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Special Note 

This report i s  one of a series of engineering and environmental reports 
planned for the U.S. Department of Energy's properties at the Niagara 
Falls Storage Site in Lewiston, New York. The report describes the con- 
struction of the containment cutoff walls, dikes and cap for the storage 
areas at the site. It is not intended to be a definitive statement of 
the engineering methods and designs required to obtain desired performance 
features for any permanent waste disposal at the site. Such requirements, 
if developed, will be reported separately. 
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The information contained in this report details the results of the 
remedial construction measures being performed at the Niagara Falls 
Storage Site (NFSS). 
of Lewiston, Niagara County, New York, is presently used for the storage 
of low-level radioactive wastes. The radioactive wastes resulted from 
the processing of uranium ores (pitchblende) during the early development 
of the atomic bomb. Additional low-level wastes, which were generated at 
other locations, were also deposited at NFSS for several years following 
World War 11. 

The storage site, which is located in the Town 

The site was originally controlled by the Manhattan Engineer District 
with subsequent responsibility transferred to the U.S. Atomic Energy 
Commission, the U.S. Energy Research and Development Administration , and 
the U.S. Department of Energy (DOE). 

Niagara Fa1 1s Storage Site is one o f  numerous DOE-owned radioactively 
contaminated surplus facilities grouped under the DOE'S Surplus Facili- 
ties Management Program (SFMP). Lead responsibility for administering 
the program resides with the DOE Richland Operations Office (Richland, 
WA) , while specific responsibility for detailed planning and execution 
of remedial actions at NFSS is assigned to the DOE Oak Ridge Operations 
Office (Oak Ridge, TN). 

The interim remedial construction activities at NFSS were started in 1982 
with completion in 1986. At the conclusion o f  these interim activities, 
all radioactively contaminated materials will be consolidated within the 
diked containment area in the southwest corner of NFSS. The details o f  
major construction activities conducted at the site are contained in the 
five attached reports. 
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1.0 INTRODUCTION 

Volume 1 of the Post-Construction Report contains the results of the initial 

remedial construction activities associated with the stabilization of the R-10 

waste pile. 

1-1 and 1-2, respectively. Specifically covered and documented in th i s  volume 

A general site location map and site plan are shown in Figures 

is the construction of a 1700-foot-long perimeter dike and cutoff wall 

surrounding the R-10 waste pile. 

activities, logging of the cutoff trench excavation wall, quality control 

testing for backfill placement, and soil and water sampling for the uranium 

and radium distribution coefficient measurements. 

This includes the excavation and backfilling 

The work described in this volume was conducted during the period July through 

October, 1982. 

Participants and their involvement with the stabilization of the R-10 area are 

s umma r i zed be 1 ow : 

Department of Energy: Owner 

Bechtel: Project Manager Contractor: Subsurface investigation; dike 

embankment and cutoff wall design; dike foundation inspection; and 

management of construction operations. 

Armand Cerrone, Inc.: Construction of the cutoff wall and dike 

including excavation and backfilling. 

1-1 

... 



Empire Soils Investigations, Inc.: On-site soi l  tes t ing of f i l l  

material ,  and laboratory tes t ing.  

Eberline, Inc.: On-site radiological survey, and radiological safety 

f o r  a l l  s i t e  personnel. 

2.0 BACKGROUND 

The i n i t i a l l y  planned remedial engineering measures for  the R-10 waste pi le  

consisted of constructing a low perimeter dike around the area. 

p l a n  cal led f o r  founding the dike on the sur f ic ia l  brown clay u n i t  a t  

elevation 317.l However, geologic mapping of the brown clay subgrade for the 

dike i n  June and July,  1982, indicated the presence of sand deposits within 

the brown clay. 

The original 

These sand deposits were confirmed by a fur ther  investigation 

t h a t  included geophysical methods and a 1 imited subsurface exploration program 

(see Section 3 ) .  

In order t o  assure that  the sand deposits i n  the brown clay u n i t  would no t  

provide a pathway f o r  the migration of contaminated ground water from under 

the R-10 water p i l e ,  the original design of the perimeter dike was modified t o  

include a compacted low permeability clay cutoff wall beneath the e n t i r e  dike. 

The cutoff wall ,  which was keyed into the underlying gray clay u n i t ,  would 

then provide a complete cutoff f o r  the R-10 waste pi le .  

'All elevations shown are in f e e t  above Mean Sea Level (MSL). 
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3.0 PREVIOUS SUBSURFACE INFORMATION 

Two previous geological reports were u t i l i zed  i n  preparing th i s  report. 

f i r s t  report ,  which was prepared by Acres American Incorporated, Buffalo, New 

York, presents the evaluation of the geology and hydrology of the NFSS 

(Reference 1) .  

2 )  , presents the resu l t s  of the subsurface investigation t h a t  included 

geologic mapp ing ,  geophysical surveys and  a d r i l l i n g  program conducted around 

the R-10 waste p i l e  d u r i n g  the period June t h r o u g h  Augus t ,  1982. 

The 

The second report ,  which was prepared by Bechtel (Reference 

4.0 SITE AND SUBSURFACE CONDITIONS 

Prior t o  placement o f  the residues and s p o i l s ,  the topography a t  the R-10 

waste p i le  s i t e  was essent ia l ly  f l a t ,  r a n g i n g  from elevation 317 on the north 

and  eas t  s ides ,  t o  elevation 320 along Lutts Road a t  the west side. 

residues and  spoi l s  a re  currently piled t o  about elevation 330 a t  the south 

end of the s i t e  as shown i n  Figure 1-3. 

The 

A description of subsurface conditions i n  the R-10 waste p i le  area i s  

presented i n  References 1 and  2.  

the f ive  units shown i n  Figure 1-4: s u r f i c i a l  s o i l s  and  f i l l ,  underlain by 

brown clay,  gray clay,  brown sand and gravels,  and red s i l t .  The red s i l t  

u n i t  i s  underlain by the red shales and s i l t s t o n e s  of the Queenston Formation.  

The gray clay,  which i s  a b o u t  20 f e e t  thick i n  the v ic in i ty  of the R-10 area 

i s  the most homogeneous u n i t  on the s i t e  and provides a n a t u r a l  blanket t h a t  

I n  general, the overburden s o i l s  consist  o f  

acts  as a ground water barr ier .  

gray clay layer ,  the t o p  of the gray clay u n i t  i s  n o t  uniform i n  elevation. 

However, due t o  erosion of the surface of the 
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5.0 R-10 WASTE PILE STABILIZATION DESIGN FEATURES 

The c u t o f f  w a l l  e x c a v a t i o n  extends a minimum o f  1 t o  2 f e e t  i n t o  t h e  gray  

c l a y .  The minimum w i d t h  a t  t h e  bo t tom o f  t h e  c u t o f f  w a l l  i s  12 f e e t .  The 

depth  o f  t h e  c u t o f f  w a l l  v a r i e s  as t h e  t o p  o f  t h e  g r a y  c l a y  v a r i e s ,  r a n g i n g  

f rom about  e l e v a t i o n  295 t o  e l e v a t i o n  309 f e e t .  I n  genera l ,  t h e  c u t o f f  w a l l  

i s  n o t  cen te red  on t h e  d i k e  c e n t e r l i n e ;  i t s  l o c a t i o n  v a r i e s  acco rd ing  t o  t h e  

subsur face  c o n d i t i o n s .  T y p i c a l  c ross  s e c t i o n s  o f  t h e  d i k e  a r e  shown on F i g u r e  

1-4. 

The d i k e  and c u t o f f  w a l l  c o n s i s t s  o f  t h r e e  main segments: 

n o r t h  d i k e  and t h e  west  d i k e  (see F i g u r e  1 - 5 ) .  

t h e  south  s i d e  o f  t h e  R-10 waste p i l e .  

b u i l d i n g  on b o t h  i t s  e a s t  and west s ides .  

2 h o r i z o n t a l  t o  1 v e r t i c a l ,  w i t h  s lope  p r o t e c t i o n  c o n s i s t i n g  of 4 inches  of 

crushed stone. 

t h e  e a s t  d i k e ,  t h e  

The B u i l d i n g  411 i s  l o c a t e d  on 

The d i k e  and c u t o f f  w a l l  abuts  t h i s  

Embankment s lopes  f o r  t h e  d i k e  a r e  

A l l  t h e  contaminated  m a t e r i a l  hand led  d u r i n g  t h e  1982 c o n s t r u c t i o n  was p laced  

w i t h i n  t h e  p e r i m e t e r  d i k e s .  I n  a d d i t i o n ,  a p o l y m e r i c  l i n e r  m a t e r i a l  (EPDM) 

was i n s t a l l e d  o v e r  t h e  R-10 wastes f o l l o w i n g  c o n s t r u c t i o n  o p e r a t i o n s  i n  t h e  

F a l l  o f  1982 t o  reduce e r o s i o n  p o t e n t i a l  and r a d i o a c t i v e  emiss ions  and p r e v e n t  

r a i n f a l l  f r om e n t e r i n g  t h e  m a t e r i a l .  

6.0 TRENCH EXCAVATION 

P r i o r  t o  t h e  s t a r t  o f  e x c a v a t i o n  f o r  t h e  c u t o f f  w a l l ,  a l l  areas were surveyed 

f o r  r a d i o a c t i v e  c o n t a m i n a t i o n  by  E b e r l i n e ,  I n c .  A l l  con taminated  areas were 

overexcavated; t h e  m a t e r i a l  was d isposed o f  on t h e  R-10 waste p i l e ;  and t h e  
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overexcavated areas were resurveyed. This procedure was repeated until  the 

radiological survey indicated compliance w i t h  c r i t e r i a  f o r  allowable soi l  

contamination. 

Excavation f o r  the cutoff trench was performed using Caterpi l lar  Model 225 and  

245 excavators. These machines have maximum d i g g i n g  depths of 10 and 17 f e e t ,  

with 3/4 and 4 cubic yard buckets, respectively. 

approximately 1 horizontal t o  1 ver t ical  w i t h  vertical  benches, each bench 

being l e s s  t h a n  5 fee’t i n  height. 

i s  shown on Figure 1-4. I n  several locations w i t h i n  the brown clay uni t  

f i s sures  and cracks had developed a f t e r  the excavation had been open f o r  

extended periods. Potentially unstable slopes in brown clay were fur ther  

f la t tened t o  ensure safety. 

of each day and a f t e r  each rainstorm. 

clay into the trench d i d  occur occasionally d u r i n g  or immediately a f t e r  heavy 

r a i n f a l l .  

Slopes were cut t o  

A typical cross section of the excavation 

Slopes were inspected f o r  cracks a t  the beginning 

Some shallow sloughing of the brown 

I n  general, the bottom of the trench was excavated a t  l e a s t  1 t o  2 f e e t  into 

the gray clay. I n  some locations,  where sand and s i l t  lenses or thicker sands 

and  mixed sand and gravel deposits were encountered i n  the t rans i t iona l  zone 

from brown clay t o  gray clay,  the excavation was carried deeper. Ground water 

seeped from these granular deposits a t  ra tes  u p  t o  20 gpm. I n  most cases, the 

volume of flow reduced substant ia l ly  a f t e r  the excavation had been open 3 t o  5 

hours, and usually stopped a f t e r  2 t o  5 days, indicating t h a t  these permeable 

deposits d i d  not form a continuous aquifer  across the s i t e .  

probably represented a se r ies  o f  isolated lenses. 

Rather, they 

The bot tom of the cutoff 
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t r ench  was dewatered p e r i o d i c a l l y  by sump pumps. 

o n - s i t e  r e t e n t i o n  ponds l o c a t e d  on t h e  e a s t  s i d e  o f  t h e  Centra l  Drainage 

D i t ch .  

Water was pumped i n t o  t h e  

The excavated uncontaminated m a t e r i a l s  f rom t h e  t rench  were s t o c k p i l e d  o n - s i t e  

on t h e  n o r t h  s i d e  o f  t he  R-10 waste p i l e ,  w i t h  sand and gravel  p o r t i o n s  

s t o c k p i l e d  s e p a r a t e l y  f rom t h e  c l a y  p o r t i o n s .  

t r a c e  o f  sand and g rave l ,  was accepted as s u i t a b l e  m a t e r i a l  f o r  reuse as 

b a c k f i l l  f o r  t h e  c u t o f f  w a l l  and d i k e  embankments. 

Only brown c l a y ,  w i t h  up t o  a 

A l o g . o f  t h e  s o i l  c o n d i t i o n s  o f  t h e  s ides  o f  t h e  c u t o f f  t rench  excava t ion  was 

prepared by a Bechte l  geotechnica l  engineer.  Subsurface c o n d i t i o n s  found 

d u r i n g  t h e  d i k e  excavat ion a re  desc r ibed  i n  t h e  f o l l o w i n g  paragraphs; a s - b u i l t  

p r o f i l e s  a re  presented i n  F igu re  1-6. It should be noted t h a t ,  a t  c e r t a i n  

l o c a t i o n s ,  t h e  t r a n s i t i o n a l  zone f rom t h e  brown c l a y  t o  t h e  u n d e r l y i n g  gray 

c l a y  was n o t  c l e a r l y  d i s t i n g u i s h a b l e .  

e l e v a t i o n  of t h e  t o p  o f  t h e  gray c l a y  between t h e  i n f o r m a t i o n  i n t e r p r e t e d  from 

t h e  b o r i n g  l o g s  and t h e  a s - b u i l t  p r o f i l e s .  

T h i s  e x p l a i n s  any v a r i a t i o n  i n  t h e  

6.1 EAST D I K E  AREA 

Bor ings i n  t h e  e a s t  d i k e  area (Reference 2 )  revealed i s o l a t e d  depos i t s  o f  

p r i n c i p a l l y  ve ry  f i n e  t o  f i n e  sand and s i l t y  sands i n  the  upper brown c l a y  

u n i t .  The excavat ion s t a r t e d  on August 16, 1982, and was completed on 

September 1, 1982. F igu re  1-6, P r o f i l e  B - B ' ,  presents  t h e  a s - b u i l t  subsurface 

i n f o r m a t i o n  f o r  t h e  eas t  d i k e  area. 

sand and g rave l  w i t h  cobbles encountered i n  t h e  excavat ion a t  coo rd ina te  S 

11+59. 

d i k e  area was encountered i n  t h e  excava t ion  between e l e v a t i o n s  296 and 306. 

O f  note,  was a 7 - f o o t - t h i c k  d e p o s i t  o f  

T h i s  d e p o s i t  was n o t  cont inuous. The t o p  o f  t he  gray c l a y  i n  t h e  eas t  
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6.2 NORTH D I K E  AREA 

Bor ings  i n  t h e  n o r t h  d i k e  area  (Reference 2 )  i n d i c a t e d  d e p o s i t s  of sand and 

mixed sand and g r a v e l  i n  t h e  brown c l a y  u n i t  between coo rd ina tes  E 2+20 and E 

4+20 a long  t h e  n o r t h  d i k e  c e n t e r l i n e .  

i s o l a t e d  f r o m  each o t h e r .  Excavat ion  s t a r t e d  on September 14, 1982, and was 

completed on October  4, 1982. F i g u r e  1-6, P r o f i l e  C - C ' ,  p resen ts  t h e  a s - b u i l t  

subsur face  i n f o r m a t i o n  f o r  t h e  n o r t h  d i k e  area .  

1 5 - f o o t - t h i c k  sand and g r a v e l  l a y e r  . o v e r l y i n g  t h e  g r a y  c l a y  was encountered  

between c o o r d i n a t e s  E 3+60 and E 3+90. 

t h e  e x c a v a t i o n  reached as h i g h  as 20 gpm, b u t  e s s e n t i a l l y  stopped a f t e r  5 

days. These sand and g r a v e l  d e p o s i t s  were n o t  cons ide red  cont inuous .  The t o p  

o f  t h e  g r a y  c l a y  i n  t h e  n o r t h  d i k e  area  was encountered  d u r i n g  t h e  e x c a v a t i o n  

between e l e v a t i o n s  300 and 309. 

These d e p o s i t s  a r e  b e l i e v e d  t o  be 

D u r i n g  excava t ion ,  a 

The r a t e  o f  ground wa te r  f l o w i n g  i n t o  

6.3 WEST D I K E  AREA 

Bor ings  i n  t h e  west  d i k e  area  (Reference 2 )  i n d i c a t e d  e x t e n s i v e  d e p o s i t s  o f  

p redomina te l y  s i l t y  sands and g r a v e l s  i n  t h e  brown c l a y .  Excavat ion  s t a r t e d  

on September 4, 1982, and was completed on September 26, 1982. A t h i c k  sand 

and g r a v e l  d e p o s i t  was found i n  t h e  e x c a v a t i o n  between c o o r d i n a t e s  S 10+35 and 

S 10+70. 

290, w i t h o u t  g r a y  c l a y  b e i n g  encountered on t h e  o u t s i d e  w a l l  o f  t h e  t rench .  

