n o t . c e r t a i n  which of t h e  r e se rvo i r  s t r a t a  a r e  t h e  

producing zones. Average r e s u l t s ,  however, a r e  s t i l l  use fu l  f o r  an o v e r a l l  

(average)  es t imat ion of resource p roduc ib i l i t y .  

Pressure data i n d i c a t e  hydraul ic  con t inu i ty  between a l l  of t h e  ubserva- 

t i o n  w e l l s  and production w e l l s .  

r e s e r v o i r  has  a permeabi l i ty  on t h e  order  of severa l  darcies .  

ex t r ac t ed  from t h e  r e se rvo i r  s t o r a t i v i t y ,  $cH, (where $ is p o r o s i t y ) ,  a r e  ambi- 

guous; however, l o w  s t o r a t i v i t y  values  obtained i n d i c a t e  secondary permeabi l i ty  

Preliminary ana lys i s  i n d i c a t e s  t h a t  t h e  

Porosi ty  values  

(fracture permeabi l i ty )  may be p lay ing  a major r o l e  i n  f l u i d  movement through- 

out  t h i s  s e c t i o n  of t h e  reservoi r .  

INTERPRETATION 

Information obtained from t h e  w e l l  tests, d r i l l i n g  logs  and geophysical 

surveys suggest  a f a u l t  related reservoir of high permeability, s h a l l o w  depth, 

limited th ickness  and l imited la teral  extent .  The hydrothermal anomaly may be 

found t o  be more ex tens ive  and deeper toward t h e  northwest. 

\ 
8 -  > ? c  

Surface geology 

i n d i c a t e s  ex tens ive  block f a u l t i n g  i n  t h e  area. W e l l  t e s t i n g ,  on t h e  other 

hand, has  not  conclusi  

dar ies .  However, t h e r e  are ure behavior m a  i n f  lu -  

enced by i m p e r m e a b  a1 d i scon t inu i t i e s .  Some 

of t h e  pressure  da ta  behave as though t h e  r e s e r v o i r  i s  a f f e c t e d  by ex te rna l  

sources ,  i n d i c a t i n g  t h a t  it may be unconfined i n  c e r t a i n  areas .  

rmeable or cons tan t  p o t e n t i a l  boun- 
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c 
Temperature profiles from wells in the southern portion of the anomaly 

display a marked temperature reversal at relatively shallow depths. 

ing of these temperature profiles requires a substantial horizontal regional 

flow of heated fluids through the most permeable strata and a reservoir with 

The model- 

very small vertiaal permeabilities. The high values of lateral permeability 

(fracture permeability?) obtained from well testing in the reservoir and the 

known lithology of cores from some of the wells indicate that relatively l o w  

vertical permeabilities are possible in certain layers. 

from holes in the northern portion of the resource display no temperature 

reversal. Further drilling to greater depth i s  required to find the "bottom" 

of the thermal anomaly. 

Temperature profiles 

CONCLUSIONS 

The occurrence of the Susanville geothermal anomaly appears to be related 

to a northwest trending fault. Temperature contours and temperature profiles 

suggest that heated fluids upwell along the fault and are then dispersed into 

the highly permeable agglomerate-basalt interface and/or permeable zones with- 

in the fractured volcanic sequence. Areal confinement of the shallow thermal 

anomaly has been established for three sides of the resource (west, east and 

south). 

pletely defined. 

confined at or near the agglomerate-basalt interface as indicated by a temper- 

ature reversal. No temperature reversal occurs in the temperature gradient 

The northwestern boundary of the thermal anomaly has not been com- 

In the southern portion the thermal anomaly is vertically 
I 

holes in the northern part of the anomaly. However, temperatures at depths 

below 300 m are not known. The maximum temperature measured, 84OC, was in e 
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w e l l  Suzy 9A. Pet ro logic  s t u d i e s  of a f r a c t u r e  coa t ing  from w e l l  Suzy 9 ind i -  

cate f l u i d s  of temperatures betwen 7OoC and 15OOC have been flowing through t h e  

f r a c t u r e  system f o r  some time. This temperature range agrees  w i t h  t h e  temper- 

ature regimes ind ica t ed  from w a t e r  samples. 

Analyses of i n t e r f e r e n c e  and production tes t  da ta  from t h e  southern por- 

t i o n  of t h e  anomaly give high permeabi l i ty  values. S t o r a t i v i t y  values  are low, 

suggest ing a low poros i ty  of t h e  producing s t r a t a .  T h i s  information is consis-  

t e n t  with geologic da t a  i n d i c a t i n g  a fracture-dominated hydrologic system. 

Wells i n  t h e  northern po r t ion  of t h e  resource have not  been s u f f i c i e n t l y  tested 

a t  t h i s  time t o  make estimates of t h e  product iv i ty  of these  higher-temperature 

f l u i d s .  

. .  
RECOMMENDATIONS 

Successful development of t h e  Susanvi l le  geothermal resource w i l l  depend 

heavi ly  on obta in ing  f l u i d  of s u f f i c i e n t  hea t  content  and volume, while main- 

taining the elevated fluid temperatures throughout the lifetime of the resource. 

Preliminary ind ica t ions  from d r i l l i n g ,  temperature grad ien ts ,  temperature con- 

tours and pumping tests in.dicate t h a t  t h e  development of t he  system must be 

c a r e f u l l y  engineered to:prevent therma1,degradation of. t h e  resource and t o  

optimize usage of t h e  "hot" f lu id .  

P r i o r  t o  l a r g e  scale development, a-more-complete knowledge and understand- 

i n g  of t h e  resource must be obtained. Those st-rata which c o n s t i t u t e  t h e  "hot" 

producing zones must be i d e n t i f i e d  so w e l l s  can be completed i n  such a way as 
&$ 

t o  avoid t h e  i n f l u x  of co ld  w a t e r .  The ex is tence  (or  l a c k )  of conf in ing  s t ra ta  
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must be established. It must be known.whether long term production-will cause 

migration of cooler fluids through and from the confinLng.strata into the pro- 

ducing aquifer. If the "hot" fluid formation is of limited lateral.,extent, it 

must be established when colder fluids will flow into the hotter areas ,due to 

the pressure decline in the area of the producing well(s). Regional flow pat- 

terns must be established to ascertain optimal locations for production and 

injection wells (if reinjection is chosen as the fluid disposal method). 

testing and perhaps drilling in the northern portion of the resource w i l l  be 

required to determine the productivity and size of that portion of the resource. 

t i  

Well 

Long-term production tests''(up t o  1 month) at maximum flow rates'should 

be conducted. 

suitable observation wells and in the producing well would be necessary. A 

high flow rate would insure drawdowns of sufficient magnitude to establish 

reservoir geometry, leakage, and heterogeneity. By monitoring temperatures 

at the observation wells, the movement of colder (or hotter) fluids into the 

production region could be detected. 

surveys were conducted in the production wells, the "hot" producing layers and 

presence of a cold water influx could be established. By correlation of these 

data with geophysical logs and lithologic logs a more coherent'model of the 

The monitoring of pressures and temperatures in a number of 

1 . .  

If both spinner and flowing temperature 

reservoir can be obtained. I 

Calculations for an estimation of resource life in terms of temperature 

and pressure decline have not been performed. The resource has not,bbeqn com- 

pletely identified. Total depth-. of the resource, maximum fluid temperature 

and reservoir size have not been established for the northwestern portion of 

n 
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t h e  resource. U n t i l  t hese  f a c t s  a r e  known, a completely confident  estimate of 

t h e  t o t a l  resource p r o d u c i b i l i t y  i s  no t  possible .  

The r e s u l t s  of f u r t h e r  r e se rvo i r  t e s t i n g  i n  t h i s  area, combined w i t h  pre- 

vious t es t  da t a ,  should y i e l d  estimates of t h e  resource s i z e  and p roduc ib i l i t y .  

The combination of a l l  t h e  ava i l ab le  da t a  w i l l  y i e l d  a m o r e  complete descrip- 

t i o n  of t h e  resource. This information w i l l  def ine  t h e  depths  t h a t  subsequent 

w e l l s  w i l l  p ene t r a t e ,  temperature estimates a t  depth, d r i l l i n g  problems and 

s i tes  f o r  r e i n j e c t i o n  w e l l s .  
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APPENDIX A 

TABLE OF SYMBOLS AND UNITS 

Symbol Definition 

C total compressibility = $Cw + (1-0) C r 

H reservoir thickness 

k permeability 

K kpg 
IJ 

IJ fluid viscosity 

cp porosity 

Units 

symbol definition petroleum groundwater 

kH/ 1.I transmissivity md-f t/cp gallon/day/f 0. )t 

Note: To convert md-ft/cp to gallons/day/foot for 7OoC wate-: 

KH ( gallons/day/f oot 1 x 8.036 x kH/lJ (md-f t/cp 
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GEOCOGIC LOG OF DRILL H0Lh 
Susanville Anomaly-- Susanville Geothermal 

PROJECT Investigations STATE Califarnia . FEATURE LksBBA C0,lmty ANGLE PROM 
LOCATION See Notes GROUND ELEVATION 4178 ' 

Garv A. Hollinaer 
suzy-l COORDINATES N.393,794; E.2.375.183 TOTAL DEPTH 090.0' VERTICAL Vertical 

7-18-78 FINISHED 8-23-78 

Purpose of Hole: 
(1) Temperature 

gradient; (2)geo 
physical proper- 
ties; ( 3 )  geolog 
ic evaluation. 

Landowner : 
D. G. Wood Pro 

ducts: Susanvill 
CA. 

Locat ion: 

T. 2 0  N., R.12 E. 

kbit for per- 
anent installa- 
ion of 10" sur- 

60-890' : 6%" 

aystellite core 
un; recovered 3 '  
At 432': 4"x5' 
iamond core run. 
ore lost from 

aystellite core 
un; recovered 3' 

35-4J': Medium 

41-46': Hard and 

46-56': Caving. 
56-65': Fast and 

65-73': Medium 

.o.c., 8-24-78 HOLE LOGGED BY & Rbbert L. G n a r  DRILLER N-Tugqle: w .skagq 
FIELD VISUAL 

CLASSIFICATION AND 
PHYSICAL CONDITION 

X 

L 
P 

and limited core. 
0-4.01: 

MODERN FILL. 
Fine to coarse, predominantly 
anaular sand with clav. silt 

- -  

7-19-78: Complete rigging up. Drill 
to 13' with 6b" rockbit and 
small portabld mud pit. 1 7-20-78: Drill to 2 3 ' .  Down 14 hours lumber mill pond. 

ani charcoal. On edge-of old 

4.0-8.0 ' : 
RECENT ALLWIAL DEPOSITS. 

Sandy Silt and Clay. Brown, fine- 
grained. 

to mix new mud twice. 

weekend. Gravel caving prob 
lema. 

7-24-78: Drill to 56'. Down 1+ hours 

7-21-79: Drill to 46 ' .  Secure for 

for mud pump repair and mix+ 4 0.0-500'(?)* 
PLEISTOCENE BASALT AND LAHONTAN 

(NEAR SHORE) LAKE DEPOSITS 

cobbles and boulders. arav to 

ing mud.k;ioua gravel cav 
ing problems. 

for mud conditionina. 
7-25-70: Drill to 73'. D0t.m 15 hours 8-33': Basalt. Broken flow and/or 

black, hard, occasioAai thin 
smooth drilling zones less than 
6" thick. 

33-35': Sand Cla . Reddish brown, 
fine -g* 

35-40': Sandy Clay with Gravel.Vo1 
canic fragments probably from gra 
vel; smooth layers less than 4"  
thick. 

7-26-75: Drill to 00'.  DO^ i hour 
due to water pump failure o 
dravworks engine. Caving 
problems. 

.fo replace water pump and 
clean mud pump. 

7-28-78: No drilling. Rigged up for 
deep drilling. Dug two mud 

7-27-70: Drill to C3'. Down 6 hours 

pits about 1Oox5*xR'. Mix $0-46': Gravel and Sand Cla . Gra 
3000 gal of mud. Secure for I 1 vel is fine to coarse.vmost;y aut 

rounded, dark, volcanic; minor 
light colors; caves; contains war 
water. 

m o s t l y e m e d i u m  grains, c 

weekend. 

rockbi t . 
shifts per day. D0t.m & hrs 

7-31-78: Ream hole to 24' vith 13-3/ 

8- 1-78: Ream hole to 35' Using two 46-56': Sand Cla Reddish brown, 

casional gravel. 
56-63': Gravel & Clay. Fine, hard t M sliqhtly weathered, dark volcanic 

to repair kelly swivel and 
break-out table. 

8- 2-78: Ream hole to 60'. Caving 
gra;el in clay matkix; minor coar 
grains. Some thin sandy clay zone 
esneciallv at 58-59'. Red-brown 

problems. Installed 60' of 
10" steel casing with 1%' 
stickup. Cemented in with 2 

wiih fine-volcanic sand. 

Mostly highly weathered, fine tz 
63-70': Sand and Gravel with Cla . sacks. 

rockbit. Down 3% hours to 
0-  3-70: Drilled to 140' with 6%" 

build decking and mix mud. coarse, subangular sand-and hard, 
8- 4-78: No drilling. Condition hole1 4 fine aravel. Gravel is dark in 

and mud for weekend. color-to black volcanic. Occasion 
1 a1 gravel-free bed 26" thick. Gra 

hours to repair mud pump vel,,highly weathered below 68'. 
and kelly chuck. -70-75': Sand. Fine to medium, hiq 

to mix mud and repair mud 3 sand and gravel; dark volcanic, 
pump and kelly chuck. - predominantly subangular, minor 

clay and silt. Occasional rough 
to repair carburetor and * gravel zone less than 6" thick. 
replace cable. - Gradational contact with 63-70' 

for mud pump repair. 

9- 7-78: Drilled to 1431. Down 12)1 
(o(r ~ 

8- 8-78: Drilled to 203'. Down 2 hrs : ly compacted, scattered coarse 

8- 9-78: Drilled to 262'. Down 2% hrci : 

8-10-78: Drilled to 3 3 3 ' .  Down 9% hrrr : zone. 

0-11-78: Drilled to 336'. Down 9+ hr 
75-061: Basalt. Generally massive, 
black, angular fragments; very mi 
or blue clay. 

EXPLANAT I ON * Contact between the Pleistocene and 
Pliocene lake deposits cannot be detei 
mined from cuttings. The contact was 
estimated from geophysical logs and 
existing data. 

Sheet 1 o f 3  
FEATURE: Susanville Anomaly--Lassen County PROJECT: 



46 

GLOCOGK LOG sus OF anvi 1 DRILL le Geothermal HOLE 
Susanville Anomaly-- STATE California PROJECT Investigations 

ANGLE FROM 
FEATURE Lassan county 

LOCATION See Notes GROUND ELEVATION 41'8' 
"OLE suzy-l COORDIblATES N.393.794; E.2,37S0L83 TOTAL DEPTH 89'2.0' VERTICAL Vsr ti C a1 
B E G W  7-18-78 FINISHED 8-23-70 Gary A .  Hollinger 

mittent, slow 
and smooth to 

aped, smooth. 
32-462': Past 
and smooth. 
62-465': Hard, 
slow and smooth. 

medium speed anc 
medium rough. 
500-512': Very 
slow and fairly 

65-500': Slow, 

512-550': Slow, 

casional vary 
aoft zone. 

599-615 : Very 
hard and very 

slow and hard. 

. . .  

' . O . C . .  8-24-78 HOLE LOGGED BY & Robc 

lAILY SUMMARY OF DRILLING OPERATIONS: 
1-11-78: (Cont) Secure .for weekend. 
5-14-78: Drilled to 432'. Dorm. 5 hrs 

to repair break-out table, 
chuck and swivel. 

due to mud pump failure. 
Made core run at 432' but 
lost core. -- 

3-15-78: Drilled to 462'. Down 9 hrs 

3-16-78: Drill to 515'. Made 5' cor( 
run at 462'. 

3-17-,78: Drilled to 600': dovm 1 hr 
due to pulley and radiator 
damage. 

3-10-78: Hole logged by USGS. Down 
7% hrs for repairs. Secure 
for weekend. 

3-21-78: Drill to 615'. Down 7+ hrs 
for mud pump repair. 

3-22-76: Drill to 720'; down & hr to 
repair sand line. 

3-23-7f1: Drill to total depth of 39n  
extent of drill rods. 

3-24-78: Install and gravel pack 2" 
pipe with vel1 point. Repai 
mud circulation line. 

Test hole completed. 
3-25-70: Finish cenenting in pipe. 

0-7-78s BOTTOM PORTION OF MLE GEOPHYSICAL 
LOGGED W I T H  "TPROUGH CASING" ME- 
THODS BV USGS. 

EXPLANAT I ON 

86-0GI: Sand Cla . Blue-gray, soft. 
96-104':&e to coarse, pre- 
dominantly medium, subrounded. 

104-1401: Basalt with Sand and Clay. 
Weathered volcanic gravel and cob- 
bles with sand and clay in alter- 
nating layers; clay soft and 

140-1571: Sand. Predominantly 
coarse, subangular, dark, volcanic 
and fine gravel; minor light- 
colored grains. Gradational con- 
tact from 104-140' zone. 

157-1659: Sand Cla . Blue-gray; 1 brown below lZ3'. :redominantlv 
medium 

165-1761: Sand and Gravel. Fine to 
coarse, subangular to subrounded 
sand and fine gravel. Multicolor- 
ed, mostly dark weathered volcanic 

in thin intervals with occasional 
decomposed granite; minor gray 
brown clav. 

tlinor light colors. Common quart: 

2 -  ~ _ .  -~ 
176-500': Pebble Con lomerate. Mul- l ticolored, fine to zoarse gravel 
fron many sources, predominantly 
volcanic, minor granitic, occasioi 
a1 cobbles, mostly subrounded to 
rounded, minor subangular, often 
weathered. Matrix is moderate to 
well-cemented sandy clay; light 
gray to gray brown and pinkish; 
predominantly fine-grained, appeal 
altered or with a high percentage 
of ash and silt. 

Cuttings recovered mostly as 
sandy clay and volcanic fragments, 
Drill action indicates weak bed- 
ding. Minor fluctuations in coloi 
and clay content throughout total 
interval. Clay content highest ii 
285-290m, 305-322' and 352-3571 
zones. 

PLIOCENE LAKE DEPOSITS AND 
INTERBEDDED BASALTS. 

500-525': Basalt. Angular black 

525-553': Basalt with Alternating 
fragment 

Sand and Clay Layers. Clay soft. 3 brown: sand i 

s: very little clay. 

.s fine to coarse. . 
subangular to subrounded, mulii- 
colored; often highly weathered; 
variable amounts of light gray to 
white grains. 
551-553': Very soft clay or cavit] 

sheet  2 of 3 
I 
pEBTIIBE: Susanville Anomaly--Lassen county PROJECT. - Susanville Geothermal wele No, sum-1 

_ _ _ _ _ _  - -~ - 

Investigations 
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R e p r e s e n t a t i v e  D r i l l i n g  F l u i d  
Tempera tu re  ("F): 

98O a t  25 '  

1 1 2 O  a t  539 
100' a t  33 '  BHT 

I G E O L O G I C  L O G  OF D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  

I t o m .  Bottom ? 390' of  h o l e  g r a v e l -  I 

FEATURE,  bnsnsviXle .?vxvnaLy,-.-. . . , . , . . P R O J E C T ,  , bussnvil1e. Gept$errP,ak. Inye ,s . t . iga t ions  
Lassen  County SHEET. ?. . . O F . .  .?. HOLE NO. .SYZY-l. ,  . 

packed ,  t o p  p o r t i o n  c e m e n t e d - i n .  
S i t e  p r o t e c t e d  w i t h  steel g u a r d  r a i l .  

860-8901. Medium smooth. 

E s t i m a t e d  D r i l l i n g  F l u i d  R e t u r n :  
0-890': 95% to 100% 

~. _. 

1 0 2 O  a t  53' a f t e r  weekend 
120° a t  8 3 '  BHT 
127O a t  60 '  measured i n  h o l e  a f t e r  

127  i n s i d e  60 '  of s u r f a c e .  
118' a t  30 '  measured  i n  h o l e  a f t e r  

n&ght  . 
n&gh t . 

100  a t  1 2 0 '  
looo a t  180' 
l l O o  a t  300' 
l08O a t  340' 

98O a t  382 '  a f t e r  mixing new mud. 
105O a t  412 '  
124O a t  462 '  a f t e r  n i g h t  
1 1 0 O  a t  4851 
11l0 a t  517 '  
125O a t  517 '  a f t e r  n i g h t  
114O a t  555 '  
1110 a t  575 '  
,113O a t  615 '  
~ 1 1 8 O  a t  675 '  
116' a t  760'  
1 1 8 O  a t  8 2 0 '  
, 1 1 2 ~  a t  890 '  
126' a t  890 '  a f t e r  20 h o u r s .  

FIELD VISUAL CLASSIFICATION AND PHYSICAL CONDITION (Cont . )  

560-570':  
c l a y  w i t h  Tieathered v o l c a n i c  sand.  

570-600':  -Sandy  C lay  and B a s a l t  G r a v e l  and Cobbles .  
h a r d ,  compact ,  g r a y .  Sand m o s t l y  f i n e ,  b a s a l t i c  fragments, 
medium t o  c o a r s e ,  a n g u l a r ,  b l a c k .  
585-5901 : E s p e c i a l l y  h a r d .  
590-600':  I n c r e a s e  i n  sand .  

Clay. Grades from s o f t ,  ' r e d  brown t o  h a r d ,  b l u i s h  

C l a y  is 

600-616':  B a s a l t  Cobb les  ( ? I .  Black t o  brown and gray-brown,  
ha rd .  

616-619':  B a s a l t  and Clav.  B a s a l t  s i m i l a r  t o  600-6161 i n t e r -  
v a l ;  c l a y  g r a y  and s o f t .  

619-675' :  Sand C l a  Medium g r a y ,  s o f t  w i t h  f i n e  t o  c o a r s e ,  
mu 1 t icolo-f r agment s . Subangul  a r  , most 1 y v o l c a n i c  , 
wea the red .  ,.. ~ 

675-726':  Sandy C l a y .  Medium brown, s o f t  clay as in 619-675' in% 

776-733':  B a s a l t .  Cobb les  ( ? I  b l a c k ,  h a r d ;  minor  brown c l a y .  
733-760':  C lav  and Sand. Medium brown s o f t  c l a y  w i t h  m u l t i -  

760-815':  Sandy Clav. Medium brown t o  g r a y .  S o f t  w i t h  f i n e  t 
c o l o r e d  f i n e  t o  c o a r s e ,  p r e d o m i n a n t l y  v o l c a n i c  sand .  

medium s a n d  as in 733-760' interval. 

Cavinq  C o n d i t i o n s :  
41-46':  S e r i o u s  c a v i n g  I 46-56': Cav ing  from above hampers 

815-860':  Sandy Clay. S i m i l a r  t o  760-8158 i n t e r v a l  w i t h  commc 
l i g h t  p i n k  and r e d  c l a y .  

860-890':  Sand (?)-. Fine to very coarse, subangular to sub- 
rounded, multicolored sand with minor brown to gray clay. 

d r i l l i n g  . 
73-80': Caving.  
143-162# :  R a v e l i n g  s a n d  and g r a v e l  
162-1768: Cav ing  
176-203* :  Caving from above 
C a s i n g  Record:  10"  steel s u r f a c e  c a  

n e n t l y  cemented i n t o  h o l e .  
i n g  i n s t a l l e d  t o  5 8 . 5 ' .  C a s i n g  perm 

G e o p h v s i c a l  Loqqinq: The f o l l o w i n g  
g e o p h y s i c a l  l o g s  were r u n  by  t h e  
USGS, Denver O f f i c e :  
(1) Electr ic  ( 4 )  Neutron 
( 2 )  N a t u r a l  Gamma ( 5 )  Tempera tu re  
( 3 )  Gamma Gamma ( 6 )  C a l i p e r  

Hole Complet ion:  2"  steel p i p e  w i t h  
8' of  60 mesh w e l l  screen i n s t a l l e d  
i n  h o l e .  S c r e e n  a b o u t  1 0 '  off b o t -  

1 Sheet 3 of 3 
FEATURE: S u s a n v i l l e  Anomaly--Lassen County  PROJECT: susanv i l l e  Geothermal r n v e s .  HOLE N O . , $ U ~ , - J  
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GEOLOGIC LOG OF DRILL HOLE 
Sueanvi l le  +thermal 

FEATURE SusanviLle ~ ~ m a l y - - L a e s e n  k u n t y  PROJECT I n v e s t b 3 t i O n e  STATE '-@lifQFn$s 
LOCATION See Noter GROUND ELEVATION 4185 ANGLE FROH 

No. C O O R D I ~ T E S  N.394.305; E.2.374.717 TOTAL DEPTH 1680.0' VERTICAL v?rtlG81 

k l l i n g e r  DRILLER T 8 y l o r ; h t F h l ~ a ;  h 
1 Tussle 

propert ies .  

uetion. 
(3)  Geologic eva l  

Lond Owner: 
asaon Molding Co.; 

Location: 
T r i U a  Sect ion 5, 6u 
T. 29N., R. 1 2  E. RB 

D r l l l L n ~ ~  Method.: 
Rackbit d r i l l e d  

u01ng bontonl te  mud 
nd b a r i t e  weight lo4 
ssterial. Three mu 
p i t 0  end ohnker use I 044.0': 12k" rock- 

b i t  for in0 to l lo-  
t i o n  of 8'' surfaC 

44.0-1680.0' : 64" 

140': Attempted 
coring,. -1. e-&; 
a l d  not complete. 

