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1.0 EXECUTIVE SUMMARY 

Field d a t a  and volume calculations regarding the collapse of well casing 
i n  borehole 100-B indicate that  b r i t t l e  fa i lure  occurred as a resul t  of 
borehole instabil  i t y  and/or pipe defects a t  a depth of 190 t o  210 feet 
below 1 and surface (b ls )  . Grout volume calculations derived from f ie ld  
measurements indicate t h a t  the collapse strength of the pvc p i p e  was n o t  
exceeded a t  any point by .  the amount of g r o u t  placed into the well 
annul us. 

The primary cause of well collapse i s  attributed t o  borehole collapse 
and/or materi a1 defects. Borehole coll  apse during the grouting process 
in the 190 t o  210 foot range would cause excessive local point s t r e s s  on 
the pipe. Formation material forced against the well casing during 
pouring of grout  could easi ly  build pressure in the annulus and collapse 
the we1 1 casing. The amount of recovered pipe, 188 fee t ,  suggests 
fa i lure  occurred near the l a s t  recovered pipe jo in t .  Likewise, excessive 
d r i l l  ing times a t  the bedrock/al luvium boundary a t  210 fee t  bel ow grade 
would promote borehole ins tab i l i ty  within the 190 t o  210 foot range. 

Defective well casing material caused as a resul t  of manufacturing or 
transportation ac t iv i t i e s  would s ignif icant ly lower the strength cap- 
a b i l i t i e s  of the pipe. Hairline fractures in the pipe would seriously 
effect  the abil i t y  of the pipe t o  withstand grouting pressures. Damage 
due t o  weathering effects  and UV deterioration can occur t o  PVC pipe, 
however, t h i s  i s  n o t  considered t o  be a significant factor  of pipe 
fai  1 ure. 

I n  order t o  attempt t o  avo id  t h i s  type of occurrence i n  the future G C L  i s  
immediately t a k i n g  the following steps: 

0 More careful pre-instal la t ion visual inspection of a l l  casing 

0 Careful storage of PVC casing t o  prevent UV exposure and 
additional care during transportation of pipe t o  the well s i t e  

Increased care in instal la t ion of casing 
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0 Consideration of using materials of increased structural  
strength such as schedule 80 PVC or steel i n  holes t h a t  show 
tendency for  borehole col 1 apse 

Consideration of increasing 25% safety factor i n  holes w i t h  
potenti a1 borehol e i nstabi 1 i t y  
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2.0 INTRODUCTION AND BACKGROUND 

Th i s  r e p o r t  will p r o v i d e  d e t a i l e d  i n f o r m a t i o n  concern ing t h e  f a i l u r e  o f  

PVC p i p e  i n  w e l l  100-B d u r i n g  t h e  J u l y  13, 1989 comple t ion  p rocess .  Th is  

d i s c u s s i o n  will concen t ra te  on t h e  p e r t i n e n t  c h a i n - o f - e v e n t s  t h a t  

occur red  p r i o r  t o  t h e  acc i den t ,  as w e l l  as p o s s i b l e  causes f o r  t he  

f a i l u r e  o f  t h e  w e l l .  The i n f o r m a t i o n  present  here i s  i n t ended  t o  advance 

t h e  unders tanding o f  t h e  even ts  and causes o f  t h e  cas ing  f a i l u r e  i n  100- 

B .  

Mon i t o r  w e l l  100 

i n c h  d iameter  d r  
-B  was d r i l l e d  t o  a t o t a l  depth o f  401‘ u s i n g  a 9 7/8- 

i 11 b i t  . The h o l e  encountered dense a n d e s i t i c  v o l c a n i c  

r o c k  a t  a depth o f  210’ b l s  (Appendix A ) .  Water p r o d u c t i o n  was very  

1 i m i t e d  upon reach ing  t o t a l  depth.  The borehole  was 1 e f t  open f o r  two 

weeks t o  mon i t o r  wa te r  l e v e l s  and determine i f  we1 1 comp le t i on  was 

f e a s i b l e .  

A d e c i s i o n  was made t o  proceed w i t h  t h e  w e l l  comp le t ion  based on t h e  

marg ina l  water p r o d u c t i o n  observed i n  t h e  ho le .  A s tandard  we1 1 des ign  

o f  4 - i n c h  i n n e r  d iamete r ,  schedule 40 PVC/schedule 5 s t a i n l e s s  s t e e l  was 

d r a f t e d  for t h e  w e l l  comp le t ion .  F i gu re  1 shows t h e  des ign  parameters 

f o r  t h e  w e l l .  M a t e r i a l s  f o r  t h e  w e l l  i nc luded  bo th  2 0 - f o o t  and 10- f .oot  

l e n g t h s  o f  PVC p i p e .  The 1 0 - f o o t  j o i n t s  have been o n - s i t e  f o r  a p e r i o d  

o f  12 t o  24 months. The 2 0 - f o o t  j o i n t s  were purchased w i t h i n  t h e  p a s t  12 
months. 