The g r a y  c l a y  was v i s i b l e  i n  t h e  n o r t h ,  sou th  and e a s t  s ides  ( i n s i d e  w a l l )  o f  

t h e  e x c a v a t i o n  a f t e r  removing t h e  sand and g r a v e l  (see F i g u r e  1 - 7 ) .  

e x c a v a t i o n  was d i s c o n t i n u e d  a t  t h a t  depth  t o  a v o i d  any p o s s i b i l i t y  o f  

p u n c t u r i n g  t h r o u g h  t h e  g r a y  c l a y  u n i t  i n  t h e  bo t tom o f  t h e  excava t ion .  

a d d i t i o n a l  b o r i n g s  (Bor ings  A-19, A-20, and A-21) were then  d r i l l e d  i n  t h i s  

area t o  de te rm ine  t h e  e x t e n t  o f  t h e  sand and g r a v e l  d e p o s i t .  Logs o f  these  

T h i s  d e p o s i t  was excavated 0ve.r 20 f e e t  i n  depth, down t o  e l e v a t i o n  

The 

Three 
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borings are presented in Appendix 1-A.  

elevation 306 in a l l  three borings, w i t h  no sand a n d  gravel deposits found 

below that  elevation. Based on the f ie ld  observations and the additional 

subsurface investigation, i t  was concluded t h a t  the sand and gravel deposits 

between coordinates S 10+35 and S 10+70 was n o t  continuous. 

sand n o t  being continuous, and the f a c t  t h a t  the gray clay was present on the 

inside wall of the excavation, i t  i s  believed an e f fec t ive  cutoff was 

maintained by the cutoff wall. 

s tar ted a t  elevation 290 i n  this area,  extends a m i n i m u m  of 12  fee t  (see 

Figures 1-6 and 1-7)  below the t o p  of gray clay uni t  on the inside wall o f  the 

excavation. 

The gray clay was encountered a t  

Further, with.the 

The compacted clay cutoff wall, which was 

Figure 1-6,  the as -bui l t  Prof i le  A-A' a l o n g  the west dike area,  indicates the 

sand and gravel deposits extending from ground surface t o  the gray clay. The 

gray clay was generally encountered between elevations 304 and 309. 

6.4 SOUTHWEST D I K E  AREA 

No borings were d r i l l e d  i n  the southwest dike area t h a t  abuts the west side of 

Building 411. 

completed on September 3 ,  1982. 

subsurface conditions found d u r i n g  the excavation. 

clayey s i l t  with gravel and cobbles overlying the gray clay unit  was 

encountered between coordinates E 2+00 and E 1+00. The excavation of the 

30-foot section adjacent t o  Building 411 was discontinued a t  elevation 308 

f e e t  before encountering the gray clay,  since a deeper excavation m i g h t  have 

endangered the 411 b u i l d i n g  foundation a t  elevation 312 f e e t .  

of the gray clay i n  the southwest dike area slopes gently westward from 

elevation 300 a t  E 1+90 t o  elevation 305 a t  E 0+50. 

Excavation in this  area s tar ted on August 31, 1982, and was 

Profile D-D'  (Figure 1-6) presents the 

A thick layer of h a r d  

The subsurface 

1-8 



6.5 SUMMARY OF EXCAVATION QUANTITIES 

The excavation for the cutoff wall was started on August 16, 1982, and was 

completed on October 4, 1982. A total of about 23,900 cubic yards was 

excavated. 

with an average bottom width of 13 feet. 

approximately 600 cubic yards per day. 

The average elevation of the base of the excavation was 301 feet, 

The average excavation rate was 

7.0 BACKFILLING 

7.1 SOURCE OF MATERIALS 

Three sources of clayey material were used for constructing the cutoff wall 

and the dike embankments. These sources consisted of the uncontaminated brown 

clay from the excavation for the dike and cutoff wall, brown clay from an 

on-site borrow pit south of NFSS parking lot, and off-site borrow material 

from the Lake Road borrow pit (see Figure 1-1). 

Typical fill material properties and compaction characteristics are shown ir! 

Table 1-1. The technical specification requirement for the fill material was 

a clay material with a minimum of 50 percent passing the No. 200 sieve. 

compaction criteria for the fill material was 90 and 95 percent of maximum 

The 

Modified Proctor density (ASTM D-1557) for the cutoff wall and dike 

embankments, respectively. 

7.2 COMPACTION EQUIPMENT AND PROCEDURES 

The f i l l  placement operation utilized the following equipment: 

o Excavators - Two Caterpi 

o Dozers - Two Caterpi 

lar Model 225's and one Caterpillar Mode 

lar Model D-7's and on Caterpillar Model 

1-9 
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o Compactors - Two Ingersoll-Rand Model SPF56 pad-foot rollers and one 

Tampo smooth-drum roll er 

Prior to placement of backfill, the bottom and the outside face of the cutoff 

wall excavation was surveyed for radioactive contamination by Eberline, Inc. 

In situ soil samples were obtained for radiological testing at 20-foot 

intervals horizontally and 5-foot intervals vertically. 

tests on these soil samples indicated that levels of radium-226 contamination 

were below DOE'S maximum permissible concentration of 5 pCi/g. 

was then allowed to proceed on the uncontaminated subgrade. 

On-site laboratory 

Backfilling 

The first lift of fi l l  was placed in a 2 to 3-foot-thick layer to avoid 

causing pumping of the soft gray clay subgrade. 

stabilized, additional fill was placed in 8-inch loose lifts and compacted 

with, on the average, four passes of the Ingersoll-Rand pad-foot roller in 

uniform layers parallel to the axis of the embankment. The fill surface was 

sealed with the Tampo smooth steel drum roller at the end of each day. 

beginning of each day, the fill surface was scarified by a bulldozer prior to 

placement o f  subsequent fill. 

After the initial lift was 

At the 

The rate of placement of backfill for the cutoff wall was relatively slow in 

the beginning because of access limitations. 

yards per day. As the fill was placed to a higher elevation, and a 

correspondingly wider area became available for the operation of construction 

equipment, progress improved and reached an average placement rate of 700 

cubic yards per day. 

The rate averaged 400 cubic 

1-10 



7.3 QUALITY CONTROL 

Field density t e s t s  were performed f o r  every 200 cubic yards of f i l l  placed t o  

ensure t h a t  the backfil l  met technical specification requirements. The f i e l d  

density t e s t s  conformed t o  ASTM D 1556 and were conducted by a technician from 

Empire Soils Investigations,  Inc. 

are  presented i n  Appendix 1-B. 

Available data f o r  94 f i e l d  density t e s t s  

The compaction c r i t e r i a  f o r  cutoff wall backfi l l  was a minimum of 90 percent 

of maximum dry density i n  accordance w i t h  ASTM D 1557. 

compaction, measured by the f i e l d  density t e s t i n g ,  averaged nearly 94 percent. 

Actual degree of 

Similarly, the dike embankment, w i t h  a compaction c r i t e r i a  of a t  l e a s t  95 

percent maximum dry density (ASTM D 1557), averaged a re la t ive compaction of 

nearly 97 percent. 

routine basis on the f i l l  material t o  determine the soil c lass i f icat ion.  The 

resul ts  of the Atterberg Limit t e s t s  a re  shown on Figure 1-8 and i n  Appendix 

1 - C .  As can be seen from Figure 1-8 the f i l l  material i s  c lass i f ied as a CL 

( low-plasticity c lay)  i n  accordance w i t h  the Unified Soil Classification 

Sy s tem. 

I n  addition, Atterberg Limit t e s t s  were performed on a 

The moisture content of the f i l l  materials obtained from the dike excavation 

was generally 2 t o  7 percent higher t h a n  the optimum moisture content based on 

the compaction t e s t s .  

moisture content of the clayey material t o  enable the required degree o f  

compaction t o  be obtained. 

t h i s  caused some delay in the backfill operation. 

placement of the clayey f i l l  on the wet s ide of o p t i m u m  moisture i s  a lower 

Some d i f f icu l ty  was experienced trying t o  reduce the 

Disking and aerating the wet f i l l  was required and  

Several advantages of 

result ing permeability a n d  greater a b i l i t y  t o  deform without cracking. The 
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o f f - s i t e  bor row m a t e r i a l  f r o m  t h e  Lake Road source  was found t o  be w i t h i n  2 

pe rcen t  o f  t h e  optimum m o i s t u r e  con ten t .  However, due t o  l i m i t e d  

a v a i l a b i l i t y ,  t h i s  m a t e r i a l  comprised o n l y  about  o n e - t h i r d  o f  t h e  t o t a l  f i l l  

p l  aced. 

8.0 ON-SITE SAMPLE COLLECTION OF K, ANALYSIS 
U 

Dur ing  e x c a v a t i o n  and b a c k f i l l i n g  f o r  t h e  c u t o f f  w a l l ,  uncontaminated s o i l  and 

wa te r  samples were o b t a i n e d  a t  s e l e c t e d  l o c a t i o n s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  

uranium and rad ium d i s t r i b u t i o n  c o e f f i c i e n t s  (Kd). 

c o l l e c t e d  f r o m  t h e  g r a y  c l a y  subgrade, and t h r e e  a d d i t i o n a l  samples were 

o b t a i n e d  f r o m  c u t o f f  w a l l  b a c k f i l l  m a t e r i a l  a f t e r  compact ion.  A 4 - g a l l o n  

sample was c o l l e c t e d  f r o m  ground wa te r  seep ing  f r o m  a sand and g r a v e l  d e p o s i t  

a t  c o o r d i n a t e s  E 1+90 S 7+50, e l e v a t i o n  309. 

and t h e  w a t e r  sample a r e  shown on F i g u r e  1-6. 

r a d i a t i o n  b y  E b e r l i n e ,  I nc .  Resu l t s  i n d i c a t e d  t h a t  t h e  l e v e l s  o f  radium-226 

con tamina t ion  were be low D O E ' S  maximum p e r m i s s i b l e  c o n c e n t r a t i o n  5 pC i /g  f o r  

s o i l  and 30 p C i / l  f o r  water .  The s o i l  and w a t e r  samples were then  s e n t  t o  Oak 

Ridge N a t i o n a l  L a b o r a t o r y ,  Oak Ridge, Tennessee, f o r  t h e  uran ium and rad ium 

d i s t r i b u t i o n  c o e f f i c i e n t  measurements. 

da ta  sheets  p repared  f o r  each sample a r e  p resen ted  i n  Appendix 1-D. 

Three s o i l  samples were 

L o c a t i o n s  o f  t h e  s o i l  samples 

The samples were t e s t e d  f o r  

D e t a i l s  o f  t h e  sampl ing procedures and 

9.0 SUMMARY OF RESULTS AND CONCLUSIONS 

1. A t  a l l  l o c a t i o n s  a l o n g  t h e  R-10 waste  p i l e  d i k e  t h e  c u t o f f  w a l l  

ex tends  a minimum o f  18- inches below t h e  t o p  o f  t h e  g ray  c l a y  u n i t .  

The o n l y  e x c e p t i o n  i s  t h e  southwest s e c t i o n  a d j a c e n t  t o  B u i l d i n g  411. 
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2.  Sand and gravel deposits e x i s t  within the brown clay unit .  Almost a l l  

deposits were dry and are  believed t o  be isolated.  

3. The compaction of the cutoff wall and dike f i l l  material e i ther  met or 

exceeded the required percent of Modified Proctor density. 
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TABLE 1-1 - TYPICAL FILL KATERIAL INDEX CHARACTERISTICS 

MATERIAL 
SOURCES 

V ISUAL 
DESCRIPTION 

USCS 

SIEVE SIZE 
2 It  

3/4" 

No. 4 

No. 10 

No. 40 

No. 200 

Liquid Limit 

Plasticity Index 

Maximum Dry Density 
ASTM D 1557 

Optimum Water Con tent 

ON-SITE EXCAVATED ON-SITE BORROW OFF-SITE BORROW 
MATERIAL MATERIAL MATERIAL 

RED- BROWN 
SILTY CLAY 

BROWN SILTY Y ELLOW-BROWN 
CLAY SILTY CLAY 

CL CL CL 

% FINER 
100 

99.2 

97.0 

93.8 

89.6 

80.1 

% FINER % FINER 
100 -- 

97.7 

94.3 

90.6 

100 

99.5 

98.9 

85.9 98.2 

78.5 97.5 

32 37 41 

12 20 16 

128.6 pcf 124.2 pcf 116.4 pcf 

11.0% 12.2% 16.9% 
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APPENDIX 1 - A  

Logs of Bor ings - A-19 ,  A-20,  A -21 ,  and A - 2 2  
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BORING LOG 

10 

REF. 

REC 
R_EF. 

PENETRATION 
BLOWS 

1 Gray s i l t y  CLAY 

Red-brown SAND w i t h  g rave l ,  wet. 
f 

S i m i l a r ;  grades t o  c layey  SAND w i t h  
g rave l ,  wet. 

/ bottom. 

Bor ing  completed @ 4 2 . 7 ‘ .  
Bo r ing  grou ted  w i t h  ben ton i te  cement 
t o  ground sur face .  

R-10 Waste P i l e  
I 

D - 13234 - A  Rev 2182 (Form 10070.21 
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APPENDIX 1 - B  

Field Dens i t y  Tests 
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F l E L r  Ifd-PLACE DEIdSITY TEST "EPORT 

Client Bechtel Na t iona l ,  Inc. Date: 

Job No. e ~ -  32-67 Contraclor: Scrlsfari Construeten 

In-place 

2 I6 /8  1319.0137.4 

Proctor I Maximum 1 Optimum 
Code Oenrily [pcll Molrlure [%I 

132.7 +-I-=- 

Location 2nd Remarks 

S1324 x E770 Decon Pad. 

Retest of $1 after recompaction. S1312 x 
E770 Decon Pad. 

Material Type and Source 

Red Brown Silty C1 a y  

! c, -- -' 
Respectfully submitted,- -/ -- 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 12:30 - 2:OO 1 j - G  OB- 

C. Keipper 
Inspector: kdQ,nQw- / 

SUBSURFACE EXPLORATION =SOIL AND CONCRETE TESTING c I.,FI)RFR AMERICAN S O C I E T V  F n l \ F k T l N C  



I .  F lELr  "J-PLACE DENSITY TEST F- 'PORT 

9'0 
Compacllon 

1OD+ 

Proctor Location and Remarks 
Code 

L2 E7t84 x S13+04 Decon Pad.  

O R C H A R D  PARK DlS1 RlCT OFFICE: S-3858 SHELDON ROAD 
O R C H A R D  PARK. NEW YORK 14127 AREA CODE 71G-C49-8110 

DT-2 Report No. Project: Niagara Fa1 1 s Storage S i t e  

Client Bechtel National , Inc.  Date: 6/10/82 

BT-82-67 Job No. 

I I 
-- 

In-place 

I I 

Proctor 
Code - 
L2 135.7 1 106.6 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8 ~ 3 0  - 9 ~ 3 0  



FIELD IN-PLACE DENSITY TEST REPORT 

l e r t  Dale 01 
Ho. Test 

1 6/15 

2 6/15 

Project: Niaqara F a l l s  S t o r a q e  S i t e  Report No. DT-3 

In.placc In place 
Ocplh 01 Oenrlly Moirlure % Proclor  Location and Remarks 
Elrvillon lpcl l  [%I Cornpaelion Code 

320 123.6 3.1 64.1 L2 E7+39 x S13+17 West Approach Slab Decon Area. 

320 134.8 2.0 97.6 L2 E8+01 x S13+00 West Approach Slab Decon Area. 

Client Bechtel Nat iona l ,  Inc.  Date: 611 5/82 

3 6/15 1320 

I 
133.5 3.3 94.0 L2 E7+40 x S131-16 West Approach Slab Decon Area. 

~ 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

Proctor 
Code 

L2 

Inspection Time: 8:OO - 12~30 

Job No. BT-82-67 Contractor: Scrufar i  Cons t ruc t ion  

Kzxlmurn Oplirnurn Material Type and S o u 8  TI,"?, r 7 
I . :  1 Dentily [pcl] Kclrlure [%] 

- \  
135.7 106.6 2" R.O.C. Stone - Niagara Stone .  t !  \ 

p\\&.. IJ!! .. 1 . ' ' i  - 

\ $  JUN 1 7  "2 
5 .  I 

\ 
1 

/-  

i -- 

Inspector: Chuck Keipper C ' h d < & Q U  / 

SUBSURFACE EXPLORATION m SOIL A N D  CONCRETE T E S T I N G  M E M B E R  m A M E R I C A N  S O C l E l Y  F O R  T C S T I N  



FIE’ 3 IN-PLACE DENSITY TEST ’EPORT 

O R L H A R I I  P A N *  R O C H L S t l  I B O R O l O N  ALBANY SYRACUSI  N t  W Y O R R  CI1 Y 

W A S H I N O I O N  D C W O O D B R I O O L  N J 8 HARRlSBUqG P A  

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON R O A D  
ORCHARD PARK, N E W  YORK 14127 AREA C O D E  716-649-8110 

Niagara Falls Storage Site  Project: Report No. DT-4 

.6/22/82 Date: Bechtel National, Inc. Client 

Contractor: Scru fa r i Construct i on Job No. BT-82-67 

Test Date of Dsplh 01 
Yo. I Tetl I Elevatlon 

Proctor 
Code 

Location and Remarks 

L-4 1 E670 x S1287 Grit Chamber 

I 

i 

Proctor Maximum Opiimum 
Cod8 Dcnrily Ipcll Molrturc I%] 

L-4 122.5 13;2 Clayey SILT, l i t t l e  Sand,  trace g a r v e b , $ ?  

Material Type and Source 

‘i ... i ‘. !, i,, 
, . . a :  

‘. 
I .  ..--, 1. I . 