875.0-879.8': 3- 
7/01' H a y s t a l l i t e  b i t  
locoverod 2.4' (5o'h) 

8-44.0'; Slow and 

rn s l i g h t l y  rough. 
44.0-61.4': W t h  

61.4-270.0't Slow 

270.0-370.0': Medi 

370.0-398.8': Slow 

398.8-640.0'; Far t  
and rmooth, minor 

-740.0': Hedim 

-785.0'; Slav 

0-860.0': Faat 

t md -th. 

lined HOLE LOGGED BY Gary 

DAILY S U W Y  OF DRILLING OPERATIONS 

8-24-77: Rig up Fa i l ing  1500, unload 
t rucks,  d ig  3 mud pits, mud up, 
crews on day and swing s h i f t s .  

8-25-77: D r i l l  44' of 12&" hole. I n s t a l l  
38.9' of 8" s t e e l  casing,  cement 
i n t o  hole  using 24 sacks. 

8-26-77: - I n a t a l l  blow-out equlpnent (8" 

8-29-77: 

8-30-7 7 : 

gate  valve and two 2'' bleed 
l ines) .  Build decking and pre- 
pare  r i g  f o r  d r i l l i n g .  Spudded 
swing s h i f t .  D r i l l  6%" hole to  
91.4 f e e t ,  rep lace  b i t .  Opera- 
t i o n s  csaeed f o r  weekend. 
Dr i l led  t o  270'; changed swivel. 
Repair swivel and chuck; new 
b i t s  a t  140' h 170'. D r i l l i n g  
24 hours/day. 

Dr i l led  t o  640'. Set  up shaker; 
ropaired chuck; pul led t o  changt 
b i t  s tuck a t  440'; new b i t s  a t  
399'. 459', and 499'. 

CLASSIFICATION AND 
PHYSICAL CONDITION 

PLEISTOCENE BASALT AND M O N T A N  

9.8-44': Basalt. Hard, black volcanic  
(NEAR S a w )  DEPOSITS. 

fragments, minor red. green and o ther  
volcanic  fragments. Scat tered rounded 
gravel  and o c c a s i o n a ~  brown sandy clay 
zones f 1 / 2 '  thick. Mlnor red and gray 
clay. 

44-65': Clay. Brown with f i n e  sand. Fine 
p a v e 1  a t  4!jt. 

65-96': Basalt. Fine t o  coarse,  hard, 
black fragments with sand. 

196-98': Clay. 
98-107': Hard. volcanic  rock fragments. 
107-109': clay. 

Volcnnlc Boulders 109-180': B p s a l t  md/llr  

and sand and clay i n  ml tsmat ing  loysrs. 
0 a volcanic  mater la l  is black nnd 

hard. occasional  sand and clay l a y e r s  ua 
u a l l y  l e s s  than 1' th ick ;  layers  increae 
below 140') gray and brown; sand is f ine 
dark. 

180-230'; Clay and volcanic  f r a  e n t s  s i n  
lar t o  above. Marked increase?n clay. 
Light gray t o  tan,  sof t .  Minor decm- 
posed ash. 

above. Sand i s  f i n e  t o  medim. ongular, 
dark grained,  derived mostly from volcor 

increase a f t e r  270'. 

volcanic  fragments, sand and minor gra- 
vel. Decrease i n  c lay and increase  i n  

230-290': Clay and Sand. Clay s imi la r  t o  

290-310' : clpy. Brown, wtth coarne dark 

ice. Percentage of l ight-colored grain1 

gravel  f rm 300-310'. 

l y  dark-colored gra ins  with minor l i g h t  
colors. Decrease in clay a t  about 330' 
decrcaae i n  gravel  a t  about 340'. 

350-360': Gravel. Coarse, dark-colored f r i  
menta from many sources with brown c lay ,  

g rave l ;  mostly dark colored. 

310-3508: Clay with sand and gravel. Most 

360-372': Clay. Brown and sandy with mino1 

372.0(7)-1.680.0'; 
PLIOCENE LAKE DEPOSITS AND 

INTERBEDDED BASALTS 
372-398': Fine gravel  and lava  beds ( 1 )  

with S d z g  t o  eoaree,dark colore(  
gra ins ,  minor quartz  and l i g h t  colored 
graina. Increase i n  c lay below 380'. 

400-420'; Volcanic and dark-colored f r q  
ments. Medium eand s i z e s ,  minor white 

Contact between the Pleis tocene and 
EXPLANAT I ON * 

Hole d r i l l e d  by U. S. Bureau of Rectmat ion ,  
Mid-Poclfic Region, Sacrsmcnto, Cal i fornia .  Pliocene Lake Deposita cannot be determined 

from cut t ings.  The contact  was estimated f r a  
geophysical logs. I 
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GEOLOGIC LOG QF DRILL HOLE 
Susanvi 1 l e  Geothermal 

FEATURE Susanvi l le  hmaly--Lassen County PROJECT Xnvesfigetfons STATE Lal i forn ia  

 BEG^ 8-25-77 FINISHED 9-15-77 

LOCATION See k t c ,  Sheet 1 GROUND ELEVATION 4~35 ANGLE PROM 
TOTAL DEPTH 1680.0' VERTICAL v e r t i c a l  

- C a r v  A Hollinner & Taylor; Hutchina; & 

No' suLy-2 COORDIMATES N.394,395; L2,374,7L7 

tu rn  charac te r  of 
d r i  1 ling 

(continued): 
60.0-870.0': Fast. 
70.0-879.8'1 Slow 
and rough. 

and smooth. 

apeed and medium - 
rough. 

and rou&. 600- 

and f a i r l y  anmoth. 

to fas t .  RB - 

im t o  f a s t  and 650- 
smooth, occasional  
rough apota. 

and m o t h .  
270.0-1330.0': Fast  1 
and f a i r l y  ePooth.700: 

and smooth. 
350.0-1540.0'8 Fast  : 

t o  .lor. 

ium nnd mooth. 

and mmth. 

79.8-950.0': Slow 550- 

50.0-960.0': Madim - 

60.0-980.0'1 Slow 

80.0-1000.0': Slow 

000.0-1020.0' : S ~ O V  6%": 

020.0-1200.0': Mcd- 

200.0-1270.0': Slow 

330.0-1350.0' : Slow - 

540.0-1640.0': Hed- I 

6&0.0-1680.0'~ Slow - 750- 

st imated D r i l l i n a  

-93.9': 100% 
3.9-99.0': 957. r] Fluid Rmturn: 

9.0-270.0'1 l O o Z  
70.0-398.8' : 90% 

00.0-785.0': 907. 
98.8-640.0': 1002 

B5.0-860.0'1 100% 
80.0-950.0' : 90% 
50.0-1200.0': 10 
200.0-1270.0°: 9 
270.0-1540.0': 1 
%O.O-1640.0' I 9 
640.0-1680.0' I 1 

a p e s e n t a t i v e  Dril- 

- I n i t i a  
9O a t  25' 0 
Do a t  61' 
8' at 130' 
2' a t  140' 

I' at  200' 

mnined HOLE LOGGED BY Rober 

)AILY S-Y OF DRILLING OPERATIONS ( k n t )  

8-31-77: Dril led to 880'. Repaired mud 
pump and chuck; rep lace  sand l i r  
New b i t  a t  875'; core run a t  
8751. 

9- 1-77: Dri l led  to 1200'. Service engine 
New b i t  a t  1040'. 

E XPL ANAT I ON 

CLASSIFICATION AND 
PHYSICAL CONDITION 

460-510':s Fine t o  medim, predominnn 
l y  black with minor l ight-colored gra ins  

grains. Minor quartz  nnd fe ldspars ,  

increase i n  l ight-colored g r a n i t i c  mater 

clay. Grains mostly dark. S l igh t  in- 
crease i n  grn in  s i z e  below 680'. 

700-720': Sand and clay. bba t ly  f i n e  t o  
medium, dark sand with minor Light- 

with clay predominant. 

black and brown volcanic  fragments. 
or white ash a t  .bout  740'. 

730-760': clly. Gray with minor sand 6nd 
Min. 

10-870'1 Sand. Ebst ly  f i n e  with minor 
medim gr-. predominantly dark with 
minor l ight-colored grains ,  minor d a y .  

Basalt with t h i n  clay and ersve l  70-905': 

05-946' I Volchnic fragments and volcanic  
gravel. Fino to coarse, mostly dark col-  
z i t h  minor mult icolored gra ins ;  mln- 

4 or sand. ~~ 

40-960': S6nd and Crave1 fragments. l i n e  
t o  coarse. mostly dark with cher t  and 



PTH TO WATER Not Dete 

On water tab le  and ' 
l e v e l s ,  water  re- 
t u r n  charac te r  of H:f i d r i l l i n g  e a  

Type 

S i z e s  
NOTES 

92" a t  430' 
100" a t  460' a f t e r  

951 a t  470' 
99" a t  505' 
looo a t  570' 
102" a t  620' 
108O a t  640' a f t e r  

102O a t  650' 
lolo a t  720' 
108" a t  760' 
106" at-785' 
1 C 4 O  st 840' 
104" a t  850' a f t e r  

1 hour downtime. 
104" a t  900' 
108' a t  940' 
106" a t  960' 
109O a t  1020' 
113" a t  1050' 
117"  a t  1100' 
115" a t  1120' 
118O a t  1169' 
113O a t  1180' 
115" a t  1200' 
109" a t  1220' 

t r i p .  

t r ip .  

lned HOLE LOGGED BY ' 

108" a t  1260' 
113" a t  1320' 
130" a t  1320' a f t e r  

108" a t  1340' 
106O a t  1350' 
110" st 1380' 
107" a t  1460' 
113" st 1530' 
113" a t  1640' 
111" a t  1680' 

90 houra downtime. 

gar logging tool 
tuck (caving i n  

- 
- 

& 
- 
: 

- 
l - 

~ 

sq 
- 
: - 

e% 

- 

4ILY SUMMARY OF DRILLING OPERATIONS (Cant): -940-960' (Continued): mult icolored gra ins  
minor clay. 

Z960-1010': Sand with clay. Fine t o  medlu 
gray t o  brown gra ins ,  minor black;  in- 
crease i n  dark gra ins  and gray clay belo 
990'. 

--1010-1030': Clay with Sand. Clay i s  l i g h t  
brown w i t h  mostly f i n e  to medium, dark- 
colored sand; minor l i g h t  colors. 

-1030-1040': k. Blue-gray. 
-1040-1060': Clay i s  brown 

with f i n e  black and dark brown sand. 
.f+1060-1150': Sand and Clay. Sand and clay 

var iab le  i n  amounts; aand mostly f i n e ,  
black and brown, volcanic and l i t h i c  f r e  
ments; c lay is grey t o  pink. S l igh t  de- 
crease i n  c lay  from 1130-1140'. 

g ra ins ,  minor mult icolored l i t h i c  f rag-  
ments. Minor l i g h t  tan t o  pink clay. 
S l igh t  increase i n  f i n e s  and clay below 
1 1 7 0 ' .  

'1150-1260': Sand. Fine t o  mediun, dark 

9- 2-77: Dr i l led  t o  1330'. Repaired break, 
out t a b l e  and winch drum. New 
b i t  a t  1280'. Mud pump and engi, 
f a i l e d ,  pul led rods and secured 
equipnent f o r  long Labor Day 
weekend. 

1 - 
- 

I 

4 6  

9- 6-77: Dri l led t o  1540'. Repaired mud 
pump and engine. 

mult icolored and quartz  g r a i n s  and frag. 
ments and minor pink clay below 1360'. 

370-1430': Sand and Clay. Predominantly 
f i n e ,  brown aand and pinkiah brown clay 
minor black and l ight-colored g r a i n s  ani 
medium eand. Decrease i n  g r a i n  s i z e  be. 
low 1380'. Increase i n  weathered, mediur 
aand-size l i t h i c  fragmenta a t  about 140( 

Fine-grained, h i sh ly  weathered. 
-1430-1430' I && d G r-ic (?I ).L.teria 

EXPLANAT I ON 

- 
- 
1 - 

Holl inser  DRILLER 6 Tussle 
1 

black and brown eand w i t h  aca t te red  l i g t  
g ra ins  and minor l i g h t  brown clay. De- 
crease i n  l ight-colored gra ins  (gran i t ic  
below 1480'. 

CLASSIFICATION AND 
PHYSICAL CONDITION 

Sheet 3 of 4 

Hole No. wzy-2 
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GEOLOGIC LOG OF DRILL HOLE 
Susanvi l le  Geothermal 

STATE LaLi fOrnla  PEATURE SurmvllLr hmdp-La8aen Q w t y  PROJECT Investigatioam 
LOCATION See Not Shre GROUND ELEVATION 4185 ANGLE PROM 

uo. suzy-2 C-~I~TES N.394.5bS; E.$,\?4,f17 TOTAL DEPTH 16801 VERTICAL Ver t ica l  
Taylor: Hutchinn: BBGW 8 - 2 5 7 7  l INISHED 9-15-77 Robert L. Turner 6 

W T H  TO WATEl 

N d E S  
k water  t a b l e  
Levels, water  re. 
'urn charac te r  ( 

i r i i i i n g  

%%ski% 
-ng 
1.4-93.9': Bodo 

9.0-111.0': Bodo 

11.0-140.0'1 cav 
39.0-459.0'; C.v 
60.0-480.0'8 Rod, 
uck. 
1'870.0' I Rode 
mtuck. 
250-1280': Cavinl 

P ? S % f a c e  
B S ~  i n n t a l l e d  t( 

l t l y  c-nted in1 
Le with nn 8'' 8.1 
Lve urd tro 2'' bl 
%em i n s t a l l e d  on 
) for bl-ut pa 
:ting. Valve. anc 
tea r-ved a f t e i  
Le cwplo t ion .  

ntuck. 

atuck. 

.9*. casing permc 

rsical logo -re 
I by Schlmberger  
1 Dual Induct ion 

Laterolog 
I Borehole C a p c n  

nated Sonic 
1 Caapeneated 

Neutron 
1 Formation Dsnsi 

(3-m Ray 
Hirh % . o h t i o n  
Tmpera ture  

lod steel pipe i 
,lid and c m e n t e  
o hole to 1659' 
poreture g a d i o n  
e protec ted  with 
t-1 g u u d  r.11. 

Not Dt mined HOLE LOGGED BY G b r y  

)AILY S U M A R Y  OF DRILLING OPERATIONS (Cont] 

9- 7-77: Dr i l led  to 1680'. Total  depth 
of rod. ava i lab le ,  condi t ion 
hole f o r  Schlumberger. 

9- 8-77: Pul led rods  from hole. Schum- 
berger geophysical logging 
n t u t e d  wing nhi f t .  

9- 9-77: Schlumberger logging too l  
stuck i n  hole  a t  650'. Circula- 
t i n g  mud t o  c l e a r  hole. 
ing 2 n h i f t a  per day. 

Fiahing f o r  tool with oil f i e l d  
rod. suppl ied by Midway Fishing 
Tool Co. of Woodland. 

Finh- 

9-10-77: 

9-11-77: Continued finhing. 

9-12-77: Continued finhing. Work over 
f i n h  but could not l a t c h  on. 

9-13-77: Continued f i s h i n g  with Fa i l ing  
rods. 

9-14-77: Latched f i s h  a t  bottom of hole  
end recovered tool. Completed 
geophynical logging. Condition 
hole  and mud f o r  completion. 

Set  1659' of 2" mteal pipe,  
r i g  f o r  cementing, p m p  i n  10 
cubic  yardn neet  cement and 
chase cement with l a t c h  down 
plug and clear w a t n r .  

9-15-77; 

9-16-77: Move r i g  from site. 

I . .  

. I. . .  
* .  . .  

. .  i;, ...  \ , '  

EXPL ANAT I ON 

)11 ingcr DRILLER i, Tug& 
1 

CLASSIFICATION AND 
PHYSICAL CONDITION 

minor coars-ack and br 

colored mater ia l .  Minor l i g h t  brown 
clay. S l igh t  decrease i n  coarae materic 

ea  about 1520' t o  predominantly f i n e  t o  

1560-1630': Sand. Fine t o  coarae,  nub- 
rounded gra ins .  Minor l i g h t  gray clay. 
Coarse mater ia l  montly weathered baea l t l  
and g r a n i t i c  mater ia l  and anh; increase 
i n  coarne grainn and red clay (weatherec 
ash?)  below 1580'. 

gray with minor multfcolored grains .  Mi- 
nor clay. Increase i n  l i g h t  gray c lay  
below 1660'. 

1630-1680': Fine to mediwn, dark 

S h t  4 of 4 

nolo No. su=-* 



52 

Type 
and NOTES 

On water t a b l e  
l e v e l s .  water re- S i ~ e e E  

GEOLOGIC LOG OF DRILL HOLE 
auaanvi l le  Yeothermal 

FEATURE Sunanvilla hmnaly--Lagnen County PROJECT Invea t iga t  ions STATE C a l i f o r n i a  
LOCATION See 8ste GROUND ELEVATION 4,230 ANGLE FROH 

No. COORDINATES 14,394,296; E,2,3;?.571 TOTAL DEPTH 2.068.0' VERTICAL Ver t ica l  
BEGUN 9-19-77 FINISHED 10-13-77 G. A. I b l l i n g e r  and Taylor, Tuggle, 6 

2 
W 0 

-1 

(2)  Geophysical pro- 

( 3 )  Geologic evalua- 

PHYSICAL CONDITION 
LOG. BASED ON ROCKBIT CUTTINGS 

- -  0-2.088' : 

Owner: I-$ 
Lassen County. 

o c a t 2 :  W. W'Z 
Section 5 ,  T. 29 ;\., 25.0 
I < .  1 2  E . ,  near south 

, 
Bockbit d r i l l e d  

i t h  bentoni te  mud, 
i g h t  mater ia l ,  and 

lost c i r c u l a t i o n  ad- 

20': 12-314" rock- 
b i t  f o r  i n s t a l l s -  
t i o n  of 8" sur fsce  

bent corner of the I 

'' ' 

assen County Mainte 
ance Yard in  the 

f Susanvil le .  

caoing. 

80-84 ' :  3-718" Hay 
0-2088': 6Y' rockbit. { 
tmllite cor run; re 
m e r o d  2.5' o r  632. 

100': At tmpted  3- 
J8" R a y n t e l l i t e  cor 
n;  destroyed b i t ;  

100-102': 2k" dia-  
nd core run;  recov 
ed 2.0' or 1007.. 
2088' : Attempted 

-718" dimrand core 
n; blocked v i t h  
ay, no recovery. 

' I  Hard and 

rclined HOLE LOGGED BY R. 

DAILY S W Y  OF DRILLING OPERATIONS: 

9-19-77: Rig up Fa i l ing  1500. nix mud. 3 
mud p i t s  and 1 waste nump uned. 
Drill 20' of 12-3/0" hole  and ce- 
ment, i n  8" s t e e l  sur face  casing. 
I n s t a l l  f l o w  l ine.  

9-20-77: Dr i l led  t o  220' r i t h  6k" rockbi t .  
Replace Kelly hose feed l ine.  Cor1 
runs 80-84' and 100-102'. Replace 
b i t  a t  100'. D r i l l i n g  24 hours pel 
day. 

9-21-77: Dr i l led  t o  590'. Replace b i t  a t  
320'. 

E XPL ANAT I ON 

Turner DRILLER Hutchins 

FIELD VISUAL 
CLASSIFICATION AND E 

ole d r i l l e d  by U. S. h e a u  of Reelmat ion ,  
USd-Pacific Region, Sacrenento, Cal i fornia .  

PLEISTOCENE LAIlOi4TAN LAKE (near shore)  
DEPOSITS WITH INTERBEDDED BASALTS AND 
PLIOCENE U S  DEPOSITS WITH INTERBED- 
DED BASALTS (?).e 

0-20.0': Y i l t  and Sand. Predominantly 7 fine-grained, brown. 

20.0-40.0': S i l t y  Clay. Hinor sand, l i g h t  
brown t o  medium gray. 

40.0-50.0': Sand. Medim t o  coarnel vol- 
canic, dark gray with coarne quar tz  f r q  

50.0-68.0': Sand and Clay. ' Fine to medirrn 
volcanic sand, dark gray, c-n coarse 
quartz  with dark gray clay. Increase i r  
f i n e  grave l  from 60-68'. 

68.0-73': Gravel and Clay vith Sand. Fine 
coarne, subrounded grave l ,  nnd gray c l q  
Sand i n  f i n e  t o  coarse. 

73.0-78.0' : Basalt. Hard, dark colored,  
volcanic  fragments. 

78.0-94.0': Sand Cla with Gravel. Sand 1 mootly f i n e  wi:h meiium and coaroe. b r m  
sca t te red  c o u a e  t o  f i n e  v o l e a n i a g r a v e l  
mostly subrounded .(&e 80-84' recovered 
2.5' i n  picceo f3"  t o  1'. breakn elory 
?le' th ick ,  f i n e  t o  medium *and zonen). 

94-110': Benelt and/or Cobbler and Craval. 
Duk gray t o  block volconlc  f r w n t o ,  
ml.nor  d u k  nand. (Core 100-102': recm 
ered 6" gray, black ves icu lar  piece,  VU# 

p a r t i a l l y  f i l l e d .  and 5" gray nonvsnicu- 
lor piace). 
rounded w~lconie, minor sand m d  gray 
c lay  inter lones.  

&.vel is rounded t o  nub- 

110-130': Clay Md Smd. Light k m  t o  ra 
brown v i t h  minor gr0eni.h c l q  olld f l n s  
t o  medium, mult icolored land. Harked ds- 
crease i n  dark-colored'grelno from abovc 
Bed-brown clay deereasss  below 115' and 
is absent below 120'. Scottarod c o ~ r n e  
zonen leas than 1 f t  th ick  w o t l 9  balw 
115'. 

130-140': Sandy Clay. Sand f i n e  with sin01 

medium gra ina ,  l i g h t  yellow brown. 

140-230': B a n a l t  r i t h  Intarbaddad C 
n a l t  b leck to  dark p a y  with rad 
c-n. Clay, brown,content ineramiry 
bel- ZOO',  m i n o t  quart; urd chalcrdany, 

230-260': Sand ud Cla Fine t o  coaree 
volcanic  M r -  clay. 

26&280': .Sand. F i M  t o  coaroe, dark ~01 .  
orod n a n d x n o r  l i g h t  m d  brown colorn,  - 

e n t a c t  betwaen Plointoenne and Pliocene 
rocko cannot bo determined from c u t t i n ~ e .  

/" 

1 s h e e t  1 of 5 

c Hole NO.  
d 
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GEOLOGIC LOG OF DRILL HOLE 
Susanvi l le  Geothermal 

FEATURE Susanvllle AnomaIp-Laoaen County PROJECT I n v e r t i g a t b n s  STATE Cal i forn ia  
HOLE NO. suzy-3 LOCATION Sqe Mte,  ShWt 1 GROUND ELEVATION 4,230 ANGLE PROM 

BEGUN 9-19-77 FINISHED 10-13-77 
COORDINATES N.394,298; E.2.372,571 TOTAL DEPTH 2,088.0' VERTICAL Vnrtical 

Taylor. T u d e  6 G. A. Hollinger and 

On water t a b l e  
leve ls ,  water  re-  

0 ' :  Faot and 

0': Medium and 

80-1175': Hedim an 

300-1360': Medim 

360-1500': k d i u m  t 

500-1600': Hcditn 

and naooth. 

slow and m o t h .  

and smwth,  occa- 
s iona l  rough zone. 
00-1690': Medium 

690-1840': Fast  and 
-th, oceaeional  

840-1885': Hedium 
and mnooth. 

960-2088': Medim 

Estimated D r i l l i n  
F l u i d  Return: 

140-220' : 902 

loss. 

.ermined HOLE LOGGED BY R- L. Turner DRILLER Hutch&- 
FIELD VISUAL 

CLASSIFICATION AND 
PHYSICAL CONDITION 

X s 
c1 

increasiw below 270'; minor g r a m  clay. 

280-300': Sand and Basalt. l i ne  to worse  
volcanic  aand and volcanic f rqmento.  nl 
nor groen clay. 

brown clay. Pine to medium, d u k  sand. 

f r e n t s  and l i g h t  gray clay. 
320-340': Fine t o  medim, d u k  sand, 

minor coaroe; minor l i g h t  brown clay. 
340430' :  C 1  and Sand. Brown clay, a m d  

f i n e  t o  b l m k  and brown, 
minor q u u t z  and l i g h t  coloro,  fow -1- 
eanie  fr-nts and eoarso -a, tr-0 
of white aoh ( 1 )  at  a h t  390'. S l i g h t  
decrease i n  clay content  b a l a  410'. 

430-450': Clay and Sand. &ay clay; f i n e  
to medim, dark sand, s c a t t e r e d  coume. 

450-490' Sand and Cla  PIM to w d i u ,  
dark grain. md l i g h t  
colored mator ia l ;  clay i s  b r a n  d gray 

m b . n y l u ,  .u 1y black to d.rk b r a n  
.and with e-n quartz ,  oecaoional thin 
couw zona.; clay i o  red  t o  b r a .  De- 
craaae i n  clay belor 520'. 

530-590': S u d  with Clay, Fino to medire, 
m a n  e o u e o ,  aray brown, rubangular ml- 
canic rand, -n q u u t x b  -n brown 
to pink clay. Many thin.  coarse in tor -  
Val . .  

590-670': S d  d t h  Clay. Pine to ..dim, 
some conrse, reddish brown, m a t h e r e d  vol 
canics, minor q u u t a ,  drerrr- in 0 1 9  
froa abovo. decrease in g r a i n  mire b o l m  
600' t o  predaaicunt ly  f i n e  below 660'. 

