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INTRODUCTION 

Volume I o f  t h e  s o i l s  d e s i g n  r e p o r t  p r e s e n t s  t h e  
r e s u l t s  o f  f o u n d a t i o n  s t u d i e s  f o r  t h e  s u r f a c e  
s t r u c t u r e s  a t  t h e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) 
l o c a t e d  i n  s o u t h e r n  N e w  Mexico a b o u t  26 miles e a s t  o f  
C a r l s b a d  i n  e a s t e r n  Eddy County.  The r e s u l t s  o f  
s t u d i e s  f o r  t h e  access r o a d s  and  r a i l r o a d  w i l l  b e  
p r e s e n t e d  i n  Volume I1 o f  t h e  so i l s  d e s i g n  r e p o r t .  

To d e v e l o p  i n f o r m a t i o n  f o r  t h i s  r e p o r t ,  a f i e l d  
e x p l o r a t i o n  p rogram,  l a b o r a t o r y  t e s t i n g  and 
e n g i n e e r i n g  a n a l y s e s  were pe r fo rmed  d u r i n g  November 
1978 t h r o u g h  May 1979 .  

The l o c a t i o n s  o f  t h e  b o r i n g s  and t e s t  p i t s  u s e d  i n  
t h e  e v a l u a t i o n s  are shown o n  F i g u r e  1. The l o g s  o f  
a l l  b o r i n g s  and t e s t  p i t s  t o g e t h e r  w i t h  t h e  r e s u l t s  
o f  a l l  f i e l d  and l a b o r a t o r y  tes ts  are c o n t a i n e d  i n  
t h e  ser ies  o f  r e p o r t s  by  S e r g e n t ,  Hausk in s  & Reckwi th  
wh ich  are  i n  R e f e r e n c e  1 6  t o  t h i s  r e p o r t .  The s o i l  
test  r e s u l t s  are summarized i n  T a b l e  1. 

SCOPE OF WORK 

T h i s  r e p o r t  summar izes  t h e  s o i l  and f o u n d a t i o n  
i n v e s t i g a t i o n s  made t o  e v a l u a t e  t h e  n e a r  s u r f a c e  
c o n d i t i o n s  a t  t h e  WIPP s i t e .  The f o u n d a t i o n  
i n v e s t i g a t i o n s  c o n s i s t e d  o f  d r i l l i n g ,  e x c a v a t i n g  and  
s a m p l i n g  t h e  n e a r  s u r f a c e  so i l s  and r o c k ,  c o n d u c t i n g  
f i e l d  and l a b o r a t o r y  t e s t s ,  and  p e r f o r m i n g  
e n g i n e e r i n g  a n a l y s e s  t o  d e v e l o p  f o u n d a t i o n  
recommenda t ions  f o r  t h e  n e a r  s u r f a c e  s t r u c t u r e s .  

The r e s u l t s  o f  t h e  f i e l d  e x p l o r a t i o n  and  l a b o r a t o r y  
t e s t i n g  p rog rams ,  s i t e  c o n d i t i o n s ,  f o u n d a t i o n  
e v a l u a t i o n  a s  w e l l  as  recommenda t ions  f o r  e a r t h w o r k  
c o n s t r u c t i o n  are p r o v i d e d  i n  t h e  r e p o r t .  

SITE GEOLOGY 

The WIPP s i t e  is  l o c a t e d  n e a r  t h e  e a s t e r n  e d g e  o f  t h e  
P e c o s  V a l l e y  s e c t i o n  o f  t h e  S o u t h e r n  Great P l a i n s  
p h y s i o g r a p h i c  p r o v i n c e .  The s i t e  l i e s  on  a c a l i c h e  
a n d  s a n d  c o v e r e d  d r a i n a g e  d i v i d e  s e p a r a t i n g  two major 
s o l u t i o n - e r o s i o n a l  f e a t u r e s ,  rlash D r a w  f o u r  miles t o  
t h e  west a n d  San Simon Swale  e i g h t  miles t o  t h e  eas t .  
S u r f a c e  r u n o f f  f rom t h e  s i t e  d r a i n s  west i n t o  Nash 
D r a w ,  e v e n t u a l l y  r e a c h i n g  t h e  Pecos  R i v e r ,  a b o u t  1 6  
m i l e s  s o u t h w e s t  o f  t h e  s i t e .  

Recen t -windblown s a n d  and p a r t l y  s t a b i l i z e d  s a n d  
d u n e s  b l a n k e t  most o f  t h e  s i t e  area. The s a n d  is 
b e l i e v e d  t o  have  been  moved wes tward  f rom t h e  n i g h  
P l a i n s ,  where t h e  i n f e r r e d  s o u r c e  material ,  t h e  s a n d y  
O g a l l a l a  F o r m a t i o n ,  is a b u n d a n t .  A h a r d ,  r e s i s t a n t  
d u r i c r u s t  o r  c a l i c h e  ( M e s c a l e r o  C a l i c h e )  is t y p i c a l l y  

J 
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present beneath the sand blanket. The caliche formed 
near the surface through capillary rise of 
carbonate-laden water. The caliche is an 
accumulation of calcareous and clastic material 
cemented with calcite and silica. Its resistance to 
weathering in the dry climate has protected the more 
erodible underlying strata from exposure. 

The caliche has developed upon the surface of the 
underlying bedrock callea the Gatuna Formation. The 
Gatuna Formation is the only Pleistocene deposit at 
the WIPP site assigned a formal stratigraphic name. 
The Gatuna Formation consists of a fine-grained, 
reddish-brown sandstone with some conglomerate 
lenses. The Gatuna Formation is tentatively assigned 
a Kansan age and the caliche formed upon it a 
Yarmouthian (interglacial) age; that is, the caliche 
formed starting about 500,000 years ago. 

The WIPP site is within seismic Zone 1, according to 
the Uniform Building Code, 1976. Within this zone, 
seismic risk is defined such that minor damage may be 
expected; distant earthquakes may cause damage to 
structures with fundamental periods greater than 1.0 
second; and earthquake parameters typical of those 
associated with intensities of V and VI on the 
Modified Mercalli scale are appropriate. The results 
of seismic analysis of the site by Sandia (1) have 
shown that the Design Basis Earthquake acceleration 
is less than or equal to 0.06g. For additional 
conservatism, however, a Design Basis Earthquake 
acceleration of 0.19 is used for foundation 
evaluation as concluded in the Seismic Evaluation 
Report (2). 

4. - EXPLORATION 

4.1 General 

The near surface exploration program has been 
developed by Bechtel and carried out by Sergent, 
Hauskins and Beckwith. Bechtel soil engineers and 
geologists observed drilling, sampling and testing 
operations. The purpose of the exploration was to 
establish the near surface conditions at the site and 
to determine static and dynamic properties of the 
soil and rock to develop foundation design 
requirements for the surface structures. 90th the 
field and laboratory work were done under a Quality 
Assurance Program in conformance with the applicable 
requirements of ANSI N45.2 as modified by MRC 
Regulatory Guide 1.28. 

The near-surface exploration program for the plant 
site was conducted in two stages. Stage I included 
drilling, sampling and testing of 52 shallow borings 
numbered B-1 through R-24 and B-26 through B-53 and 
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one deep  b o r i n g  numbered B-54. Nine s h a l l o w  b o r i n g s  
were d r i l l e d  f o r  a seismic c r o s s - h o l e  and  downhole 
s u r v e y  which was conducted  by Harding Lawson and 
A s s o c i a t e s .  I n  a d d i t i o n ,  a  seismic r e f r a c t i o n  s u r v e y  
was made i n  s h a l l o w  h o l e s  a long  g r i d  l i n e s ,  
p e r m e a b i l i t y  tests were performed and 11 o b s e r v a t i o n  
wells were i n s t a l l e d  a t  v a r i o u s  d e p t h s  i n  s e l e c t e d  
b o r i n g s  f o r  ground w a t e r  s t u d i e s  a t  t h e  s i t e .  

S t a g e  I1 i n c l u d e d  e x c a v a t i o n ,  sampl ing  and t e s t i n g  o f  
5  t e s t  p i t s  numbered TP-1 th rough  TP-5 a t  t h e  p l a n t  
s i t e .  P l a t e  l o a d  t e s t s  were made a t  s e l e c t e d  d e p t h s  
i n  t e s t  p i t s  TP-3 and TP-5. I n  a d d i t i o n ,  e l e c t r i c a l  
r e s i s t i v i t y  measurements were conducted a t  s i x  
l o c a t i o n s  numbered R-1 t h rough  R-6 t o  d e t e r m i n e  t h e  
c o r r o s i o n  p o t e n t i a l  i n  t h e  upper  m a t e r i a l s .  

The l o c a t i o n s  o f  a l l  t h e  b o r i n g s ,  o b s e r v a t i o n  w e l l s ,  
seismic r e f r a c t i o n  s u r v e y  l i n e s ,  t e s t  p i t s  and 
e l ec t r i ca l  r e s i s t i v i t y  tests  a r e  shown on  F i g u r e  1. 
Geo log ic  p r o f i l e s  showing t h e  d i f f e r e n t  s t r a t a  
i n c l u d i n g  some of  t h e  s i g n i f i c a n t  e n g i n e e r i n g  
p r o p e r t i e s  a r e  shown on  F i g u r e s  5  and 6. 

Sha l low Ror ings  

The s h a l l o w  b o r i n g s  were d r i l l e d  d u r i n g  t h e  p e r i o d  o f  
November 1978 t o  J a n u a r y  1979.  The b o r i n g s  were 
advanced w i t h  C e n t r a l  Mine Equipment r o t a r y  d r i l l  
r i g s ,  Model 55,  u s i n g  6-1/2 i n c h  hol low stem a u g e r s  
and NX c o r e  b a r r e l s .  The number of  d r i l l  r i g s  i n  
o p e r a t i o n  v a r i e d  from one  t o  two. A i r  p r e s s u r e  was 
used d u r i n g  d r i l l i n g  and sampl ing  i n  t h e  s h a l l o w  
b o r i n g s  w i t h o u t  u s e  of w a t e r  o r  d r i l l i n g  mud. A 
t o t a l  o f  52 b o r i n g s - w e r e  d r i l l e d  t o  a  maximum d e p t h  
o f  1 0 0  f e e t .  

The i n i t i a l  24 b o r i n g s  numbered R - 1  t h rough  D-24 were 
d r i l l e d  t o  d e p t h s  o f  24.5 t o  100 f e e t  on a  g r i d  
p a t t e r n  shown on F i g u r e  1. I n  a d d i t i o n  t h i n - w a l l e d  
t u b e  samples  were t a k e n  a t  s e l e c t e d  d e p t h s .  The 
b o r i n g s  were advanced a t  l e a s t  1 5  f e e t  i n t o  t h e  
Gatuna Format ion .  

21 a d d i t i o n a l  b o r i n g s  numbered 3-26 through B-46 were 
d r i l l e d  t o  d e p t h s  between 26 and 100 f e e t  a t  p roposed  
l o c a t i o n s  f o r  t h e  s u r f a c e  s t r u c t u r e s .  Dor ings  
numbered B-26 th rough  B-4n were sampled and c o r e d  
i n t o  t h e  Gatuna Formation t o  a  mininum d e p t h  o f  1 5  
f e e t .  S i x  b o r i n g s  numbered B-41 th rough  R-46 were 
d r i l l e d  to  a  d e p t h  o f  100 f e e t  f o r  t h e  c r o s s - h o l e  and 
downhole seismic s u r v e y .  Bor ings  numbered B-8, B-32 
and B-34 were a l s o  used f o r  t h e  seismic s u r v e y .  
F i n a l l y ,  s even  a d d i t i o n a l  b o r i n g s  numbered R-47 
th rough  B-53 were d r i l l e d  t o  d e p t h s  of  1 5  t o  30 
f e e t .  F ive  of  t h e s e  b o r i n g s  numbered B-47 th rough  
B-51 were d r i l l e d  a t  t h e  p l a n t  s i t e  t o  o b t a i n  



additional tube samples in the caliche and Gatuna 
Formation for laboratory testing. Borings 8-52 and 
8-53 were drilled at the sewage treatment plant,- and 
were sampled and cor'ed 15 feet into the Gatuna 
Formation. 

Standard penetration tests with split spoon sampling, 
thin-walled Shelby tube samples, and NX cores were 
obtained in these borings at selected intervals. 

Standard penetration tests with split spoon sampling 
were made in the sand and caliche, and in some 
borings in the upper portion of the Gatuna Formation. 
The standard penetration tests were performed in 
accordance with ASTM D-1586 with a split barrel 
sampler 1-3/8 inch I.D. and 2 inch O.D. The results 
of standard penetration tests are shown on Fiqure 8. 
The average percent recovery for the split spoon 
samples was 95 for the upper sand, 86 for the 
caliche, and 79 for the Gatuna Formation. 

Thin-walled tube samples were obtained in the sand, 
caliche, and in the top 6 feet of the Gatuna 
Formation. The tube samples were taken with a 
Pitcher sampler equipped with a 2-7/8 inch I.D. thin 
walled Shelby tube. 

Difficulties were encountered in the field during 
Pitcher sampling of the caliche and Gatuna Formation. 
In addition, some of the samples were unsuitable for 
testing when extruded in the laboratory. 

In the sand stratum, 11 Pitcher samples were 
attempted; 10 of those were successful. The average 
percent recovery for the sand samples was 91. All 
the Pitcher samples of sand that were extruded in the 
laboratory were suitable for testing. 

Pitcher sampling of the caliche and Gatuna Formation 
was less successful because it was hard for the 
sampler to advance in these strata. In the caliche, 
69 Pitcher samples were attempted but only 50 of 
those were successful. The average recovery of the 
caliche samples was 64 percent. When extruded in the 
laboratory only 83 percent of the caliche samples 
were found suitable for testing. In the Gatuna 
Formation, 68 Pitcher samples were attempted but only 
61 of those were successful. The average recovery of 
the Gatuna samples was 68 percent. When extruded in 
the laboratory only 44 percent of the Satuna samples 
were found suitable for testing. 

P? - 
6 z 
UI 
o : 

The effects of sample disturbance on the test results 
and on selection of design properties for foundation 
evaluation are discussed in detail in Sections 6, 7 
and 9. 



NX size rock cores were obtained in the Gatuna 
Formation in accordance with ASTM D-2113. 

All borings were grouted with cement grout upon 
completion of sampling and testing. 

4.3 Geophysical Surveys 

A seismic refraction survey was made by Sergent, 
Hauskins & Beckwith in December 1978 as part of the 
near surface exploration at the site. The locations 
of the seismic survey lines are shown on Figure 1, 
and the detailed results of the refraction survey are 
presented in Reference 3. In addition, a seismic 
cross-hole and downhole survey was performed by 
Harding Lawson and Associates in January 1979 in nine 
shallow borings to determine compressional and shear 
wave velocities of the near surface materials to a 
depth of 100 feet. The nine seismic borings are in 
three arrays as shown on Figure 1. The results of 
the cross-hole and downhole seismic survey are 
presented in Reference 4, and are summarized in Table 
6 of this report. 

The compresssional and shear wave velocities measured 
in the cross-hole survey were used to determine the 
dynamic elastic properties of the near surface 
materials. 

4.4 Permeability Tests and Observation Wells 

Permeability tests were performed in selected shallow 
borings in the upper sand, caliche and Gatuna 
Formation. These tests were done in accordance with 
the Bureau of Reclamation procedure designation E-18. 
In addition, well permeameter tests (Bureau of 
Reclamation designation E-19) were performed in the 
upper sand at the site. Results of the field 
permeability tests indicated that the upper sand has 
a high perneability in the ran e of 1170 to 6469 
ft/yr (1.1 x 10-3 to 6.2 x 10-9 cm/sec). Although 
the caliche is fractured it was found to be 
relatively impermeable with permeabilities in the 
range of 14 to 240 ft/yr (1.4 x 10-6 2*3 
cm/sec), and therefore acts as an aquiclude. The 
Catuna Formation is about one order of magnitude less 
permeable than the upper sand and has permeabilities 
in the range of 70 to 1860 ft/yr (6.8 x l r S  to 1.8 x 
10-3 cm/sec.) 

Eleven observation wells were installed at the site, 
ten in shallow borings to depths between 8 and 53 
feet and one in the deep boring B-54 at a depth of 
195 feet. These observation wells have been 
monitored since February, 1979 and have showed no 
ground water within a depth of 195 feet. The 
detailed results of the permeability tests and 

DOCUMENT NO. DR' * 2-V-01 REV. 2 SHEET l2 OF 46 



m o n i t o r i n g  o f  t h e  o b s e r v a t i o n  wells are  p r e s e n t e d  i n  
R e f e r e n c e  1 6 .  

4.5 T e s t  P i t s  

F i v e  t es t  p i t s ,  numbered TP-1 t h r o u g h  TP-5, were 
e x c a v a t e d  t o  d e p t h s  o f  13 .5  t o  30 f t  a t  t h e  s i t e  
d u r i n g  March 1979 to  d e t e r m i n e  i n - s i t u  p r o p e r t i e s  o f  
t h e  s o i l  and  r o c k  and to  o b t a i n  b u l k  s a m p l e s  f o r  
l a b o r a t o r y  t e s t i n g .  F i e l d  d e n s i t y  tests and  b u l k  
s a m p l e s  were o b t a i n e d  a t  s e l e c t e d  d e p t h s  i n  t h e  s a n d ,  
c a l i c h e ,  a n d  Ga tuna  F o r m a t i o n .  P l a t e  l o a d  tes ts  were 
made i n  t h e  two p i t s  numbered TP-3 and TP-5. 
E x c a v a t i o n  o f  t h e  t es t  p i t s  was b y  d o z e r  and  b a c k h o e ,  
down t o  t h e  G a t u n a  F o r m a t i o n .  The l o c a t i o n s  o f  t h e  
t e s t  p i t s  are  shown o n  F i g u r e  1, and t h e  l o g s  o f  t es t  
p i t s  a re  i n c l u d e d  i n  R e f e r e n c e  1 6 .  

A t o t a l  o f  27 i n - s i t u  d e n s i t y  tests were made i n  t h e  
t e s t  p i t s  i n  a c c o r d a n c e  w i t h  ASTM D 1 5 5 6 .  A t  l e a s t  
o n e  i n - s i t u  d e n s i t y  t es t  was made i n  e a c h  s t r a t u m  
e n c o u n t e r e d  i n  e a c h  o f  t h e  f i v e  t e s t  p i t s .  I n - s i t u  
d e n s i t y  tests were a lso  made a d j a c e n t  t o  t h e  p l a t e  
l o a d  tests i n  t e s t  p i t s  TP-3 a n d  TP-5. The r e s u l t s  
o f  i n - s i t u  d e n s i t y  and  n a t u r a l  water c o n t e n t  
d e t e r m i n a t i o n s  a r e  shown o n  F i g u r e  1 0 .  

A t o t a l  o f  22 b u l k  s a m p l e s  were o b t a i n e d  f rom t h e  
t e s t  p i t s .  A t  l e a s t  o n e  b u l k  sample was o b t a i n e d  f o r  
e a c h  s t r a t u m  e n c o u n t e r e d  i n  e a c h  p i t .  Bulk  s a m p l e s  
were o b t a i n e d  a d j a c e n t  t o  i n - s i t u  d e n s i t y  tests.  

A t o t a l  o f  1 4  p l a t e  l o a d  tests were made i n  t es t  p i t s  
TP-3 a n d  TP-5. I n  b o t h  TP-3 and  TP-5, p l a t e  l o a d  
tes ts  were made a t  d e p t h s  o f  3  f t  i n t o  t h e  u p p e r  sand  
l a y e r ,  o n  top o f  t h e  c a l i c h e  and  a t  i n t e r m e d i a t e  
d e p t h s  i n  t h e  c a l i c h e .  Also, p l a t e  l o a d  tests were 
made a t  t h e  t o p  o f  t h e  G a t u n a  F o r m a t i o n  i n  t es t  p i t  
TP-3. I n  a d d i t i o n  to  t h e  1 4  p l a t e  l o a d  tests,  o n e  
p l a t e  l o a d  t e s t  was made i n  a hand-dug h o l e  l o c a t e d  
1 1 6  f t  n o r t h e a s t  o f  b o r i n g  B-25 i n  t h e  u p p e r  s a n d  
s t r a t u m  a t  a d e p t h  o f  3  f t .  T h i s  p l a t e  l o a d  t e s t  was 
made o u t s i d e  t h e  t es t  p i t s  i n  o r d e r  t o  tes t  t h e  u p p e r  
s a n d  w i t h  a minimum d i s t u r b a n c e  f r o m  t h e  e x c a v a t i o n  
e q u i p m e n t .  The r e s u l t s  a t  hand dug h o l e  were 
s i g n i f i c a n t l y  lower t h a n  t h o s e  i n s i d e  t h e  t e s t  p i t s .  
I t  was c o n c l u d e d  t h a t  t h e  p l a t e  l o a d  tests f o r  t h e  
u p p e r  s a n d  i n  t h e  t e s t  p i t s  were a f f e c t e d  b y  t h e  
d o z e r  o p e r a t i o n .  T h e r e f o r e ,  t h e  e l a s t i c  m o d u l i  
o b t a i n e d  i n  t h e  hand  d u g  h o l e  were u s e d  f o r  t h e  
i n - s i t u  u p p e r  s a n d  l a y e r .  The p l a t e  l o a d  tests w e r e  
made i n  a c c o r d a n c e  w i t h  ASTM D 1196 .  The r e s u l t s  o f  
a l l  p l a t e  l o a d  tests are  shown o n  F i g u r e  9  and are 
summar ized  i n  T a b l e  11. 

P h o t o g r a p h s  were t a k e n  o f  e a c h  o f  t h e  f i v e  p i t s  which  
a r e  i n c l u d e d  i n  ~ e f e r e n c e  1 7 .  
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The test  p i t s  were b a c k f i l l e d  w i t h  loose e x c a v a t e d  
material upon c o m p l e t i o n  o f  s a m p l i n g ,  t e s t i n g  and 
p h o t o g r a p h i n g .  

4.6 E lec t r ica l  R e s i s i t i v i t y  

E lec t r i ca l  r e s i s t i v i t y  measurements  were c o n d u c t e d  a t  
s i x  l o c a t i o n s  numbered R-1 t h r o u g h  R-6 t o  d e t e r m i n e  
t h e  c o r r o s i o n  p o t e n t i a l  i n  t h e  uppe r  materials.  

I n - s i t u  r e s i s t i v i t y  v a l u e s  i n  ohms-cm were o b t a i n e d  
by t h e  f a l l - o f - p o t e n t i a l  method to d e p t h s  o f  5  and 10 
f e e t  a t  t h e  s i x  l o c a t i o n s .  The l o c a t i o n s  o f  
e l e c t r i c a l  r e s i s t i v i t y  tes ts  are shown o n  F i g u r e  1, 
and t h e  r e s u l t s  a r e  i n c l u d e d  i n  R e f e r e n c e  1 6  a n d  are  
g i v e n  i n  T a b l e  14.  

5 .  SITE CONDITIONS 

5 . 1  S u r f  ace C o n d i t i o n s  

The g round  a t  t h e  s i t e  h a s  local  u n d u l a t i o n s  o f  a few 
f e e t  and s l o p e s  g e n t l y  t o  t h e  west and s o u t h w e s t .  
E l e v a t i o n s  i n  t h e  p l a n t  s i t e  r a n g e  from 3385 f e e t  a t  
b o r i n g  8-52 i n  t h e  s o u t h w e s t  to 3440 f e e t  a t  b o r i n g  
B-37 i n  t h e  eas t .  Based o n  t h e s e  e l e v a t i o n s ,  t h e  
p l a n t  s i t e  s l o p e s  a b o u t  1% t o  t h e  s o u t h w e s t .  The 
s u r f a c e  soils c o n s i s t  o f  e o l i a n  s and  p l a i n s  and s and  
d u n e s .  The s a n d  d u n e s  are p a r t l y  s t a b i l i z e d  by  
v e g e t a t i o n ,  m a i n l y  m e s q u i t e ,  s c a t t e r e d  g r a s s e s  and 
a n n u a l s .  

5 .2  Near S u r f  ace C o n d i t i o n s  

5 .2 .1  S t r a t a  

The materials above  b e d r o c k  v a r y  i n  t h i c k n e s s  from 10  
to  20 f e e t  and c o n s i s t  o f  a n  uppe r  s t r a t u m  o f  
r edd i sh -b rown ,  f i n e ,  p o o r l y  g r a d e d ,  v e r y  loose to  
medium d e n s e  s and  which is u n d e r l a i n  by a s t r a t u m  o f  
" c a l i c h e "  c o n s i s t i n g  o f  w h i t e  to  brown we l l - c emen ted ,  
h a r d ,  f i n e  s i l t y  s and .  Bed rock ,  u n d e r l y i n g  t h e  
c a l i c h e ,  c o n s i s t s  o f  s a n d t o n e  o f  t h e  Gatuna  
Fo rma t ion .  The v a r i o u s  s t r a t a  a r e  shown o n  t h e  
s u r f a c e  g e o l o g i c a l  p r o f i l e s  o n  F i g u r e s  5 and 6 ,  and 
are d e s c r i b e d  below. 

Upper Sand 

The uppe r  sand  s t r a t u m  e x t e n d s  from t h e  g round  
s u r f a c e  t o  a d e p t h  v a r y i n g  f rom 3  to  16  f e e t .  The 
s and  is wind blown, f i n e ,  p o o r l y  g r a d e d ,  and r a n g e s  
from l i g h t  brown c l e a n  s a n d  a t  t h e  g round  s u r f a c e  t o  
d a r k  brown s i l t y  s and  w i t h  some c l a y  n e a r  t h e  c o n t a c t  
w i t h  t h e  c a l i c h e  s u r f a c e .  C o n t o u r s  o f  t h i c k n e s s  o f  
uppe r  s and  are shown on  F i g u r e  2. 
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The s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  f o r  t h e  u p p e r  
s a n d  r a n g e d  f r o m  2  t o  20 b lows p e r  f o o t .  The h i g h e r  
blow c o u n t s  were g e n e r a l l y  e n c o u n t e r e d  n e a r  t h e  
c o n t a c t  w i t h  t h e  c a l i c h e .  Based o n  t h e  s t a n d a r d  
p e n e t r a t i o n  r e s i s t a n c e ,  t h e  u p p e r  sand v a r i e s  i n  
d e n s i t y  f rom v e r y  loose t o  medium d e n s e .  The s h e a r  
wave v e l o c i t i e s  as measured by t h e  seismic c r o s s - h o l e  
s u r v e y  method v a r i e d  between 450 and 900 f e e t  p e r  
s e c o n d  and t h e  c o m p r e s s i o n  wave v e l o c i t y  v a r i e d  
between 1100 and 1800 f e e t  p e r  s e c o n d .  

C a l i c h e  I 
B e n e a t h  t h e  u p p e r  s a n d  is a  c o n t i n u o u s  s t r a t u m  o f  
h a r d  c a l i c h e  which is  l o c a l l y  c a l l e d  " M e s c a l e r o  
C a l i c h e "  and f o r m s  a r e s i s t a n t  " c a p r o c k "  o v e r  t h e  
Ga tuna  F o r m a t i o n .  The c a l i c h e  a p p e a r s  t o  b e  
i r r e g u l a r  and u n d u l a t i n g  a s  shown on  F i g u r e  3 and 
v a r i e s  i n  t h i c k n e s s  f r o m  3 t o  1 5  f e e t .  The c a l i c h e  
is made up o f  f i n e  s i l t y  s a n d  p a r t i c l e s  and is  
m o d e r a t e l y  t o  s t r o n g l y  cemented w i t h  c a l c i u m  
c a r b o n a t e .  The lower p o r t i o n  o f  t h e  c a l i c h e  ( a b o u t  
t o  3 f e e t )  b l e n d s  g r a d u a l l y  w i t h  t h e  u n d e r l y i n g  
G a t u n a  F o r m a t i o n .  The c o l o r  o f  c a l i c h e  is w h i t e  t o  
brown. 

The s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  o f  t h e  c a l i c h e  
r a n g e d  f r o m  50 t o  100+blows p e r  f o o t ,  e x c e p t  i n  o n e  
c a s e  where  36 b lows p e r  f o o t  was e n c o u n t e r e d .  I n  
g e n e r a l ,  t h e  c a l i c h e  is  h a r d  t o  v e r y  h a r d .  The t o p  2  
f e e t  c l o s e l y  r e s e m b l e s  l i m e s t o n e .  The s t r u c t u r e  o f  
t h e  u p p e r  c a l i c h e  is p l a t e d  and c h a n g e s  g r a d u a l l y  t o  
n o d u l a r  w i t h  d e p t h .  The s h e a r  wave v e l o c i t i e s  i n  
c a l i c h e  v a r i e d  between 1000 and 1900 f e e t  p e r  second  
and t h e  c o m p r e s s i o n  wave v e l o c i t i e s  v a r i e d  between 
2000 and 4000 f e e t  p e r  s e c o n d .  

G a t u n a  F o r m a t i o n  

Bedrock  u n d e r l y i n g  t h e  c a l i c h e  is s a n d s t o n e  o f  t h e  
Ga tuna  F o r m a t i o n  v a r y i n g  i n  t h i c k n e s s  f rom 16  to  28 
f e e t .  T h i s  r o c k  is p o o r l y  i n d u r a t e d ,  r e l a t i v e l y  weak 
and f r i a b l e .  The t o p  o f  t h e  Ga tuna  Format ion  is 
e n c o u n t e r e d  a t  a b o u t  10  t o  20 f e e t  be low t h e  n a t u r a l  
g round  s u r f a c e  and i s  i r r e g u l a r  a s  shown o n  F i g u r e  4 .  
The G a t u n a  F o r m a t i o n  c o n s i s t s  o f  f i n e - g r a i n e d  
cemented  s a n d s t o n e .  I n  mos t  o f  t h e  s i t e  a r e a ,  t h e  
u p p e r  6 f e e t  o f  t h e  Gatuna  is weak ly  cemented and t h e  
d e g r e e  o f  c e m e n t a t i o n  i n c r e a s e s  w i t h  d e p t h .  The 
c e m e n t i n g  a g e n t s  based  on  t h e  c h e m i c a l  a n a l y s e s  a r e  
aluminum and f e r r i c  o x i d e s  which g i v e  t h e  Gatuna  
s a n d s t o n e  i t s  r e d d i s h  brown color .  
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The s t a n d a r d  p e n e t r a t i o n  test  r e s i s t a n c e  o f  t h e  u p p e r  
25 f e e t  of t h e  G a t u n a  F o r m a t i o n  r a n g e d  from 50 t o  
100+blows  p e r  f o o t ,  e x c e p t  i n  o n e  case w h e r e  34 blows 
p e r  f o o t  was e n c o u n t e r e d .  The  s h e a r  wave v e l o c i t i e s  
v a r i e d  b e t w e e n  1300  and 2200 f e e t  p e r  s e c o n d .  The 
c o m p r e s s i o n  wave v e l o c i t i e s  v a r i e d  b e t w e e n  2900 and 
4700 f e e t  p e r  s e c o n d .  

5 .2 .2  Ground water 

Ground w a t e r  was n o t  e n c o u n t e r e d  d u r i n g  d r i l l i n g  o f  
t h e  s h a l l o w  b o r i n g s  t o  a maximum d e p t h  o f  1 0 0  f e e t  
a n d  t h e  o b s e r v a t i o n  wells t o  a maximum d e p t h  o f  200 
f e e t .  E l e v e n  o b s e r v a t i o n s  w e l l s  were i n s t a l l e d  a t  
t h e  s i t e  a t  d e p t h s  b e t w e e n  8 and 1 9 5  f e e t .  T h e s e  
o b s e r v a t i o n  wells h a v e  b e e n  m o n i t o r e d  s i n c e  F e b r u a r y ,  
1 9 7 9  and  h a v e  showed no g r o u n d  water w i t h i n  a d e p t h  
o f  1 9 5  f e e t .  R a i n f a l l  i n  t h i s  area a m o u n t s  t o  
b e t w e e n  11 and 1 3  i n c h e s  a n u a l l y ,  w h i c h  is n o t  
s u f f i c i e n t  t o  s i g n i f i c a n t l y  a f f e c t  t h e  d e s i g n  o f  
f o u n d a t i o n s .  T h e r e f o r e ,  t h e  f o u n d a t i o n  e v a l u a t i o n  
was g e n e r a l l y  b a s e d  o n  d a t a  f r o m  s a m p l e s  t e s t e d  a t  
n a t u r a l  m o i s t u r e  c o n t e n t  w i t h  t h e  e x c e p t i o n  o f  t h e  
e v a l u a t i o n  o f  t h e  u p p e r  s a n d  l a y e r  as  f o u n d a t i o n  f o r  
l i g h t l y  l o a d e d  s t r u c t u r e s .  Some o f  t h e  tes ts  were 
made u n d e r  s a t u r a t e d  c o n d i t i o n s  i n  o r d e r  to  e v a l u a t e  
t h e  c h a n g e  i n  p r o p e r t i e s  d u e  t o  s a t u r a t i o n .  The 
d i f f e r e n c e s  i n  t h e  t e s t  r e s u l t s  a re  d i s c u s s e d  i n  
S e c t i o n  6 .  
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6. LABORATORY SOIL TESTING 

6.1 Introduction I 
The laboratory soil testing program was developed by 
Bechtel and carried out by Sergent, Hauskins & 
Beckwith in their laboratories in Albuquerque and 
Phoenix and by Dames & Moore in their laboratory in 
San Francisco. The tests were performed on jar, 
thin-walled Shelby tube and bulk samples obtained 
from the shallow borings and test pits to a depth of 
25 feet below the ground surface which is 5 feet 
into the Gatuna Formation. 

