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This report is submitted pursuant to a geotechnical 

investigation made by this firm of the site proposed for 

the Avondale landfill. The landfill will be located near 

the intersection of Western Avenue and Dysart Road in 

Avondale, Arizona, adjacent to the Agua Fria River. The 

objectives of this investigation were to evaluate the 

physical properties of the soils underlying the site, to 

provide recommendations for the excavation and earthwork 

elements of the project, and to provide conceptual de- 

signs for the liner elements of the facility. It is our 

understanding that the information provided in this re- 

port may be expanded if it is decided to pursue the 

project. 

2. PROJECT DESCRIPTION 

Details of the project were provided by Mark B. Beizer, 

P.E. and Krishan Saigal, P.E. of SCS Engineers. The 

site is located, adjacent to and west of an existing 

landfill, which was previously investigated by Sergent, 

Hauskins & Beckwith (Ref: SHB Job No. E84-220). The 

landfill is owned and was operated from April, 1979 to 

October, 1980 by the Maricopa County Highway Department. 

During its 18 months of operation, the landfill received 
..-- 

approximately -:1250,000 cubic yards of uncompacted munici- -~ ~ . 

pal solid waste. Apparently no hazardous wastes were 

deposited at the site. It is understood that the exist- 

ing landfill will be removed and disposed of at the 

proposed site investigated as part of the present study. 
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The purpose of t h i s  s tudy  i s  t o  provide in format ion  re- 

qu i r ed  t o  develop a  conceptua l  des ign  of a  l a n d f i l l  a t  

t h e  proposed s i t e .  

3 .  INVESTIGATION 

3.1 Review of S i t e  Hydroqeology 

A s  p a r t  of o u r  i n v e s t i g a t i o n ,  we reviewed a  c l o s u r e  

s t u d y  f o r  t h e  e x i s t i n g  l a n d f i l l  prepared by SCS Engi- 

n e e r s ,  which d e t a i l e d  hydrogeologic cond i t i ons  a t  t h e  

d i s p o s a l  s i t e .  W e  a l s o  reviewed a v a i l a b l e  governmental 

r e p o r t s  of water  l e v e l s ,  wel l  l o c a t i o n s ,  and e f f e c t s  of 

f looding  i n  t h e  r eg lon  of t h e  proposed s i t e .  A hydro- 

graph f o r  a  s e c t i o n  of t h e  Aqua F r i a  River downstream of 

t h e  s l t e  was provided by Simons, L i  & Assoc ia t e s ,  Inc .  

On t h e i r  recommendation, t h e  shape of t h e  hydrograph was 

assumed a p p l i c a b l e  t o  t h e  A9ua F r i a  River  a d j a c e n t  t o  

t h e  proposed l a n d f i l l  s i t e .  

3 . 2  Subsurface  Exp lo ra t ion  

F ive  exp lo ra to ry  bo r ings  were d r i l l e d  on May 9  and 10 ,  

1985. A l l  of t h e  bo r ings  were advanced t o  auger r e f u s a l  

on sand and g r a v e l ,  wi th  bor ing dep ths  vary ing  from 31 

t o  4 2  f e e t  below e x i s t i n g  grade.  

The bor ings  were d r i l l e d  wi th  a  truck-mounted CME-75 

d r i l l  r i g  advancing 6 5/8-inch O.D.  hollow stem auge r .  

Standard p e n e t r a t i o n  t e s t i n g  and open-end d r i v e  sampling 

were performed a t  s e l e c t e d  i n t e r v a l s  i n  t h e  bo r ings .  The 
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f i e l d  i n v e s t i g a t i o n  was superv ised  by Nicholas J. 

LaFronz, E . I .T . ,  s t a f f  eng ineer  of t h i s  f i rm.  

The r e s u l t s  of t h e  f i e l d  i n v e s t i g a t i o n  a r e  p re sen ted  i n  

Appendix A ,  which i n c l u d e s  a  b r i e f  d e s c r i p t i o n  of d r i l l -  

i ng  and sampling equipment and procedures,  a  s i t e  p l an  

showing t h e  bor ing  l o c a t i o n s ,  and logs  of t h e  t e s t  bor-  

ings .  E l eva t ions  of t h e  ground s u r f a c e  a t  t h e  bor ing  

l o c a t i o n s  were i n t e r p o l a t e d  from a  contour  map of t h e  

a r e a  provided by t h e  Maricopa County L a n d f i l l  Depart-  

ment. 

3 .3  Laboratory Analysis  

Moisture c o n t e n t s  of s e l e c t e d  samples were determined.  

These a r e  shown on t h e  bor ing logs .  Gra in-s ize  a n a l y s i s  

and At t e rbe rg  L i m i t s  t e s t s  were performed on s e l e c t e d  

samples. The r e s u l t s  of t h e s e  t e s t s  a r e  p resen ted  i n  

Appendix B. 

4 .  SITE CONDITIONS & GEOTECHNICAL PROFILE 

4.1 S i t e  Condi t ions  

The proposed l a n d f i l l  s i t e  i s  r e l a t i v e l y  l e v e l ,  e x h i b i t -  

ing  an e l e v a t i o n  d i f f e r e n c e  of about 2 f e e t .  The s i t e  

appears  t o  have been prev ious ly  c u l t i v a t e d ,  bu t  i s  p re s -  

e n t l y  covered wi th  a  l i g h t  t o  medium growth of g r a s s e s  

and occas iona l  bushes.  Unlined i r r i g a t i o n  d i t c h e s  form 

t h e  no r the rn  and sou thern  boundaries of t h e  s i t e .  The 
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s u r f a c e  t e x t u r e  r e t a i n s  evidence of previous  d i s c i n g  and 

furrowing. 

i.2 
4.2 Geotechnical  P r o f i l e  

w 
AS i n d i c a t e d  by t h e  bor ing logs ,  t h e  s o i l s  under ly ing  

t h e  proposed l a n d f i l l  s i t e  a r e  r e l a t i v e l y  uniform i n  

l a t e r a l  e x t e n t .  The s o i l  column can be desc r ibed  a s  a 

0 two-layer system a s  fol lows:  

A .  The upper approximately 6 f e e t  of s o i l  c o n s i s t s  
of f i n e  g ra ined  s i l t s  and s i l t y  sands t h a t  a r e  
r e l a t i v e l y  s o f t ,  low i n  p l a s t i c i t y  and moist .  I n  
Borings 4 and 5 ,  a  1 t o  2-foot  t h i c k  l a y e r  of 
s o f t  t o  f i r m ,  h igh ly  p l a s t i c  c l a y  was encoun- 
t e r e d .  

B. A t  dep ths  below 6 f e e t ,  moderately f i rm t o  hard ,  
c l e a n  t o  s i l t y  sands were encountered.  This  
s t r a tum i s  r i v e r  al luvium and inc ludes  l e n s e s  of 
c l e a n  sands  and g r a v e l s  throughout.  The ma te r i -  
a l s  a r e  t y p i c a l l y  dense t o  very dense,  and mois t  
t o  very moist .  

I t  is noted t h a t  a l l  exp lo ra to ry  ho le s  caved subsequent 

t o  removal of t h e  hollow stem auger.  

4.3 S o i l  Moisture & Groundwater Condit ions 

Free groundwater was encountered i n  a l l  of t h e  b o r i n g s ,  

except  Boring 3 ,  a t  dep ths  varying from 32 t o  34 f e e t .  

It is noted t h a t  Boring 3 extended only t o  31 f e e t  and, 

t h u s ,  d i d  no t  extend t o  t h e  apparent  groundwater l e v e l .  