App rop r i a t e  l e n g t h s  o f  b o t h  PVC and s t a i n l e s s  s t e e l  p i p e  were l oaded  and 

measured p r i o r  t o  e n t r y  i n t o  t h e  borehole .  No obvious d e f e c t s  i n  t h e  PVC 

p i p e  were observed d u r i n g  t h i s  process. The t o t a l  l e n g t h  o f  PVC used i n  

t h e  w e l l  was 284.5’ w i t h  260 c o n s i s t i n g  o f  o l d e r  1 0 - f o o t  j o i n t s  (F i gu re  

A f t e r  t h e  f i l t e r  pack, b e n t o n i t e  p l u g  and o v e r l y i n g  p r o t e c t i v e  sand was 

se t ,  t h e  borehole  was ready  t o  g r o u t .  The t o p  o f  t h e  comp le t i on  zone 

p r i o r  t o  g r o u t i n g  was 298.5’ b l  s .  
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i o '  STEEL CASiNQ 

4 '  SCD 40  PVC 

I '  

BENTONITE P E L E T S P  
16/40 SAND ... . < *: :: 

a /20 

2 8 4 . 5 8 '  PVC/SS BOUNDARY 

364 .59 '  

585.329 

390 .46 '  
391 . 21 '  

4 



. .  

Standard G C L  procedures for g r o u t i n g  PVC/stainless steel combination 
wells require t h a t  up  t o  165’ o f  5 percent bentonite g r o u t  mixture be 
placed i n  t h e  well annulus adjacent t o  Schedule 40 PVC pipe. This value 
allows for  a 25 percent safety factor for  the coll apse strength of t h e  
PVC pipe. The maximum column of a 5 percent bentonite g r o u t  which 
Schedule 40 PVC pipe can withstand i s  approximately 221’  using published 
pipe strength and slurry weight values (Appendix A ) .  Typically a 5.6% 
bentonite cement mixture i s  made due t o  the actual volumes o f  the sacks 
of cement and bentonite. The 25% safety factor  column height for th i s  
mixture i s  168 fee t  and the maximum column height needed t o  equal the 
strength of the pipe i s  223.5 fee t .  All wells are grouted using a staged 
process where sing1 e 1 oads of g rou t  are poured and allowed t o  cure 18 t o  
24 hours before additional 1 oads are introduced into the we1 1 annul us. 
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3.0  WELL FAILURE ANALYSIS 

A total  of 90 sacks of cement and 10 sacks of bentonite were loaded and 
mixed i n  order t o  complete grouting of well 100-B. The mixture produced 
a load of 5.6% bentonite g r o u t  which has a slurry weight of 101.8 l b / f t j  
and a slurry volume of 1.69 ft3/sack (Appendix B) . The load was used t o  
f i l l  monitor well 100-E-261 t o  the surface and pour the i n i t i a l  load of 
g r o u t  i n t o  100-B. 

Grouting of well 100-E-251 t o  the surface required f i l l i n g  of 38 feet  of 
cased annul us. This i s  equivalent t o  10 bags of bentonite g r o u t  as 
demonstrated in Appendix A.  The remaining load of g r o u t  (approximately 
80 bags) was moved t o  the 100-B well s i t e .  

After approximately 80 percent of the remaining g rou t  in the truck was 
emptied into the well (wel l-s i te  geologist estimate) an audible ''pop'' was 
heard originating from inside the borehole. The well a t  the surface f e l l  
roughly 6' into the hole and then rebounded 20' into the a i r .  A pulling 
unit was immediately se t  u p  and well pipe was pulled from the hole. A 
total  of 188' of PVC pipe was recovered from the hole. Figure 2 shows 
t h e  post-failure conditions of the well pipe. Figure 3 i s  a p h o t o  of  the 
PVC fa i lure  a t  188'. Fragment of PVC pipe were "shot"  u p  the inside of 
the pipe and bridged within the recovered pipe. Fragments ranged from 
less  t h a n  an inch t o  nearly 1 foot in s ize and consists of both  smooth 
pipe and threaded jo in t  pieces. Figure 4 i s  a p h o t o  of some of the 
recovered fragments. All attempts t o  recover the remaining pipe in the 
hol e fa i  1 ed. 