300-310': Clay and S a d .  Brown to pinkiah 
9-22-77: Dr i l led  to  740'. h d  100s prob 

9-23-77: Dr i l led  t o  940'. Mud loen probl  
Replace b i t  a t  880' and 940'. R 
p a i r  mud pump and t ruck engine. 
e ra t iona  ceased f o r  weekend. 

a t  in te rva ls .  Replaced b i t  +t 310-320': B u d t  and Clay. Blwk ~01c-i  

490-5301: S u d  7 Clay. Fine to m d i m ,  

670-690': S m d . m d  Clay. l i n e  to mediw,  1-1 d u k  surd; gray clay. 
690-770'1 Sand r l t h  Chx.  Pine to medim 

m e  coarse, black,  volcanic a d ,  coma 
quartz ,  minor rod volcanies. 
rod clay. Increuo i n  red  v o l c m i e s ,  710 
730'; a b u n t  bdow 740'. 

brown to 

-26-778 Dr i l led  t o  1075'. Rspaf r 'hydrru l ie  770-8901: sad. ~i~~ miMr wdfoll, 
pmp drive 
loss problems. 

and mud pump* lfUd dark v o l c ~ o a n d ,  s c a t t e r e d  red  grain0 
Increua i n  d i m  site. 790-830'. Mirror 
brom clay, content  i n e r e u i n g  870-890'. 

890-9501: M. P i r u  t o  w d l u ,  d u k  gra 
to black a r b u y u l u  volcanic s u d  with 
c-n q u u t r ,  same f e l d o p u s ,  var iab le  
-nts of pink to .ray clay. ##me d- 

\,.I1 poeed rod volcanic.; becraioe i n  wdlu 

EXPLANAT I ON 

S b d  2 02 S 



54 

GEOLOGIC LOG OF DRILL HOLE 
Sumanville Geothermal FEATURE Sueanvl l le  AMnaly--Lqp)n w q n t y  PROJECT ' Invea t iga tbne  STATE Cal i forn ia  

LOCATION See Note, Sheet 1 GROUND ELEVATION 4.230 ANGLE PROM 
COORDINATES U,334,296; g.2,372,5?1 TOTAL DEPTH 2,088.0' VERTICAL Vert ica l  

BEGUM 9-19-77 FINISHED 10-13-77 G. A. Holinger and Taylor, f i g g l e  6 

830-880': Loem a t  
in te rva ls .  

1000-1040'1 70% 
1040-1075': 90% 
A t  1075': CDlplete 

llJ90': Complete 

1120': CaPplete 
lo... 

1120-1140': Slow l o a  
1140-1175'1 50% 

1175': Complete l ( m e  
1175-11801: 50% 
1180-1200': 95% 

eOntinwu. lo... 
3k XP2O'I CoPplete 

1220-1275': Slow and 0 
. continuous loen. 

1200-1220': S l w  MiZ 

1275-1300'1 Slow md 

1300-1360': 50% to 
continuous loea. 

complete lone. 
A t  1360': Complete 
be.. 

oontinuoue 10.8. 
1420-1460': 50% to 

complete loa.. 

1360-1420' I S l w  m d  

1460-1600': 902 
1600-1690'1 80% 
1690-2088': 90% 

from 157bZO88'. 

erainad HOLE LOGGED BY '* L* 

9-27-77; 

9- 28- 7 7 8 

9-29-77: 

9-30-77 t 

0- 3-771 

Dr i l led  to 1175'. Mud loaa prob- 
1-0. Dack engine f l y h e e l  f d > -  
ed. Full rode. 
No d r i l l i n g .  Repairing deck en- 
gine. 
v ice  equiprwnt. 

Replace a11 cable. and ne? 

Dri l led  t o  1200'. Completed re- 
pai r6  on dack engine. Replaced 
b i t  a t  1175'. 

Dr i l led  to 1360'. lfud loam prob- 
lem. continue. Additives being 
usad to regain c i rcu la t ion .  Pullc 
rods and replaced b i t  a t  1360'. 
Secured f o r  weekend. 

Dr i l led  to 1500'. Mud loma prob- 
1-0 continua. M d i t i v e e  being 
u a d .  Replaced b i t  a t  1480'. Re. 
pai red  mud l i n e  guide cable. 

a 

AILY SUHHhRY OF DRILLING OPERATIONS: 

E XPL ANAT I ON 

DRILLER ne 'urner 

minor coarse ,  bleck volcanic  .and, soma 
t an  t o  red  v o l e m i c e  and quartz. Clay 

zones below 1060'. 
Sand. l i n e  to coarae,  minor 

gravel ,  subangular t o  subrounded block 
volcanic  nand, c-n quar tz  and red  t o  
tan  voleanice. m a n e  fe ldspars .  S l igh t  d 
crease in coarae gra ins  e t  approximately 
1090'. Increase in pink c l a y  below 1100 

1120-1130'1 Send with Clay. Pine dark yo 

conic  sand and pink clay. 

1080-1120': 

CMIC. minor t a n  t o  red w l e a n i c a  ud 
qunrtz.  m t n o r  ten to pink clay. 

1140-1200': s. Fine t o  mediuJt., mostly 
dark gray to black v o l e m i c e  with ton an 
red volcanica,  m i n o r  clay. 

1200-1230': u. Redas inant ly  f i n e  w i t  
medium, dark gray and tan. e q u l a r  t o  mu 
angular, minor clay. Increase i n  medium 
a i m  grain. and quartz  below 1220'. 

Fine t o  medim, dark gr 
t o  tan,  angular to nubrounded, miabr c l r  
I).craaea i n  g r a i n  s i z e  b a l w  1250'. 
s l i g h t  i n e r e u e  i n  red ud t a n  mlcmlc  
gra ins  a t  a p p r o x h t e l y  12qO', laaream 
i n  medium g r a i n  s i z e  below 1310' ( r o e  
d r i l l i n p  1290-1300'.) 

and tan,  minor clay. Ipcreme i n  g a i n  
e iza  to f i n e  to madim at  . g p r s t i t m t a l y  
1360-1370'. 

1380-1640': Sand. Pine to medim, dark 
colored groins. minor red 6 li&t color6 
and quar tz ,  minor l i g h t  b r a  to y a y  
clay,  occaoional rw& spot. (gmol 7 )  
l eea  than I' thick. W e t l y  f i n e  eand b 

1230-1330': sand. 

1330-1380': Sand. Pine, dark s a y  to pink 



.~DhY.iC.l Leuinn: l5 
n e  fo l lau ing  g a b  

p h ~ r i e r l  loam were 
rm by Schlubaraer .  
(1) Dual Induction 

Laterolos. 
(2) Borehole m e n -  

aated Sonic 
( 3 )  Gmpenaeced Neu- 

tron. 
(4) Formation h n r i -  

t Y  
(5) Gmmr Ray 
(6) Righ Resolution 

tmmperature. 

11. camletion: 2058 
tm- inch  a e d e d ,  

e t e r - f i l l e d  rteel 
ipa i n r t a l l e d  and 
r a n t d  in  b l e  

for t q r a t u  
d i e n t r .  S i t e  pr 

t e c t a d  v i t h  a rteel 

l,oj 
s u r d  r a i l .  

I J  

1640-1760': Clay and Sand. 
f i n e  t o  medim, dark volcanic  m u d .  aim 
l i g h t  eolora  end quartz.  &nd grader t o  
predominantly f i n e  below 1740' .  

Gray c lay ,  

1760-1810': Fine, 8r.y v i t h  minor 
l isht-colored s r a i n e ,  minor clay. 

h 5-77: Dr i l led  t o  1920'. New b i t  a t  1900 

1810-1830': Sand with Gravel. R e b i n a n !  114 1y fine-grained. dark volcanic  rand v i t l  I 4 coarae rock f r q p w n t s ;  red,  v h i t e ,  p e e r  
and brown ( d r i l l e r r  report bouldora). 

i- 6-711 ( h i l l e d  to 2070'. 

EXPLANAT I ON 

1830-1990': C l a y  ud Snnd. Ora7 c lay .  
m a t l y  f ine .  duk-colored  amd,  very mi- 
nor medium, very minor lieht colorr. 
About 30% mult icolored l i i h i c  f r a g w n t r  
a t  approximately 1900'. 

'1 
1990-201)8*1 S ~ T  C1rl .  Fine to medium, 

&ray a d ,  e- m u l t i c o l o r d  l i t h i c  

Sheat 4 of  5 

nolo No. 
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LS-1264-A (4175) 

GEQLOGIC LOG QF BRILL HOLE 
Sueanvi l la  Geothermal 

FEATURE Suaonvi l le  Anomaly--Laeean County PROJECT I n v w t l g r t i o n r  STATB C d i f a r n i .  
LW-TION See Note, Sheet 1 GROUlOD ELEVATION 4,230 MGLE PROM 
COORDINATES 8,394,296; R+2,372,571 TOTAL DEPTH 2,088,Q' VERTICAL "* r th l  HOLE NO. sun-3 

BEGUN 9-19-77 FINISHED 20-13-77 G. A. Hollinger nnd Taylor, %&+, 6 

D T H  TO WATER 

NOTES 
On water t a b l e  
leve la ,  water re- 
t u r n  charac te r  of 
d r i l i i n g  

m l n e d  HOLE LOGGED BY R* 

DAILY S U M M Y  OF DRILLING OPERATIONSr 

IO- 7-77: Dr i l led  t o  2088' T.D. Schlmber-  
ger  geophyeical logged hole. Sa 
cured for 3-day hol iday weekend. 

10-11-77 kaemble core b a r r e l  and serv ice  
e q u i p a n t .  Two crews per'day. 

10-12-77 Attempted core run a t  2088'. No 
recovery. S t a r t  running 2" a tae  
pipe. 
Cemented 2" e t e e l  pipe t o  2058'. 
-ped 15 cubic  yard. of cement 
i n t o  hole. Se t  locking plug a t  
bottom with c l e a r  water. 

10-13-77 

10-14-77: Move rig from s i t e .  

EXPLANAT I ON 

PHYSICAL CONDITION 

l i g h t  gray with minor gray 
crease i n  gray-8reen c lay  b e l m  2030'. 

4 
-I 
- Potmationel c lay  increaeingly hydrattc 
:by d r i l l  ac t ion  below approxioataly 1460' 
-prevent ing u c u r a t e  evaluat ion of contmnt. 

&Clay content below 1400' may be h iahar  tbc 
:cutting. indicated.  

- Drill ac t ion  indicate. f o r r a t i o n  may 
- b e  incraaeingly indurated b e l a  approxi- 
-mately 1200' and may be predominantly fitu 

grained, weakly cemented eandatone d / o r  
-c laya tone  increas ing  toward the  total - depth. 

Im 
- 

ZW 

- 

F 
-9 s of 5 

woo. no. sUzP-3 _......... :.. 



57 
LS-1264-A ( 4 1 7 5 )  

GEOLOGIC LOG OF DRILL HQLE 
SUSANVILLE GEOTHERMAL 

NOT DI 

On water tab le  

Hol  

~ ~ A ~ ~  2 )  D I E N T .  P F  GEOPHYSICAL PRO I 

9NDOWN& C I T Y  OF 
j U S A N V I L L E ,  CA 

ZCTION 5. T. 2 9  N.. . 1 2  E. 20x20' PAR 
EL BETWEEN SHASTA 
\ID SIERRA STREETS. 

P E R T I E S .  

T ION.  
3 )  GEOLOGIC EVALUA 50 

4 )  PIEZOMETRIC OB- 
SERVATION. 

XATIW, NE? N+ 

?I! L RIG: 
l I L I N G  1 5 0 0  

ROCKBIT D R I L L E D  
SING BENTONITE MUO 
4 0  LOST C I R C U A T I  

[ T  FOR I N S T A L L A T I  
' 8" S l R F A C E  CAS- 
4G. 
3 -769 '  : 6 - 1 / 2 "  
10CKBIT.  

I 1  
111 I ING CONDITION~~(~~J 
- 1 6 ' :  FAST AND 
SMOOTH. 

~ 2 6 ' :  MEDIUM SPEEC. 

1-63': SLDW,ROUGH. 40 

-AST AND SMOOTH. 

~ 2 9 ' ~  SLOW. ROUGH. 
. A V I N G  IN. 
) - 3 2 ' 1  HARD. SLOW. 
1OuGH. 
' - 3 9 '  : b'EDILM SPEEC 
N O  ROUGHNESS. 
1-52' ;  M E D I L M  
>MOOTH. 
'-58': SLOW.YM3TH. 

1 - 6 7 ' ,  R M X n  TO 
MZIOTH. 
' -170 ' :  FAST AN)  
NOOTH. 
'0-282': MEDIUM 

12-304 ' :  NO record 

0 

" 

S L I G H T L Y  ROUGH. 

) 4 - 3 6 7 '  : & D I U 4  
:AST. 
i 7 - 4 1 3 ' :  N o  record 

'RM I NED HOLE LOG GED BY G.HOLL 

DAILY SUMMARY OF D R l l  I IW O P F R A T M  

!O-13-78:  RIG MOVED TO S I T E  FROM SUZY-5. 
RIGGING UP. Two SHIFTS PER DAY. 
%CURE FOR WEEKEND. 

MVO . 0 - 1 6 - 7 8 :  CONTINUED R I G G I N G  UP AND M I X I N G  

0-17-78:  DRILLED 9-5/13 INCH ROCKBIT HJLE 
TO 2 7 ' .  DOWN 6 HOURS TO REPLACE 
SWIVEL AND R E P A I R  MUD PUMP 

0 - 1 8 - 7 8 :  

0 - 1 9 - 7 8 :  

0 - 2 0 - 7 8  : 

0 - 2 3 - 7 8  I 

0-24-70 : 

0 - 2 5 - 7 8 :  

0 - 2 6 - 7 8 :  

0 - 2 7 - 7 8 1  

0-30-78:  

0 - 3 1 - 7 8 ,  

1- 1-78 :  

1- 2 - 7 8 1  

1- 3-78: 

1- 6 - 7 8 ,  

1- 7-78: 

1- 8-78: 

I -  9-78: 

I-10-7s: 

1-13-78;  

1-14-78: 

1-1 5-78 : 

* .  

D R I L L E D  TO 5 2 ' .  DOWN 1 HOUR TO 
R E P A I R  MUD P W .  

D R I L L E D  TO 63' AND CEMENTED I N  8" 
SURFACE CASING. M D I F I E D  AND RE- 
P A I R E D  R I G  AFTER RUNNING CASING. 

DRILLED TO 1 6 7 '  W I T H  6 - 1 / 2 "  ROC 
B I T .  %CURE FOR WEEKEND. 

DRILLED TO 255'. LOST C I R C U L A T I  

ATTEMPTED TO REGAIN CIRCULATION.  

ATTEMPTED TO REGAIN CIRCULATION.  

DRILLED TO 2 8 7 '  W I T H  MAJOR MU) 
LOSS. 

CONDITION MUD AND MLE. 
S I T E .  %CURE FOR WEEKEND. 

DRILLED TO 367'. 

DRILLEO TO 5 4 7 ' .  

DRILLED TO 6 9 3 ' .  

DRILLED TO 7 6 9 '  T d T A L  DEPTH. 

CLEAN W 

CONDITION HOLE FOR LOGGING. 

HOLE LOGGED BY USGS. % C W E  FOR 
WEEKEND. 

REAMED M L E  TO 7-7/8" S I Z E  TO 
2 7 8 ' .  

REAMED HOLE TO 680'. 

REAMED HOLE TO 768'. PREPARED TO 

RAN 4 "  CASINC. ONE SHIFT. 

R W  4" CASING. 

NO CREWS ON S I T E .  

PLACING GRAVEL PACK. TWO S H I F T S .  

FINISHED P L A C I N G  GRAVEL PACK. 

PLACED CEMENT SEAL. W V E D  R I G  OFF 
HDLE . 

E XPL ANAT I ON 

X R :  R.TURNER R%AG5:FERRELL i  TUGGLE 

FIELD V I S U A L  

CLASSIFICATION AND 
PHYSICAL CONDITION 

NOTE: LOG BASED ON ROCKBIT CUTTINGS. 

WNT SDIl  AND A L L U V I A L  DEPOSITS. 
0-25.0' I 

0 - 1 4 ' :  S I I T Y  CLAY. S O I L .  RED BROWN. 

L Y  F I N E  TO MEDIUM1 MULTICOLORED, WEATHEF 
ED VOLCANICS, GRANITE.  QUARTZ. AN) FELD-  
SPARS. %A3ROLNMD TO S U B A N G U A R i  I N -  
C E A S E  I N  DARK BROWN F A T  CLAY BELOW 20'. 

2 3 - 2 5 ' t  SAND AND @ ? A V F L  F I N E  SAND TO 
F I N E  GRAVEL, t a h T I C O L O R E D .  W A R  TO SL 
R O W E D  VOLCANIC AND G R A N I T I C  S A W .  &A- 
VEL WEATHERED VOLCANIC. C C N S I E R A B L E  ME 
I U M  TO DARK M O W N  CLAY. 

2 5 . 0 - 2 8 7 ' ( 7 l : *  
P L F  ISTOCEtE BASAL T AND IAHDNTAN 

(-1 IAKE DE POSITS. 
5-32': BASAIT. BLACK. HARD, ANGULAR FRA 

2-38' :  SANDY CLA Y. MEDIUM RED-BROWN, SOF 
W I T H  MINOR P R E W M I N A N T L Y  FINE W I T H  M D I U  
VOLCANIC SAND. 

BLACK. VOLCANIC GRAVEL I N  A MEDIUM RED- 
BROYN. SCFT CLAY MATRIX.  

1 - 9 0 ' :  W Y  0 AYL MEDIUM RED BROWN, SOF 
W I T H  F I N  TO MEDILJM. OCCASIONAL COARSE 

. F I N E  SAND TO 
COARSE GRAVEL. P R E D M I N A N T L Y  VOLCANIC. 
A N G U A R  TO SUBROUNDED, WITH MEDIUM GRAY 
AND RED-BROWN S W T  CLAY. INCREASE I N  L I -  
T H I C  FRAGMENTS AND GRAY CLAY BELOW 58'. 

-66'1 &RAVEL AND &rcn. DARK GRAY TO 
BLACK. A N G U A R  TO SLBROLNKD. F I N  TO 
COARSE; P R E W M I N A N T L Y  VOCCANIC S A W  WD 
G R A M L  W I T H  M I W  L I G H T  GRAY. FIFM TO 
SOFT CLAY. QUARTZ. 

-73': m. RED ORANGE, VERY Y X T .  M I M  

h T I C O L C R E D .  UEATH- 

OUARTZ. A N C U A R  TO S U B R O W E D .  M I N R  
RED-BROWN CLAY. 

-87': s A M ) Y  0 AY. RED-BROWN. W T .  M I W  
SAW S I M I L A R  TO 73-80' INTERVAL.  

-130': AND SAt4D, M U T I C O L O R E D  TO 
PREDOMINANTLY DARK GRAY, FINE TO M R Y  
C O A R Y ,  W A R  TO SUBRDLNDED SAN) AND 

'CONTACT BETWEEN TI+ PLEISTOCENE AN3 k I C -  
CENE L M E  D E W S I T S  CANNOT BE DETERMINED 
FROM CUTTINGS. Tt€ CCNTACT WAS ESTIMATED 
FROH GEOPHYSICAL LOGS AND E X I S T I N G  DATA. 

%ET I OF 3 

Mol. No. suzy-4 . 



GEOLOGIC LOG OF DRILL HOLE 
SUSANVILLE GEUTHERMAL 

SUSANVILLE ANOMALY--LASSEN COUJTY PRaJECT ~NVLSTLGATICINS STATE CALIFORUIA 
LOCATION SEE rdDTE5. SHEET 1 GROUND ELEVATIOU 419G'  ABGLE PROM 
COORDINATES Ne 3 9 3 t 96 5 : E. 2 I 3 7 3,944 VERTICAL HOLE UO. suzy -4  TOTAL DEPTH 7 6 9 '  

DEPTH TO WATER 

On water tab le  
l e v e l s ,  water re-  
turn character o 
d r i l l i n g  

&IJ I l N G  C O N D I T W  

NOTES 

( C W T . )  
4 1 3 - 4 8 7 ' :  MEDIUbI 

ROUGH AND SLOW 
4 8 7 - 5 4 7 ' :  FAST, 
smw.  

5 4 7 - 6 2 7 ' :  No record 
527-667 '  : IklEDIUM 

FAST,  StlDOTH. 
567-693 '  : %OW, 

ROUGH. 
5 9 3 - 7 4 0 ' :  No record 

740-769 '  : &DIUM 
ROUGH AND SLOW. 

;STIMATFD WIl L I N G  

1 - 2 5 5 ' r  95-100% 
FI UID RFTURN; 

2 5 5 ' :  TOTAL C I R C L L  
T I G N  LOSS, REOUIR 
ED 4 S H I F T S  TO RE 
G A I N .  

! 5 5 - 2 9 2 ' :  IO-60% 
! 9 2 - 7 6 9 ' :  90-95% - 
U N G  FI U I D  TEMPFRA 
JLRF C o  F ) :  

59' AT 26 '  
> l o  AT 52'  
53' AT 7 8 '  
57' AT 107'  
57' AT 167'  
38O AT 167'  AFTER 

'4' AT 220 '  
WEEKEND. 

: a h  at 320' report 

I5O a t  4 8 0 '  
ed b y  Driller. 

164" AT 567'  
100' AT  600'  
106' AT 7 0 7 '  
107' AT 7 3 0 '  

A V I N G  C C N D I T I O N S L  
! 6 -29 '  I CAVING. 

;ASING RFCDROL 
8 " STEEL SLRFACE 

ASING CEMENTED IN- 
ro HOLE t o  6 2 ' .  

fLOPHYSICAL LOGGING 
THE FOLLOWING GEOP 

> I C A L  LOGS WERE RUN 
3Y THE UsGs DCNVER. 
I F F I C E :  

I )  ELECTRIC 

3 )  GAMMA GAMMA 

5 )  TEMPERATURE 

2 )  NATURAL GAMMA 

4 )  NEUTRON 

6 ) C A L I P E R  

HOLE LOOGED By G. HDLLINGER; R. TURNER DRILLER ShAGGS; FERRELL :TUGGLE 
RMINEO 

I FIELD i ISUAL 

CLASSIFICATION AND 
PHYSICAL CONDITION 

- 
VFI' AND S ~ Q .  SUBROUNDED TO 

. '  . < 

ANGULAR, COARSE SAND 4ND F I N E  GRAVEL W I T  
MINOR MEDIUM GRAY C L A i .  

1 5 0 - 2 2 5 ' :  S N D Y  CI AY. 4EDIUM GRAY, SOFT 
CLAY W I T H  SAPID AND GRAVEL OF S I M I L A R  CON 
P O S I T I O N  TO 130-150 '  1'4TERVAL. GRADUAL 
CHANGE TO BLUE-GRAY CI  AY TOWARD BOTTOM Dl 
I tJTERVAL.  GRADUAL DECQEASE I N  CLAY AN0 
INCREASE I N  DARK VOLC".rIC FRAGMENTS BELO 
215 ' .  

2 2 5 - 2 5 5 ' :  C I A Y E Y  SAND. -1NE TO MEDIUM SANI 
W I T H  COARSE, PREDOMItvAPdTLY VOLCANIC FRAG 
MENTS. MINOR CLAY. TCTAL LOSS I N  C IRCVCA 
T I O N  AT 2 5 5 ' .  

2 5 5 - 2 8 2 ' :  SAND AND GRAVEL. PREDOMINANTLY 
COARSE, BLACK VOLCANIC SAND AND FINE GRA 

GRAY CLAY. CUTTINGS P I G H L Y  CONTAMINATED 
BY EFFORTS TO R E G A I N  C IRCULATION.  

2 8 2 ( 7 ) '  - 7 6 9 ' :  ~~ 

P L IOCENF LAKF DFi 3SITS AtQ 
INTERBEODED BAS ALTS 

2 0 2 - 4 8 0 ' :  CUTTINGS ANC D R I L L I N G  C O N D I T I O N  

I 1 NOT LOGGED BY GEOCOGI >T .  SAMPLE TAKEN 
B Y  D R I L L E R  ATz 

3 1 0 ' :  CLAY. P D S S I B L E  ASH, SOFT TO 
S L I G H T L Y  F I R M ,  MINDf? t1LLTICOLOKED SAND 
FINE TO COARSE, PRECJMINANTLY SUBANGU- 
L A R  VOLCANIC W I T H  Ml t lOR QUARTZ. 

360'  : w- ~ ~ T I C D L O R E D . '  PREDOMINANTLY 
DARK, FINE TO COARSE, SUBANGULAR TO 
SUBROUJDED. PREDOMINANTLY VOLCANIC W I T  
MINOR QUARTZ, MINOR P I N K  SOFT CLAY. 

@": 4 0 0 - 4 8 7 ' :  SANDY o A Y .  PINK. SOFT WITH sm 
1 RUUNDCD. F I N E  TO M E D I l M  MVLTICOLORED - 
1 4 0 7 - 5 7 5 ' :  a P I N K .  W F T .  W I T H  MINOR F IN  - TO MEDIWl. PREDOMINANTLY SUBANGULAR MUL- 

SAND. - 

g5Q- TICOLORED. PREDOMINANTLY VOLCANIC SAND. 
1 GRADUAL INCREASE I N  V@LCANIC SAND BELOW 

5 4 0 ' .  

1 5 7 5 - 6 1 2 ' :  SANDY C I A Y .  MEDIUM GRAY, SOFT 
W I T H  FINE TO MEDIUM V I L C A N I C .  SUBANGULAR 
TO ROLNDED SAND. COLDQ CriANGE TO P I N K  BC 

6 0 0 ' .  S L I G H T  INCREASING F IRMNESS TOWARDS 

- "el LOW 5 8 7 '  AND WHITE P I U h  ( T U F F ? )  BELOW 

- BOTTOM OF INTERVAL.  

1 612-675 '  : GI AYEY SANO, f~1ULTICOLDRED. FINE - TO COARSE, PREDOMINANTLY DARK VOLCANIC 

35& AND MINOR QUARTZ, SUBAYGIJLAR TO S W O U N D  
1 ED SAND W I T H  L I G H T  PIEK. SOFT TO MODERAT - L Y  F I R M  CLAY (OR T W F ' ) . - C L A Y  MOSTLY 

- 

: BROWN BELOW 6 6 5 ' .  OCCASIDt4AL T H I N  BLACK 
VOLCANIC GRAVEL BEDS LESS THAN 1 '  T H I C K  

-, FROM APPROXIMATELY 625-640 '  AND BELOW 

E XPL ANAT I ON 
670'. 