Moisture con ten t s  i n  t h e  s o i l s  above t h e  water  t a b l e  

I 
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t y p i c a l l y  vary from 2  t o  1 1  pe rcen t ,  though a  mois ture  

conten t  of  27 was determined f o r  t h e  c l a y  l a y e r  i n  ao r -  

i ng  4 .  

A groundwater con tour  map prepared by SCS Engineers 

us ing  1973" depth-to-water d a t a  i n d i c a t e s  t h a t ,  a t  t h a t  

t i m e ,  t h e  depth- to-water  beneath t h e  ad j acen t  l a n d f i l l  

was about  60 f e e t ,  and groundwater movement was t o  t h e  

northwest .  To f u r t h e r  d e f i n e  t h e  groundwater regime, 

records  f o r  1 5  w e l l s ,  l oca t ed  a s  shown i n  F igure  1 ,  were 

researched  from Arizona Department of Water Resources 

(ADWR) f i l e s .  P e r t i n e n t  d a t a  from t h e s e  r eco rds  a r e  

l i s t e d  i n  Table 1 ,  i nc lud ing  t h e  most r e c e n t  measured 

groundwater e l e v a t i o n .  This  d a t a  i n d i c a t e s  t h e  ground- 

water  was a t  e l e v a t i o n  890 t o  920 dur ing  1984, compared - 
t o  t h e  p r e s e n t  e l e v a t i o n  a t  the l a n d f i l l  s i t e  of @ 
An exp lana t ion  f o r  t h e  apparen t  r i s e  i n  t h e  groundwater 

l e v e l  between 1982 and 1985 i s  no t  a v a i l a b l e ,  bu t  it may 

be r e l a t e d  t o  i r r i g a t i o n  o r  f lows i n  t h e  Agua F r i a  

River.  

Decl ines  of t h e  water  t a b l e  a r e  caused by pumping of 

water  p r i m a r i l y  f o r  i r r i g a t i o n .  Recharge and water 

l e v e l  r i s e s  a r e  by f lood ing  ad j acen t  t o  t h e  Agua F r i a  

and Gi l a  Rivers .  During a  f l o o d ,  groundwater moves 

downward forming a  mound on t h e  water  t a b l e ,  and i f  t h e  

f lood i s  s u f f i c i e n t l y  long,  t h e  mound extends  upward t o  

t h e  r i v e r .  Mann and Rohne (1983)  f o r  t h e  f l o o d s  du r ing  

*References a r e  l i s t e d  a t  end of r e p o r t .  
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Map Basis: Tolleson Quadrangle 
Arizona - Maricopa County, 7.5 

@ 
Minute Series, 1957, Photo re- 
vised 1982 
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Maricopa C o u n t y  L a n d f i l l  S i t e  
N e a r  Western A v e n u e  & D y s a r t  R o a d  
A v o n d a l e ,  A r i z o n a  
S H B  Job No.  E 8 5 - 9 1  

NO. - 
1 

2 

3 

4 

5 

6 

7 

ADWR 
R e f .  
N o .  

3 DAAI 

2 DAA 

3 DDD 

1 0  AAAl 

1 0  AAA2 

1 1  BAB 

1 1  AAB 

1 0  CBB 

1 0  ACD 

1 5  ABB2 

1 0  DCC 

1 0  DBB 

1 5  BAD 

1 5  DAB 

1 4  BAB 

TABLE 1 

S u m m a r y  of Well R e c o r d s  

D i s t a n c e  
f r o m  

L a n d f i l l  
( m i l e s  ) 

1 9 8 2  
Y e a r s  G r o u n d w a t e r  

of D e p t h  
R e c o r d  ( f e e t  ) 

1 9 6 2  - 

1 9 8 2  
G r o u n d w a t e r  

E l e v a t i o n  
( f e e t )  
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t h e  pe r iod  February,  1978 t o  June,  1980 i n d i c a t e  t h a t  

one w e l l  4 m i l e s  west  of  t h e  s i t e  had a  r i s e  i n  t h e  

water  t a b l e  of 19 f e e t ,  a  second 3 miles  t o  t h e  south-  

e a s t  had a  rise of 10 f e e t ,  and a  t h i r d  3 4  miles t o  t h e  

n o r t h e a s t  a  rise of 3 4  f e e t .  A s  t h e s e  t h r e e  a r e  some 

d i s t a n c e  from t h e  Agua F r i a  River ,  t h e  water  t a b l e  mound 

under t h e  proposed l a n d f i l l  s i t e  was l i k e l y  much h ighe r  

than t h e  pre-f lood water  t a b l e .  

5. DISCUSSION, ANALYSES & RECOMMENDATIONS 

5.1 Primary Design F a c t o r s  

The key f a c t o r s  t o  be considered i n  developing a  land-  

f i l l  a t  t h e  proposed s i t e  i nc lude  t h e  fol lowing:  

A .  The s o i l s  a t  t h e  s i t e  below a  depth of approxi-  
mately 6 f e e t  i nc lude  r e l a t i v e l y  c l e a n  sands and 
g r a v e l s  and s i l t y  sands. The i n  s i t u  mois ture  
con ten t  i s  r e l a t i v e l y  low, and cementation is n o t  
noted;  t h u s ,  excava t ion  by convent iona l  means i s  
p o s s i b l e .  Below dep ths  of 30 f e e t  approximately ,  
depending on t h e  groundwater l e v e l  a t  t h e  t i m e  of 
excava t ion ,  mois t  t o  s a t u r a t e d  c o n d i t i o n s  may be 
encountered.  

B.  There does  no t  appear t o  be a  n a t u r a l  s o i l  bar -  
r i e r  between t h e  Agua F r i a  River  and t h e  proposed 
s i t e .  Though t h e  proposed d i k e  would prevent  
s u r f a c e  water  from t h e  Standard P r o j e c t  Flood i m -  
p a c t i n g  t h e  l a n d f i l l ,  subsur face  flow below t h e  
d i k e  i s  probable .  

5 . 2  Groundwater Levels  Durinq Flood Events 

Based on in format ion  provided by t h e  Maricopa County 
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Landfill Department, the stage of the Agua Fria River 

during the Standard Project Flood is elevation 965. 

Thus, without placement of the planned dike, the land- 

fill site would become flooded during this event, which 

has a flow equivalent to approximately 1.5 times the 

100-year event. Placement of the dike would prevent 

surface flooding, but would not prevent subsurface 

flows. As discussed in Section 4.3, during high stages 

of extended duration, mounding of groundwater adjacent 

to the river should be anticipated. 

The height of the mound is primarily dependent on the 

time period the flood stage exists. Because the pro- 

posed landfill site is adjacent to the Agua Fria River, 

the possibility that the full impact of a flood stage 

would be felt was investigated. Based on the 700-year 

hydrograph provided, the period of significant flow 

peaks in approximately ten hours and recedes in an 

additional 20 hours. The total duration of the hydro- 

graph is approximately 1.00 hour_s-qr._four-day s. 
~~ 

A simple flow analysis, considering the landfill will be 

located approximately 1,000 feet from the Agua Fria 

River, indicates in excess of 15 days of significant 

flow would be required to significantly impact the land- 

fill site. Because of the stratigraphy of the soils 

underlying the site and the barrier to flow created by 

the dike, direct computation is not possible. However, 

the lower bound time of 15 days is based on conservative 

assumptions, and a time in excess of this may be more 

probable. 
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Since the duration of peak flow would be much less than 

the time required for significant subsurface flow to 

then reach the landfill, it is concluded that the Stan- 

dard Project Flood would not have a major effect on the 

landfill. It is likely that, for more severe flood con- 

ditions, the water table below the landfill site would 

rlse, but the rise would only be on the order of a few 

feet. Thus, the bottom of the landfill, planned to be 

at elevation 9305, would be subject to an uplift pres- 

sure on the order of a few hundred pounds per square 

foot . It would not feel the pressure equivalent to the 

difference in elevation of flood stage and landfill 

invert, or 35 feet of water. As important, it is pos- 

sible that the groundwater level could rise above the 

landfill invert. 