The consolidation tests as well as classification, 
permeability, and electrical resistivity tests were 
made by Sergent, Hauskins & Beckwith. The triaxial 
tests and resonant column tests as well as 
classification and permeability tests were made by 
Dames & Moore. In addition, chemical analysis of 
the foundation materials was carried out by 
Metallurgical Laboratories in San Francisco. The 
testing program included the soil tests listed below 
and described in the following paragraphs. 

a. Visual and laboratory classification I 
b .  Sieve and hydrometer analyses 

c. Atterberg limits I 
d. In-situ moisture content and unit weight I 
e. Specific gravity I ' 
f. Moisture-density relationship I 
g. Relative density I 
h. Unconsolidated undrained triaxial compression I 
i. Consolidated undrained tiraxial compression with 

pore pressure measurements 

j .  Consolidated drained triaxial compression I 
k. Strain-controlled triaxial compression I 
1. Resonant column 

m. Permeability 

n. Consolidation tests I 
o. Chemical analysis I 
p. Electrical resistivity 

I 
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dl t e s t  r e s u l t s  a r e  g i v e n  i n  t h e  r e p o r t s  by 
S e r g e n t ,  Hausk ins  & Beckwi th  and by Dames & Moore 
i n  ~ e f e r e n c e  1 6  t o  t h i s  report .  I n  a d d i t i o n ,  
a l l  t e s t  r e s u l t s  a r e  summarized i n  T a b l e  1 o n  t h e  
s o i l  t e s t  r e s u l t s  summary s h e e t s .  

Based o n  f i e l d  o b s e r v a t i o n  as w e l l  as seismic 
c r o s s - h o l e  s u r v e y  d a t a  t h e  Gatuna  Format ion  improved 
w i t h  d e p t h .  T h e r e f o r e ,  f o r  t h e  t y p e  o f  f o u n d a t i o n  
and l o a d s  o f  t h e  n e a r  s u r f a c e  s t r u c t u r e s  i t  was 
c o n s i d e r e d  a d e q u a t e  to  t es t  t h e  mater ia ls  down t o  a 
d e p t h  o f  25  f e e t  which is 6  f e e t  i n t o  t h e  Gatuna  
Fo rma t ion .  

I 6.2 C l a s s i f i c a t i o n  T e s t s  I 
A l l  s a m p l e s  f o r  s o i l  t e s t i n g  were examined and  
c l a s s i f i e d  i n  t h e  l a b o r a t o r y  t o  c h e c k  t h e  f i e l d  
c l a s s i f i c a t i o n .  The t u b e  s a m p l e s ,  i n  p a r t i c u l a r ,  
were examined f o r  d i s t u r b a n c e ,  and o n l y  t h o s e  t h a t  
d i d  n o t  i n d i c a t e  a p p a r e n t  d i s t u r b a n c e  were used  f o r  
t e s t i n g .  V i s u a l  c l a s s i f i c a t i o n  was made i n  
a c c o r d a n c e  w i t h  ASTM D 2488, and l a b o r a t o r y  
c l a s s i f i c a t i o n  was i n  a c c o r d a n c e  w i t h  ASTM D 2487. 

I 6.2.1  S i e v e  and Hydrometer  A n a l y s e s  

S i e v e  and hydrometer  a n a l y s i s  d e t e r m i n a t i o n s  were 
made on  s e l e c t e d  s amp le s  f rom t h e  s a n d ,  c a l i c h e  and 
Gatuna  i n  a c c o r d a n c e  w i t h  ASTM D 422. The r e s u l t s  
are summarized i n  T a b l e  1, and t h e  e n v e l o p e  o f  t h e  
g r a i n  s i z e  d i s t r i b u t i o n  c u r v e s  f o r  e a c h  material is 
p l o t t e d  o n  F i g u r e s  11 t h r o u g h  13 .  I n d i v i d u a l  . g r a i n  
s i z e  p l o t s  a r e  p r o v i d e d  i n  R e f e r e n c e  1 6  o f  t h l s  
r e p o r t .  The Dl0 s i z e  and  c o e f f i c i e n t  o f  u n i f o r m i t y  
o f  t e s t e d  sand  b a c k f i l l  a r e  g i v e n  i n  T a b l e  9.  
F i g u r e  11 g i v e s  t h e  e n v e l o p e  o f  t h e  r e s u l t s  o f  a l l  
s a m p l e s  o f  t h e  upper  sand  s t r a t u m  t h a t  were t e s t e d .  
I t  is  n o t  i n t e n d e d  to  r e p r e s e n t  a t y p i c a l  s i z e  r a n g e  
f o r  t h e  p redominant  s and  e n c o u n t e r e d  i n  t h i s  
s t r a t u m .  

I 6.2.2 A t t e r b e r g  L i m i t s  I 
A t t e r b e r g  l i m i t  tes ts  were made o n  s e l e c t e d  s amp le s  
f rom t h e  s a n d ,  c a l i c h e  and Gatuna  i n  a c c o r d a n c e  w i t h  
ASTM D 423 and D 424. The A t t e r b e r g  l i m i t  t e s t s  
showed t h a t  m o s t  o f  t h e  so i ls  a t  t h e  s i t e  are 
n o n p l a s t i c .  Only f o u r  o f  t h e  t e s t e d  s amp le s  
e x h i b i t e d  some p l a s t i c i t y .  The p l a s t i c i t y  i n d e x  was 
3  f o r  one  sand  s ample ,  3  and 13  f o r  t w o  c a l i c h e  
s a m p l e s ,  and 3 f o r  one  Gatuna  sample .  A t t e r b e r g  
l i m i t s  v s  d e p t h  a r e  shown on  F i g u r e  1 4 ,  and t h e  
r e s u l t s  o f  t h e  tes ts  a r e  g i v e n  i n  T a b l e  1. 
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6 .2 .3  I n - S i t u  M o i s t u r e  C o n t e n t  and  U n i t  Weigh t  

M o i s t u r e  c o n t e n t  and  d r y  u n i t  w e i g h t  were d e t e r m i n e d  
for  t h e  t u b e  s a m p l e s  from t h e  s h a l l o w  b o r i n g s .  
D e t e r m i n a t i o n s  of m o i s t u r e  c o n t e n t  were made i n  
a c c o r d a n c e  w i t h  ASTM D 2116 and t h e  u n i t  w e i g h t  was 
d e t e r m i n e d  b y  d i r e c t  measu remen t  o f  w e i g h t  and  
volume.  I n - s i t u  m o i s t u r e  c o n t e n t  and  u n i t  w e i g h t  v s  
d e p t h  are shown o n  F i g u r e  1 0 ,  a n d  t h e  r e s u l t s  are 
summar ized  i n  T a b l e  1. 

6.2.4 S p e c i f i c  G r a v i t y  

S p e c i f i c  g r a v i t y  t es t s  were made i n  a c c o r d a n c e  w i t h  
ASTM D 854 o n  s e l e c t e d  s a m p l e s  o f  e a c h  o f  t h e  
f o u n d a t i o n  so i l s .  The r e s u l t s  are summarized i n  
T a b l e  1. 

6.2 .5  M o i s t u r e - D e n s i t y  R e l a t i o n s  

M o i s t u r e - d e n s i t y  r e l a t i o n s  ( c o m p a c t i o n  t e s t s )  were 
made i n  a c c o r d a n c e  w i t h  ASTM D 1 5 5 7 ,  o n  s e l e c t e d  
b u l k  s a m p l e s  o f  t h e  u p p e r  s a n d  s t r a t u m ,  t h e  c a l i c h e  
and  G a t u n a  F o r m a t i o n .  B u l k  s a m p l e s  o f  t h e  u p p e r  
s a n d  were t a k e n  f r o m  s h a l l o w  b o r i n g s  as w e l l  as f r o m  
t e s t  p i t s  t o  d e t e r m i n e  t h e  p r o p e r t i e s  o f  t h e  s a n d  as 
a b a c k f i l l  material. The c a l i c h e  and  G a t u n a  s a m p l e s  
were t a k e n  f rom t e s t  p i t  e x c a v a t i o n s .  The 
c o m p a c t i o n  c u r v e s  are g i v e n  i n  R e f e r e n c e  1 6 ,  a n d  t h e  
r e s u l t s  o f  opt imum m o i s t u r e  c o n t e n t  and  maximum d r y  
u n i t  w e i g h t  are summarized  i n  T a b l e  1. 

Where t h e  m o i s t u r e - d e n s i t y  c u r v e  is v e r y  f l a t ,  as i n  
t h e  case o f  c l e a n e r  s a n d s ,  no  w e l l  d e f i n e d  opt imum 
m o i s t u r e  c o n t e n t  e x i s t s .  N e v e r t h e l e s s  m o i s t u r e  w i l l  
be r e q u i r e d  for  d u s t  c o n t r o l  a n d  to  e n h a n c e  
c o m p a c t i o n .  The amount  o f  m o i s t u r e  r e q u i r e d  w i l l  be 
i n v e s t i g a t e d  d u r i n g  t h e  t e s t  f i l l  p rogram.  

6.2.6 R e l a t i v e  D e n s i t y  

A t t e m p t s  were made to  d e t e r m i n e  t h e  i n - s i t u  r e l a t i v e  
d e n s i t y  of t h e  u p p e r  s a n d  b y  p e r f o r m i n g  maximum and  
minimum d e n s i t y  tests o n  s e l e c t e d  s a m p l e s  from f i e l d  
d e n s i t y  tests i n  t h e  t e s t  p i t s .  Maximum and  minimum 
r e l a t i v e  d e n s i t y  tes ts  w e r e  made i n  a c c o r d a n c e  w i t h  
ASTM D 2049.  A t o t a l  o f  s i x  i n - s i t u  r e l a t i v e  
d e n s i t y  t es t s  were made f o r  t h e  u p p e r  s a n d  material 
a n d  t h e  r e s u l t s  are g i v e n  i n  T a b l e  8 .  Two o f  t h e  
s i x  s a m p l e s  t e s t e d  had more t h a n  1 2  p e r c e n t  f i n e s  
are n o t  i n c l u d e d  i n  T a b l e  8. Based  o n  t h e  r e s u l t s ,  
t h e  r e l a t i v e  d e n s i t y  of t h e  u p p e r  s a n d  v a r i e d  
b e t w e e n  39 a n d  8 1  p e r c e n t .  The h i g h  r e l a t i v e  
d e n s i t i e s  are n o t  c o n s i s t e n t  w i t h  o t h e r  d a t a  and  t h e  
h i g h  v a l u e s  o b t a i n e d  are c o n s i d e r e d  t o  o v e r e s t i m a t e  
t h e  r e l a t i v e  d e n s i t y  o f  t h e  u p p e r  s a n d .  The 
r e l a t i v e l y  h i g h  i n - s i t u  d r y  d e n s i t i e s  d e t e r m i n e d  i n  
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t h e  test  p i t  were p r o b a b l y  a f f e c t e d  by t h e  d o z e r  
d u r i n g  t h e  t e s t  p i t  e x c a v a t i o n .  Based o n  t h e  
s t a n d a r d  p e n e t r a t i o n  and t h e  p l a t e  l o a d  test  d a t a ,  

I 
t h e  d e n s i t y  o f  t h e  uppe r  s and  h a s  been  shown to v a r y  
from v e r y  l o o s e  to medium d e n s e .  

E n g i n e e r i n g  P r o p e r t i e s  T e s t s  

T e s t s  were made to d e t e r m i n e  t h e  s t a t i c  and dynamic 
e n g i n e e r i n g  p r o p e r t i e s  o f  i n - s i t u  so i l  and s h a l l o w  
r o c k  f o r  u se  i n  a n a l y s e s  made to d e v e l o p  s o i l  
f o u n d a t i o n  d e s i g n  c r i t e r i a .  These  tests a r e  
d e s c r i b e d  below. Summaries o f  t h e  e n g i n e e r i n g  
p r o p e r t i e s  o f  t h e  i n - s i t u  s o i l s  and t h e  s a n d  
b a c k f i l l  a r e  g i v e n  i n  T a b l e s  4  and 5  r e s p e c t i v e l y .  
Des ign  dynamic and s t a t i c  s h e a r  and e l a s t i c  modul i  
a r e  g i v e n  i n  T a b l e  7. The d e t a i l e d  t e q t  r e s u l t s  a r e  
g i v e n  i n  R e f e r e n c e  1 6 ,  a n d  summarlzed I n  T a b l e  1. 

Unconso l ida t ed  Undrained T r i a x i a l  Compression T e s t s  

U n c o n s o l i d a t e d  und ra ined  t r i a x i a l  compres s ion  tests 
were made o n  2 7/8 i n c h  d i a m e t e r  spec imens  p r e p a r e d  
f rom t h i n - w a l l e d  t u b e  s amples  from t h e  c a l i c h e  and 
t h e  Gatuna Format ion .  The tests were made i n  
a c c o r d a n c e  w i t h  ASTM D 2850. 

Specimens from b o t h  t h e  c a l i c h e  and t h e  Gatuna 
Format ion  were t e s t e d  a t  n a t u r a l  m o i s t u r e  c o n t e n t  
and under  s a t u r a t e d  c o n d i t i o n s .  Each specimen was 
a p p r o x i m a t e l y  6 i n c h e s  i n  h e i g h t ,  and was e n c a s e d  i n  
a  r u b b e r  membrane and p l a c e d  i n  t h e  t i r a x i a l  
chamber. A c o n s t a n t  c o n f i n i n g  p r e s s u r e  o f  1, 6 o r  
1 2  k s f  was imposed on t h e  specimen w i t h o u t  
p e r m i t t i n g  d r a i n a g e .  The test  specimen was t h e n  
s h e a r e d  under  t h e  c o n f i n i n g  p r e s s u r e  and w i t h o u t  
d r a i n a g e .  The d e v i a t o r  stress and a x i a l  s t r a i n  were 
r e c o r d e d  and a l s o  t h e  m o i s t u r e  c o n t e n t  and d r y  u n i t  
w e i g h t  were measured.  

The tes t  r e s u l t s  f o r  t h e  c a l i c h e  and Gatuna 
spec imens  a r e  g i v e n  i n  T a b l e  2 and a r e  shown o n  
F i g u r e  15. The und ra ined  s h e a r  s t r e n g t h  test  
r e s u l t s  o f  t h e  c a l i c h e  v a r i e d  between 2.4 and  6.5 
k s f  a t  n a t u r a l  m o i s t u r e  c o n t e n t ,  and between 1 . 6  and 
17.0  k s f  unde r  s a t u r a t e d  c o n d i t i o n s .  S a t u r a t i o n  d i d  
n o t  a p p e a r  t o  have a  s i g n i f i c a n t  e f f e c t  on t h e  
u n d r a i n e d  s t r e n g t h  o f  t he .  c a l i c h e .  

The Gatuna Format ion s a n d s t o n e  u n d e r l y i n g  t h e  
c a l i c h e  had an  und ra ined  s h e a r  s t r e n g t h  o f  1.6 t o  
9.5 k s f  a t  n a t u r a l  m o i s t u r e  c o n t e n t ,  and 1 .4  k s f  
when s a t u r a t e d .  

I t  is  b e l i e v e d  t h a t  t h e  l ower  s t r e n g t h  v a l u e s  
measured i n  t h e  c a l i c h e  and Gatuna spec imens  a r e  d u e  
t o  sample  d i s t u r b a n c e  and t h e  upper  v a l u e s  a r e  more 
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r e p r e s e n t a t i v e  o f  t h e  a c t u a l  s t r e n g t h  o f  t h e s e  
m a t e r i a l s .  

6.3.2 C o n s o l i d a t e d  Undrained T r i a x i a l  Compress ion T e s t s  
w i t h  P o r e  P r e s s u r e  Measurements  

C o n s o l i d a t e d  u n d r a i n e d  (cT) t r i a x i a l  c o m p r e s s i o n  
tes ts  w i t h  p o r e  p r e s s u r e  measurements  were made o n  
s p e c i m e n s  2  7/8 i n c h e s  i n  d i a m e t e r  and 6  i n c h  h i g h  
p r e p a r e d  f rom t h i n - w a l l e d  t u b e  s a m p l e s  from t h e  
c a l i c h e  and t h e  Gatuna Format ion .  I n i t i a l l y ,  t h e  
t e s t  p rogram c o n s i s t e d  o f  t h r e e  t e s t  s p e c i m e n s  to  b e  
p r e p a r e d  f rom t u b e  s a m p l e s .  However, b e c a u s e  l a r g e  
q u a n t i t i e s  o f  t h e  c a l i c h e  and Ga tuna  m a t e r i a l s  were 
n o t  u s a b l e ,  o n l y  two tes t  s p e c i m e n s  were p r e p a r e d  
f rom t h e s e  s a m p l e s .  

I n  a d d i t i o n ,  a tes ts  were made on  compacted 
s p e c i m e n s  3 i n c h e s  i n  d i a m e t e r  and 6  i n c h  h i g h  
p r e p a r e d  from b u l k  s a m p l e s  o f  t h e  c a l i c h e  and t h e  
Ga tuna  Format ion .  T h e s e  s p e c i m e n s  were compacted a t  
optimum m o i s t u r e  c o n t e n t  t o  95% o f  t h e  maximum d r y  
d e n s i t y  a s  d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  ASTM 
D 1557 ,  Method D. 

Each spec imen  was e n c a s e d  i n  a r u b b e r  membrane, 
p l a c e d  i n  t h e  t r i a x i a l  chamber and s a t u r a t e d  by t h e  
back p r e s s u r e  method.  A f t e r  s a t u r a t i o n ,  t h e  t es t  
series w i t h  t h e  t h r e e  s p e c i m e n s  was c o n s o l i d a t e d  
i s o t r o p i c a l l y  a t  c o n f i n i n g  p r e s s u r e s  o f  1, 6  and 1 2  
k s f ,  r e s p e c t i v e l y .  The tes t  series w i t h  t h e  t w o  
s p e c i m e n s  was t e s t e d  a t  c o n f i n i n g  p r e s s u r e s  o f  1 and 
6  k s f  r e s p e c t i v e l y .  A f t e r  c o n s o l i d a t i o n  t h e  
spec imen  was s h e a r e d  w i t h o u t  p e r m i t t i n g  d r a i n a g e  and 
p o r e  p r e s s u r e  measurements  were made. The d e v i a t o r  
stress, a x i a l  s t r a i n  and p o r e  p r e s s u r e  were 
r e c o r d e d ,  and t h e  m o i s t u r e  c o n t e n t  and d r y  u n i t  
w e i g h t  were also measured.  

The e f f e c t i v e  s t r e n g t h  Mohr e n v e l o p e s  o b t a i n e d  a t  
p e a k  d e v i a t o r  stress f o r  t h e  i n - s i t u  c a l i c h e  and 
G a t u n a  s a m p l e s  are g i v e n  i n  T a b l e  2  and are shown o n  
F i g u r e s  1 8  and 1 9 ,  r e s p e c t i v e l y .  The r e s u l t s  showed 
t h a t  t h e  i n - s i t u  c a l i c h e  h a s  a c o h e s i o n  E = o and a n  
a n g l e  o f  i n t e r n a l  f r i c t i o n  5 = 43 d e g r e e s .  For  t h e  
i n - s i t u  Ga tuna  F o r m a t i o n ,  t h e  c o h e s i o n  E = 2.8 k s f  
and t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  6 = 35 d e g r e e s .  

The t e s t  r e s u l t s  f o r  t h e  compacted c a l i c h e  and 
Ga tuna  are shown on  F i g u r e s  1 6  ( b )  and 16 ( c )  , 
r e s p e c t i v e l y .  The r e s u l t s  showed t h a t  t h e  compacted 
c a l i c h e  h a s  a c o h e s i o n  E = 2.0 k s f  and an  a n g l e  o f  
i n t e r n a l  f r i c t i o n  = 34 d e g r e e s .  For  t h e  compacted 
G a t u n a ,  t h e  c o h e s i o n  t5 = 0.4 k s f  and t h e  a n g l e  o f  
i n t e r n a l  f r i c t i o n  = 31  d e g r e e s .  
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I 6.3.3 C o n s o l i d a t e d  Drained T r i a x i a l  Compression T e s t s  

C o n s o l i d a t e d  d r a i n e d  ( C D )  t r i a x i a l  compres s ion  tests 
were made on  th in -wa l l ed  t u b e  samples  from t h e  upper  
s a n d ,  c a l i c h e  and Gatuna Formation.  The spec imens  
were 2  7/8 i n c h e s  i n  d i a m e t e r  and 6 i n c h e s  i n  
h e i g h t . '  One ser ies  o f  tes ts  was made f o r  t h e  uppe r  
s a n d ,  t h r e e  s e r i e s  f o r  t h e  c a l i c h e ,  and t h r e e  series 
f o r  t h e  Gatuna Formation.  

I n  a d d i t i o n ,  CD t e s t s  were made o n  compacted 
spec imens  3  i n c h e s  i n  d i a m e t e r  and 6  i n c h  h i g h  
p r e p a r e d  from b u l k  samples  o f  t h e  upper  s a n d ,  
c a l i c h e  and Gatuna m a t e r i a l s .  These spec imens  were 
compacted a t  optimum m o i s t u r e  c o n t e n t  t o  95% o f  t h e  
maximum d r y  d e n s i t y .  The maximum d r y  d e n s i t y  was 
de t e rmined  i n  acco rdance  w i t h  ASTM D 1557,  Method C 
f o r  t h e  uppe r  s and  spec imens ,  and i n  a c c o r d a n c e  w i t h  
ASTM D 1557,  Method D f o r  t h e  c a l i c h e  and Gatuna 
spec imens .  Three  ser ies  o f  tests were made f o r  t h e  
compacted s a n d ,  one ser ies  f o r  t h e  compacted c a l i c h e  
and one  s e r i e s  f o r  t h e  compacted Gatuna.  

Each specimen was encased  i n  a  r u b b e r  membrane, 
p l a c e d  i n  t h e  t r i a x i a l  chamber and s a t u r a t e d  by t h e  
back p r e s s u r e  method. A f t e r  s a t u r a t i o n ,  t h e  t e s t  
ser ies  w i t h  t h r e e  spec imens  was c o n s o l i d a t e d  
i s o t r o p i c a l l y  a t  c o n f i n i n g  p r e s s u r e s  o f  1, 6  and 12  
k s f ,  r e s p e c t i v e l y .  The t e s t  s e r i e s  w i t h  t w o  
spec imens  was t e s t e d  a t  c o n f i n i n g  p r e s s u r e s  o f  1 and 
6  k s f ,  r e s p e c t i v e l y .  The t e s t  specimen w a s  t h e n  
s h e a r e d  under  s t r a i n - c o n t r o l l e d  l o a d  w i t h o u t  
p e r m i t t i n g  any b u i l d u p  of  po re  p r e s s u r e .  The 
d e v i a t o r  stress, a x i a l  s t r a i n  and v o l u m e t r i c  s t r a i n  
were r e c o r d e d ,  and t h e  m o i s t u r e  c o n t e n t  and d r y  u n i t  
we igh t  were also measured.  

The e f f e c t i v e  s t r e n g t h  a t  peak d e v i a t o r  stress f o r  
t h e  i n - s i t u  s and ,  c a l i c h e  and Gatuna samples  a r e  
g i v e n  i n  Tab le  2 and a r e  shown o n  F i g u r e s  1 7 ,  18  and 
1 9 ,  r e s p e c t i v e l y .  The r e s u l t s  showed t h a t  t h e  
i n - s i t u  sand  h a s  a  c o h e s i o n  E = 0  and a n  a n g l e  o f  
i n t e r n a l  f r i c t i o n  = 33 d e g r e e s .  T h i s  a n g l e  o f  
f r i c t i o n  is  c o n s i d e r e d  h i g h  f o r  t h e  i n - s i t u  s a n d ,  
and cou ld  be due to  d e n s i f i c a t i o n  o f  t h e  t u b e  
samples  d u r i n g  f i e l d  s ampl ing  and t r a n s p o r a t i o n .  
F o r  t h e  i n - s i t u  c a l i c h e ,  t h e  c o h e s i o n  E ranged from 
0.14 to  2.6 k s f  and t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  

ranged  from 31  t o  33 d e g r e e s .  F o r  t h e  i n - s i t u  
Gatuna Format ion ,  t he  c o h e s i o n  c was between 
0.15 and 4.0 k s f  and t h e  a n g l e  o f  i n t e r n a l  f r i c t i o n  
6 w a s  between 28 and 40 d e g r e e s .  The lower  v a l u e s  
o f  t h e  s t r e n g t h  p a r a m e t e r s  o f  t h e  i n - s i t u  c a l i c h e  
and Gatuna c o u l d  be  due  t o  sample d i s t u r b a n c e .  

The t e s t  r e s u l t s  f o r  t h e  compacted sand are g i v e n  i n  
T a b l e  3  and a r e  shown on F i g u r e  1 6 ( a ) .  The r e s u l t s  
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showed t h a t  t h e  compacted sand is  c o h e s i o n l e s s  and 
h a s  an  a n g l e  o f  i n t e r n a l  f r i c t i o n  6 between 33 and 
33.5 d e g r e e s .  The r e s u l t s  f o r  t h e  compacted c a l i c h e  
and Gatuna a r e  shown on F i g u r e s  1 6 ( b )  and 1 6 ( c ) ,  
r e s p e c t i v e l y .  These r e s u l t s  showed t h a t  t h e  
compacted c a l i c h e  has  a  cohes ion  E = 2.0 ks f  and a n  
a n g l e  o f  i n t e r n a l  f r i c t i o n  3 = 35 d e g r e e s .  The 
compacted Gatuna has  a  cohes ion  c = 1.6 ks f  and an  
a n g l e  of i n t e r n a l  f r i c t i o n  = 36 d e g r e e s .  

6.3.4 S t r a i n - C o n t r o l l e d  C y c l i c  T r i a x i a l  Compression Tests I 
C y c l i c  t r i a x i a l  tes ts  f o r  measurements o f  t h e  
dynamic modul i  and damping r a t i o s  were made on 
th in-wal led  tube  samples  from t h e  c a l i c h e  and t h e  
Gatuna Formation.  The specimens p repa red  from t h e s e  
samples  were 2  7/8 i nches  i n  d i ame te r  and 6  inches  
i n  h e i g h t .  Specimens were t e s t e d  a t  n a t u r a l  
m o i s t u r e  c o n t e n t  and under  s a t u r a t e d  c o n d i t i o n s .  

I n  a d d i t i o n ,  c y c l i c  t r i a x i a l  tes ts  were made on 
compacted specimens 3  i n c h e s  i n  d i ame te r  and 6  
i n c h e s  h i g h  p repa red  from b u l k  samples  o f  t h e  upper 
sand m a t e r i a l .  These specimens were compacted a t  
optimum m o i s t u r e  c o n t e n t  t o  95% o f  t h e  maximum d r y  
u n i t  weight  a s  de te rmined  i n  accordance  wi th  ASTM D 
1557,  Method C. 

The method of  compaction has  a  major i n f l u e n c e  on 
t h e  dynamic p r o p e r t i e s  of  compacted specimens.  I n  
t h e  f i e l d  t h e  b a c k f i l l  m a t e r i a l  w i l l  be compacted i n  
r e l a t i v e l y  t h i n  l a y e r s  w i t h  a  v i b r a t o r y  r o l l e r  
p r o v i d i n g  v e r t i c a l l y  o s c i l l a t i n g  v i b r a t i o n s  a t  
r e l a t i v e l y  low f r equency  (1200-1600 rpm). I n  o r d e r  
t o  s i m u l a t e  f i e l d  c o n d i t i o n s  and t o  o b t a i n  
u n i f o r m i t y  t h e  specimens were p repa red  i n  s i x  
l a y e r s ,  each  about  0.9 inch  h i g h ,  compacted t o  t h e  
r e q u i r e d  d e n s i t y  and a t  t h e  s p e c i f i e d  m o i s t u r e  
c o n t e n t .  The specimens were compacted i n  uniform 
l a y e r s  u s i n g  low f r equency  v i b r a t i o n s  a p p l i e d  
v e r t i c a l l y  t o  t h e  specimens.  P r e p a r a t i o n  of  t h e  
specimen i n  l a y e r s  was acco rd ing  t o  t h e  p rocedure  o f  
under compact ion recommended by Ladd and S i l v e r  ( 5 ) .  
The compacted sand specimens were t e s t e d  a t  optimum 
m o i s t u r e  c o n t e n t  and a t  100% s a t u r a t i o n .  

Each series c o n s i s t e d  of  3  spec imens ,  one was t e s t e d  
a t  a  c o n f i n i n g  p r e s s u r e  of  1 k s f ,  one a t  6  ks f  and 
one a t  1 2  k s f ,  r e s p e c t i v e l y .  Each t e s t  specimen 
was loaded  by 10 c y c l i c  a x i a l  l o a d s  o f  such  
magni tude t h a t  it produced a x i a l  s t r a i n s  i n  t h e  
range 10'3 t o  1.0 p e r c e n t .  

The v a r i a t i o n  o f  t h e  dynamic moduli  and damping 
r a t i o s  w i th  s t r a i n  a r e  shown on F i g u r e s  20 through 
25. The v a r i a t i o n  o f  s h e a r  moduli  w i t h  s t r a i n  f o r  
t h e  compacted sand samples a r e  shown on F i g u r e s  
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20 ( a )  and 20 ( b )  . Although sample B-32, BL-1 has  
d i s t i n c t l y  d i f f e r e n t  g r a i n  s i z e  d i s t r i b u t i o n  w i t h  as 
much a s  36% o f  f i n e s ,  t h e  v a r i a t i o n  o f  s h e a r  modul i  
w i t h  s t r a i n  o f  t h i s  sample was similar to  t h a t  o f  
sample  B-29, BL-1 which h a s  o n l y  8% f i n e s .  
T h e r e f o r e ,  t h e  r e s u l t s  o f  t h e  t w o  s amples  a r e  
i n c l u d e d  on  F i g u r e  2 0 ( a ) .  The r e d u c t i o n  o f  s h e a r  
modul i  w i t h  s t r a i n  f o r  t h e  compacted sand  i s  less  
t h a n  i n d i c a t e d  by t h e  s t a n d a r d  c u r v e s  proposed  by 
Seed and 1 d r i s s 6 .  But  i t  is w i t h i n  t h e  r a n g e  o f  
d a t a  shown i n  t h i s  r e f e r e n c e .  The c u r v e s  f o r  t h e  
compacted sand  are f l a t t e r  t h a n  t h o s e  f o r  t h e  
c a l i c h e  and Gatuna p r o b a b l y  due to  sample 
d i s t u r b a n c e  o f  t h e  c a l i c h e  and Gatuna.  The c u r v e s  
a l s o  show t h a t  s a t u r a t i o n  o f  t h e  compacted sand and 
t h e  c a l i c h e  h a s  no e f f e c t  on  t h e  s h e a r  modulus.  
However, s a t u r a t i o n  o f  t h e  Gatuna Format ion  r e s u l t e d  
i n  a  s i g n i f i c a n t  r e d u c t i o n  o f  i t s  s h e a r  modulus.  

I 6.3.5 Resonant  Column T e s t s  I 
Resonant  Column tests f o r  measurements  o f  t h e  
dynamic modul i  and damping ra t ios  were made o n  
th in -wa l l ed  t u b e  samples  from t h e  c a l i c h e  and t h e  
Gatuna Format ion ,  and on  compacted spec imens  from 
t h e  upper  s and  m a t e r i a l .  The p r e p a r a t i o n  o f  t h e  
test  specimens was t h e  same a s  f o r  c y c l i c  t r i a x i a l  
tests i n  s u b s e c t i o n  6.3.4.  However, t h e  r e s o n a n t  
column tests were made a t  smaller s t r a i n s  i n  t h e  
r a n g e  o f  10'5 to 10'2 p e r c e n t .  

Each specimen was t e s t e d  a t  t h r e e  d i f f e r e n t  
c o n f i n i n g  p r e s s u r e s  o f  1, 6  and 1 2  k s f .  The dynamic 
modul i  and damping ra t ios  o f  each  specimen were 
de t e rmined  f o r  s e v e r a l  s t r a i n  l e v e l s .  I n  t h e  
r e s o n a n t  column a p p a r a t u s  t h e  specimen base  was 
f i x e d  and t h e  t o p  was e x c i t e d  by t o r s i o n a l  
o s c i l l a t i o n s  u s ing  a  Hard in  o s c i l l a t o r  d r i v e n  by a  
v a r i a b l e  s i n e  wave f r e q u e n c y .  The r e s p o n s e  o f  t h e  
specimen was measured by a n  a c c e l e r o m e t e r  mounted i n  
t h e  o s c i l l a t o r  and t h e  o u t p u t  was d i s p l a y e d  o n  a n  
o s c i l l o s c o p e .  The e q u i v a l e n t  l i n e a r  s h e a r  modulus 
o f  t h e  specimen was o b t a i n e d  from t h e  r e s o n a n t  
f r e q u e n c y  o f  t h e  sys tem a c c o r d i n g  t o  t h e  p r o c e d u r e  
g i v e n  by Drnevich  and Hard in  ( 7 ) .  The damping r a t i o  
was de t e rmined  from t h e  decay  c u r v e  of  t h e  v i b r a t i o n  
a f t e r  s h u t t i n g - o f f  t h e  t o r s i o n a l  o s c i l l a t o r .  