Measurement of t h e  post-failure level of g r o u t  i n  the borehole indicated 
a g rou t  l'evel 145 t o  150 fee t  bls.  A more accurate measurement could n o t  
be obtained due t o  t h e  f luid nature of the uncured g rou t .  The following 
day, a depth o f  106 feet  bls was measured for  the g rou t  and slough t h a t  
caved into the hole as a resu l t  of pipe fishing ac t iv i t i e s  and borehole 
ins tab i l i ty  (Figure 2 ) .  
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FIGURE 3 

LAST RECOVERED PVC JOINT  FROM WELL 100-B 
180 - 188 FEET 
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FIGURE 4 

FRAGMENTS OF PVC PIPE 
RECOVERED FROM WELL 100-B 
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From the f i e ld  evidence and observations, G C L  has determined t h a t  well 
fa i lure  occurred between 188 and 210 feet  bl s .  The following evidence 
was used t o  establish the depth where fa i lure  occurred: 

a 188’ of undamaged PVC casing was recovered from the 
borehole. Failure must have occurred within 20 t o  30 feet  
o f  the depth of the l a s t  recovered pipe. 

0 Increased d r i l l  i n g  time which occurred a t  the t o p  of 
bedrock (201 ’ bl s )  caused excessive formation damage i n  
the overlying alluvial  section immediately above 210‘ bls 
(Appendix A ) .  Formation washouts caused by extended 
borehole/drill ing s tab i l izer  interaction and high pressure 
air-foam f luid flow could easi ly  create unstable borehole 
conditions i n  the overlying alluvial section. 

0 Excessive formation damage i n  100-8 i s  supported by 
docume,nted sl  ough ing  in the borehol e .  

0 Grout column height calculations indicate t h a t  the 
collapse strength of the PVC pipe was n o t  exceeded i n  
deeper portions of the borehole. 

I 
Pipe fai  1 ure most 1 i kely occurred as a resul t  of borehole coll  apse during 
the grouting process and/or fa i lure  of a defective section o f  PVC casing. 
Given the depth o f  fa i lure  correlates with the approximate depth of the 
bedrock/alluvium contact, and the potential formation damage caused by 
dr i l l ing ,  caving of cobble t o  boulder-size fragment may have caused 
casing fa i lure .  Br idg ing  of rocks against the PVC pipe could cause 
excessive point pressures t o  be applied t o  a limited portion of pipe as 
grout i s  poured into the hole, Such localized pressures could exceed the 
collapse strength of the PVC pipe a t  the bridged point. Borehole fai lure  
could also d i rec t ly  damage the pipe as material f a l l s  through the well 
annul us. 

i 
i 
j 

1 

i 
i 

Defective well casing, resulting from manufacturing, transportation or 
instal la t ion processes may have also contributed t o  well fa i lure .  
Hairline fractures i n  the pipe surface or threaded jo in ts  caused by a 

I manufacturing defect,  such as poor casting, could greatly reduce the 
~ 

~ collapse of the pipe. Undetectable damage .caused t o  materi a1 s during 
transportation t o  the f a c i l i t y  or we1 1 s i t e  could cause similar resul ts  

i 
1 

10 
i 

i 
1 
i 

1 
j 
i 



t o  t h a t  observed a t  the 100-B well s i t e .  Potential weakening of PVC p i p e  
due t o  age or u l t ra  violet  ( U V )  damage i s  possible, however, t h i s  i s  n o t  
considered t o  be a primary cause of well f a i lu re .  Discussions with Mr. 
Bi 11 Schafer of Johnson Screens revealed t h a t  age or U V  damage t o  PVC 
pipe i s  possible, b u t  he has never heard of t h i s  t o  have caused well 
fa i lure .  PVC materials a t  NASA are covered in the cardboard shipping 
boxes until opened for  use. Some j o i n t s  have been exposed t o  the 
elements in the past. The age of PVC pipe on-si te  ranges from 12 t o  24 
months. 

Calculations of the column height of g rou t  in 100-B prior t o  fa i lure  
indicates the amount of grout. placed in the hole did n o t  exceed the 
collapse strength of the PVC pi.pe (Appendix B) . The maximum column of a 
5.6% bentonite g rou t  t h a t  Schedule 40 PVC pipe can withstand i s  223.5 f t  
(Appendix B ) .  The calculated pre-fai lure  g r o u t  column above the deepest 
PVC j o in t  i n  100-B (284 feet  bls)  i s  154 f ee t .  This i s  equivalent t o  a 
31% collapse safety factor for  the strength of the PVC pipe. These 
values represent a condition where no g rou t  entered the well below 200 
fee t  bls as a resul t  of a PVC bridge in the well casing (Figure 5a ) .  
This condition i s  possible because a s ignif icant  PVC bridge was found in 
the casing recovered from the borehole, hence, i t  i s  possible t h a t  a 
similar bridge formed in the casing l e f t  in the borehole, If the well 
d i d  f i l l  with grout  (Figure 5 b ) ,  the pre-fai lure  column height above the 
l a s t  PVC j o i n t  i s  187 f ee t .  This represents a 16% collapse safety factor 
for the PVC pipe. The amount of g r o u t  l o s t  t o  formation invasion and 
borehole i r regular i t ies  i s  estimated t o  be 32% and 19% for the two cases 
respectively. Both invasion loss values are within normal observed 
values for  boreholes a t  WSTF. The invasion/borehol e loss volumes are 
also considerably less  t h a n  the 53% loss documented in well 100-E-261 
which had similar d r i l l i ng  conditions t o  borehole 100-B. These calcula- 
tions indicate t h a t  downhole g r o u t  pressures could n o t  have caused casing 
coll apse a t  depths below the 188 t o  210 foot bl s range where coll apse i s  
believed t o  have occurred. 
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4.0 CONCLUSIONS 
1 .  Catastrophic casing fa i lure  of the schedule 40 PVC casing i n  