3 Desiqn Recommendations - Liner 

Considering the need to positively impound any leachate 

that might develop in the landfill, and the conditions 

described above, it is recommended that a double liner 

system be installed. Though the potential for flow in 

the Aqua Fria River to infiltrate the landflll is small, 

it is recommended that the design include defensive 

measures agalnst such an occurrence. There is at the 

site a very high potential for groundwater contamina- 

tlon, and very positive llner, leachate collection, and 

seepage detection systems are recommended. The design 

of this system should also consider the potential for 

uplift pressures acting at its interface with in situ 

soils. Further, to prevent infiltration of surface 

1 
SERGENT, HAUSKINS & BECKWITH 

CoNsULrNC. OEO.lC"YCAL EVOi l lERS - - P ~ 6 * o . I I B Y " " r s o U L . i . * i " ~ E . i . l l  ULICIT(.EL?.W 

t 



Maricopa County Landfill Site 
Near Western Avenue & Dysart Road 
Avondale, Arizona 
SHB Job NO. E85-91 

Page 1 1  

waters, the landfill should be capped with a positive 

moisture seal and graded to prevent long-term ponding of 

water. 

A conceptual design for the liner system is shown schem- 

atically in Figure 2, and a conceptual design for the 

landfill cap is shown schematically in Figure 3. It is 

recommended that a double liner incorporating two layers 

of a geomembrane such as HDPE, CPE, or PVC be used. The 

double liner system would extend along the bottom and 

sides of the landfill, providing full encapsulation. The 

artificial liners would be separated by 24 inches of 

sand, which would allow collection of any seepage into 

this layer. The seepage collection system could include 

a network of PVC pipes leading to a sump drain. A 

24-inch layer of sand above the upper liner would accom- 

modate leachate collection, and provide protection for 

the liner during placement of the waste material in the 

landfill. 

To accommodate placement of the sand and the liners, the 

site slopes should not exceed 3:l (horizontal to verti- 

cal). The sandy materials required for construction are 

readily available from the excavation for the landfill. 

The thicknesses of sand specified would provide protec- 

tion against damage to the liners, as well as 

accommodate installation of seepage and leachate collec- 

tion systems. Should these systems not be installed, it 

may be possible to lessen the thickness. However, the 

method of installation and the method of placement of 

the waste should be carefully considered. 

I 
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The lower membrane liner could be replaced with a clay 

liner. However, it does not appear that the silty soils 

overlying the site would be sufficiently impermeable for 

this purpose. The layers of high plasticity clay would 

be acceptable, but there is an insufficient quantity of 

this material available. Further, to ensure impervious- 

ness, the greater flexibility of a geomembrane would 

provide a more risk-free barrier. Placement of a clay 

liner requires less steep slopes (or a greater quantity 

of material) and protection immediately after placement 

to prevent drying and cracking. The sand overlying the 

bottom liner would, of course, provide the degree of 

protection required. 

5.4 Design Recommendations - Cover 

Standard design of the landfill cover, as shown in 

Figure 3, includes a 24-inch layer of foundation mate- 

rial, a 12-inch cap of relatively impervious material 

(coefficient of permeability of 1 o - ~  centimeters per 
second or less) and a 12-inch layer of native soil. The 

cover should also be graded and sloped to provide posi- 

tive surface drainage. Materials for the foundation and 

cover are available on-site in the upper 6 feet of sur- 

ficial soils. When the landfill excavation is made, 

this material could be stockpiled for later use. 

The impervious cap could be constructed of finer grained 

surficial soils such as the silts encountered in Borings 

2, 3 and 4. This material would likely have the required 

degree of imperviousness. Alternatively, the layers of 

I 
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plastic clay encountered in Borings 4 and 5 could be 

stockpiled and used for this purpose, or blended with 

other materials to provide a sufficiently impervious 

material. 

An alternative would be to treat the finer grained soils 

with an enzyme additive. This treatment could lessen 

the required thickness, and produce a more economical 

design. However, our experience with such additives has 

not been entirely positive. Questions of long-term 

stability and protection of soils treated and used as 

liners (as compared to dust control, road surface sta- 

bility and other uses) remain to be answered. Use of an 

additive would require a careful specification of work- 

manship and product. 
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August 22, 1985 

a 

SCS Engineers 
401 4 Long Beach Boulevard 
Long Beach, California 90807-2687 

SHB Job NO. E85-91 
Addendum No. 1 

Attention: Mark B. Beizer, P.E. 
Project Manager 

Re: Maricopa County Landfill Site 
Near Western Avenue & Dysart Road 
Avondale, Arizona 

Gentlemen: 

Attached hereto is the result of a permeability test con- 

ducted on near-surface, fine grained soils sampled at the 

above project site. The specimen tested was a composite of 

soils obtained from depths of 4 foot to 6 feet, remolded to 
a dry density of 108 pounds per cubic foot at a moisture 

content of 1 4 percent. The coefficient of permeability 

determined is of the order of 4x10-~ centimeters per 

second. Thus, it appears the on-site surficial clayey soils 

can be used for the impervious cover specified for the land- 

fill. During excavation it should be specified that this 

layer be stockpiled for this use. 

This addendum should be attached to the original report and 

made a part thereof. 

REPLY TO: 3940 W. CLARENDON, PHOENIX. ARIZONA 85019 

PHOENIX ALBUQUERQUE SANTA FE SALT LAKE CITY EL PAS0 
1602) 272-6848 (5051 884-0950 (5051 A71-7836 (801)266-0720  (9151 778-3369 
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Should any q u e s t i o n s  a r i s e  concerning t h i s  addendum, p l e a s e  

do n o t  h e s i t a t e  t o  c o n t a c t  us .  

R e s p e c t f u l l y  submi t t ed ,  

Se rgen t ,  Hauskins & Beckwi 

BY 

Copies: Addressee ( 3 )  
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t 
0 :  

REPORTON LABORATORYTESTS 
DATE 

PROJECT Maricopa County Landfills JOB NO. E85-91 

Near Avondale, Arizona LAB NO. 5-91-37 thru 41 

REFTOLDED 
PERMEABILITY TEST 

(Pressurized Permeameter) 

Combined Samples of Borings $/2 @ 0.5-2' , #2 @ 4.5'-6', 
Sample 113 @ 0.5-2', $13 @ 4.5'-6' and $14 @ 0.5-2' 

Remolded to Density of 108 PCF at 14.0 % 

Diameter 3.30 cm Length 6.10 cm Area 2 
8.55 cm Vol. 52.2 cc 

Ws 89.99 grms. wo 14.1 % wf 23.6 % Gs - v - 
S 

CC 

Void Ratio - Dry Density 107.6 PCF Trials 24 days 

. Pressure Head Q Time K K 
(PSI) (inches) (CC) (min . ) (cmlsec) (ft/yr) Remarks 

0 18.1 18.3 11735 4. 0x10-~- 0.4 Input "Q" 

5 152.5 193.8 15977 3.7x10-~ 0.4 Input "Q" 

147.0 2. 8xl~-7 0.3 Exit "Q" 

5 156.0 45.8 2508 5.5x10-~ 0.6 Input "Q" 

34.0 4. 1x10-~ 0.4 Exit "Q" 

P H O E N I X  EL P A S 0  A L B U Q U E R Q U E  

I6021 272-6848 I D I S )  772-3088 ( 5 0 5 )  344.9940 
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SCS E n g i n e e r s  
4014 Long Beach Bou leva rd  
Long Beach, C a l i f o r n i a  90807-2687 

SHB J o b  No. E85-91 
Addendum No. 2 

A t t e n t i o n :  Mark B .  B e i z e r ,  P.E. 
P r o j e c t  Manager 

Re: Maricopa County L a n d f i l l  S i t e  
Near Western Avenue & Dysar t  Road 
Avondale ,  Ar izona  

Gentlemen: 

. P r e s e n t e d  h e r e i n  a re  t h e  r e s u l t s  of t h e  a d d i t i o n a l  f i e l d  

i n v e s t i g a t i o n  comple ted  f o r  t h e  above r e f e r e n c e d  p r o j e c t .  