Mol. No. s u m - 4  
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I G E O L O G I C  L O G  O F  D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  

~~ 

NOTES (CONTINUED) FIELD V I S U A L  CLASSIFiCATION AND P H Y S I C A L  C O N D I T I O N  (CONTINLED) 

Hfl1 F COW1 F T I W  
6 - 3 / 4 "  HOLE REAMED TO 7-7/8" . INSTALLED 

735' OF & " S T E E L  C A S I N G  W I T H  21 '  OF 2" 
STEEL PIPE AND 8 '  OF 60 MESH WELL SCREEN ON 
BOTTOM TO 764'. GRAVEL PACKED TO 300'. 
CEMENTED UPPER PORTION OF HOLE. S I rE  FRO- 
TECTED W I T H  STEEL GUARD R A I L .  

675-607'8 -GRAVFl SA ND AND RASALT. FINE TO PREDOMINANTLY COARSE, BLACK 
VOLCANIC SAND AND GRAVEL FRAGMENTS. SAND RO-D TO PREDOMINANTLY SUB 

LOWER, APPROXIMATELY 10'. 
ANGULAR, MINOR LIGHT COLORS AND GRAY CLAY. POSSIBLE BASALT FLOW A T  

6 8 7 - 6 9 5 ' 1  SANDY Ci AY, BLACK VOLCANIC SAND SIMILAR TO 6 7 5 - 6 8 7 '  INTERVAL 
I N  P I N K  GRAY CLAY. 

695-726'8 GRAVE1 AND SANQ. S I M I L A R  TO BLACK VOLCANIC SAND AND GRAVEL I N  

675-687' INTERVAL.  INCREASE I N  P I W I S H  GRAY CLAY BELOW 720'. 

726-769': C I A Y E Y  SAND AND GRAVE1 . F I N E  TO COARSE. SUBANGULAR TO SUBROWD 
ED, PREOOHINANTLY DARK VOLCANIC SAND AND GRAVEL W I T H  VARYING A H O W T S  
OF P I N K I S H  GRAY SOFT CLAY. 

r 
]Sh..t 3 of 3 

. 
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GEOLOGIC LOG OF DRILL HOLE 
Susanville Geothermal Investi- 

.......... . ........__.. . . 
SUSANVILLE ANOMALY--,:; 

PEA-. , .. . , . f i s s E N ,  C O ~ T y . .  . . . . . . ,' . . . . . ._ . . . . . , . . . , , , . . . . . . . . . PROJECT. ... . .qations. STATE .... cr?l.if?r?.l.? ...... . .__  

Hou . sV.zyr.5~..~.. COORDIIUTES. N,..!.?! t???,:. .E-.?. t ?.?,6.,.?86. . . . . . , . VERTICAL.Y.er tical. . . . . 
BEGUM ...... 9-!.?-78. . FIUISHED.!.'?:.~?:?!? . . ._..  G. Hollinyer; . 

12-78) ........ ..... ._.  HOLE ux;Ge D BY.,R:Tur,ner; J .  ?ar.!ln?.. _ .  DRIUER ... N...T"8.91ei . .R : .  Sank.. 

LCCATIOW: .. SF: .. F?P.!~s ..... ..._ ...._.,_ ........: GROUAD ELEVATIOW,...P.~~~.~. . .  MGLE PROM 
. . . . TOTAL DEPTH.. .70,6... 0 1 

coarse, angular to subrounded, 
mostly volcanic grains and frog- 

On vater table 

Purpose of Hole: 
(1) temperature 

gradient; (2) geo- 

(3) geologic evalua 
tion; (4) piezometri 
observation. 

Landowner: Sierra 
Pacific Industries; 

Susanville, CA 

Location: 

T. 29 N., R. 12 E.. 
on lumber mill pro- 

Drill Rig: 
Failing 1500 

Drillin Methods: 

using bentonite mud lzOd Rockbyt drilled 

and additives, as 
required. Three mud 

0-80': 9-5/8" rock- 
pits used. 

bit for installatiorZ5 
of 8" surface casinG. 

bit. 
60-706': 6'~'' rock- 

Drillin Conditions 
-13.4 

15-45':.Fast and 
smooth, squeezing 
at 45'. 
23-30': Slow and 
rough. 

45-91': Slow and 
rough to very 1 1 
rough. 

tently slow to fast 
and smooth to rougk 

medium speed, 
smooth to rough. 
Squeezing from 

91-120': Intermit- 

120-160': Slow to 

131-141'. 
160-220' : Hard, slja5j 
220-271': Intemit- 
rough. 

tently smooth and 
fast to slow and 
rough. 

DAILY SUMMARY OF DRILLING OPERATIONS 
9-12-78: Moved rig from SUZY-1 and rig up 

9-13-78: 

9-14-78: 

9-15-78: 

9-18-78: 
9- 19-78 : 

9-20-70: 

9-21-78: 

9-22-78: 

3-25-78: 

9-26-78 : 

9-27-78: 
9-28-78: 
9-29-78: 

LO- 2-78: 

LO- 3-78: 

One shift per day. 
Completed rigging up. Drilled to 
15' with 9-5/8" rockbit. Down 1 
hour to repair mud pump. 
Drilled to 45'. Down 4 hours to 
repair and replace swivel. 
Drilled to 55'. Down 3 hours to 
locate mud pump knock. Secured 
for weekend. 
Drilled to 72'. 
Drilled to 00' and installed 77' 
of 8" surface casing. Two shift 
per day. Down 6 hours for deck 
engine repair. 
Drilled to 91' with 611" rockbit. 
Drilled to 160'. Down 7 hours ti 
repair breakout table. 
Drilled to 271'. Hole could not 
be advanced; rods stuck at 191'. 
Down 1 hour to retrieve casing. 

Attempted to pull rods. Secure 
site for weekend. 
Twisted off rods. Fishing. One 
shift. 
Fishing. Equipment maintenance. 
Two shifts. 
Fishing. 
Fishing. Recovered fish. 
Prepared site to continue drill- 
ing. Down 7% hours to repair rig 
Secured for weekend. 
Drilled to 377'. Down 1 hour to 
repair truck and drill. 
Drilled to 512'. Down 3 hours to 
replace kelly cable. 

E XPL ANAT I ON 

a 

n 

FIELD 
CLASSIFICATION AND 
PHYSICAL CONDITION -_ - NOTE! Log based on rockbit cut- 

tings. 
0 - 2 3 . 0 '  : 

RhCENT ALLUVIAL DEPOSITS 
0-10 ' :  Sandy Silt with Clap. Fine. 

grained. brown, abundant mica and 
i.eathered granitic material. 

10-20': Sand. Fine to predominantl: 
coarse, multicolored, derived fro1 
weathered granitic rocks, abundan 
quartz mica and ieldspars, minor 
volcanics and dark brown clay. 
Grains angular to rounded, gredom. 
inantly subrounded. Cradational 
contact with sandy silt above. 

20-23': Clay and Sand. Pinkish 
brown, soft, predominantly coarse 
with similar composition to weath 
ered granitic material as above. 

29-35': Sandy Clay. Darli brown, 

35-40': cl;y. Light gray grading 

40-4s': Sandy Clay. Dark brown, 

48-56': Basalt. Black fragments, 
minor dark gray and brown clay. 

58-60': Clay. Light brown, fat. 
GO-62': Basalt. Hard, with minor 

63-77 ' :  Sand and Conglomerate. 

soft, fine-grained. 

to brown near 4 0 ' ;  soft. 

hard, tine-grained; minor sand. 

soft medium-brown clay. 

Black and gray, firm with moderat 
ly firm to soft clay. Occasional 
secondary white to yellow calcite 
( ? )  and quartz ( ? ) .  

77-80' : Clay. Red-brown, .soft , 
with decomposed basalt (7) 

8C-95l:  Basalt and Clay. Black vol 
canic fragments, minor red-brown 
clay beds less than 6 inches thic 
miiior quartz. 

95-104': Clayey Sand. Dark gray to 
black. subangular to angular, fin 

Sheet 1 of 3 
FEATURE: Susanv i l l e  Anomaly--Lassen County PFCJECT: Susanville Geothermal Inves - 

i l  



t 

DEPTH TO WATER 

On water table 
levels,  water re- 

N d E S  

turn character o 
drilling 
rilling Condition5 
(Cent. ) 
71-316' (Cont. I : 

16-327': Slob and 
rough. 
27-340': SLOW to 
medium and smooth 
to sliqhtly rough. 
40-350': Squrezing 
slow and smooth. 
50-442': Medium 
fast to fast and 
smooth. 
42-482': Intermit- 
tently smooth to 
rouqh. 
82-512': Medium 
rough to rough, 
slow with some cav 
ing .  
12-542': Slow and 
smooth to rough. 
42-609': Hard, 
slow and rough. 
09-612': Rough. 
12-621': Smooth an 
fast. 
21-646' :, Slow, har 
and rough. 
46-677': Medium 
speed to fast and 
smooth to slLghtly 
rough. 
77-700': Rouqh and 
slow. 
00-706': Fast and 
smooth. 

- 

speed and smooth. 

61 

LS-1264-A ( 4 1 7 5 )  

GEOLOGIC LOG OF DRILL HOLE 
Susenville Geothermal 

PM- 5USANVILLE ANCWG,Y--LASSEN COUNTY PROJECT Investi9ation5 California 

HOLE MO. 5uzy-5 COORDI19ATES N.393.278. E.Z,??h.R86 TOTAL DEPTH 706*0' 
BgGm 9-12-78 PIMISHED 10-12-78 G. tiollinqer; 

mzT:z Vertical LOCATIOM See Noye GROUND ELEVATIOU 4171' 

r, I .  Darling DRILLBR N. Tugqle, R .  Swank 
1 

stimated Drilling 
Fluid Return: 
- 5 5 ' :  95-100% 
5-639': 100% 
39-706': 90-100% 

epresentatlve Dril 
ing Fluid Tempera- 
tures (OF) 
T' at 12 '  
0" at 55' after 
60 hours downtime 
4' at 64 '  
7"  at 91' after 
8 hours downtime. 
IO" at 100' 
4" at 1 4 1 '  after 
1 hour dyntime 
0" at 170 
5" at 215' 
D o  a t  270' 

DAILY SUMMARY CF DHII.LINti OPERAAISN-S-_ (COntl 
10- 4-78: Drilled to 562'. mwn L1 hour be- 

cause of fuel pump problem. 
10- 5-78: Drilled to 576'. Hole qeophysi- 

cal logged by USGS. 
10- 6-78: Drilled to 612'. Secured for 3- 

day holiday weekend. 

10-10-78: Drilled to 646'. Duwn C1, hours 
fishing for twisted off rods and 
mud punp problems. 

10-11-78: Completed drilling to 706'. Down 
25 hours to repair tower cable 
roller and kelly. 

10-12-78: Installed 2-~nch pipe and com- 
pleted hole. 

10-13-78: Moved rig from hole to SUZY-4. 
11-5-781 BOTTOM PORTION OF K)LE GEOPHYSICAL 

LOGGED W I T H  "TH?.RWGH CAS1NG"ME-  
T M D S  BY USS. 

E XPL ANAT I ON 

I 

CLASSIFICATION AND 

PHYSICAL CONDITION 

(Cuntinurd): alternating 
between rough and wootli every fe, 

4 inches bclow 1 4 1 ' .  
135-IGO': Sandy C I d b  with Volcanic 
Fragments. Brm,n to red brown, 
fine-grained. s o f t  with lncreasin 
black-volcanic fragments toward 
160'. ~. 

160-179': Conglomerate and Clayey 
Sand. Rough and smooth alterna- 
ting layers, predominantly fine t 
coarse, black volcanic fragments 
with minor multicolored fragments 
and angular t o  subangular With 
minor subrounded grains. Clay 
soft, brown to gray, increase in 
brown clav below 174'. 

179-18Z1: Sandy C l a y .  Light mediu 9 h r n w n  soft. 
182-199; : --Pebble Conglomerate and 
Clayey Sand. Similar to 160-179' 
interval with common brown clay. 

199-303': Sand Cla . Fine to med o$ ium volcanic :and xn medium brown 
soft clay. 

Clayey Sand. Angular to subround 
ed, fine to coarse, predominantly 

with minor black basaltic 
multicolored fragments in medium 
gray to brown clay. Gradual 
change from conglomerate to sand 
toward 2 2 0 ' .  

203-220': Pebble Conglomerate and 

220-230': Cla e Sand. Fine to 1 coarse. anauTa: to subrounded. pr 
dominantly-dark volcanic sand- wit 
medium gray soft clay, minor gra- 
vel. 

230-2631': Sand. Fine to coarse, 
angular t o r o u n d e d ,  predomi- 
nantly dark volcanic, minor clay. 

coarse volcanic sand with medium 
brown, soft clay. 

265-271': Sand. F i n e  to coarse, 
angular t o b r o u n d e d ,  predorni- 

261-265': Sandy C l a y .  Fine to 

nantly dark volcanic, minor clay. 
271-295': Clayey Sand. Multicol- 

ored, fine to coarse, angular to - subangular, predominantly volcani 
: in medium gray-brown to pink soft 
: clay. Minor gravel. 
-295-347': Gravel and Clay. Multi- 

4 colored, unconsolidated, fine san 
: to fine gravel; anaular to sub- - rounded. Clay is gray-green to 

light gray. Increase in gray- 
: brown clay from 335-347'. 
-347-357': Clayey Sand. Yulticolorec 
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I 
G E O L O G I C  L O G  O F  D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  

FEATURE. S.USANV~LLE :?NOMACY:.-. , . . . , . , P R o J EC T . .~u.sanv i~ 1 e .Geo.the rw!. z oues.t i sa t i m s .  . . 
LASSEN COUNTY 

HOLE NO. . .??!T5.. . 
NOTES (Cont inued)  

l ep resen ta t i ve  D r i l l i n g  F l u i d  Temperature>- 

&& 307' 
., F (Cont inued) 

: l o  a t  357' 
i6" a t  440' 
'8" a t  512' a f t e r  8 hours  downtime 
15" a t  562' a f t e r  8 hours  downtime 
86" a t  602' a f t e r  8 hours downtime 
6" a t  632' 
6" a t  700' 

a s i n g  Record: 
7 7 '  o f  8" s u r f a c e  s t e e l  cas ing  perma- 

e n t l y  i n s t a l l e d  i n  h o l e  f rom 3-80'; 10" 
as ing .  s u r f a c e  t o  5', cemented i n  around 
" cas i ng . 
- eophys ica l  Logg in  : 

un by t h e  USGS, Denver O f f i c e :  
The f o l l o w i n g  gzophys ica l  l o g s  were 

( 1 )  t l e c t r i c  
( 2 )  Na tu ra l  Gama 
( 3 )  Gamma Gamma 
(4) Neut ron  
( 5 )  Temperature 
( 6 )  C a l i p e r  

o l e  Complet ion:  2" s t e e l  p i p e  u s i n g  
e n t r a l i z e r s  w i t h  8 '  o f  60-mesh w e l l  
t r een  on bo t tom i n s t a l l e d  t o  699' .  
i t h  the  bottom, app rox ima te l y  200' 
rave l -packed.  Top p o r t i o n  cemented I. S i t e  p r o t e c t e d  w i t h  s t e e l  guard  
ii 1 

3 .  SHEET. . . . . O F .  . . . 

FIELD VISUAL CLASSIFICATION & PHYSICAL COND1'i'IO:i ( C o n t , )  

347-357'  (Cont  i n u c d ) :  b u t  p r r ~ i i m i i n a n t l y  d:ti.I; \ o l c a n i c . ,  f i n< ,  
t o  c o a r s e .  a n l : u l a r  t o  ~ ; u b r o u n d e d ,  c l a y .  \ I t . t l im gray-brown 

357-4131': Sandy C l a y .  ! l u l t i c o l o r c ~ d ,  I i n ( .  I O  ( 'oarse,  s u b -  
a n g u l a r  t o  s u b r o u n d c c l ,  nbundant  medium : I ' : I V - ! I ~ ~ N W  so f t  
c l a y .  I n c r t ~ a s r  i n  b;rhn1 t f r a g m e n t s  a n d  C l v (  r f ' x se  o f  I i g h t  
c o l o r s  h r l c ~ a .  ; ibout  4 6 2 ' .  

angular f r a g m e n L s ,  minor  l i g h t  colors dec.i .vi~hitig toward  
5 1 2 ' .  F l i n o i .  ( . l a y .  

431-512 '  : G r a \ , e l .  Prrc lmi inanl  1y b a s a l t i c . ,  >.iil)rcrunded t i l  

5 1 2 ( 7 ) *  -706.0'~ 
PLIOCENE LAKE DEPOSITS AND INTERBEDDED UASALTS. 

512-521 ' : Clayey  S a n d .  Angular  t o  subrouncie.cl ,  p r edominan t  
l y  d a r k  v o l < . a n i c  sand \ v i  t h  bluv-gray c1:iy i n c r r a s i n g  b e l c  
5 1 6 ' .  

521-609' : B a s a l t .  I3I:ic.k a n g u l a r ,  h a r d  f r i i :~~~i :n ts ,  minor  
s a n d  and c l a y .  O c c a s i i i n a l  t h i n  l i g h t  g r a y  c l a y  seams.  
V e r y  minor  1 i g h t - c o l c ) r ( d  f r agmen t s .  

609-642'  : Clayey  S a n d .  D a r k ,  m o s t l y  b l a c k ,  \ o l c : a n i c ,  angu  
l a r  t o  subrounded .  p r < d c ) m i n a n t l y  a n g u l a r  I ( I  s u b a n g u l a r .  
F i n e  t o  c o a r s e .  Somt- m u l t i c o l o r e d  l i t h i c .  i ~ a g m e n t s  and  
q u a r t z .  V a r i a b l e  amounts  0 1  g r a y  t o  gray-brown c l a y  i n  
t h i n  l a y e r s .  

g r a y ,  f i n e  t o  medium, s i l i c i c - c e m e n t e d  w i t h  conmion basa l -  
t i c  f r a g m e n t s ,  m i n o r  brown c l a y .  

s o I t ,  minor  m u l t i c o l o r c d ,  f i n e  t o  medium, predominan t ly  
s u b a n g u l a r  s a n d .  

675-706'  : C l a y e y  S a n d ,  l . l u l t i c o l o r e d ,  p r e d o m i n a n t l y  d a r k  
v o l c a n i c ,  f i n e  t o  c o a r s e ,  a n g u l a r  t o  subrounded ,  common 
q u a r t z  w i t h  gray-bronn s o f t  c l a y .  I n c r e a s r ~  i n  c o a r s e s a n  
a n d  f i n e  g r a v e l  below abou t  6 8 2 ' .  

G 4 2 - G 4 G ' :  S a n d s t o n e  ( ? ) .  S u b a n g u l a r  t o  subrounded ,  11ght 

646-675'  : S a n d v  C l a y .  ! . l~dium g r a y  t o  ChGCUlate brown,  

S h e e t  3 o f  3 
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LS-1264-A (41751 

GEOkOGlC LOG OF DRILL HOLE 
Susanville Anomaly-- Susanville Geothermal - 

Lassen County PROJECT InVeStiBatiQnA STATE CalifarnLa 
LOCATIOU See Notes GROUUD ELEVATIOU 4176' ANGLE PRO)( 

"OLE svzy-6 COORDIWTES N.392,883; E,2,375,457 TOTAL DEPTH 624.0' VERTICAL Vertical 
~pom 11-16-78 ~ I ~ J I S W D  1-26-79 G. Hollinaer- Tuaole Farrell. 

TH TO WATER 
NOTES 

On water table 
Lcvelr, water re- 
turn character o 
d r i  1 ! ing 
lurpose of Hole: 
(1) Tsaperatui 

rradient: (2) g# 
hysical proper. 
.ies: ( 3 )  geoloc 
c evaluation; 
4) piezometric 
~befvation. 

#andowner: Dr. 
earns and Dr. 
turges; City of 
usanville leas6 

ocation. SW+ 
a-5, T.25 
I . ,  R. 12 E. 

rill Ri 
d o 0  

rillinq Methods 
Rockbit drills 

sing bentonite 
ud and additive 
s required. 
hree mud pits 
sed. 

ockbit for per- 
anent installa- 
ion of 10" sur- 
ace casing. 
58-624 e : 8%** 

ockbi t . 

0-58'  : 12+" 

.ling Condi- 

! e :  Fast. 
.oris: 

5-20': Slow. 
0-40': Very ala 
nd very rough. 
0-42': Smooth, 
bard and slow. 
2-108': Slow to 
wdium speed, 
rough, hard; 
smoother below 
93'. 
D8-169': Slow t 
very slov, hard 
to very hard, 
rough. 

 pod end rough 
nesa. 

rough and hard. 
44-295 : Medium 

69-193': Medium 

93-244': Slow, 

slow and rough. 

?rmAnad HOLE LQGGED BY R*Tur 

DAILY SUMMARY OF DRILLING OPERATION 
11-16-70: Moving and set up, one 

shift per day. 
11-17-70: Complete rigging up, se- 

cured for weekend. 
11-20-70: Drilled 12&*l rockbit hol 

to 22', two shifts per 
day, down 1 hour to re- 
pair light plant. 

11-21-78: Drilled to 24', down 4+ 
hours fishing for twiste 
off rods and to repair 
chuck. 

11-22/27-78: Rig down for repair. 
11-28-78: Drilled to 32': down I f  

11-29-78: 

11 - 3 0- 78 : 

12- 1-78: 

12- 4-78: 

12- 5-78: 

12- 6-78: 

12- 7-78: 

12- 8-78: 

12-12-78 : 

12 -1 3-78: 

12-14-78: 

12-15-78: 

12-18-78: 

hrs to repair chuck. 
Drilled to 42'; down 5 hr 
fishing and repairing ri 
Drilled to 5P*; installe 
10-inch surface casing; 
down 1 hr to repair mud 
lines. 
Cemented in surface cas- 
ing. Worked on equip- 
ment, secured for weeken 
No drilling: down 8% hrs 
due to drill engine elec 
trical problem. 
Drilled to 30' with 8%" 
rockbit, surface casing 
broken and loose. 
Drilled to 93': worked o 
surface casinq. 
Drilled to lo@', rods 
stuck in hole. Down 1% 
hrs to repair truck tran 
miss ion. 
No drilling; surface cas 
ing failed; secured for 
weekend. 
No crews on duty 12-11-7, 
Casing cemented into 
hole. Broke loose again 
on swing. Hole not ad- 
vanced. 
Drilled to 150': down 4 
hrs to repair break-out 
table and truck water 
pump. 
No drilling. Down 7% hrs 
t o  repair break-out tablt 
Drilled to 167'; down 3.! 
hours due to transmissioi 
problem. Secured for 
weekend. 
No drilling. Down 4 hrs 
due to extreme weather 
conditions. 

EXPL ANAT I ON 

I.. , - .  
r : L. Ph A l l i ~ s  DRILLER. YanEtten., Sk?ag~ls~ .  . 

0-49 ' : 
RECENT SOIL AND ALLUVIAL DEPOSITS. 
0-12': Silty, Sandy Clay. Soil eed 

ium brewn to yellow with thin 
sand-pebble beds of predominantly 
subangular to rounded, fine to 
very coarse,-dark volcanics. 

12-15': Clay. Red-brown, fat, with 
occasional fine to coarse, sub- 
rounded, multicolored l i t h i c  frag- 

15-21': Sand and Gravel. Predomi- 
nantly fine to very coarse, sub- 
rounded dark volcanics and red- 
brown, weathered volcanics. Com- 

21-40': Gravel and Cobbles. Angu- 
lar to subrounded, fine to very 
coarse, mostly dark gray to black 
volcanics. Minor red-brown silty 
clay, quartz and multicolored, 
fine to coarse, predominantly sub 
angular sands . 

40-49': Sand/Gravel. FinQ to very 

dark gray to black volcanics as 
in 21-40' interval. Common quart 
minor light gray, soft silty clay 

PLEISTOCENE BASALT AND LAHONTAN 
(NEAR SHORE) LWI: DEPOSITS. 

49-63': Basalt. Black, hard, angu 
lar  cuttings with light gray to 
white soft clay, possibly ash in- 
terbeds. 

83-901: Basalt. Similar to 49-83. 
i n t e r v a l p t  with increased 
light gray clay. 

98-120': Sandy Clay. Red-brown to 
gray-brown, soft, with fine to 
very coarse, subangular to round- 
ed, multicolored sands, predomi- 
nantly dark volcanics. Occaaiona: 
thin, very coarse sands, possibly 4 cobbles. 

120-1451: Pebble Conglomerate ( ? )  
Fine to very coarse, angular to 
subangular, with some subrounded, 
multicolored but predominantly 

- -  
*Contact between the Pleistocene and 
Pliocene lake deposits cannot be de. 
termined from cuttings. The contacl 
was estimated from geophysical logs 
and existing data. 
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GEOLOGIC LOG OF DRILL HOLE 
Susanville Anomaly-- Susanville Geothermal 

F E A ~ E  .............. L ~ S ~ ~ . ~ , . . C O . U . ~ t . ~ . . . . . . . , , . ~ , , , . . , . . . , . ~  .. PR(X3ECT .... L.nYSS.t.t.Qa.ti.9n.s ......... .......... . . STATE .. cal1fOrni.a .......,.. 

~ I s o ~ ~ ~ s u z y ~ 6 ~ ~  .' COORDI1PATES ..N ,192.883.:..E..?,.3?5,?52'.. TOTAL DEPTH ..... 624 ...(?'. ..,,. VERTICAL.. . v.'?rti'=,al. 
LOCATION. .s.Cn..NOt+,. ......_. . . _ . . . . .  GROUND ELEVATION .41.76! .. ANGLE PROM 

BEG UlO... 11-16.- 73. FINISHED.. . 1-26-72.. G. Hollincrer: Tuqsle. Farrell, 
S T H  TO WATER 

N d E S  
On weter teble 
levele, water re- 
turn charecter o 
driliing 

Drilling Condi- 
tions (Cont. ) : 

295-376': Slow, 
rough and hard. 
376-402': Mediun 
slow and rough. 