_. Respectfully submitted, 
. -  7. & L 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8 ~ 3 0  - 10~30  

Chuck Kei pper Chuck Kei pper 
Inspector: 

SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING D M E M B E R  AMERICAN SOCIETY FOR T E S T I N G  L MATERIALS 
. .., - - -  



FlEL IN-PLACE DENSITY TEST .PORT 

ORCHARD PAR*  ROCHCSTfR G R O l O N  ALRANV S V R A C U S I  Nl W VOUK C l l r  

WASHINGTON D Z WOODBRIDGE N J HARRISBURG P A  

O R C H A R D  PARK DISTRICT OFFICE S-3858 SHELDON ROAD 
O R C H A R D  PARK, N E W  YORK 14127 AREA C O D E  716-649-8110 

DT- 5 Report No. Niagara Falls Storage Site Project: 

Client - Bechtel National, Inc. Date: 7/26/82 

'h 
Comprnloi 

88.0 

'roctor 
Code 

Location and Remarks I 
.-9 I S840 x E310 %& F H / L E ~  I 

BT-82-67 Job No. Contractor: A. Cerone 

Silty Clay - On Site 

Material Type and Source I 

Respectfully submitted. I 
Remarks: EMPIRE SOILS INVESTIGATIONS, INC. &' i - ,.l;-I , I \ r . r  I. i." x.2 



Fl'1-D IN-PLACE DENSITY TES' 9EPORT 

ORCHARD PARK ROCHESTER GROTON ALBANY SYRACUSE NEW YORK C I T Y  

WASHINGTON. D C WOODBRIDGE N J HARRISBURG. PA 

O R C H A R D  PARK DISTRICT OFFICE. S-3858 SHELDON ROAD 
O R C H A R D  PARK. NEW YORK 14127 AREA C O D E  716-649-8110 

DT- 5 Report No. 

Date: 

Job No. 

Project: Nfagara Falls Storage Site  

Client 

Contractor: 

7/26/82 Bechtel National, Inc. 

BV-82-67 A. Cersme 

In-place 
Denrlty 

lPC1l 

110.4 

Tar1 
No. - 
1 

Date 01 
Tnrl 

7/16 

Daplh 01 
Elsvallon 

31 7 

Location and Remarks 

Maxlmum I Optlmum 
Dcntlfv Ipcfl Molrlurc 1%1 Material Type and Source 

Proctor 
Coda 

L-9 125.5 I 11.9 Si l ty  Clay - On Site . -.-ngmt3 

Respectfully s 9 bmitted, 
1 

3 -- 
Remarks: EM PI R E S 0 I L& EST% AT1 ON S,  I N C. 

Inspection Time: 12:30 - 3:30 rx 
Inspector: Chuck Kei pper Charles C .  kipper 3- 2 2L 

SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING MEMBER AMERICAN SOCIETY FOR TESTING & MATERIALS 
R/T Form C 



FIE: 3 IN-PLACE DENSITY TEST PCPORT 

Project: 

ORCHARD PARK = ROCHESTER GROTON 

WASHINGTON. D C WOODERIDGE.  N J =HARRISBURG.  PA 

ALBANY m SYRACUSE N E W  YORK C I I Y  

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Niagara F a l l s  Storage S i t e  Report No. DT-6 

Date: 8/3/82 Client Bechtel National, Inc. 

Job No. 

Proctor Maximum Opllmurn 
Cod8 Oenrlly lpcfl Molrlure I%] 

IL6 I 116.4 I 16.9 

BT-82-67 

Location and Remarks 
I 

EL. 4 r  I t  
17.0 93.5 L6 East Dike Area, S10+80 x E4+30 

Respectfully submitted, 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8:OO - 4:30 



F I E L D  R E L A T I V E  DENSITY TEST R E P O R T  
l R C H A R D  PARK R O C H E S T E R  GROTON ALBANY m S V R '  :E m NEW VORK CI1 V 

I 
I 

'\ . 

1 /J 
Moter io l  Type o n d  p b u r c $  k c r s r  hloxirr--n n .  Densi tj 

\ 

C t ' t  D e n s i t y  ( z : ! ;  (PCF) '<. I,.- 
L-2 135.7 106.6 2" R.O.C. Stone - Niagara Stone ' \\ 

\y. I 

\\ ,/' -- 

UASHINGTON D C WOODBRIDGE. N J =HARRISBURG. P, 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-6110 

DT- 7 Report No. Niagara Falls Storage S i t e  
Proj zc t : 
Cliznt: Bechtel National,  Inc. Date: 8/4/82 

Chuck Kei pper 8:OO - 2:30 INSPECTION TIME: 
INSPECTOR: Chuck Keipper 

~ B W R F A C E  EXPLORITDN SOIL AND CONCRETE TESTING . MEMBER AMERICAN SOCIETV FOR TESTING A MATERIALS 3.2. 2 



FIELD IN-PLACE DENSITY TEST REPORT 
; 

Test 
No. 

1 

ORCHARD PAR*. nocnEsTER rn QROTON ALBANY SVR*CUSE rn NEW *on* CITY 

W A S U I N G T O N .  0.C WOODBRIDGE. N.J rn H4RRISBURG. PA 

Inplace In-place 
Dale 01 Depth of Denrlty Molrture % Prodor Location and Remarks 

8/11 328.75 82.1 15.7 76.0 L-11  90% mouire 

Terl El8v8IlDn Ipfl I%] h m p 8 c l l M  Code 

Building 413 Northeast Quadrant. Test failed 
d .  

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

DT-8 Report No. 

Date: 

Nlagara Falls Storage Site 

Bechtel National Inc. 
Project: 

Client 8/11/82 

Contractor: Sicoli & Massaro dQb NO. BT-82-67 

I I I I I I  I I  

Marlmum 1 Opllmum 1 1 Densllv l ~ c l l  Molslun I%I Material Type and Source 

1 L-111 108.0 I 16.5 I Clayey S i l t  - Lake Road. 

' I ,  
n c  Respectfully submittdd. r d d  2 3 'igsz 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

,3. a- 2 R fl Form C 



FIELD IN-PLACE DENSITY TEST REPORT 

*h 
Cornpadon 

87.5 

99.2 

ORCHARD PARK DISTRICT S)FFICE: S-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-648-8110 

hoclDr Location and Remarks 
Cod@ 

L-11  

L - I 1  #I t h  i s  date. D assed 90% reau i r e d .  

Building #413, southwest quadrant, retest o f  
test  #1 on 8/11/82. Failed 90% reaufred. 
Building rY413, northeast quadrant, retest o f  

Project: Niagara Falls Storage Site Report No. DT-9 

Date: 8/12/82 Client Bechtel National , Inc, 

Contractor: Sic01 i Massaro Job No. BT-82 -67 

P m a r  Maximum I Optimum 1 I Cod@ I Dsnrllv locll Moirlurc 1%1 

3 Retests taken after recompactfon of entire 

area. 

Moisture test  taken on f i l l  stockpiled for 

building 414. 

I I 

Material Type and Source 

Inspector: &per C C h C k  
SUBSURFACE EXPLORATION SOIL A N D  CONCRETE TESTING MEMBER W AMERIC 

R n  Form C - 



FlFLD IN-PLACE DENSITY TEST REPORT 

ORCHARD PARU ROCHESTER a GROION a ALBANY a s v R A c u s E  NEW V’ORU CITY 

WASMINGTON. D C WOODBRIDOE. H J HARRISBURG. PA 

ORCHARD PARK DISTRICT QFFICE: 5-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Project: Nlagara Fa1 1 s Storage Site Report No. DT-10 

Client Bechtel National Inc. Date: 8/13/82 

contractor: Sic01 i & Massaro Job No.. BT-82-67 

Location and Remarks 

_- 
I ,TI 

__. . -  Respectfully submitt . .  

EMPIRE SOILS 

. 

Remarks: 

. -  
- 

8:OO - 4:30 1 .  .J 
1.- i- I - -. 

Inspection Time: 

Inspector: Chuck Gtpper 
SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING MEMBER m AMERICAN SOCIETY FOR TESTING 6 MATERIALS 

R f I  Form C 1 3 2 . 2  



FIELD IN-PLACE DENSITY TEST REPORT 

T u l  
l a .  

1 

7 

ORCHARD PARU ROCHESTER GROTON ALBANY SVRACUSE NEW YORN CITY 

WASHINGTON. D S = WOODBRIWE. N J # HARRISBURO. PA 

In-plao  
Dl10 of Daplh of Dinrllr 

la81 Eiavrtlon Ipcf) 

8/16 329.0 99.5 

8/16 32955 lOlJ 

ORCHARD PARK DISTRICT OFFICE: 5-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Project: Niagara Fa1 1 s Storaqe Sf te Report No. DT-11 

I 1 I 
, Material Type and Source 

Client Becht el Natfonal. Inc. Date: 8/ 1 6/82 

Contractor: 1 Job No. BT-82-67 

l Clayey Silt - Lake Road. 
I 

16.3 

14.9 

! 

Building 414, northwest quadrant, meets 90% 

Bud lding 413, southeast quadrant, meets 90% 
92.1 L-11 reoufrment. 

93.5 I -11 requirement. 

Proctor Maximum Opllmum 

L-11 108.0 16.5 

Danrlly lpctl Moliluri I%I 

I 

I .  

Remarks: EMPIRE SOILS I N v E ~ T I G ~ ~ ~ ~ . ~ ~ ~  

. ~ .-. Inspection Time: 12:OO - 4:OO 

I ris pect o r : Chuck &tpppr 

R A  Form C 
SUBSURFACE EXPLORATION # SOIL AND CONCRETE TESTING MEMOER AMERICAN SOCIETY FOR TESTlkG 6 M A d R I A C S  

3- a. 2 



FIELD IN-PLACE DENSITY TEST REPORT 

sh 

90.8 

93.4 

bmptdlon 

ORCHARD PARK DISTRICT QFFICE' S-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-6498110 

Proelor Location and Remarks 

requ i rement . L-11 
Building #413, southwest quadrant 

L - 1 1  requirement. 

cod1 

Ullalng d 4 l 4  northeast quadrant, meets 90% 

meets 90% 

Project: Niaqara Falls Storaqe Site Report No. DT-12 

Client Bechtel National, Inc. Date: 8/17/82 

Contractor: Job No. 81-82-67 

Code 

Loll 

Dsntlty Ipcf) Molslure l%l 

108.0 16.5 Clayey S i l t  - Lake Road. 

t 

Material Type and Source 

Remarks: EMPIRE SOILS 

8:OO - 3:30 Inspection Time: 



FIF’ D IN-PLACE DENSITY TEST SEPORT 

Maximum 
Density Ipcfl 

.- 

Opllmum 
Moisture 1%1 Material Type and Source 

ORCUARD P A I K  a ROCHESTER OUOlON ALBANV m S V l 4 C U S t  0 Nf W VORK C l l V  

WASWINGlON D C WOODBR100L N .I HAnalSBURG ?A 

122.5 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-649-8110 

13.2 Clayey S i l t ,  l i t t l e  Sand, trace gravel - on s i t e .  

Project: Niagara Falls Storage Site  Report No. DT-13 

Client Bechtel National, Inc. Date: 8/21/82 

Contractor: Cerone 5 C - W  Job No. Bf - 82 - 67 

8/21 !298.0 

8/21 

8/21 

~ ~~ 

298.0 

299.0 

I I 

+ 

Location and Remarks 

/ Respectfully submitted, 

Remarks: EMPIRE SOILS INVESTIGATIONS. INC. 

Chuck Keipper 
Inspector: 

SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING 0 ME 
R ?  Fwm C 



FIF1.D IN-PLACE DENSITY TEST REPORT 

Proctor 
Code 

14 

L6 

ORCHIRD P A R l  ROCUFSTf R GROTON A L B I N I  3VRACUW Nf W VORM C l l V  

WASMING1ON D C m WOODBRIDOE N J W H I I R I S B U R O  P I  

I 

- v r , r  1 '  . I 

7, i r' i r  ' ' \ - I  

\ '  p y q  fOQ7 . *-a- u l - 1  

i 
3 I pJ 

\ i j \ : , l  <,,- J 'J 5 
_. 

Material Type and Source Mtxlmum Optimum I 
Dtnrily lpcfl Molrturc I%] 

122.5 13.2 Clayey S i l t ,  ' l i t t l e  Sand, trace gravel - on s i te .  

116.4 16.9 S i l ty  Clay, trace gravel - Lake Road. 

A h /  A 

ORCHARD PARK DISTRIC7 OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-6488110 

7 /J Respectful I y submitted. 

EMPIRE SOILS INVESTIGATIONS, INC. 
--/ 

Remarks: 

Inspection Time: 8:OO - 4:30 



FIE' D IN-PLACE DENSITY TEST SEPORT 

. 

ORCHAR3 P A R I  m ROCHLSTER 

W A S M l N O l O N  D C WOODBRIDOE N J WACICIISIURC PA 

GROlON ALPANV S V R A W S F  N E W  VOnI Cf lV  

Prodor 
Code 

L4 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-6488110 

Maxlmum 
Osnrilr lpdl 

Project: Niagara F a l l s  S to rage  S i t e  Report No. DT-15 

Client Bechtel Nat iona l ,  Inc. Date: 8/24/82 

Job No. BT-82-67 Sc - !L 

Optimum 
Molrture IXl Material Type and Source 

122.5 13.2 Clayey S i l t ,  l i t t l e  Sand, t r a c e  grave l  - on s i t e .  

Respectfully submitted, 

Remarks: EMPIRE SOILS INVESTIGATIONS. INC. 

Inspection Time: 3% hours 

Inspector: L r  
Chuck  Kei pper  

/ i  

3.2. a SUBSURFACE EXPLOqATION SOIL A N 0  CONCRETE TESTING MEMBER rn A M E R I C A N  SOCIETY FOR T E S T I N G  A MATERIALS 
R r l  Form C 



FIFlD IN-PLACE DENSITY TEST REPORT 

BT -82 -67 Contractor: C ~ ~ X E  s - m  Job No. 
In-plrcr In-plrcr 

l8xl Dftr d I Depth al Dmslty Nolstun % Proctor Location and Remarks 
Wo. 1111 Elrvttl~n l p q  [%I Comprdlon Cad, 

1 8/26 310.0 108.9 18.0 93.6 L6 Sta. 513 t10  x F4 +4O. M p p t T  90% rpaujrprnpnt.  

2 8/26 315.0 106.3 18 .6  91.3 L6 Sta.  S13+25 x E405, meets 90% requirement. 

I 

\ \ ; \ \  : : *  
I 

1 \ 
: c,EP 2 '1552 I ' 

! ' $ 1  1 . 1  

1 
! 

- 
I - I \  

I '  

: , I  I hhbULd  L, L " J 
Proelor Maxlmum Opllmum Material Type and Source Code Density Ipcll Moisture I%] 

L6 116.4 16.9 S i l ty  Clay, t race  gravel 

ORCUARO PAR* R O C H F S T C I  OROTON ALBANY BYRACUSE WE W V D R N  C I l V  

WASHINGlON. D C D WOODBRIDOE N.J UARR18BUIO PA 

O R C H A R D  PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
O R C H A R D  PARK. NEW YORK 14127 AREA C O D E  71664B-8110 

Project: Niagara Fal l s  Storage S i t e  Report NO. DT-16 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 1 1 ~ 3 0  - 3:30 



FlFLD IN-PLACE DENSITY TEST REPORT 

116.4 

O l C Y A l D  PA** l W M E S T E I  O R O l O N  ALBANY B V l l A C U I E  Nt W VOW CITY 

WASWHOTON D c WOODBRIWE N J wnntsctunu PA 

~ ~ ~~~ ~~ 

16.9 Si l ty  Clay, trace gravel 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Project: Niasara Fa1 1 s Storaae Site Report No. - 
Client Bechtel National, Inc. Date: 8/ 27 / 82 

c o n t r a c t o r : C ~ r ~ n e  S C -  IL Job No. BT-82 -67 

I 1  

E Prodor 

8/27 bOO.0 

8/27 06.0 + 105.1 118.0 

-I- +- 
Maximum I Optimum I 

Osniltv IDcII Moisture I%I 

92.0 IL-6 

96.7 L-4 + 
Location and Remarks 

S12+00 x E4+30. 

S12+50 x E4+35. 

On S i te  Stockpile. 

IS11+75 x E4+30. 

I *Tests meet 90% requirement. 

I I  

Material Type and Source 

122.5 1 13.2 I Clayey S i l t ,  l i t t l e  Sand, trace gravel. 

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS. INC. 
# 

Remarks: 

Inspection Time: 9:00 - 3:00 
Inspector: Chuck Keipper 

3.2- 2 SUBSURFACC EXPLORATION SOIL AND CONCRETE TESTING MEMBER AMERICAN SOCIETV FOR TES 
R/T FOrm C 



F'ELD IN-PLACE DENSITY TEST REPORT 

Marlmum 
Oensily [pa 

ORCHARD PARK DISTRICT DFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

~ ~~ 

Material Type and Source Opllmum 
Moisture [%I 

Project: Niaqara Fa1 1 s Storaqe Site Report No. 

Client Bechtel National. Date: 8/28/82 

122.5 

Con1 

13.2 Clayey S i l t ,  l i t t le  Sand, trace gravel - On Site. 

krt 
Ik. 