100-8 occurred between 188‘ and 210’ bl s .  

2 .  Unstable borehole conditions were l ikely a t  the 190’ - 210’ 
level bl s due t o  the nature o f  the alluvial/bedrock contact and 
slow bedrock penetration ra te  while dr i l l ing .  

3 .  The casing fa i lure  a t  188‘ - 210’ bls resulted from e i ther  one 
or a combination of the following factors: 

Visually undetectable manufacturer’s defect in casing 
between 188’ - 210’bl s 

Visually undetectable damage t o  casing during shipment t o  
s i t e  or transportation t o  borehole 

Hole collapse and/or bridging in the zone between 188’ - 
210’ bls.  

4 .  The coll apse strength of standard Schedule 40 PVC pipe was n o t  
exceeded a t  any point in the well by the amount of g r o u t  placed 
in the hole. 
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5 . 0  RECOMMENDED CHANGES I N  PROCEDURE 

In order to avoid similar occurrences to the extent possible, GCL 
proposes the following considerations and modifications to the drilling 
and completion procedure: 

1. 

2. 

3. 

4 .  

5, 

More careful pre-installation visual inspection of all casing. 

Careful storage of PVC casing to prevent excessive UV exposure. 

Continued care in the installation of casing joints into the 
borehole. 

Consideration of using materials of increased structural 
strength such as schedule 80 PVC or steel in holes that show 
tendency for borehole col 1 apse. 

Consideration of increasing 25% safety factor in holes with 
potential borehole instability. 

NASA\lOOBFAIL.RPT 
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LITHOLOGIC LOG 

;3CATION M A ? :  
S I T E  ID :  NASA-USTF LOCATION I D :  100-8-* 

S i T E  COORDINATES ( f t .  ) : 

N E 

GROUND ELEVATION ( f t .  MSL): 

STATE:  NEW MEXICO COUNTY:  DONA ANA 

DRILLING METHOD: Mud/Air Foam Rotary 

CRiLLING CONTR.: La r j on  D r i l l i n q  ComDany 

DATE STARTED: 06/07/89 DATE COMPLETED: 0 7 / 1 2 ~ ~ ~  

FIELD REP.: P . S .  Eqan / J.F. K i r b y  

COMMENTS: 16" boreho le  t o  70.5 ' .  10" sur face cas ins  set t o  
- SE 114 x 1 1 4  x 1 / 4  x 1 / 4  S-3- T m  R X  

70.5 ' .  9 7/8" borehole.  70.5'-401'  ( T . D . ) .  Bedrock encounterec 

LOCATION D E S C R I P T I O N :  a t  approx. 210 ' .  T . D .  a t  401 ' .  Casinq f a i l e d  d u r i n q  q rou t i nq ;  we l l  plucmed and abandoned. 

Depth 

5 

10 

I5 

20 

25 

30 

35 

4 0  

4 5  

50 

D r i l l i n g  Time Sample Type 
Visual  % L i t h  Scale: min and I n t e r v a l  

0 '- 72 '  Cut t inys  0 ' -210'  
Timed by  0'-401 
d r i l l e r  every  
20 

45 
(0-12')  

64 
( 1 2 ' - 3 2 ' )  

38 
(32 ' - 47 ' )  

0 '- 20 '  

20'- 25'  

25 '- 45 '  