A s  d i s c u s s e d  w i t h  K r i s h a n  S a i g a l ,  P.E. of SCS E n g i n e e r s ,  t h e  

o r i g i n a l  f i v e  b o r i n g s  advanced f o r  t h e  p r o j e c t  were l o c a t e d  

o u t s i d e  t h e  b o u n d a r i e s  of t h e  f i n a l  r e c i p i e n t  l a n d f i l l  s i t e  

i d e n t i f i e d  f o r  t h e  p r o j e c t .  Thus,  it was recommended by a l l  

p a r t i e s  concerned  t h a t  a d d i t i o n a l  b o r i n g s  be advanced w i t h i n  

t h e  p l a n n e d  r e c i p i e n t  s i t e .  

Three  b o r i n g s  were d r i l l e d  on December 18 ,  1985 a t  t h e  l o c a -  

t i o n s  i d e n t i f i e d  on t h e  a t t a c h e d  s i t e  p l a n  a s  B o r i n g s  6 ,  7 ,  

and 8. A l l  b o r i n g s  were d r i l l e d  t o  d e p t h s  of 40 t o  41 f e e t  

u s i n g  a t ruck-mounted CME-55 d r i l l  r i g  advanc ing  6  5/8-inch 

O.D.  hol low stem a u g e r .  S t a n d a r d  p e n e t r a t i o n  t e s t i n g  was 

per formed a t  s e l e c t e d  i n t e r v a l s  i n  t h e  b o r i n g s .  The f i e l d  

i n v e s t i g a t i o n  was s u p e r v i s e d  by Tony J .  Fre iman,  E . 1  .T., 

s t a f f  e n g i n e e r  of t h i s  f i r m .  

REPLY TO: 3940 W. C L A R E N D O N ,  P H O E N I X ,  A R I Z O N A  85019 

e -  P H O E N I X  A L B U Q U E R Q U E  S A N T A  F E  S A L T  L A K E  C I T Y  E L  P A S 0  
16021 2 7 2 - 6 8 4 8  150Si  eel -04-0  , m n = <  " 7 ,  .70*= .--. ---  ---- . - 
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A l i m i t e d  l a b o r a t o r y  t e s t i n g  program was comple ted ,  i n c l u d -  

i n g  d e t e r m i n a t i o n s  of t h e  m o i s t u r e  c o n t e n t ,  A t t e r b e r g  

L i m i t s ,  and g r a i n - s i z e  d i s t r i b u t i o n  of s e l e c t e d  samples  

r e c o v e r e d .  M o i s t u r e  c o n t e n t s  a r e  l i s t e d  on t h e  a t t a c h e d  

b o r i n g  l o g s ,  and t h e  resu l t s  of t h e  o t h e r  tests a r e  l i s t e d  

on a  s e p a r a t e  a t t a c h e d  s h e e t .  

The compos i t e  g e o t e c h n i c a l  p r o f i l e  based  on t h e  t h r e e  a d d i -  

t i o n a l  b o r i n g s  is e s s e n t i a l l y  t h e  same a s  t h a t  d e s c r i b e d  i n  

o u r  o r i g i n a l  r e p o r t ,  e x c e p t  t h e  s t r a t u m  below a  d e p t h  of 

a p p r o x i m a t e l y  6 f e e t  a p p e a r s  t o  c o n t a i n  s i g n i f i c a n t l y  more 

g r a v e l - s i z e d  p a r t i c l e s .  The groundwater  t a b l e  a t  t h e  t i m e  

of d r i l l i n g  v a r i e d  f rom a  d e p t h  of  31  t o  34 f e e t ,  c o r r e s p o n d -  

i n g  t o  e l e v a t i o n s  of 928 t o  930, o r  e s s e n t i a l l y  t h e  same a s  

p r e v i o u s l y  r e p o r t e d .  

T h i s  addendum s h o u l d  be  a t t a c h e d  t o  and  made a  p a r t  of o u r  

o r i g i n a l  r e p o r t .  Shou ld  you have  any q u e s t i o n s  c o n c e r n i n g  

t h e  i n f o r m a t i o n  p r e s e n t e d  h e r e i n ,  p l e a s e  do n o t  h e s i t a t e  i n  

c o n t a c t i n g  u s .  

R e s p e c t f u l l y  s u b m i t t e d ,  
. . 

S e r g e n t ,  Hauskins  & Beck$ 

BY 

Copies:  Addres see  ( 3 )  
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E S T  DRILLING EOVIPMENT & PROCEDURES 

D r i l l i n g  Equiument Truck-mounted CME-55 d r i l l  r i g s  powered with 4 or 6 
cy l inde r  Ford I n d u s t r i a l  engines a re  used i n  advancing t e s t  borings.  The 
4 cy l inder  and 6 cy l inde r  engines a re  capable of de l ive r ing  about 4,350 
and 6,500 foot/pounds torque t o  the  d r i l l  sp indle ,  r e spec t ive ly .  The 
sp indle  i s  advanced with twin hydraul ic  rams capable of exe r t ing  12,000 
pounds downward force .  D r i l l i n g  through s o i l  or  s o f t e r  rock i s  performed 
with 6 112 O.D.,  3  114 I . D .  hollow stem auger or 4 112 inch continuous 
f l i g h t  auger. Carbide i n s e r t  t e e t h  a re  normally used on t h e  auger b i t s  
so they can of ten  pene t r a t e  rock or very s t rongly  cemented s o i l s  which 
r equ i re  b l a s t ing  or very heavy equipment f o r  excavation. Where r e f u s a l  
i s  experienced i n  auger d r i l l i n g ,  the  holes  a re  sometimes advanced with 
t r i cone  gear b i t s  and NX rods using water or a i r  as a  d r i l l i n g  f l u i d .  
Where auger and t r i c o n e  gear b i t s  cannot be used t o  advance the  hole  due 
to  cobbles or caving cond i t ions ,  the  ODEX (overburden d r i l l i n g  with the  
e c c e n t r i c  method) i s  used. A percussion down-the-hole hammer underreams 
the  hole  and 5 inch s t e e l  cas ing  i s  introduced i n t o  the hole  during d r i l l -  
ing. The d r i l l  b i t  i s  e c c e n t r i c  and can be removed from the c e z t e r  of 
t h e  casing to al low sampling of the ma te r i a l  below the b i t  pene t r a t ion  
depth. 