402-426.: Mediun 
smooth. 

426-464': Fast 
and smooth. 

medium smooth t 
rough. 

and smooth. 

slow to very 
slow. 
590-624': Hard 
and rough, slot 

464-524' : Slot,?, 

524-580': Fast 

580-590': Modiun 

Estima ted Drill - 
ing Fluid Retur 

0-26': 90-95% 
26-624': 95-1004 

52OF at 2 2 '  
59OF at 33' 
60°F at 49' 
59OF at 56' 
77'F at 58'; bot 
toms up after 
approx. 80 hrs 

71 F at 60': bot 
toms up after 
10 hrs downtime 
58OF at 117' 
6OoF at 135' 
62OF at 150' 
79OF at 158'; 

d g ~ n t h e .  

bottoms up afte 
approx. 24 hrs 
downtime. 
63OF at 165' 
S 9 9  at 188' 
60% at 193' 
74OF at 193'; 
bottoms up aftt 
approx. 10 hrs 
downtime. I 

63OF at 195' 
68OF at 240' 
73OF at 260' 
73% at 295' 
7 8 9  at 320' 

Not 

12-20-78: 
12-21-78: 

12-22-78: 

12-26-78: 

12-28-78: 
12-27-78: 

12-29-78; 

1- 2-79: 

1- 3-79: 

1- 4-79: 

1- 5-79: 

1- 8-79: 
1- 9-79: 
1-10-79: 

1-11-79: 

1-12-79: 

1-15-79: 
1-16-79: 

1-17-79: 
1-18-79: 
1-19-79: 

1-22-79: 

1-23-79: 
1-24-79: 
1-25-79: 
1-26-79: 

CLASSIFICATION AND 
PHYSICAL CONDITION 

12-19-78: No drilling. Rig down for 
major repair. 
.Vn drilling. Rig down. cia.;. Clay content very variable 
Drilled to 193'. Down 5% 
hrs finishing repairs. 145-158': Pebble Conqlomerate (?I. 
No drilling. Twisted off 
in hole. Secured for 3-  

Similar to 120-145' interval ex- 
cept with increase in medium gray, 

dav Christmas weekend. soft clay. 
Fishing, 3 shifts. 15R-1881: Pebble Conglomerate ( ? I .  
Recovered fish. Fine to very coarse, predominantly 
Drilled to 295'. angular, dark volcanics with com- 
Drilled to 3R4'. Secured mon angular, mu1 ticolored lithic 
for 3-day New Year's week fragments. Locally common, white 
end. quartz, light green claystone and 
Thawed out erruipnent; red-brown, weathered volcanics. 
drilled to 464'. Variable amounts of medium brown- 
Drilled to 564': deck en- gray soft clay. 
gine clutch failed. 
Frepared for logqinq. 108-1938: Sandy Claystone ( 1 ) .  
Down for clutch repair. Liqht blue-green, soft to slightly 

firm claystone with light-colored Down due to cliitch: hole 
logged by USGS. Secured lithic fragments. 
,for veekend. 193-2401: Pebble Conglomerate ( 7 )  
No drilling; rig down. Geologist not present at site but 
No drilling; ria down. drilling characteristics and one 
No drillinq, rig repairs sample from 210' depth indicate 
completed. same lithology a8 158-188* inter- 
Conditioned hole; drilled Val. 
to 604'. 
Drilled to 624', total 240-2049: Pebble Conqlomrate ( 1 )  

Fine to very coarse, angular (6- depth. Down 1c hrs to re 
rig cables, secured for subrounded), predominantly dark 
weekend. volcanic fragments with some 

dark brown to red, weathered vol- Prepared to run casing.' 
canic fragments, light green, mod- Started running casing, 

lost casing in hole. erately firm claystone, and white, 
soft, to moderately firm tuff. Lo- Fishing for casing, 

Fishing for casing. cally common light gray to white, 
clay, soft, partially hydratd Casing installed, riqged 

for development; secured possibly ash. 
for weekend. 

ditioned hole. not at site. 
Washed and air-jetted hol 290-402.: Pebble Cowlomerate ( 7 )  
Continued to develop hole Similar to 240-204' interval with 

Thaw& out equipnent, con 284-2901: Sandy Clay ( ? I  Geologist 

Repaired casing. occasional light tan, soft 
Attempted to cement casin 
Moved rig to SUZY-7 

I j increase in soft, brown clay. I 

I 420-430': Sand Cia Medium gray, 
soft c i a y d k & i a r  to atb- 
rounded. fine to coarse. multi- 

I colored. sand. 
430-5171: Sand Cla M i u m  brm, 

soft clay-; as in 420- 
430 '  interval. Occasional very 

I ,  

EXPLANAT ION 
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MOTES (Con t inried ) 

c p r e s c n t a t i v e  D r i l l i n g  c l i i l d  -cn iwr-  

32OF a t  3 7 5 9 :  h o t t o n s  ;rp . i f t e r  '% hrs 
a t u r e  (OF) (Con t in t l ed )  : 

down t i m e .  
79OF a t  3 5 4 '  
79OF a t  3713' 
LOOOF a t  305'; bo t - tons  I I P  R f t Q T  cn 

3 2 O ~  at c c o i  
]?OF a t  4 5 5 '  
LOROF a t  55d'; botl.oi.s r i n  i i f :cT 71.: 

)O°F a t  S C P *  
)3OF :.?dl 

:avinq Condition:; :  
12-34.: Minor c a v t n n .  
i24-564' : Hole s r ~ i r r c t i n q .  

: a s i n g  Record: 1q"  stcel surface 
: a s i n g  i n s t a l l e d  t o  571 and pcina- 
i e n t l y  cemented_ in t .0  h o l e .  . 

h r s  downt imr .  

d a y s  dovn t iwe .  

; e o p h y s i c a l  L.ogninr: 

e r c  r u n  by t h e  tl.?G'j. Denvcr O f f i c e :  
The f o l l o w i n g  r Jco~h : ra i rn l  lo-.? 

(1) Electr ic  
( 2 )  N a t u r a l  Canna 
( 3 )  Gamma Garrm;! 
( 4 )  Neutron  
( 5 )  Tempcra tu re  
( 6 )  C a l i p e r  

l o l e  Comple t ion :  C "  steel c a s i n q  
ras i n s t a l l e d  t o  the follo-;rin.: AP- 

woxima te  d e p t h s :  
0-103':  5" b l a n k  steel c a s j n q  

.03-6031 : 6" f a c t o r y - p e r f o r a t e d  

iO3-673' : 6" t o r c h - r m r f o r c t c r l  

i 2 3 - 6 2 4 1 :  S o l i d  !?ell p o i n t .  
A t t empt  t o  c e n e n t  i n  uppar 103'  

m s u c c e s s f u l .  .;i!.e ? r o t v r t c r l  ! ? i th  
w a r d  r a i l .  

s t ee l  c a s i n g .  

steel c a s i n g .  

! 
I 

, 

I 

j 

I 

I 
I 

I 
i 

S h e c t  3 of 3 
HOLE NO. .-. 
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LS-1264-A (4/75) 

1 

GEOLOGIC LOG SUSANVILLE OF DRILL GEOTHERMAL HOLE 
PEATVRE .SC~ANV!CLE.,~M*LY~~CIISYN.. .~COUJTY., .  . . . _  P R ~ T ~ ~ T  ......,I. NMST ICAT IONS .......... . .... . . . STATE..C.W.FF!JA. ............. 

LOCATION ......54...~ ~ 5 , . . k E . ? , . ! , . ,  _. . . . .  CROWD ELEVATIOKFO 184. , ANGLE PROW 
'OLE ~ I K ) ~ ~ s u z y ~ 7 ~  ."' COORDIUTES. F?~.~PZ.~??.L..E .,~. ..~2).6.42. 
BEGW ... . .1-24-79 ... FINISHED.. 2-87??. . . . . 

..,. TOTAL DEPTH....7?F!:o'.. , ..VERTICAL.. ER?!% .. . 

On water table 
levels,  vater re- Si' e' 
turn character of 
d r i l  f fng H O ~  (I 

INTERSECTION OF 
IS(IYW L EL DORAW 

W~ER *M) FAILING 
1500 ROTARY. 

0 50' FOR 12'' 

WIRED FROM 50' TO 

5-515': lOOX 

50': %OW AND 
R E S I S T E D  FW- 

5-155': VERY SLOW 
AM, VERY RouGn. OC- 

OFlAL SHDOTH 

N O X I  LOG BASED ON BUCKET-AUGER RET- 
FROM 0-50' A M I  ON R K K B I T  CUTTINGS 
FROM 50-735'. 

L-25-79: 

1-26-19: 

1-79-79: 
1-30-79: 

1-31 -79: 

? -  1-79: 

l -  2-79: 

2- 5-79: 

1 -  6-79: 

I -  7-79: 

? -  n-79: 

One s h i f t .  0-49' I 
Bucket a u q e r  d r i l l e d  t o  RECEM SOIL AND P.LLUVIAL MPMITS 
SO.;?. Ran 1 2 " , c a s i n q  t o  
30'  when w e l d e r  f a i l c d .  One 
s h i f t .  
Ran casing t o  3 5 ' .  Hole  

ING TO YELLOW-BROWN S I L T Y  F A T  CLAY. 
AT 3'. %MZ FINE TO EDIUH.  H B A N C I U R .  
P R E W M I N A N T L Y  VOLCANIC S A M .  

b l 5  

s c u e e i i n q ;  p r e v e n t e d  c a s i n q  
t o  b e  d r i v e n  f u r t h e r .  C e -  
mented i n .  R o t a r y  r i q  mov- 
e d  t o  s i te .  Secured  for 
weekend. 
R i g a i n q  up. One s h i f t .  
Comple ted  r i g g i n g ' u p .  -. GRAY-GREEN. FIW To 
D r i l l e d  6$," h o l e  t o  559. T W O  
s h i f t s .  M L C A N I C  SANDS% S I L T Y  W I T H  W I M R  ( M R T Z  
D r i l l e d  t o  115 ' .  Down 2)r A N )  M I C A  (mWST NOT R a Y N T  O W I N G  

lema. Three  s h i f t s .  39-47' I sll TY CI U. &AY-GR€EN F A T  CLAY 
D r i l l e d  t o  170'..Dowm 6 hrs W I T H  MI- VOLCANIC SANDS S I M I L A R  TO 1s- 
t o  r e p a i r  mud pump, s w i v e l  
and  chuck .  
D r i l l e d  to 305 ' .  S e c u r e d  
for vieekend. SAWS W I T H  GRAY. ROCME0 PEBaLES. OCCA- 
D r i l l e d  t o  4 0 5 ' .  Down 2 SIONALLY comxs. p m m x w n y  =CAN. 
h r s  to s t a r t  UD a f te r  week+ I C s .  CCNTINLED GRAY- S I L T Y  Q * Y .  

h r s  due  t o  mud pump prob-  D R I L L I N G . )  

end.  
s h i f t  t r a v e l .  
D r i l l e d  t o  5 5 5 ' .  Down 2 
hrs t o  change  b i t  a t  5 1 5 ' .  
D r i l l e d  t o  135 ' .  Ran 733'  
o f  2" p i p e  w i t h  10" sealed 
w e l l  p o i n t  t o  bot tom.  
Cleaned  u p  s i t e ,  set u p  
t r i a n g l e  q u a r d  D o s t  and 
moved a l l  enuipment  t o  
c o u n t y  ya rd .  

Down 6 hks fo r  day-  49-735' T.D.: I 
w. - 

' TO CLAYEY. WRD. W I T H  I 1 TO EOIW C W I L C E ~ Y .  p 0 s s x a - Y  WG FILL- 
INGS. 

TINGS W I T H  O C C A S I W P L  T H I N ,  WEDIW W A Y  
CLAY BEDS. 
4-91" &AI T ( 7 )  PS I N  50-84' INTERVAL 

W I T H  L I G H T  GRAY. uF7 CLAY. kc*sIoNK 
RED. SOFT TO S L I G H T L Y  F I R M  CLAY. 
1-95" 6ECLOGIST NOT PRESEM A T  R I G )  FASl 

TER D R I L L I N G .  
5-115'1 -. FINE TC 

VERY COARSE. A N W A R  To -11  

GRAY M L C A N I C S  W I T H  V A R I A R E  A M s ,  B l  

0-84' I BASALT. & A m ,  HARD, A J G W A R  CUT- 

cuoRE0 BUT RWMINANTLY ANWAR, o m  

-1NANTLY H I M R .  LIGHT GRAY TO L I G H T  
TAN. 5oFT TO S L I G h T L Y  FIRM CLAY. 

D R I L L I N G  C O N ) I T I O N S  S I M I L A R  TO 95-115' II 
TERVAL . 
35-170'1 & N E  ( 7 )  FINTI 

VERY OARS. p R E w n I " n Y  VAJW, AIUGUAR 

FRAOIENTS AS I N  95-115' INTERVAL. 

D R I L L I N G  C O H ) I T I O N S  S I M I L A R  TO 135-170' 

115-135'1 GECLoGIST NOT -SENT AT RIG1 

vacwxcs WITH LESS MUTIC~ORED LITHIC 

170-185': &UoGIST NOT PFlESENT AT RIG(  

3- *LOWER PORTION OF HOLE BELOW 2475' HRY bl3 
IN PLIOCENE DEPOSITS. CANNOT BE DETER- 
MINED FROM CUTTINGS. 
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LS-1264-A ( 6 1 7 5 )  

155-185': k T E R N A T I  
HARD AND AOUGH TO 
SOFT AN) SH3(JTH. 

185-195' I n*Ro AN0 

95-285'1 FAST AN0 
SMX)TH TO N D I U M  

85-305'1 HARD. 
05-335'1 I N T n m I T -  
T E N T s u w A N D m  
TO MRY HARD AND 

INTERMITTENTLY 
SMOOTH TO Rwtn. 

FAST AND stcoin. 
9 7 4 0 2 ' :  H o a R A T E L Y  

02-419'1 %OW. 
M R D i  INTERMITTENT 
L Y  S U O T H  TO ROUGH 

15-475'1 ERRATIC, 
SLOW TO K D I W  
FAST, SC(MTH TO 

- 
175-480'1 & R Y  S L O W .  

VERY RouGn. 
,80-515'1 %W. MOD- 7 5 ~ -  

ERATETOVERYROVOt. - 
iI5-556': %OW TO 

SLOW1 - 
FOOER*TELY SHmTti 
TO ROUCH. 

RWGH-MRD. 

P I c n T L Y  RRIGH. - 
RouGn. 

i89--595'. WEOILH 85& 

i55-562': %OW ANO 

i62-575' t &DlW F A S ' ,  1 

i75-589'1 %OW AN) 

FAST, sLItrHny 
f?ami. 

W I W  FAST, S M a T H  
m fmLmi. 

60-665'1 %OW AH) 90b- 
ROUCH. 

65-735' : & C € R A m Y  I 
FAST, SHMW W I T H  - 
TWIN, RaKH SPOTS. 

b95-650' I %OW TO - - 

ba 17' AT 100' 

HOLE LOGGED BY '. TWh 

EXPLANAT I ON 

TUGGLE~ WARRENI 
t i  L. PHILLIPS DRILLER SKAGGSI BAEBITT 

FIELD VISUAL 
CLASSIFICATION AND 
PHYSICAL CONDITION 

NOR. TAN. SOFT CLAY. 

TO 135-170' INTERVAL EXCEPT WITH MEDIUM 
GRAY, SOFT CLAY. 

:95-217 ' :  & i D Y  0 AY. LIGHT TO E D I U H  
GRAY BROWN. SOFT CLAY WITH F I N  TO m I U  
-ANGULAR TO SUBR1WDED. MUTICOLORED 

2 1 7 - 2 3 0 ' 1  /CIAY.  L I G H T  TO N O I W  
GRAY BROWN, SDFT CLAY WITH OCCASION*LlPEC 
BROWN, SOFT CLAY. SAND I S  F I N E  TO MRY 
COARSE, AlvGULAR TO SLBROWCED. M L C T I u r O  
EO BUT PREDOMINANTLY DARK VD-CAfIICS. 

2 3 0 - 2 6 5 ' 1  SAND Y 0 AY. MEDIUM WJaY-BRMlhl. 
5 0 F T  CLAY WITH FINE TO MEDIUM. I X C A S I C N A  
COARSE. ANGLLAR TO SVBROWCED. H U T I C a -  
ORE0 S A M .  

2 6 5 - 2 8 0 ' 1  SAND Y C I S Y  AS I N  2 3 0 - 2 6 5 '  INTER 
VAL WITH I N C R i X Y  I N  VERY COARSE. -TI -  

L I T H I C  FRAOlENTS. 

W A R  TO SUBROCEIDED. MUTICOLORED YM 
W I T H  GRAY-BROWN TO RED, SOFT CLAY. C%- 
S I B L Y  I N  PEBBLE W G L O K R A T E  AS A B O M )  

3 1 0 - 3 3 5 ' :  &OLCGIST NOT PRESENT AT R I G 1  
M S A M R E S  TAKEN. D R I L L I N G  CONDITIONS 
S I M I L A R  TO 280-310' INTERVAL. 

I NTERVAL 

BROWN. SOFT CLAY WITH F I N  TO KDILM. 
SUBANGLCAR TO SCBROWDEO. U T I C O L O R E 0  
WIT P R E W H I N A N T L Y  DARK VOLCANIC L I T H I C  
FRAGWNTS. 

3 9 7 - 4 0 2 ' 1  &OIW-Q?AY BROWN. S a T  
WITH M I M R  SAND S I W I L A R  TO 3 5 0 - 3 9 7 '  IN- 

Y 0 AX. S I M I L A R  TO 350-397 4 0 2 - 4 1 5 ' 1  SAM) 

4 1 5 - 4 5 5 ' 1  ANGULAR TO SLEROLNEO, 

caorxo BUT PREWMINANTLY DARK. MLWC 

S I M I L A R  TO 280-31 

350-397'1 LIGHT GRAY TO 

FINE TO MEDIUM. MLCTICOLORED M L C A N I C  
FRAGMENTS WITH MINOR W B A N W A R  TO RDLM 
EO QUARTZ AND FELDSPAR. VERY M I M R  
L I G H T  BROWN SOFT CLAY. 

VAL WITH I N t R E A S E  I N  GRAIN S I E l  COARSE 
TO VERY COARSE. 

475-485 '1 BASALT. BLACK. HAPD. A N G U A R  
CUTTINGS WITH W T I C O L O R E D  S A N S  AS A- 
BoMi PROBAELY SLOUGHING W R E C I R C U A E C  
CUTTINGS. 

485- 2562': S I M I L A R  TO 475-485 '  
INTERVAL EXCEPT WITH M I N X  T H I N  INTER- 
BEDS OF L I G H T  BROW TO RED, SOFT CLAY. 

4 5 5 4 7 5 ' 1  s8ca. S I M I L A R  TO 4 1 5 - 4 5 5 '  IME 
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G E O L O G I C  L O G  O F  D R I L L  H O L 3 E - C O N T I N U A T I O N  S H E E T  
FEATURE.  %sn.v. Iu~ , ~w .~ ,y~~~ .ss .y t~ .  . . . , . P R O  J E C  T . +??+?!ILLE GEO?%WC. !NMST!CAT I.cw... CALIFORNIA 

,. . 

SHEET. 3. . .OF. 3 . .  . b W T Y  
HOLE NO. . . sUzY:T,  . 

t NOTES ( C W T I M D )  

Fk LirD TFW- 
9 L o  FLI (CCNTINLED) 

49' AT 150' 
50. AT 185' 
54' AT 230' 
57 '  AT 255' 
55. AT 285' AFTER A W I N G  WATER TO W. 
57' AT 3 0 5 '  
63. AT 3 4 0 '  
63. AT 350' 
6 4 '  AT 360' 
66. AT 395' 
75. AT 405' 
73. AT 4 9 5 ' .  AFTER ADDING WATER TOMX). 
73' AT 500' 
77' AT 515' 
73' AT 530' AFTER AODIf f i  WATER TO MX). 
77. AT 5 5 2 '  
79' AT 665' 
?9* AT 710' 
79' AT 7 3 5 ' .  - 
AT 35'1 SQUEEZING W r E N  R N I N G  CASING. 
AT 135'1 CAVING FROM ABOVE. 
A T  150'1 HaE SOUZEZIN~. 
170-185'1 CAVING FROM ABOVE. 

I-: 12" STEEL SUWACE CASING INSTALLED _ _ ~  
TO 35' (COLLD NOT ADVANCE TO 50' EE- 
CAUSE a -E SO(EEZ1f f i  1 ,  AND ERMA- 
" T L Y  CEMNTED INTO KLE.  

v 
RVJ BY M USGS, DENVER OFFICE. LOGS 
YERE RUN IN 29' STEEL PIPE, NO OPEN 
mLE LOGS WERE RUN. 

( 1 )  MTLFAL CAW 
( 2  1 G A W A  GAMMA 
( 3 )  MWrRoN 
( 4 )  TEMJERATUE 

TI€ F o u O W I f f i  GEOPHYSICAL LOGS WERE 

INSTALLED 733' a 
2 "  STEEL PIPE ( 2 '  S T I C K U P )  WITH A 
SEKED 1B"WELL P O I N T  AT BOTTOH. PIPE 
FILLED WITH CLEAR WATER AND CAPPED. 
UPPER f20' CEMENTED I N  CN 3-22-79. 
SITE PROTECTED WITH STEEL GUARD R A I L .  

*562-575': F I N  TO EDIW. A N W A R  TO SUBROLMD. PFEWEIINANT 
L Y  BLACK, ANCULAR V a C A N I C  FRAOIOVTS WITH INCREASE I N  H U T I C a O R E D  L I T H I C  
FRAGMNTS AMI RED-BROYN. SOFT CLAY. 

5 7 5 -  *635 ' :  sAN)/(;RAML. S I M I L A R  TO 562-575' INTERVAL EXCEPT WITH S L I W  
INCREASE I N  S U 3 R O W D ,  MUTICOLOREO L I T H I C  FRACMNTS. 

f635-665' I wh Y. F I N E  TO C O A R Y .  ANGLLAR TO SCBRMEOED. BLACK TO 
BROWN VOLCANIC FRAGMMTS WITH MI- M T I C O L O R E D  L I T H I C  FRAGMMTS. 
GRAY-BROWN SOFT CLAY I N  VARYING AHOLNTS. 

665-690'1 SAM) Y R A Y ,  m I U M  W A Y - i R O W .  SOFT CLAY W l T H  FINE TO HEDIW. 
OCCASIONALLY COARSE. SCBANGLCAR TO SLBROLNOED. H U T I C D L O R E D  SAND. OCCA- 
SIONAL T H I N  INTERVALS OF HARD D R I L L I N G  Bcrr ND C " C E  I N  S A L R E .  

690-735 ' :  SAM) Y u. S I M I L A R  TO 665-690 ' INTERVAL BUT WITH DECREASE I N  SAND 
OCCASIONAL MEDIUM TO DARK GRAY, SOFT CLAY BUT PREWMINANTLY E D -  CDNTENT. 

IUM W A Y  BROWN. SOFT CLAY. 

NOTE1 G E a C K I S T  M T  P R E K N T  AT D R I L L I N G  S I T E  WHILE 555-665' INTERVAL WAS 
BEING DRILLED. 

s f i E T 3 f f 3  
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GEOLOGIC LOG OF DRILL HOLE 
Susanville Anomaly - Susanville 

FEATURE Lassen County PROJECT Geathermal Investigatidns STATE California 
No. suzy-8 LOCATIONS48 Notes GROUlOD ELEVATION 4189.89 M G L E  PROM 

COOXDItlATESN 396,668: E.E,373,994 TOTAL DEPTH 528.0' VERTICAL Vertkar 
 BEG^ 2-13-79 FINISHED 3-23-99 

. 

On water tab le  
levels. water re- 

gradient; (2)ge( 
physical proper- 
ties: (3) geoloc 
ic evaluation. 

Landowner: City 
of Suaanville. 

Location: % SF 
Section 32, T.25 

M D M . ;  on soutl 
bank of the Susa 
ville River. 

B., R. 12 E., 

'Drill Ri : 
~Iailing :SO0 

Drilling Methods 
D r i l l #  with 

bentonite mud an 
additives as re- 
quired. Used 3 
mud pita. 

rockbit. 
0-90' : 6-3/4" 

90-92*1 4-1/2" 
dimand bit & 
core barrel. 

90-528' : 6-1/2" 

193-1988: 4-1/ 
rockbi t. 

diamond bit 6 
core barrel 

Drilling Condi- 

0-81:rratic: 
tione: 

slow to fast, 
smooth to rough 

medium, emooth 
to rough. 

rough to very 
rough. 
31-33': Very fas 
smooth. 

rough. 

medium slow; 
rough. 

smooth. 
75-65': Erratic; 
very slow. very 

8-27*: Slow to 

27-31' : Slow; 

33-541: Slow; 

54-69': Slow to 

69-73': Medium, 

14.0' 

DAILY SUMMARY OF DRI.LLING OPERATIOBI 1 ' 12-13/16-79: Failing 1500 moved to 
site and rigged up. 

road conditions. Mixed mud; 
pits losing water. 

2-21-79: Drilled to 39' with major 
mud loss at 321. 

2-22-79: Drilled to 56O-with major 
mud loss at 41'. 

2-23-79: Drilled to 60' with occa- 
sional lost circulation. 

2-26-79: Drilled to 90'. 
2-27-79: Rig down for repairs to 

pump engine. 
2-28-79: Reamed to 90'; repaired ro- 

tary transmission. 
3- 1-79: -Cored from 90-92'; repairec 

rotary transmission. 
3- 2-79: Rig down for repairs to ro- 

tary transmission. 
3- 5-79: Drilled to 113'. Hole cav- 

ing. 
3- 6-79t Drilled to 141'. Hole cav- 

3- 7-79: Rig down for repairs to 

3- 8-79: Complete repairs. Drilled 

2-20-79: Delayed arrival due to bad 

ing to 125'. 