1 

2 

3 

b d D 1  
Code 

L-4 

*actor: 

Dale d 
Tsrl 

8/28 

8/28 

8/28 

Job No. - -  
Location and Remarks 

S11+50 x E4+30. 

S13+12 x E4+25. 

S12+85 x E4+40. 

*Tests meet 90% requirement. 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS. INC. 

Chuck Kei pper Inspector: bk k- 
SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING. MEMBER . AMERICAN S%ld=ALS 

k. 

3247 



F"LD IN-PLACE DENSITY TEST REPORT 

Prodor 
Cod8 

ORCHARD PARK DISTRICT OFFICE: S3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 7166488110 

Maxlmum Opllmum 
Dsnrlly lpcQ Molrtura (%I Material Type and Source 

Project: Niaqara Falls Storaqe Site Report No. DT-19 

Client Bechtel National, Lnc. Date: 81 30182 

Contractor: Cerrone Job No. BT - 82 -67 

L-4 

Location and Remarks 

122.5 13 .2  Clayey S i l t ,  l i t t l e  Sand, trace gravel. 

S13+25 x E4+40. 

Retest of Test # 1 ,  th is  date. 

*Tests failed to meet 90% requirement. 
Y - ' v  - 

(A& wet DT-22 G / a Z .  F A  

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8:oo - 3:00 

Inspector: C .  Keipper 
1 

3.33 SUBSURF*CE EXPLORATION SOIL A N D  CONCRETE TESTING MEMBER AMERICAN SOCIETY FOR TESTING 6 MATERIAL 

4 > 7 f i 4 - 4 P & /  O K  7/$/ Rn Form C 



F' 'CD IN-PLACE DENSITY TES' REPORT 

'roctor 
Cads 

ORCHARD PARK DISTRICT OFFICE. 5-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-649-8110 

Maximum Optimum 
Dsnslty Ipcfl Moltture [%I Material Type and Source 

Project: - Niagara Falls Storage Site Report No. DT-20 

Client Bechtel National, Inc. Date: 8/30/82 

contractor: Sic01 i & Masssrrs Job No. BT-82-67 

Location and Remarks 

I 
*Tests meet 90% requirement. 

P pm,T!Iq-f\\\ -> \ ,  I \ , ; ' : -  . . .  
I - 

\L'  SEF I4138'L 

\\j-q- 1 1  ! 
~ U ~ - ; - -  - - 

-&111 108.0 1 16.5 I Clayey Si l t  - Lake Road. 

Respectfully submitted, 

Remarks: sc-l EMPIRE SOILS INVESTIGATIONS, INC. 

8:OO - 3:OO Inspection Time: 



F-LD INLPLACE DENSITY TEY REPORT 

L-11 

L - 1 1  

ORCHARD PARK DISTRICT OFFICE: 53858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-640-8110 

Building 414, Northeast Quadrant. 

Bui 1 ding 41 3 ,  Southwest Quadrant. 

Project: Niaqara Falls Storaqe Site ReportNo. L - 
Client Bechtel National , Inc. Date: 8/31 182 

rodor 
5 d s  

Bechtel National, Inc. Job No. BT-82-67 Contract or: 

Maxlmum Optimum 
Obntlty IpcQ Moisture lUl Material Type and Source 

8/31 331.5 97.8 16.3 

8/31 332.0' 101.9 1 7 . 6  

L-1' 108.0 

W 
Clnprdia 

16.5 Clayey S i l t  - Lake Road. 

90.6 

94.4 

I 

-r eid8 I Location and Remarks 

Respectfully submitted, 

Remarks: SC-15 EMPIRE SOILS INVESTIGATIONS. 1%. 



F'=LD IN-PLACE DENSITY TEST REPORT 

Pndor 
C d n  

ORCUARD P A l R  hOCUCSTEn OROlON ALBANY BVI IACUW S Nf W V O * *  C l l T  

WASUINOTON. D C ryoODtWlWE N.J rUlRlWvRO PA 

Location and Remarks 

ORCHARD PARK DISTRICT QFFICE: S-3658 SHELDON ROAD 
O R C H A R D  PARK. NEW YORK 141'27 AREA CODE 7 1 6 ~ 8 8 1 1 0  

1-4 

Project: Niagara Falls Storaqe Site Report No. - 

S13+25 x E4+40, Retests of 81 8 t 2  on 8/30. 

Client Bechtel National. Inc.  Date: 8/31/83 

Contractor: Cerrone Job No. BT-82-67 

L-4 8/31 302.0 110.6 4 i - t  S11+50 x E4+30. 

I 
I l l  

I 
PrMtor Maximum Opllrnum 

Osntltr lpco Code 1 1 Moltturc [%] 

Molrtun 
Campadlor 

15.5 92.8 

16.6 92.7 

i 6 . 0  90.3 

L-4 I S11+50 x E4+30. 
I 

I 

I 

Material Type and Source 

Clayey S i l t ,  l i t t l e  Sand, trace gravel - On Site. 

Respectfully submitted. 

Remarks: - EMPIRE SOILS INVESTIGATIONS, INC. 



F"LD IN-PLACE DENSITY TEST REPORT 

ORCMARD P A W  0 R D W L S T E R  0 GROTOU 4 L B A U V  W SVnACUSk W MEW VORK Cl lV  

W4SWlNGTDN. 0.C 0 WOOWRIOOE U . J  W UA*RISBURQ PL 

ORCHARD PARK DISTRICT OFF ICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 7164448110 

Project: Niaqara Falls Storaae Si te  Report No. DT-23 

Client a l .  Inc. Date: 9/1/82 

Contractor: s j c o l i  Hissaro Job No. BT - 82 - 67 
In-piacr 

1 9/1 332.0 98.1 

Location and Remarks 

15.5 90.8 L-11 Building 414, Northwest Quadrant. 

*Test meets 90% requirement. 

I 

Material Type and Source 

Clayey S i l t  - Lake Road. 

Respectfully submitted, 

Remarks: SC-13 EMPIRE SOILS INVESTIGATIONS, 1NC. 

Inspection Time: 10:30 - 4 ~ 3 0  

Chuck Keipper 
Inspector: 

* = F a m C  ~ +pz&&#.J d . 6  7/21 3.1.3 



FIELD IN-PLACE DENSITY TEST REPORT 

, 

ORCHARD PARK DISTRICT OFFICE: 53858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716+9-8110 

Report No. Project: Niagara Fal l s  Storage S i t e  

Client Bechtel National, Inc. Date: 9/1/82 

1 (911 1305.0 1116.81 16.31 95.3 
I 1 I 1 I 

2 9/1 310.0- 110.7 ?7.0 90.3 

I 3 19/1 1306.0 1111.71  76.51 91.2 

Job No. BT-82-67 

Location and Remarks 

I *Tests meet 90% reaui rement. I 

I 

Material Type and Source 

l i t t l e  Sand, trace gravel - On S i t e .  

Respectfully submitted, 

Remarks: sc-7 2 EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: - 4:30 

Inspector: a%k Chuck Kei pper 
SUBSURFACE EXPLORATION. SOU. AND CONCRETE TESTING MEMBER m AMERICAN SOCIE-XS 

,,,A,-.J df l  7.p / Rm Form C 



FPCLD IN-PLACE DENSITY TEST REPORT 

' 88.2 

ORCHARD CAR* W nOCr(tSTEl OROTON 

WAB+ilUOTON D C m WODWRIDOE W J 0 *41RISBURO P A  

*LUAU* S S I n A W S f  U E  W VORK C l l l  

511+35 x E4+35 2 '  o f  material removed & re- 
L-4 worked. Test fa i led 90% requirement. 

ORCHARD PARK DISTRICT DFFICE: 53858  SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 7164488110 

'h P m b r  
/ ~ m p a d i a ,  c ~ d c  

Project: Nlaqara Fa1 1s Storage S i t e  Report No. DT-25 

Client Bechtel National, Inc. Date: 9/7/82 

co n t r act or : Cerrone Job No. BT-82-67 

Location and Remarks 

I 1 ] 9 / 2  1307.0 I108.11 20.2 

2 9/2 305.5- 110.3 19.0 

Opllmum 

90.0 

- 

I I 

L-4 S11+30 x E4+35, Test passed 90% requirement. 
Moisture t e s t  i n  Ares of S11+40 a f t e r  re- 

L-4 working material. 

- 
91.8 

L-4 Moisture test from west side excavation. 
S11+20 x E4+30, Sample taken from Atterberg. 

L-4 Test Dassed 90% 

Material Type and Source - ~~~~~ 

' lL-4 I 122.5 1 13.2 I Clayey S i l t ,  l i t t l e  Sand, t race gravel - On Site. 

Respectfully submitted, 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 



F'ELD IN-PLACE DENSITY TEST REPORT 

Pmtnr 
Csdn 

L-4 

L-4 

L-4 

I 

Location 8nd Remarks 

S11+90 x.E4+40, Test meets 90% requirement. 

S10+35 x E4+35, Test failed. 

Retest o f  test #2, test meets 90% requirement. 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716449-8110 

2 

Project: Niagara Fa1 1 s Storaqe Site Report No. DT-26 

~ 

9/3 302.0- 108.5 16.8 88.6 

Client Bechtel National, Inc. Date: .9/3/82 

_ -  . 

L-4 122.5 

Contractor: C .  Job No. BT-82-67 - 
I 

. .  

13.2 Clayey Silt, little Sand, trace gravel - On Site. 

3 I 9 / 3  (302.0 1111.11 17.31 90.7 

4 9/3 310.0 113.3 76.9 

Proctor maximum I Optimum 1 I Cod8 1 D8nsltv IDCn Moisture 1%1 

I 
I 

I 

Material Type and Source 

Respectfully submitted, 

Rernerks: EMPIRE SOILS INVESTIGATIONS, INC. 

8 : O O  - 4:30 Inspection Time: 

Chuck Keipper Inspector: 
SUBSYRFACE EXPLORATION SOIL AND CONCRETE TESTING M 

A , - L &  A d * K .  7/J 1 R . T  Form C 



F'cLD IN-PLACE DENSITY TEST REPORT 

1 

ORCHARD PARK DISTRICT OFFICE S3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Project: Niagara Fa1 1 s Storage S i t e  Report No. DT-27 

3.1.0 7 
9/4 30,7 ' 116.7 16.5 95.3 

Client Bechtel National,  Inc.  Date: 9/4/82 

L-4 

L-4 

L&4 

L-4 

BT - 82 - 67 Contractor : Cerr**e Job No. 

S10+30 x E4+32. 

S11+55 x E4+50. 

S9+90 x E4+35. 

58+89 x E4+40. 

code 

L-4 

I 2 I9 /4  1310.0~1 114.01 16.91 93.1 

Osnrttr lpdl  M o i w n  104 

122.5 13.2 Clayey S i l t ,  l i t t l e  Sand, t race  gravel - On Site. 

IProuor 1 Maximum 1 Ontimum I 

Location and Remarks 

1 
I 

Material Type and Source 

Respectfully submitted, 

Remarks: sc-I 2 EMPIRE SOILS INVESTIGATIONS, INC. 

9:OO - 4 ~ 3 0  Inspection Time: 

Chuck Keipper 1 nspector: 

312 3 
SUBSURFACE EXPLOR4TION SOIL A H 0  CONCRETE TESTING =MEMBER =AMERICAN SO-dM- 

- r&, -J -  O H .  v&/ R I I  Form C 



F"LD IN-PLACE DENSITY TEST REPORT 

PnJctor 
~ c d o  

O R C H A R D  PARK DISTRICT OFFICE S-3858 SHELDON R O A D  
O R C H A R D  PARK. NEW YORK 14127 AREA CODE 716-648-8110 

Location and Remarks 

Project: Niagara Fa1 1 s Storaqe S i te  Report No. DT-28 

Client Bechtel National, Inc. Date: 9/7/82 

contractor : Cerrone Job No. BT -82-67 

L-4 
L-13 
* , 

L - P f  

+ 
~ 

S9+28 x E4+40, Test meets 90% requirement. 

S12+40 x E4+32, t e s t  f a i l s  90% requirement. 

14.9 98.4 I 
* ' 

f 
Retest o f  test  #3 this  date, meets 90% req ' t .  

1-4 122.5 13.2 Clayey S i l t ,  l i t t l e  Sand, t r ace  gravel - On Site.  

.'Aq 128.6 11.0 Clayey S i l t ,  some Sand, t race  gravel - On Site. 

L-4 I S11+80 x E4+40. Test meets 90% reouirement. 

Prodor Maximum Oplimum 
Codn Material Type and Source 

Danttty lpdl Uoicture 1Y.j 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8 : O O  - 4:OO 



F’ -LD IN-PLACE DENSITY TES’ REPORT 

L-4 

L-4 

ORCUARD C.*K RDCUESNiR OROTON ALBANY S r * A C U &  NEW V’OOK CITY 

WASUIUOTON D C WOODBRIDOt N A MA~11BBLIRO. PA 

S72+69 x E4+35. 

S13+70 .X El+40. 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-648-8110 

1 

- Report No. 

Date: 

Project: 

Client 

Niaqara Falls st. eraae S i t e  
Bechtel National Lnc. 9/8/82 

9/8 316.0 110.5 15.0 90.2 

Cerrone Contractor: 

L-6 

Job No. BT -82 -67 

S13+70 x E1+60. 

’ 

2 1918 (303.0 1106.81 16.91 91.8 
I 1 -  I 

1-4 122.5 13.2 Clayey S i l t ,  l i t t l e  Sand, t race  gravel - On Si t e .  

L-6 116.4 16.9 S i l t y  Clay, t r a c e  gravel - Lake Road. 

I 3 I 9 / 8  1306.0 1106.71-18.01 91.7 

4 9/8 i 310.0 110.6 17.4 

Proctor ~rx imurn  1 Optimum 1 1 Cod8 1 D m i t v  l p ~ f l  Moisture I K I  

I 1 
Location and Remarks 

L-4 1 S10+00 x E4+40. 
I 

L-6 I S11+40 x E4+38. 

*Tests meet 90% requirement. 

Material Type and Source 

Inspection Time: 8:OO - 4 ~ 3 0  



FIrLD IN-PLACE DENSITY TEST REPORT 

Trrt 
No. 

1 

2 

3 

OCICUARD PAC)* ROCUESTER D OROTON ALBANV S r * & c m  D NEW ~ 0 1 ~  Clrr  

WASWNCTON D C 8 WOODDRIDQL N J UARRISBURG PA 

In-placc ln-plici 
Oatsol Diptho( D m t t y  Itolrturc 

Tnf  Elovllm Ipq (%I 

9/9 308.0 108.8 16.: 

9/9 313.0- 108.0 17.: 

9/9 316.0 114.4 i6.€ 

ORCHARD PARK DISTRICT OFFICE, S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

93.5 

92.8 

Project: Niaqara Fa1 1s Storaqe S i t e  Report No. DT-30 

Client Bechtel Nat ional ,  Inc .  Date: 9/9/82 

Contractor: k r o n e  Job No. BT-82-67 

L-6 S12+70 x EW50. 

L-6 S10+80 x E4+35. 

95.8 

4 19/9 ' 1310.01 107.91 19.( 

L-6 S10+28 x E4+45. 5 9/9 I I I I  312.0 111.5 17.€ 

L-6 

Location and Remarks 

116.4 16.9 Si l t y  Clay, t r a c e  grave l  - Lake Road. 

98.3 . I I  L-6 S12+30 x E4+30. 

92.7 I L-6 I S13+70 x E1+90. 

*Tests meet 90% requirement.. 

I ' 1 1  
I Sir f 4 1982 ' ' 1  I !I 

I ! 

Material Type and Source 

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS. INC. sc-12 Remarks: 

8:OO - 4 ~ 3 0  Inspection Time: 

Chuck Kei pper Inspector: 

Rf lFo ln iC  .- c7 R. 
SUBSU,RFACE EXPLORATION 



FIF' D IN-PLACE DENSITY TEST -EPORT 

'h 
Compadlon 

98.2 

1 O O t  

96.6 

e95.7 

98.7 

ORCHARD PAFIK ROCHESTER G R O l O N  ALBANY SVRACUSE NEW VORK ClTV 

WASHINGTON D c, m WOODBRIDOE. N J m HARRISBURG. PA 

Proctor Location and Remarks 
Cod8 

L-6 S 1 2  + 60 x E 0 + 35 

L-6 S 1 2  + 6 5  x E 4 + 40 

L-6 S 1 0  + 50 x E 4 + 50 

L-6 S 13 + 30 x E 0 + 50 

L-6 S 11 + 85 x E 4 + 40 

* T e s t s .  m e e t , 9 0 %  requi rement  

I 

ORCHARD PARK DISTRICT OFFICE: 5-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-619-8110 

Prqect: Niagara F a l l s  S t o r a g e  S i t e  Report No. DT-31 

Client Bechtel  N a t i o n a l ,  I n c .  Date: 9-10-82 

BT-82-67 Job No. Contractor: Cerrone 

In-place 

I I I I 
I 1 

I 4 I 9-101 309.01111.4 

Optimum 

16.9 

In-plrca 
Molrturi 

1°4 

17.1 

15.5 

16.6 

17.2 

,17 .0  

I 
Material Type and Source , :;, 

/- ' . 
S i l t y  Clay, trace g r a v e l  / ". c 

Respectfully submitted;. 
sc-12 

Remarks: E M P I R E  SOILS INVESTI&ATIONS,  INC. 