Samnling Procedures Dynamically driven tube samples a re  usua l ly  obtained 
a t  se lec ted  i n t e r v a l s  i n  t h e  borings by t h e  ASm Dl586 procedure. I n  
many cases,  2" O.D., 1 318" I . D .  samplers a re  used to  obta in  the s tandard 
penet ra t ion  r e s i s t a n c e .  "Undisturbed" samples of f i rmer s o i l s  a r e  o f t e n  
obtained with 3" O.D. samplers l i ned  with 2.42" I . D .  b rass  r ings .  The 
dr iv ing  energy i s  gene ra l ly  recorded as  t h e  number of blows of a  140 pound 
30 inch f r e e  f a l l  drop hammer required t o  advance the samplers i n  6 inch 
increments. However, i n  s t r a t i f i e d  s o i l s ,  d r iv ing  r e s i s t ance  i s  sometimes 
recorded i n  2 o r  3 inch increments so t h a t  s o i l  changes and t n e  presence 
of s ca t t e red  gravel  or cemented l aye r s  can be r ead i ly  de tec ted  and t h e  
r e a l i s t i c  penet ra t ion  va lues  obtained f o r  considerat ion i n  design. These 
values a re  expressed i n  blows per  foo t  on t h e  logs. "Undisturbed" sam- 
p l ing  of so f t e r  s o i l s  i s  sometimes performed with t h i n  walled Shelby tubes 
(ASTM D1587). Where samples of rock a re  requi red ,  they a r e  obtained by NX 
diamond core d r i l l i n g  (ASTM D2113). Tube samples a re  labe led  and placed 
i n  water t ight  conta iners  t o  maintain f i e l d  moisture contents  f o r  t e s t i n g .  
When necessary f o r  t e s t i n g ,  l a r g e r  bulk samples a re  taken from auger cu t t -  
ings.  

Continuous Penet ra t ion  Tes ts  Continuous penet ra t ion  t e s t s  a r e  performed 
by driving a  2" O.D. b lun t  nosed penetrometer adjacent  t o  or  i n  t h e  bot- 
tom of borings. The penetrometer i s  a t tached  t o  1 5/8" O.D. d r i l l  rods 
to  provide clearance t o  minimize s i d e  f r i c t i o n  so tha t  pene t r a t ion  va lues  
a r e  as  nearly as  poss ib l e  a  measure of end r e s i s t ance .  Pene t r a t ion  values 
a re  recorded as t h e  number of blows of a  140 pound 30 inch f r e e  f a l l  drop 
hammer required t o  advance the  penetrometer i n  one foot  increments or  
l e s s .  

Boring Records D r i l l i n g  opera t ions  a re  d i r ec t ed  by our f i e l d  engineer  or 
geologis t  who examines s o i l  recovery and prepares boring logs.  S o i l s  a r e  
v i s u a l l y  c l a s s i f i e d  i n  accordance with the  Unified S o i l  C l a s s i f i c a t i o n  
System (ASTM D2467) with appropr ia te  group symbols being shown on t h e  
logs.  
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UNIFIED SOIL CLASSIFICATION S Y S T E M  
Soils are v isual ly  c lass i f ied  by the  Un i f i ed  Soil C lass i f l ca t~on  system on the boring logs presented i n  t h i s  report. 
Grain-slze analysis and Atterberg L iml ts  Tests are often performed on selected samoles to a id i n  c lass i f i ca t ion .  
The c lassi f icat ion system i s  b r le f l y  ou t l ined  on th is  chart. For a more detai led description of the System, See "The 
Un i f ied  Soil Classification System" Corp of Engineers, US Army Technical Memorandum No. 3-357 (Revised Apr i l  

1960) or ASTM Designation: 02487-66T. 

TYPICAL NAMES 

Well waded gra-Is gravel-sand mlkures. 
or sand-yavelsobble mtxtures. 

Poorly graded gravels. gravelsand mix- 
tures, or sand~ravel-cobble m~xtures, 

Silty gravels, gravel-sand-silt mixtures. 

Clayey gravels. gravel-sand-clay mixtures. 

MAJOR DIVISIONS K ~ R A P H I ~  1 SYMBOL 1 SYMBOL GROUP 
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CLEAN GRAVELS 1:. 2.. ..* 

,n:.o: ., 
(Less than 5 %  passes No. 200 sieve) % :.T 

:'*.':8:.' 

. OP 

g (More than 12 % passes Limlts piot above 
No. 200 sieve) - 2 "A" line & hatched zone SC Clayey sands, sand-clay mlxrures. - on plasticlry chan 

SILTS OF LOW PLASTICITY Inorganic silts, clayey s i l t s  wtth siight 
[Liquid Limi: Less Than 50) 

SILTS OF HlGH PLASTICITY 
(Liquid Limlt More Than 50) 

CLAYS OF LOW PLASTICITY 
ILiquid Limit Less Than 501 

CLAYS OF HIGH PLASTICITY Inorganic clays of high plasticity. fat 
(Liquid Limit More Than 501 C H  ciavs, sandy clays of hlgh pianictty. 

NOTE: Coarse gralned so i l s  wi th between 5 %  & 12% passing the  No. 200 sieve and f i ne  grained so i l s  w i t h  l im i t s  
p lot t ing i n  the hatched zone on the  p l as t i c t t y  c h a n  t o  have double symbol. 

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS 

GRAVELS WITH 
FINES 

(More than 12 % 
passes No. 200 sieve) 

CLEAN SANDS 
sw lwei1 graded sands, gravelly sands. 

(Less than 5 %  passes No. 200 seivel I .,iy:graded M s .  i ravel iy  sewis. 

- 

60 

50 
X 
LY 

40 
> = 30 
9 ,- 
2 20 
2 
& 

10 

Limits plot below 
"A" line & hatched zone 1'1?[1 GM 

on plasticity chart I 
Llmits pi01 above 
line & hatched zone G C  

on p iast ic~ty chart 

SANDS WITH 
FINES 

SOIL COMPONENT 1 PARTICLE SIZE RANGE 

Cobbles Above 3 in. 
Gravel 3 in. to No. 4 sieve 

Coarse gravel 3 in. to 5i in. 
Fine gravel il in. to No. 4 sieve 

Sand NO. 4 to NO. 200 
Coarse NO. 4 to No. 10 
Medium No. 10 to No. 40 
Fine No. 40 to No. 200 

Fines i s l i t  or clay) 6eiow No. 200 sieve 

Limits plot below 
.'A.' ltne & hatched zone 1 SM 1 Silty sands, s s d - s i l l  mixtures. 

on plast ici ty chart 
0 .- 

'0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT 
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY, 
CONSISTENCY OR FIRMNESS OF SOILS 

The terminology used on the boring logs to describe the 
relative density, consistency or firmness of soils relative 
to the standard penetration resistance is presented below. 
The standard penetration resistance ( N )  in blows per foot is 
obtained by the ASTM Dl586 procedure using 2" O.D., 1 318" 
I.D. samplers. 

1. Relative Densitv. Terms for description of relative, 
density of cohesionless, uncemented sands and sand- 
gravel. mixtures. 

Relative Density 
Very loose 
Loose 
Medium dense 
Dense 
Very dense 

2. Relative Consistency. Terms for description of clays 
which are saturated or near saturation. 

N Relative Consistency Remarks 

0-2 Very soft Easily penetrated sev- 
eral inches with fist. 

3 - 4  Soft Easily penetrated sev- 
erai inches with thumb. 

5 - 8 Medium stiff Can be penetrated sev- 
eral inches with thumb 
with moderate effort. 

9-15 Stiff Readily indented with 
thumb, but penetrated 
only with great effort. 

16-30 Very stiff Readily indented with 
thumbnail. 

30+ Hard Indented only with dif- 
ficulty by thumbnail. 

3. Relative Firmness. Terms for description of partially 
saturated and/or cemented soils which commonly occur in 
the Southwest including clays, cemented granular mate- 
rials, silts and silty and clayey granular soils. 