The dynamic moduli  a r e  g i v e n  i n  T a b l e  7 and t h e  
v a r i a t i o n  o f  dynamic modul i  and damping r a t i o s  w i t h  
s t r a i n  are shown on  F i g u r e s  20 through 25. A s  i n  
c y c l i c  t e s t s  , s a t u r a t i o n  d i d  n o t  have a  s i g n i f i c a n t  
e f f e c t  on  t h e  dynamic p r o p e r t i e s  o f  t h e  compacted 
sand b a c k f i l l  o r  t h e  c a l i c h e .  However, s a t u r a t i o n  
o f  t h e  Gatuna samples  r e s u l t e d  i n  a s i g n i f i c a n t  
r e d u c t i o n  of  t h e  dynamic s h e a r  modulus. 
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The r e s u l t s  o f  t h e  r e s o n a n t  column tests  are f a i r l y  
c o n s i s t e n t  w i t h  t h o s e  o f  t h e  c y c l i c  t r i a x i a l  tests 
f o r  b o t h  t h e  compacted  s a n d  and t h e  Ga tuna  
F o r n a t i o n .  However, f o r  t h e  c a l i c h e  t h e  r e s u l t s ' o f  
r e s o n a n t  column tests  show a wide  scatter  i n  t h e  
s h e a r  modulus  v a l u e s  a s  w e l l  as  l a r g e  d i s c o n t n u i t y  
be tween  t h e  r e s o n a n t  column and c y c l i c  t r i a x i a l  t e s t  
d a t a .  T h i s  s c a t t e r  is p r o b a b l y  d u e  t o  v a r i a t i o n  i n  
s a m p l e  p r o p e r t i e s  s u c h  as d e g r e e  o f  c e m e n t a t i o n ,  
g r a i n  s i z e  d i s t r i b u t i o n  and r e l a t i v e  d e n s i t y  o f  t h e  
c a l i c h e  m a t e r i a l .  Sample d i s t u r b a n c e  c o u d l d  a l s o  b e  
a  major f a c t o r  i n  c a u s i n g  t h e  scat ter  i n  t h e  s h e a r  
modulus  f o r  t h e  c a l i c h e  s a m p l e s .  

The d i s c o n t i n u i t i e s  be tween  t h e  r e s o n a n t  column and 
c y c l i c  t r i a x i a l  t es t  d a t a  c o u l d  be  d u e  t o  t h e  
d i f f e r e n t  l o a d i n g  c o n d i t i o n s  o f  t h e  t es t  p r o c e d u r e s .  
I n  t h e  c y c l i c  t r i a x i a l  t e s t ,  a  v e r t i c a l  l o a d i n g  is 
u s e d  b u t  i n  t h e  r e s o n a n t  column tes t  h o r i z o n t a l  
v i b r a t i o n  is u s e d .  I n  a d d i t i o n ,  s h e a r  m o d u l i  f o r  
t h e  r e s o n a n t  column t e s t  were c a l c u l a t e d  b a s e d  o n  
t h e  s a m p l e  d i m e n s i o n s ,  d e n s i t y ,  t o r s i o n a l  
a c c e l e r a t i o n  and r e s o n a n t  f r e q u e n c y  where i n  t h e  
c y c l i c  t r i a x i a l  t es t  t h e  s h e a r  m o d u l i  a r e  d e t e r m i n e d  
d i r e c t l y  f rom measurement  o f  t h e  e l a s t i c  m o d u l i  and 
a n  e s t i m a t e d  v a l u e  o f  P o i s s o n ' s  r a t i o n .  

I 6.3.6 P e r m e a b i l i t y  T e s t s  I 
P e r m e a b i l i t y  tests were per fo rmed  i n  a c c o r d a n c e  w i t h  
ASTM D 2434 on t h i n - w a l l e d  t u b e  s a m p l e s  f rom t h e  
u p p e r  s a n d ,  t h e  c a l i c h e  and t h e  Ga tuna  Format ion .  
The r e s u l t s  o f  t h e s e  l a b o r a t o r y  p e r m e a b i l i t y  tests 
a r e  g i v e n  below.  

These  l a b o r a t o r y  p e r m e a b i l i t i e s  were c o n s i s t e n t  w i t h  
p e r m e a b i l i t i e s  measured  i n  t h e  f i e l d  ( S u b s e c t i o n  
4 . 4 )  a s  summarized i n  t h e  f o l l o w i n g :  

Laboratory Field 
Material Permeab il ity (cm/sec ) Permeability (un/sec ) 

I In-situ Sand 9.0 x  10-5 - 3.6 x  10-3 1.1 x 10-3 - 6.2 x 10-3 I 
Cal iche 6.8 x  - 6.3 x  10'~ 1.4 x 10-6 - 2.3 x  10-4 

I Gatuna 5.7 x 1 0 - 4 - 8 . 4  x ~ o - ~  6.8 x ~ o - ~  - 1 . 8 ~ 1 0 - 3  I 
I 6.3 .7  C o n s o l i d a t i o n  T e s t s .  I 

One c o n s o l i d a t i o n  t e s t  was made i n  a c c o r d a n c e  w i t h  
ASTM D 2435 o n  a t h i n - w a l l e d  t u b e  s a m p l e  f rom t h e  
u p p e r  s a n d .  The tes t  was made t o  d e t e r m i n e  t h e  
p o t e n t i a l  o f  c o l l a p s i n g  i n  t h e  u p e r  s a n d  m a t e r i a l  
c a u s e d  by s a t u r a t i o n  d u e  t o  a b r o k e n  p i p e l i n e  o r  
i r r i g a t i o n .  
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The test  spec imen  w a s  p r e l o a d e d  t o  2  k s f  and t h e n  
s a t u r a t e d ,  and  t h e  load m a i n t a i n e d  f o r  24 h o u r s .  The 
l o a d i n g  w a s  i n c r e a s e d  i n  i n c r e m e n t s  t o  32 k s f  and 
t h e n  r educed  t o  0. The c o n s o l i d a t i o n  tes t  showed 
t h a t  unde r  s a t u r a t i o n  t h e  spec imen  h a s  a v e r t i c a l  
d e f o r m a t i o n  o f  a b o u t  3  p e r c e n t ,  i n d i c a t i n g  t h e  u p p e r  
s a n d  is s u s c e p t i b l e  f o r  a d d i t i o n a l  s e t t l e m e n t  u n d e r  
s a t u r a t i o n .  The r e s u l t s  o f  t h e  c o n s o l i d a t i o n  t e s t  
are g i v e n  i n  R e f e r e n c e  1 6 .  

Chemica l  A n a l y s i s  

Chemica l  a n a l y s i s  w a s  c a r r i e d  o u t  o n  5  selected 
s a m p l e s  o f  t h e  f o u n d a t i o n  m a t e r i a l s .  The s a m p l e s  
a n a l y z e d  i n c l u d e d  3  s a m p l e s  from t h e  uppe r  s a n d ,  o n e  
f rom t h e  c a l i c h e ,  and o n e  f rom t h e  Gatuna  Fo rma t ion .  

The s a m p l e s  were a n a l y z e d  f o r  major e l e m e n t s ,  and  t h e  
r e s u l t s  o f  t h e  c h e m i c a l  a n a l y s i s  f o r  t h e  d i f f e r e n t  
materials are p r e s e n t e d  i n  T a b l e  10.  The r e s u l t s  
show t h a t  t h e  main  c o n s t i t u e n t  o f  t h e  u p p e r  s a n d  is  
s i l i c a  which is t y p i c a l  of s and  material .  However, 
t h e  s i l i c a  c o n t e n t  d e c r e a s e d  w i t h  d e p t h  f r o m  93% a t  
t h e  g round  s u r f a c e  to 85% a t  a d e p t h  o f  10  f e e t .  
The uppe r  s a n d  c o n t a i n e d  some aluminum o x i d e ,  f e r r i c  
o x i d e  and c a l c i u m  c a r b o n a t e .  The p e r c e n t a g e  o f  t h e s e  
materials i n c r e a s e d  w i t h  d e p t h  f rom 4.6% a t  t h e  
s u r f a c e  to  8.4% to a d e p t h  o f  10 f t .  

The c a l i c h e  s amp le  c o n t i n e d  55% s i l i c a  and 1 6 %  
c a l c i u m  c a r b o n a t e .  T h i s  h i g h  p e r c e n t a g e  o f  c a l c i u m  
c a r b o n a t e  p r o v i d e s  t h e  c e m e n t a t i o n  and h a r d n e s s  o f  
t h e  c a l i c h e  and g i v e s  t h e  c a l i c h e  i ts w h i t i s h  color.  
A d d i t i o n a l  c emen t ing  a g e n t s  o f  6% aluminum and f e r r i c  
o x i d e s  were also found i n  t h e  c a l i c h e  s amp le .  

The Gatuna  s amp le  c o n t a i n e d  a h i g h e r  p e r c e n t a g e  o f  
s i l i c a  which w a s  80%. The cemen t ing  a g e n t s  i n  t h e  
Gatuna  s amp le  were m a i n l y  aluminum and f e r r i c  o x i d e s  
o f  a p p r o x i m a t e l y  1 0 % .  A d d i t i o n a l  c emen t ing  m a t e r i a l  
o f  3 %  c a l c i u m  c a r b o n a t e  w a s  a l s o  found i n  t h e  Ga tuna  
s amp le .  The v a r i a t i o n  i n  t h e  amounts  o f  c e m e n t i n g  
a g e n t s  as  g i v e n  above  shows t h e  g r a d a t i o n a l  change  
t h a t  c o u l d  o c c u r  between t h e  c a l i c h e  and t h e  Gatuna  
Forma t i o n .  

Elect r ica l  R e s i s t i v i t y  

L a b o r a t o r y  r e s i s t i v i t y  measurements  were pe r fo rmed  o n  
s e l e c t e d  s amp le s  from t e s t  p i t s  and s h a l l o w  b o r i n g s  
i n  t h e  v i c i n i t y  o f  s i x  l o c a t i o n s  numbered R-1 t h r o u g h  
R-6. These  l o c a t i o n s  are shown o n  F i g u r e  1, and t h e  
l a b o r a t o r y  r e s i s t i v i t y  r e s u l t s  are g i v e n  i n  T a b l e  1 5 .  
I n  a d d i t i o n ,  pH v a l u e s ,  and s u l p h a t e  and c h l o r i d e  
c o n c e n t r a t i o n s  were measured f o r  t h e  r e s i s t i v i t y  
s a m p l e s  and a r e  summarized i n  T a b l e  16.  

- I 
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6.4  Design E n g i n e e r i n g  P r o p e r t i e s  
1 

The r e s u l t s  o f  e n g i n e e r i n g  p r o p e r t i e s  tests a r e  
summarized i n  T a b l e  3 f o r  t h e  sand b a c k f i l l  and i n  
Tab l e  2 f o r  t h e  i n - s i t u  s o i l s  and s h a l l o w  rock .  The 
d e s i g n  e n g i n e e r i n g  p r o p e r t i e s  were s e l e c t e d  on  t h e  
b a s i s  o f  t h e s e  r e s u l t s .  However, i t  is b e l i e v e d  t h a t  
some o f  t h e  t e s t e d  samples  i n  t h e  c a l i c h e  o r  Gatuna 
m a t e r i a l s  were d i s t u r b e d  and t h e r e f o r e  e n g i n e e r i n g  
judgement w a s  a p p l i e d  i n  s e l e c t i n g  d e s i g n  p a r a m e t e r s  
f o r  t h e s e  materials. The d e s i g n  p r o p e r t i e s  o f  t h e  
i n - s i t u  m a t e r i a l s  and sand  b a c k f i l l  are p rov ided  i n  
T a b l e s  4 and 5 r e s p e c t i v e l y .  

The s e i s m i c  v e l o c i t i e s ,  P o i s s o n ' s  r a t i o s ,  and e l a s t i c  
modul i  d e t e r m i n e d  f rom t h e  c r o s s - h o l e  and downhole 
s u r v e y  f o r  t h e  i n - s i t u  m a t e r i a l s  are g i v e n  i n  T a b l e  
6. Dynamic and s t a t i c  d e s i g n  s h e a r  and e l a s t i c  
modul i  f o r  t h e  i n - s i t u  materials as  de t e rmined  from 
t h e  s e i s m i c  c r o s s - h o l e  s u r v e y  and p l a t e  l o a d  tes t s ,  
r e s p e c t i v e l y ,  a r e  p rov ided  i n  T a b l e  7 .  The d e s i g n  
dynamic modul i  f o r  t h e  sand  b a c k f i l l  were de t e rmined  
Yrom r e s o n a n t  column tests and are i n c l u d e d  i n  
T a b l e  7 .  The v a r i a t i o n  o f  t h e  s h e a r  modul i  and 
damping r a t i o s  w i t h  s t r a i n  as de t e rmined  from 
r e s o n a n t  column tes t s  and c y c l i c  t r i a x i a l  tests is 
shown on F i g u r e s  20 and 23  f o r  t h e  sand b a c k f i l l ,  
F i g u r e s  2 1  and 24 f o r  t h e  c a l i c h e ,  and F i g u r e s  22 and 
25 f o r  t h e  Gatuna.  
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FOUNDATION EVALUATION 

7 .1  Genera l  

The i n v e s t i g a t i o n s  showed t h a t  e i t h e r  t h e  c a l i c h e  o r  
t h e  Gatuna Formation would p r o v i d e  a n  e x c e l l e n t  
f o u n d a t i o n .  The upper  l o o s e  sand  is n o t  s u i t a b l e  f o r  
s u p p o r t i n g  m o d e r a t e l y  t o  h e a v i l y  loaded  s t r u c t u r e s .  
However, t h e  upper  sand  when removed and p l a c e d  i n  
p r o p e r l y  compacted l a y e r s  would a l s o  p r o v i d e  s u i t a b l e  
f o u n d a t i o n  f o r  Design C l a s s  I and I1 s t r u c t u r e s .  
T h i s  is d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  S e c t i o n  10 .  
L i g h t l y  loaded  non- se t t l emen t  s e n s i t i v e  s t r u c t u r e s ,  
o t h e r  t h a n  C l a s s  I and I1 s t r u c t u r e s ,  w i t h  b e a r i n g  
p r e s s u r e s  less  t h a n  1 .5  k s f  may be founded a t  a  
s h a l l o w  d e p t h  i n  t h e  upper  sand .  

7.2 Design C r i t e r i a  

The performance o f  f o u n d a t i o n  m a t e r i a l s  under  l o a d i n g  
is e v a l u a t e d  based  on  t w o  c r i t e r i a :  

(1) The a b i l i t y  o f  t h e  ground t o  s u p p o r t  l o a d s  
t r a n s f e r r e d  t h r o u g h  t h e  s t r u c t u r a l  f o u n d a t i o n  
w i t h  an  ample f a c t o r  o f  s a f e t y  a g a i n s t  s o i l  
f a i l u r e .  

( 2 )  The a b i l i t y  o f  t h e  f o u n d a t i o n  t o  s u p p o r t  
s t r u c t u r a l  l o a d s  w i t h  t o l e r a b l e  s e t t l e m e n t s .  

The f i r s t  c r i t e r i o n  is r e l a t e d  t o  t h e  s t r e n g t h  o f  t h e  
s u p p o r t i n g  f o u n d a t i o n  m a t e r i a l s .  The second 
c r i t e r i o n  is r e l a t e d  t o  t h e  " s t r e s s - d e f o r n a t i o n "  
c h a r a c t e r i s t i c s  o f  t h e  f o u n d a t i o n  m a t e r i a l  and  i t s  
i n f l u e n c e  on t h e  s t r u c t u r e .  

I n  t h e  c a s e  of  a  s t r u c t u r e  f o u n d a t i o n  on s a n d ,  
c a l i c h e  or  t h e  Gatuna Format ion ,  t h e  a l l o w a b l e  
b e a r i n g  p r e s s u r e  is  l i m i t e d  by t o l e r a b l e  s e t t l e m e n t s  
r a t h e r  t h a n  t h e  b e a r i n g  c a p a c i t y  c r i t e r i o n  because  o f  
t h e  h i g h  s t r e n g t h  o f  t h e s e  m a t e r i a l .  

Any f o u n d a t i o n  d e s i g n  must s a t i s f y  t h e  f o l l o w i n g  
s a f e t y  r e q u i r e m e n t s :  

(1) The f a c t o r  of  s a f e t y  f o r  S e a r i n g  c a p a c i t y  must be  
a t  l e a s t  3 f o r  dead p l u s  normal l i v e  l o a d i n g .  

( 2 )  The f a c t o r  o f  s a f e t y  must be a t  l e a s t  2  f o r  dead 
p l u s  maximum l i v e  l o a d i n g  i n c l u d i n g  wind o r  
seismic l o a d i n g  . 

( 3 )  S e t t l e m e n t s  under  s t a t i c  p l u s  dynamic c o n d i t i o n s  
shou ld  be  t o l e r a b l e  i n  o r d e r  n o t  t o  c r e a t e  
d i s t r e s s  i n  t h e  s u p e r s t r u c t u r e  o r  impa i r  i t s  
f u n c t i o n .  

( 4 )  Al though ground w a t e r  i s  v e r y  deep  and  t h e  sand  back-  
f i l l  i s  n o t  l i k e l y  t o  g e t  s a t u r a t e d ,  f o u n d a t i o n  g r a d e  
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for spread of strip footings should be at 
least 2 feet below the ground surface to provide 
adequate edge support. 

7.3 Foundation Treatment 

The upper sand stratum is not suitable for supporting 
structures with net static pressures in excess of 1.5 
ksf as discussed in Section 7.6. The sand must be 
removed and these structures must be supported on 
caliche, Gatuna Formation sandstone or compacted sand 
fill. All select backfill beneath and adjacent to 
the structures to the limits discussed in Section 10 
must be compacted to at least 95% of the maximum 
density determined by ASTM D-1557. Backfill in 
non-load bearing areas of the site must be compacted 
to at least 90% of the maximum density determined by 
ASTM D-1557. 

Preferably, all structures should be founded on 
compacted sand or caliche foundations. However, 
non-Class I and I1 structures, where there is a signif- 
icant economic saving in not excavating the sand down 
to the caliche layer can be founded at a depth of 2 feet 
below the surface on the in-situ sand layer. These 
structures should be flexible enough to withstand dif- 
ferential settlements of at least 1 inch and the net 
allowable pressures must not exceed 1.5 ksf. 

In arid areas, sandy soils may develop a loose, 
lightly cemented structure which could collapse under 
loading when water is introduced into them. This can 
result in excessive settlements. In order to reduce the 
potential for excessive settlements of structures founded 
directly on in-situ sand, it is recommended that the 
foundation soil should be inundated and compacted with 
vibratory equipment so that the density of the sand in 
the top 12 inches under the footings is at least 95% of 
the maximum determined by ASTM D-1557. Careful control 
should be exercised during compaction to prevent local 
instantaneous liquefaction under vibrations of the roller 

Net Ultimate Bearing Capacity 

The net ultimate bearing pressure is the pressure over 
and above that due to the weight of soil and water at 
foundation level that will result in overstressing the 
foundation soil. 

The net ultimate bearing pressure of the foundation 
materials was determined to evaluate the factor of 
safety of the foundation elements. The effective shear 
strength was used in determining the ultimate bearing 
pressure for caliche, Gatuna Formation sandstone, and 
compacted sand. Thb design strength parameters of the 
different foundation materials are given in Tables 4 
and 5. In the bearing capacity analysis for foundations 
resting directly on compacted sand, an angle of internal 
friction of 33 degrees and a cohesion of 0 was used, 

I 
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and fo r  f o u n d a t i o n s  p l a c e d  o n  c a l i c h e  o r  Gatuna  
Forma t ion ,  a n  a n g l e  o f  i n t e r n a l  f r i c t i o n  o f  33  d e g r e e s  
and  a  c o h e s i o n  o f  0.9 k s f  w a s  u sed .  These  s t r e n g t h  
p a r a m e t e r s  a r e  t h e  lowest v a l u e s  f o r  t h e  s t r a t a  unde r  
t h e  f o u n d a t i o n s  and  t h e r e f o r e  t h e  b e a r i n g  c a p a c i t y  
v a l u e s  a r e  c o n s e r v a t i v e .  

The r a t i o  o f  t h e  n e t  u l t i m a t e  b e a r i n g  p r e s s u r e  t o  t h e  
n e t  a p p l i e d  p r e s s u r e  is d e f i n e d  a s  t h e  f a c t o r  of 
s a f e t y .  The n e t  u l t i m a t e  b e a r i n g  c a p a c i t y  s u p p o r t i n g  
a  c i r c u l a r ,  s q u a r e  o r  r e c t a n g u l a r  f o o t i n g  is  d e f i n e d  
by t h e  f o l l o w i n g  e x p r e s s i o n s  ( ~ e s i 6 8 )  : 

C i r c u l a r  and Square  F o o t i n g  I 
q u 1  t = 1 . 2 ~ ~ ~  + y  D N + 1/2 x 0.6 ye B N 

e f q  Y 
R e c t a n u u l a r  F o o t i n a  

I where I 
I quit = n e t  u l t i m a t e  b e a r i n g  c a p a c i t y  

c = c o h e s i o n  

Y e  = e f f e c t i v e  u n i t  w e i g h t  

I Df = d e p t h  o f  f o o t i n g  below l o w e s t  a d j a c e n t  g r a d e  I 
Nc ,  N q t N y  = d i m e n s i o n l e s s  b e a r i n g  c a p a c i t y  f a c t o r s  
which depend o n  t h e  f r i c t i o n  a n g l e  o f  t h e  s o i l  

I B = wid th  o r  d i a m e t e r  o f  f o o t i n g  I 
I L = l e n g t h  o f  r e c t a n g u l a r  f o o t i n g  I 
I These e q u a t i o n s  were s i m p l i f i e d  assuming t a n  gf = 0 .  I 

The u l t i m a t e  b e a r i n g  c a p a c i t y  o f  mat f o u n d a t i o n s  was 
a lso  c a l c u l a t e d  based  on t h e  above fo rmulas .  The n e t  
u l t i m a t e  b e a r i n g  p r e s s u r e s ,  t h e  n e t  a p p l i e d  s t a t i c  
p r e s s u r e s ,  and t h e  f a c t o r s  of  s a f e t y  f o r  t h e  v a r i o u s  
Design C l a s s  I1 s t r u c t u r e s  a r e  summarized i n  T a b l e  
12 .  The f a c t o r s  of  s a f e t y  c a l c u l a t e d  a r e  l a r g e  ( 9  t o  
2 9 ) ,  and s i g n i f i c a n t l y  exceed  t h e  a l l o w a b l e  f a c t o r  o f  
s a f e t y  of  3. 

The a l l o w a b l e  p r e s s u r e s  f o r  s t r u c t u r e s  a r e  c o n t r o l l e d  
by t o l e r a b l e  s e t t l e m e n t s .  The s e t t l e m e n t  o f  
f o u n d a t i o n s  on  compacted s a n d ,  c a l i c h e ,  or  Gatuna 

?' 
c 
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7.5 Foundat ion  S e t t l e m e n t s  

7 .5 .1  S t a t i c  S e t t l e m e n t s  



Formation sandstone can be estimated based on elastic 
theory using elastic moduli determined from plate 
load and laboratory testing. When a load is applied 
to sand, caliche or Gatuna Formation sandstone, 
deformation will occur rapidly and most of the 
settlement will occur during construction. 

The elastic moduli for the caliche and Gatuna 
Formation sandstone were determined from the plate 
load test results which are summarized in Table 11. 
The elastic moduli for compacted sand were determined 
from consolidated, drained, triaxial tests, and the 
results are given in Table 5. For foundations 
resting on the caliche, a modulus of elasticity of 
20,000 lb/in2 was used. The elastic settlement of 
uniformly loaded circular, square, and rectangular 
footings on a semi-infinite elastic medium can then 
be calculated from the following equation (Lambe and 
whitmang) : 

where 

q = bearing pressure 

B.= width or diameter of footing 

p = Poisson's ratio 

E = modulus of elasticity 

I = displacement influence factor. 

The Poisson's ratio was determined from the seismic 
cross-hole survey data presented in Table 6. 

For foundations on sand backfill extending down to 
the caliche, the static settlement was calculated by 
integrating the vertical strains in the sand, 
caliche, and Gatuna layers using the following 
elastic moduli for each of these layers: 

Sand backfill = 3,600 15/in2 

Caliche = 25,000 lb/in2 

Gatuna sandstone = 15,000 lb/in? 

The rock formations below the Gatuna have elastic 
moduli equal to or greater than 8 x 105 1b/in2. 

The strains were determined from the following 
equation ( Lambe and  hi tmang ) : 

.- - I 
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where 

ev = v e r t i c a l  s t r a i n  a t  a g i v e n  d e p t h  

Aav = i n c r e a s e  i n  v e r t i c a l  stress which was 
c a l c u l a t e d  u s i n g  B o u s s i n e s q  e q u a t i o n s  

I Aah = i n c r e a s e  i n  h o r i z o n t a l  stress I 
For t h e  p u r p o s e  o f  a n a l y s e s  Ash was c o n s i d e r e d  e q u a l  
t o  0  and  t h e  above  e q u a t i o n  was s i m p l i f i e d  to :  

The n e t  a p p l i e d  s t a t i c  p r e s s u r e  and  t h e  s e t t l e m e n t  
f o r  t h e  v a r i o u s  Des ign  C l a s s  I1 s t r u c t u r e s  a r e  
summarized i n  T a b l e  13 .  The c a l c u l a t e d  s e t t l e m e n t s  
f o r  f o o t i n g s  o f  t h e s e  s t r u c t u r e s  were s m a l l  and i n  
t h e  r a n g e  o f  0 . 1  t o  0.5 i n c h  f o r  p r e s s u r e s  i n  t h e  
r a n g e  o f  2  t o  5  k s f .  Under t h e  h o t  c e l l  mat o f  t h e  
waste h a n d l i n g  b u i l d i n g ,  t h e  s e t t l e m e n t  was 1.0  i n c h  
f o r  a  n e t  a p p l i e d  p r e s s u r e  o f  4  k s f .  I n  a d d i t i o n ,  
F i g u r e  26 p r o v i d e s  p l o t s  o f  b e a r i n g s  p r e s s u r e s  v e r s u s  
s e t t l e m e n t s  f o r  v a r i o u s  f o o t i n g  w i d t h s  r e s t i n g  o n  
compacted s a n d  and o n  c a l i c h e  f o u n d a t i o n s .  

I 7.5.2  Ear thquake-Induced S e t t l e m e n t s  

The ea r thquake - induced  s e t t l e m e n t s  f o r  f o o t i n g s  
s u p p o r t e d  by t h e  compacted s a n d ,  c a l i c h e  and Gatuna 
Format ion  m a t e r i a l s  were e v a l u a t e d  u s i n g  t h e  method 
p roposed  by Seed and S i l v e r  ( 1 0 ) .  Fo l lowing  t h i s  
method o f  a n a l y s i s ,  t h e  d i s t r i b u t i o n  o f  a v e r a g e  
induced  s h e a r  s t r a i n  w i t h  d e p t h  was o b t a i n e d  u s i n g  
t h e  SHAKE computer  program (11). The s h e a r  modu l i  
f o r  t h e  c a l i c h e  and Gatuna Format ion  were  d e t e r m i n e d  
from t h e  seismic c r o s s - h o l e  s u r v e y  d a t a  and  f o r  t h e  
compacted s and  from c y c l i c  t r i a x i a l  and r e s o n a n t  
column t e s t  d a t a .  The v a r i a t i o n  o f  t h e  s h e a r  modu l i  
and damping r a t i o s  w i t h  s t r a i n  used  f o r  t h e  a n a l y s i s  
were d e t e r m i n e d  from dynamic l a b o r a t o r y  tes ts  and  a r e  
shown on  F i g u r e s  20 and 23 f o r  t h e  compacted s a n d ,  
F i g u r e s  21  and  24 f o r  t h e  c a l i c h e ,  and  i n  F i g u r e s  22 
and 25 f o r  t h e  Gatuna Format ion  s a n d s t o n e .  

cc 
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B e c h t e l ' s  s y n t h e t i c  e a r t h q u a k e  t i m e  h i s t o r y  w i t h  a  
maximum ground a c c e l e r a t i o n  o f  0 . 1  g  was used  i n  t h e  
s e t t l e m e n t  a n a l y s i s .  The B e c h t e l  s y n t h e t i c  time 
h i s t o r y  is g i v e n  i n  t h e  n e c h t e l  T o p i c a l  ~ e p o r t l ~ .  I t  
is a  c o m p i l a t i o n  o f  d a t a  f rom s e v e r a l  r e a l  e a r t h q u a k e  
r e c o r d s .  The r e s p o n s e  s p e c t r a  o f  t h e  t i m e  h i s t o r y  
e n v e l o p  t h e  d e s i g n  s p e c t r a  g i v e n  i n  t h e  NRC 
R e g u l a t o r y  g u i d e  1 .60.  The B e c h t e l  s y n t h e t i c  t i m e  
h i s t o r y  h a s  a  t o t a l  d u r a t i o n  o f  24 s e c o n d s .  The 
maximum i n t e g r a t e d  v e l o c i t y  o f  t h e  t i m e  h i s t o r y  is  
a b o u t  5  f e e t  p e r  s econd  f o r  a  peak  ground  
a c c e l e r a t i o n  o f  1 .0g .  

. P I  

Lay/ 



The g e o l o g i c  and t h e  i n d u c e d  s h e a r  s t r a i n  p r o f i l e s  
u s e d  a r e  shown o n  F i g u r e  27. The i n d u c e d  v e r t i c a l  
s t r a i n s  were t h e n  c a l c u l a t e d  f rom t h e  s h e a r  s t r a i n s  
u s i n g  a  c o r r e l a t i o n  t h a t  was d e v e l o p e d  f r o m  t h e  
dynamic  t e s t  d a t a  f o r  t h e  f o u n d a t i o n  m a t e r i a l s .  The 

~ s e i s m i c a l l y  i n d u c e d  s e t t l e m e n t s  b e l o w  t h e  f o u n d a t i o n  
were c a l c u a l t e d  by i n t e g r a t i n g  t h e  v e r t i c a l  s t r a i n  
v a l u e s  o f  e a c h  l a y e r .  - By t h i s  a p p r o a c h ,  t h e  
c a l c u l a t e d  i n d u c e d  s e t t l e m e n t s  u n d e r  a l l  t h e  Des ign  
C l a s s  I1 s t r u c t u r e s  were n e g l i g i b l e  ( less  t h a n  
0 .015 i n c h ) .  

7.6 F o u n d a t i o n s  o n  I n - S i t u  Sand 

Non-Class I and  11, l i g h t l y  l o a d e d  n o n - s e t t l e m e n t  
s e n s i t i v e  s t r u c t u r e s  which a r e  founded  2  f e e t  be low 
t h e  g r o u n d  s u r f a c e  o n  t h e  i n - s i t u  s a n d ,  s h o u l d  h a v e  a  
maximum n e t  p r e s s u r e  o f  n o t  more t h a n  1 . 5  k s f .  The 
f o u n d a t i o n  t r e a t m e n t  f o r  t h e s e  s t r u c t u r e s  i s  
d i s c u s s e d  i n  S e c t i o n  7.3 o f  t h i s  r e p o r t .  The most 
s u i t a b l e  t y p e s  o f  f o u n d a t i o n  f o r  t h e s e  s t r u c t u r e s  a r e  
s t r i p  f o o t i n g s .  

The f o u n d a t i o n  s e t t l e m e n t  u n d e r  t h e s e  s t r u c t u r e s  were 
e s t i m a t e d  f r o m  t h e  s t a n d a r d  p e n e t r a t i o n  t e s t  d a t a  i n  
t h e  u p p e r  s a n d  u s i n g  p r o c e d u r e s  p r o p o s e d  by Peck e t  
a1 ( 1 3 ) .  The s t a n d a r d  p e n e t r a t i o n  t e s t  b l o w c o u n t s  i n  
t h e  u p p e r  s a n d  a r e  shown o n  F i g u r e  8. The e s t i m a t e d  
s e t t l e m e n t  f o r  1 . 5  k s f  l o a d  b a s e d  o n  t h e  Peck e t  a 1  
( 1 3 )  s e t t l e m e n t  c h a r t s  is  a b o u t  1 i n c h .  Because  o f  
l a r g e  v a r i a t i o n  i n  t h e  d e n s i t i e s  o f  t h e  u p p e r  s a n d ,  
t h e s e  s t r u c t u r e s  s h o u l d  b e  d e s i g n e d  f o r  a  
d i f f e r e n t i a l  s e t t l e m e n t  e q u a l  t o  a t  l e a s t  1 i n c h .  
A d d i t i o n a l  s e t t l e m e n t  o f  t h e  u p p e r  s a n d  c a n  b e  c a u s e d  
by s a t u r a t i o n  d u e  t o  a  b r o k e n  p i p e l i n e  o r  i r r i g a t i o n .  
C o n s o l i d a t i o n  t e s t  d a t a  ( S e c t i o n  6 .3 .7 )  showed t h a t  
t h e  u p p e r  s a n d  c a n  s e t t l e  a b o u t  3  p e r c e n t  d u e  t o  
s a t u r a t i o n .  T h e r e f o r e ,  t h e  i n - s i t u  s a n d  f o u n d a t i o n  
s h o u l d  b e  i n u n d a t e d  and  compac ted  so t h a t  t h e  d e n s i t y  
i n  t h e  t o p  1 2  i n c h e s  u n d e r  t h e  f o o t i n g s  i s  a t  l e a s t  
95% o f  t h e  ASTM D-1557. 