FIF1-D IN-PLACE DENSITY TEST ?EPORT 

Code 

* 
L-6 

ORCHARD PARK SROCHESTER S O R O l O N  S ALHANY 

WASHINGTON D C S WOODBRIDOL N J S HARRISBURG. PA 

SYRACUSE S NEW YORK C I T Y  

, . \  Oensily [pcl) Moltture [%I 
..I\ 7 .. G \ '\'.\:,,\ 

I 11) 

c \ '.. '., ., 3 .~ , 128.6 11.0 S i l t y  Clay, some sand, some g r a v e l  on s i t e  .'; ', . : .  _: , . ., 1 
. .  ?' 

, . , .,h 
/? /f . ! . .,. 

S i l t y  Clay, trace g rave l  - Lake Roa,&..lL. '! ' 

r, : ..<!. ' . \\ 
116.4 16.9 

\" 
; .  , 

. >  . 
, .  - I  \ 

O R C H A R D  PARK DISTRICT OFFICE: S-3858 SHELDON R O A D  
O R C H A R D  PARK, N E W  YORK 14127 AREA CODE 716-649-8110 

Project: Nianara F a l l s  StqEage S i t p  Report No. - 
9-11-82 Date: Bechtel Nat ional  , Inc. Client 

Contractor: 'errone 

1 Proctor I Maximum I Onlimum 1 

BT-82-67 Job No. 

'roctor 
Cod8 

Location and Remarks 

+--------------- 

Material Type and Source .(1 

EM PI R E S 0 I LS I N V E S T I GAT 1 0 NST 'I N C \ .  Remarks: sc-12 
\.- 

Inspection Time: 8:oo - 4:30 

Inspector: Chuck Keipper  C L L Q $ -  - 
SUBSURFACE EXPLORATION SOIL A N D  CONCRETE TESTING S MEMBER .AMERICAN SOCIETY F A A  TESTING 6 MATERIALS 3 3 . 2 

R A  Form C 



FlFLD IN-PLACE DENSITY TES' SEPORT 

Proclor 
Code 

L-6 

O R C H A R D  PAR* ROCHESTER G R O T O N  ALBANY SYRACUSE NEW YORK CITY 

WASHINOTON. D C WOODBRIDGE. N J HARRISBURG.  PA 

Maximum Optimum 
Oensity [pel) Moisture [%l Material Type and Source 

116.4 16 .9  S i l t y  c l a y ,  trace g r a v e l  - Lake R0-x) <) \;P 5 k$& \ 

r .  ,I 
\ /;: " 

C' ;-'- \ 
\ ..J 

7/97 
\ 

Respectfully submitted, ',b s' 

Remarks: - EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: : - . 3  
I 

SUBSURFACE EXPLORATION SOIL A N D  CONCRETE TESTING MEMBER A M E R I C A N  SOCIETY FOR TESTING 6 MATERIALS 3. 3,  2 
RTT Form C 



Flr1.D IN-PLACE DENSITY TES' ?EPORT 

Test Date 01 
No. Test 

1 9-14 
I 

ORCHARD PARK ROCHESTER G R O T O N  ALBANV SVRACUSE N E W  VORK CITY 

WASHINGTON D '. WOODBRIDGE N J HARRISBURG. PA 

In-place In-placc 
Depth 01 Density Moisturi 
Etavation lpcl] [%I 

316.0 110.9 16.4 

ORCHARD PARK DISTRICT OFFICE: 5-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-649-8110 

'roctor 
Code 

,-6 

,-6 

7 6  

Project: Niagara F a l l s  Storage S i t e  Report No. DT-34 

9-14-82 Date: Client Bechtel Nat ional ,  Inc. 

Cerrone BT-82-67 Contractor: Job No. 

Location and Remarks 

S 13 + 40 x E 1 + 10 * 
S 9 + 1 3 ~ E 4 + 3 5  * 
.S 11 + 40 x E 0 + 30 * 

* 
!-6 5 9-14 320.0 110. 

! 
I 

.S 8 + 75 x E 4 + 40 * 
S 13 + 50 x E 1 + 79 * 

Proctor I Maximum 1 Optimum 1 
Code Denritv locfl Moisture 1%1 

L-6 

* 

% 
Compactlor 

95.3 

. .  _. ' 
116.4 16.9 S i l t y  Clay, trace g r a v e l  - Lake Road . 

f,: . \i 
, .  .A> 1 
1 ,  

A 128.6 11.0 S i l t y  Clay, some sand,  some grave+\,On.,site . . .. 
,. \ \ j.\!'\, ,... , 9. J.'G.':J ** 

(7 . i  '- '..\ \ . - :;1 ,.. iJ 
\, ' ' 

93.5 

94.2 

91.5 

95.2 

* T e s t  meets 90% requirement 

i 
I 

Material Type and Source . Y, 

Respectfully submitted, . 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

8:OO - 4:30 Inspection Time: 

Inspector: Chuck Keipper C hue Ic Ket&~-* 
SUBSURFACE EXPLORATION SOIL A N D  CONCRETE TESTING MEMBER AMERICAN SOCIETY FOR TESTING 6 MATERIALS 3. 2, 2 R I T  Form C 



FIF1.D IN-PLACE DENSITY TEST REPORT 

1 

roclor Location and Remarks 
Code 

ORCHARD PARK =ROCHESTER O R O l O N  ALAANY SYRACUSE = N E W  VORK C I T Y  

WASHINGTON 0 C WOODBRIOOE.  N J HARRISBURG PA 

Tort 
No. 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-649-8110 

In-placr In-placs 
01s 01 Depth 01 Oenrlly Molrlurs % 

Tart Elevatlon lpcll I%] Compaction 

Project: Niagara Fa1 1 s Storage Si te  Report No. DT-35 

Client Bechtel National, Inc. Date: 9/15/82 

contractor : Cerrone Job No. BT-82 -67 

1 

2 

3 

4 

9/15 312.0 114.1 16.5 98.0 

9/15 317.0 112.3 16.7 96.5 

9/15 321.0 110.7 17.0 95.1 

9/15 312.0 110.2 16.3 94.7 

L-6 

L-6 

L-6 

L-6 

Proctor Maximum I Optlmum I 1 Coda 1 Oenollv locll Molrlure 1401 

S12+16 x E0+30*. 

SlO+OO x E4+45.** 

S13+55 X E1+78.** 

S8+60 x E4+35.* 

L-6 116.4 16.9 S i l t y  Clay, t r ace  gravel 

*Meets 90% requirement. 

**Meets 95% requirement. 
7-  ’ 

, I  
1 : .  . i 
I t  

I 
Material Type and Source 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8 : O O  - 4:30 

Chuck Keipper Inspector: 
SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING MEMBER AMERICAN SOCIETY FOR TESTING b MATERIALS 

RTT Form C 



Flr D IN-PLACE DENSITY TEST ?EPORT 

~ 

' Proctor 
Code 

I 

oncumo PAR* ROCHESTER o R o i o N  ALBANY SYRACUSE NEW YORK CITY 

WASHINGTON D C WOODBRIDOE. N J HARRISBURG. PA 

Location and Remarks 

ORCHARD PARK DISTRICT OFFICE: 5-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-6110 

DT-37 Report No. 

Date: 

Project: Niagara Fal ls  Storage S i t e  

Client Bechtel National ,- Inc. 9/17/82 

L-1C 

c o  n tractor : Cerrone Job No. BT-82 -67 

S11+50 x EOt25, Fa i l s  95% Requirement. 

9/17 319.0 kkki 

L-6 

1 3 1 9/171318.0 

116.4'* 16.9 S i l t y  Clay, t race  gravel 

1 4 I 9/171319.0 

9/17 313.0 H-t  

115.71 15.4 92.2 

112.81 15.6 96.9 

119.3 I I  13.3 95.1 

L-ld S10+40 x E4+25. Fa i l s  95% Requirement. 

L-61 S13t35 x E1+20, Meets 95% Requirement. 

L-1C Retest o f  Test #l  t h i s  date. Meets 95% Req. 

L-ld Retest o f  Test #2 this date .  Meets 95% Req. 
I 



FI".D IN-PLACE DENSITY TEST SEPORT 

1 9/16 

2 9/16 

3 9/16 

4 9/16 

5 9/16 

ORCHARD PARK ROCHESTER GROlON ALBANY SYRACUSE NEW YORK C I T Y  

WASHINGTON. D C WOOOBRIDGE N J =HARRISBURG. P A  

313.0 108.0 15.8 92.8 L-6 S11+65 x E0+35* 

318.0 110.7 16.3 95.1 L-6 S9+30 x E4+35** 

319.0 112.2 16.9 96.4 L-6 S12+40 x E4+28** 

323.0 111.5 16.7 95.8 L-6 S13+70 x E1+70** 

301.0 111.4 17.0 97.9 L-6 S7+60 x E4+00* ~~~ ~~~ 

ORCHARD PARK DlSTRlCT OFFICE: 5-3856 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA CODE 716-649-8110 

Proctor 
Code 

Project: Niagara Fa1 1 s Storage S i t e  Report No. DT-36 

Client Bechtel National, Inc. Date: 9/16/82 

contract or: Cemone Job No. BT-82-67 

*Meets 90% Requirement. 

**Meets 95% Requirement. , . -.- 
. . - . . ,  , .  . 

$;, , 1 
i - -- I . , \  

I 
/ .  ,: 

, ' .  . ' , 

! . .  
: I., i ; . .. - .  
, .  
I .  cl 3, !?27 i'. 1 

3LY' 4; " v . J u l ' -  ' , \  

. . .  , '  . 
' ; ' - I  ~ 

- 
. .  ,_. 

Maximum I Optimum 
Density [pcl] 1 Moisture [%I Material Type and Source 

In-place In-place 

Tsrl 1 Da&ol I Dsplh 01 I D;;;i,ty I Mo,l;;;rn/ No. Elevation Compaclion Code 
IProclor 1 

L-61 116.4 1 16.9 

Location and Remarks 

Si l ty  Clay, t race gravel 

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS. INC. sc-12 Remarks: 

8:OO - 4 ~ 3 0  Inspection Time: 

Inspector: Chuck Kei pper 
SUBSURFACE EXPLORATION rn SOIL AN0 CONCRETE TESTING M 

RTT Form C 



Flr '  D IN-PLACE DENSITY TEST SEPORT 

14.1 

13.4 

O R C H A R D  P A R *  ROCUESlER G R O l O N  ALRANV SVRACUSF NF W VORK CITY 

W A S H I N G I O N  0 C WOODBRIDGE N J HAARISBURG P A  

98.0 L-10 S12+60 x E0+25* 

95.9 L-4 S12+75 x E0+20* 

ORCHARD PARK DISTRICT OFFICE. S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Proctor 
Code 

Pro j ect : Niaqara Fa l l s  Storage S i t e  Report No. DT-38 

Client Bechtel National, Inc. Date: 9/20/82 

Contractor: Cerrone Job No. BT-82-67 

Maximum I Optimum 
Oennlty lpcll Moisture [%I 

Elavatlon 

I 
j 

I I  
I ~ 

I I 

I I 

M I  I%) Compaction ~ 0 ; o ~ ~ i o n  Cod8 
and Remarks 

*Meets 95% Requirement. 

Material Type and Source 

S i l t ,  l i t t l e  Sand,  l i t t l e  Gravel 

Clayey S i l t ,  l i t t l e  Sand, t r ace  gravel 
- 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8:OO - 4 ~ 3 0  

Chuck KeiRJler Inspector: 
SUBSURFACE EXPLORATION SOIL A N D  CONCRETE TESTING MEMBER AMERIC 

R A  Foim C 



Flr '  D IN-PLACE DENSITY TEST PEPORT 

5 

6 

7 

ORCHARD PAR* 

WASHINGTON D C # WOODBRIDOE N J # HARRISBURG. PA 

ROCHESTER GROTON # ALBANY =SYRACUSE # NEW YORK ClTV 

9/21 317.0 116.9 14.0 95.4 S12+15 x E0+40* 

9/21 321.0 122.1 13.7 99.7 S12+40 x E4+20* 

9/21 306.0, 116.4 13.8 95.0 S7+50 x E4+00** 

Proctor 
Code 

I i *Test meets 95% requirement. 

**Test meets 90% requirement. 
i 

I 

Proctor value used determined by Bechtel to 

be closest to the source location. 

Maximum Oplimum 
Density [pcf] Moislure [%I Material Type and Source 

L-4 122.5 

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS, INC. Remarks: sc-12 

13.2 Clayey Silt, little Sand, trace g r a v m  7 lo, 7, ?F . . .  
' I ! ; , ;  i :  . .  " , ! . ' .  i l l  I . ;  

: \  -- I ;  , . .  

1 '  SEP 3 S 1252 1 ! 

Inspection Time: 8:OO - 4 ~ 3 0  

Chuck Kei pper Inspector: 
SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING m M 

R A  Form C 



FiEtD IN-PLACE DENSfTY TEST REPORT 

last 
No. 

ORCHARD PARK DIS7 RlCT r)FFICE' 5-3856 SHELDON ROAD 
ORCHARD PARK. N E W  YORK 14127 AREA CODE 716-649-8110 

In-place I n - p l m  
Date 01 Depth of Dtnrltr Molsluri 

Test I Elsvillon 1pctI I [%I 

DT-41 Report No. Project: Niagara Falls Storage Site 

Client Bechtel National, Inc. Date: 9/3o/a2 

Contractor: Gerrone Job No. BT -82 - 67 
VO 

Compactton 

90.7 

Location and Remarks Proctor, I 
coda I 
L19 1 S10+60 x E0+30* 9/30 1308.5 112.6 15.5 11 78.4 

1 3  19/30 i316.01115.4 112.0 

L19 S8+60 x E0+30* fie- ioli)a 31 

4 '  9/30 1311.0 

I I I 

114.8 15.3 

I I ! 
! 

I I 
I ! I 

92.4 

(Proctor! Marimum ! Optimum ' 

1 Code I Oenrltv locll i Moisture 19.1 ' 

L19 S9+20 x E0+30* 

..- . . .  
I 

L19' 124.2 12.2 I Silty Clay, little Sand, trace gravel. 

I 

92.9 I L19 I S11+30 x E0+35* 

**Does not meet 90% requirement. 

Material Type and Source I 

Inspection Time: 12:OO - 4 ~ 3 0  
Inspector: C .  Keipper 

3 0 7  d SUBSURFACE EXPLORATION 5011 AND CONCRETE T E S T I N G  .ME 
R . 1  F o r m C  

I 



NOTE: THERE IS NO REPORT NO. DT-40 



FIELD IN-PLACE DENSITY TEST REPORT 

L19j 124.2 1 12.2 

~ 

ORCHARD PARK DIS'IRIC'I I)FFICt S-3858 SHELDON ROAG -- OKCHARD PARK NEW YORK 14137 AREA CODE 716-649-8110 

Silty Clay, l i t t l e  Sand, trace gravel. 

Project: Niasara Fa1 1 s Storaqe S i t e  Report No. DT-42 

Client Becht el National. Inc. Date: 10/1/82 

BT -82 -67 Contractor: Ce rronp Job No. 

1 /il)ii ~ 1311 .OIll8.8 114.3 

10/1 . 298.0 113.6 12.3 

6 10/1 320.0 122.4 13.5 

7 Iio/i 1301.0/1iz.o 13.7 1 ," 10/1 ~313.01118.0 114.0 

10/1 1310.0 118.5 i 13.1 

I 

I 

1 
i 
I 

;Pronor Maximum I ODlimum , 
I cad: : hni i iv  WI i Moisture IAI I 

91.2 

95.6 

91.5 

96.9 

95.2 

98.6 

90.2 

95 .O 

95.4 

I 1 

maor 1 
Coda 

Location and Remarks 

L19 St2+50 x E0+25** 

Ll9 i S8+25 x E0+35* 

i 

/**Test meets 95%: requirement. 
I 
! 
I 

Material Type and Source 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS. INC. 

Inspection Time: 7:00 - 4:30 

Inspector: Chutk k i p p e r  
SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING U 

.- 
R n  F a m  C 



FIELD IN-PLACE DENSITY TEST REPORT 

Ted 
No. 

ORCHARD PARK DISlRlC1 OFFICE '5-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Date 01 1 Depth ol 
T o 1  Elevrtlon 

Project: Niaqara Falls Storacle Site  Report No. - 
Client Bechtel National, inc.  Date: 1 O w 8 2  

Contractor : Cerrone Job No. BT - 82 - 67 

3 10/2 313.0 116.5 12.5 

I 1 I - - I  

4 -  10/2 1316.0 

5 10/2 1311.0 

6 (0/2 (308.0 

1 80/2 1311.0 112.3 113.3 

117.9 14.5 

120.8 113.6 

113.8 114.2 

L19.- 

7 10/2 1321.0 h 1  11.8 i18..2 

~ ~- 

S9+5(r x E0+35* 

I h d D r  I Maximum I ODtimum 

L19 

L19 

'h 
Cemptdlo 

S7+60 x El+OO* 

57+60 x E3+00* 

- 

90.4 

L19 

95.7 

fle'E5TEO % ~ / 4 / 8 L  $ 1  
S10+55 x E4+30 - Fails 95% reauirement. 