L i t h o l o g i c  Desc r i p t i on  

A l luv ium (Santa Fe Group). Dark grey  
(N3) t o  y e l l o w i s h  orange i l D  YR 6/6) 
c u t t i n g s ,  moderate ye l l ow ish  brown (10 
YR 5/4) c l a y ;  c u t t i n g s  range i n  s i z e  
from l e s s  than 0.1 inch t o  0 . 5  inches, 
a r e  angular t o  subrounded and poo r l y  
so r ted .  Natura l  g ra ins  a re  c lay.  s i l t ,  
and f i n e ,  subrounded sand. This 
l i t h o l o g i c  u n i t  i s  an unconsol idated t o  
consol  i dated p o l  ygenet i  c pebble t o  
bou lder  conglomerate. L i t ho logy  o f  
c u t t i n g s  are: l i g h t  g ray  (N7) t o  
g r a y i s h  b lack  (N2) m i c r i t i c  l imestone. 
wh i t e  (N9) r h y o l i t e  e x h i b i t i n g  r ims o f  
i r o n  s t a i n s  around maf ic phenocrysts 
(sometimes o x i d a t i o n  has pervaded e n t i r e  
c u t t i n g  c o l o r i n g  it p ink  t o  dark red ) ,  
dusky r e d  ( 5  R 3 /4)  t o  g ray i sh  o l i v e  (10 
Y 4 / 2 )  s i l t s t o n e ,  wh i te  (N9) t o  1 i g h t  
ol i ve  gray  ( 5  Y 6/1) t o  gray ish  orange 
(10 YR 7/4) q u a r t z i t e  and cher t ,  dark 
grey  (N3) t o  ve ry  dusky r e d  (10 R 2 / 2 )  
a p h a n i t i c ,  m i c r o p o r p h y r i t i c ,  and 
p o r p h y r i t i c  andes i te ;  Phenocrysts of 
p l ag ioc lase  i n  andesi te sometimes 
a l t e r e d  t o  green epidote,  and l esse r  
amounts o f  r edd i sh  g ran i t e ,  ye l lowish 
brown sandstone, and c a l i c h e  as both 
c u t t i n g s  and c o a t i n g  on o ther  cu t t i ngs .  
Comnents: The upper 20'  o f  t h i s  sec t i on  
i s  bou ldery  and conta ins  some ca l i che  
hard-pan l a y e r s  and c a l i c h e - c m n t e d  a l -  
luv ium.  Th in  c l a y  lenses ( layers)  are  
present  bu t  decrease i n  frequency with 
depth.  Decreased penet ra t ion  ra tes  w i t h  
depth a re  i n t e r p r e t e d  as increased 
i n d u r a t i o n  o f  a l l uv ium i n  the  deeper 
sec t i on .  The percentage o f  very dusk 
r e d  (10 R 2 1 2 )  andesi te i n  ca t t i ngs  a l s o  
increases with depth  u n t i  1 andesite 
bedrock i s  encountered a t  210'. 

Very bou ldery .  Signs o f  ca l i che  i n  
c u t t i n g s .  Very slow d r i l l i n g .  Cut t ings  
a r e  small and f a i r l y  un i fo rm ( 0 . 2  
inches)  average diameter.  

Clayey a l l uv ium.  

Increase average c u t t i n g  s ize  t o  0 . 4  
i nches. 



Orllllng Time Sample Type 
V1sual x Lith Scale: mln and Interval 

Cuttings 
(cont ' d )  

I 3 C A T I O N  ID iS0-5- '  

Depth 

50 

55 

60 

65 

70 

75 

ao 

a5 

90 

95 

i 00 

105 

110 

115 

70 
(47'-62') 

47 
(62'-72') 

Start 
Dri 11 ograph 

6 

7 

5 

11 

6 

5 

4 

6 

6 
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Lithologic Description 

70'-75' Most o f  the sample contains cuttings of 
grout. 

95'-105' Increase in average cutting size to 0.3 
inches . 



LUL- .  ,,x : D '  100-B- '  - - . -. -  

Drilling Time Sample Type 
D e c t l  Visual % L i t h  Scale: rnln and Interval 

Cuttings 
(cant ' d )  

I 1 5  

12c 

125 

130 

135 

140 

145 

15@ 

155 

160 

165 

172 

175 

18C 

6 

10 

5 

8 

8 

8 

27 

4 

5 

6 

6 

6 

30 

55 
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Lithologic Description 

120'-145' Increase in average cutting size to 0.4 
inches. 

127'-137' Lost circulation. 

140'-145' Lost circulation. 

140'-150' Increase in average cutting s i z e  t o  0.4 
inches. 

150'-190' Decrease i n  average cutting size to 
approximately 0.1 inches. 



I 1 L O C A T I O N  ID: !SO-B-' 

Drilllng Tlme Sample Type 1 Depth Vlsual X Lith Scale: m l n  and Interval 
1 

Cutt i ngs 
(cont 'd) 

i 
~ 180 55 

185 

190 

35 

25 

I 195 18 

, 
i 200 42  

I 205  9 

1 210 
I 

17 

1 215 4 2  

1 

~ 

I 220 

i 
29 
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Ljthologlc Description 

195'-250' Increase in volcanics in cuttings. Most 
of volcanic fraction is very dusky red 
(10 R 2 / 2 )  andesite. Indicates a 
lithology transition from alluvium t o  
andesite. 