N Relative Firmness 
0-4 'Very soft 
5-8 Soft 
9-15 Moderately firm 
16-30 Firm 
31-50 Very firm 

9 SO+ Hard 

I 
I - 1 SERGENT. HAUSKINS & BECKWITH 
1 1 COWSULTIHO OSOIFCHNICAL .NTINCERI -0 i 

.*OLNIX . I L ~ U O Y I I O V I .  . S A N T *  I E  





Page 7 
PROJECT MaricoDa Countv L-i '1 q LOG OF TEST BORING N O .  6 
JOB NO. E85 91 - DATE 12-18-85 

CME-55 
64" Hollow Stem Auser 

some fine grained sand, 
high plasticity, brown 

note: trace of coarse 
grained gravel at 12' to 

GRAVEL, considerable 
sand, poorly graded, 
subangular to rounded, 
nonplastic, brown 

note: saturated below 
groundwater table 

Stopped auger at 39'6" 
Sampler refused at 

u GROUND WATER SAMPLETYPE 
DEPTH HOUR DATE 

I 
A - Auger suwtngs. B - Block s o m p ~ s  I SERGENT. HAUSKINS 6 BECKWITH 

34' 3'(10:25$ 12-18 s - 2" O.D. 1.38" I.D. tube ..mpia. -'m 
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PROJECT Maricopa County Landfills LOG OF TEST BORING N 0 . 7  
JOB NO. E85-91 DATE 12-18-85 

CME-55 
BORING TYPE 6%" Hollow Stem Auger 
SURFACE ELEV. 

brown to gray 

ly fine grained, sub- 
angular, nonplastic, 

able sand, predominantly 
fine grained, rounded 

note: saturated below 
groundwater table 

Stopped auger at 39'6" 
Stopped sampler at 41' 

u -- 

GROUNDWATER SAMPLETYPE 1 
A - ~ u g s r  cutttngs. 6 - Block sample 1 I SERGENT, HAUSKINS & BECKWITH 
S - 2" O.D. 1.38" I.D. tube sample. -,m 
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PROJECT Maricopa Countv Landfills LOG OF TEST BORING NO. 8 
JOB NO. E85-91 DATE 12-18-85 

CME-55 
BORING TYPE 6%" Hollow Stem Auger 

grained sand, nonplastic, 

able sand, predominantly 
fine to medium grained, 

note: saturated below 
groundwater table 

A - A U Q ~ C  cuttings. B - Block romple I I SERGENT. HAUSKINS & BECKWITH 
5 - 2" 0.0. 1.38" I.D. tube *ompie. -,m 



HOLE 

SERGENT, HAUSKiNS I BECKWITH 

TASWLATION OF TEST RESULTS 

Job No. E85-91 
W!O 3 

U M I F I E D  S I E V i  ANALYSIS-ACCUM I PASSING L A B  NO 
DEPTH CLASS L.L. P. I .  1200 tlO0 t50 140 130 #la 110 88 t4 .25' .375'.5" 

.75'1' I.:"?" 2.5'3' 3.5"' 6' 8" 10' 12" 



E S T  DRILLING EOUI??lE;?lT & PXOCCDURES 

D r i l l i n g  Eauipment Truc!c-~ounted CX-55 d r i l l  r i g s  powered with 4 o r  6 
c ~ l i n d e r  Ford i n d u s t r i a l  engines a re  used i n  advancing t e s t  borings. The 
4 cy l inde r  and 6 cy l inde r  engines a r e  capable of de l ive r ing  about 4,350 
and 6,500 fooc/pounds torque t o  t h e  d r i l l  sp ind le ,  respec t ive ly .  The 
sp ind le  is  advanced wi th  w i n  hydraul ic  rams capable of exe r t ing  12,000 
pounds downward force .  D r i l l i n s  through s o i l  o r  s o f t e r  roc!< i s  performed 
wi th  6 112 O.D., 3 114 1.5. hollow stem auger or  4 112 inch continuous 
f l i g h t  auger. Carbide i n s e r t  t e e t h  a re  normally used on the  auger b i t s  
so they can o f t e n  peae t r a t e  rock or  very s t r o n g l y  cemented s o i l s  which 
r equ i re  b l a s t i n g  or  very heavy equipment f o r  excavation. Where r e f u s a l  
i s  experienced i n  auger d r i l l i n g ,  the  holes a r e  sometimes advanced wi th  
t r i c o n e  gear b i t s  and NX rods us ing  water o r  a i r  as  a d r i l l i n g  f l u i d .  
Where auger and t r i cone  gear b i t s  cannot be used to  advance the  ho le  due 
t o  cobbles or  caving condi t ions ,  t h e  ODES (overburden d r i l l i n g  with t h e  
e c c e n t r i c  method) i s  used. A percussion down-the-hole hammer underreams 
t h e  hole and 5 inch  s t e e l  cas ing  i s  introduced i n t o  t h e  hole during &ill- 
ing.  The d r i l l  b i t  i s  e c c e n t r i c  and can be removed from the cen te r  of 
t h e  cas ing  t o  a l low sampling o i  t h e  ma te r i a l  below t h e  b i t  pene t r a t ion  
depth. 

Samulinq ?:ocedures Dynamically driven tube s-les a re  usua l ly  obtained 
a t  s e l ec t ed  i n t e r v a l s  i n  t h e  borings by t h e  AS33 Dl586 procedure. I n  
many cases,  2" O.D., 1 3/8" I . D .  samplers a r e  used t o  ob ta in  t h e  s tandard  
pene t r a t ion  r e s i s t ance .  "Undisturbed" samples of f i rmer  s o i l s  a r e  o f t e n  
obtained with 3" O.D. samplers l i n e d  wi th  2.42" 1.5. brass  r ings .  The 
d r iv ing  e n e r g  is  gene ra l ly  recorded as t h e  number of blows of a 140 pound 
30 inch f r e e  f a l l  drop hannner requi red  to  advance the samplers i n  6 inch 
increments. However, i n  s t r a t i f i e d  s o i l s ,  d r iv ing  r e s i s t a n c e  is  sometimes 
recorded i n  2 o r  3 inch increments so t h a t  s o i l  changes and the presence 
of s c a t t e r e d  gravel  o r  cemented l aye r s  can be r e a d i l y  de tec ted  and t h e  
r e a l i s t i c  penet ra t ion  values obtained f o r  cons idera t ion  i n  design. These 
values a re  expressed i n  blows pe r  foot  on t h e  logs.  "Undisturbed" sam- 
p l i n g  of s o f t e r  s o i l s  i s  sometimes performed wi th  t h i n  walled Shelby tubes 
(AS33 D1587). Where samples of rock a re  requi red ,  they a re  obtained by NX 
diamond core d r i l l i n g  (ASl'X D2113). Tube samples a re  labe led  and placed 
i n  wa te r t igh t  conta iners  t o  main ta in  f i e l d  moisture contents  f o r  t e s t i n g .  
When necessary f o r  t e s t i n g ,  l a r g e r  bulk samples a r e  taken frost auger cu t t -  
ings.  

Continuous Pene t r a t ion  Tes ts  Continuous penet ra t ion  t e s t s  a re  performed 
by d r iv ing  a 2" O.D. b lunt  nosed penetrometer ad jacent  t o  or  i n  the  bot- 
tom of borings.  The penetrometer is a t tached to  1 5/8" O.D. d r i l l  rods 
to provide c learance  t o  minimize s ide  f r i c t i o n  so t h a t  penet ra t ion  values 
a r e  as nea r ly  as  poss ib le  a measure of end r e s i s t ance .  Penet ra t ion  values 
a re  recorded as t h e  number of blows of a 140 pound 30 inch f r e e  f a l l  drop 
hammer requi red  to  advance the penetrometer i n  one foot  increments or  
l e s s .  