93.8 

94.9 

97.3 

91.6 

90.0 

Proctor Location and Remarks 

L19 S7+70 x E3+70* 

L19 I S11+50 x E4+20** 

L19 I S7+80 x E4+20* 

1 Veets 90% reauirement. 
1 
t*Meets 95% requirement. 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

8:OO - 4:30 inspection Time: 

Inspector: C. Keipper 

I . 1. 
SUBSURFACE EXPLORAIION SOIL AND CONCRETE TESTING LIE 

R n  Form C 



FIELD IN-PLACE DENSITY TEST REPORT 

In-place In-placc 
lsrt Dale 01 Depth 01 Denrily Moisture 
No. 1 Tul 1 Elevallon I lpcll 1 lohl 

1 /10/4 321.0 119.4 15.0 

2 10/4 313.0 119.2 14.3 

ORCHARD PARK DISTRICT *3FFICt 
ORCHARD PARK. NEW YORK 14127 

S-3858 SHELDON ROAD 
AREA CODE 716649-8110 

1 
oh Proctor ' Location and Remarks 

Campidion Code 

96.1 

96.0 L19 S7+70 x E3+60* 

L19 S10+50 x E4+30** 6\ En35 up ti 7 p - t - 8 t  

I 

DT -44 Report No. Project: 

Clienf Bechtel Natfonal, Inc. Date: 10/4/82 

Niagara. Fa1 1 s Storage S i t e  

c o  n t r a ct o r : Cerrone Job No. BT-82-67 

4 110/4 1311.0 117.2 

5 i 110/4 ,321.0 121.6 
I 

14.7 94.4 L19 S7+60 x Elt50* 

14.8 97.9 L19 S9+00 x E4+20** 

3 110/4 /313.01121.5 113.7 197.8 IL19.1 S8+60 x E0+20** 

6 110/4 314.01116.7 I 13.8 94.0 L19 S7+60 x E3+65* 
.~ ~ 

I 

7 !10/4 1317.0/118.1 114.2 

8 /10/4 /311.01117.2 I 14.1 

, I  
I i i i  
i 
I 

i 
! ! I i I 

, I  

~~ ~~ ~~~~ ~ 

95.1 L19 S10 +go x ~0+30ff 

94.4 L19 S7+60 x E1+40* 

i *Meets 90% requirement. 

!**Meets 95% requirement. 
I 

I 1 
I ! 

I i 
I I 

P m t o r  Maximum Optimun, ' 
Code ! Dcnrily (pcfl 1 Moirlurc [%I ; Malerial Type and Source 

. i .  ! I G , ,  : > 

! 

! 
L19 124.2 I , 12.2 /Silty Clay, little Sand, trace gravel 

~~ 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC 

8 ZOO-4: 30 Inspection Time: 

Chuck Kei pper Inspector: CL-L 
SUBSURFACE EXPLORATION SOIL A N D  CONCRETE T E S l l N G  *MEMBER A M E R I C A N S  

R 7  FormC 



FIELD IN-PLACE DENSITY TEST REPORT 

Prodor 
Cads 

L19 

ORCHARD PARK DISlRlCT QFFICE' S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Project: Niaqara F a l l s  Storaqe Center Report NO. DT-45 

Client Bechtel Nat ional ,  Inc. Date: - 10/5/82 

Contractor: C e ~ o n e  Job No. 81-82-67 

Location and Remarks 

S13+60 x E1+65+ I 1 110/5 j325.0/118.2- / 14.7 I 95.2 

L19 S11+80 x ECH40+* 

I 2 )10/5 1322.0/118.1 113.8 195.1 I L19 1 S13+00 x E0+40+ 

L19 

1 9 (10/5 1311.0i114.5 13.6 

S7+60 x E2+60* 

I I I 

I I I I !  I I 

I 
I I 

I i ! I I I I 

, 

I I 

I ! ! 
j ! 

c 

I*%eets 95% requirement.  

96.0 

98.0 

91.5 

97.3 

96.5 

96.0 

92.2 

95.1 

L19 I 5760 x E2+30*, 

jProaor/ Muimum I Optimum 
Code 1 Dsnrlty [ptfl Moltlure [%I , Material Type and Source 

1 I 

I L19 1 124.2 I 12.2 j S i l t y  Clay, some Sand, trace gravel 

i I I 

R es pectf u I I y submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

~~ 

inspection Time: 7 :30-5:00 
Inspector: Chuck k i p p e r  

SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING MEM 
R 7 FmnC 



FIELD IN-PLACE DENSITY TEST REPORT 

4 Lo16 1323.0 

5 I 1  10/6 323.0 

O R C H A R D  PARK DISTRICl OFFICE' S-3858 SHELDON R O A D  
ORCHARD PARK,  NEW YORK 14127 AREA CODE ?16-649-8110 

118.8 174.2 

118.6 I -  13.8 

Project: Niagara Fa l l s  Storaqe S i t e  Report No. DT-46 

Client Bechtel Nat iona l ,  Inc. Date: 10/6/82 

6 ' I  10/6 326.0 

7 10/6 312.0 

Contractor: Cerrone Job No. BT -82 -67 
c 

1 

118.7 13.8 

119.1 15.0 

3 I 1  10/6 315.0 118.4 14.3 

10 
. I  

10/6 316.0 119.1 113.9 
11 h0/6 i 1316.0 1114.8 I j 13.6 

, ! ! 1 

I I I I 

97.2 

95.3 

95.7 

95.5 

95.6 

95.9 

95.9 

99.4 

95.9 

92.4 

Cade 

L19 

L19 

- 

L19. 

L19 

L19 

L19 

L19 

L19 

L19 

- 

- 
- 
- 

- 
- 

L19 

11 9 

- 

I Location and Remarks 

S11+80 x E0+25** 

SlO+OO x E0+20** 
J 

S8+20 x E0+15*+ 

S73+20 x E4+20* 

S11+00 x E4+20** 

S13+60 x E1+00** 

5 7 6 0  x E2+75* 

I '  - -  --. .. . . . , , ._ S9+80 x E0+20** . .  

S7+60 x E0+90** 1 ;  K T  141932 
' 

! :  1 ,  
I l l  - 

*Meets 90% requirement . i 
I I 

I 
"Meets 95% requirement. ! 

I Material Type and Source 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS. 1NC. 

7: 30-5 ZOO Inspection Time: 

'' Chuck Keipper . Inspector: W - A  

3.2. a SUBSURFACE E X P L O A A T I O H  SOIL A N 0  CONCRETE TESTING MEMBER =AMERICAN SOClETV FOR TESTING 
A l  Fwm C 



FIELD IN-PLACE DENSITY TEST REPORT 

'*Veets 95% compaction requirement. 

O R C H A R D  PARK DISTRICT r)FFICE 
O R C H A R D  PARK. NEW YOhK 10127 

S-3858 SHELDON R O A D  
AREA CODE 716-649-8110 

I I I 

Project: Niagara Fa1 1 s Storaqe S i t e  Report No. DT-47 
Client Bechtel Nat ional ,  Inc. Date: 10/7/82 

Contractor: A. Cerrone Job No. BT -82 - 67 

0/7 323.0 121.1 13.8 

3 /10/7 316.0 1115.3 13.0 

4- 0/7 1317.0 119.6 15.6 1 
I 
! ! 

!Proctor Maximum , Optimum ' 
! Coda I Density [pel] I Moisture Ic0l , 

I 1 
ComDtdlon % IPmdor Code I ' I Loctition and Remarks 

I 

I I 
95.2 L19 S12+00 x E4+15* 

97.5 

92.8 

L19 I S9+60 x E4+20** 

L19. 1 S7+60 x E2+20* 
I 

I j i 
! 

Material Type and Source 

I 
I 

Respectfully submitted. 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

8:OO - 4:OO Inspection Time: 

Inspector: Chuck Keipper lk Bill Schmitz 
22. 2 SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING MEMBER AMERICA 

R . 7  Fofm C 



FIELD IN-PLACE DENSITY TEST REPORT 

Proctor 
Cod8 

O%HASD P A 0 1  FlOCHESlFR w CROlOM 0 A L B I N V  W 5VRACVSC NI W VOFIM C l l  V 

W ~ C ~ l N G l O h  D C m WOODBRIDCL N J W MIRRISBURG PA 

ORCHARD PARK DISTRICT .3FFICE S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

Location and Remarks 

Project: Niagara Falls Storage Site Report No. Dl-48 

Client Bechtel National, Inc. Date: 10/8/82 

Contractor: Cerrone Job No. 81-82-67 
P 

I 

L19 

119 

L19., 

L19 

Ll9 

L19 

2 10/8 316 113.4 15.1 91.3 i t  
S8+20 x E4+25, *95% 

S8+20 x E0+45, *90% 

S7+70 x E1+80, **95% 

S7+60 x E3+60, *95% 

S7+65 x E1+90, *95% 

S7+80 x E4+15, *95% 

I 

RETEST 4 *3 
14- hO/8 I 3 2 0  1124.3 112.3 f 1 & 1  

Code 

L19 

I 5 110/8 I319 1118.8 112.2  I 95.6 

Density [pcfl Moisture ('hi 4 

124.2 12.2 Silty Clay, little Sand, trace gravel, On Si te  Material. 

I 6 IlO/8 I 3 2 2  1121.2 I 13.1 1 97.6 

IProaor I Maximum 1 Oplimum I 

+Meets Requirements. 

*Does Not Meet Requirements. 

I 

Material Type and Source 1 I 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS. INC. 

8:OO - 4:30 Inspection Time: 3. a. 2 



FIELD IN-PLACE DENSITY TEST REPORT 

I 

ORCHARD PARK D I S T R I C l  OFFICE' S-3858 SHELDON ROAD 
ORCHARD PARK, NEW YORK 14127 AREA C O D E  716-H9-8110 

3 

4 '  

Project: Niagara Fal ls  Storaqe Si te  Report No. Df-49 

10/9 325 118.4 12.5 95.1 L19 

10/9 . 325 119.1 11.7 95.9 L19 

Client Bechtel National, Inc. Date: 10/9/82. 
contractor : C ~ r o n e  Job No. BT-82 -67 

5 

6 

I I I I I t I I I I I 
I 

~~ ~ 

10/9 ' 323 118.6 , '13.9 - 95.5? L19 

10/9 322 119.7 12.5 96.4 L19 

I 2 
(10/9 I325 1112.9 I 13.6 I 90.9 I L19 

' 

Code I O ~ S I I ~  (pa 1 *Dimre tvol ' 

L19 1 124.2 1 12.4 S i l t y  Clay, l i t t l e  Sand, t r ace  gravel. 
1 

l~roctor I asrimurn I ht imum I 

Location and Remarks 

S7+60 x E3+20, *95% 

S13+50 x E0+70, -95% 

S12+70 x E0+35, *95% 

S13+55 x El+OO *95% 

S10+80 x E0+40, *95% 

S9+50 x E0+35 *95% 

RrTt37 uf 'Lz 

S10+85 x E4+30 *95% 

*Meets' Requi rernent 

**Does Not Meet Requirement. 

Material Type and Source 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, INC. 

8:OO- 4 ~ 3 0  Inspection Time: - 3 2  a 



FIELD IN-PLACE DENSITY TEST REPORT 

L19 

L19 

O R C H A R D  PARK DISTRICl OFFICE. S-3858 SHELDON R O A D  
O R C H A R D  PARK. NEW YORK 14127 AREA CODE 7164494110 

S7+90 x E4+20, "95% 

S10+00 x E0+45, *95% I 

Project: Niagara Falls Storage S i t e  Report No. DT-52 

Prodm I Maximum 
Code I Density lpcfl 

I 

10/14/82 Date: Client Bechtel National, Inc. 

Optimum , 
Molrture lab] I 

I 

'roctor 
Code 

L19 

Location and Remarks 

I 
124.2 12.2 I S i l t y  Clay, l i t t l e  Sand, t r a c e  gravel.  

1 

L19 1 S8+95 x'  E0+45, *95% I 

L19-I S7+60 x E2+20, *95% 

L19 I S7+65 x E3+00, *95% I 
Ll9 I S11+00 x E+45, *95% I 

*Meets Required Compaction. 

I I **Does Not Meet Required Compaction. 1 

Material Type and Source I 
I 

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS, INC. Test #7,  Retest o f  84. 

sc-12 
Remarks: 

Inspection Time: 8:30 - 5:OO 
32. 2 



FIELD IN-PLACE DENSITY TEST REPORT 

L19 

O R C H A R D  PARK DISTRICT OFFICE S-3858 SHELDON ROAD 
O R C H A R D  PARK N E W  YORK 14127 AREA CODE 716-H9-8110 

Project: Niagara Falls Storage S i t e  Report No. DT-50 

Client Bechtel National, Inc. Date: 1 0/12/82 

1 

Contractor: Cerrone Job No. BT -82-67 

124.2 ! 12.2 I S i l t y  Clay, l i t t l e  Sand, t r a c e  gravel - On Site .  

In-place In-place 1 1 bl l l  1 Depth of 1 Ocnrlly 1 Molrlura 

70/12 319.5 125.3 15.5 

Ekvatlon lpcl] 19/01 

I I  
% Prodor Location and Remarks 

Compadlon Code 
I 

100.9 I L191 S7+55 x E1+65. *95% 

101.8 119 S8+40 x E0+40, *95% 

99.7 L19., S12+40 x E0+36, *95% I 

I I 

I I 

*Meets Required Compaction. 

I 

Respectfully submitted, 

Remarks: sc-12 EMPIRE SOILS INVESTIGATIONS, JNC. 
- .  - 

312. 3 
Inspector: Bill Schmitz 

SUBSURFACE E.XPLORL?ION w SOIL AND CONCRETE TESTINQ MEMBER- AMERICAN SOCIETY FOB TESTX A'M~~EXALS 
R q  Form C 

I 



FIELD IN-PLACE DENSITY TEST REPORT 

contractor : C ~ n m  Job No. BT-82-68 
in-place In-place 

I d  DJtt 01 Depth of Dcnrily Molrlurc 96 Prodor Location and Remarks No. Test Elsv8llon lpcfl lohi Compaciion Code 

1 10/13 323 121.6 16.1 97.9 L19 S10+40 x E0+45, *95% 

2 10/13 324 114.0 13.6 91.8 L19 S10+80 x E4+25, **95% 

3 10/13 323 120.9 13.6 97.3 L19 S8+15 x E4+20, *95% 

4 -  10/13 1324 119.2 14.3 96.0 L19 S10+55 x E4+20, *95% q E f ~ 5 T &  fiz 
5 10/13 325 118.2 13.1 95.1 L19 51160 x E0+40, *95% 

6 10/13 322 113.3 16.9 91.3 L19 S7+60 x E2+75, *95% 

I 
J 

7 10/13 322 119.6 14.6 96.3 L19 S7+55 x E2+35 *95% R€T65+ a= 

I Veets Required Compaction. 

I 
I 

**Does Not Meet Required Compaction. 

I 

I 

I i I 
Proctor I Maximum I Optimum I 

n q r H L D , P L L I * D R 3 C n L S 1 t R .  O R C l O N B 4 L P A N V D S I I I b C ~ C t B N l W  VOol  ClYV 

W A ~ u l M c l @ V  D Z WOODBRlDGr N J MARRISBURG P I  

ORCHARD PARK DISTRICT OFFICE' 5-3858 SHELDON ROAD 
OFiCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

I 
L19 124.2 

I 

Project: Niagara F a l l s  Storage S i t e  Report No. DT-51 

12.2 S i l t y  Clay, l i t t l e  Sand, t r a c e  gravel - On S i t e .  

1 O/ 1 3/ 82 Date: Client Bechtel National,  Inc. 

Respectfully submitted. 

EMPIRE SOILS INVESTIGATIONS, INC. Remarks:. sc-12 

inspection Time: 8:OO - 5:OO - 
Inspector: Bill Schmjt7 - \\ -Lb*- 

SUBSURFACE EXPLORATION rn SOIL AND CONCRETE TESTING MEMBER AMERICAN SOCIETY FOR T E S T f d m A L S  
R n  Form c 



FIELD IN-PLACE DENSITY TEST REPORT 

Proclor 
Code 

L19 

L19 

L19 

L19 

L19 

L19 

ORCHARD PARK ROCHESTER G R O T O N  ALBANV SVRACUSE = N E W  VORK ClTV 

WASHINOTON. D C WOODBRIDQE.  N J HARRISBURG. PA 

Location and Remarks 

S7+55 x E2+15 ( r e t e s t )  *95%. &TEST UP I ,  
S9+40 x E4+25, *95%. 

S9+50 x E0+45, *95%. 

S7+60 x E2+15, *95%. 

S7+75 x E4+10, **95%. 

S7+55 x E4+00, *95% (retest  06 TQW'dJ 

16 r't 
mSt * 7  . 

ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-649-8110 

124.2 

Project: Niagara F a l l s  S torage  S i t e  Report No. DT-53 

Client Bechtel National , Inc. Date: - 10/15/82 

Contractor : Ce rrone Job No. BT-82 -67 

12.2 S i l t y  Clay, l i t t l e  Sand, t r a c e  gravel 

- - 
Terl 
No. 

1 

2 

3 

- 

4 

5 

6 

- 

- 

- 

- 

- - 
'roclor 
Code - 
L19 

I 

% 
Comoadioi 

101.7 

97.1 

98.3 

95.9 

91.3 

95.9 

I *Meets Required Compaction. 