210' 

210' 

Foam changed color from brown to dark 
purple. 

Andesite (Orejon): Very dusky red (10 R 
2 / 2 ) .  wet; cuttings range in size from 
less than 0.1 inches to 0.2 inches, are 
angular and flaky to subrounded. This 
rock unit i s  an aphanitic to rnicropor- 
phyritic andesite. White calcite 
plagioclase ( ? )  and green epidote are 
present as individual cuttings. Reddish 
brown iron oxide staining is present. 
Comnents: The andesite is hard and 
penetration rates are slow. Small 
fractures are present according to bit 
behavior. 1 225 30 

210'-240' Cuttings are uniform flaky chips 
averaging 0.1 inch in size. 

j 
i 

230 6 2  

I 235 50 

I 2 4 0  
1 

~ 245 

39 

31 

240'-245' Cuttings are very fine. less than 0.1 
inch, like fine sand. 
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Orlll lng iime Sample Type 
:eoth Visual % Lith Scale: m l n  and interval 

Cuttings 
( con t ' d )  

215 

2 50 

255 

2 60 

265 

270 

275 

280 

285 

290 

295 

300 

305 

310 

31 

31 

36 

36 

37 

29 

29 

27 

27 

28 

30 

36 

35 

43 

;r-ologic Descrlptlon 

245'-265' Increzze i n  cu t t ing  s i ze  t o  0 . 1  inches. 

265'-275' Decrease i n  cut t ing  s i z e  t o  less  than 
0.1 i x h .  Samples a re  l i k e  find sand. 

270'-275' Small amounts of green epidote i n  
sarnp 7 es . 

275'-296' Andes'te cut t ings  a re  exhibit ing more 
phencrrysts w i t h  depth from 275 -296'. 
A1 so . a r e  green epidote and grayish 
andes'ie i s  present w i t h  depth in th is  
interbal . 

296'-401' Cut:"gs a r e  very f ine  ( l e s s  than 0.1 
inches) indicating a hard formation. 



310 

315 

320 

325 

330 

335 

340 

345 

3 50 

355 

360 

365 

370 

375 

Drllllng Time 
Lith Scale: min 

43 

31 

32 

43 

25  

31 

52 

53 

67 

76 

89 

37 

35 

27 

Sample Type 
and Interval 

Cuttings 
(cont'd) 

Page 6 o f  - 

Lithologic Descrlption 

340'-360' Very slow drilling in this interval due 
t o  denser andesite bedrock. Cuttings 
are very fine ( 4 . 1  inch). 

361'-T.D. Reduced drill time indicating softer 
andesite. 



LOCAT::N ID: 100-B- *  

Drllling Time Sample Type 
Depth Visual x Lith Scale: mln and Interval 

Cutt 1 ngs 
(cont ‘ d )  

375 

380 

385 

390 

395 

400 

405 

410 

415 

420 

425 

430 

435 

440 

27 

3 2  

12 

14 

13 

17 

Page 7 o f  

L’:holog~c Description 

385’-401’ Significantly reduced drill times. 
Andes’te cuttings conta in  pale green 
epidote. 

401 Total Depth 



APPENDIX B 
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SLURRY WEIGHT AND VOLUME CALCULATIONS 

I 

I 

I 

For 5.6% Bentoni te  Grout 

94 lb/sack x 90 sacks = 8460 l b s  
Bentoni te  50 1 b/sack x 10 sacks = 500 1 bs 

Bentonite/Grout Mixture = 5.6% 
i f  4% bentoni te  grout  = 105 1 b / f t3  (Hal 1 i burton Table) 

6% bentoni te  grout  = 101 1 b / f t3  (Hal 1 i bu r  on Table) 
then 5.6% bentoni te  grout  = 101.8 o r  @ 102 l b / f t  5 slurry w t .  

S lu r ry  volume i s :  

f o r  4% bentoni te  grout  = 1.55 f t3 / sack  (Hal 1 i burton Table) 
f o r  6% bentoni te  grout  = 1.73 f t3 /sack  (Hal 1 i burton Table)  

then 5.6% bentoni t  grout  = 1.69 f t3 / sack  
0.09 f t  5 /sack per percent  change 

To determine t h e  maximum grout  height  t o  equal t h e  c o l l a p s e  s t r eng th  of 
Schedule 40 PVC pipe (158 p s i ) :  

( co l l  apse s t r e n g t h )  (144 i n 2 / f t 2 )  
Maximum Column = 

cement w t .  