The minimum w i d t h  o f  s t r i p  f o o t i n g s  s h o u l d  b e  2  f e e t  
and  f o r  s p r e a d  f o o t i n g s  it  s h o u l d  b e  3  f e e t .  The 
s e t t l e m e n t  estimate is  b a s e d  s o l e l y  o n  t h e  f o u n d a t i o n  
l o a d i n g . -  T h e r e f o r e ,  a n y  g r a d i n g  and  a r e a l  f i l l  which 
would r e s u l t  i n  a d d i t i o n a l  s e t t l e m e n t s  mus t  b e  p l a c e d  
p r i o r  t o  c o n s t r u c t i o n  o f  t h e  f o o t i n g s  i n  o r d e r  t o  
p r e v e n t  a d d i t i o n a l  s e t t l e m e n t s .  

LATERAL EARTH PRESSURES 

8 . 1  I n t r o d u c t i o n  

The e a r t h  p r e s s u r e  t h a t  a  f o u n d a t i o n  w a l l  o r  
r e t a i n i n g  w a l l  m u s t  s u p p o r t  d e p e n d s  o n  t h e  t y p e  o f  
s o i l ,  t h e  s o i l  s t r e n g t h ,  t h e  w a l l  f r i c t i o n ,  t h e  
g r o u n d  w a t e r  c o n d i t i o n s ,  t h e  d e g r e e  o f  c o m p a c t i o n  i n  - I - 
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the backfill, the method used in the backfilling 
process and the amount of deflection that the wall 
undergoes. The principal conditions involved are 
"active", "at rest" and "passiven earth pressure. 

These conditions are discussed in detail in the 
following paragraphs. The recommended lateral earth 
pressures for design do not include hydrostatic water 
pressures since there is no ground water table within 
the foundation depth at the WIPP site. 

In addition to the lateral earth pressures discussed 
below, there will be pressures due to surchage 
loading of construction equipment placed adjacent to 
the walls. These pressures should be calculated when 
the equipment types and loading become available and 
should be added to the earth pressures. 

1 8.2 Active Earth Pressure I 
If a wall with a horizontal backfill surface behind 
it is free to move away from the backfill, then the 
soil can expand laterally. The vertical stress in 
the soil remains constant but the horizontal stress, 
or earth pressure, reduces until the shear strength 
of the backfill is fully developed. The horizontal 
component of stress in the backfill under this 
condition is known as the active earth pressure. 
Most unrestrained retaining walls can move 
sufficiently to permit development of the active 
earth pressure. For sand backfill with an angle of 
internal friction of 33 degrees, and neglecting wall 
friction, the active earth pressure coefficient, Ka, 
is 0.29. The active earth pressure coefficient is 
the ratio of horizontal to vertical stress 
immediately behind the wall. 

I The active earth pressure recommended for design is: I 
pa = 0.29 YmH 

where 

H = height of the backfill above base of wall. 

I Ym = moist unit weight of the backfill. I 
I The active force is: I 

This force is acting at a depth of 2/3 H below the back- 
fill surface. Lateral earth pressure diagrams are shown 
on Figure 28. 

8.3 At Rest Earth Pressure 
When a rigid wall is restrained from moving, as in 
the case of a foundation wall of a building, the .- I - 
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horizontal component of earth pressure is called the 
"at rest" earth pressure and its magnitude will 
depend on the degree of compaction of the backfill. 
For normally consolidated clean sands, the 
theoretical "at rest" earth pressure coefficient, KO, 
varies from about 0.35 for dense sands to about 0.5 
for loose sands. 

However, around structures the backfilling process 
will increase the earth pressure considerably. Based 
on emprical evaluations, the current practice is to 
use an earth pressure coefficient of 0.5 for moderate 
compaction and 0.7 for heavy compaction where the 
backfill is sand or silty sand. 

Since the plant backfill will be compacted to 95% of 
the maximum density determined by ASTM D-1557, an "at 
rest" earth pressure coefficient of 0.7 should be 
used. 

The "at rest" earth pressure is: 

I The "at rest" force is: I 
Po 

= 0.7 ym ~ ~ / 2  

This force is acting at a depth of 2/3 H below the back- 
fill surface. Lateral earth pressure diaarams are shown 
on Fisure 28. 

8.4 Passive Earth Pressure 

When a wall with an adjacent horizontal soil surface 
is pushed into the backfill, the horizontal stresses 
in the soil will build up while the vertical stresses 
remain constant until the shear strength of the soil 
is fully developed. The horizontal stress developed 
under this condition is known as the passive earth 
pressure. For an angle of internal friction of 33 
degrees for the sand backfill, and conservatively 
neglecting wall friction, the passive earth pressure 
coefficient (ratio of horizontal to vertical 
stresses) is 3.39. 

However, the movement necessary to develop full 
passive pressure is quite large being on the order of 
five percent of the height of the wall. Since such 
movements could not normally be tolerated, a passive 
pressure in design equal to 50% will be used. 

The recommended passive earth pressure is: I 

I and the passive force is: I 
I Pp = 1.7 Y m  ~ 2 / 2  I 
DOCUMENT ~ 0 . ~ ~ ~ ~  2-V-01 REV. 2 SHEET 35 OF 4 6  



T h i s  f o r c e  i s  a c t i n g  a t  a  d e p t h  o f  2/3 H below t h e  
b a c k f i l l  s u r f a c e .  L a t e r a l  e a r t h  p r e s s u r e  d i a g r a m s  a r e  
shown on  F i g u r e  28. 
. . . ~. - ~. -~ . ~ . .  ~ ~ - .  ~ - . 

8.5 Dynamic E a r t h  P r e s s u r e  

8 . 5 . 1  G e n e r a l  

The p r e v i o u s  p a r a g r a p h s  d i s c u s s e d  e a r t h  p r e s s u r e s  
unde r  normal  s t a t i c  c o n d i t i o n s .  However, d u r i n g  
e a r t h q u a k e s  t h e s e  p r e s s u r e s  w i l l  change .  Design 
C l a s s  I and I1 s t r u c t u r e s  s h o u l d  be  d e s i g n e d  f o r  t h e  
a t - r e s t  s t a t i c  p r e s s u r e  p l u s  a  dynamic p r e s s u r e  
i n c r e m e n t  due  t o  s e i s m i c  l o a d i n g .  T h i s  s e c t i o n  
d e v e l o p s  a  b a s i s  f o r  e v a l u a t i n g  t h e  dynamic p r e s s u r e  
i n c r e m e n t  s o  t h a t  a  c o n s e r v a t i v e  a p p r a i s a l  o f  t h e  
dynamic p r e s s u r e  c a n  be made f o r  e a r t h q u a k e  
c o n d i t i o n s .  T h i s  a n a l y s i s  a p p l i e s  t o  v e r t i c a l  
r e t a i n i n g  w a l l s  a s  w e l l  a s  t o  embedded f o u n d a t i o n  
w a l l s .  For  a  more d e t a i l e d  e v a l u a t i o n  o f  dynamic 
e a r t h  p r e s s u r e ,  a  dynamic a n a l y s i s  may be per formed 
u s i n g  f i n i t e  e l e m e n t  computer  programs.  The dynamic 
e n g i n e e r i n g  p r o p e r t i e s  f o r  t h i s  t y p e  of  a n a l y s i s  a r e  
f u r n i s h e d  i n  t h i s  r e p o r t .  The dynamic p a s s i v e  
p r e s s u r e  h a s  been c o n s e r v a t i v e l y  d i s r e g a r d e d  s i n c e  
t h e  movement n e c e s s a r y  t o  d e v e l o p  f u l l  p a s s i v e  
p r e s s u r e  is q u i t e  l a r g e  and c o u l d  n o t  n o r m a l l y  be 
t o l e r a t e d .  

The d e s i g n  p r o c e d u r e s  f o r  dynamic s o i l  l o a d s  a r e  
based  on  t h e  Mononobe - Okabe a n a l y s i s  o f  dynamic 
p r e s s u r e  i n  d r y  c o h e s i o n l e s s  m a t e r i a l s .  These 
p r o c e d u r e s  were f u r t h e r  s i m p l i f i e d  by Seed and  
Whitman ( 1 4 ) .  

The Mononobe - Okabe s o l u t i o n  was based  on  t h e  
- fo l lowing  a s sumpt ions :  

a .  The w a l l  y i e l d s  s u f f i c i e n t l y  t o  produce  a c t i v e  
e a r t h  p r e s s u r e .  

b.  The maximum s h e a r  s t r e n g t h  is  m o b i l i z e d  a l o n q  t h e  
p o t e n t i a l  s l i d i n g  s u r f a c e .  

c .  The s o i l  wedge beh ind  t h e  w a l l  a c t s  a s  a  r i g i d  
body s o  t h e  a c c e l e r a t i o n s  a r e  un i fo rm t h r o u g h o u t  
t h e  mass ,  and t h e  e f f e c t  o f  t h e  e a r t h q u a k e  c a n  be  
r e p r e s e n t e d  by i n e r t i a  f o r c e s  KW where W i s  t h e  
we igh t  o f  t h e  s l i d i n g  wedge and K r e p r e s e n t s  t h e  
r a t i o  between t h e  h o r i z o n t a l  and  v e r t i c a l  
components o f  t h e  e a r t h q u a k e  a c c e l e r a t i o n s .  

Seed and Whitman ( 1 4 )  p r e s e n t  t h e  f o l l o w i n g  p r o c e d u r e  
f o r  o b t a i n i n g  t h e  Mononobe - Okabe e a r t h  p r e s s u r e s :  

a .  The maximum e a r t h  p r e s s u r e  d u r i n g  a n  e a r t h q u a k e  
is e q u a l  t o  t h e  sum o f  t h e  s t a t i c  e a r t h  p r e s s u r e  
and a  dynamic p r e s s u r e  i n c r e m e n t .  - - I 
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b.  For  a  b a c k f i l l  w i t h  a n  a n g l e  o f  i n t e r n a l  f r i c t i o n  
e q u a l  t o  33  d e g r e e s ,  t h e  dynamic p r e s s u r e  
i n c r e m e n t  is  a p p r o x i m a t e l y  e q u a l  t o  t h e  i n e r t i a  
f o r c e  o n  a  s o i l  wedge which e x t e n d s  beh ind  t h e  
w a l l  a  d i s t a n c e  e q u a l  t o  3/4 t h e  h e i g h t  o f  t h e  
w a l l .  

c. The dynamic p r e s s u r e  i n c r e m e n t  w i l l  a c t  on  t h e  
w a l l  a t  a  h e i g h t  o f  2/3 H above  i t s  b a s e .  

I n  t h e  e a r t h q u a k e  d e s i g n  o f  s t r u c t u r e s  where no 
s o p h i s t i c a t e d  a n a l y s i s  is used  t o  d e t e r m i n e  
s o i l - s t r u c t u r e  i n t e r a c t i o n  f o r c e s ,  t h e  f o l l o w i n g  
p r o c e d u r e s  s h o u l d  be  f o l l o w e d  t o  d e v e l o p  e a r t h  l o a d s  
f o r  t h e  d e s i g n  o f  f o u n d a t i o n  w a l l s .  

a .  Fo r  t h e  p a r t i c u l a r  t y p e  o f  w a l l  r e s t r a i n t  and 
d e g r e e  o f  b a c k f i l l  compac t i on ,  choose  t h e  
a p p r o p r i a t e  s t a t i c  e a r t h  p r e s s u r e  f rom t h e  
recommendat ions  g i v e n  f o r  s t a t i c  e a r t h  p r e s s u r e .  
T h i s  s t a t i c  l o a d i n g  may be  c o n s i d e r e d  t o  a c t  a t  a  
h e i g h t  1/3 H f e e t  above t h e  w a l l  from b a s e  t o  t o p  
o f  s o i l  s u r f a c e .  

b.  Apply t h e  dynamic l o a d  i n c r e m e n t ,  a s  deve loped  i n  
t h e  f o l l o w i n g  p a r a g r a p h ,  a t  a  p o i n t  2/3 H f e e t  
above t h e  b a s e  o f  t h e  w a l l  f o r  e a c h  l i n e a r  f o o t  
o f  w a l l .  

The above r u l e s  a p p l y  t o  w a l l s  where t h e  b a c k f i l l  
s u r f a c e  is  h o r i z o n t a l .  

8.5.2 Dynamic L a t e r a l  P r e s s u r e  I nc r emen t  due t o  S e i s m i c  
Loading 

The i n c r e m e n t a l  i n c r e a s e  of  t h e  l a t e r a l  p r e s s u r e  due 
t o  seismic f o r c e s  f o r  t h e  c a s e  o f  v e r t i c a l  w a l l s  and 
h o r i z o n t a l  b a c k f i l l s  w i t h  no g round  w a t e r  t a b l e  c an  
be  d e t e r m i n e d  u s i n g  t h e  e q u a t i o n :  

where  : 

ym = Mois t  u n i t  w e i g h t  o f  b a c k f i l l  

Kh = R a t i o  o f  t h e  h o r i z o n t a l  g round  
a c c e l e r a t i o n  t o  t h e  a c c e l e r a t i o n  due t o  
g r a v i t y  

I H = H e i g h t  o f  b a c k f i l l  above  b a s e  o f  w a l l  I 
The dynamic p r e s s u r e  i n c r e m e n t  AAE a c t s  on w a l l  a t  a  
h e i g h t  2/3 H above  t h e  b a s e .  

Fo r  t h e  p l a n t  s i t e  c o n d i t i o n s  w i t h  d e s i g n  e a r t h q u a k e  
h a v i n g  a maximum g round  a c c e l e r a t i o n  e q u a l  t o  0 .19 
t h e  dynamic i n c r e m e n t s  a r e :  - I 
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a .  F o r  Wal l s  Suppor t ed  o n  B a c k f i l l :  
AAE = 0.04 ym H 2  

b. F o r  Wal l s  Suppor ted  on  C a l i c h e  or  Gatuna:  
A A ~  = 0.11  ym H' 

The i n c r e a s e  i n  t h e  dynamic inc remen t  f o r  t h e  c a l i c h e  
and t h e  Gatuna by a  f a c t o r  o f  3 i s  b a s e d  o n  r e s u l t s  
o f  f i n i t e  e l emen t  a n a l y s i s  d i s c u s s e d  w i t h  D r .  Seed o f  
t h e  U n i v e r s i t y  o f  C a l i f o r n i a  i n  Be rke l ey .  

These dynamic i n c r e m e n t s  s h o u l d  b e  added t o  t h e  " a t  
rest" p r e s s u r e  i n  t h e  c a s e  o f  f o u n d a t i o n  w a l l s  a s  
w e l l  a s  f o r  v e r t i c a l  r e t a i n i n g  w a l l s  a s  shown on  
F i g u r e  28. 

9. SLOPE STABILITY 

The s i t e  is r e l a t i v e l y  f l a t  w i t h  a n  a v e r a g e  s l o p e  o f  
l e s s  t h a n  1%. N o  s i g n i f i c a n t  permanent  c u t  s l o p e s  or 
embankments a r e  p l anned  i n  t h e  v i c i n i t y  o f  Design 
C l a s s  I and I1 s t r u c t u r e s .  The e x c a v a t i o n  s l o p e s  
p l anned  w i t h i n  t h e s e  a r e a s  a r e  temporary  s l o p e s .  
These s l o p e s  a r e  shown o n  F i g u r e  7 .  O u t s i d e  a r e a s  of  
Design C l a s s  I and I1 s t r u c t u r e s ,  permanent  s l o p e s  
w i l l  be  r e q u i r e d  i n  t h e  uppe r  s and  s u c h  a s  f o r  s i t e  
g r a d i n g  and f o r  d r a i n a g e  d i t c h e s .  These s l o p e s  
s h o u l d  be  2-1/2 h o r i z o n t a l  t o  1 v e r t i c a l .  Adequate 
measures  must b e  t a k e n  t o  p r o t e c t  t h e s e  s l o p e s  
a g a i n s t  e r o s i o n .  

9 .1  Design C r i t e r i a  and A n a l y s i s  

The i n f i n i t e  s l o p e  method was used i n  t h e  s l o p e  
s t a b i l i t y  a n a l y s i s  f o r  t h e  upper  s a n d ,  and seismic 
f o r c e s  were n e g l e c t e d .  

Based on t h e  i n f i n i t e  s l o p e  method a  minimum f a c t o r  
o f  s a f e t y  o f  1.1 was c o n s i d e r e d  a c c e p t a b l e  f o r  t h e  
t empora ry  s l o p e s  and 1 . 3  f o r  t h e  permanent  s l o p e s .  
The f a c t o r  o f  s a f e t y  f o r  s l o p e s  i n  t h e  uppe r  s and  was 
c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n  f o r  
c o h e s i o n l e s s  m a t e r i a l s :  

,.,. = t a n  
t a n  1 

where F =  e f f e c t i v e  a n g l e  o f  i n t e r n a l  f r i c t i o n  
i = t h e  a n g l e  o f  t h e  s l o p e .  

For c u t s  i n  c a l i c h e  and Gatuna which a r e  d r y  
m a t e r i a l s  w i t h  c o h e s i o n ,  t h e  f a c t o r  o f  s a f e t y  was 
c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n  (Duncan and 

F - I 
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F.S. = A t a n  F +  BF 
t a n  i 3 

where  E = c o h e s i o n  
y = t o t a l  u n i t  w e i g h t  
H = Assumed d e p t h  o f  s l i d i n g  mass i n  v e r t i c a l  

d i r e c t i o n .  

A = 1 f o r  d r y  s l o p e s  

B = 2.5  f o r  1/2 h o r i z o n t a l  t o  1 
v e r t i c a l  s l o p e .  

The a n g l e  o f  i n t e r n a l  f r i c t i o n  o f  t h e  i n - s i t u  sand  
was found  t o  be  33O. However d u e  t o  t h e  loose n a t u r e  
o f  t h e  s a n d ,  a n  a n g l e  o f  30° was used i n  t h i s  
a n a l y s i s .  The a n a l y s i s  showed t h a t  f o r  s a n d  w i t h  
s l o p e s  o f  2  h o r i z o n t a l  t o  1 v e r t i c a l  t h e  f a c t o r  o f  
s a f e t y  is 1 .15  and f o r  sand  w i t h  s l o p e s  o f  2-1/2 
h o r i z o n t a l  t o  1 v e r t i c a l  t h e  f a c t o r  o f  s a f e t y  is 1 .4 .  

F o r  p r o p o s e d  e x c a v a t e d  s l o p e s  i n  t h e  c a l i c h e  and 
Ga tuna  F o r m a t i o n  o n  F i g u r e  7 ,  a w e i g h t e d  a v e r a g e  o f  
t h e  s t r e n g t h  p a r a m e t e r s  was used w i t h  a n  a n g l e  o f  
i n t e r n a l  f r i c t i o n  o f  39O and a  c o h e s i o n  o f  0.7 k s f .  
The t o t a l  h e i g h t  f o r  p roposed  s l o p e  i s  19 f e e t  ( 4  
f e e t  i n  c a l i c h e  + 1 5  f e e t  i n  G a t u n a ) .  The t o t a l  u n i t  
w e i g h t  used i n  t h e  a n a l y s i s  is  1 0 2  p.cf. For  a  s l o p e  
o f  1 /2  h o r i z o n t a l  t o  1 v e r t i c a l  i n  t h e  c a l i c h e  and 
G a t u n a  t h e  f a c t o r  o f  s a f e t y  is  2 .1  assuming t h a t  t h e  
d e p t h  o f  t h e  s l i d i n g  mass is 1 0  f e e t .  

1 0 .  FOUNDATION CONSTRUCTION 

1 0 . 1  S i t e  Grad ing  

Because  t h e  c o n s t r u c t i o n  a r e a  is r e l a t i v e l y  f l a t ,  t h e  
major s i t e  p r e p a r a t i o n  items w i l l  be c l e a r i n g  and 
s t r i p p i n g .  The c o n s t r u c t i o n  a r e a  is c o v e r e d  by l i g h t  
woods and g r a s s e s  which c a n  be c l e a r e d  e a s i l y .  
Dur ing  t h e  f i e l d  i n v e s t i g a t i o n ,  t h e  s u r f a c e  so i l s  
were found  t o  b e  d r y  and c a p a b l e  o f  s u p p o r t i n g  t r u c k  
mounted equ ipment .  However, r e p e a t e d  movement o f  
r u b b e r - t i r e d  e q u i p m e n t  o v e r  t h e  d r y  s u r f a c e  w i l l  t e n d  
t o  l o o s e n  t h e  u p p e r  s a n d y  s o i l s  and r e d u c e  
t r a f f i c a b i l i t y .  I t  w i l l  be d e s i r a b l e  t o  u s e  a  l a y e r  
o f  1 2  i n c h e s  o f  c a l i c h e  as s u r f a c e  f o r  t empora ry  
access r o a d s  and 6  i n c h e s  o f  c a l i c h e  for  work a r e a s .  
A c t u a l  t h i c k n e s s  s h o u l d  b e  d e t e r m i n e d  by e x p e r i e n c e  
i n  t h e  f i e l d .  

A l l  g r a d i n g  f o r  Des ign  Class I and I1 and o t h e r  
s t r u c t u r e s  w i t h  more t h a n  1 . 5  k s f  l o a d i n g  w i l l  
r e q u i r e  c o m p l e t e  remova l  o f  t h e  u p p e r  sand down to  
t h e  c a l i c h e  s u r f a c e  w i t h i n  t h e  l i m i t s  and to  t h e  
d e p t h s  d i s c u s s e d  i n  s u b s e c t i o n  10.2 .  
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For  non-Class  I and  I1 l i g h t l y  l o a d e d  s t r u c t u r e s  w i t h  
less t h a n  1 . 5  k s f  l o a d i n g  t h e  f o u n d a t i o n  p r e p a r a t i o n  
and t r e a t m e n t  are d i s c u s s e d  i n  S e c t i o n  7  o f  t h i s  
r e p o r t .  I f  p o c k e t s  o f  c l a y e y  o r  s i l t y  material  are 
e n c o u n t e r e d  a t  f o u n d a t i o n  l e v e l ,  t h i s  material  mus t  
b e  removed and r e p l a c e d  w i t h  se lec t  compac ted  s and  
m e e t i n g  t h e  g r a d a t i o n  and compac t i on  c r i t e r i a  g i v e n  
i n  s u b s e c t i o n  10 .4 .  

10 .2  E x t e n t  o f  E x c a v a t i o n  and B a c k f i l l  

Most o f  t h e  s t r u c t u r e s  w i l l  h ave  t h e i r  f o u n d a t i o n s  
r e s t i n g  on  c a l i c h e ,  Ga tuna ,  o r  compacted b a c k f i l l  
c a r r i e d  down t o  t h e  c a l i c h e  s u r f a c e .  The e s t i m a t e d  
d e p t h  o f  e x c a v a t i o n  is  be tween  6 and 27 f e e t  as shown 
o n  F i g u r e  7. A l l  t e m p o r a r y  s l o p e s  i n  t h e  s a n d  s h o u l d  
b e  2  h o r i z o n t a l  t o  1 v e r t i c a l  or f l a t t e r  and i n  t h e  
c a l i c h e  and Gatuna  Fo rma t ion  t h e y  s h o u l d  be  1 / 2  
h o r i z o n t a l  to  1 v e r t i c a l .  For  f o u n d a t i o n s  o n  
comapac ted  b a c k f i l l ,  t h e  b o t t o m  o f  e x c a v a t i o n  s h o u l d  
b e  d e t e r m i n e d  by e x t e n d i n g  a  l i n e  f rom t h e  p e r i p h e r y  
o f  s t r u c t u r e s  a t  f o u n d a t i o n  g r a d e  w i t h  a downward 
s l o p e  o f  1 h o r i z o n t a l  to  1 v e r t i c a l  or f l a t t e r .  The 
i n t e r s e c t i o n  o f  t h i s  l i n e  w i t h  t h e  c a l i c h e  s u r f  a c e  
p r o v i d e s  t h e  l i m i t s  o f  t h e  e x c a v a t i o n  a t  t h e  bo t t om 
as shown o n  F i g u r e  7. I n  a d d i t i o n  a minimum d i s t a n c e  
o f  5 f e e t  w i l l  b e  k e p t  be tween  t h e  e d g e  o f  t h e  
s t r u c t u r e s  and  t h e  b a s e  o f  e x c a v a t i o n  s l o p e .  T h i s  
d i s t a n c e  was s e l e c t e d  f o r  c o n s t r u c t i o n  c o n s i d e r a t i o n  
as w e l l  as f o r  p r o v i d i n g  a d e q u a t e  compac t i on  n e a r  t h e  
s t r u c t u r e  e d g e s .  

E x c a v a t i o n  o f  t h e  uppe r  s and  c a n  be  a c c o m p l i s h e d  by  
t h e  u s e  o f  s c r a p e r s .  R i p p e r s  w i l l  b e  r e q u i r e d  f o r  
e x c a v a t i o n  i n t o  c a l i c h e  and t h e  Ga tuna  Fo rma t ion .  

F i g u r e  7  shows t h e  l o c a t i o n  and l i m i t s  o f  e x c a v a t i o n  
and s t r u c t u r a l  b a c k f i l l  a s s o c i a t e d  w i t h  Des ign  Class 
I1 s t r u c t u r e s  a t  t h e  s i t e .  The s t r u c t u r a l  b a c k f i l l  
s h o u l d  be compacted to a t  l eas t  95% o f  t h e  maximum 
d e n s i t y  d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  ASTM D 1557 .  
The e n g i n e e r i n g  p r o p e r t i e s  o f  t h e  s and  b a c k f i l l  a r e  
p r o v i d e d  i n  T a b l e s  3 and 5.  The r e s u l t s  o f  t h e  
f o u n d a t i o n  a n a l y s i s  d i s c u s s e d  i n  S e c t i o n  7  show t h a t  
when t h e  s a n d  b a c k f i l l  i s  compacted to  t h e  r e q u i r e d  
d e n s i t y ,  i t  w i l l  p r o v i d e  a n  a d e q u a t e  s u p p o r t  f o r  a l l  
Des ign  Class I1 s t r u c t u r e s  w i t h  l a r g e  f a c t o r s  o f  
s a f e t y  f o r  b e a r i n g  c a p a c i t y  and w i t h  t o l e r a b l e  
s e t t l e m e n t s  f o r  s t a t i c  and dynamic  c o n d i t i o n s  . 
B a c k f i l l  i n  non-load b e a r i n g  areas o f  t h e  s i t e  s h o u l d  
b e  compacted t o  a t  l eas t  90% o f  t h e  maximum d r y  
d e n s i t y  d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  ASTM D-1557. 
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1 0 . 3  D e w a t e r i n g ,  S l o p e  P r o t e c t i o n  and E x c a v a t i o n  
I n s p e c t i o n  

- Dur ing  c o n s t r u c t i o n ,  t h e  loose s a n d  s h o u l d  b e  
e x c a v a t e d  t o  t h e  t o p  o f  c a l i c h e ,  a p p r o x i m a t e l y  a t  
E l e v a t i o n s  3390 to  3410. Because  t h e  ground w a t e r  
l e v e l  is a t  a g r e a t  d e p t h ,  t h e  o n l y  w a t e r  t h a t  m i g h t  
b e  e n c o u n t e r e d  w i l l  b e  s u r f a c e  water d u e  t o  r a i n f a l l .  
T h e r e f o r e ,  t h e  o n l y  d e w a t e r i n g  p r o v i s i o n  w i l l  b e  t o  
i n t e r c e p t  and d i s p o s e  o f  a n y  s u r f a c e  r u n - o f f .  No 
p e r m a n e n t  d e w a t e r i n g  s y s t e m  is  r e q u i r e d .  Sump pump 
and d r a i n a g e  d i t c h e s . w i l 1  b e  a d e q u a t e  t o  m a i n t a i n  a 
d r y  e x c a v a t i o n  and p r e v e n t  damage t o  s o i l s  d u r i n g  
c o n s t r u c t i o n  from r a i n f a l l  and run-of f .  The pump 
s h o u l d  b e  c a p a b l e  o f  h a n d l i n g  r a i n f a l l  a c c u m u l a t i n g  
i n  t h e  e x c a v a t i o n .  

Exposed e x c a v a t i o n s  i n  s a n d  w i l l  b e  s u s c e p t i b l e  t o  
e r o s i o n .  T h e r e f o r e ,  p r e c a u t i o n s  m u s t  b e  t a k e n  t o  
p r o t e c t  t h e s e  s l o p e s .  A l l  s u r f a c e  run-of f  s h o u l d  b e  
r o u t e d  a r o u n d  t h e  e x c a v a t i o n .  T r e a t m e n t  s h o u l d  b e  
a p p l i e d  where  n e c e s s a r y  t o  m i n i m i z e  s l o p e  e r o s i o n  
f rom wind and  r u n - o f f .  Temporary  and pe rmanen t  
s l o p e s  and t h e  s l o p e s  o f  d r a i n a g e  d i t c h e s  i n  t h e  
u p p e r  s a n d  c a n  b e  p r o t e c t e d  w i t h  g u n i t e ,  a s p h a l t ,  
c o n c r e t e  l i n i n g ,  c h e m i c a l  e m u l s i o n  or  s e e d i n g  w i t h  
n a t i v e  d e s e r t  g r a s s e s  d e p e n d i n g  on  t h e  economics  o f  
t h e  a l t e r n a t i v e  me thods .  

The f o l l o w i n g  p r o v i s i o n s  w i l l  b e  made f o r  t h e  
i d e n t i f i c a t i o n  and removal  o f  u n s u i t a b l e  materials 
f o r  D e s i g n  Class I and I1 s t r u c t u r e s :  

(1) A p e r s o n  e x p e r i e n c e d  i n  f o u n d a t i o n  c o n s t r u c t i o n  
s h o u l d  i n s p e c t  a l l  f o u n d a t i o n  e x c a v a t i o n s  j u s t  
p r i o r  t o  p l a c e m e n t  o f  c o n c r e t e  t o  c o n f i r m  and 
document  t h a t  t h e  recommended f o u n d a t i o n  
e l e v a t i o n  h a s  been  r e a c h e d  i n  t h e  b e a r i n g  
s t r a t u m .  A l l  v i s u a l  c l a s s i f i c a t i o n s  o f  s o i l s  
s h o u l d  be  i n  a c c o r d a n c e  w i t h  ASTM D 2488. 

The f o u n d a t i o n  s o i l  w i l l  b e  e x c a v a t e d  to  t h e  
c a l i c h e  s u r f a c e  b e n e a t h  a l l  Class I and I1 
s t r u c t u r e s .  Any loose s a n d  and s i l t y  sand  a t  t h e  
f o u n d a t i o n  g r a d e  w i l l  be  i d e n t i f i e d  by a p e r s o n  
e x p e r i e n c e d  i n  f o u n d a t i o n  c o n s t r u c t i o n  and 
removed down t o  sound c a l i c h e .  A s  e a c h  s e c t i o n  
o f  t h e  f o u n d a t i o n  is a p p r o v e d ,  a p p r o v a l  w i l l  b e  
documented .  

( 3 )  S i n c e  t h e  c a l i c h e  is h a r d ,  t h e r e  is no s p e c i a l  
r e q u i r e m e n t  f o r  f o u n d a t i o n  p r o t e c t i o n .  The 
s u r f a c e  o f  t h e  c a l i c h e  s h o u l d  b e  t h r o u g h l y  c l e a n  
f rom a l l  loose material .  S u r f a c e  c r a c k s  i n  t h e  
c a l i c h e  s h o u l d  b e  f i l l e d  w i t h  cement  s l u s h  g r o u t  
b e f o r e  p l a c e m e n t  o f  f o o t i n g s  o r  mat  f o u n d a t i o n s  
d i r e c t l y  on  t h e  c a l i c h e  s u r f a c e .  - - 1 
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Because t h e  c a l i c h e  is r e l a t i v e l y  i n c o m p r e s s i b l e ,  
f o u n d a t i o n  rebound s h o u l d  be  n e g l i g i b l e .  The 
p o t e n t i a l  f o r  heave shou ld  a l s o  be  n e g l i g i b l e  because  
t h e  c a l i c h e  and Gatuna m a t e r i a l s  a r e  n o n - p l a s t i c .  
Where r e q u i r e d ,  s t r u c t u r e  s e t t l e m e n t s  can  be  
mon i to red  by o p t i c a l  s u r v e y  p r o c e d u r e s  p r o v i d e d  t h a t  
l e v e l s  a r e  c a r r i e d  back to a  deep  bench mark t h a t  is  
o u t s i d e  any a r e a s  t h a t  migh t  be s u b j e c t  t o  s u b s i d e n c e  
due  t o  underground c o n s t r u c t i o n .  

10.4 S t r u c t u r a l  B a c k f i l l  I 
B a c k f i l l  may be o b t a i n e d  from t h e  e x c a v a t e d ' u p p e r  
s a n d .  Only s a n d s  w i t h  l e s s  t h a n  20% p a s s i n g  t h e  U.S. 
s t a n d a r d  s i e v e  No. 200 shou ld  be used a s  s t r u c t u r a l  
b a c k f i l l .  Most o f  t h e  sand  e x c a v a t e d  from t h e  s i t e  
is s u i t a b l e  f o r  b a c k f i l l .  The sand shou ld  be  
s t o c k p i l e d  f o r  l a t e r  u s e  a s  b a c k f i l l .  During t h e  
e x c a v a t i o n ,  u n d e s i r a b l e  c l a y  o r  s i l t y  m a t e r i a l  shou ld  
b e  removed from t h e  select  b a c k f i l l .  