Boring Records D r i l l i n g  operat ions a re  d i r ec t ed  by our f i e l d  engineer or  
g e o l o g ~ s t  wno examines s o i l  recovery and prepares boring logs. S o i l s  a re  
v i s u a l l y  c l a s s i f i e d  i n  accordance with the Unif ied S o i l  C l a s s i f i c a t i o n  
System (ASl'X D2487) with appropr ia te  group symbols being shown on the  
logs. 

I 
I SERGENT. HAUSXINS & 8ECXWITH 

I 



I 
SERGENT, HAUSXlNS & BECXWmf 

CO*SYLI!*(I a ~ O . ~ c * * I C A L  .*eI*rr"s 
A - 2  

- - -e*<.. .LBU(XI.P(I"L. Y*.. LS. W U I E c m  

. U N I F I E D  S O l L  C L A S S I F I C A T I O N  SYSTEM 
Soils are visually c lassi f ied by the Unif ied Soil Classif ication system on the boring logs presented i n  th is report. 
Grain-size analysis and Atterberg Limits Tests are oiten performed on selected samples to aid in classification. 
The classif ication system i s  br ief ly outl ined on th is  chan. For a more detai led description of the system,see "The 
Unif ied Soil Classif ication System" Corp of Engineers. US Army Technical Memorandum No. 3-357 (Revised Apr i l  
19601 or ASTM Designation: 132487-661. 

MAJOR DlVlSlONS TYPICAL NAMES 

- 
$ 
0 

; 
d o  
g %  
0 6 
u 2 
5 . 
2 $ 

- 
D 

0 '  . .O 
2 ,n 
8 ? 

",- 0 

d o 2  > " '  
4 : :  
0 - m  
" " J  

0 n 
;e c 
0 2 
" 

e - 
- 

a: 

Well qraded qraveis, gravei-sand mixtures. 

CLEAN GRAVELS or sand-gravel-cobble mixtures. 

(Less than 5 %  passes No. 200 sieve) 

GP 
Poorly graded gravels. gravelsand mix- 

;: 

t 5 
2 'g - 2 - 

I SILTS OF LOW PLASTICITY Inorganic silts. clayey si l ts with slight 
(Liquid Limit Less Than 501 

SILTS OF HlGH PLASTICITY I I1 I Inorganic silts, micaceous or diaromb 
[Liquid Limit More Than 501 

MH ceous siity soils. elasric silts. 

tures. or sandgavel-cobble mixtures. 

Silty graveis. gravel-sand-silt mixtures. 

Clayey gravels. gravel-sand-clay mixtures. 

. . . . , . . . . 
: ;.:.*-.r 

agg 
Pi; a "  

0 Z u, 
!A- 

GRAVELS WITH 
FINES 

(More than 12% 
passes NO. 200 sieve) 

Limits plot below 
"W' line & hatched zone GjM 

on plasticity chan 

Limits plot above 
"A" line & hatched zone GC 

on plasticity chart 

CLEAN SANOS 
S I Well gradedsands. gravelly sands. 

0 0 0 0  

?! -- a= L u 2  ,.,.,,,u 0%-c 

4 ir'.: 
0 ;j$g 

Zd 

0 0  0 0  

(Less than 5% passes No. 200 seivei 

CLAYS OF LOW PLASTICITY lnorganlc clays of low to medium plas- 
CL  ticity. gravelly clays. sandy clays, si l ty 

(Liquid Limit Lass Than 501 clays. lean clays. 

CLAYS OF HIGH PLASTICITY Inorganic clays of high plasticlty. fat 
(Liquid Limit Mare Than 501 CH. clavs. sandy clays of high plasticity. 

NOTE: Coarse grained soils with between 5 %  & 12% passing the No. 200 sieve and f ine grained soi ls w i th  l imi ts 
plott ing in the hatched zone on the plast ic i ty chart to have double symbol. 

PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS 

. . .. *j S I poorty graded sands. graveilv sac&. .... 

60 

50 
X 
Y 

40 5 
>. 

30 
U_ 
c 
V) 

4 20 
A 
e 

10 

SANDS WITH 
FINES 

(More than 12% passes 
No. 200 sieve1 

'0 10 20 30 40 50 60 70 80 90 100 

LIauIo LIMIT 

SOIL COMPONENT 

Limits plot below 
"A*' line & hatched zone SM Silty sands. sand-silt mixtures. 

on plasticity chart 

Limits plot above 
"A" line & hatchedzone SC Clayey sands. sand-clay mixtures. 

on olasticitv chart 

PARTICLE SIZE RANGE 

Cobbles Above 3 in. 
Gravel 3 in. to No. 4 sieve 

Coarse gravel 3 in. to % in. 
Fine gravel % in. to No. 4 sieve 

Sand No. 4 to NO. 200 
Coarse No. 4 to No. 10 
Medium No. 10 to No. 40 
Fine No. 40 to No. 200 

Fines js$lt or clay) Below No. 200 sieve 



TERMINOLOGY USZD TO DESCXIBE THE RELATIVE DENSITY, 
CONSISTENCY OR FIRMNESS OF SOILS 

The terminology used on t h e  bor ing  l o g s  t o  d e s c r i b e  t h e  
r e l a t i v e  d e n s i t y ,  cons i s t ency  o r  f i rmness  of s o i l s  r e l a t i v e  
t o  t he  s t anda rd  p e n e t r a t i o n  r e s i s t a n c e  i s  p re sen ted  below. 
The s t anda rd  p e n e t r a t i o n  r e s i s t a n c e  (N) i n  blows per  f o o t  is  
obtained by the  ASTN Dl586 procedure us ing  2" O . D . ,  1 3/SW 
I . D .  samplers .  

1. R e l a t i v e  Densit-r .  Terns ?or d e s c r i p t i o n  of r s l a t i ~ e  
d e n s l t y  of cohes ion le s s ,  uncemented sands and sand- 
g r a v e l  mix tures .  

N Rela t ive  Dens i tv  
0-4 Very l o o s e  
5-10 Loose 
11-30 Medium dense 
51-50 Dense 
SO+ Very d,. 0.1s e  

2 .  R e l a t i v e  Consis tencv.  Terms f o r  d e s c r i p t i o n  of c l a y s  
whlcn a r e  s a t u r a t e d  or  near  s a t u r a t i o n .  

N R e l a t i v e  Consis tency Remar !cs 

0 - 2  Verp s o f t  E a s i l y  p e n e t r a t e d  sev-  
e r a l  inches  wi th  f i s t .  

3-4 S o f t  E a s i l y  p e n e t r a t e d  sev-  
e r a l  inches  w i th  thumb. 

5-8 Medium s t i f f  Can be p e n e t r a t e d  sev- 
e r a l  inches  w i th  thumb 
wi th  moderate e f f o r t .  

9-15 S t i f f  Readi ly  indented  wi th  
thumb, bu t  p e n e t r a t e d  
on ly  wi th  g r e a t  e f f o r t .  

16-30 Very s t i f f  Readi ly  lndented  wi th  
thumbnail .  

30+ Hard Indented on ly  wi th  d i f -  
f i c u l t y  by thumbnail .  

3. R e l a t i v e  Firmness. Terms f o r  d e s c r i p t i o n  of p a r t i a l l y  
s a r u r a t e d  and/or  cemented s o i l s  whic? commonly occur i n  
t h e  S o u t h w e s t i n c l t l d i n , o  c l a y s ,  cemented g ranu la r  mate- 
r i a l s ,  s i l t s  and s i l t y  and c layey  g ranu la r  s o i l s .  