(158 PSI) (144 i n 2 / f t 2 )  

(101.8 f t 3 )  
Maximum Column = n 

Maximum Column = 223.5 f t  f o r  5.6% Bentoni te  Grout 

Grout Cal cul a t i  ons : 

a )  For 100-E-261 

38 fee t  of annulus within t h e  10- inch su r f ace  cas ing  needs t o  be 
f i l l e d .  

V t  = nr2h - nr2h where c = su r f ace  cas ing  
( c )  (w) w = we1 1 casing 

h = column height  
- V t  = vol ume t o t a l  

V t  = a(5/12) '($8 f t )  - n(2.25/12)'($8 f t )  

V = 16.5 f t  5 V t  = (0.545 t ) (38  f t )  - (0.110 f t  ) ( 3 8  f t )  



I 

for 5.6% bentonite grout, the # of sacks required 

1 sack 
16.5 ft3 x = 9.8 =: 10 bags 

1.69 ft3 

Given 90 bags were loaded, then 80 bags remained in the cement truck 
after pouring grout to the surface in 100-E-261. 

b) For 100-B 

Given 80 bags of 5.6% bentonite grout was available for well 100-B 
and the estimate that 80% of the grout was placed into the well, 
then 64 sacks or 108 ft3 could have been placed in the we1 1 . 



P R E - F A I L U R E  GROUT HEIGHT IN 100-B 

1. PVC Bridge in well cas ing  

Grout height max = 145’ b l s  

Maximum Column = 298.5’ - 145’ = 153.5‘ p o s t - f a i l u r e  

Assuming a br idge occurred a t  200 b l  s ,  the  p r e - f a i l  ure g r o u t  l eve l  
was : 

Vo 1 ume t v  - V 
(Annul us t o  (open hol e )  Total 

- 

200 f e e t )  t o  145‘ 

Volume (annul us t o  200 f t )  = V, 

wr2h - xr2h = Va 
( b) (w) 

~ ( 5 / 1 2 ) ~ ( 9 8 . 5  f t )  - ~ ( 2 . 2 5 / 1 2 ) ~ ( 9 8 . 5  f t )  = Va 

Va = 53.7 f t 3  - 10.8 f t 3  

Va = 42.9 f t 3  

Volume (Open hole)  = V o p  

V o p  = xr2h = (0.545 f t 2 ) ( 5 5  f t )  
(b )  

v O P  
= 30 f t 3  

Total volume (Vt) = 42.9 f t 3  t 30 f t 3  = 72.9 f t 3  

72.9 f t 3  x = 168 f e e t  where 0.434 f t 3  = volume 
1 f t ( a n n )  

.434 f t 3  o f  1 f o o t  of  well 
annul us 

168‘ - 14’ ( d i s t a n c e  from top  of completion zone t o  bottom of 
PVC) = Total  column height above base of PVC 

= 154’ = 31% s a f e t y  f a c t o r  f o r  col lapse  s t r e n g t h  of PVC a t  
284’ b l s .  

72.9 f t3/108 f t 3  = 32% invasion/borehole i r r e g u l a r i t y  l o s s .  



2 .  Grout f i l l s  e n t i r e  well casinq below 200’ b l s  
($1 ( b )  ( c )  ( d l  

V ~ = r r h + V - v t V  where: b = borehole r ad ius  
( b )  ( w )  (wc) (an)  w = well r ad ius  

wc = well cas ing  
an = annulus 

f o r  a )  

(b )  
V = nr2h where: h = height  from 200’ ( top  of ca s ing )  t o  

145’ bls ( top  o f  measured g r o u t )  

(b)  
V = ~ ( 5 / 1 2 ) ~ ( 5 5  f t )  = 30 f t 3  

f o r  b) 

V = Volume of g rou t  i n  we1 1 cas ing  from 200’ t o  well TD 
(w) (390‘) 

V = wrh 2 where: i . c .  = Inner  casing diameter  
(w) ( i . c . )  h = 190 feet 

V = ~ ( 2 / 1 2 ) ~ ( 1 9 0 ’ )  = 16.6 f t 3  
(w) 

f o r  c )  

V = Volume taken by s o l i d  well cas ing  wall above t h e  t o p  of 
(wc) gravel pack. 