**Does Not Meet Required Compaction. 

Maximum 1 Dotimum I 
I 

~ 

Material Type and Source 

Respectfully submitted, _- .a 
Remarks: 3L- I z EMPIRE SOILS INVESTIGATIONS, INC. 

9 ~ 3 0  - 5:OO Inspection Time: 

Inspector: B i l l  Schmit.7 
SUBSURFACE EXPLORATION SOIL AND CONCRETE TESTING MEMBER 



FIELD IN-PLACE DENSITY TEST REPORT 

Dale of 
Text 

ORCHARD PARK ROCHESTER G R O T O N  ALBANY SVRACUSE NEW VORK ClTV 

WASHINGTON.  D C WOODBRIDGE. N J. HARRISBURO. PA 

Daplh of 
Elavation 

Proctor 
Coda 

Location and Remarks 

L19 

L l 9  

S7+60 x E2+60, *95%. 

S7+60 x E3+50. *95%. 

124.2 12.2 S i l t y  Clay, l i t t l e  Sand, t race  gravel.  

O R C H A R D  PARK DISTRICT *3FFICE: S-3858 SHELDON ROAD 
O R C H A R D  PARK, NEW YORK 14127 AREA C O D E  716-640-8110 

Project: Niaqara Falls Storaqe S i te  Report No. DT-54 

Client Bechtel National, Inc. Date: 10/18/82 
9 Contractor: Cerrone L Job No. BT-82 -67 

In-place 
Denrity 
IPCfl 

125.0 

121.3 

In-placr 
Moisturi 

V O t  

10.8 

12.3. 

11.2 

- 

- 

Tart 
No. 

1 

2 

3 

L19 I S8+20 x E0+45, *95%. 100.6 

97.7 

10/18 325 + ~~ 

96.2 119.4 

*Meets Required Compaction. 

Maximum I Optimum I 
Density lpc l l  Moirlure 1%1 Material Type and Source Proctor 

Coda 

L19 

Respectfully submitted, 
- 

Remarks: EMPIRE SOILS INVESTIGATIONS, INC. 

Inspection Time: 8:30 - :O0 

Inspector: B i l l  Schmit-7 
SUBSURFACE EXPLORATION = S O I L  A N D  CONCRETE TESTING MEMBER AMERICAN SOCIETY FOR T E g l  

RfT Form C 



APPENDIX 1 - C  

Results o f  Laboratory Tests 



PROJECT : 

CLIENT: 

DATE : 

PROJECT NO: 

Niagara F a l l s  Storage S i t e  

Bechtel Nat iona l ,  Inc. 

June 1 ,  1982 

BT-82 - 67 

REPORT NO: L-2 (Revised) 

REPORT OF RELATIVE DENSITY 

ASTM D-2049 

Material : Crusher Run Stone sampled a t  Niagara Stone 
on 5/25/82 by William Schmitz of Empire S o i l s  
I n v e s t i g a t i o n s ,  Inc. 

Average N i n i ' m u m  Density = 106.6 pcf 
Average Dry 14aximum Density = 135.7 pcf 
Atterberg Limits, PI = 0%, Non-Plastic 

Sieve Size Percent Finer 

100.0% 
65.7% 
32.6% 
18.5% 
11 - 0 %  

6.7% 

NOTE: Scoop used t o  place mater ia l  i n  3.1 cubic foot  mold 

Respectful l y  submitted, 



s i z e  d i s t r i b u t i o n  and A t t e r b e r g  l i m i t s )  were run on each compaction t e s t  

sample. 
t h e  s p e c i f i c a t i o n  l i m i t s  and t h e  i n d i v i d u a l  t e s t  r e s u l t s .  

f i g u r e ,  a l l  the t e s t  r e s u l t s  were e i t h e r  w i t h i n  o r  very c lose  t o  the 
speci  f i c a t i  on 1 i m i  t s .  

The t e s t  r e s u l t s  are p l o t t e d  on F igure  3-5. Shown on t h i s  f i g u r e  are 
As i s  shown on t h i s  

6.5 P ERMEAB I L ITY TEST1 NG 

6 5 9 Background 

The s p e c i f i c a t i o n  f o r  t h e  c o n s t r u c t i o n  o f  the  c l a y  cap r e q u i r e s  t h e  m a t e r i a l  
when compacted t o  have an i n - p l a c e  p e r m e a b i l i t y  equal t o  o r  l e s s  than 
1 x cm/sec. I n  o rder  t o  v e r i f y  the p e r m e a b i l i t y  o f  t h e  compacted 

m a t e r i a l  , l a b o r a t o r y  t e s t s  were conducted on both undis turbed Shel by tube 
samples and l a b o r a t o r y  compacted samples. No f i e l d  p e r m e a b i l i t y  t e s t i n g  was 

conducted because the a n t i c i p a t e d  range o f  p e r m e a b i l i t y  values i s  lower  than 
t h e  range t h a t  can be e f f e c t i v e l y  t e s t e d  by normal f i e l d  t e s t .  

Reference 3 i n d i c a t e s  the  lower  end o f  measurable values from f i e l d  t e s t s  are 
between 1 x loe6 and 1 x low7 cm/sec. 

As an example, 

The p e r m e a b i l i t y  t e s t i n g  o f  t h e  compacted c l a y  a l s o  i n c l u d e d  t h e  d ikes  and 

c u t o f f  w a l l  surrounding the  waste p i l e .  The d ikes and c u t o f f  w a l l  were a l s o  
designed f o r  an in -p lace  p e r m e a b i l i t y  equal t o  o r  l e s s  than 1 x cm/sec. 

6.5 2 Undi sturbed Sampl e T e s t i  ng 

The undis turbed Shelby tube samples were taken between J u l y  3 and J u l y  9 ,  

1984. A l l  the samples were taken from e i t h e r  the d i k e  o r  c u t o f f  w a l l .  The 

d r i l l  holes were advanced t o  t h e  se lec ted  sampling depth by r o t a r y  d r i l l i n g  

u s i n g  hol low stem augers. 
d iameter Shel by tube i n t o  the  s o i l .  

process. 
i n  t h i s  f i g u r e  the sampling l o c a t i o n s  were spaced on a l l  s ides o f  the  

enclosure.  
each b o r i n g  are conta ined i n  Appendix 3-C. 

complet ion w i t h  a m i x t u r e  o f  cement, sand, and benton i te .  

The samples were obtained by pushing a 3- inch 
No water was used i n  t h e  d r i l l i n g  

The s i x  sampling l o c a t i o n s  are  shown on F i g u r e  3-1. As can be seen 

The b o r i n g  l o g s  showing the  depth and number o f  samples taken f rom 
A l l  bor ings were grouted upon 
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E i g h t  samples were selected fo r  permeability testing from those collected. Of 
the eight samples tested two were from the dike section w i t h  the remaining six 
coming from the cutoff wall. 
R-10 dike area and the Sou th  dike area. 
because the f i l l  material was from different borrow areas and was placed by 
different contractors over a two-year period. 

An equal number of samples were taken from the 
I t  was important t o  t e s t  b o t h  areas 

The t e s t  procedure t h a t  was used to determine the permeability, i n  general, 
was performed as  follows. The sample a f te r  being extruded and cut from the 
Shelby tube was sealed i n  a rubber membrane and placed i n  a t r i a x i a l  chamber. 
I n  th i s  method, the rubber membrane acts as the outer boundary of  the 
permeameter. 
pressure t o  be applied t o  the membrane and sample, i n  an e f for t  t o  stop any 
leakage along the interface between the sample and the permeameter. In soil 
samples of low permeability i t  i s  extremely important t o  eliminate a l l  leakage 
t o  ensure meaningful t e s t  results. After the sample was sealed i n  the 
chamber, i t  was saturated by applying a back pressure a t  b o t h  ends of the 
sample. The average degree of  saturation of the t e s t  samples was over 99 

percent. 
differential  head t o  i n i t i a t e  flow th rough  the sample. 
measured u n t i l  a steady s ta te  condition was obtained over a 24 t o  48-hour 
period. 
was calculated. 
inch differential  head. 
Appendix 3-D w i t h  a summary shown i n  fable 3-2. 
i s  the t e s t  procedure used by Empire Soils Investigations, Inc. for  
permeability testing. 

The triaxial  chamber i s  used inorder t o  allow a confining 

Upon completion of the saturation, the sample was placed under a 
The flow quant i ty  was 

Once the steady s ta te  condition was obtained the sample permeability 
Each sample was tested a t  b o t h  5 and 10 pounds per square 

The t e s t  resul ts  of the permeability are contained i n  
Also included in Appendix 3-D 

6.5.3 Laboratory Compacted Sample Testi ng 

Permeabi 1 i t y  testing was conducted on 1 aboratory compacted sampl es of the f i  11 
material used for the clay cap. Three sets  of tes ts  were performed, two 
samples were from the Lew-Port material w i t h  the t h i r d  coming from the Swann 
Road so i l .  
samples that  were collected f o r  Proctor testing. 
i n d i v i d u a l  samples were compacted, one a t  approximately 90 percent of  maximum 

The material used for the permeability testing was taken from 
For each se t  o f  t e s t s  two 
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d e n s i t y  and one a t  approximately 95 percent  o f  maximum densi ty .  

o f  t e s t i n g  was se lec ted  i n  o rder  t o  determine the e f f e c t  on the  measured 
p e r m e a b i l i t y  due t o  a v a r i a t i o n  i n  the  degree o f  compaction. 

were compacted a t  1 t o  3 percent  above optimum moisture. 

T h i s  method 

Both samples 

The t e s t  procedure a f t e r  t h e  samples were molded was i d e n t i c a l  t o  t h a t  
p r e v l o u s l y  descr ibed f o r  the  und is tu rbed samples. Again, each sample was 

t e s t e d  under two d i f f e r e n t  d i f f e r e n t i a l  heads, 5 and 10 pounds per  square 

inch.  
over 99 percent.  

and the  sample p e r m e a b i l i t y  was ca lcu la ted .  

conta ined i n  Appendix 3-D and summarized i n  Table 3-3. 

p e r m e a b i l i t y  t e s t  r e s u l t s  p l o t t e d  as a f u n c t i o n  o f  degree o f  compaction. 

The average degree o f  s a t u r a t i o n  f o r  the  compacted samples was a lso  

A f t e r  the complet ion o f  each t e s t  the r e s u l t s  were evaluated 

The t e s t  r e s u l t s  a re  a l s o  

F igure  3-6 shows the 

6.5.4 Summary of Test Resul ts  

A l l  t h e  t e s t  r e s u l t s  i n d i c a t e  t h e  measured p e r m e a b i l i t y  i s  l e s s  than 

1 x cm/sec. The average p e r m e a b i l i t y  o f  a l l  t h e  undis turbed samples 
was c a l c u l a t e d  t o  be 2.80 x cm/sec. and f o r  the l a b o r a t o r y  samples the 
average value was 1.35 x loW8 cm/sec. 
samples was taken from F igure  3-6 a t  95 percent  compaction. 

be concluded t h a t  the in -p lace  p e r m e a b i l i t y  o f  the  c l a y  m a t e r i a l  i n  bo th  the  
d ikes and c u t o f f  wa l ls ,  and the  c l a y  cap i s  l e s s  than 1 x lo-’  cm/sec. 

The average f o r  the l a b o r a t o r y  
Therefore,  i t  can 

It was a l s o  noted t h a t  the  range o f  p e r m e a b i l i t y  values was f a i r l y  c o n s i s t e n t  

between t h e  undis turbed samples f rom the  R-10 d i k e  area and the  South d ike  
area. This  f a c t o r  i s  s i g n i f i c a n t  f o r  severa l  reasons. F i r s t l y ,  i t  tends t o  
i n d i c a t e  t h a t  s l i g h t  v a r i a t i o n s  i n  t h e  m a t e r i a l  and m a t e r i a l  sources had 

1 i t t l e  e f f e c t  on the  p e r m e a b i l i t y  o f  t h e  compacted c l a y  m a t e r i a l  Secondly, 

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  measured p e r m e a b i l i t y  between the 
m a t e r i a l  p laced two years p r i o r  t o  sampling (R-10 d i k e )  and t h e  m a t e r i a l  

p laced one year  p r i o r  t o  sampling. 
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6.6 STRENGTH TESTING 

Strength tes t s  were performed on laboratory compacted samples of the clay 
material. 
the s tab i l i ty  analysis o f  the interim and f ina l  covers. Those values were ( b '  
(effective angle of internal f r i c t ion )  o f  25 degrees and c '  (effective shear 
strength) of 200 pounds per square foot. The t e s t  procedure, which was used 
t o  determine the strength parameters, was a three-stage consolidated undrained 

The tes t s  were performed t o  verify the design parameters used i n  

t r iaxial  t e s t  w i t h  pore pressure meassurements. In  total three sets  of 
samples were tested, two from the Lew-Port material and one from the Swann 
Road material. 
the permeability testing. 

The samples were taken from the same three samples used f o r  
Each sample was compacted t o  a density equal t o  

95 percent of optimum density f o r  tha t  particular sample. 
was maintained a t  1 t o  3 percent above optimum moisture. 

The t e s t  results from the t r iaxial  testing are contained i n  
summarized i n  Table 3-4. As can be seen from the t e s t  resu 
value i s  nearly equal t o  the design parameter of 200 pounds 

he moisture level 

Appendix 3-E and 
t s  the average c '  
per square f o o t  

and the b '  value exceeds the design value of 25 degrees. Therefore, i t  can be 
concluded the slope s tab i l i ty  factors of safety are acutally higher t h a n  those 
reported i n  Section 4.3.2 of the Waste Containment Design Report (Reference 1 ) .  
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7.0 INSPECTION OF INTERIM CAP 

The inspection requirements of f o r  the interim cap are discussed in detail in 
Section 3.3.1 o f  the Waste Containment Design Report (Reference 1 ) .  
commitment i s  made in the Design Report t o  inspect the cap every S p r i n g  
following the l a s t  frost and also in the Fall. 
visual check for surface erosion, shrinkage cracks, animial borrows, and 
deep-rooted vegetation. 
cover would be checked f o r  depressions due t o  possible settlement. 
interim cover will be recompacted or reworked i f  any damage o r  deterioration 
was noted d u r i n g  the inspection. I t  will be very important d u r i n g  the f i r s t  
inspection ( S p r i n g  1985) t o  check for  possible deterioration due t o  
freeze-thaw since the topsoil layer has not  been placed. 

A 

The inspection would include a 

In a d d i t i o n ,  the elevation of the t o p  o f  the interim 
The 
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8.0 SUMMARY 

The in i t i a l  construction of the interim cap was conducted between A u g u s t  and 
October 1984. 
under the technical direction of Bechtel National, Inc. All work was done in 
accordance w i t h  the appropriate specifications and design drawings. 
density tes t s  showed t h a t  the average degree of compaction of 98 percent was 
achieved t h u s  exceeding. the required 95 percent. 
indicated a1 1 required material properties were maintained t h r o u g h o u t  the 
construction period and the permeability of the compacted soil was less  than  
I x cm/sec. 

The work was performed by Cowper Construction Company, Inc. 

Field 

Laboratory tes t s  results 
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TABLE 3-9 

PERCENT MOISTURE TEST RESULTS 
FIELD DENSITY TESTS 

PROCTOR CODE OPTIMUM MOISTURE RANGE AVERAGE 

b-1 2 11 - 9  10.5 - 15.7 12.2 

b-14 93.9 99.0 - 11.4 11.3 

L-15 92.6 9.2 - 13.3 11.7 

L-16 90.5 10.8 - 14.3 12.4 

Average 11.9 92.0 



TABLE 3-2 

PERMEABILITY TEST RESULTS 
UNDISTURBED SAMPLES 

SAMPLE SAMPLE DEPTH 

BP-SW 

BP-S 

BP-S 

BP-SE 

BP-ME 

BP-NE 

BP-N 

BP-NW 

(FT 1 

18-19.5 

5-6.8 

15-16.4 

18.5-1 9.7 

9.5-11 -4  

3.0-4.5 

15.0-1 7.0 

5.0-6.5 

DRY UNIT 
WEIGHT 

( PCF 1 

117.3 

110.9 

117.0 

119.6 

108.0 

111.3 

103.6 

101.6 

MOISTURE 
CONTENT 

(% 1 

14.7 

18.4 

16.5 

94.9 

20.4 

17.4 

22.4 

24.9 

PERMEABILITY 
8 5psi 8 10 psi 

( x 10-7 cm/sec) 

0 664 0.599 

0.136 0.131 

0.140 0.145 

0 0974 0,0978 

0.252 0.230 

0.409 0.368 

0.498 0.436 

0.137 0.132 



TABLE 3-4 

STRENGTH TEST RESULTS 
LABORATORY COMPACTED SAMPLES 

SAMPLE SOURCE OF DRY UNIT MOISTURE PERCENT b '  C '  
MATERIAL WEIGHT CONTENT COMPACTION 

(PCF) ( %  I ( % I  ( DEGREES ) (PSF) 

1 LEW-PORT #1 116.5 15.5 96 29.5 170 
SAMPLE 10-Au 

2 LEW-PORT #2 125.9 12.4 99 31 .O 300 
SAMPLE 11-AU 

3 SWANN ROAD 122.8 11 -6 96 31.8 115 
SAMPLE 12-AU 

AVERAGE 30.8 195 



APPENDIX 3-A 

FIELD DENSITY TESTS 

o General Notes 

o Tes t  Results 



NOTES: 

1 .  Field density t e s t s  marked "Contaminated Pi le"  refers  t o  
contaminated soi l  i n  the R-10 waste pile below the clay cap. 