Kelly Chuck. 

to 152'. 
3- 9-79: Drilled to 193'. Cored fron 

193-198'. 
3-12-79: ,Repaired mud pump, drilled I to 237'. 
3-13-79: Drilled to 433'. 
3-14-79: Drilled to 461' 
3-15-79: Drilled to 523'. 
3-16-79: Drilled to 5 2 8 ' .  Lost cir- 

culation and stuck rods in hole 
3-17/20-791 Attempted to pull out of 

hole. 
3-21-79: Pulled loose, pulled out of 

hole. 
3-22-79: Attempted to run 2"'pipe in 

3-23-79: Chased junk to bottom; ran 

8 hole; lower stabilizer broke 
' I .  off. 

2" pipe to 523'. 
moved off site. 

Tore .down and 

. .  
2 . '  

... 

- I  

, ,  

E XPL ANAT I ON 

FIELD VISUAL 
CLASSIFICATION AND 

' PHYSICAL CONDITION 
(BOTE: Log based on rockbit cuttings 

4 0-27.0': .... 
- ~ - - _  

FILL. RECEBT SOIL. ABD 

0-4': Compacted Man-Madebill and 
ALLUVIAL DEPOSITS 

Soil. Medium to dark brown clav- - 
%- ey sand with fine to coarse, mi- 

- ticolored, subangular to subround 
1 ed sands. 

Cla e Sand Hediua brown, 

angular volcanic sands with mediu 
&- brown soft to slightly firm, silt - clay. Occaeional coarse to very 

coarse, subrounded volcanic sands 
: 11-13l: Clavev Sand. Dark choco- - late brown; sand as in 4-11' in- 
: terval w i t h  dark chocolate brown - decomposed, volcanic sand/clay. 
13-16': Sand/Pebbles/Cobbles. Dark 

1 gray, fine to very coarse cutting 
: angular to subrounded, predomi- - nantly dark volcanics. Minor m e d  

16-17': Clavev Sand. Dark choco- - late brown as in 11-13' interval. 
: 17-271:.,Sand/Pebbles/Cobbles. 
1 Thinly 'interbedded. Pebbles and - cobbles are dark gray to black, 
: angular to subrounded cuttings, 

g predominantly volcanic; Bands are - fine to very coarse, brown to 
gray, subangular to rounded, pre- 

: dominantly volcanic8 and decom- - posed volcanics. Occasional 
: flood of chocolate brown decom- - posed volcanic sands/clay. 

-j - 4-2A: t** predominantly suk 

ium gray, soft clay. - 

27-5281 (T.D.): 
PLEISTOCEHE =SALT AHD WWM 

ne- shoreI LAX E DEPOSITS 
27-31': Basalt. Light gray to 
black, =angular cuttings. 
Hinor. light gray clay. 

31-33': Fractured & Weathered Ba- 
salt (?>. Lost circulation h t  
mud turned red just before loss. 

33-54': Basalt ( 7  Sample8 con- 
t a m i n a t 4  drilling, and 
scattered cuttings similar to 27- 
31' interval. 

54-69*(?): Samplea very contiunina- 
ted by LCbl and bulk bentonite mud 
poured dawn hole. 

69-75.': e. Dark gray, fine to 
medium, angular to aubangulu, 
predominantly dark gray volcan- 
ics with minor light gray clay. 
Sample8 still cantaminat& with 
LCM. 

loj 75-80; : Pebblea/Cobbleg. Pine to 
. _. . 

, 
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GEOLOGIC LOG OF DRILL HOLE 
Susanville Anomaly-- Susanville Geothermal - - - - - - - - -_ 

FEATURE Lassen County PROJECT Investigatians 
HOLE NO. suzy-8 LOCATION See Ne-, Sheet 1 GROUND ELEVATION 4189.89 

COORDINATES N.196+668; 8.2.373.994 TOTAL DEPTH 528.0' 
BEGlJbl 2-13--79 FINISHED 3-23-79 

STATE CalifOXKtia 
ANGLE PROU 

VERTICAL Vertical 
N.Tuaale- 

water table CLASSIFICATION AND 

very olow, very 

amooth. 
86-900: Erratic, I 
rough. 

vary slow, very 
rough. 

90-92': (Core) 

92-103': Very . 
alow, very ;ou+. 
103-109': Slow, SOU@. 
109-113': Slow 80 medium, rough. 
113-1930: Erratic, alow to medium slow, 

193-198' (Core)? Very slow, very rough. 
196-2371: ErratLC:  slow to medium fast, 

237-343,: 8led~f.et, intermittent. 
343-346.: Brrqtfc, 8 l O w ,  rough. 
346-313': M e d i u m  fast, intermittent. 
373-4110: Put, moderately smooth. 
411-433': Slow, moderately smooth. 
433-4530: SlowB eadium rough 
453-4730 I Slaw "snooth. 
473-4180 (CorOjl Slow,  smooth to medium. 

478-4900: S l W ,  S-th. 
490-500': Very qlow, medium rough. 
500-528': Sl-, aaaoth. 

rough to very rough. 

moderately r to rough. 

lalt circulation 

lost circulation 

-J2fba as-9596 - 
7-328': O?L; lost circulatioa. 

cuttings; angular (minor subangu- 
lar), predominantly dark volcan- 
ics. Occasional medium brown, 
weathered volcanics. No clay; 

90-92' (CORE): Pebbles/Cobbles. 
Unconsolidated, poorly sorte 
eubrounded to well rounded: frze 
range from 3/4" to greater.than 
4"; predominantly medium gray to 
black, fine-grained basalt with 
surfaces commonly weathered to 
right gray. One basalt cobble is 
teaiaular with opaline, secondary 
,mineralization in vugs. No sand 
Or clay present but may have been 

~ A- 
Pine to very coarse angular tl 
ed but predominantly'dark vol- 

canics. 
132-144': Cobbles/Peblos/Sand. Pebbles and sand simi. 
lar to 98-132' inte#al. Cobbles black, hard, angula: 
basalt cuttings and'laferred from very slow, very 
rough drilling. ' 

144-1558 Pine to coarse, subangular to 
s u b r o u b d e m e d  aands with light to medium, 
brown soft clay 

155-1701 : ;!ary-S& Similar to 144-155' interval 
but with io t araY, soft clay and minor light to 
medium brown soft-aay. 

170-173 Fine to very coarse, angular t 
s u b r o : A d e ; m r e d  sands with light gray, soft 
clay. Minor medium;lbrown, soft clay. 

173-193': Clayey Sang. Pine to medium, some coarse, 
subangular to subrmed, multicolored sands with 

193-198' (CORE): 

weathered surfac casionally subrounded, red to 
black volcanic c All above loosely cenented b 
medium brown to gray, locally medium green, 
moderately soft 

198-215 ' : Similar to 193-198O in- 
terval wi ht gray to white, soft 
clay. 

215-232 ' : o 193-1980 in- 
terval wi 

232-238' : Pine t, 
very coar k vol- 
canic fragments 
lithic fragments. 

rately firm silty clay. 

d, 
light,gray to white soft 

clay. 

to e wb4, D antly multicolored lithic 
Fine to coarse, angular 238-2609: ?ebbl,me/S 

EXRANAT I OM 

c 

c 
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G E O L O G I C  L O G  0 , F  D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  
Susanville Anomaly-- 

FEATURE. .I??RSe,ll ,'?JUVtY . . , . . . . . . . . . . . P R O  J, E C T  . ?.U.s.anvll!e. .Ge.o.th.er.mal. .ln.V.??tig?t.ions, 
California 

. * :  SHEET. . .? .OF. . 3 .  HOLE NO. . .SVZY.-! 
' NOTES (Cont inued)  

54' a t  85' 
50' a t  92'  a f t e r  f 90 hours downt ine.  
57" a t  112' 
j 7 "  a t  125' 
59" a t  135'  
64 a t  101: a f t e r  t40 hours  downt lne.  
59' a t  148 
G4' a t  153' a f t e r  !lo l i cu rs  downtiKe. 
59' a t  185' 
E?' a t  158' a f t e r  t80 hours  downtime. 
57" a t  215' 
G8" a t  237'  a f t e r  f9 hours  down t i re .  
51" a t  ?60' 
63" a t  273' 
64' a t  293' 
E6" a t  333' 
66" a t  360' 
70' a t  373' 
72' a t  413'  
73@ a t  433' 
82" a t  461: a f t e r  f10 hours  downtime 
72' a t  473  
77" a t  490 
77" a t  518' 
36' a t  528' a f t e r  z24 hours  downt ine.  

Cavin C o n d i t i o n s i  *-- a v i n g  sands and g rave l .  

Casing Record: 
No cas ing  used. 

, '. .. ' . 
G e o p h y i i j a l  i o g c l i n q  

run by the U S R .  Denver Offlce on 
T h e  oTow ng geophysical logs were 

-23-19. ~ o g s  -re rad in 2a'ntee 
lip: no open hole 10g8'run. 
(1) Natural Gamma (4-23-79) 
( 2 )  Neutron (4-23-79) 
(3) Temperature (6-29-79) 

ole Completion: Ran 525' of 2!' 
tee1 pipe to 5238 with 2 '  stick- 
p. 
l i p  filled with c l e u  water. P i i  
rotectsd With st-1 puud rri l ,  

Bottom of pipe sealed and 

m t :  S u s a n v i l l e  Anomaly--Lassen C; 

- 
FIELD.VISUAL CLASSIFICATION AND PHYSICAL CONDITION (Continued] 

238-260: (Continued): fragments with common light gray to whztc 
softdclay. Minor medium brown soft clay. 

260-2939: clayey Sand, Fine to coarse, angular to subrounded, 
multicolored but predominantly dark volcanic fragments. Occa- 
sionally weathered red-brown. Light gray to white soft clay. 
Minor white quartz, white tuff (moderately firm), and light 1 
medium brown soft clay. Occasionally very thin, soft red cla) 
beds. 

293-315': Sand. Fine to coarse, angular to subrounded, dark 
volcanic fragments with minor multicolored lithic fragments. 
Minor light gray to white soft clay. 

315-355': Cla e Fine to coarse, some very coarse, angu- 
lar to sud%$%dium gray to black volcanics and common 
multicolored lithic fragments. Variable amounts of light gra! 
and white soft clay. 

355-360': Clayey Sand. Fine to medium, some coarse, angular tc 
subrounded, predominantly dark volcanics with some multicolorc 
lithic fragments. Variable amounts of light to medium gray 
soft clay. 

360-363': Pebbles/Sand. Fine to very coarse, angular to sub- 
rounded, but predominantly angular, dark volcanics with minor 
light gray soft clay. 

363-411': Clayey Sand. Fine to coarse, angular to subrounded, 
mostly dark gray to black volcanics with minor multicolored 
lithic fragments. Common but variable amounts of light gray, 

' locally light brown, soft clay. Occasional very thin beds of 
very coarse sand as above, possibly pebbles. 

411 - 5415': Pebbles/Sand. Fine to very coarse, angular to 
subrounded, predominantly dark volcanic fragaants with minor 
multicolored lithic fragments. Minor light gray clay. 

f415- i435': S y d y  Clay. Medium red-brown soft clay with mult! 
colored, angu ar to subrounded, fine to medium sand (not at 
site at lithologic change). 

f435- f4438: cla e Fins to coarse, angular to subroundc 
but p r e d o m i n a r ,  dark volcanics with common multi- 
colored lithic fragments. common flesh-colored, moderately 
soft to moderately firm claystone (not at site at lithologic 

1. change. 
$443-4508: Basalt (1) (Possibly baaltic sand). Fine to coarst 

I angular (ver m nor subroun ac ana t with ver minor 
I flesh-colorebr ctaystone a6 b?gr&3tal llithology cgange) . 
450-4538: Basalt ( ? )  (Possibly Clayey Sand I .  Basalt similar 
: to above interval with red, soft clay (possibly weathered vol- 
, canics or ash). 
453i473': Basalt, Fine to coarse, angular, black with very 

Some multicolored sandr 

473-478' (CORE) Basalt. Black, locally red-brown, voaicular 11 

minor red-brown to medium brown clay. 
probably slough from above. 

part 
and bhhite to clear crystalline quartz. 

vugs filledpartially filled with flesh-colored opal 
Fractures healed w i t h  

'flesh-colored moderately firm opal. 
478-483': Basalt. Similar to 473-4701 interval. 
483-500': Basalt. Similar to 473-4781 interval but harder; 

i.e., l e s s t u r e d  and vesicular. No change in samples. 
5 0 0 - 5 2 8 ' :  Basalt. Fine to coarse, angular, hard cuttings with 
slight increase in red-brown, slightly firm clay (opal ?). 
Less dense than 483-5QO8 interval. 

. ,- 

Sheet 3 of 3 
nty - P R m c - i i  - HOLE NO. ... . . : 
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GEOLOGIC LOG OF DRILL HOLE 
Susanville Anomaly-- Susanville GeotLermal 

p m ~ m ~  Lassen County PROJKT Investigations STATE Califarnia 
ANGLE PRQU 

VERTICAL tvertical 
LOCATION See Noteh GROUND ELEVATION 4210' 

'OLE TOTAL DEPTH 44570' suzy-9 COORDINATES N.396.276; t.2.372.187 
BEGUN 3-27-79 l I N I S H E D  4-12-74 

- 

sical properties; 
j ( 3 )  geologic evalua-1 3 
tion. 

Landowner: City of 
Susanvillr. 

Location: SEh SEh 

., R. 1 2  E . ;  near 
intersection of S. 
Lassen Street and 
s. P. Railroad. :I 50 

U E ~ U  bentonite 
iliing mud and 

ehaker, 0-443'. 
443-445': 4x54" die 

tube inner barrel. 

70-96': Medium speed 

(84-88' : Hard, 
slow, s m t h )  
96-221': Slow to med 

221-316': MdiUm to 

316-333': Fast. 

,356-393': Slow. 

and very hard, 
slightly rough. 0 

fast. 

333-356': Medim 

393-443': Very slow 

I 

mined HOLE LOGGED BY G.Holl 

AILY SUMMARY OF DRILLING OPERATIONS: 

-27-79: Started rigging up; two shlfts. 

-20-79: Drllled 6-3/4" rockbit hole to 14: 

-29-79: Drllled t o  316'  

-30-79: Pa? down for 16 hours for tower 
and cable repair, secured fur keel 
end. 

- 2-79: Drilled to 413 ' ;  down 4 hours to 
repair kelley. 

- 3-79: Twlsted off at 443'. fishing. 

- 4-79: Fishing 

- 5-79: Fishlng I -  

- 6-79: Recovered mast of fish; secured 
for weekend. 

- 9-79: Fish fcr bit cones; dug mud pits; 

-10-79: Fishing 

-11-7Q: Fishing 

-12-79: Hole Conpleted with 2" steel pipe 

-13-79: b g  moved off hole. 

one shift. 

EXPLANAT ION 

ger; R.Turrer DRILLER N.Tugg1e; G.Warren 

PIELD VISUAL 
CLASSIFICATION AND 
PHYSICAL CONDITION 

-ed-on_rockbit cuttings.] 
- .  

0 - I U .  U '  : 
SOIL & RECENT ALLUVIAL DEPOSITS. 

0-c.0,: - Soil. Dark brown to black, 
sandy, silty. with fine to coarse, 
subangular t o  rounded, predominant 
ly dark, partially weathered vol- 
canic sand and subrounded to round 
ad, black to red-brown, fine to 
coarse aravel and cobbles. Common 

1 fine to-medium white artz. . 
6.0-10.0' : Cobbl&s/GravePU/Sand/Clay 

7 As in 0-6' interval with red-brow 

10-445.0': ' I 1 I PLEISTOCENE LAHQ-B LAKE 
(Sear-Shore WIOS 

10.0-17.01: Sandy Clay. 
gray, soft with volculic m u 8  

5 d gravel an i n  0-6' interval. 

1 I PLEISTOCENE LAHQ-B LAKE 
Sear-Shore WIOSITd. 

10.0-17.0': Sand Cla . D a r k  bl$(p- 1 crrav( soft wit :  volFuliC m u 8  aDdi 
' I  =--* ~ - 

5 4  gravil an i n  0-6' interval. 
17.0-19.0': Clayey Sand. Fine to 
medium, some coarse, subangular to 
rounded, black to red-brown volcan 
ic sand with medium gray soft clay 

9.0-27.0;: Sandy Ciay. Dark blue- 
aray. soft clay with angular to 
&b&nded, fine to coarse, black I 
to medium-brown volcanic sands and 
gravel, occasional black volcanic 
cobble. 

Silt Cla . Dark gray, 
7.0-43::;itY, ; y 
Soft, sl g tly sandy, with* 
occasional very. thin beds of fine 
to coarae quartz and volcanic gra- 
vel as in 19;0-27.0* interval. 

I 3.0-55.0': Sand/Pebbles/Cobbles. 
All multicolored but predominantly 
dark volcanics; fine to very coars , 
angular to rounded, with brown-red 
weathered volcanics and angular; 
white quartz. Continued dark gray 
clay as in 27-43' interval, de- 
creasing in quantity. I t 5.0-57.0': Gravel /Cobblen. Simi- 
lar to 43.0-55.0' intervaf but 
mostly dark volcanics, angular cut 
tings. 

7.0-68 0 ' -  Sand ,ravel. Angular t 
.subro&d;.d,&very coarse, 
multicolored but predominantly dar 
volcanics; common green and red 
weathered volcanics and white 
quartz. 

Sheat. 1 c ~ f  2 
: Susanvllle Anomaly--Lassen County PROJECT : Susanville Geothermal Tnvesti- 9 W - g  , 

g a f f w  



NOTCS (Continued) 

Re resentative D r i l l i s  Fluid Tempe&- 
~ ~ ~ ~ , ~ u e d ~ -  
64-E 1% 
'6" a t  171' 
-7' a t  216 '  
12O a t  2 6 2 '  
7l0 a t  r90' 
36" a t  316'; bottoms u p  a f t e r  $2 hours 
56" a t  353' 
38' a t  390' 
35' a t  410' 
35" a t  424' 
100' a t  450' 
IO€" a t  544'; bottoms u p  a f t e r  15 hours 

'6" a t  171' 
-7' a t  216 '  
12O a t  2 6 2 '  
7l0 a t  r90' 
36" a t  316'; bottoms u p  a f t e r  $2 hours 
56" a t  353' 
38' a t  390' 
35' a t  410' 
35" a t  424' 
100' a t  450' 
IO€" a t  544'; bottoms u p  a f t e r  15 hours 

j ueezin Corditions: 
-s-g required reaming 
to keep ho le  open. 

kophysical Logging: 

wn 4-23-79 by theUSBR. E&R Center. 
The following geophysical logs were 

.ogs were run in  2" s tee l  pipe; no open 
iole logs were r u n .  

( 1 )  Natural Gama 
( 2 )  Neutron 
(3)  Temperature 

iole Completion: 
Instal led 445' o f  sealed water f i l l e d  

iteel pipe i n  hole with 1 '  stickup, ce- 
iented in  a t  surface. S i t e  protected wit 
,tee1 guard r a i l .  A f t e r  l o g s  r u n ,  2" 
~ i p e  p u l l e d  on 6-26-79 and s t e e l  
, l a t e  p l a c e d  o v e r  h o l e .  

m: Susanvil l e  Anomaly--Lassen Count 

FIELD VISUAL CLASSIFICATION L PHYSICAL CONDITION (Cont . )  
72.0-02.0': Clayey  Sand/Grar.c-l . F i n e  t o  c o a r s e ,  a n g u l a r  t 

s u b r o u n d e d ,  r e d  t o  red-brown decomposed v o l c a n i c s  and b l a c  
v o l c a n i c  l i t h i c  f r a g m e n t s .  

82.O-110.Oi : Sandy Clay .  Gray-brown t o  red-brown s o f t  c l a y  
v i t h  f i n e  t o  c o a r s e ,  a n g u l a r  t o  s u b r o u n d e d ,  m u l t i c o l o r e d  
s a n d s ,  l o c a l l y  red-brown de,cb;mposed v o l c a n i c s .  

110.0-13R.01: Clay. 1.ight t o  medium g r a y ,  o c c a s i o n a l l y  w i t h  
a brown cast ,  l o c a l l y  w h i t e ,  s o f t  s i l t y  c l a y  w i t h  minor  
v e r y  f i n e  t o  medium, s u b a n g u l a r  d a r k  eands. 

s i l t y  w i t h  v e r y  f i n e  t o  medium, s u b a n g u l a r  t o  s u b r o u n d e d ,  
m u l t i c o l o r e d  s a n d s .  

C l a  . L i g h t  t o  medium g r a y - g r e e n ,  s o f t  
v i t h  minor  mu- s a n d s .  

minor t i n e  t o  mediun ,  i.i,..! t . tcc.lored s a n d s  O c c a s i o n a l  t h i n  
l i g h t  t o  medium g r a y ,  c: . !1 .  c l a y .  

2 7 M  - 3 3 3 ' :  Sandy C lap ,  Medium g r a y ;  s o f t  w i t h  s l i g h t  i n -  
c - c a s e  i n  d a r k ,  e n g u l a r ,  f i n e  v o l c a n i c  s a n d s .  

333-3635' : v o l c a n i c s  fAi . ,dcsi  t c ? l  Medium g r a y - g r e e n ,  s o f t  t 
s l i g h t . l p  f i r m ,  f i n e - g r a i n e 3  v o l c a n i c s  w i t h  f i n e  t o  medium, 
s u b a n g u l a r ,  ciark v 0 l c a r . i ~  s a n d s .  Minor q u a r t z .  

NOTE: Top of  v o l r a n i c s  i n l e r r e d  from s l i g h t l y  slower d r i l l -  
i n g  and s l i g h t  i n c r e a s e  i n  v o l c a n i c  f r a g m e n t s .  

Common red-brown s o f t  c l a y .  

138.0-185'2: Sandy Clay .  White t o  l i g h t  g r a y ,  s o f t  c l a y ;  

1 0 5 2  -206 .0 ' :  

206.0- *:'7n.0' : Ykndy Cl?& L i g h t  red-brown;  s o f t  w i t h  

G r a d u a l  c h a n g e  i n  color.  

3 6 5 - 2 8 0 ' :  V v l c a n i c s  , ,  f ,  :,I.LL.,~ *; t e  2 hledium g r a y - g r e e n ;  s o f t  t o  
s l i g h t l y  f l r n l .  i n e - ~ i ' a l n ~ d .  w i t h  marked i n c r e a s e  i n  m u l t i  
c o l o r e d - a n g u l a r  t o  s u b r o u n d & d ,  f i n e  t o  medium w i t h  some 
c o a r s e  s a n d s ,  p o s s i b l !  s l o u g h .  Common q u a r t z ,  o c c a s i o n a l  
red-brown dc:composed v o l c a n i c s ,  f i n e  t o  medium, a n g u l a r  t o  
s u b r o u n d .  O c c a s i o n a l  l i g h t  t o  medium g r a y ,  o c c a s i o n a l l y  
w h i t e  s o f t  c l a y .  b l inc j r  w h i t e  c a l c i t e .  

NOTE: Probablf  much r r c ' i r c u l n t  i o n  @I' c u t t i n g s .  

32O-420 '  : V o l c a n i c S ( . ~ n d t ~ S i  t e  ? ) .  !!ediurn-gray-green, moderat 
s o f t  t o  f i r m ,  w i t h  minor  m u l t i c o l o r e d  s a n d s  a s  i n  365-3501 
i n t e r v a l .  J!inor calcite.. 

..-- 

420-443' : V u l c a n i c s ( ; t n d c s i t e  ? ) .  S i m i l a r  t o  380-420' i n t e r  
v a l  b u t  w i t h  i n c r e a s e d -  n ~ ~ l ~ i ~ ~ o r e d ,  f i n e  t o  coarse, subang 
l a r  t o  subrounded sands. 