The l i f t  t h i c k n e s s  r e q u i r e d  t o  p l a c e  and compact t h e  
b a c k f i l l  t o  t h e  r e q u i r e d  d e g r e e  o f  compact ion  w i t h  
t h e  a v a i l a b l e  compact ion equipment  shou ld  be  
de t e rmined  i n  a  t e s t  f i l l .  The m a t e r i a l  s h o u l d  be  
m o i s t u r e  c o n d i t i o n e d  t o  t h e  r ange  o f  +2% o f  t h e  
optimum m o i s t u r e  c o n t e n t ,  and compactgd t o  a t  l e a s t  
95% o f  the-maximum d e n s i t y  de t e rmined  by ASTM D 1557. 

B a c k f i l l  m a t e r i a l  w i t h i n  2  f e e t  o f  s t r u c t u r e s  and i n  
a r e a s  where l a r g e  c o n s t r u c t i o n  equipment  c a n n o t  be  
used o r  where t h e r e  is a  d a n g e r  o f  damage t o  
s t r u c t u r e s  must be  compacted t o  t h e  s p e c i f i e d  d e n s i t y  
w i t h  hand-operated equipment .  Th inne r  l i f t s  o f  4  
i n c h e s  o r  less i n  t h i c k n e s s  w i l l  be r e q u i r e d  t o  do  
t h i s .  

Only s u i t a b l e  m a t e r i a l  shou ld  be p l a c e d  i n  t h e  
s t r u c t u r a l  b a c k f i l l .  S u i t a b l e  m a t e r i a l  f o r  
s t r u c t u r a l  b a c k f i l l  shou ld  be se lect  sand and s i l t y  
s and  hav ing  l e s s  t h a n  20% by w e i g h t  p a s s i n g  t h e  No. 
200 U.S. S t anda rd  S i e v e  s i z e .  The b a c k f i l l  shou ld  
n o t  c o n t a i n  any b r u s h ,  r o o t ,  p e a t ,  s o d ,  o r  o t h e r  
o r g a n i c ,  p e r i s h a b l e ,  o r  d e l e t r i o u s  m a t e r i a l ,  snow, 
i ce ,  o r  f r o z e n  s o i l .  The bot tom o f  t h e  e x c a v a t i o n  
f o r  Design C l a s s  I and I1 s t r u c t u r e s  shou ld  be 
t h o r o u g h l y  c l e a n e d  o f  a l l  l o o s e  m a t e r i a l ,  i n s p e c t e d  
and documented by a  pe r son  e x p e r i e n c e d  i n  f o u n d a t i o n  
c o n s t r u c t i o n  b e f o r e  p l acemen t  o f  sand  b a c k f i l l .  

S t r u c t u r a l  b a c k f i l l  must be p l a c e d  i n  h o r i z o n t a l  
l i f t s  and compacted w i t h  a  heavy v i b r a t o r y  r o l l e r .  
I n  c o n f i n e d  a r e a s ,  t h i n n e r  l i f t s  and hand-operated 
compactors  shou ld  be used.  The b a c k f i l l  s h o u l d  be 
r a i s e d  on b o t h  s i d e s  o f  t h e  f o o t i n g s  a t  a b o u t  t h e  
same e l e v a t i o n .  The a c t u a l  l i f t  t h i c k n e s s  and t h e  
number of  p a s s e s  of  t h e  proposed r o l l e r s  w i l l  have to  
be e s t a b l i s h e d  by means o f  a  t es t  f i l l  c a r r i e d  o u t  a t  
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t h e  s t a r t  o f  b a c k f i l l  o p e r a t i o n s .  A l l  s t r u c t u r a l  
b a c k f i l l  m u s t  b e  m o i s t u r e  c o n d i t i o n e d  j u s t  b e f o r e  
c o m p a c t i o n .  A l l  l i f t  s u r f a c e s  s h o u l d  b e  i n s p e c t e d  
and a n y  s o f t  o r  y i e l d i n g  mater ia l  s h o u l d  b e  r e p l a c e d  
or c o r r e c t e d .  

F i e l d  d e n s i t y  tests i n  t h e  compac ted  b a c k f i l l  and 
r e l a t e d  l a b o r a t o r y  c o m p a c t i o n  t e s t i n g  are  r e q u i r e d  t o  
d e t e r m i n e  t h e  d e g r e e  o f  c o m p a c t i o n .  F i e l d  d e n s i t y  
tests m u s t  b e  t a k e n  i n  a c c o r d a n c e  w i t h  ASTM D 1556 a t  
a d e p t h  o f  a t  l eas t  1 2  i n .  b e l o w  t h e  a d j a c e n t  g r a d e .  
A c o m p a c t i o n  t es t  s h o u l d  b e  c a r r i e d  o u t  i n  a c c o r d a n c e  
w i t h  ASTM D 1557 o u t  f o r  e a c h  f i e l d  d e n s i t y  t es t .  
T h e s e  tes ts  w i l l  h a v e  t o  b e  p e r f o r m e d  a t  a f r e q u e n c y  
a p p r o p r i a t e  f o r  t h e  work i n  p r o g r e s s  b u t  n o t  less 
t h a n  o n e  f i e l d  d e n s i t y  and o n e  c o m p a c t i o n  t e s t  p e r  
1 , 0 0 0  c u b i c  y a r d s  o f  b a c k f i l l  f o r  C l a s s  I and I1 
s t r u c t u r e s  and o n e  f i e l d  d e n s i t y  and o n e  c o m p a c t i o n  
t es t  p e r  2 ,500 c u b i c  y a r d s  o f  b a c k f i l l  f o r  o t h e r  
s t r u c t u r e s .  I n  no case s h o u l d  tes ts  f o r  s t r u c t u r a l  
b a c k f i l l  b e  made less f r e q u e n t l y  t h a n  o n c e  p e r  s h i f t  
w h i l e  b a c k f i l l  i s  b e i n g  p l a c e d .  

To e v a l u a t e  t h e  a p p l i c a b i l i t y  o f  t h e  n u c l e a r  tests 
(ASTM D 2922 and D 3 0 1 7 )  f o r  m e a s u r i n g  t h e  f i e l d  
d e n s i t y ,  t h e y  s h o u l d  be used  i n  t h e t e s t  f i l l  p rogram 
i n  p a r a l l e l  w i t h  t h e  s a n d  c o n e  t e s t  (ASTM D 1 5 5 6 ) .  
I f  p r o v e n  s a t i s f a c t o r y ,  t h e s e  n u c l e a r  tests c a n  b e  
u s e d  i n  t h e  b a c k f i l l  p r o v i d e d  r e g u l a r  c h e c k s  are made 
a g a i n s t  d e n s i t i e s  measured  by t h e  s a n d  c o n e  p r o c e d u r e  
o n  a b a s i s  o f  a t  l e a s t  o n e  o u t  o f  e v e r y  t e n  tests.  

A l l  work p e r f o r m e d  i n  c o n n e c t i o n  w i t h  t h e  p l a c e m e n t  
and c o m p a c t i o n  o f  s t r u c t u r a l  b a c k f i l l  m u s t  & 
implemented  u n d e r  a q u a l i t y  a s s u r a n c e  program.  

A t e s t  f i l l  w i l l  h a v e  t o  b e  c o n s t r u c t e d  i n  o r d e r  t o  
d e t e r m i n e  c o m p a c t i o n  p r o c e d u r e s  r e q u i r e d  f o r  Des ign  
C l a s s  I and I1 s t r u c t u r e s  t o  a c h i e v e  t h e  s p e c i f i e d  
d e n s i t y  w i t h  t h e  C o n t r a c t o r ' s  e q u i p m e n t .  The p u r p o s e  
o f  t h e  t es t  f i l l  p rogram is to  d e t e r m i n e  t h e  
a p p r o p r i a t e  l i f t  t h i c k n e s s  and t h e  number o f  p a s s e s  
o f  t h e  v i b r a t o r y  ro l l e r  r e q u i r e d  to  a c h i e v e  a mininum 
o f  95% o f  ASTM D 1557 .  

The g r a d a t i o n  r e q u i r e m e n t s  f o r  t h e  f i l l  a re  d i s c u s s e d  
i n  t h e  b e g i n n i n g  o f  t h i s  S e c t i o n .  The t es t  f i l l  must  
b e  c o n s t r u c t e d  o n  a c c e p t a b l e  c a l i c h e  f o u n d a t i o n .  
P r i o r  t o  p l a c e m e n t  o f  f i l l ,  a l l  low s p o t s  and 
d e p r e s s i o n s  w i l l  h a v e  t o  b e  f i l l e d  w i t h  s a n d  and 
compac ted  t o  t h e  r e q u i r e d  d e n s i t y  t o  p r o v i d e  a 
r e a s o n a b l y  u n i f o r m  and  h o r i z o n t a l  s u r f a c e .  The 
c o m p a c t i o n  e q u i p m e n t  s h o u l d  b e  a 10- ton  v i b r a t o r y  
ro l l e r  o r  e q u i v a l e n t  and s h o u l d  o p e r a t e  a t  1 1 / 2  mph. 
The ro l le r  s h o u l d  compact  when moving f o r w a r d  and n o t  
i n  r e v e r s e .  The f i l l  s h o u l d  b e  a b o u t  50 f t  b y  120 f t  
i n  p l a n  w i t h  s i d e  s l o p e s  n o t  s t e e p e r  t h a n  1 . 5  on  1. 
The t e s t  f i l l  c a n  b e  d i v i d e d  i n t o  t h r e e  e q u a l  
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s e c t i o n s .  Each s e c t i o n  would t h e n  be  compacted w i t h  
t h e  number o f  p a s s e s  s p e c i f i e d  below. The m o i s t u r e  
c o n t e n t  o f  t h e  f i l l  m a t e r i a l  shou ld  be  i n  t h e  r a n g e  
o f  2 %  above to 2 %  below t h e  optimum m o i s t u r e  c o n t e n t .  
M a t e r i a l s  hav ing  t h e  r e q u i r e d  m o i s t u r e  c o n t e n t  s h o u l d  
be p l a c e d  i n  9 i n c h  loose l i f t s .  The l i f t s  w i l l  be  
compacted w i t h  t h e  f o l l o w i n g  number of p a s s e s :  

S e c t i o n  N o .  o f  P a s s e s  

The t e s t  f i l l  shou ld  be  r a i s e d  i n  a  r e a s o n a b l y  
h o r i z o n t a l  p l a n e  b u t  s l o p e d  s u f f i c i e n t l y  t o  d r a i n .  
A t  l ea s t  t w o  l i f t s  s h o u l d  be  p l a c e d  b e f o r e  t e s t i n g .  
A d d i t i o n a l  l i f t s  w i l l  t h e n  have to  be added u n t i l  8 
l i f t s  have been p l a c e d .  A d d i t i o n a l  f i l l s  may have to  
be c o n s t r u c t e d  to  e v a l u a t e  l i f t  t h i c k n e s s  o r  t y p e  o f  
v i b r a t o r y  rollers t o  a c h i e v e  t h e  r e q u i r e d  d e n s i t y  i f  
t h i s  c a n n o t  be de t e rmined  s a t i s f a c t o r i l y  w i t h  t h e  
i n i t i a l  f i l l .  

The f i e l d  d e n s i t y  tes t s  must be conducted  a  minimum 
o f  1 2  i n c h e s  below t h e  f i l l  s u r f a c e .  A t  l ea s t  s i x  
f i e l d  d e n s i t y  tes ts  s h o u l d  be made on e a c h  l i f t  o f  
e a c h  s e c t i o n .  Enough m a t e r i a l  must be  o b t a i n e d  from 
e a c h  f i e l d  d e n s i t y  t e s t  f o r  compact ion t e s t s .  The 
r e s u l t s  o f  a l l  f i e l d  c o n t r o l  t es ts  w i l l  t h e n  be  
documented to  show compact ion equipment ,  f i l l  
s e c t i o n ,  l i f t  t h i c k n e s s ,  number o f  p a s s e s ,  compact ion  
and f i e l d  d e n s i t y  t e s t  r e s u l t s ,  p e r c e n t  compac t ion ,  
g r a d a t i o n ,  t e s t  l o c a t i o n ,  and e l e v a t i o n .  

One compact ion t e s t  must be performed i n  a c c o r d a n c e  
w i t h  ASTM D 1557 a t  t h e  l o c a t i o n  o f  e a c h  f i e l d  
d e n s i t y  t e s t .  The f i e l d  d e n s i t y  tes ts  s h o u l d  be  
c a r r i e d  o u t  i n  acco rdance  w i t h  ASTM D 1556. 
G r a d a t i o n  tes ts  shou ld  be made on m a t e r i a l  from e a c h  
f i e l d  d e n s i t y  l o c a t i o n  i n  acco rdance  w i t h  ASTM D 4 2 2 .  
The r e s u l t s  o f  a l l  f i e l d  c o n t r o l  t es ts  s h o u l d  be  

- documented and a n a l y z e d  and t h e  recommended b a c k f i l l  
p r o c e d u r e  shou ld  be used to meet t h e  c o n s t r u c t i o n  
r e q u i r e m e n t s .  
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SO1 L TEST RESULTS SUMMARY 
SHEET 4 OF 1 0  @ 

JOB NO. 12484 PROJECT V l P P  PRO IECT FEATURE FOUNOATlOlI INVE STICATION-PIIASE I DATE-ky 1 9 7 9  

SPECIFIC GRAVITY COMPACTION T R I A X I A L  COMPRESSION T E S T S  O T H E R S  

l o )  mMINUS NO. 4 ( I )  : A S T M  0 6 9 8  uc UNCONFINEU C O Y P R ~  SSION C U CONSOLIOATE0 UNDRAINEO ?if VISUAL CLASSICICATIOW 

l b )  =PLUS NO 4 ( 2 )  ; A S T U  0 1 5 5 7  UU UNCONSOLIOATEO UNORAINED CD CONSOLIDATED DRAINED * * IN- PLACE DENSITY TEST 

( 3 )  : 20.000 FT. L8S/CU. f 1. 6 CONSOLIDATED UNORAINED C R C lCL lC  COWSOLIOATE0 UNORAINED NV- Hon-Valid 
1 4 )  = MAXlYUY - YlNlMUM 

IPORE PRESSURE YEASUREYENTSI (PORE PRESSURE MEASUAEMENTS) w- h n - P l d 5 t l c  

1 5 )  =OTHER I S L E  1EXTI  
BL- ~ u l k  Sample 

p- p l  teller Samp le  

5 -  S p l l t  Spoon Samp le  
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TABLE I SHEET 6 OF 10 

S O I L  TEST RESULTS SUMMARY 
PROJECT WlPP Project  FEATURE Foundation Inves t lga t lon  - Phase I DATE nay I979 

SPECIFIC GRAVITY 

101 *YINUS NO 4 

4 b l  3 PLUS NO. 4 

COMPACT ION 

111 = A S T Y  D 6 9 0  

121  Z A S T U  D l 5 5 7  

1 3 1  : 20,000 FT. LBS/CU f T 

14 1 ; U A x l u u Y  - UlNlMUU 

1 5 1  : oTnEu  (SEE T E X T )  

T R I A X I A L  COMPRESSION T E S T S  O T H E R S  

UC UNCONFINED COYPRESSION CU CONSOLIDATED UNDRAINED * VISUAL CLASSIF ICATION 
U v  UNCONSOLIOATEO UNDRAINED CO CONSOLIOATED DRAINED * * IN-PLACE OENSlTl TEST 
CX CONSOClOATEO UNDRAINED CR CYCLIC CONSOLIDATED UNDRAINED NV- b n - Y a l l d  

I PORE PRESSURE MEASUREUENTSI (PORE PRESSURE MEASUREMENTS) NP- BL- Bulk )(on-Plast Sample l c  

P- Pl tcher  Sample 
5-  Split Spnon Samnle 
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SO1 L TEST RESULTS SUMMARY 
SHEET 8 OF 10 

JOB NO. 12484 PROJECT WlPP PN j e c t  FEATURE Foundation Invest lgat lon - P h a s e  I DATE tlav 1979 

SPECIFIC G R A V I T Y  

( 0 )  0 MINUS NO. 4 

( b )  :PLUS NO. 4 

COMPACTION 

l I I = A S T M  0 6 9 8  

( 2 1  ; A S T M  0 4 5 5 7  

4 3 )  : 2 0 . 0 0 0  FT. LBS/CU F l  

I 4  I z MAXIMUM - YIIOMUM 

( 5 1  = o T n f R  ISEL r E r r b  

T R l A X l A L  C O M P R E S S I O N  T E S T S  

UC UNCOWFINEO COMPRESSION C U  COWSOLIOATLO UWORAINED 

U U  UNCOWSOLIOATED UNORAIWEO CO COWSOLIOATED DIIAINED 

FU CONSOLIDAlEO UNORAINEO C R  CYCLIC CONSOLIDATED UNDRAINED 
l W R E  PRESSURE YEASUREYENTS) (PORE PRESSURE YEASUREYENIS) 

OTHERS 

O VISUAL C L A S S l f l t A r l o ~  

O * IN-PLACE DE S l r V  r E S r  
NV- Non-~al ld 
NP- N o n - P l a s t i c  

B L -  B u l k  S a m p l e  

P- P i t c h e r  S a m p l e  

S- S p l l t  S p o o n  S a m p l e  
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1 S O I L  TEST RESULTS SUMMARY 
JOB NO. 12484 PROJECT W l P P  Project FEATURE Foundation Invastlgatlon - Phase II DATE Hay 1979 

S P E C I F I C  G R A V I T Y  

( 0 1  .MINUS NO 4 

l b l  :PLUS NO 4 

COMPACTION 

I l l - & S T Y  D 6 9 8  

( 2 )  - A S r Y  0 1 5 5 7  

1 3 1  : 2 0 , 0 0 0  F l .  L B S / C U  F l  

( 4  I i Y 4 x l N u Y  - Y l N l Y U Y  

1 5 )  : o r v E n  ( S E E   EXT TI 

T R I A X I A L  C O M P R E S S I O N  T E S T S  O T H E R S  

UC UNCONFINED COUPRESSION C U  CONSOLIOATED UNDRAINEO VISUAL CLASSIF ICATlON 

U U  UNCONSOLIDATED UNORAINED C D CONSOLIDATED DRAINED * * IN-PLACE DENSITY TEST 

CX CONSOLIDAlED UNDRAINEO C R  CVCLlC CONSOLIDATE0 UNDRAINEO M -  Hen-Valid 
1 PORE PHESSURE UEASUREYENTSI (PORE PRESSURE UEASUREYENTSI  NP- m n - P l a s t l c  

BL- 8ulk S a m p l e  
P -  P I  tcher S a m p l e  

S-  S p l l t  S p o o n  S a m p l e  
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SO1 L TEST R E S U L T S  SUMMARY 

SHEET 1 0  OF 1 0  

JOB NO. 
I2484 P R ~ ~ ~ ~ ~  WlPP Project FEATURE Foundation lnves t lga t lon  - Phase II DATE b y  1979 

SPECIFIC GRAVITY 

I o l  sYINUS NO 4 

I D )  :PLUS NO 4 

COMPACTION 

Ill = A S T Y  D 6 9 8  

I Z ) = A S T M  D l 5 5 7  

1 3 )  ' 20.000 FT. LBS/CU. FT. 

14 I s YAXIMUY - Y lN lYUY 

1 5 )  ;OTHER (SEE T E X I l  

T R I A X I A L  COMPRESSION T E S T S  O T H E R S  

UC UNCONFINED COMPRESSION CU CONSOLIDATED UNDRAINED 3k VISUAL CIASSIfICATION 

UU UNCONSOLlDATED UNDRAINEU CD CONSOLIDATED DRAINED * * IN- PLACE DENSIIV TEST 

CU CONSOLIDATED UNDRAINED C R  CVCLIC CDNSMIDAIED UNURAINED HV- h - V a l  I d  
I PORE PRESSURE YEASUREYENTSI (PORE PAESSURE MEASUREMENTS) NP- b n - p l a s t l c  

BL- Bulk Sample 
P- PI tcher Sample 
S- S p l l t  Spoon Sample 



Table 2 
/- ' 

( 8  
ENGINEERING PROPERTIES OF IN-SITU SOIL AND SHALLOW ROCK 

Test - Uni t  - Sand - Cal iche Gatuna 

Spec i f i c  g r a v i t y  (Dimens ion1 ess) 2.47-2.87 2.57-2.79 2.52-2.77 

I n - s i t u  moist dens i ty  (pcf 1 * 101-128 89-120 95- 115 

I n - s i t u  d ry  dens i ty  (pcf 1 97-115 76-102 83-111 

Compressive s t rength  (u1-u3) (psf) 
Natural  moisture o 4,700-13,000 3,300-19,000 
Saturated o 3;lOO-34,000 2,800 

Consolidated undrained 
e f f e c t i v e  shear s t rength 

E &sf o 

b (deg1 - 
Consol idated drained 
e f f e c t i v e  shear s t rength 

E (ks f ) 0 0.14-2.58 0.15-4.04 
5 (de9) - .33 31-33 28-40 

Modulus o f  e l a s t i c i t y  
S t a t i c  (ksf 140-690 1,870-14,110 2,160-2,740 

-1 Dynam i c (ksf 1 See Table 7 

Shear modulus 
S t a t i c  (ksf) 
Dy nam i c (ksf 

See Table 7 
See Table 7 

Damping r a t i o  (%) See Figures 23 through 25 

Poisson's r a t i o  (Dimensionless) 0.34 0.35 

( F ~ / Y  r) Permeabi 1 i t y  92-3,710 7-648 

Note: The compressive strength results were rounded to the nearest 
100 psf. The modulus of elasticity was rounded to the nearest 
10 ksf. The densitites were rounded to the nearest 1 pcf. 



Table 3 

ENGINEERING PROPERTIES OF SAND BACKFILL 

Test  Unit  

ASTM D 1557 maximum dry dens i ty  (pcf)  109 -112 

ASTM D 2049 maximum dry dens i ty  

ASTM D 2049 minimum dry dens i ty  

Optimum moisture content  

Consolidated drained e f f e c t i v e  shear  

s t r e n g t h  

Modulus of e l a s t i c i t y  

S t a t i c  

Dynamic 

Shear modulus 

Damping r a t i o  

Poisson 's  r a t i o  

(ksf 

(XI 

(Dimensionless) 

520 

See t a b l e  7 

See t a b l e  7 

See Figure 23 

0.34 

Note: The dry dens i ty  w a s  rounded t o  t h e  nea re s t  1 pcf ,  and t h e  modulus 
of e l a s t i c i t y  t o  t h e  nea re s t  10 ks f .  



Table 4 

DESIGN PROPERTIES OF IN-SITU SOIL AND SHALLOW ROCK 
L; / 

Test - Unit - Sand - Cal iche Gatune 

Speci f ic  g rav i t y  (Dimensionless) 2-68 2.68 2.65 

Average moist density (pcf ) 110.0 102.0 103.0 

Average dry density ( P C ~ )  103.0 90.0 96.0 

Ef fec t ive  shear strength 

- 
c (ksf 0 0.9 0.65 

i 3 0 33 40 

Modulus o f  e l a s t i c i t y  

S ta t i c  

Dynamic 

140 3,600 

See Table 7 

Shear modulus 

S ta t i c  

Dynami c 

Damping r a t i o  

Poisson's r a t i o  

Shear Wave Velocity 

5 0 1,300 

See Table 7. 

(%I See Figures 23 through 25 

(Dimensionless) 0.34 0.35 

( f t / sec)  500 1,300 



Table 5 

DESIGN PROPERTIES OF SAND BACKFILL 

Test - 
Specif ic  g r a v i t y  

Unit  - 
( ~ i m e n s  ionless) 2.63 

ASTM D 1557 maximum dry density -- -- --- - - -- _- _-- - _ _ (pcf) 

Optimum moisture content (%) 

Average moi s t  densi t y  

E f f e c t i v e  shear strength 

Modulus o f  e l a s t i c i t y  

S t a t i c  . - -  

Dynamic 

Shear modulus 

Stat  l c  

Dynamic 

Damping r a t i o  

Poisson's r a t i o  

(ksf ) 500 

See Table 7 

(ksf 1 200 

See Table 7 

(%I See Figure 23 

( ~ i m e n s  ion1 ess) 0.34 
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Table 7 

DESIGN DYNAMIC AND STATIC SHEAR AND ELASTIC MODULI 

ELASTIC MODULUS (ksf )  SHEAR MODULUS (ks f )  
E ma+ G max* 

Material  S t a t i c  Dynamic S t a t i c  Dynamic 

Sand Backf i l l  

Sand Backf i l l  

Sand Backf i l l  

In-s i tu  Sand 

Caliche 

Gatuna 

500 3,500 200 1,300 
(d3= 1,000 ps f )  (d3= 1,000 psf )  

- 4,700 - 1,800 
d 2,000 ps f )  3 2,000psf) 

- 8,700 
(d3= 6,000 psf )  

3,200 
(d3= 6,000 ps f )  

1. The v a r i a t i o n  of the  dynamic shear  moduli, G ,  with s t r a i n  w i l l  be determined 
from G = Gy where G and G a r e  provided i n  

Gmax Design Y 'Y = 10-52 
G~ =lo-% 

Figures 20 through 22. 

2. The v a r i a t i o n  of t h e  dynamic e l a s t i c  moduli, E,  with the  dynamic shear  
moduli, G ,  w i l l  be determined using E= 2G ( l + P )  where p is  given i n  Tables 
4 and 5. 

3. d3= Confining pressure.  



T a b l e  8 

RELATULEDENSITY OF IN-SITU SAND 

I n - S i t u  Minimum Maximum R e l a t i v e  E l a s t i c  
D r y  D e n s i t y  D e n s i t y  D e n s i t y  D e n s i t y  M o d u l u s  

D e p t h  Y d  Y m i n  Y m a x  D r  E 
T e s t  P i t  S a m p l e  F t .  p c f  pcf pcf % p s i  

TP- 1 BL- 1 3 . 2  -3.7 97 89 113 39 - 

TP-2 BL- 1 3 . 0  -3.5 110 84 118 8 1 - 

TP-4 BL- 1 3 .0  -3.5 107 86 115 7 8 

TP-5 BL- 1 3.5-4.0 109 9 0 114 8 1 

N o t e :  T h e  d e n s i t i e s  w e r e  r o u n d e d  to the nearest 1 p c f .  



Table g 

- D1O S I Z E  AND COEFFICIENT OF UNIFORMITY OF TESTED SAND BACKFILL 

Borinq 

B- 1 
8-3 
8-5 
8-6 
8-8 
B-9 
B-10 
8-1 3 
8-1 3 
8-1 7 
8-18 
8-20 
8-20 
8-22 
8-22 
8-26 
8-27 
8-28 
8-29 
8-30 
8-3 1 
8-32 
8-33 
8-34 
8-35 
8-36 
8-37 
B-37A 
8-38 
8-39 
8-40 

Samp 1 e 

BL-1 
BL- 1 
BL- 1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-3 
BL-3 
BL-1 
BL-1 
BL-1 
BL-2 
BL-1 
BL-2 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL-1 
BL- 1 
BL- 1 
BL-1 

- Cu - Comrnen t s 

used f o r  cycl  l c  tes ts  
used for cyc l i c  tes ts  

used f o r  c y c l i c  tes ts  
used f o r  c y c l i c  tes ts  

used f o r  c y c l i c  tes ts  

NOTE : 

1. Cu = coefficient of uniformity D6q 
Dl0 

where. 

D60- particle size corresponding to 60 percent by weight 
passing on the particle size distribution curve. 

D10= particle size corresponding to 10 percent by weight 
passing on the particle size distribution curve. 



Table 10 

CHEMICAL ANALYSES OC FOUNDATION MTERIALS* 

Borlng Test Oapth Ferr lc  Alurnlnum Calclum Magnasluca Loss on 
P l t b .  A --  Haterla1 S111ca Oxlde &Ids Oxlde lqn l t lon  - - -  

B-28 BL-1 0-4 Bram Sand 93.24 1.02 2.83 0.16 0.20 1 .& 

TP-4 - 5 Tan Sand 89.62 1.46 3.81 1.36 0.27 1.88 

TP-4 - 10 !A l t o  Sand 84.61( 0.87 2.86 5.24 0.26 5.02 

8-29 P-7 12.5-13.5 t a t  lche 55.12 2.78 3.57 17.74 2.40 16.71 

1 
i 

bdlm btasslucn Sulfur I 

Oxlda - -- Oxlde Trloxlde -- Carbonate Chlorlda 

0.22 0.72 0.042 0.80 0.05 

0.34 0.88 0.045 0.59 0.05 

0.19 0.55 0.115 4.72 0.03 
4 

0.28 1.17 0.101 16.19 (0.01 

1-9 P-3 19-20 Gatuna 79.76 4.17 5.92 2.14 1.71 3.% 0.31 1.70 0.065 3.25 0.05 

*Shown as a percentage by welght. 



Table 11:' 

PLATE LOAD TEST RESULTS 

Modulus 
o f  

Water P la te  Subgrade E las t  i c  
Dry Dens1 t y  Content Diameter React i on  Modulus 

Test P i t  Test No. Mater ia l  Depth ( ~ t . )  (pcf) % ( In )  ( P C ~ )  (ps 1 ) 

1 Sand 3.2 
2 Sand 3.2 
3 Cal iche top  5.5 
4 Cal iche top  5.2 
5 Cal iche middle9.2 
6 Cal iche middle8.5 
7 Gatuna top 16.2 
8 Gatuna top 16.2 

TP-5 1 Sand 3.8 - - 30 165 3,400 
109 TP-5 2 Sand 3 .6 3.4 3 0 155 3,200 
102 TP-5 3 Cal iche top 10.6 11.5 12 1,620 13,000 

TP-5 4 Cal iche top 9.9 9 7 11.9 12 2,990 25,000 
TP-5 5 Cal iche 

middle 13.9 - - 12 5,560 46,000 
TP-5 6 Cal iche 

middle 13.9 ,112 5.1 12 4,420 37,000 

Hand-dug Hol e, 
116 f t  NE o f  8-25 Sand 3.0 100 

Note: The dry densities were rounded to the nearest 1 pcf. 



NET APFLIED PRESSURES AND 
NET ULTIMATE BEiLRING PRESSURES 

N e t  N e t  
U l t i m a t e  Applied 

Foundation EE aring S t a t i c  Factor 
Dimensions Pressure Pressure of 

Structures Af t  x f t )  ( K s f )  . ( K s f  Safe tv 

Waste Handling Building 

Hot C e l l  Mat 40x1 13 1 1 6  
Braced Bay Footing 12x76 7 3  
Column Footings 18x18 78 
Column Footings 8x8 68 

Storage Exhaust F i l t e r  Building 

Column Footings 12x12 7  2 
Column Footings 6x12 6 4  

Emergency Generator Building 

Column Footings 12x12 34 
Column Footings 6x12 29 
Continuous Footings 5x22 28 

Admini s t r a t i  on B u i  lding (Contr 01 Room) 

Column Footings 8x 8 21 2 10 
Column Footings 6x6 1 9  2 9 

. - - . . . . - . . . . . . .  . .  . . .  . .  . . .  . . 



Table 13 

SETTLEMENTS OE POUNDATIONS 

N e t  Applied 
Foundation Static Se t t l e -  
Dimensions Pressure ment 

- Skructures l f t  x f t )  - . - ( K s f )  (in) 

Waste Handling Building 

m t  C e l l  M a t  
Rraced Bay Footing 
Column Footings 
Column Footings 

Storage Exhaust F i l t e r  Building 

Column Footings 
Column Footings 

Emergency Generator Building 

Column Footings 
Column Footings 
Continuous Footings 

Administration Building (Control Room) 

Column Footings 
Column Footings 



TABLE 1 4  

FIELD RESISTIVITY SURVEY 

R e s i s t i v i t y  
(Ohms-cm) 

R e s i s t i v i t y  
L o c a t  i o n  

Depth 
( F t )  - Reading (Ohms ) 

Notes : 

1. ?he average e l ec t r i c a l  r e s i s t i v i t y  was 
determined t o  depths of 5 an3 10 f ee t  using a 
"Vibroyround" Model 293 i n s t r m n t s  and an 
equally spaced electrode configuration "Wenner 
Method" . 

2. &si s t i v i t y  locations R-1 through R-6 are shown 
on Figure 1 of t h i s  report. 



Table 15 

LABORATORY RESISTIVITY 

Resistivity 
Location Sample Origin & Depth 

R- 1 Test Trench TP-3 0 -235' 
235-4 ' 
4 -8' 
8 -12' 

R- 2 Test Pit TP-4 0 -4' 
4 -11' 
11 -18' 
18 -24' 
24 -30' 

R- 3 Boring B-13, BL-3 0 -7' 
S-2 5 -635' 
S-4 9 -1035' 

R- 4 Boring B-14, S-1 1 -235' 
S-2 435-535' 

R- 5 Test Trench TP-5 0 -3' 
3 -7' 
7 -13' 
13 -16' 
16 -18' 

Laboratory Resistivity 
(ohms - cm) 

6,401 
insufficient sample 
insufficient sample 

insufficient sample 
insufficient sample 

R- 6 Boring B-53, S-1 1-235' insufficient sample 
S-3 535-7' insufficient sample 
5-4 8-9'5" insufficient sample 

Notes: 

(1) Laboratory resistivity tests were performed according to 
California Highway Department Test Procedure 643, Part 4, 
Laboratory Method of Determining Minimum Resistivity. 

( 2 )  Resistivity locations R-1 through R-6 are shown on 
Figure 1 of this report. 