V = m 2 h  - rr2 h where: O . C .  = ou te r  cas ing  
(wc) ( o . c . )  ( i . c . )  i . c .  = inner  cas ing  d iameter  

h = height  from t o p  of  
gravel pack t o  200’ 

V = ~ ( 2 . 2 5 / 1 2 ) ~ ( 9 8 . 5  f t )  - ~ ( 2 / 1 2 ) ~ ( 9 8 . 5  f t )  
(wc 1 

V = 10.8 f t 3  - 8.6 f t 3  = 2 . 2  f t 3  
(wc) 

f o r  d )  

V = n r  h - xr2h 2 h = 298.5 - 200 = 98.5 
(ann) ( b )  ( w )  

V = ~ ( 5 / 1 2 ) ~ ( 9 8 . 5  f t )  - ~ ( 2 . 2 5 / 1 2 ) ~ ( 9 8 . 5  f t )  
(ann) 

V = 53.7 f t 3  - 10.8  f t 3  

V = 42.9 f t 3  
(ann) 

(ann) 



so 

V t  = 30 f t 3  t 16.6 f t 3  - 2 . 2  f t 3  t 42.9  f t 3  

V t  = 87.3 f t 3  

87.3 f t 3  x 1 ft/.434 f t 3  = 201 f t  column from t o p  of  
compl e t  i on zone 

Subtract 14 fee t  t o  reach base o f  PVC pipe 

201’ - 14‘ = 187’ or 16% safety factor  for  collapse 
o f  PVC a t  284 fee t  bls 

Borehole irregularitylinvasion loss: 

87.3 ft3/108 ft3 = 19% 
1 



PV' PLASTIC PRODUC'S 

0 Sonic welded wires and rods produce a highstrength 

0 More open area per given slot size than any other 

0 Resists corrosion from salts and gases commonty 

0 The onty continuous slot non-metallic screen available 

0 Coarse threads reduce make up time and lessen 

0 Chemically inert O-ring produces tight, leak-proof 

PVC screen with continuous slots. 

non-metallic screen available. 

found in either fresh o r  salt waters. 

without a restricting pipe base. 

chances of cross-threading. 

joints. 

0 Thermally attached fittings avoid need for field sol- 
vent welding which can jeopardize sample accuracy. 

0 PVC product threads are compatible with stainless 
steel product threads. 

0 Stainess steel locking cap can be used with WC 
casing. 

0 Screen and casing individually wrapped for sanitary 
protection during shipment. Special cleaning pro- 
cedures are used on each piece prior to packaging. 

Q INCH 

Q5.0 13.9 3.9 5.690 6.695 6 INCH 

94.7 13.1 Q.5 4.810 5.563 5 INCH 

9Q.Q 11.9 1.7 4.000 4.6QO 4 INCH 

19.8 6.8 0.8 1.875 9.375 

CASING I ~ S I G  j USING 1 nmm I y; 1 
O.D. (IN.) I.D. (IN.) 

Q INCH Q.375 9.067 1 4 INCH I 4.500 I 4.096 I ii I 
5 INCH 5.563 5.033 

6 INCH 6.695 5.993 
Pand4i~casingankhedule40;5end6~*zes 

All casing meets ASTM F480-81 specifications. 
are SDRQl . 

MATERIALS STRENGTH DATA 
STRLNGTH 

NOMINAL SIP O.D. m I.D. 
(IN.) COLUMN TLHslLE COLLAPSE (IN.) 

( W  W) TENSILE (LE) (LE)' 
JOINT 

P" xhed. 40 casing 1,800 90 7,500 307 .64 9.067 9.375 

Id. 80 cash  I 8.375 1 1.939 I .88 I 947 I 9,875 I 195 1 1,800 I 
9" wire wound screen 

6,050 1,030 QQ,Q00 158 1.9 4.0Q6 4.500 4" xhed. 40 casing 

1,800 95 1,800 99 .8 1.875 9.375 

6" xhed. 80 casing I 6.695 I 5.761 4,000 5,760 58,830 292 5.4 

6" wire wound screen 554 I 4,000 I 87 5,770 3.7 5.680 6.620 

1. For all column cakulations: span = PO ft, hinged one end, R x c d  otha end. 
e F~orYyp=7,000psi,E=415,000psi,C=.5. 
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maI 
PORTLAND CEMENT - CLASS A OR B 

WITH BENTONITE 
SLURRY ?RO?ERTlES 

0 I2 
2 

0.70 
6s on 15.6 117 118 

4 
14.7 110 136 

7.8 - 
6 

1.04 14.1 106 
*.l 122 

1s 
lS.5 101 

8' 10.4 
1 .n 

1s la .l m lS2 

COMPREtflVE STRENGTHS - PSI 
Atnmpherlc Rnnvt 

' , P r C c 1  
. ! ~ l o D l l *  (0.I. 9.I. 100.I. ll0.F. 

I 

! 

' 2  0 
wso uu a150 
1185 

lsso 
tMD ssw 4110 

4 980 
6 OlS 

m s  2430 2m 

8' us 
1170 18 lO 1710 
720 1W lsll 

*Tor bentonite eoncentrailoru greater than 8 per cent. 
yc modffled cement data. 