443-445':  ( c o r e )  hndt-ite h g g l o r e r a t e .  Medium g r a y - g r e e n ,  
h a r d ,  m a s s i v e .  b u t  l o c a l l y  f r a c t u r e d  ( n o  p a r t i c u l a r  d i r e c -  
t i o n ) ,  f r a c t u r e s  h e a l e d  w i t h  w h i t e  c a l c i t e  and c l e a r  q u a r t z  
~~~~~d~~~~~ v e r y  f i n e  t o  medium-crained w i t h  conlmon secondax 
c a l c i t e  ( w h i t e ) .  C l a s t s , a n g u l a r  t o  r o u n d ,  d a r k  g r a y  g r e e n  
t o  b l a c k ,  m o s t l y  a p h a n i t i c ,  
a l t e r e d  s u r f a c e s .  Common h o r n b l e n d e .  

f i n e  t o  UP t o  I " ,  some w i t h  

I .  
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GEOLOGIC LOG OF DRILL HOLE 
Susanril le Anolr.aly-- Susanville reotherVal 

FEATURE Lassen County PROJECT In~estigatlons STATE California 

HOLE NO- SCZY-gA C ~ ~ I ~ T E S  14.396.288, E . 2 . 3 7 2 . 1 2 2  TOTAL DEPTH 618' VERTICAL Vert Lcal 
LOCATION see P i O t e  GROUND ELEVATION 4 2 lfi ' ANGLE PROM 

I BEGUN 7-17-70 FINISHED 9-7-79 0. €IC 

I DEPTH TO WATER ?l.5' 

levele, water re- 
turn character of 
driliin 

ties; ( 3 )  geologic H- p h J' s i ca 1 proper - I 
evaluation. 

Landowner : City 
of Susanville. 

I 

R. 12 E., near 
intersect ion of 
S. Lassen St. an 
S. P. Railroad 

of SUZT-8. ,5j approx. G8' W - k V I  

prill Rig: 162'4 
Failing 1500 RB 

bentonite mud an 
additives as. re- 
quired. Used 
three mudpits. C 
0-321 : i3-71a" 
rockbit. 
32-76' : 10-516'' 
rockbit. 

rockbit, 
76-ais'  : ~ t "  

390-394.3' 4x54'' 
682.5-687 507-511.5'I:diam ' b i t  

with Fplit  tube in- 
ner barrel.  

0-6.5': Very slow, 
very rough. 
6.5-22': Medium 
fast, smooth to 

to occasionally 
rough. 
40-55': Slow, rough, 
erratic. 
55-75': Very slow, 
very rough. 
75- 781 : 51 ow, smooth. 
78-190': Medium to 
medium fast, snlooth 
t o  occasionally 

22-32' : Slow,SNoth 

32-40 : Fast.smooth. 

HOLE LOGGED BY I 

DAILY SUMMARYE- DRJLL IllG OPERATIONS: 
7-17118-79: Movebto site and rigged up 

7-19-79: 

7-20-79: 

7-23-79: 

7-24-79: 

7-25-79: 
7-26-79: 

7-27-79: 

7- 30- 79 : 
7-31-79: 

a- 1-79: 

a- 2-79: 

8- 3-79: 

a- 6-79: 
a- 7-79: 
a- a-79: 

(1 shift) 
Cocplete rigging up and mixing 
cud. Drilled to 6'. 
Repaired rig electrical system. 
Drilled to 22'. 
Drilled to 32'. Attempted to rur 
12" casing; welder inoperative. 
Ran 12" casing to 31' and cementc 
in. 
Drilled to G5'. 
Drilled to 78'; made minor rig 
repairs. 
Ran 8" b l a k  steel casing to 78' 
Cemented in 0-26'. 
Repel red r i g  . 
Driiied to 350' ( 2  s h i f t s ) .  

Drilled t o  390'. Cored from 390- 
395 . Drilled to 410'. 

Drilled to 454' and lost circula, 
tion. 

NO drilling due to no bentonite 
at site. 
Drilled to 460' and twisted off. 
Recovered fish. 
Drilled to 477'. Rig mud pump un 
able to start. 
Replaced rig starter motor; Dril 
ed to 507'. Cored to 511.5 . 
Drilled to 527'. 

E XPL ANAT I ON 

I inger; I:. Tiigg: e ; P.. Swank, 
'urner DRILLER A ,  vel arde 

FIELD VISUAL 
CLASSIFICATION AND 
PHYSICAL CONDITION 

NOTE: Log based on rockbi 
logic descriptions often differ fron SUZY-9 
due to surface casings preventing 
tion and larger tooth bits producing bette 
cuttings on SUZY-9A. 

0 4 0  1: : 
RECEST S O I L  ABD 

STREAM CHANNEL DEPOSITS 
O-G' : SoilFa%d/GTavel/Cobbles. Med 

ium brown silty. clavev soil with 

-- 

I 
I 

fine to very coarse. angular to 
rounded. dark xolcanics and clear 
to ailky q u a r t ?  sands and subangu- 
lar i o  rounded dark volcanic gra- 
vel and cobbles. 

6-34': Silty Clay. Dark grav, sof 
with very fine to fine, angular t 
subrounded dark sand. Occasional 
thin beds of volcanic gravels as 
in 0-6' interval, cornon milky 
quartz. ( V e r y  poor returns due tc 
large hole and low mud viscosity) 

34-40': Sand. Fine t o  coarse, some 
very coarse, angular to subrounded, 
multicolored but common dark vol- 
canics, white quartz and red weatt- 
ered volcanics. 

coarse, angular to subrounded,mul- 
ticolored gravels with sand as in I .  34-40' interval. 1 

40-55': SandIGravel. Fine to 

I 55-60': Sand Gravel. As in 40-55' 
interval wiih occasional dark, 
subrounded cobble and increased 
fine to coarse gravel. 

GO: -616': 
PLEISTOCENE VOLCANICS 

hard basalt cuttings with very 
60-74': Basalt (? ) .  Black, angula 

large amounts of sand and gravel 
as in 34-60' intervals, probably 

rounded, multicolor 
ment s . Continued 
sands and gravels, 
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LS-1264-A ( 4 1 7 5 )  

GEOLOGIC LOG OF DRILL HO.LE Susanville Anomaly-- 

~"zy-?~,,,,. L~~ATIO M..... S.ee.Notes .,.. Shee.t .. l.... .... 

Susanvil le Geothermal ,, 
. . . . . . . . . . .  ... . . . . . . .  PEATVRE. ............... .La??.!! .County .......................... PROJECT. ............. .Inves.t.igati.ans STATE .Cali.fm.ia... 

GROUND ELEVATION.~?.!~! . . . . .  AIWGLE PROM 
C~~RDIWT~SN..~~~.~~*~.~..~!?.!~~~.~.!?~~~ . . . . . . .  TOTAL DEPTH ........ 8.181. . . . .  VERTICALYedkdl. . . . .  

BEGUIY..~-.!~-?~ . PIMISHED.. 9-7-.?9.. ....... 14.Tuggle;R.Swank; 
........................... HOLE LOGGED BY. S..Hal.l.inger;R..Tuiner. ... DRIUER .... A.V.eJ.arde .............. 

I 1  
m T H  TO WATER ...... :I.! 

On water table 
levela, vater re- 

95-410': Slow, W d -  

10-465': Slow. 
ium smooth. 

65-467': Medium, 
smooth. 

77-527': Medium to 

moth. occasionally 

34-630' : Slow, rough 
30-690': Medium. 

smooth. 

67-477' : Slow,~ugh 

jmooth. 
30-692':Slow. rougt 
32-707' : Medium, 
Redium smooth, 
17-790' : Medium; 
;mooth to occasion: 
ly rough. 
30-807': Slow. med- 
ium rough. 

nedi um., medi um 
imooth. 

17-818': S ~ O W  to 

;TIMATED DRILLING 
BID RETURNS: 
,390': 100% 
10-454' : 90-95% 
454': L o s t  circu- 

. 

ation. 
i4-467': 95-100% 
468': L o s t  circu- 
ation. 
19-47?' : 80-909 
'7-602 ' : 90- 100% 
12-694' : 80-90% 
14-747' : 100% 
7-818': 95% 
1TE: Hole makina I 

CLASSIFICATION AND 
PHYSICAL CONDITION 

DAILY SUHMARY OF DRILLING OPERATIONS:(CONT) 78-89' (Cont. ) : subrounded, multi. - -  9 79: Drilled to 584' and twisted off. colored lithic frauments. - 
89-90': Volcanics. Medium-gray, 
aphanitic, moderately firm, brit. 1 tle. 

8- 1 0- 79 : 

8-1 3-79: 
8-1 4-79: 
8-1 5-79: 
8-1 6-79 : 
8- 1 7-79 : 

8-20-79: 

8-21-79: 

0-22-79 : 

0-23-79: 

8-24-79: 
8-2 7-79 : 
8-28-79: 
8-29-79: 
8-30-79 : 

8-31-79: 

9- 3-79: 
9- 4-79: 

3- 5-79: 

3- 6-79: 

9- 7-79: 

Retrieved fish. Hud pump inope 
tive; need parts from Folsom. 
Repaired mud p y p  (1 shift) 
Drilled to 592 
Drilled to 612' 
Drilled to 636' 
Drilled to 602' 

ra 
90-91': Clayey Sand (? )  Fine to 
very coarse, gray-green, predomi. 
nantly angular, some subrounded 
volcanic sand and common pink, 
soft clay, probably hydrated ash. 

91-112': Volcanics (ash or mudflos 
Medium-gray brown to pink, slighl -9 ly soft to moderately firm. brit- 
tle, very fine to fine-grained mc 
trlx with angular to subrounded, 
multicolored lithic fragments. 

interval, predominantly brown-pir 
Cored to 6871 and conditioned mud 112-126' : Volcanics. As In 91-11; 
for logging. 
Ran open-hole geophysical logs, 
cleaned out p i t s .  
Mixed up mud, waiting for addi- 
tional barite from Folsom. 
Mjxed up mud; drilled to 694' and 
twisted off. 
Repaired rig; retrieved fish. 
Repaired rig; run in hole. 
Drilled to 747'. 
Drilled to 807' 
Drilled t o  818' and twisted off. 
Fishing for drill string. 
Fishing for drill string; decided 
to end hole at 818'. 
HOL I DAY. 
Crew' attending meeting in Folsom 
and traveling to Susanville. 
Recovered fish; two cones missing 
from bit. 
Installed 2" water-filled pipe to 
818' and cemented in guard. Startrd 
tearing out. 
Completed tearing out and moving 
equipment to Folsom. 

125-160': Volcanics (ash or mudflc 
Light to medium gray, moderately 
firm, brittle, very fine to fine 
grain matrix with angular to sub- 
rounded, multicolored lithic frae 
ments. Some primary hornblende. 

160' interval; predominantly med- 
ium gray-green to gray color. Son 
medium-grained lithic fragments. 

175-182': Volcanics (ash or mudflc 
Medium pink, soft and hydrated tc 
moderately firm and brittle, very 
Pine-grained matrix with fine to 
medium-grained, angular to sub- 
rounded, multicolored lithic frag 
ments. 

182-190': Volcanics as in 175-182' 
interval with alternating gray- 
green, medium pink, red, medium 
brown colors. 

160-175': Volcanics. As in 125- 

190- f220': Volcanics (ash or mud- 
flow). Medium to dark red, moder 
ately firm, brittle, very fine 
grained with multicolored lithic 
fragments as in 175-182' interval 

2220-228' : Volcanics (Ash or mud- 
flow), as In 190-220*'interval 
with medium red. verv fine eraine 
slightly soft to moderately-firm 
volcanics with few multicolored 
lithic fragments. 

. -1 

' /  I i -  ' . 
. !,d I\* ,I , ,, I 1228- f240' : Volcanics. Medium gra 

firm to moderately soft, slightly 
'A I . - ~ ' - 1  4 hydrated, aphanitic, with some 

1. dark, fine-grained, predominantly 
1 1 angular lithic fragments. 

- EXPLANAT I ON 

Sheet 2 o f  4 

nok NO. SUzy-yA 
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G E O L O G I C  L O G  O F  D R I L L  H O L E - C O N T I N U A T I O N  SHEET 
FEATURE. S.qspny.il1 e. A~olrply.-.-. . . . . . . . . . . P R O  J EC T . Susa.ny i 1.1 e, Gepthema 1 .I.nvesti sptl p n ~  . . . 

Lassen County 
HOLE NO. . .s!JzY.-?f! . 

'115" 
1 30" 
112" 
109" 
112" 
115" 
118" 

t NOTES (Continued) 
Representative Drilling Fluid 
Temperatures ( O F 1  (C ont.) 
99" at 380' 
104' at 390' 
120" at 410' after f10 hours downtime 
105" at 418' 
109" at 447' 
140' at 450' after 290 hours downtime 
105" at 520: after adding water to mud. 
111" at 550 

.at 
at 
at 
at 
at 
at 
at 

hours down time 

Cavin Conditions 
& C x o b b  1 es 
73-75': Caving gravel 

b'3;:; ;;f;o;;J: 
ank steel casing 

0-78': 8" blank steel casing. 

Geophysical logging: The followinq 
geophysical logs were run by the CSBR. I Denver Office on August 21. 1979. and 
October , 1979. Logs were run in open 
hole on August 21, 1979 and in 2"  steel I pipe. October , 1979. 

Ran in open (1) Resistivity 

(31 Caliber 

Ran in 2" water- 
filled steel pipe to 

(5) Natural Gamma 
(4 )  Temperature 

( 6 )  Neutron Jr 
818' total depth. 

Hole Completion: Ran 819' of 2" steel pipe 
to 818' with *l' stickup. Bottom of pipe 
sealed and pipe filled with clear water. 
Only upper 5 '  o f  pipe cemented in because 
the City o f  Susanville may desire to use 
well for testing at a future date. Pipe 
protected with steel triangle guard. 

NOTE? 2 rockbit cones a t  bottom of hole-- 
818'. 

f240-250': m. Bledium gray', soft t slightly firm w i t h  
minor 1 i thic fragments as in 22S-240!' interval. 
volcanic. 

252-296': Volcanics. hledium gray to medium hrown, to k:r;i\- 
green. Slightly firm to firm and brittle, aphanitic t o  
medium L;raintc!. Occnrsional thjn, soft red ( , l a y  beds; loca 
ly common t.lear q u a r t z  and white calcite. Some coarse, an- 
~ u l a r  and sirbrounded, dnrk lithic fragments. possibly s l o u g  

295-332': VtBIcanics. I!ediun! gray to gray-green, firm, brit- 
tle. al'hanitir; ralf.:irrv,us in part. Occasional white, soft 
clay: tra I .  . i v l , i : e  calcite. 

332-350' : !lr)lranirs. As in 295-332' 'interval with minor red 
hroum I o  pink, ai'hanitir volcanics. Slight increase in 
white, r - ~ ~ f t  , ' . : \ .  

950-362': C u l v a n i r s .  As in 332-350' interval with increased 
red-bronr;. soft to s1ii:htly firm, aphanitic volcanics; prob 
ably :t-h. 

362-590 '  ' >olcnnics. !Itdiur gra:: t,u 6ray-green, soft to mod 
erattlly Iirn!; aphanitic! with some dark, fine-grained miner- 
als (I:~~rnt..~iide '. '!. and soft to slightly firm, white cal- 
ci1.e. Cf)ntainr medium-brown aphhni tic ~.olcanics (ash ? )  as 
in 350-362' interval. 

390-394.3' ( C O R E ) ,  Andesite Agglomerate. Medium gray to gra 
green t o  Frei.1,. hard, dense. but' can be scrat'ched with knif 
Core Fhows nl> fractures other than coring mechanical frac- 
tures but ~ c ' c ' I '  sl i ?kens appnrent. Groundmass: Medium gra? 
green, fine-grained. ' Clasts: Light gray to medium gray- 
green, fin-grainc.d, angular to subrounded. size fine to uy 
to 3". Conimor. calrile veins and vug fillings; common py- 
rite. 

rrc!bal,ly 

394.9-415': LdPsite Agglomerate, Similar to 390-384.3 '  in- 
terval. 

415-160': Aes-ite Agglomerate. Similar to 390-394.3' inter- 
vzl with variable amounts of IiRht gray, soft clay, probabl 
ash. Minor I C ,  common white calcite veinlets. 

460-475': Andesite Agglomerate. Similar to 415-460' interva 
with increased white tc) clear calcite veins and reminerali- 
zation ( ? ) .  Minor fine-grained mafic minerals. 

475-500': Volcanics. Light to medium gray, noderately soft 
and hydrated tc firm and brittle, aphanitic, with common 
light gray calcareous inclusions (remineralization ? )  and 
clear to white calcite veinlets. Occasional white, moder- 
ately soft aphanitic tuff. occasional very fine to fine, 
some medium, multicolored, subrounded lithic fragment inclt 
sions. 

in lithic samples-Probably completely hydrated ash. 
500-500.5': Volcanics. Mud turned light gray but no change 

500.5-507': Volcanics. As in 475-500' interval. 
507-511.5' (CORE): Andesite Agglomerate. Light to medium 
gray to gray-green, dense to fractured, fractures mostly 
healed with white calcite; some sl'ickens apparent. Ground- 
mass: Light gray to gray-green, very soft and flaky to 
moderately firm; can be scratched in places with fingernail 
others only with knife. Fine to medium-grained, common 
hornblende and recrystallized calcite. Clasts: Light to 
medium gray, usually hard and aphanitic; angular to sub- 
rounded,up to 3" in size. Large voids filled with white 
calcite. Common pyrite. 

511.5-595' : Andesite Agglomerate. Similar to' 507-511.5' in- 
terval with variable amounts of white and clear calcite 
vein 1 et s . 

595-1330': Volcanics. Medium gray, aphanitic. moderately SCJf 
to firm, brittle, calcareous in part (remineralization ?)  
w i t h  variable  but minor amuhts of l i g h t  t o  medium green minerals fsau. 
s u r i t e  ?). Occasions! subrounded, f i n e  to medium, red-brown l i t h i c  

Sheet 3 of 4 HOLE NO. ?.u?Y: 

fl-- 

7' 
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G E O L O G I C  L O G  OF D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  

FILLD V I S U A L  CI.ASSIFICATIOK G PHYSICAL COBDI'I'lOX (Contin,ued 

i 59S-C3n' (: t.nt inued) : fragment inclusions and occasional D, f i r  
I 9r.ii:it-d -J$:c minerals. C o m n  c lear  to w h i t e  c a l c i t e  v e i n l e t s .  
! 6 3 C - C ; . 3 . 5 ' :  Volcanics. As in 595-630'  interval with increas ' inr, amounts cf light t o  medium green minerals (sausherite.? i 
1 

i ,  . .  . 

Less clear tc! white c:alcite: trace o f  white qiiart7. hl inor  
dark gray, moderately firm aphanitic volcanicr. 

i 682.5-687' (CORE): Volcanic Agglomerate. Light t o  dark gray 
to black, hard, but can be rc-atched locally i*;ith R knife. 
Dense but locallv fractured tractures and - < : i d s  healed or 
partially filled- from two :,;'r,nts of secondary mineralizatio 
lhite calcite 11'it and white to clear, crpstal- 
line quartz secondly. L!atrix aphanitk, dark gray to black 
with vug fillings of feldspar and calcite. Clasts light to 
dark gray, hard, angular t c  subrounded, fine to up to 1". 

637- f702': Volcanic Agglomerate. Similar to 682.5-6&7' in- 
terval. 

t702-719': Volcanics. Light to medium gray to black, aphani 
tic, y r r d o ~ l ~ m w i e r a t e l y  firm, brittle with some light 
to medium green rninorals (saussurite ?)  and rinor red, sub- 
rounded, fine grain lithic fragment inclusions. Minor med- 
ium brown aphanitic ash with subrounded quartz inclusions. 
Common clear to white calcite veinlets. 

719-762': Volcanics. Similar to 2702-718' interval with in- 
creasingly common, white aphanitic tuff. Trace of pyrite, 
ep i dot e, b ic. ti t e .  

762- 2790': Volcanics. Light gray to white, some dark gray, 
moderately soft to firm, brittle, aphanitic, with very com- 
mon white, moderatclp snft aphanitic tuff with very fine to 
medium grained, mafic inclusions. Trace of pyrite, locally 
common epidote. 

2790-818': Volcanics. As in 762-790' interval uith increas- 
ing dark gray to black, moderately firm aphanitic volcanics 
(basalt ?) .  

Sheet 4 of 4 HOLE NO. SU.ZY=O( 
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GEOLOGIC LOG OF DRILL HOLE 
Susanville Geothermal 

PROJECT Investigations STATE California 
See Notes GROUND ELEVATION 4237' ANGLE PROM 

VERTICAL Vertical 

PHYSICAL CONDITION 

coarse, angular to rounded,black 
to brown, volcanic sand. Common 
white quartz. Occasional sub- 
rounded brown gravel  and cobbles., 

4-17-79: Rigged up. 
4-18-79: Drflled to LE', much cav- 

4-19-79: 
4-20-79: 
4-23-79: 

l'. 30 N., R. 12 '* 4-24-79: 

.adowner: City 
if saaanville 

mcation: SEJr 
Rlf=ion 30, 

E . ,  M D W . ;  at 
intersection of 

4-25-79: 

4-26-79: 

4-21-19: 

4-30-79: 
5- 1-19: 

matonits mud a 
rdbitivem am re- 5- 2-79: 
mired.  Used tw 5- 3-79: 

5- 4-79: 

5- 7-79: 

0 0-72' : 6-3/4" 
-0CLbit. 

12-132' : 6-3/4' 
:ockbit--tV cas- 
.mg failed. 

0-52' :  R e a m e d  
!or reinstalla- 
:ion af 8" caeinq. 

)/4- rockbit. 
132-643': 6- 

one : 

-00th to rough 
.2-85' : Slow. 
rough to very 1 4 
rough. 
E-llSI: Iledium, 
-00th to rouah I 5- 8-79: 
bl5-132' : SLOW; 

132-153': Slow, 1 5- 9-79: rough. 

rough to medium 4 

13-647.5': 
PLEISTCCENE VOLCANICS AND LAHOPJTAA 

near shore) LAKE DEPOSITS, 

Drilled to 32,. ' 

Drilled to 54'. 
Drilled to ?3'; stuck in 
hole at 43'. 

Reamed to 17' to open hole 13-17': Basalt. Black, hard, 
lar cuttings, possibly boulders. 

Stuck in hole, pulled free 

for casina. 

I 17-18': Clay. Gray-brown, silty, 
soft. 

Reamed to-24'. Ran 8" cas- 
ing to 24'. Drilled to 74l, 

Stuck in free' gray, l-common red-brown 
Drilled to 132'. Stuck in 
hole when pulling bit. 

8" casing failing. 
Repair rotory transmission, 
Completed repairs. Reamed 
hole to 40' for reinstalla- 

,, 18-65': Basalt. Black to medium 

weathered basalt, angular fine to 
coarse cuttings. Occasionally me 
ium tan, soft clay in very thin 
(less than 4") beds, possibly tuf '1 

65-66': 9. Medium tan, soft, 
silty, pro ably weathered and n hydrated tuff or basalt. tion of 8" casing. 

Reamed to 51'. Stuck pipe. 
Stuck in hole. Repaired 

Medium 30 black, angular, fi 

nor milky quartz veinlets on vug 
f il l i n s  ~ 

clutch and pulled- free. 

ed to 52'. 
Drilled to 273'; cemented 
in 8" casing to 50'. 

Basalt (Flow or 

.J - ~~ 

85-1058: Sand/Gravel . Fine to 
very coarse, predominantly angula 
but some subrounded. mostly black 

Drilled to 413'. Stuck 
pipe when pulling bit. 

1-34 basalt with minor light to-medium I 

common milky quartz. 

ly dark volcanics, with light tan 

I""-$ I smooth. 
153-3931: nostiy 

E XPL ANAT I ON 
JE" 
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LS-1264-A (4175) 

GEOLOGIC LOG OF DRILL HOLE 
Susanville Anomalv-- Susanville Geothermal 

FEATURE Lassen County PROJECT Xnvsatigatiana STATE California 

'OLE "' suzy-lo EEZ~ETISZeE.~$~~2!i: E.2.372.595 TOTAL DEPTH 647.5' VERTICAL Vertical 
GROUND ELEVATION 4237'  ANGLE PROn 

BEGUN. 4-16-79 FINISHED 5-11-79 
B T H  TO WATER 

On water table  
level.,  water re- 
turn character oi 
dri liing 
lrillina Condi- 
tions (cont.) 
53-393': (Cont. 
fast, smooth t 
occasionally 

NOTES 

- 
rough. 
93-473': Uedium 
smooth. 
73-593' : Medium 
smooth to occa- 
sionally rough. 

smooth. 

smooth to mediu 
rough. 

93-615': Slow, 

15-647.5' : Slow 

8timated Drill- 

NOTE: Hole mak- 
ng some water, 
64-570'. 

6' at 72' 
20 at 128' 
go at 150' 
2' at 240' 
3O at 270' 

at 273' afte. 
8,"s hours down- 

weather. 
7' at 350' 
€io at 450' 
Oo at 520' 
3 O  at 615' 
3O at 643' 

tim--cold 

wing Condition1 
2-32': Caving. 
8-12': Caving. 
15-132': Caving 

rsino Record: 
Installed 8" 
lack steel cas- 
ng to 5 2 ' .  

sical Lou- 

eophyeical 1 4 s  
ere run by the 
SBR, Denver Of- 
ice. on 6-29-79 

.ermined HOLE LOGGED BY Ro' 

laily Summary of Drilling Operations 

1-10-79: Drilled to 643'. Cored fro! 
643 to 647.5' total depth. 

(Cont. 1 : 

-11-79 Ran 2" water-filled pipe tc 
bottom. Tear out and move 
to SUZY-11. 

EXPLANAT I ON 

!rt L. TurnerDRILLER N.Tuggle; D.Warrei 

FIELD VISUAL 
CLASSIFICATION AND E l  
PHYSICAL CONDITION 

162-1801: Send. Fine to medium, ar 
gular to subrounded, medium browr 
to medium gray, predominantly 
weathered and unweathered volcan- 
i c ~ .  Locally common white to med 
ium brown, partially welded tuff. 
Trace of milky quartz, angular to 
subrounded. 

180-200': Sand a8 in 162-IB09 ln- 
terval withincreased amounts of 
light to medium brown, partially 
welded tuff. 

200-238': Sand as in 180-200' inte 
Val with less tuff. Common fine 
to coarse, angular to subrounded, 
black volcanic eands. 

some coarse, angular to subrounde 
predominantly dark volcanics with 
some medium brown, fine to medium 
grained tuff. Minor soft brown 

240-255': Sand as in 238-2408 in- 
terval withincreased amounts of 
soft medium-brown clay. 

some coarse angular to subrounde 
predominantiy dark  volcanic^^ wit 
red-brown to brown weathered vol 
canics. Common rnifky quartz, var 
iable amounts but minor brown eof 

260-275': Clayey Sand. Pine to me 
ium, minor coarse, angular to sub 
rounded, multicolored but predoai 
nantly dark volcanics. Common me 
ium brown clay, trace of milky 
quartz and white angular tuff. 