Table 16 

pl, SULtWATES & QILOFUDES 
(Samples from Resistivity Test Locations) 

Resistivity Sulphates Chlorides 
Locat ion Sample Origin & Depth - PH (LPN 

Notes : 

1. Test Procedures: 

(a) California Highway Department Test Procedure 643, Part 3, Method 
of Determining pH of Soil. 

(b) California Highway Department Test Procedure 417, Method of 
Testing Soils and waters for Sulphate Content. 

(c) California Highway Department Test Procedure 422, Method of 
Testing Soils and Waters for Chloride Content. 

2. Resistivity locations R-1 through R-6 are shown on Figure 1 of 
this report. 
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HYDROMETER ANALYSIS * 
T I Y E  READIYOS I 

SIEVE ANALYSLS 
U 3 STAYDUIO SERIES I CLEAR WUAOE OPEYIYGS 

I CLAY (PLASTIC1 TO SILT [no* -PLASTIC1 I SAND I GRAVEL 
I 

COBBLES 
r l Y E  l E D l U l  1 COARSE F I N E  , / I  COARSE -- I 

GRAIN SIZE DISTRIBUTION 

UPPER SAND 

FIGURE I I  



-- * -- - - . -- 
HYDROMETER ANALYSIS 

I 
SIEVE ANALYSIS 

TIME READINGS U 9 STANDARD SERIES I CLEAR SQUARE OPENINGS 

CLAY ( P u s r l c l  TO SILT (Mar-PLASTIC1 t SAND 
F I N E  

ORAVEL - -+ COBBLES 
1 COARSt 

GRAIN S I Z E  DISTRIBUTION 

CALICHE 

FIGURE 12 
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0 4.0 8 .O 12.0 16 .O 2 0 . 0  2 4 . 0  2 8 . 0  3 2  .O 3 6 . 0  

E f fec t i ve  Normol S t ress ,  ks f  

E X P L A N A T I O N  

C D Tr iax ia l  Compression Test 

--- c Tr iax ia l  Compression Test 
w i t h  pore pressure measurements - Design Parometers 

NOTES: 
I. Somples were compacted to  95°/0 o f  moximum 

dry density obta ined in  accordance with 
A S T M  D-1557, Method D. 

2. Tests were performed an fo l lowing samples: 

- 
TEST PIT SAMPLE TEST a(deg.1 C ( k s f  1 - - -- 
TP-2 BL-3 CT 3 1  0 . 4  

TP-4 B L - 4  CD 3 6  1.6 

EFFECTIVE STRENGTH ENVELOPES 

FU AND CD TESTS 

GATUNA - COMPACT ED SAMPLES 

F I G U R E  1 6 ( c )  



C 

O W  
'0 J 

E I Q T  
b a a  
".. V) k 
LZ 



E X P L A N A T I O N  

C D Triaxial compression test 

--- u Triaxial compression test 

with pore pressure measurements 

Design Parameters 

N O T E :  - 
Tests were performed on tol lowing samples: 

BORING 
- - SAMPLE TEST 0 (deg.) c(ksf) - 

E f f e c t i v e  Normal  St ress ,  ksf  E F F E C T I V E  S T R E  N G T H  E N V E L O P E S  

TU A N D  C D  T E S T S  

C A L I C H E -  U N D I S T U R B E D  S A M P L E S  

FIGURE 18 



E X P L A N A T I O N  

C D Triaxial compression test 

--- u Triaxial compression test 
with pore pressure measurements 

Design Parameters i f  

NOTE: 

Tests were performed on following samples: 

BORING SAMPLE T E  - - @(deg.) C(ksf) - - 
8-3 P-2 C D 3 7 0.15 
B -3 P-4 c?j 3 5 2.82 
8-6 P 3  CD 4 0  0.65 
8 -36 P-8 C D  2 8 4.0 

E f f e c t i v e  Normal  S t r e s s ,  k s f .  E F F E C T I V E  S T R E N G T H  E N V E L O P E S  

FU A N D  C D  T E S T S  

GATUN A - UNDISTURBED SAMPLES 

FIGURE I 9  
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LEGEND: 

Resonant Cyclic 
Column Tr iax ia l  

0 1.0 k s f  . 1 . 0 k s f  

h 2 . 0  k s f  A 2 . 0  k s f  

6 . 0  k s f  . 6 . 0  k s f  

NOTES: 

I .  
G d' 

~ e s i w  - G 8;  ,0-5 oj0 Gmox 
where G,,,= 8 2 0 0  ksf . 

2 .  See Figure 20(al for  addit ional  notes .  

VARIATION O F  SHEAR 
MODULI WITH STRAIN 

GATUNA- NATURAL MOISTURE 

FIGURE 2 2 ( 0 )  
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LEGEND: 

Resonant Cyclic 
Column T r i a x i a l  

0 I 0 0 0  psf IOOOpsf 

10-3 10-2 
Cycl ic  Shear  St ra in ,  Percent 

DAMPING RATIOS VS. STRAIN 

CALICHE- NATURAL MOISTURE 

FIGURE 240 
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LEGEND: 

Resonant 
Column 

Cyclic 
T r lax ia l  

A2000 p s f  

DAMPING RATIOS VS. STRAIN 

GATUNA- SATURATED 

FIGURE 2 5 b  
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N E T  B E A R I N G  PRESSURE, K S F  

0 I 2 3 4 5 
N E T  B E A R I N G  PRESSURE, tKSF 

FOUNDATIONS O N  COMPACTED SAND B A C K F I L L  

N O T E :  

Sond Bockfill  i s  cornpocted to 95% of the  
moximum dry d e n s ~ t y  as determined by 
A S T M  D-1557, Method C. 

FOUNDATIONS O N  CALICHE 

NET PRESSURES VS 
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I 6 G r a i n  S i z e  D i s t r i b u t i o n  - C a l i c h e  I 

7 N a t u r a l  Moi s tu re  C o n t e n t  and U n i t  Weight  v s  Depth 

8 Undrained S h e a r  S t r e n g t h  v s  Depth - Undi s tu rbed  
Samples  

9 E f f e c t i v e  S t r e n g t h  Envelopes  CD T e s t s  
Upper Sand - Undi s tu rbed  Samples  

10 E f f e c t i v e  S t r e n g t h  Envelopes  C D  T e s t s  
Upper Sand - Compacted Samples  

11 E f f e c t i v e  S t r e n g t h  Envelopes  CD Tests  
C a l i c h e  - Compacted Samples  

12  E f f e c t i v e  S t r e n g t h  Envelopes  C D  T e s t s  
Gatuna - Compacted Samples  

I 13 Soaked CBR - Compacted Sand I 
1 4  Soaked CBR - Compacted C a l i c h e  

1 5  Soaked CBR v s .  I n - S i t u  Dry D e n s i t y  
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1. INTRODUCTION 

Volume 11 o f  t h e  s o i l s  d e s i g n  r e p o r t  f o r  t h e  Waste 
I s o l a t i o n  P i l o t  P l a n t  (WIPP) s i t e  p r e s e n t s  t h e  r e s u l t s  
o f  f o u n d a t i o n  s t u d i e s  f o r  t h e  a c c e s s  r o a d s  and a c c e s s  
r a i l r o a d .  The r e s u l t s  o f  f o u n d a t i o n  s t u d i e s  f o r  t h e  
s u r f a c e  s t r u c t u r e s  a t  WIPP have  been p r e s e n t e d  i n  
Volume I o f  t h e  s o i l s  d e s i g n  r e p o r t  ( R e f e r e n c e  1).  

Two r o a d s  d e s i g n a t e d  a s  n o r t h  and s o u t h  a c c e s s  r o a d s  
a r e  p l a n n e d  t o  p r o v i d e  a c c e s s  t o  t h e  WIPP s i t e .  The 
n o r t h  a c c e s s  r o a d  is  a p p r o x i m a t e l y  1 3  miles l o n g  and it 
e x t e n d s  f rom t h e  e x i s t i n g  2  l a n e  U.S. Highway 62/180 t o  
t h e  WIPP p l a n t  e n t r a n c e  r o a d .  The s o u t h  a c c e s s  r o a d  is  
a p p r o x i m a t e l y  4  miles l o n g  and it e x t e n d s  f rom t h e  
e x i s t i n g  2  l a n e  S t a t e  Highway 128 t o  t h e  WIPP p l a n t  
e n t r a n c e  r o a d .  

The a c c e s s  r a i l r o a d  is a p p r o x i m a t e l y  6  m i l e s  l o n g  and 
it e x t e n d s  f rom t h e  e x i s t i n g  A t c h i s o n ,  Topeka and S a n t a  
F e  Rai lway Co. (AT & S F )  r a i l r o a d  s p u r  t o  t h e  WIPP s i t e  
boundary f e n c e .  The a c c e s s  r a i l r o a d  w i l l  s e r v e  a s  t h e  
p r i m a r y  c a r r i e r  o f  t h e  w a s t e  s h i p m e n t s  t o  t h e  WIPP 
s i te .  

The l o c a t i o n s  o f  t h e  n o r t h  and s o u t h  a c c e s s  r o a d s ,  and 
t h e  a c c e s s  r a i l r o a d  a r e  shown o n  t h e  v i c i n i t y  map on 
F i g u r e  1. 

To d e v e l o p  i n f o r m a t i o n  f o r  t h i s  r e p o r t ,  a  f i e l d  
e x p l o r a t i o n  and l a b o r a t o r y  t e s t i n g  program was 
per fo rmed  d u r i n g  F e b r u a r y  t o  J u l y  1979 .  The l o c a t i o n s  
o f  t h e  b o r i n g s  and t e s t  p i t s  a r e  shown on  F i g u r e s  2  
t h r o u g h  4. The l o g s  o f  a l l  b o r i n g s  and t e s t  p i t s  
t o g e t h e r  w i t h  t h e  r e s u l t s  o f  a l l  f i e l d  and l a b o r a t o r y  
tests a r e  c o n t a i n e d  i n  t h e  two r e p o r t s  by S e r g e n t ,  
H a u s k i n s  & Beckwi th  which a r e  i n  R e f e r e n c e  1 4  t o  t h i s  
r e p o r t .  The s o i l  test r e s u l t s  a r e  summarized i n  
T a b l e  1. 

SCOPE OF WORK 

T h i s  r e p o r t  summarizes  t h e  s o i l  and f o u n d a t i o n  
i n v e s t i g a t i o n s  made t o  e v a l u a t e  t h e  s u b s u r f a c e  
c o n d i t i o n s  a l o n g  t h e  a l i g n m e n t  o f  t h e  a c c e s s  r o a d s  and 
a c c e s s  r a i l r o a d .  The f o u n d a t i o n  i n v e s t i g a t i o n s  
c o n s i s t e d  o f  d r i l l i n g ,  e x c a v a t i n g ,  and s amp l ing  t h e  
s o i l s  and r o c k ,  c o n d u c t i n g  f i e l d  and l a b o r a t o r y  t e s t s ,  
and p e r f o r m i n g  e n g i n e e r i n g  a n a l y s e s  t o  d e v e l o p  
f o u n d a t i o n  recommendat ions  f o r  t h e  a c c e s s  r o a d s  and 
a c c e s s  r a i l r o a d .  

The r e s u l t s  o f  t h e  f i e l d  e x p l o r a t i o n  and l a b o r a t o r y  
t e s t i n g  p rograms  a s  w e l l  a s  recommendat ions  f o r  d e s i g n  
and c o n s t r u c t i o n  a r e  p r o v i d e d  i n  t h e  r e p o r t .  I n c l u d e d  
i n  t h e  s c o p e  a r e  recommendat ions  f o r  t h e  on s i t e  r o a d s  
and r a i l r o a d ,  which are g i v e n  s e p a r a t e l y  i n  S e c t i o n  8.  
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Base c o u r s e  materials f o r  t h e  roads and b a l l a s t  
materials f o r  t h e  r a i l r o a d  a re  n o t  i n c l u d e d  i n  t h e  
s c o p e  o f  t h i s  r e p o r t .  

3. EXPLORATION 

3 .1  G e n e r a l  

The  e x p l o r a t i o n  p rogram f o r  t h e  access r o a d s  and 
r a i l r o a d  was d e v e l o p e d  by B e c h t e l  and  c a r r i e d  o u t  
by  S e r g e n t ,  H a u s k i n s  & Beckwi th .  B e c h t e l  s o i l  
e n g i n e e r s  and  g e o l o g i s t s  o b s e r v e d  d r i l l i n g ,  
s a m p l i n g  and t e s t i n g  o p e r a t i o n s .  The p u r p o s e  o f  
t h e  e x p l o r a t i o n  was t o  e s t a b l i s h  t h e  g e o l o g i c  
c o n d i t i o n s  a l o n g  t h e  a l i g n m e n t s  and t o  d e t e r m i n e  
p r o p e r t i e s  o f  t h e  i n - s i t u  s o i l s  and  p o t e n t i a l  
bo r row  materials  t o  d e v e l o p  f o u n d a t i o n  d e s i g n  
r e q u i r e m e n t s  f o r  t h e  access r o a d s  and  access 
r a i l r o a d .  

The a l i g n m e n t s  o f  t h e  access r o a d s  and r a i l r o a d  
a l o n g  w i t h  t h e  l o c a t i o n s  o f  t h e  b o r i n g s  a n d  tes t  
p i t s  were s u r v e y e d  by Mozlen-Corbin and Associates 
o f  C a r l s b a d ,  N e w  Mexico u n d e r  c o n t r a c t  t o  B e c h t e l .  
P r i o r  t o  d r i l l i n g  o r  e x c a v a t i o n ,  t h e  s i tes  were 
a p p r o v e d  by t h e  Bureau  o f  Land Management. The 
o r i g i n a l  l o c a t i o n s  o f  a l l  b o r i n g s  and t es t  p i t s  
were approved  e x c e p t  f o r  t e s t  p i t  TP-127 which  
was r e l o c a t e d  a b o u t  75 f e e t  wes tward  and  TP-139 
which  was e l i m i n a t e d .  

The e x p l o r a t i o n  p rogram f o r  t h e  access r o a d s  and 
r a i l r o a d  was c o n d u c t e d  i n  two s t a g e s .  S t a g e  I 
c o n s i s t e d  o f  d r i l l i n g  and s a m p l i n g  o f  9  s h a l l o w  
b o r i n g s  numbered B-301 t h r o u g h  B-309. S t a g e  I1 
i n c l u d e d  e x c a v a t i o n ,  s a m p l i n g  and  t e s t i n g  o f  48 
t e s t  p i t s  numbered TP-101 t h r o u g h  TP-138 and  
TP-140 t h r o u g h  TP-149. F i e l d  d e n s i t y  t e s t s  were 
made a t  s e l e c t e d  d e p t h s  i n  t h e  t e s t  p i t s .  The  
l o c a t i o n s  o f  a l l  b o r i n g s  and t e s t  p i t s  a re  shown 
o n  F i g u r e s  2 t h r o u g h  4.  P r o f i l e s  showing  t h e  
d i f f e r e n t  s t r a t a  e n c o u n t e r e d  and s i g n i f i c a n t  
e n g i n e e r i n g  p r o p e r t i e s  are shown o n  t h e  f i g u r e s .  

3 .2  S h a l l o w  B o r i n g s  

The s h a l l o w  b o r i n g s  were d r i l l e d  d u r i n g  t h e  p e r i o d  
o f  F e b r u a r y  1 t h r o u g h  F e b r u a r y  8 ,  1979 .  The 
b o r i n g s  were advanced  w i t h  o n e  C e n t r a l  Mine 
Equipment  r o t a r y  d r i l l  r i g ,  Model 55 ,  u s i n g  6-1/2 
i n c h  d i a m e t e r  h o l l o w  stem a u g e r s .  A i r  p r e s s u r e  
was u s e d  d u r i n g  d r i l l i n g  and s a m p l i n g .  N o  water 
o r  d r i l l i n g  mud was u s e d .  A t o t a l  o f  9  b o r i n g s  
were d r i l l e d  t o  d e p t h s  o f  38 t o  41.5  f e e t .  

0 
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S t a n d a r d  p e n e t r a t i o n  tests w i t h  s p l i t  spoon  
s a m p l i n g  and t h i n - w a l l e d  S h e l b y  t u b e  s a m p l e s  were 
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o b t a i n e d  a t  5  f o o t  i n t e r v a l s  and a t  changes  o f  
s t r a t a .  The s t a n d a r d  p e n e t r a t i o n  t e s t s  were 
per fo rmed  i n  a c c o r d a n c e  w i t h  ASTM D 1586 w i t h  a 
s p l i t  b a r r e l  s a m p l e r  1-3/8 i n c h  1 . D .  and 2 i n c h  
O.D. The r e s u l t s  o f  t h e  s t a n d a r d  p e n e t r a t i o n  
t e s t s  a r e  shown on  t h e  p r o f i l e s  o n  F i g u r e s  2  
t h r o u g h  4. Th in-wal led  t u b e  s amp le s  were t a k e n  i n  
t h e  b o r i n g s  a t  s e l e c t e d  d e p t h s .  The t u b e  s amp le s  
were t a k e n  w i t h  a P i t c h e r  s amp le r  equ ipped  w i t h  a  
2-7/8 i n c h  1 . D .  t h i n - w a l l e d  S h e l b y  t u b e .  

S i x  b o r i n g s  numbered B-301 t h r o u g h  B-306 were 
d r i l l e d  t o  d e p t h s  o f  38 to  41.5 f e e t  a l o n g  t h e  
n o r t h  access r o a d  as shown on F i g u r e  2. One 
b o r i n g  numbered B-309 was d r i l l e d  t o  a d e p t h  o f  
39.4 f e e t  on  t h e  s o u t h  a c c e s s  r o a d  as shown on  
F i g u r e  3. Two b o r i n g s  numbered B-307 and B-308 
were d r i l l e d  t o  d e p t h s  o f  40 and 39.8 f e e t  
r e s p e c t i v e l y  a l o n g  t h e  access r a i l r o a d  a s  shown on 
F i g u r e  4. The b o r i n g s  were g e n e r a l l y  d r i l l e d  i n  
a r e a s  o f  c u t s  e x c e p t  f o r  b o r i n g s  numbered B-305, 
B-307 and B-309 which were d r i l l e d  i n  areas n e a r  
g r a d e .  

A l l  b o r i n g s  were b a c k f i l l e d  w i t h  n a t i v e  d r i l l e d  
m a t e r i a l  upon c o m p l e t i o n  o f  d r i l l i n g  and sampl ing .  

3 .3  T e s t  P i t s  

A t o t a l  o f  48 t e s t  p i t s ,  numbered TP-101 t h rough  
TP-138 and TP-140 t h r o u g h  TP-149, were excava t ed  
t o  d e p t h s  o f  6  t o  1 5  f e e t  a l o n g  t h e  t h r e e  
a l i g n m e n t s  t o  d e t e r m i n e  t h e  i n d e x  p r o p e r t i e s  o f  
i n - s i t u  m a t e r i a l s  and t o  o b t a i n  b u l k  s amp le s  f o r  
l a b o r a t o r y  t e s t i n g .  The t e s t  p i t s  were excava t ed  
w i t h  a  backhoe d u r i n g  t h e  p e r i o d  o f  March 1 3  
t h r o u g h  A p r i l  4 ,  1979.  I n - s i t u  d e n s i t y  tests and 
b u l k  s amp le s  were o b t a i n e d  a t  s e l e c t e d  d e p t h s  i n  
t h e  t e s t  p i t s .  The i n - s i t u  d e n s i t y  tests were 
made i n  a c c o r d a n c e  w i t h  ASTM D 1556 ,  and t h e  bu lk  
s amp le s  were o b t a i n e d  a d j a c e n t  t o  t h e  i n - s i t u  
d e n s i t y  tests. 

The l o c a t i o n s  o f  t h e  t e s t  p i t s  a r e  shown on 
F i g u r e s  2  t h r o u g h  4 ,  and t h e  l o g s  o f  t e s t  p i t s  a r e  
i n c l u d e d  i n  R e f e r e n c e  1 4 .  The r e s u l t s  o f  i n - s i t u  
d e n s i t y  tes ts  and n a t u r a l  w a t e r  c o n t e n t  
d e t e r m i n a t i o n s  a r e  shown on  F i g u r e  7. 

26 t e s t  p i t s  numbered TP-101 t h r o u g h  TP-126 were 
e x c a v a t e d  a l o n g  t h e  n o r t h  a c c e s s  r o a d  t o  d e p t h s  o f  
6  t o  1 3  f e e t  where 20 i n - s i t u  d e n s i t y  tes ts  and 20 
b u l k  s amp le s  were o b t a i n e d .  Along t h e  s o u t h  
access r o a d ,  9  t e s t  p i t s  numbered TP-141 t h rough  
TP-149 were e x c a v a t e d  t o  d e p t h  o f  8  t o  13.5 f e e t  
where 11 i n - s i t u  d e n s i t y  tests and 11 b u l k  samples  
were o b t a i n e d .  1 3  t e s t  p i t s  numbered TP-127 

I 

DOCUMENT N O ? R - ~ ~ - V - O ~  REV . . L  SHEET 7  O F  25 



t h r o u g h  TP-138 and TP-140 were e x c a v a t e d  a l o n g  t h e  
r a i l r o a d  t o  d e p t h s  o f  6 t o  1 5  f e e t  where  1 5  
i n - s i t u  d e n s i t y  t e s t s  and  1 5  b u l k  s a m p l e s  were 
o b t a i n e d .  

The  t e s t  p i t s  were b a c k f i l l e d  w i t h  loose e x c a v a t e d  
material upon c o m p l e t i o n .  

4 .  SOIL CONDITIONS 

4.1 S u r f a c e  C o n d i t i o n s  

The s u r f a c e  v e g e t a t i o n  is s p a r s e  and c o n s i s t s  
m a i n l y  o f  s t u n t e d  s a g e  b r u s h ,  s c a t t e r e d  m e s q u i t e ,  
y u c c a ,  o c c a s i o n a l  s t u n t e d  o a k  b r u s h ,  gamma g r a s s  
and  s a l t  g r a s s .  

The s u r f a c e  s o i l  is m o s t l y  s a n d  and s i l t y  s a n d  
w i t h  a few o u t c r o p s  o f  c a l i c h e .  The  t e r r i a n  is 
g e n e r a l l y  f l a t  t o  m o d e r a t e l y  r o l l i n g  w i t h  a 
maximum local  v e r t i c a l  p r o j e c t i o n  o f  10  t o  1 5  f e e t  
e x c e p t  a l o n g  t h e  n o r t h  access r o a d  be tween  s t a .  
110  + 00 t o  230 + 00 where  it rises 80 f e e t  i n  
e l e v a t i o n  and be tween  s t a .  230 + 00 t o  330 + 00 
whe re  t h e r e  is a d r o p  i n  e l e v a t i o n  o f  130  f e e t .  
The r a i l r o a d  s p u r  rises 290 f e e t  f rom i ts s t a r t  a t  
s t a .  100  + 00 t o  t h e  WIPP s i t e  bounda ry  f e n c e .  
T h e r e  are s a n d  d u n e s  o v e r  a p p r o x i m a t e l y  h a l f  o f  
t h e  t h r e e  a l i g n m e n t s .  Most o f  t h e  s a n d  d u n e  
a c t i v i t y  is a b o u t  2 t o  3  f e e t  i n  h e i g h t .  The most 
e x t e n s i v e  areas o f  dune  a c t i v i t y  w i t h  d u n e s  o f  1 0  
t o  1 5  f e e t  i n  h e i g h t ,  are l o c a t e d  be tween  s t a .  370 
+ 00 t o  400 + 00 o n  t h e  n o r t h  access r o a d ,  be tween  
s t a .  100 + 00 t o  1 1 5  + 00 o n  t h e  s o u t h  access r o a d  
and  be tween  s t a .  290 + 00 to  350 + 00 o n  t h e  
r a i l r o a d  s p u r .  The n a t u r a l  s l o p e s  o f  t h e s e  d u n e s  
v a r y  f rom between 2  t o  3  h o r i z o n t a l  t o  1 v e r t i c a l .  

T h e r e  a r e  s e v e r a l  p i p e l i n e s  and d i r t  or c a l i c h e  
s u r f a c e d  r o a d s  c r o s s i n g  t h e  3  a l i g n m e n t s .  The 
l o c a t i o n s  are shown o n  F i g u r e s  2  t h r o u g h  4. 

4.2 S u b s u r f a c e  C o n d i t i o n s  

The g e n e r a l  s o i l  p r o f i l e  f o r  a l l  t h r e e  a l i g n m e n t s  
c o n s i s t s  o f  f rom 0  t o  20 f e e t  o f  s a n d s  u n d e r l a i n  
by f rom 2 .5  to  23 f e e t  o f  c a l i c h e .  Benea th  t h e  
c a l i c h e  are t h e  Ga tuna ,  S a n t a  Rosa, and Dewey Lake 
f o r m a t i o n s .  The Gatuna  and S a n t a  Rosa f o r m a t i o n s  
were m i s s i n g  i n  p a r t s  o f  t h e  a r e a  e x p l o r e d .  

The s o i l  p r o f i l e  f o r  t h e  n o r t h  access r o a d  f rom 
s t a .  1 0  + 00 t o  70 + 00 c o n s i s t e d  o f  3  t o  6 f e e t  
o f  s i l t y  sand  a t  t h e  s u r f a c e s  u n d e r l a i n  by c a l i c h e  
t o  t h e  bo t t om o f  t h e  p i t s  a t  1 0  f e e t ,  e x c e p t  a t  
s t a .  37 + 00 where  s i l t y  c l a y  was e n c o u n t e r e d .  
From s t a .  70 + 00 t o  270 + 0 0 ,  1 t o  5  f e e t  o f  
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s i l t y  s a n d  is u n d e r l a i n  by  c a l i c h e  t o  t h e  b o t t o m  
o f  t h e  p i t s  a t  1 0  f e e t ,  e x c e p t  a t  s t a t i o n s  
1 6 8  + 00 and 263 + 00 where  G a t u n a  s a n d s t o n e  was 
e n c o u n t e r e d  b e n e a t h  t h e  c a l i c h e  a t  8  f e e t .  B o r i n g  
B-301 a t  s t a .  232 + 00 showed t h a t  t h e  c a l i c h e  
e x t e n d s  t o  24 f e e t  a n d  is u n d e r l a i n  by  Dewey Lake 
F o r m a t i o n  t o  40 f e e t  ( b o t t o m  o f  b o r i n g ) .  From 
s t a .  270 + 00 t o  520 + 0 0 ,  s a n d  a n d  s i l t y  s a n d  
were e n c o u n t e r e d  t o  t h e  f u l l  d e p t h  o f  t h e  p i t s  ( 1 3  
f e e t  maximum), e x c e p t  a t  s t a t i o n s  286 + 00 a n d  
466 + 00 w h e r e  c a l i c h e  was e n c o u n t e r e d  a t  9  f e e t .  
F o u r  b o r i n g s  i n  t h i s  a r e a  e n c o u n t e r e d  s a n d s  
v a r y i n g  i n  t h i c k n e s s >  f r o m  1 0  t o  20 f e e t  a n d  
o v e r l y i n g  c a l i c h e .  The  c a l i c h e  v a r i e d  i n  
t h i c k n e s s  f r o m  3  t o  1 3  f e e t  a n d  was u n d e r l a i n  by 
Dewey Lake  F o r m a t i o n  i n  b o r i n g s  B-302 a n d  B-303, 
a n d  b y  d e n s e  s a n d  i n  b o r i n g s  B-304 and  B-305. 
A l t e r n a t e  l a y e r s  o f  c a l i c h e  a n d  s a n d  were 
e n c o u n t e r e d  i n  b o r i n g  B-305 a t  a d e p t h  o f  1 4  to  4 1  
f e e t .  F i n a l l y ,  f r o m  s t a .  520 + 00 t o  690 + 0 0 ,  
s u r f a c e  s a n d s  a v e r a g e d  a b o u t  7  f e e t  t h i c k  and  were 
u n d e r l a i n  b y  c a l i c h e  t o  t h e  b o t t o m  o f  p i t s  a t  1 0  
f e e t ,  e x c e p t  a t  s t a .  620 + 00 w h e r e  G a t u n a  
s a n d s t o n e  was e n c o u n t e r e d  a t  5  f e e t ,  and  a t  s t a .  
6 6 1  + 00 w h e r e  s a n d s  e x t e n d e d  t o  1 0  f e e t .  B o r i n g  
B-306 a t  s t a .  5 6 3  + 00 showed t h a t  t h e  c a l i c h e  
e x t e n d s  t o  1 8  f e e t  a n d  is u n d e r l a i n  by S a n t a  
Rosa  F o r m a t i o n  t o  39 f e e t  ( b o t t o m  o f  b o r i n g ) .  

The  s o i l  p r o f i l e  f o r  t h e  s o u t h  a c c e s s  r o a d  f rom 
s t a .  0  + 00 t o  50 + 00 c o n s i s t e d  o f  a s u r f a c e  
l a y e r  of 2  to  3  f e e t  o f  s i l t y  s a n d  w i t h  c a l i c h e  
u n d e r l y i n g  it t o  t h e  b o t t o m  of t h e  p i t s  w h i c h  
v a r i e d  i n  d e p t h  f r o m  8  t o  11 f e e t .  From s t a .  
50 + 00 t o  200 + 00 a t  t h e  WTPP b o u n d a r y  f e n c e ,  
s a n d  a n d  s i l t y  s a n d  were e n c o u n t e r e d  w i t h  a  
t h i c k n e s s  o f  5 .5  t o  1 2  f e e t .  C a l i c h e  was  
e n c o u n t e r e d  below t h e  s a n d s  t o  t h e  b o t t o m  o f  t h e  
p i t s  w h i c h  v a r i e d  i n  d e p t h  f r o m  1 0  t o  1 3 . 5  f e e t .  
I n  b o r i n g  B-309 a t  s t a .  59 + 0 0 ,  a s e q u e n c e  of 
G a t u n a ,  S a n t a  Rosa  a n d  Dewey Lake  f o r m a t i o n s  was 
e n c o u n t e r e d ,  b e n e a t h  t h e  c a l i c h e ,  b e t w e e n  1 4  and  
39 .5  f e e t .  

The  s o i l  p r o f i l e  f o r  t h e  a c c e s s  r a i l r o a d  f rom s t a .  
1 0 0  + 00 t o  210 + 00 c o n s i s t e d  o f  0  t o  2  f e e t  o f  
s u r f a c e  s a n d  u n d e r l a i n  by c a l i c h e  t o  t h e  b o t t o m  o f  
t h e  p i t s  w h i c h  v a r i e d  i n  d e p t h  from 6  t o  1 5  f e e t ,  
e x c e p t  a t  s t a .  1 2 2  + 00 w h e r e  G a t u n a  F o r m a t i o n  was 
e n c o u n t e r e d  a t  11 f e e t .  Tn b o r i n g s  B-307 a n d  
B-308, c a l i c h e  was e n c o u n t e r e d  a t  g r o u n d  s u r f a c e  
a n d  was  u n d e r l a i n  by a  s e q u e n c e  o f  G a t u n a  and 
Dewey Lake  f o r m a t i o n s  t o  40 f e e t  (bottom o f  
b o r i n g s ) .  From s t a .  213 + 00 t o  300 + 0 0 ,  s a n d  
was e n c o u n t e r e d  t o  d e p t h s  f r o m  0 .5  t o  8  f e e t  
f o l l o w e d  by c a l i c h e  t o  t h e  b o t t o m  o f  t h e  p i t s  a t  
1 0  f e e t ,  e x c e p t  a t  s t a .  292 + 00 w h e r e  G a t u n a  
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Forma t ion  was e n c o u n t e r e d  a t  7 f e e t .  From s t a .  
300 + 00 t o  402 + 00 a t  t h e  WIPP boundary f e n c e ,  
s u r f a c e  s a n d s  e x t e n d e d  t o  Lhe bo t tom o f  t h e  p i t s  
a t  1 0  f e e t .  

4.3 Ground Water 

Ground w a t e r  was n o t  e n c o u n t e r e d  i n  t h e  t e s t  p i t s  
or  b o r i n g s  t o  t h e  d e p t h s  e x p l o r e d .  The b o r i n g s  
were d r i l l e d  t o  a  maximum d e p t h  o f  41.5 f e e t .  I n  
t h e  WIPP p l a n t  s i t e ,  a  series o f  o b s e r v a t i o n  wells 
i n s t a l l e d  t o  a  maximum d e p t h  o f  200 f e e t  d o  n o t  
show ground  w a t e r .  The s h a l l o w e s t  known o c c u r e n c e  
o f  g round  w a t e r  i n  t h e  v i c i n i t y  o f  t h e  s i t e  is a t  
a  l i v e s t o c k  w e l l  2 miles n o r t h e a s t  o f  ERDA 9 ,  
where  t h e  w a t e r  is more t h a n  100 f e e t  deep .  

5. LABORATORY SOIL TESTING 

5 . 1  I n t r o d u c t i o n  

The l a b o r a t o r y  s o i l  t e s t i n g  f o r  t h e  r o a d s  and 
r a i l r o a d  was d e v e l o p e d  by B e c h t e l  and  c a r r i e d  o u t  
by S e r g e n t ,  Hausk ins  and Beckwith i n  t h e i r  
l a b o r a t o r y  i n  Albuquerque  and  by Dames & Moore i n  
t h e i r  l a b o r a t o r y  i n  San  F r a n c i s c o .  The tests were 
per formed on j a r ,  t h i n - w a l l e d  S h e l b y  t u b e  and  b u l k  
s a m p l e s  o b t a i n e d  f rom t h e  b o r i n g s  and t e s t  p i t s  t o  
a  d e p t h  o f  23 below t h e  ground  s u r f a c e .  