N R e l a t i v e  Firmness 
0 -4  Very sof e 
5-8 Sof t 
9-15 Moderately f i r n  
16-30 Firm 
51-50 Very f i rm 
SO+ Hard 
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Maricopa County Landfill site Q 400ft. 

Reference ~rawing: Site Plan ,Near Yuna & Dysart ~ o a d s  

provlded by Marlcopa County Avondale, Arizona Scale: 1'=200' 
Landfill Department SHB Job No. ~8 5 - 9 1  

Interim Report NO. 1 



by! PROJECT Maricopa Countv Landfills LOG OF TEST BORING NO. 1 
: JOB NO. E85-91 DATE 5-9-85 

CME-75 
6%" Hollow Stem Auqer 

SILTY SAND, predomi- 
nantly fine grained ,. 
subrounded, nonplastic, 

note: small amount of 
silt below 2' 

graded, angular to sub- 
angular, lenticular, 
nonplastic, brown 

note: well graded 

note: trace to small 
amount oforangish 
brown silt below 15' 

note: very weakly lime 

note: coarse grained 
subrounded gravel, 
trace of cobbles below 

poorly graded, subangu- 
lar to subrounded, 
nonplastic, brown 

Auger refused at 39' 

I I I 
G R O U N D W A T E R  S A M P L E T Y P E  I 

- A - Auger cuttlngs. 8 - Block SERGENT, HAUSKINS & BECKWITH 
S - 2" 0.0. 1.38" I.D. tube sample. 

CDNSUL~~ND CEOTECWNEAL LUClm6LRB 
A- 5 

-A U - 3" O.D. 2.42" I.D. tubs sampls. - - P ~ E N I X . ~ L B ~ O U ~ I W I . U * U * U * U * U *  SALIUILCI" ELWYI 
T - 3" 0.0. thcn-woiled Shslbv tubs. I 



slightly 
moist to 
very moist 

* PROJECT Marico~a Countv Landfjlals LOG OF TEST BORING NO. 2 

very firm 
to hard 

SAND, trace to small 
amount of silt, 
predominantly medium 
grained, angular to 
subanqular, lenticular, 
nonplastic, brown 

JOB NO. E85 

note: some gravel, 
small amount of silt 
below 13' 

- 91 DATE 5-9-85 

note: lenses of sand 
& gravelly sand 
throughout 

0 slightly 
jl 

I I 1  
I l l  

- soft to 
I moderately 

! 1 4  I I I 
firm 

note: trace to small 
amount of cobbles below 
25 ' 

s - . . " = 
;: .: 
o 

SANDY SILT, nonplastic, 
brown 

Stopped auger at 34'6" 
Stopped sampler at 36' 

Hole caved to 13'6" 

: i g  
S o .  
4:: 
5: :  
"on 

R I G  T Y P E  CME-75 
BORING TYPE 64" Hollow Stem Auqer 
S U R F A C E  E L E V .  961.6' 
D A T U M  

I I 1 

G R O U N D W A T E R  S A M P L E  T Y P E  I 
A - ~ u g e r  cuttsngs.  0 - Block semple I - 1  SERGENT. HAUSKINS & BECKWITH 

2:OO s - 2" 0.. 1.38" 1..  tuba --pie. -@, C O N I ~ ~ W G I O T E C ~ ~ ( C ( C ( C  EMINEERS A- 6 
U - 3" 0.0. 2.42" I.D. lube *.mpls. - - . ~ . , X . * L W U I ( I O Y E . I U " ' I . S * L T U " I C ~ ~ . I I P I Y )  
T - 3" O.D. thin-rallsd Shnlbv tubr. I 

, i 
5 ? 
en  
6: 

<,, 
i '0 
aL 

>+ 
-3 
g a  
?; 
n 

; " 
5 
E ?  
u~ 

REMARKS 

- -  - 
0 0 

=. . * $4 

i 2 
>U 

VISUAL CLASSIFICATION 

- 
E 
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-. 5 . 2 2  
,bB 

bZ= 
ZIP 



6' PROJECT Maricopa County L a n d f i l l s  LOG OF TEST B O R I N G  NO. 3 

g r a v e l ,  t r a c e  of s i l t ,  
predominantly medium 

note:  t r a c e  t o  smal l  
amount of  o rang i sh  
brown s i l t  below 1 4 '  

note :  l e n s e s  of sand 

Auger r e f u s e d  a t  31 '  

Hole caved t o  12 '  

U - 3" O.D. 2.42" I.D. tube  sample. 
T - 3'' 0.0. th in -wol led  Shalbv tubs: 



-. 
@ :  PROJECT Maricoua Countv Landfills L O G  OF TEST BORING NO. 4 
;..I JOBNO. E85-91 DATE 5-10-85 

CME-75 
BORING TYPE 6%" Hollow Stem Auqer 

angular to rounded, 

fine grained sand, high 
plasticity, dark brown 

to subrounded, 
lenticular, nonplastic, 
light brown to brown 

note: small amount of 
silt below 15', 
considerable gravel 
from 15' - 17' 
note: lenses of sand 
& gravelly sand 

note: clean sand lens 
at 19'6" - 2016", 
gravelly sand lens 
below 20'6" 

note: trace to small 
amount of cobbles below 

note: some cobbles 

Auger refused at 42' 
-- 

Hole caved to 13' 

1 D E P T M  1 HOUR 4 D A T E  1 
I) - A - auger wtttngs. B - Block SERGENT. HAUSKINS & BECKWITH 

34' 1O:OO 5-10 s - 2" 0.0. 1.38" 1.0. tub. ,ompie. A- 8 
U - 3" 0.0. 2.42" I.D. tubs sample. CONIULTlri GEOTECMWFII ENOINBERS - - - P * 0 6 * 8 x . A L B w U E P o " E . y * n ~ ~ . s 1 1 1 U I I C I I I - I I P . Y I  

T - 3" O.D. rhmn-x~l lsd Shalbr tub-. I 



~. 
8' PROJECT. Maricooa County Landfills LOG OF TEST BORING N 0 . 5  

. JOBNO. E85-91 DATE 5-10-85 

trace to small amount 
of cobbles & silt, 
predominantly fine to 
medium grained, angular 
to subrounded, 
lenticular, nonplastic, 
brown to reddish brown 

predominantly fine to 
medium grained, angular 

Hole caved to 23' 

C O N S Y ~ T I ~  osOICC*NCL IWGINIEIIS U - 3" O.D. 2.42" I.D. tuba somplo. ~ ~ I X . A L B Y ~ Y ~ ~ ~ . ~ ~ ~ F E . I A L I U ~ I C I P ( . ~ L P A I O  

T - 3" 0.0. thin-woilod Sh-lbr ,"be. 



HOLE 
NO - 

SERGENT, HAUSKINS h BECKtiITH 

TAEULATION OF TEST RESULTS 

Job No. E85-91 

UNIFIED -SIEVE AMALYSIS-ACCUH X PRSSIN6 LPB NO 
DEPTH CLASS L.L. P.I.  1200 1100 150 t40 $30 $16 110 18 t 4  .25' .375'.5' 

-75' 1' 1.5' 2' 2.5' 3 q . 5 '  4' 6' 8' 10' 12' 
- 



8 - HOLE 
NO 

1 

DEPTH 

19.5'-21' 

34.5'-36' 

0.5'-2' 

14.5'-lb' 

24.5'-26' 

0.5'-2' 

9.5'-11' 

4.5'-b' 

29.5'-31' 

39.5'-41' 

14.5'-16' 

19.5'-21' 

SERGENT, HRUSKINS t BECKWITH 

TRBULATION OF TEST RESULTS 

Job No. €05-91 

HOISTURE LAB 
CONTENT NO 