275-306' Sand Cla . ' Uedium gray 
brown, : s o m u l t i c o l o r e d  sa 
as in 260-275' interval. Comon 
light to medium gray, slightly 
firm, fine grained tuff. Trace 0 

236-2401: w. Pine to medium, 

255-2601: Sand. Pine to medium, 

, 
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G E O L O G I C  L O G  O F  D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  
FEATURE. .S!san"i!!?. A??m?1Y::. . . . . . . P R O  J EC T . .?usa.n.v.ille. .Ge?th.e.rmal. ?nvesfi~?tions-- 
HOLE N@vZY;1.0,. . 

Lassen County California 
SHEET. . .?.OF.. ,3. 

NOTES (Continued) 

eohysical Logqinq (cont.): Logs 
ere run in 2" steep pipe--no open 
ole logs were run: 
(1) Natural Gamma 
( 2 )  Neutron 
( 3 )  Temperature 

>le Completion: 
Ran 647.5' of 2" steel DiDe to 

4 7 . 5 '  and cut off fl' beiow ground 
urface. Bottbm of pipe sealed and 
ipe filled with clear water. Pipe 
rotected in water meter box cement 
d ifto street at ground level. Up 
em -20' of pipe cemented in. 

FIELD VISUAL CLASSIFICATION AND PHYSICAL CO!:SITION (Cont.) 
___ ~ ~ _ _ _ ~  

335-342': Sandy Clay. Similar to 306-335' interval with 
predominantly dark volcanic, fine to medium, angular to sub 
rounded sands. Minor multicolored sand. 

342-420': Clay. Medium-gray brown, soft with minor, predomi 
nantly dark, fine to medium, angular to subrounded volcanic 
sand. 

420- 5475!: Clay. Medium gray-brown, soft, with predominant 
fine-grain, angular to subrounded, dark volcanic sand. 

1475-492': Sandy Clay. Medium gray-brown, occasionally light 
gray, soft clay with fine to medium, some coarse, angular t 
subrounded, multicolored but predominantly dark and red vol 
canic sands. (NOTE: Medium to coarse sand may be sloughins 
from casing grout.) 

492-498': Sand. Fine to coarse, angular to rounded, multtcol 
ored with minor soft, medium gray-brown clay. Some crsvel, 
possibly slouqh from casing grout. 

498-5351: Sand. Similar to 492-498' interval with light gray 
to pink, slightly firm claystone. Minor medium brown, fin 
grain tuff. 

535-564': Clayey Sand. Fine to coarse (minor gravel ) ,  angu 
lar to subrounded, multicolored with common brown, weatheres 
volcanics. Common light gray, soft to moderately firm clay 
or very fine-grain tuff. Minor medium brown soft clay. 

5154-570': SandjGravt.1 . Fine to very coarse, angular to 
rounded, multicolored but predominantly black and red volca 
ics. COMMON MILKY QUARTZ. WHITE CALCITE.VERY MINOR CLAHNOTE: May be 
volcanic flow and rounded cuttings sloughing or recircula- 
tion in mud.) 

570-593': Sand (Possible Volcanic Flow). Pine to medium, an 
gular to subrounded (possible slough), multicolored but pre 
dominantly black volcanics; common red volcanics and light 
gray, fine-grain volcanics. Some white calcite. 

black basalt with light gray, soft to slightly firm, fine- 
grain volcanics, possibly ash. Very common multicolored 
sands, most likely slough and recycled-mud. Some w-hite calc: 

643-647.5' (CORE): Andesite Breccia. Medium to dark gray wit 
local green cast. Hard but can be locally scratched with 
knife. mostly dense but locally fractured (no particular di 
rection), and most fractures and v o i d s  healtd w i t h  white 
quartz, calcite and minor clay, some microfractures healed 
with iron oxide ( ? I .  Matrix and clasts fine grain with som 
calcite remineralization and green mineralization (sausser- 
ite ? ) .  Clasts fine t o  u p  to 2" in size, angular to subrou 
ed, predominantly black t o  red volcanics. 

593-643': Volcanics. Light gray to black, angular, hard 

Sheet 3 of 3 

HOLE NO s.uZY7..0. 
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LS-1264-A (4175) 

GkOLOGlC LOG OF DRILL HOLE 
Susanville Anonialy-- Susanville Geothermal 

PROJECT Investigations STATE California FEATURE Laseen County 
GROUBD ELEVATIOU 4284' ANGLE FROM HOLE ~Oo.suzy-ll LOCAT1oU See Nqtes 

COORDIWTES N. 397.3Q61 E.2.371.270 TOTAL DEPTH 796.0' VERTICAL Vertical 
BEGUN 5-14-79 PIUISHED 7-17-79 

On water table 
levelr. water re- e 

d r i  11 ing 
turn character of H o l  "4 , 
urpose of Hole: 9gu- 
1) Temperature R B  1 ( 
radiant: (2) aeo- - 
hys ical. prop&- 

valuation. 

andowner: Jim 
earson; Susan- 
ille, Californi 

OCatiOn: NEk SE 
ection 31, T. 3 ., R. 12 E.; 

oad . 
rill Ri 
d i o o  1/05.] 

rillinq Methods: - 
Drilled with 

' - 
entonite mud anc : 
dditives as re- 
uired. Used one '? 
ong rnudpit due 
o space limita- 
ions. 

ockbit for 8" 
urface casing. 

Dckbi t . 
Dckbit. 

- 
0-30' : 9-7/8" 

~~ - 
l ,  ,; 4 -  

- 
30-533' : 6-3/4' 

533-797.5': S+l.+- 

rilling Condi- j-4 tione : 
-28.0':. Moderat 
fast, erratic. 

5-104': Slow, 
noderately rou 
)4-133' : Mbdiu 

Bsooth. 
b8-213' : Medium 

HOLE m e  D BY Rober 

Daily Summary of Drillinq Operationc 
5-14/15-79: Moved to site and riggec 

UP. 
5-16-79: Continued rigging up and 

drilled to 23'. 
5-17-79: Drilled to 30'; ran 8" 

casing to 28.5' 
5-18-79: Cemented in surface casins 
5-21-79: Added cement to casing an- 

nulas, mixed mud. 
5-22-79: Drilled to 104' 
5-23-79: Drilled to 213'. 

5-24-79: Drilled to 273'; cored froa 
273-275'. 

5-25-79: Drilled to 333'. 
5-28-79: Holiday. 

5-29-79: Drilled to 388'. 

5-30-79: Cored from 388-390.5'; 
drilled to 400' and twist- 
ed off. Retrieved fish. 

5-31-79: Drilled to 401' and twist- 
ed off. Retried fish and 
drilled to 438' after rig 
engine repairs. 

6- 1-79: Drilled to 447' when' keily 
swivel washed out. 

6- 4-79: Replaced-swivel and over- 
hauled mud pump. Drilled 
to 4541, when rig radiator 
leaked through large hole. 

6- 5-79: Repaired radiator; drilled 
to 480'. 

6- 6-79: Drilled to 510' and twiste 
E XPL ANAT 1 ON 

N.Tuggle:D.Warren; 
L. Turner DRI~~~~W.Skaggs:R.Swank 

FIELD VISUAL 
CLASSIFICATION AND 

red from rockbit 

- .I- 
PLEISTOCENE VOLCANICS 

0-6': Soil and Fill. White to med- 
ium brown. silty. clayey. with 

~ 6 

glass chakds and-very-fine to 
coarse, angular to well rounded, 
light to medium brow, weathered 
volcanic sand. Common clear 
quartz. Occasional subrounded, 
fine to coarse, black to red-brow 
volcanic gravels an& cobbles. 

-28:: Volcanics (ash or decompose 
flow). Red-brown, firm to medium 
soft, very fine-grained with comm 
very fine to fine, black basalt 
cuttings, predominantly Zngular. 
Occasional fine to coarse gravel 
and cobbles as in 0-6' interval. 

28-35': Volcanic Basalt. Hard, 
black, fine-grained, angular cut- 
tings with thin (less than 2') in 
terbeds of red-brm clay; soft t 
slightly firm. 

35-37': Gray-brown to pink, 
soft, h s i e d  with red-brown de- 
composed volcanics and black ba- 
salt. Minor milky quartz. 

very minor basalt, probably sloug 
37-54': Clay. Pink, soft, with 

Sand Cla . Light brown d54i0'i% &y with fine to 
medium, some coarse, angular to 
subrounded, multicolored saade. 
Occasional coarse gravel or cobbl 
predom. black volcanice. Locally 

soft and hydrated to moderately 
firm. Continued sand as in 54-70 
interval, poseibly slough. Occa- 
sional flood of tan soft clay. 

118-121': hrff. Light gray to ligh 
red, predominantly soft, hydrated 
clay, minor multicolored sands as 
in 54-70' interval, poasibly . slough. 

121-128*: mff Light gray-brown, 
fine-graieeoft h w a t a d  tl 
moderately firm. Uinor white veil 
quartz, minor fine to medium, mul. 
ticolored nand. 

I 
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c GEQUOGIC LOG OF DRILL HOLE 
Susanville Anomaly-- Susanville Geothermal 

PEATURE Lassen County PROJECT Investigations , S T ~ T ~  Californla 
HoLI IJo. suzy-ll LOCATION See Notes GROUND ELEVATIOH 4284' ANGLE PROU 

C~RDIWTES N.397.306 I E -2.37 1.270 TOTAL DEPTH 798-0' VERTICAL 
BEGW5-14-79 FINISHED 7-17-79 N.Tuggle;D.Warren: 

213-273': Medium 

273-333' : Slow, 

333-4381: Slow, 
moderately roug 

slow, moderatel 

medium fast, 
smooth to rough 

438-480': Very 

480-510': Slow t 

510-512': Slow, 

slow, rough. 

rough. 
533-538': slow, 
smooth. 

erratic; moder- 
ately smooth to 
rough. 

moderately smoo 

medium, smooth 
to rough. 

smooth to sligh 
ly rough. 

rough (erratic) 

520-533': Slow, 

538-550': Slow, 

550-603': Slow, 

603-692': Slow t 

692-715': Slow, 

715-797.5': Slow 

Eetimated Drilli 
. Pluid Return: I 0-797.5': 90-100 

820 at 210' 
840 at 275 '  afte 
about 18 hours 

710 at 310' 
86O at 333' afte 
about 80 hours 

8 4 O  at 370' 

52.0' 

PHYSICAL CONDITION 

5 -  7-79: Drilled to 533' and twiste 
off. Retrieved fish and 
cored to 537.8'. 

5- 8-79: Drilled to 573'. 
5-11-79: Drilled to 603'. 133-138': clay. Medium gray-brown, 

soft, with minor angular to sub- 
rounded, fine to medium, predomi- 
nantly dark volcanic sands. 

Drilled to 643'. 
Clay: Soft, medium gray-brown. 

5-13-79 

5-14-79 

5-15-79 

I Sand: Fine.to medium, angular to 
subrounded, some rounded, multi- 
colored but predominantly dark vol 

Cored from-643-647'. Drill 
to 692'. 

canics. Tuff:as in i28-i33' inter 
Val. Drilling moderately rough, 
moderately slow. 

162-1630: Clay. Medium gray, soft 
with medium brown, fine-grained 

to subrounded, fine to medium, 
multicolored sand. 

ings worn. Unable to tuff (moderately firm) and angular 
Mud pump chain drive bear- 

Tore down rig and moved ri 
to Folsom. 

5-18/22-79: Another Failling 1500 ri 183-225,: Volcanic (andesite ?) .  
Medium gray, very fine-grained, 
soft to moderately firm cuttings 
with medium-brown tuff as above. 

bl.ack, soft and hydrated to moder- 

pulled 2" p i p  Out Of suzy 

being outfilled in Folsom. 
5-25/26-79: Moved rig to Susanville; 

9, rig up on SUZY-11. 

ad out hole for open hole 
6-27-79: Completed rigging up, clea 225-2400: Volcanics. Dark gray to 

geophysical logging. . ately firm, brittle. Xinor brown I 1 5-28-79: Revaired ria carburetor. tuff, probably recycled. 
drilled to 695'. 240-248': Volcanics. As in 225- 

240' interval with some tan to 6-29-79: Rebuilt rig carburetor, 
brown, soft clay. pulled out of hole for tem 

perature logging. 
248-273': Volcanics. Medium brown t:, 7- 2-79: Rig down for repairs. 

tan, soft to slightly firm with 7-3- 79: Replaced carburetor, drill 
volcanics as in 225-240' interval. ed to 705 ' .  

14/6-19: Shut down. Occasional milky, angular quartz 
and some subrounded, fine to medlun 7- 9-79: Repaired wiring on rig en- 
sand, possibly elough or recycled 

7-10-79: Drilled to 743'. 
7-11-79: Drilled to 772'. 273-2158 (CORE): Volcanics. Dark red 
7-12-19: Drilled to 197.5' total gray to red with local preen cast, 

depth. Lay down rods. 
7-13-79: Ran 2" water-filled steel easily scratched with knife, apha- 

pipe to bottom. Started nitic, fractured (no particular or tearing out. ientation); fractures healed with 
7-16/17-79: Completed tearing out a white uartz and calcite; red iron moving to SUZY-PA. ox de ??J afd soft bs7wn clay. Ex- 

gine; drilled to 715'. 

dense, brittle and flakes when 

t e n s i v a ~ v  em nera ize 

I 275- E360 e : Volcanics. 
as in cored interval (273-275'). 
Samples contamined with recycled 

I 4 cuttinas. I 
Medium 1 1-300-330;:- + Volcanics. 

E XPL ANAT I ON 

I Sheet 2 of 4 1 
W0l0 He. SUZX-l.l 
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G E O L O G I C  L O G  O F  D R I L L  H O L E - C O N T I N U A T I O N  S H E E T  
FEATURE. sus.anv,i.l,ie .4n.o.m,a.lxr: , , , . . . . P R O J E C T  , Svaanvllh. Geofbermer. .?ww.t.iqat#ons-- 

399-4031: Sand Cla . Medium gray, soft clay with angulax occasions-nded (recycled ? )  fine to medium, 
dark gray to gray-green, fine-grained sand. Possibly a 
brecciated interflow or weathered flow. 

403-449' :  Volcanics. Medium to dark gray, some gray-green 
and medium red, fine-grained, angular cuttings. Hoderate- 
ly firm, brittle, with variable but minor amounts of med- 
ium gray to red, soft clay. Very minor, subrounded, 
fine to medium-size, medium gray sands, probably slough 
or recycled 

449-4861: Volcanics as in 403-449'  interval with minor 
light brown, soft to moderately firm clay. 

408-495 ' :  Volcanics. Medium gray to grey-green, moderate- 
ly firm, brittle, fine-grained with common medium red, 
soft to slightly firm clay. Locally common white calcite 
and quartz. 

495-5021: Volcanics. Light t o  medium gray, gray-green and 
black, moderately firm, brittle, fine-grained with minor 
white calcite and quartz and light brown, soft clay. 

502-533' :  Volcanics. Light gray-green, firm to slightly 
soft, fine-grained with some medium gray and black vol- 
caniw u i n  495-502' ia-al. V u $ a b l e  but miner 
.h-u of soit; dueatawn clay. 

Lassen County 
HOLE NO. .s.YzYT.!?. . 

NOTES (Continued) 

Representative Drilling Fluid Tem- 
eratures'(0F) tCont.1 

880 at 4 9 3 '  
92O at 5 3 5 '  
930 at 5 6 5 '  
97O at 5 7 3 '  after about 72 hours 
downtime . 

950 at 6 0 0 '  
108O at 6 0 3 '  after about 10 hours 
dgwntime. 

103 at 6 4 0 '  
1Olo at 6 4 3 '  after about 10 hours 
downtime. 

104' at 6 8 0 '  
looo at 705 '  
lOZ0 at 7 0 5 '  after about 1 3 0  hours 
downtime. 

105O at 743 '  
l0Bo at 770 '  
lloo at 7 9 7 '  

Caving Conditions: 
0-301: Caving. 1;:;;;; p c g d  : 

black steel casing. 

June 27,  1979 and August 20,  1979.  
Logs were run in open hole on June 27,  
1979 and in 2"  steel pipe on August 
20, 1979: additional natural gamma 
and neutron logs were run on 

Ran in open 
hole to 6 9 2 '  I (1) resistivity 

( 2 )  Gamma-Gamma 
( 3 )  Sonic 
( 4 )  Caliber 

(6) Natural gamma 
steel pipe to 
797.5 '  total 

( 5 1  Temperature 

( 7 )  Neutron 

depth. I 
Hole Completion: Ran 801.5' of 2" 
steel pipe to 797.5 '  with *4 '  stickup. 
Bottom of pipe sealed and pipe filled 
with clear water. Pipe not cemented 
in because landowner may desire to use 
well at a future date. 

California 
SHEET. . 3 .  .OF..  .$. , I 

FIELD VISUAL CLASSIFICATION & PHYSICAL CONDITION (Cont.) 

I +300-330'': (Continued) gray to gray-green, fine-grained, 
moderately firm, brittle. 

330-3238' ! Volcanics. Nedium gray to gray-green to occa- 
sionally dark red, fine-grained, moderately firm: britt1 
with occasional minor medium gray, soft clay. Trace of 
milky, angular quartz. 

i 388-390.5' (CORE): Volcanics(basa1t ? )  Dark gray to green 
%ray, hard, d e n s ~ . - \ e s i c ~ w i t h g s  filled mostly wit 
white calcite, fractured (mostly microfractures with no 
particular orientation); fractures healed with calcite, 
iron oxiie ( " )  and scl!  ttruar. c l a y .  F x t t r . s i v e ; , y  reminera 
i z e d .  Minor v o l ( . a n i c  .as1 inclusions up to 2 . 

I 390.5-399' :  Volcanics _!tia?-alt  7 )  as in cored interval, 
388-390.5 ' .  

dense. Clasts angular to subrounded, multicolofed, fine 
to up to 3''. easily scratched with knife, some with a1- 
tered surfaces. Extensive remineralization in clasts. 
Locally fractured (no particular orientation) with some 
fractures healed with white calcite and/or b r o w n  clay. 
Some slickensides along some fractures with serpentine 
and talc. 

I 537.8- 2573' : Volcanic Agglomerate. As in 533-537.8' in- 
terval. 

&73-570': Clay. Medium-gray, very soft and hydrated wit 
minor medium-gray to gray-green, angular volcanic frag- 
mmts as in cored interval (533-537 .8 ' ) .  

579-585': Volcanics. Medium-gray to gray-green, moderate 
ly firm, brittle, fine-grained with minor clay as in 573 
579' interval. 

865-595':  Volcanics as in 579-585' interval with some da 
gray, moderately firm, brittle, fine-grained volcanics. 

585-615': Volcanics. Predominantly light to medium gray, 
Loft clay with gray-green to medium gray to black, moder 
Ptely firm, fine-grained volcanics. Occasional minor me 
ium brown and red, moderately firm, fine-grained volcan- 
i a s .  

plS-630':  Volcanics. Medium gray to gray-green, moderate 
ly firm, brittle, fine-grained with minor soft, medium 
$Tay clay. Trace of white calcite and quartz. 

630-643': Volcanics. Gray-green, soft, fine-grained with 
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G E O L O G I C  L O G  O F  D R I L L  H O L E - C O N T I N U A T I O N  SHEET 
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SHEET. .4 . .OF. .  .:I. 

FIELD VISUAL CLASSIFICATIOII 6: PllYSICXL CCriiUITIOIu' (Cont. ) 

G30-643.' (Cont.): minor firn;, dark gray to black, < i ~ t . - g I a ~ ~ , c  ~ 

volcanics. Continued medium-gray soft clay. 

647480': Volcanic Agglomerate as in 643-647' interval with 
firm, i~lack basalt, probably recycled cuttings. Variable but 
minor amounts of medium gray, soft clay. 

680-698': Volcanic Agglomerate as in 643-647' interval with in 
creased amounts of black, firm, fine-grained volcanics. Less 
medium gray, soft clay as in 647-680' interval. 

698- 270E': Volcanics. Mostly medium gray, soft clay with gray 

270G-755': Volcanics. Black to gray-green; firm, fine-grain, 
green and black, firm, fine-grained volcanics. 

with minor mediurr. gray, soft clay. Gradual lithology change. 
735-798' (TOTAL DEPTH): Volcanics. Green to [:ray-green, soft t 
moderately firn, fine-grained. Hinor dark gray to black, fir 
fine-grained volcanics. 



APPENDIX C 

GEOPHYSICAL WELL LOGS 





87 

NEUTRON GAMMA -GAMMA R A Y  T E M P E R A T U R E  

100 

200 

300 

400 

500 
.L 

L 

600 

S U S R N V I L L E  GEOTHERMRL I N V E S T I G R T I O N  

WELL S U Z Y l  -- G E O P H Y S I C R L  WELL LOGS 

XBL 803-8444 



1 0 0 -  

200 - 

300 - 

400 - 

500 - 

600 - 

88 
NATURAL GRMMA R A Y  RESISTIVITY C A L  I PER 

0 -I cno V I 0  -I 

S U S F l N V I L L E  GEOTHERMFlL I N V E S T I G R T I O N  

H E L L  SUZYl -- G E O P H Y S I C R L  WELL LOGS 

-I 0 e 

c 
XBL 803-8445 



89 

200 

. 
400 

600 

800 

1000 

1200 

1400 
1 

1600 

S U S R N V I L L E  GECITHERMRL I N V E S T I G F I T I O N  

WELL S U Z Y 2  -- GECIPHYSICQL WELL LOGS 

XBL 803-8440 



90 

DENS I T Y  

I- w m  I= 
SONIC DELTA T TEMPERATURE 

o m  I- m -I csr 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

S U S R N V I L L E  GEOTHERMRL I N V E S T I G R T I O N  

WELL S U Z Y 2  -- G E O P H Y S I C R L  WELL LOGS 

XBL 803-8451 



91 

DENSITY POROSITY NEUTRON PORCS!TY t4ATURflL GAMMA RRY C O N D U C T I V I T Y  

200 

v 4 0 0  

600 

800 

i C O O  

i 200 

i 400 

i G O O  

_.. 

1800 s 

. .. -. - . - . 
2000 

I 

I 

S U S F I N V I L L E  GEf lTMERMQL I N V E S T I G F I T I O N  1 
I] ! 

/i WELL S U Z Y 3  --  G E O P H Y S I C R L  H E L L  LOGS I 

XBL 803-8441 



92 

TE M P E R A T U R E  DENS I T Y  SBNIC DELTR T 

o m  IN 

200 

G O O  

800 

1000 

1200 

1400 

1 G O O  

1800 

2000 

S U S R N V I L L E  G E O T H E R M R L  I N V E S T I G R T I O N  

I1 H E L L  S U Z Y 3  -- G E O P H Y S I C R L  W E L L  L O G S  11 

XBL 803-8438 



93 

100 

200 

300 

400 

500 

600 

700 

S U S R N J I L L E  GEOTHERMRL I N V E S T I G R T I O N  

WELL SUZY4 -- GEOPHYSICRL WELL LOGS 

XBL 803-8443 



94 

N A T U R A L  GAMMA R A Y  RESISTIVITY CAL I PER 

I 0 0  

200 

300 

400 

500 

600 

700 

1 

6 S U S R N V I L L E  GEOTHERMRL I N V E S T I G R T I O N  

WELL S U Z Y S  -- G E D P H Y S I C f l L  WELL LOGS 

XBL 803-8447 



3 

I 
I 

i 

S U S R N V I L L E  GEOTHERMRL I N V E S T I G R T I O N  

WELL S U Z Y S  -- G E O P H Y S I C R L  WELL LOGS 

XBL 803-8448 



T E M P E R A T U R E  
96 

NATURAL GAMMA RAT NEUTRCJN GAMMA-GAMMA R A Y  

0 0  

It- 

o m  
= IN 

100 

200 

300 

400 

so0 

S U S R N V I L L E  GEOTHERMQL I N V E S T I G R T I O N  

WELL S U Z Y 6  --  G E O P H Y S I C R L  WELL  LOGS 

4 
ul c 

I 
I 

I 
I 

XBL 803-8450 



97 

100 

200 

300 

400 

500 

600 

700 

NEUTRON GRHHR-GRMHR R A Y  TEHPERATURE NRTURRL mnnn m y  

P o m  c C L 

S U S R N V I L L E  GEOTHERMRL I N V E S T I G R T I O N  

WELL.. S U Z Y 7  -- G E O P H Y S I C R L  WELL LOGS 

XBL 803-8442 



1 c o  

200 

300 

400 

500 

SUSRNVILLE GEOTHERMRL INVESTIGRTION 
WELL S U Z Y 8  -- GEOPHYSICRL WELL LOGS 

98 

NATURAL GAMMA R A Y  TEMPERATURE NEUTRON 

XBL 803-8439 



* 1 0 0 -  

200 - 

300 - 

400 - 

4 

, 

NATURAL GAMMA RFlY NEUTRON 
99 

TEMPERATURE 



100 

100-  

200 - 

300 - 

400 - 

tiATURFlL GAMHA R A Y  NEUTRON TEMPERATURE 

S U S R N V I L L E  GEOTHERMRL I N V E S T I G R T I O N  

NREF WELL -- G E O P H Y S I C R L  WELL LOGS 
-- ;i 

XBL 803-8446 


	LIST OF FIGURES
	LIST OF TABLES l
	INTRODUCTION l
	GEOLOGIC SETTING
	Geothermal Wells in the City of Susanville
	Interpretation of Subsurface Logs
	Temperature Distribution of the Anomaly

	FSSERVOIK TESTING l
	Sus anv i 1 le We 11 Tests
	Well Test Data Analysis

	INTEFSHETA'TION l
	WC WiENDAT IOLJS l
	A List of Symbols and Notation l

	1 Location map of Susanville Geothermal Anomaly
	2 Location map of wells drilled to date in Susanville l
	Davis LLB #2
	4 Well completion data: Suzy7-11
	five structural units
	structural units (as indicated by the natural gamma logs)
	structural units (as indicated by the natural gamma logs)

	under crossed nichols
	10 and
	10 Cross sections of the thermal anomaly (see Figure
	for lines A-A' and •3-B')
	(B) at 1200 m elevation; and (C) at 1150 m elevation

	12 Davis well pressure and flow rate data l e
	13 Suzy 4 interference test data
	14 Lassen Lumber and Box #2 interference test data
	15 Suzy 3 interference test data
	16 daef well interference test data l
	17 haef well pre-test data l
	Naef well pre-test data l
	drawdown at Naef due to production of the Church well

	20 Semi-log plot of Davis well drawdown versus time
	21 Davis well-head temperature
	the Naef well due to production of the Davis well
	the Naef well while pumping the Swimming Pool well
	1 Well completion data
	2 Ins tr menta ti on
	reservoir boundaries