The c l a s s i f i c a t i o n ,  CBR and c h e m i c a l  tests were 
made by S e r g e n t ,  Hausk ins  and  Beckwith .  The 
t r i a x i a l  t e s t s  and some c l a s s i f i c a t i o n  tests were 
made by Dames & Moore. The t e s t i n g  program f o r  
t h e  r o a d s  and r a i l r o a d  i n c l u d e d  t h e  s o i l  tests 
l i s t e d  below and d e s c r i b e d  i n  t h e  f o l l o w i n g  
pa rag raphs :  

V i s u a l  and l a b o r a t o r y  c l a s s i f i c a t i o n  
S i e v e  and hyd rome te r  a n a l y s e s  
A t t e r b e r g  l i m i t s  
I n - s i t u  m o i s t u r e  c o n t e n t  and u n i t  w e i g h t  
S p e c i f i c  g r a v i t y  
M o i s t u r e - d e n s i t y  r e l a t i o n s h i p  
R e l a t i v e  d e n s i t y  
U n c o n s o l i d a t e d  u n d r a i n e d  t r i a x i a l  c o m p r e s s i o n  
C o n s o l i d a t e d  d r a i n e d  t r i a x i a l  compres s ion  
CBR tests 
Chemical  tests  

A l l  t e s t  r e s u l t s  a r e  g i v e n  i n  t h e  t w o  r e p o r t s  by 
S e r g e n t ,  Hausk ins  & Beckwith and by Dames & Moore i n  
R e f e r e n c e  14 .  I n  a d d i t i o n ,  a l l  t e s t  r e s u l t s  a r e  
summarized i n  T a b l e  1 o n  s o i l  t e s t  r e s u l t s  summary 
s h e e t s .  
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5.2 Classification Tests 

All samples for soil testing were examined and 
classified in the laboratory to check the field 
classification. The tube samples, in particular, 
were examined for disturbance, and only those that 
did not indicate apparent disturbance were used 
for testing. Visual classification was made in 
accordance with ASTM D 2488, and laboratory 
classification was in accordance with ASTM D 2487. 

I 5.2.1 Sieve and Hydrometer Analysis I 
Sieve and hydrometer analysis 
determinations were made on selected 
samples from the sand and caliche in 
accordance with ASTM D 422. The results 
are summarized in Table 1, and the 
envelopes of the grain size distribution 
curves for the tests made on sand and 
caliche are plotted on Figures 5 and 6 
respectively: ~ndividual-grain .size plots 
are glven In Reference 14 of tnls report. 

I 5.2.2 Atterberg .Limits I 
Atterberg limit tests were made on selected 
samples from the sand and caliche in accordance 
with ASTM D 423 and D 424. The Atterberg limit 
tests showed that the sand and caliche along the 
roads and railroad are generally nonplastic. Four 
of the tested sand samples had plasticity indices 
of 2, 4, 5 and 11 due to the presence of some 
clay. The results of Atterberg limit tests are 
given in Table 1. 

I 5.2.3 In-Situ Moisture Content and Unit Weight I 
Moisture content and dry unit weight were 
determined for the tube samples from the 
shallow borings. Determinations of 
moisture content were made in accordance 
with ASTM D 2116 and the unit weight was 
determined by direct measurement of weight 
and volume. In-situ moisture content and 
unit weight vs. depth are shown on Figure 
7, and the results are summarized in Table 
1. 

5.2.4 Specific Gravity 

Specific gravity tests were made in 
accordance with ASTM D 854 on selected 
samples of the sand and caliche. The 
results are summarized in Table 1. 
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5.2.5 Moisture-Density Relations 

Moisture-density relations (compaction 
tests) were made in accordance with ASTM D 
1557 on selected bulk samples of the sand 
and caliche. These bulk samples were 
taken from test pit excavations to 
determine the properties of the sand and 
caliche as fill materials. The compaction 
curves are given in Reference 14, and the 
results of optimum moisture content and 
maximum dry unit weight are summarized in 
Table 1. 

5.2.6 Relative Density I 
Attempts were made to determine the 
relative density of the in-situ sand by 
performing maximum and minimum density 
tests on selected samples from in place 
density tests in the test pits. Maximum 
and minimum relative density tests were 
made in accordance with ASTM D 2049. A 
total of 4 relative density tests were 
made for the in-situ sand material and the 
results are given in Table 2. Based on 
the results, the relative density of the 
in-situ sand varied between 80 and 100 
percent. These high values obtained from 
field density tests are not consistent 
with field observations and the standard 
penetration test data, and are considered 
to overestimate the relative density of 
the in-situ sand. The in place density 
tests were made in sand strata in the test 
pits and it is believed that the sand was 
densified by the excavation equipment. 

5.3 Engineering Properties Tests I 
Tests were made to determine the engineering 
properties of in-situ soils for use in foundation 
design of the access roads and railroad. These 
tests are described below. Summaries of the 
engineering properties of the in-situ soils and 
fill materials are given in Tables 3 and 4 
respectively. The detailed test results are given 
in Reference 14, and summarized in Table 1. 

5.3.1 Unconsolidated Undrained Triaxial 
Compression Tests 

Unconsolidated undrained triaxial 
compres'sion tests were made on 2-7/8 inch 
diameter specimens prepared from 
thin-walled tube samples from the caliche 
and the Gatuna Formation. The tests were 

I 
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made in accordance with ASTM D 2850. 

The specimens from both the caliche and 
the Gatuna Formation were tested at 
natural moisture content. Each specimen 
was approximately 6 inches in height, and 
was encased in a rubber membrane and 
placed in the triaxial chamber. A 
constant confining pressure of 0.3, 0.5 or 
1 ksf was imposed on the specimen without 
permitting drainage. The test specimen 
was then sheared under the confining 
pressure and without drainage. The 
deviator stress and axial strain were 
recorded and also the moisture content and 
dry unit weight were measured. 

The test results for the caliche and 
Gatuna specimens are given in Table 3 and 
are shown on Figure 8. The undrained 
shear strength of the caliche varied from 
2.3 to 6.3 ksf. The Gatuna Formation had 
an undrained shear strength of 2.1 ksf. 

Consolidated Drained Triaxial Compression 
Tests 

Consolidated drained (CD) triaxial 
compression tests were made on thin-walled 
tube samples from the upper sand. The 
specimens were 2-7/8 inches in diameter 
and 6 inches in height. One series of 3 
specimens was made for the upper sand. In 
addition, CD tests were made on compacted 
specimens 3 inches in diameter and 6 
inches high prepared from bulk samples of 
the upper sand, caliche and Gatuna 
materials. These specimens were compacted 
at optimum moisture content to 90% of the 
maximum dry density. The maximum dry 
density was determined in accordance with 
ASTM D 1557, Method C for the upper sand 
specimens, and in accordance with ASTM D 
1557, Method D for the caliche and Gatuna 
specimens. One series of 3 specimens was 
made for the compacted sand, for the 
compacted caliche and for the compacted 
Gatuna. 

Each specimen was encased in a rubber 
membrane, placed in the triaxial chamber 
and saturated by back pressure. After 
saturation, the three specimens of each 
series were consolidated isotropically at 
confining pressures of 1, 3 and 6 ksf, 
respectively. Each test specimen was then 
sheared under strain-controlled loading 
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w i t h o u t  p e r m i t t i n g  any b u i l d u p  of  p o r e  
p r e s s u r e .  The d e v i a t o r  stress, a x i a l  
s t r a i n  and v o l u m e t r i c  s t r a i n  were 
r e c o r d e d ,  and t h e  m o i s t u r e  c o n t e n t  and d r y  
u n i t  we igh t  were a l s o  measured. 

The e f f e c t i v e  s t r e n g t h  a t  peak d e v i a t o r  
stress f o r  t h e  i n - s i t u  sand  is g i v e n  i n  
T a b l e  3  and is shown on  F i g u r e  9. The 
r e s u l t s  showed t h a t  t h e  i n - s i t u  sand  h a s  a  
c o h e s i o n  = 0  and an  a n g l e  o f  i n t e r n a l  
f r i c t i o n  = 33 d e g r e e s .  T h i s  a n g l e  o f  
f r i c t i o n  is  c o n s i d e r e d  t o  be  h i g h  f o r  t h e  
l o o s e  i n - s i t u  sand ,  and cou ld  be due  t o  
d e n s i f i c a t i o n  o f  t h e  t u b e  samples  d u r i n q  
f i e l d  sampl ing  and t r a n s p o r t a t i o n .  

The t es t  r e s u l t s  f o r  t h e  compacted s a n d ,  
compacted c a l i c h e  and compacted Gatuna a r e  
g i v e n  i n  T a b l e  4  and a r e  shown on  F i g u r e s  
1 0 ,  11 and 1 2 ,  r e s p e c t i v e l y .  These  
results showed t h a t  t h e  compacted sand  ( t o  
90% of  ASTM D 1557)  is c o h e s i o n l e s s  and 
h a s  a n  a n g l e  o f  i n t e r n a l  f r i c t i o n  = 3 1  
d e g r e e s .  The compacted c a l i c h e  ( t o  90% of  
ASTM D 1557)  h a s  a  c o h e s i o n  E = 0.8 k s f  
and an a n g l e  of i n t e r n a l  f r i c t i o n  fl = 39 
d e g r e e s .  The compacted Gatuna ( t o  90% of  
ASTM D 1557)  h a s  a  c o h e s i o n  E = 0.8 k s f  
and a n  a n g l e  o f  i n t e r n a l  f r i c t i o n  @ = 33 
d e g r e e s .  

The v a l u e s  o f  c and $ f o r  compacted s a n d ,  
c a l i c h e  and Gatuna ,  t o  95% of  ASTM D 1557,  
were o b t a i n e d  from tests o n  m a t e r i a l s  from 
t h e  p l a n t  s i t e  ( R e f e r e n c e  1) and a r e  
inc luded  i n  T a b l e  4. 

I 5.3.3 CBR T e s t s  

Labora to ry  CBR t e s t s  were made i n  
acco rdance  w i t h  ASTM D 1883 on compacted 
soaked samples  o f  t h e  sand  and t h e  
c a l i c h e .  Each sample was t e s t e d  a t  t h r e e  
d e g r e e s  of  compact ion i n  t h e  r a n g e  of  75 
t o  100 p e r c e n t  of  t h e  maximum d r y  d e n s i t y  
by ASTM D 1557. A t o t a l  of 33 soaked CBR 
t e s t s  were performed on  t h e  sand  m a t e r i a l  
and t h e  r e s u l t s  a r e  shown on F i g u r e  13.  A 
t o t a l  of 6 soaked  CBR tests were performed 
on t h e  c a l i c h e  m a t e r i a l  a s  shown on  F i g u r e  
14 .  The v a l u e s  o f  soaked  CBR cor respond-  
i n g  t o  t h e  i n - s i t u  d e n s i t i e s  a r e  shown on 
F i g u r e  1 5  f o r  b o t h  t h e  sand  and c a l i c h e  
m a t e r i a l s .  
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5.3.4 Chemica l  T e s t s  

C h e m i c a l  tes ts  were p e r f o r m e d  o n  s e l e c t e d  
b u l k  s a m p l e s  f r o m  t e s t  p i t  e x c a v a t i o n s  
a l o n g  t h e  n o r t h  a c c e s s  r o a d ,  s o u t h  a c c e s s  
r o a d  a n d  access r a i l r o a d  t o  d e t e r m i n e  t h e  
c o r r o s i o n  p o t e n t i a l  f o r  b u r i e d  p i p e s  a n d  
d r a i n a g e  c u l v e r t s .  The c h e m i c a l  tes ts  
i n c l u d e d  m e a s u r e m e n t s  o f  t h e  pH v a l u e s ,  
a n d  t h e  c o n c e n t r a t i o n  o f  c h l o r i d e s  a n d  
s u l p h a t e s .  The r e s u l t s  o f  t h e s e  tes ts  a r e  
g i v e n  i n  T a b l e  7 .  

The r e s u l t s  showed t h a t  t h e  n o r t h  r o a d  
u p p e r  m a t e r i a l s ,  t o  a  d e p t h  o f  1 0  f e e t ,  
h a s  a  pH o f  7  t o  8 .8 ,  a s u l p h a t e  c o n t e n t  
o f  <1 t o  1 0  pprn a n d  a  c h l o r i d e  c o n t e n t  o f  
5  t o  30 ppm. The s o u t h  r o a d  u p p e r  
m a t e r i a l s ,  t o  a  d e p t h  o f  5 .5  f e e t ,  h a s  a  
pH o f  7.7 t o  8 . 5 ,  a s u l p h a t e  c o n t e n t  o f  <1 
t o  1 0  ppm, a n d  a  c h l o r i d e  c o n t e n t  o f  1 0  t o  
1 7  ppm. The r a i l r o a d  u p p e r  m a t e r i a l s ,  t o  
a  d e p t h  o f  1 2 . 4  f e e t ,  h a s  a  pH o f  7  t o  
8 . 5 ,  a s u l p h a t e  c o n t e n t  o f  <1 t o  2500 ppm, 
a n d  a  c h l o r i d e  c o n t e n t  o f  10  t o  1 8 5  ppm. 
The h i g h  s u l p h a t e  c o n t e n t s  (154-2500 ppm) 
were o b t a i n e d  i n  c a l i c h e  s a m p l e s ,  a n d  t h e  
h i g h  c h l o r i d e  c o n t e n t  o f  1 8 5  pprn was 
o b t a i n e d  i n  a  G a t u n a  s a n d s t o n e  s a m p l e .  

5.4 D e s i g n  E n g i n e e r i n g  P r o p e r t i e s  I 
The r e s u l t s  o f  e n g i n e e r i n g  p r o p e r t i e s  t e s t s  a r e  
summarized  i n  T a b l e  3  f o r  t h e  i n - s i t u  m a t e r i a l s  
a n d  i n  T a b l e  4  f o r  t h e  compac ted  f i l l  m a t e r i a l s .  

The d e s i g n  p r o p e r t i e s  o f  t h e  i n - s i t u  m a t e r i a l s  and  
compac ted  f i l l  m a t e r i a l s  a r e  p r o v i d e d  i n  T a b l e s  5  
a n d  6 ,  r e s p e c t i v e l y .  D e s i g n  p r o p e r t i e s  o f  t h e  
f i l l  mater ia ls  a r e  g i v e n  f o r  t w o  d e g r e e s  o f  
c o m p a c t i o n :  90 and  9 5  p e r c e n t  o f  t h e  ASYM D 1557.  
The  amoun t  o f  m o i s t u r e  c o n d i t i o n i n g  u s e d  i n  t h e  
f i e l d  t o  a c h i e v e  t h e  r e q u i r e d  d e g r e e  o f  c o m p a c t i o n  
w i l l  be d e t e r m i n e d  by  a  t e s t  f i l l  p rogram.  
T h e s e  p r o p e r t i e s  a r e  b a s e d  o n  tests o f  m a t e r i a l s  
a l o n g  t h e  a c c e s s  r o a d s  and  r a i l r o a d  a s  w e l l  a s  o n  
tests o f  m a t e r i a l s  a t  t h e  p l a n t  s i t e .  

. 
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6. FOUNDATION ANALYSIS AND DESIGN 

6 . 1  G e n e r a l  

Both  t h e  n o r t h  a c c e s s  r o a d  and s o u t h  a c c e s s  r o a d  
w i l l  b e  f l e x i b l e  pavements  c o n s t r u c t e d  o n  p r e p a r e d  
s u b g r a d e s .  Each r o a d  w i l l  be  a 2  l a n e  r u r a l  
h ighway w i t h  a minimum l a n e  w i d t h  o f  1 2  f e e t  and  a  
minimum s h o u l d e r  w i d t h  o f  8 f e e t  ( R e f e r e n c e  2 ) .  

The access r a i l r o a d  t r a c k  w i l l  c o n s i s t  o f  r a i l  
w e i g h i n g  112  pounds  p e r  l i n e a r  y a r d  s u p p o r t e d  o n  8 
f o o t  l o n g  t i e s  ( R e f e r e n c e  3 ) .  The t i es ,  i n  t u r n ,  
w i l l  b e  s u p p o r t e d  by a  bed o f  b a l l a s t  and i f  
r e q u i r e d  s u b b a l l a s t .  T h i s  p r o v i d e s  a  f i r m  s u r f a c e  
f o r  t h e  t r a n s f e r  o f  l o a d s  f rom t h e  r a i l s  t o  t h e  
s u b g r a d e .  

6.2 S u b g r a d e  P r e p a r a t i o n  f o r  Roads and R a i l r o a d  

The  i n v e s t i g a t i o n s  showed t h a t  t h e  s u r f a c e  s o i l s  
a l o n g  t h e  r o a d s  and r a i l r o a d  a l i g n m e n t s  c o n s i s t  o f  
s a n d  and s i l t y  s a n d  w i t h  a few areas o f  c a l i c h e .  

The s a n d  and s i l t y  s a n d  i n  t h e  u p p e r  2.5 f e e t  are 
c l a s s i f i e d  a s  v e r y  l o o s e  t o  l o o s e  and  h a v e  a s o a k e d  
CBR r a n g i n g  f rom 1 t o  10  w i t h  a n  a v e r a g e  CBR o f  3 .  
However, t h e s e  s a n d s  improve  w i t h  d e p t h  and  become 
l o o s e  t o  medium d e n s e  a t  a  d e p t h  o f  5  t o  1 5  f e e t ,  
and d e n s e  a t  a d e p t h  below 1 5  f e e t .  The i n - s i t u  
s a n d  a t  a  d e p t h  o f  5  t o  1 0  f e e t  h a s  a  s o a k e d  CBR 
r a n g i n g  f rom 5  t o  1 0  w i t h  a n  a v e r a g e  CBR o f  6.  

The i n - s i t u  c a l i c h e ,  w h e t h e r  a t  t h e  s u r f a c e  o r  a t  
d e p t h ,  is h a r d  t o  v e r y  h a r d  and p r o v i d e s  a n  
e x c e l l e n t  f o u n d a t i o n  f o r  t h e  r o a d s  and r a i l r o a d .  

The s u b g r a d e  p r e p a r a t i o n  f o r  t h e  a c c e s s  r o a d s  and 
r a i l r o a d  depends  o n  t h e  l o c a t i o n  o f  t h e  f i n i s h e d  
s u b g r a d e  which  c a n  b e  o n  e x i s t i n g  g r a d e ,  i n  c u t s ,  
o r  i n  f i l l s .  The s u b g r a d e  p r e p a r a t i o n  d e p e n d s  a l s o  
o n  t h e  f i l l  h e i g h t  which  v a r i e s  a l o n g  t h e  a c c e s s  
r o a d s  and r a i l r o a d .  The maximum f i l l  h e i g h t  i s  1 2  
f e e t  a l o n g  t h e  n o r t h  r o a d ,  4 f e e t  a l o n g  t h e  s o u t h  
r o a d  and 22 f e e t  a l o n g  t h e  r a i l r o a d .  The s u b g r a d e  
p r e p a r a t i o n  f o r  t h e  r o a d s  and r a i l r o a d  c o n s i s t s  o f  
s t r i p p i n g  a minimum o f  6  i n c h e s  below t h e  n a t u r a l  
g round  l e v e l  and compac t i ng  a c c o r d i n g  t o  t h e  
f o l l o w i n g  r e q u i r e m e n t s .  

Compact ion Requ i r emen t s  f o r  Roads 

I n  a r e a s  o f  e x i s t i n g  g r a d e  and c u t s ,  t h e  n a t u r a l  
s u b g r a d e  s u r f a c e  s h o u l d  b e  compacted whe re  it i s  i n  
s and .  The s and  s u r f a c e  o f  t h e  n a t u r a l  s u b g r a d e  
s h o u l d  be  compacted s o  t h a t  t h e  d e n s i t y  i n  t h e  t o p  
1 2  i n c h e s  is a t  l e a s t  95% o f  t h e  maximum d e t e r m i n e d  



by ASTM D 1557.  The r e q u i r e m e n t s  f o r  m o i s t u r e  
c o n d i t i o n i n g  w i l l  b e  d e t e r m i n e d  by  a t e s t  f i l l  
p r o g r a m  t o  b e  c o n d u c t e d  a t  t h e  s i t e .  Compact ion  o f  
t h e  n a t u r a l  s u b g r a d e  i s  n o t  r e q u i r e d  w h e r e  i t  is  i n  
c a l  i c h e  . 

I 
I n  areas o f  f i l l s ,  t h e  f o u n d a t i o n  s u r f a c e  s h o u l d  be 
compac ted  w h e r e  it  i s  i n  s a n d  a n d  i f  t h e  f i l l  
h e i g h t  is less t h a n  2  f e e t .  I n  t h i s  case, t h e  f i l l  
f o u n d a t i o n  s h o u l d  b e  c o m p a c t e d  so t h a t  t h e  d e n s i t y  
i n  t h e  t o p  1 2  i n c h e s  is a t  l e a s t  95% o f  t h e  maximum 
d e t e r m i n e d  b y  ASTM D 1 5 5 7 .  Compac t ion  is  n o t  
r e q u i r e d  f o r  s a n d  f o u n d a t i o n s  o f  f i l l s  o f  2  f e e t  or 
more, or f o r  a n y  c a l i c h e  f o u n d a t i o n .  

The u p p e r  2 f e e t  o f  f i l l  f o r  t h e  a c c e s s  r o a d s  
s h o u l d  b e  compac ted  t o  a t  l e a s t  9 5 %  o f  t h e  maximum 
d e t e r m i n e d  by ASTM D 1557 .  The p o r t i o n s  o f  t h e  
f i l l  b e l o w  2  f e e t  s h o u l d  b e  compac ted  t o  a t  l e a s t  
90% o f  t h e  maximum d e t e r m i n e d  by ASTM D 1557.  

Compac t ion  R e q u i r e m e n t s  f o r  R a i l r o a d  

I n  areas o f  e x i s t i n g  g r a d e  a n d  c u t s ,  t h e  n a t u r a l  
s u b g r a d e  s u r f a c e  s h o u l d  b e  compac ted  where  i t  is i n  
s a n d .  The s a n d  s u r f a c e  o f  t h e  n a t u r a l  s u b g r a d e  
s h o u l d  b e  compac ted  so t h a t  t h e  d e n s i t y  i n  t h e  t o p  
1 2  i n c h e s  is a t  l e a s t  95% o f  t h e  maximum d e t e r m i n e d  
by ASTM D 1557 .  The  r e q u i r e m e n t s  f o r  m o i s t u r e  ' 

c o n d i t i o n i n g  w i l l  b e  d e t e r m i n e d  by a tes t  f i l l  
p r o g r a m  t o  b e  c o n d u c t e d  a t  t h e  s i t e .  Compac t ion  o f  
t h e  n a t u r a l  s u b g r a d e  is n o t  r e q u i r e d  where  i t  is i n  
c a l i c h e .  

I 
I n  areas o f  f i l l s ,  t h e  f o u n d a t i o n  s u r f a c e  s h o u l d  b e  
compac ted  where  it  i s  i n  s a n d  a n d  i f  t h e  f i l l  
h e i g h t  is less t h a n  3  f e e t .  I n  t h i s  c a s e ,  t h e  f i l l  
f o u n d a t i o n  s h o u l d  b e  compac ted  so t h a t  t h e  d e n s i t y  
i n  t h e  t o p  1 2  i n c h e s  is a t  l e a s t  95% o f  t h e  maximum 
d e t e r m i n e d  by  ASTM D 1 5 5 7 .  Compac t ion  i s  n o t  
r e q u i r e d  f o r  s a n d  f o u n d a t i o n s  o f  f i l l s  o f  3 f e e t  or 
more, or  f o r  a n y  c a l i c h e  f o u n d a t i o n .  

The u p p e r  3  f e e t  o f  f i l l  f o r  t h e  a c c e s s  r a i l r o a d  
s h o u l d  be compac ted  t o  a t  l e a s t  9 5 %  o f  t h e  maximum 
d e t e r m i n e d  by ASTM D 1557 .  The p o r t i o n s  o f  t h e  
f i l l  b e l o w  3  f e e t  s h o u l d  be compac ted  t o  a t  l e a s t  
90% o f  t h e  maximum d e t e r m i n e d  by ASTM D 1557.  

6 . 3  S u b g r a d e  D e s i g n  P a r a m e t e r s  

6 .3 .1  D e s i g n  CBR f o r  Roads  

L a b o r a t o r y  CBR tests  were made i n  
a c c o r d a n c e  w i t h  ASTM D 1 8 8 3  o n  compacted  
s o a k e d  s a m p l e s  o f  s a n d  a n d  c a l i c h e .  Each 

, s a m p l e  was t e s t e d  a t  t h r e e  d e g r e e s  o f  
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c o m p a c t i o n  i n  t h e  r a n g e  o f  75% t o  100% o f  
t h e  maximum d e t e r m i n e d  b y  ASTM D 1 5 5 7  so 
t h a t  t h e  CBR o f  i n - s i t u  so i l s  c a n  b e  
d e t e r m i n e d .  The CBR r e s u l t s  a re  shown o n  
F i g u r e s  1 3  t h r o u g h  1 5 .  N o  CBR tes ts  w e r e  
p e r f o r m e d  o n  r o c k  materials s i n c e  t h e y  d o  
n o t  e x i s t  i n  t h e  u p p e r  f o u n d a t i o n .  

F o l l o w i n g  are t h e  CRR v a l u e s  o f  s u b g r a d e  
m a t e r i a l s  recommended f o r  d e s i g n :  

Material CBR of CBR of Compacted S o i l  
l'YPe In-situ S o i l  90% A S P ¶  D 1557 95% AS?M D 1557 

Soaked Sand 3 
Soaked Caliche 15 

I t  would b e  most a d v a n t a g e o u s  t o  c o m p a c t  
t h e  s o i l  a t  or  s l i g h t l y  b e l o w  opt imum 
m o i s t u r e  c o n t e n t ,  e s p e c i a l l y  f o r  t h e  
c a l i c h e .  However,  f r o m  p r a c t i c a l  
c o n s i d e r a t i o n s ,  t h e  r a n g e  o f  m o i s t u r e  
c o n t e n t  t o  b e  u s e d  i n  t h e  f i e l d  s h o u l d  b e  
b e t w e e n  2  p e r c e n t  below optimum t o  1 
p e r c e n t  a b o v e  optimum. 

6 .3 .2  A l l o w a b l e  S u b g r a d e  C a p a c i t y  f o r  R a i l r o a d .  I 
The Raymond method ( R e f e r e n c e  4 )  c a n  b e  
u s e d  f o r  t h e  r a i l r o a d  t r a c k  s u p p o r t  
a n a l y s i s .  The  Raymond method is b a s e d  upon 
t h e  d e f o r m a t i o n  p r o p e r t i e s  o f  t h e  s u b g r a d e  
r a t h e r  t h a n  t h e  u l t i m a t e  b e a r i n g  c a p a c i t y ,  
and  i n v o l v e s  e s s e n t i a l l y  t h e  same a p p r o a c h  
as h a s  b e e n  g e n e r a l l y  u s e d  i n  t h e  s t r u c t u r e  
t h i c k n e s s  d e s i g n  f o r  a i r p o r t  a n d  h ighway  
p a v e m e n t s .  The  l i m i t s  o f  allowable d e s i g n  
b e a r i n g  p r e s s u r e s  i n c o r p o r a t e d  i n t o  t h e  
Raymond method a r e  r e l a t e d  t o  t h e  s t a t i c  
p r e s s u r e  t h a t  creates 0 . 1  i n c h  d e f l e c t i o n  
o f  a  30 i n c h  d i a m e t e r  p l a t e .  The  
c o r r e l a t i o n  o f  t h i s  b e a r i n g  p r e s s u r e  w i t h  
t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  S y s t e m  a n d  
t h e  CBR v a l u e s  are shown i n  t h e  PCA S o i l  
P r i m e r  ( R e f e r e n c e  5 )  o n  F i g u r e  9 .  

Based o n  t h e  d e s i g n  CUR i n  S e c t i o n  6 .3 .1 ,  
t h e  f o l l o w i n g  s t a t i c  b e a r i n g  p r e s s u r e s  a re  
recommended f o r  u s e  w i t h  t h e  Raymond 
Method . 
Soaked  Compacted Sand ( 9 5 %  ASTM D 1 5 5 7 )  = 
20 p s i  

Soaked Compacted C a l i c h e  ( 9 5 %  ASTM D 1 5 5 7 )  
= 30 p s i  

I 
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Soaked I n - S i t u  C a l i c h e  = 26 p s i  

I n  a c c o r d a n c e  w i t h  t h e  Raymond m e t h o d ,  
t h e s e  s t a t i c  b e a r i n g  p r e s s u r e s  s h o u l d  be 
r e d u c e d  b y  50 p e r c e n t  t o  a c c o u n t  f o r  
dynamic  l o a d i n g  c o n d i t i o n s .  The 
recommended b e a r i n g  p r e s s u r e s  g i v e n  a b o v e  
are  c o n s i d e r e d  t o  b e  t h e  lower r a n g e  f o r  
t h e  p r e p a r e d  s u b g r a d e  a s  d e s c r i b e d  i n  
S e c t i o n  6.2 s i n c e  t h e y  a re  b a s e d  o n  
s a t u r a t e d  c o n d i t i o n s .  Under  d r y  
c o n d i t i o n s ,  t h e  s u b g r a d e  materials a r e  
e x p e c t e d  t o  be much s t i f f e r .  P l a t e  l o a d  
t e s t s  a t  t h e  p l a n t  s i t e  showed t h a t  t h e  d r y  
i n - s i t u  c a l i c h e  h a s  a  b e a r i n g  p r e s s u r e  
g r e a t e r  t h a n  100  p s i  ( R e f e r e n c e  1) .  

I n  a p p l y i n g  t h e  Raymond m e t h o d ,  s u b g r a d e  
stresses u s i n g  e l a s t i c  t h e o r y  s h o u l d  b e  
computed  f o r  e x a c t  t i e  s i z e  a n d  s p a c i n g ,  
t i e  p l a t e  s i z e s ,  whee l  l o a d s  a n d  o p e r a t i n g  
s p e e d s  i n v o l v e d  u s i n g  p r o c e d u r e s  o u t l i n e d  
by  Raymond ( R e f e r e n c e  4 ) .  

6 .4  S e t t l e m e n t  o f  F i l l s  

The s i t e  m a t e r i a l s ,  b o t h  s a n d  a n d  c a l i c h e ,  a r e  
a c c e p t a b l e  f o r  u s e  a s  f i l l s  f o r  t h e  r o a d s  and  
r a i l r o a d  embankments .  The a r e a s  o v e r  wh ich  t h e  

' f i l l s  a r e  t o  be p l a c e d  s h o u l d  be p r e p a r e d  as  
d e s c r i b e d  i n  S e c t i o n  6.2. The materials s h o u l d  b e  
p l a c e d  i n  l i f t s  n o t  e x c e e d i n g  9 i n c h e s  t h i c k  a n d  
compac ted  w i t h  v i b r a t o r y  ro l le rs  as  s p e c i f i e d  i n  
S e c t i o n  6.2 

The s u b g r a d e  s e t t l e m e n t  o f  a n  embankment 
c o n s t r u c t e d  i n  t h e  manner  d e s c r i b e d  a b o v e  w i l l  b e  
d u e  t o  t h e  f o l l o w i n g .  

o D e f o r m a t i o n  o f  embankment f i l l  m a t e r i a l s  
o D e f o r m a t i o n  o f  f o u n d a t i o n  m a t e r i a l s  

D e f o r m a t i o n  o f  Embankment F i l l  M a t e r i a l  

An empirical p r o c e d u r e  t o  o b t a i n  t h e  s e t t l e m e n t  o f  
a n  embankment f i l l  is g i v e n  i n  E a r t h  a n d  Ear th-Rock 
D a m s  ( R e f e r e n c e  6 ) .  S a s e d  o n  t h i s  o r o c e d u r e ,  a  20 
f o o t  h i g h  f i l l  w i l l  s e t t l e  n e a r l y  1 i n c h ,  a n d  a  1 0  
f o o t  h i g h  f i l l  w i l l  s e t t l e  n e a r l y  1 / 2  i n c h .  Fhe 
s e t t l e m e n t s  f o r  some t y p i c a l  f i l l  s e c t i o n s  a r e  
c a l c u l a t e d  u s i n g  t h i s  p r o c e d u r e  a n d  t h e  r e s u l t s  a r e  
g i v e n  i n  T a b l e  8 .  

D e f o r m a t i o n  o f  F o u n d a t i o n  M a t e r i a l  

The  s e t t l e m e n t  o f  a n  embankment f i l l  f o u n d e d  o n  
i n - s i t u  s a n d  o r  c a l i c h e  d u e  t o  f o u n d a t i o n  



d e f o r m a t i o n  c a n  be e s t i m a t e d  b a s e d  o n  e l a s t i c  
t h e o r y  u s i n g  e l a s t i c  m o d u l i  d e t e r m i n e d  f r o m  p l a t e  
l o a d  tests. The e l a s t i c  m o d u l i  f o r  t h e  i n - s i t u  
s a n d  a n d  c a l i c h e  were d e t e r m i n e d  f r o m  p l a t e  l o a d  
tests a t  t h e  p l a n t  s i t e  ( R e f e r e n c e  1).  The 
f o l l o w i n g  e l a s t i c  m o d u l i  were u s e d :  

I n - S i t u  S a n d  = 1 , 0 0 0  p s i  
I n - S i t u  C a l i c h e  = 2 0 , 0 0 0  p s i  

The e l a s t i c  s e t t l e m e n t  o f  a n  embankment  f i l l  d u e  t o  
f o u n d a t i o n  d e f o r m a t i o n  c a n  t h e n  b e  c a l c u l a t e d  f r o m  
t h e  f o l l o w i n g  e q u a t i o n :  ( R e f e r e n c e  7 )  

w h e r e  q = p r e s s u r e  a t  t h e  c e n t e r  o f  embankment  

B = b a s e  w i d t h  o f  embankment  
p = P o i s s o n ' s  r a t i o  
E = m o d u l u s  o f  e l a s t i c i t y  
I = d i s p l a c e m e n t  i n f l u e n c e  f a c t o r .  

I 
S e t t l e m e n t s  f o r  some t y p i c a l  f i l l  s e c t i o n s  a l o n g  
t h e  a l i g n m e n t s  o f  t h e  n o r t h  access r o a d ,  s o u t h  
access r o a d  a n d  access r a i l r o a d  are e s t i m a t e d  u s i n g  
t h e  a b o v e  e q u a t i o n  a n d  t h e  r e s u l t s  are g i v e n  i n  
T a b l e  8. The  t o t a l  s e t t l e m e n t  d u e  t o  d e f o r m a t i o n  
o f  b o t h  t h e  f i l l  material  a n d  t h e  f o u n d a t i o n  
materials  are a l so  i n c l u d e d  i n  T a b l e  8 .  
S e t t l e m e n t s  o f  t h e s e  materials are  e x p e c t e d  t o  
o c c u r  r a p i d l y  a n d  t h e r e f o r e  most o f  t h e  s e t t l e m e n t  
w i l l  o c c u r  d u r i n g  c o n s t r u c t i o n .  

6 . 5  S l o p e s  o f  C u t s  a n d  F i l l s  

The c o n s t r u c t i o n  o f  t h e  access r o a d s  a n d  r a i l r o a d  
r e q u i r e s  some c u t s  a n d  f i l l s  a s  shown o n  F i g u r e s  2  
t h r o u g h  4. The maximum h e i g h t  o f  c u t s  i s  1 4  f e e t  
a l o n g  t h e  n o r t h  r o a d  a t  s t a t i o n  3 9 3  + 0 0 ,  5  f e e t  
a l o n g  t h e  s o u t h  r o a d  a t  s t a t i o n  1 1 0  + 0 0 ,  a n d  20 
f e e t  a l o n g  t h e  r a i l r o a d  a t  s t a t i o n  1 7 0  + 0 0 .  The  
maximum h e i g h t  o f  f i l l s  is 1 2  f e e t  a l o n g  t h e  n o r t h  
r o a d  a t  s t a t i o n  6 0 2  + 0 0 ,  4 f e e t  a l o n g  t h e  s o u t h  
acess r o a d  a t  s t a t i o n  1 2 3  + 0 0 ,  a n d  22 f e e t  a l o n g  
t h e  r a i l r o a d  a t  s t a t i o n s  1 0 0  + 09 to  1 5 0  + 0 0 .  
Recommendat ions  f o r  c u t  s l o p e s  a n d  f i l l  s l o ~ e s  a r e  
g i v e n  b e l o w .  

6 . 5 . 1  C u t  S l o p e s  

p e r m a n e n t  c u t  s l o p e s  w i l l  be r e q u i r e d  i n  
t h e  i n - s i t u  s a n d ,  c a l i c h e  a n d  s h a l l o w  r o c k  
( G a t u n a ) .  Ground water d o e s  n o t  e x i s t  
w i t h i n  t h e  d e p t h  o f  c u t s  a n d  t h e r e f o r e  w i l l  
n o t  a f f e c t  t h e i r  s t a b i l i t y .  

I 1 
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It  is recommended t h a t  t h e  c u t  s l o p e s  i n  
t h e  i n - s i t u  s and  s h o u l d  b e  no s t e e p e r  t h a n  
2 h o r i z o n t a l  t o  1 v e r t i c a l .  Cut  s l o p e s  i n  
t h e  c a l i c h e  and s h a l l o w  r o c k  s h o u l d  b e  no 
s t e e p e r  t h a n  1/2 h o r i z o n t a l  t o  1 v e r t i c a l .  
The f a c t o r s  o f  s a f e t y  f o r  t h e  s l o p e s  were 
c a l c u l a t e d  u s i n g  t h e  methods  g i v e n  by 
Duncan and  Buchignan i  ( R e f e r e n c e  8 ) .  The 
d e s i g n  s t r e n g t h  p a r a m e t e r s  f o r  t h e  i n - s i t u  
s a n d ,  c a l i c h e  and s h a l l o w  r o c k  are g i v e n  i n  
T a b l e  5. Based on  t h e s e  s t r e n g t h  
p a r a m e t e r s ,  t h e  minimum f a c t o r  o f  s a f e t y  i s  
1 . 2 .  

Cut  s l o p e s  w i l l  be  s u s c e p t i b l e  t o  e r o s i o n  
f rom wind and run-of f .  T h e r e f o r e ,  
p r e c a u t i o n s  must  b e  t a k e n  to  p r o t e c t  t h e  
s l o p e s .  Adequate  d r a i n a g e  measures  shou ld  
b e  p r o v i d e d  t o  d i v e r t  run-of f  from f l owing  
down t h e  f a c e  o f  t h e  s l o p e s .  Cut  s l o p e s  
and t h e  s l o p e s  o f  d r a i n a g e  d i t c h e s  i n  t h e  
sand  c a n  b e  p r o t e c t e d  w i t h  g u n i t e ,  a s p h a l t ,  
chemica l  e m u l s i o n ,  s e e d i n g  w i t h  n a t i v e  
d e s e r t  g r a s s e s  o r  o the r  s a t i s f a c t o r y  method 
depending  on t h e  economics  o f  t h e  a l t e r n a -  
t i v e  methods .  No s p e c i a l  t r e a t m e n t  is  
e x p e c t e d  i n  c u t s  i n  c a l i c h e  o r  Gatuna 
Format ion .  

6.5.2 F i l l  S l o p e s  

I t  is recommended t h a t  f i l l  s l o p e s  shou ld  
be  no s t e e p e r  t h a n  2 h o r i z o n t a l  t o  1 
v e r t i c a l  f o r  sand f i l l  and random f i l l .  
F i l l s  c o n s t r u c t e d  e n t i r e l y  o f  c a l i c h e  
s h o u l d  have s l o p e s  no s t e e p e r  t h a n  1-1/2 
h o r i z o n t a l  t o  1 v e r t i c a l .  The recommended 
s l o p e s  a r e  based  on f i l l  m a t e r i a l s  borrowed 
f rom t h e  s i d e s  o f  a c c e s s  r o a d s  and r a i l r o a d  
and compacted t o  a t  l e a s t  90% o f  t h e  ASTM D 
1557.  

The d e s i g n  s h e a r  s t r e n g t h  p a r a m e t e r s  o f  t h e  
f i l l  m a t e r i a l s  compacted t o  90% o f  t h e  ASTM 
D 1557 are g i v e n  i n  T a b l e  6. The compacted 
c a l i c h e  h a s  c = 0.8 k s f  and JY = 34 d e g r e e s .  
Both t h e  compacted sand  and s h a l l o w  r o c k  
( G a t u n a )  have c = 0 and % = 31  d e g r e e s .  
Based on  t h e  minimum s t r e n g t h  p a r a m e t e r s ,  
t h e  minimum f a c t o r  o f  s a f e t y  is 1 .2  f o r  t h e  
recommended f i l l  s l o p e s .  The f a c t o r  o f  
s a f e t y  w i l l  b e  g r e a t e r  t h a n  1 .2  f o r  f i l l s  
compacted t o  95% o f  ASTM D 1557. 

S l o p e s  o f  sand  f i l l  w i l l  be s u s c e p t i p l e  t o  
e r o s i o n  and ma in t enance  o f  t h e s e  s l o p e s  is 
e x p e c t e d  d u r i n g  s e r v i c e .  

I I 
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CONSTRUCT1 ON MATERIALS 

7.1 F.ill Materials 

The exploration showed that three types of 
materials are encountered along the access roads 
and railroad. These three materials are sand, 
caliche and shallow rock. The shallow rock type 
encountered varies depending on the location and 
includes sandstone (Gatuna and Santa Rosa) and 
siltstone (Dewey Lake). All these materials are 
acceptable for the construction of fills for the 
roads and railroad. 

Fill material can be obtained from the nearest cut 
and from alongside the roads and railroad in the 
right-of-way. Additional material may be obtained 
by widening the cuts or flattening the cut slopes. 
Experience in the test pits has shown that excava- 
tion of the sand can be accomplished by the use of 
scrapers. Rippers will be required for excavation 
into the caliche and the shallow rock. 

7.2 Subbase for Roads 

The caliche at the site is a potential source of 
subbase material for roads provided it conforms to 
the requirements of New Mexico State Highway 
Department as to quality and gradation. 

According to Standard Specifications for Road and 
Bridge Construction of New Mexico State Highway 
Department (Reference 9) caliche may be used as a 
subbase material. In addition, caliche has been 
acceptable as a subbase and base for the portion of 
U.S. Highway 62/180 in the vicinity of the north 
access road (Reference 10). The New Mexico State 
Highway Department recommends that subbase 
materials meet the requirements of one of the 
classes in the following table (Reference 9). 

SUBBASE CLASSIFICA'ITCN 
PERCENT PASSING 

Sieve Size Class I Class 11 Class 111 Class IV 
2" 100 
1 1/2" 100 100 100 
1" 70-100 60-95 
No. 4 30-55 25-40 25-70 20-35 
NO. 10 20-40 15-30 20-55 
No. 200 0-12 0-10 0-12 0-10 

L.A. Abrasion 50 or less 50 or less 50 or less 50 or less 
L. L. 35 or less 35 or less 35 or less 
P. I. 6 or less 6 or less 6 or less 
Linear Shrinkage 1.5 or less 

J 
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The c a l i c h e  c a n  be p r o c e s s e d  t o  meet t h e  above 
g r a d a t i o n  r e q u i r e m e n t s .  A l l  o v e r s i z e  c a l i c h e  
m a t e r i a l  1 0  i n c h e s  or g r e a t e r  s h o u l d  b e  c ru shed .  
Los Ange les  a b r a s i o n  tests  s h o u l d  b e  performed on 
t h e  f r a c t i o n  r e t a i n e d  on N o .  1 0  s i e v e  t o  de t e rmine  
t h e  p e r c e n t a g e  o f  wear .  I f  used  as  a s u b b a s e ,  t h e  
c a l i c h e  s h o u l d  a l s o  meet t h e  f o l l o w i n g  f i l t e r  
r e q u i r e m e n t s  between t h e  b a s e  c o u r s e  and t h e  
s u b g r a d e  m a t e r i a l :  

Coarsest D15(of f i l t e r )  <4 to 5< Finest  D15(of f i l t e r )  

Fines t  D85 (of subgrade) Coarsest Dl5 (of subgrade) 

where 

Dl5 = Par t i c le  s i z e  corresponding to 15 percent of 
material smaller than t h i s  diameter. 

D85 = Par t i c le  s i z e  corresponding to 85 percent of 
material smaller than t h i s  diameter. 

7.3 S u b b a l l a s t  f o r  R a i l r o a d s  

C a l i c h e  may be  u sed  a s  s u b b a l l a s t  f o r  t h e  r a i l r o a d  
p r o v i d e d  it conforms  t o  ASTM D 1 2 4 1  as t o  q u a l i t y .  
The American Ra i lway  E n g i n e e r i n g  A s s o c i a t i o n  
( R e f e r e n c e  11) s u g g e s t s  t h e  f o l l o w i n g  g r a d a t i o n  
f o r  s u b b a l l a s t .  

Sieve Size  2" 1" 3/4" No. 10 No. 40 No. 200 -- 
% Passing (Optimum) 100 95 67 38 21 7  
Permessible Range % 

Passing 100 90-100 50-84 26-50 12-30 0-10 

The c a l i c h e  c a n  be  p r o c e s s e d  t o  meet t h e  above 
g r a d a t i o n  r e q u i r e m e n t s .  Los  Ang lee s  a b r a s i o n  tests 
w i l l  be  r e q u i r e d  f o r  t h e  c a l i c h e  f r a c t i o n  r e t a i n e d  
on  N o .  1 0  s i e v e  t o  d e t e r m i n e  t h e  p e r c e n t a g e  o f  
wear .  I f  used  as a s u b b a l l a s t ,  t h e  c a l i c h e  shou ld  
a l s o  meet t h e  f i l t e r  r e q u i r e m e n t s ,  g i v e n  i n  S e c t i o n  
7 .2 ,  between b a l l a s t  and t h e  s u b g r a d e  m a t e r i a l .  

7.4 S h r i n k a g e  F a c t o r s  

S h r i n k a g e  f a c t o r s  we re  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  
d i f f e r e n c e  i n  volume between t h e  borrow m a t e r i a l s  i n  
p l a c e  and  i n  t h e  compacted f i l l .  These  factors v a r i e d  
f o r  t h e  s a n d  m a t e r i a l  f rom -3 t o  +31 p e r c e n t  f o r  95% - 
compac t i on  o f  ASTM D 1557 ,  and  f rom -9 t o  +27 p e r c e n t  
f o r  90% compac t ion .  S h r i n k a g e  f a c t o r s  f o r  t h e  c a l i c h e  
material  v a r i e d  from 0  t o  11 p e r c e n t , f o r  95% compac t i cn  
and  f rom -5 t o  +6 p e r c e n t  f o r  90% compac t ion .  
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I n  a d d i t i o n  t o  t h e  d i f f e r e n c e  i n  volume be tween  t h e  
bor row area and t h e  compacted f i l l ,  s h r i n k a g e  
f a c t o r s  are i n f l u e n c e d  by s e v e r a l  c o n s i d e r a t i o n s  
which  are d i f f i c u l t  t o  estimate. T h e s e  
c o n s i d e r a t i o n s  i n c l u d e  wind l o s s e s ,  c l e a r i n g  
p r o c e d u r e s ,  w a s t a g e  d u r i n g  e x c a v a t i o n ,  s p i l l a g e  
d u r i n g  t r a n s p o r t  and s e t t l e m e n t  o f  f i l l s .  I n  v i ew  
o f  t h e s e  c o n s i d e r a t i o n s ,  t h e  f o l l o w i n g  s h r i n k a g e  
f a c t o r s  are recommended f o r  i n i t i a l  s t u d i e s .  

T h e s e  numbers c a n ,  i f  n e c e s s a r y ,  b e  f u r t h e r  r e f i n e d  
d u r i n g  t h e  c o u r s e  o f  e a r t h w o r k  o p e r a t i o n s  b a s e d  on  
t h e  C o n t r a c t o r  p e r f o r m a n c e .  

S H E U m  FACTORS, Pmm 

Material Percent Compaction (ASTM D 1557) 
Tvoe 90 % 95% 

Sand 
Caliche 

S h r i n k a g e  f a c t o r s  are i n  terms o f  p e r c e n t  o f  
i n i t i a l  volume o f  t h e  bor row materials i n  p l a c e .  

8. ON SITE ROADS AND RAILROAD 

The  o n  s i t e  areas r e f e r  t o  a l l  area e n c l o s e d  by 
t h e  WIPP s i t e  boundary  f e n c e ,  p l u s  t h e  sewage 
t r e a t m e n t  f a c i l i t y  and  s a l t  s t o r a g e  area, 
i n c l u d i n g  a d m i n i s t r a t i o n  b u i l d i n g  and p a r k i n g  
l o t s .  S e v e r a l  on  s i t e  r o a d s  are  p l a n n e d  f o r  
d i s t r i b u t i o n  o f  v e h i c l e s .  The o n  s i t e  r o a d s  
i n c l u d e  waste and  p l a n t  e n t r a n c e  r o a d s ,  p l a n t  
r o a d s ,  s e r v i c e  r o a d s  and s e c u r i t y  r o a d s  ( R e f e r e n c e  
1 2 ) .  

The on  s i t e  r a i l r o a d  is p l a n n e d  i n s i d e  t h e  WIPP 
s i t e  boundary  f e n c e  t o  s e r v e  as  t h e  r e c e i v i n g  
t e r m i n a l  o f  waste s h i p m e n t s  ( R e f e r e n c e  1 3 ) .  

The s u r f a c e  and s u b s u r f a c e  c o n d i t i o n s  f o r  t h e  on 
s i t e  r o a d s  and r a i l r o a d  are as g i v e n  i n  Volume I 
o f  t h e  S o i l s  Des ign  R e p o r t  ( R e f e r e n c e  1).  

The d e s i g n  p a r a m e t e r s  and recommenda t ions  f o r  
d e s i g n  and c o n s t r u c t i o n ,  g i v e n  i n  t h i s  r e p o r t ,  f o r  
t h e  a c c e s s  r o a d s  c a n  be  u s e d  f o r  t h e  on s i t e  r o a d s  
where  a p p l i c a b l e .  

The d e s i g n  p a r a m e t e r s  and recommenda t ions  f o r  
d e s i g n  and c o n s t r u c t i o n ,  g i v e n  i n  t h i s  r e p o r t ,  f o r  
t h e  access r a i l r o a d  c a n  be  u sed  f o r  t h e  o n  s i t e  
r a i l r o a d  where  a p p l i c a b l e .  
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T A B L E  I SHEET 1 DF 6 

SO1 L TEST R E S U L T S  SUMMARY 
JOB NO. '2484 PROJECT W l P P  PROJECT FEATURE ACCESS ROADS AH) RAILROAD DATE AUGUST 1979 

S P E C I F I C  G R A V I T Y  

( a )  . MINUS NO. 4 

I b I  .PLUS NO 4 

COMPACTION 

I l l I A S T M  0 6 9 8  

( 2 1  2 A S T M  0 1 5 5 7  

I 3  1 : 2 0 . 0 0 0  FT. LBS/CU.  FT .  

1 4 )  : UPMIMUM - MINIMUM 

( 5 1  .OTHER ( S E E  T E X T )  

T R I A X I A L  C O M P R E S S I O N  T E S T S  O T H E R S  

UC UNCONFINED COMPRESSION C U  CONSOLIDATED UNDRAINED * VISUAL CLA¶St f lCATION 

U U  UNCONSOLIOATED UNDRAINED CO CONSOLIOATED DRAINEO * * IN-PLACE OENSITY TEST 

C R  CYCLIC CONSOLlDATfD U W m A I N f O  
* NV N o n - V a l  Id  

CONSOLIOATED UNDRAINED 
PORE PRESSURE MEASURE MENTSI (PORE PRESSURE U E A S U R E M E N ~ S )  

* NP Non-Plastlc * B L  B u l k  S m n p l e  



TABLE I 

SOIL TESTRESULTS SUMMARY SHEET 2 OF 6 

JOB NO. 1 2 4 8 4  PROJECT W l P P  PROJECT FEATURE ACCESS ROADS A N 0  M I L R O A O  DATE AUGUST 1 9 7 9  

S P E C I F I C  G R A V I T Y  COMPACTION 
1.1 mUlNUS NO. 4 1 1 1  S A S T Y  D 6 9 8  
1 b) .PLUS NO. 4 ( 1 1  = A S T Y  D l 5 5 7  

( 3  1 = 10.000 FT. LBS/CU. F T  

( 4  1 : UAXlMUY - YlNlMUY 

( 5 1  g OTHER (SEE TEXT)  

HOLE. 
T E S T  P I T  
a TRENC~ 

NO. 

8 - 3 0 7  
-- 

0 - 3 0 8  

T R I A X I A L  C O M P R E S S I O N  T E S T S  
UC UNCONFINED COYPRESSION C U CONSOLIDATED UNDRAINED 

UU UNCONSOLIOATEO UNDRAINED C D  CONSOLIDATE0 DRAINED 
CU CONSOLIDATED UNDRAINED C R  C Y C L I C  CONSOLIDATED UNDRAINEO 

(PMIE PRESSURE MEASUREYENTSI IPORE PRESSURE YEASUREYENTSl  

O T H E R S  
* VISUAL W A S S l l l C A T ~ O Y  

SAMPLE 

P-2 

P-2 

P-5 

* * IN- PLACE DCYSITV TEST * * N V  U P  N o n - V a l  N o n - P l a s t i c  id  

* B L  B u l k S a n p l e  * P P l t c h e r  S a n p l e  

6-309 

F 

3 

3 

11 

P - 8  

P-2 

P - 4  

P-9  

L A B O R A T O R Y  
C L A S S .  

C a i R f h e  

S a n d s t o n e  

D E P T H  
T 

70 

4.8 

5 

12.4 

21 

3 

7 

2 1  

S a n d s t o n e  

S H  

callche 
S H  

S a n d s t o n e  

2 2  

4.6 

8.4 

2 3  

GRAVE 
(%IL 

- 

0 

0 

2.65 

M E C H A N I C A L  
A N A L Y S I S  

SANOS 
4%) LL 

S P E C I F I C  
ORAVITY 

FI ES (4) 

7 5  

6 2  

2 5  

3 8  

A T T E R B E R G  

p~ 

5.6 

12.5 

11.4 

8.5 

p 1 

pppppp 

U U  

WATER 
CONTENT 

(XI 

5.6 

4.2 

7.1 

9 7  

124.4 

128.9 

95.8 

91.9 

110.6 

115.7 

88.3 

OPTIYUU 
wArER 

(%I 

TEST 

uu 

UU 

11.4 

N A T U R A L  
TOTALUNITORVVNIT 

WEIGHT 
PCF 

92.8 

85.8 

C O M P A C T I O N  
MAX ORY 
OENSITY 

PCF 

115.7 

WEIGHT 
PCF 

89.1 

80.1 

P E R M E A B I L I T Y  

DEsLv 
PCF 

CONSOL- 
IDATION 
T E S T  

ppppp 

* 
FT/YR 

S H E A R  

WATER 
1%) 

4.2 

7.1 - 

R E M A R K S  

C h a a l c e l  T e s t s  

U~mIcal  T e s t s  

- 
C 

' R S f  

D A T A  
INITIAL 
MII OENSIT 

PCF 

89.1 

80.1 

$ 

OEG 



TABLE I 

Sol L TESTRESULTS SUMMARY SHEET 3 OF 6 

Joe NO. '2484 PROJECT UlPP PROJECT FEATURE ACCESS ROADS AND RAILROAD DATE AUGUST 1979 

SPECIFIC G R A V I T Y  

1.1 .MINUS no 4 

1 b l  . PLUS NO. 4 

COMPACTION 

( 1 1  . A S T M  0 6 8 8  

1 2 1  1 A s r M  OISSI 

1 3 1  - 20.000 F r .  LUY/CU.*T. 

1 4 )  . MAXIMUM - M t n l M u M  

1 5 1  .OTHER ISEE TEXT) 

T R l A X l A L  COMPRESSION T E S T S  

UC UNCONFINEO COMPRESSION CU CONSOLIDATE0 UNOIAINEO 

U U UNCONSOLIDATED UNDRAIMCD CO CONSOLIDATED ORAINEO 

CU CONSOLIDATE0 UNORAINEO CR CVCLlC CONSOLIDATID W W A I I I E D  
I PORE PRESSURE MEASUREMENTS) IPORE PRESSURE MEASUIEMENTSI 

O T H E R S  * VISUAL C L I ¶ S ~ f I C A T I O N  

IR * IN-PLACE DEMSITV TEST * NV Won-Val I d  * NP Non-Plastic * BL Bulk Sample * P Pl tcher  Sample 
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T a b l e  2 - - - - - - - 

RELATIVE DEF.JSI'2Y OF I?!-SITU SATID 

- -- -- - - - - - - -- -- -- - 
In -S i  t u  Minimum Yaxirnua ? e l a t i v e  

T e s t  P i t  Sample  Dep th  Dry D e n s i t y  D e n s i t y  P e n s i t y  D e n s i t y  

--- - F t .  pcf D C ~  pcf % - ----- 



Table 3 

ELIGINEERING PROPEKTIES OF IN-SITU SOIL AND SHAUDW FXXK 

Test - Unit Sand Caliche Gatuna 

Speci f ic  gravity (Dimensionless) 2.61-2.69 2.63-2.73 - 
In-situ mist density (pcf ) 

In-situ dry density (pcf ) 

Camgressive strength 
a t  natual moisture @sf 1 - 4,500-12,600 4,200 

Consolidated drained 
shear strength: - 

Soaked CBR See Figure 15 



Table  4 

ENGINEERING PROPERTIES OF FILL MATERIALS 

T e s t  U n i t  Sand C a l i c h e  Gatuna 

ASTM D 1557 maximum dry  d e n s i t y  (pcf  1 104-126 107-116 - 
ASTM D 2049 maximum dry  d e n s i t y  ( p c f )  105-109 - - 
ASTM D 2049 minimum dry  d e n s i t y  ( p c f )  85-88 

Optimum m o i s t u r e  c o n t e n t  6-13 11-17 - 
Conso l ida ted  d r a i n e d  s h e a r  s t r e n g t h  
a t  95% compaction:  

(ks f  1 0 
(deg 1 33-33.5 

Conso l ida ted  d r a i n e d  s h e a r  s t r e n g t h  
a t  90% compaction: - 

c (ks f  1 0 
8 (deg)  31 

Soaked CBR (%  1 See f i g u r e s  1 3  and 1 4  

NOTE: P e r c e n t  compaction i s  based on t h e  maximum determined by ASTM D 1557. 



Table 5 

DESIm PROPEFZTIES OF IN-SITU SOIL AND 5XALLLM FOX 

Property 

Specific Gravity 

Average mist density 

Average dry densi ty  

Effective Shear Strength : 

Unit - Sand Caliche Gatuna 

( Dimensionless ) 2.64 2.67 2.65 

(sf ) 109 111 103 

(sf ) 104 101 9 6 

Soaked CBR ( %  ) 3 15 - 

Note: The design proper t ies  of Gatuna ard  e f f ec t i ve  shear strength of ca l i che  
are based on tests on materials from the p lan t  site (Reference 1). 



Table 6 

DESIGN PROPERTIES OF FILL MATERIALS 

Property Unit Sand Caliche Gatuna 

Specific gravity (Dimensionless) 2.64 2.67 2.65 

ASTM D 1557 maximum dry density (PC£) 114 111 114 

Optimum moisture content ( 8 )  9 15 13 

Effective shear strength 
at 95% compaction: 

Effective shear strength 
at 90% compaction : - 

; (ksf) 
(deg) 

Soaked CBR at 95% compaction ( % I  10 20 

Soaked CBR at 90% compaction ( % I  7 15 

NOTE: Percent compaction is based on the maximum determined by ASTM D 1557. 



T a b l e  7 

pH, SULPHATES & CHLORIDES 

S u l p h a t e s  C h l o r i d e s  
L o c a t  i o n  S a m p l e  O r i g i n  & D e p t h  - pH ( P P ~ )  ( P P ~  

NORTH ACCESS B-303, P-2, 3- 5 '  7 .7  <1 2 0 
ROAD B-304, P-4, 8- 1 0 '  8 . 3  <1 30 

TP-114, BL-1, 2- 2 . 5 '  7 <1 3 0 
TP-114, BL-2, 8- 8 . 5 '  8 . 8  <1 5 
TP-115, BL-1, 3- 3 . 5 '  7 . 5  1 0 . 4  30 
TP-122,  BL-1, 1- 1 . 5 '  8 . 1  <1 1 0  
TP-125, BL-1, 3- 3 . 5 '  8 <1 1 0  

SOUTH ACCESS TP-141, BL-1, 1- 1 . 5 '  8 . 5  <1 1 6  
ROAD TP-145, BL-2, 5- 5 . 5 '  8 <1 1 7  

TP-146, BL-1, 1- 1 . 5 '  7 .7  1 0 . 4  1 0  

ACCESS RAIL- B-308, P-2, 3- 5 '  7 . 5  250 5 0 
ROAD B-308, P-5, 11 -12 .4 '  7 . 3  1 4 6  1 8 5  

TP-128, BL-1, 3- 3 . 5 '  8 . 5  1 5 4  3 0 
TP-129, BL-1, 1- 1 . 5 '  8 . 3  <1 1 0  
TP-130, BL-1, 5- 5 . 5 '  7 . 2  2500 45  
TP-137,  BL-1, 2- 2 . 5 '  7 <1 1 0  

T e s t  P r o c e d u r e s :  

C a l i f o r n i a  Highway D e p a r t m e n t  T e s t  P r o c e d u r e  6 4 3 ,  P a r t  3 ,  Method 
o f  D e t e r m i n i n g  pH o f  S o i l .  

C a l i f o r n i a  Highway D e p a r t m e n t  T e s t  P r o c e d u r e  4 1 7 ,  Method o f  
T e s t i n g  S o i l s  a n d  Waters f o r  S u l p h a t e  C o n t e n t .  

C a l i f o r n i a  Highway D e p a r t m e n t  T e s t  P r o c e d u r e  422 ,  Method o f  
T e s t i n g  S o i l s  a n d  Waters f o r  C h l o r i d e  C o n t e n t .  
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P R O J E C T  S l T E  
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LOCATION M A P  - 
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HYDROMETER ANALYSIS 
I 

SIEVE ANALYSLS 
TIME REIDlNOS U. 3. STANDARD SERIES I CLEAR SQUARE OPENINGS 

I I I I I I I 1 
I I 11 I I 
n 18 

M .074 .US to1 590 1 19 230 4.76 952 IS. I 
DIAMETER OF PIRTICLE IN MILLIMETERS 

I CLAY (PLASTIC) TO SILT  PLASTIC) I SAND 1 GRAVEL 
FINE I Y EDlUM 1 COARSE FINE 1 COARSE 

COBBLES 

GRAIN SIZE DISTRIBUTION 

UPPER SAND 

FIGURE 6 
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Undrained Shear Strength, ks f  
I 2 3 4 5 

EXPLANATION: 

CALICHE - Natura l  Moisture Content 

O GATUNA - Natura l  Moisture Content 

UNDRAINED SHEAR STRENGTH 

VS DEPTH 

UNDl STURBED SAMPLES 

F I G U R E  8 



0 4 8 12 16 2 0  
Effective Normal Stress, ksf 

EXPLANATION: 

-7 C D Tr i  axial Compression Test 

Design Parameters 

NOTE: 

Tests were performed on the following sample: 
- 

Boring Sample 8 (Deg.) C ( k s f )  

8- 303 P-2  3 3O 0 

EFFECTIVE STRENGTH ENVELOPES 

C D TESTS 

UPPER SAND - UNDISTURBED SAMPLES 

FIGURE 9 



4 8 12 16 20 
Effect ive Normal Stress, ksf 

EXPLANATION : 

-- C D  Tr iax ia l  Compression Test - Design Parameters 

NOTES: 

I . Samples were compacted to 90% of maximum dry density 
obtained in accordance with A S T M  0 - 1 5 5 7 ,  Method C .  

2. Tests were performed on the following sample: 

Test P i t  Sample & ( ~ e ~ . )  c ( k s f )  

T P - I  15 BL- I 31° 0 

EFFECTIVE STRENGTH ENVELOPES 

C D TESTS 

UPPER SAND - COMPACTED SAMPLES 

F IGURE /Q 



4 8 12 16 ' 2 0  
Effect ive Normal Stress, ksf 

EXPLANATION: 

-- C D  Tr iax ia l  Compression Test - Design Parameters 

NOTES: 

I . Samples were compacted to 90% of maximum dry density 
obtained in accordance with A S T M  0-1 5 5 7 ,  Method D . 

2. Tests were performed on the following sample: 

Test Pit  Sample $(Deg.) c ( k s f )  

T P - 1 3 0  BL- I 39" 0 . 8  

EFFECTIVE STRENGTH ENVELOPES 

C D TESTS 

CALICHE- COMPACTED SAMPLES 

FIGURE // 



I 

Design Parameters 
( c =  0, 8 = 31") 

0 
0 4 8 12 16 

Effect ive Normal Stress, ksf  

EXPLANATION : 

-- CD Tr i  ax ia l  Compression Test 

Design Parameters 

NOTES: 

I .  Samples were compacted to  90 O/O of maximum dry density 
obtained i n  accordance with A S T M  D-1557, Method D .  

2. Tests were performed on the following sample: 

Test P i t  Sample O ( D ~ ~  .) c ( k s f )  

T P  -4 BL -4  33O 0 . 8  

EFFECTIVE STRENGTH ENVELOPES 

C D TESTS 

GATUNA -COMPACTED SAMPLES 

FIGURE 18- 



80 85 90 
Percent  Compaction 

NOTES: 

I. CBR tests were made according to 
ASTM D 1883 on compacted soaked 
samples. 

2. Maximum compaction (100%) was 
determined according to ASTM D 1557. 

SOAKED CBR 
COMPACTED SAND 

FIGURE 13 



Percent Compaction 

I. CBR tests were made according to 
ASTM D 1883 on compacted soaked 
samples. 

2. Maximum compaction (1000/0) was 
determined according to ASTM D 1557. 

SOAKED CBR 
COMPACTED CALICHE 

FIGURE 14 



In-Situ Dry Density, PCF 

EXPLANATION: 

A Sand 

0 Caliche 

NOTE: 

C BR values corresponding to in-situ dry densities were 
obtained from laboratory CBR tests on compacted 
soaked samples. 

SOAKED CBR VS 
I N - S I T U  DRY DENSITY 

F I G U R E  15 