2.  F i e l d  density tests marked "Clay Cap" re fers  to  uncontaminated 
so i l  used t o  construct the clay cap. 

3. Test reports prior to  Report No. DT-37 do not include any t e s t  
r e s u l t s  on the clay cap. 
on the clay cap was Test No. 35u. The l a s t  f i e l d  density t e s t  
was Test No. 147U. 

The f i rs t  f i e l d  density t e s t  conducted 



FIELD 'Y-PLACE DENSITY TEST REDORT 

Proctor 
Code 

c-7 
L- \2 

585 TROY.SCHENECTADY RD.. LATHAM. NY .1211O 
S-3856 SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 
RARITAN CENTER, jm MCGAW DRIVE. EDISON. NJ 08837 
1164 RIDGE RD. EAST. ROCHESTER NY 14621 
635 JAMES STREET, SYRACUSE. NY 13203 

5167#1555 
716-64-81 

6078985881 
201-2250202 

716.Jr2.ux) 
315-472-0333 

I I 
Material Type and Source Mixlmum Opllmum 

Dtnrlly lpcrl Wclrlun I%l ~ 

721.1 12.0% Clay - Contaminated Pi le  - smlp # lr. 

725.0 11.9% Clay - LmDort - U 

10 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

Test 89C - Retest of t e s t  87C - af ter  further drying 

Technician Time: lo:oo - 6:oo 

Technician: Earl E. Dubin Earl E. Dubin 
SUBSURFACE EXPLORATION = CONSTRUCTION OUALITI CONTROL ENGINEERING SPECIALTI SERVICES 



FIELD IN-PLACE DENSITY TEST REPORT 
- 

I 
I 

Material Type and Source 
Proclor ' Mailmum Opllmum 

Code Ocnrltv lpcll Malrturi I'hl 

- 
, c - 1  121.1 12 .0  Contaminated p i l e  - Sample #1C 

L - 1 2 i  125.0 11.9 Clay - Lewport - Sample #6U 

C 585 TROY*SCUENECTAOY RD.. LATHAM, NY 12110 
0 $3858 SHELDON RD, P.O. BOX 229. ORCHARD PARK. NY 14127 
0 1 0 5  CORONA AVENUE. GROTOH. NY l S 7 3  
0 RARITAN CENTER. Joo McGAW DRIVE. EDISON. W -7 
0 1161 RIDGE RD. EAST, ROCULSTER. NY 14821 
0 835 JAMES STREET. SYRACUSE. NY 1 m  

5lblWll55 
flW9d110 

6 0 7 4 S S 1  
tO1*-2 

71W2.53X 
3lcl729J33 

2:OO - 6:OO Technician Time: 

Earl E .  Oubin Earl E. Dubin 
Technician: 



FIELD IN-PLACE DENSITY TEST REPORT 

Proclor 
Code 

L-12 

YU TROY.SCHENECTADY RD., U T U A M .  NY 12110 
$3658 SHELDON RD.. P.O. BOX 22Q. ORCHARD PARK, NY 14127 
lC5 CORONA AVENUE, GROTON. NY 13073 
RARITAN CENTER. Joo MCGAW DRIVE. EDIWN, NJ 08837 
1184 RIDGE RD. EAST. ROCHESTER. NY 14621 
635 JAMES STREET. SYRACUSE. NY 13tOJ 

51b7831555 
718-649 

07dO$sBB1 
201-2254202 

71&342.5320 
31S21-0333 

Marlmum Opllmum Material Type and Source 
Ocnslly Ipcl] Molslurc I'd 

125.0 11 .9  Clay - Lewport - Sample #6U 

-81 10 

Niagara Falls Storage Site Report No. Df-39 Revised Project: 
Client Bechtel Date: 8- 2 2 -84 

9. GI. Cowper Job No. BT-84-53 - Contractor: 

Remarks: Sand cone method used EMPIRE SOILS INVESTIGATIONS, INC. 

Test 37U - retest o f  test 36U - a f t w  f u r t h e  r compaction 
for retest - see test  39U 
Technician lime: 1 2 ~ 0 0  - 4 ~ 3 0  

Technician: Earl E .  Dubin Earl E .  Dubin 

SUBSURFACE UPLORATION CONSTRVC3110W QUALITI CONTROL ENGINEERING S P L C u L n  S E W C S  



FIELD IN-PLACE DENSITY TEST REPORT 

~ 

Proctor 
Coda 

L- \% * 

c 
C 
t. 
i! 

~ ~ ~ ~ ~~ 

Marrlmum Optlmum Material Type and Source 
Osntlty lprfl Molrturi 1%) 

125.0 11.9 Clay - Lewport - Sample #6U 
I 

13 
c 

585 TROY.SCHENECTADY RD.. LATHAM. NY 121 10 
53858 SHELDON RD., P.O. BOX 229, ORCHARD PARK, NY 14127 

RARITAN CENTER. 300 McGAW DRIVE, EDISON, NJ 08837 
1164 RIDGE RD. EAST. ROCHESTER. NY 14621 
835 JAMES STREET. SYRACUSE. NY 13203 

518.7831555 
71b649.8110 

105 CORONA AVENUE, GROTON. NY 1 x 7 3  wasmi 
201-2225-0202 

llb342.5320 
315412-9333 

Project: Niagara Fa l l s  Storage S i t e  Report No. DT-40 

Bechtel Date: 8-23-84 Client 

Contractor: BY-84 - 53 - Job No. 9. W .  Cowper 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

Technician Time: 12:OO - 5:OO 
-. 

Technician: Otto Wieand Otto CIieand 

R I T  Fwm C 
SUBSURFACE EXPLORATION m CONSTRUCllON O U A L m  CONTROL m ENGINEERING SPECIALTT SERVICES 



FlELr 'N-PLACE DENSITY TEST RFOORT 

-- - 
- 

- 
Prodor Mixlmum Optimum Material Type and Source 

L-12 125.0 11.9 Clay - Sample #6U 

Code Denrlly lpc!] MOlStUf@ I'hI - 

i 

~ 

10:30AM - 4:30PM 

Otto Wieand 
Technician Time: 

Technician: 
Otto Wieand 

- -__.__...._ - ,,,,., W ~ L  EWJNEERING SPEQALTI S E R V I a  



DT-41 A Revised Niagara Falls Storaqe S i t e  

Bechtel Dote: 
Report NO. 

8/24/84 
pro j z c  t :  



ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-w-eiio 

* 1 3 5 . 7  106.6 2"  ROC - Niagara Stone 

Niagara Falls Storage Site Report No. DT-42 Pro j E! c 1: 
Cliznt: Bec h tel Dote: a1271a4 

~~ ~- 

Sand Cone Method Used 
REMARKS: Test 44U - Retest o f  Test 43U Respectfully subni tted, 

EMPIRE SOILS INVESTIGATIONS, I N C .  taken  8/24/84 - AFC 



FIELD IN-PLACE DENSITY TEST REPORT 

9 5  TROY.SCHENECTA0Y AD., LATHAM. NY 12110 
$3858 SHELDON RD., P.O. BOX 229 CRCHARD P A M .  NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 
RARlTAN CENTER. 3W McGAW DRIVE. EDISON, NJ -7 
l lb4 RlOGE RD. EAST. ROCHESTEP. NY 14421 

51b7831U5 
7166494110 

W 7 W - l  
Z O l ~ W Z O 2  

71b3424320 
835 JAMES STREET, S Y R A M E .  NY 13203 3154729113 

Client Becht el 
J. W. Cowper Job No. BT-84-53 -- 

Contractor: 
1 

Test Oile of 
No. Tesl 

46U 8-27 

I 
L 

I 
! 

I I 

333.2 04.7 +- I 
tl 

l L -?2 [  125.0 111.9 

cation and Remarks 

Material Type and Source . 
Clay - Lewport - Sample #6U 

Respectfully submitted. 

Remarks: Sand Cone Method used EMPIRE SOILS INVESTIGATIONS. INC. 

8:OO - 5 ~ 3 0  Technician Time: 

Technician: Earl E .  Dubin Earl E. Dubin 



FIELD IN-PLACE DENSITY TEST REPORT 

I 

c 
3 
0 
3 
0 

585 TROY.SCHENEC7ADY RD.. LAYHAM. NY 12110 51&7K+1555 
SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 7lWO.8110 

1OS CORONA AVENUE. GROTON. NY 13073 
RARIYAN CENTER. S O  McGAW DRIVE. EDISOM. NJ 08837 
1164 RIDGE RD. EAST, ROCHESTER. MY 14621 
6 3  JAMES STREET, SYRACUSE. NY 13203 

07698.5B81 
X)1-22M202 

llb3424320 
31$472*D333 

DT-44 Project: Niagara Falls Storaqe  S i t e  Report No. 

Client 8-27-84 Date: Bechtel 

Job No. BT-84-53 - 

Location and Remarks 

Respectfully submitted. 

Remarks: Sand Cone Method used EMPIRE SOILS INVESTIGATIONS. INC. 

8:OO - 5 ~ 3 0  Technician Time: 

Technician: 
Earl E. Dubin Earl E. Dubin 

SUBSURFACE EXPLORATION CONS1RW;lIOH OUALm CONTROL 0 ENGINEERING SPECIALTI SERVICES 



FIELD IN-PLACE DENSITY TEST REPORT 

585 TROYSC~ENECTAOY RD, UTHAM. NY 12110 
S-W SHELOON RD, P.O. BOX 229. ORCHARO PARK. NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 

1164 RIDGE RD. W T .  ROCHESTER 1;Y 14621 
635 JAMES STRET, SYRA-E. NY 13203 

S lb7s l l5% 
?lWQdl 

60?690.5881 
WRITAN CENTER, yx) MCCAW DRIVE. EMSON, NJ a 6 3 7  ~1 .2250202  

?lb3424320 
315472-ouJ 

Nfagara Falls Storage Site Repod NO. Of-45 Revised Project: 

Client Bechtel Date: 8-28-84 

on 

Respecif ully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

Test 50U. - retest o f  test  46U, taken 8-27, a f t e r  further 
compaction, les t  51U - retest of test 50U (see also test 46U) a f ter  further compaction. 

Technician: Earl E .  Dubiri Earl E.  Dubin 
Technician Time: 

1o:oo - 5:oo 

SUBSURFACE EXPLORATION CDNSJWCTIDN WAlm CONTROL ENGINEEfUNG S P E W T I  



Pro j e c 1 :  Niagara Falls Storage S i t e  Report NO. 117-46 

C t i s  nt: Bech tel DO t e : 8 / 2 8 / 8 4  
tone Job No. 81-84-53 

I d 

Contractor:- Ce 

I 

106.6 1 

Locofion and Rcmorks 

Retest o f  Test 49u - after  further compaction 

- 

-. 

- 
1 - - -- 

Moferial Type ond Source 

2" R . O . C .  - Niagara Stone 

REMARKS: Sand Cone Method Used Respectfully submitted, 
EMPIRE SOILS INVESTIGATIONS, INC.  



FIELD IN-PLACE DENSITY TEST REPORT 

- Contractor: J *  W -  Cowper Job No. BT-84-53 

ln-plice In-plru 1 
1811 Da!r PI Dwth 01 Omrliy Molrtun Y ?mar Location and Remarks 
no. lest Elcvitlon lpdl I%\ kawllon b d e  

60U 8-31 334.4 116.5 13.0 93.2 C-12; ~1030 E 105 ( retest  of 5 3 ~  

61U 

63U " 334.8 123.4 11.4 98.7 1-12 51070 - F l l O  (rettvt nf  W )  

64U 'I 335.3 121.2 13.0 97.0 L-12 SlO80 - El20 

Cla Cap - Phase I 95% r e y i r e d  

- Phase I 95% req'd 
I, 3 U  137-0  1 7 . 4  100 + $-I2 &Y is! - res tes t  o f  55U 

I 
Clay Cap - Phase I 95% required 

Cla Cap - Phase I 95% required 

Proctor 1 Mirlmum Opllmum Material Type and Source 

~ - 1 2  125.0 11.8 Clay from Lewport stockpile. 

Code Denilly lpcll Molrtura (%I 

585 TROY.SCHENECTA0Y RD.. UTHAM. NY 12110 
SW4 SHELDON RD.. P.O. BOX 229. OPCHARD PAR& MY 14127 
105 CORONA AVENUE. GROTON, NY 13073 
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1.0 INTRODUCTION 

Volume 2 o f  t h e  Post -Construct ion Report  conta ins the  r e s u l t s  o f  t h e  remedial 

c o n s t r u c t i o n  a c t i v i t i e s  assoc ia ted  w i t h  t h e  c o n s t r u c t i o n  o f  t h e  South Dike a t  

t h e  Niagara F a l l s  Storage S i t e  (NFSS).  

c o n t i n u a t i o n  o f  t h e  work documented i n  Volume 1 o f  t he  Post -Construct ion 

Report.  Du r ing  t h i s  phase o f  t h e  work, t h e  c u t o f f  w a l l  and pe r ime te r  d i k e  

surrounding t h e  R-10 waste p i l e  was extended toward t h e  south t o  i n c l u d e  the  

area c o n t a i n i n g  several  b u i l d i n g s .  

414, and 415. 

shown on F igu re  2-1, i t  was necessary t o  demolish B u i l d i n g  412 t o  c o n s t r u c t  

t h e  South Dike. The c o n s t r u c t i o n  o f  t h e  1100-feet- long South D ike  was done 

between September and November 1983. 

F i g u r e  2-2. 

The South Dike c o n s t r u c t i o n  was a 

These b u i l d i n g s  i n c l u d e  t h e  410, 411, 413, 

The l o c a t i o n  o f  t h e  South Dike i s  shown on F i g u r e  2-1. As 

A general  s i t e  l o c a t i o n  map 0s shown on 

L i s t e d  below a re  t h e  r e l e v a n t  e n t i t i e s  i n v o l v e d  w i t h  t h e  South Dike 

Cons t ruc t i on  : 

Department o f  Energy: Owner 

Bechte l  Nat ional  , Inc .  : P r o j e c t  Management Contractor :  Dike 

embankment and c u t o f f  w a l l  design; d i k e  founda t ion  i nspec t i on ;  and 

management o f  c o n s t r u c t i o n  opera t i ons .  

Kimmins Contract ing,  Inc. :  Cons t ruc t i on  o f  t h e  c u t o f f  w a l l  and d i k e  

i n c l u d i n g  excavat ion and b a c k f i l l i n g .  

2-1 



P a r r a t t  W o l f f ,  Inc.: Laboratory  and i n - p l a c e  d e n s i t y  t e s t i n g  of f i l l  

m a t e r i a l .  

Eber l i ne ,  Inc. :  On-s i te  r a d i o l o g i c a l  survey and r a d i o l o g i c a l  sa fe ty  

f o r  a l l  s i t e  personnel. 

2.0 BACKGROUND 

The c o n s t r u c t i o n  of t h e  South Dike was necessary t o  con ta in  any p o s s i b l e  

m i g r a t i o n  o f  contaminated r a d i o a c t i v e  m a t e r i a l s  f rom t h e  b u i l d i n g s  enclosed 

w i t h i n  t h e  South Dike. I n  a d d i t i o n ,  t h e  enclosed area prov ided a d d i t i o n a l  

s torage c a p a c i t y  f o r  contaminated wastes. 

keyed i n t o  t h e  u n d e r l y i n g  gray c l a y ,  was designed t o  p rov ide  an e f f e c t i v e  

b a r r i e r  a g a i n s t  t h e  m i g r a t i o n  o f  contaminated ground water  from t h e  enclosed 

area. 

The d i k e  and c u t o f f  w a l l ,  which i s  

The c u t o f f  w a l l  was keyed i n t o  t h e  u n d e r l y i n g  gray c l a y  because i t  had been 

determined f rom p rev ious  geo log ic  i n v e s t i g a t i o n s  t h a t  t h e  gray c l a y  u n i t  was 

t h e  most uniform, homogeneous and impervious s o i l  l a y e r  i n  t h e  s i t e  area. The 

upper s o i l  l a y e r ,  which i s  a brown s i l t y  c l a y ,  has many sand seams and pockets 

t h a t  cou ld  a l l o w  t h e  m i g r a t i o n  o f  contaminated ground water  i f  the  c u t o f f  w a l l  

was n o t  const ructed.  

3.0 AVAILABLE INFORMATION 

P r i o r  t o  t h e  i n i t i a l  c o n s t r u c t i o n  (Volume 1) subsurface i n v e s t i g a t i o n s  had 

been performed by Acres American, I nco rpo ra ted  (Reference 1) , and bv Bechtel  

Na t iona l ,  I nc .  (Reference 2, Appendix J ) .  The Acres r e p o r t  deals  w i t h  t h e  

o v e r a l l  geology and hydro logy o f  t h e  e n t i r e  NFSS. The i n i t i a l  Bechtel  work, 
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which included geologic mapping, geophysical surveys and d r i l l i n g ,  was 

concentrated around the R-10 waste pi le .  

i n i t i a l  dike construction and the South Dike construction Bechtel National, 

Inc. (Reference 2 )  , conducted a more detailed subsurface investigation a t  the 

NFSS. This investigation included d r i l l i n g  several borings, and  the 

ins ta l la t ion  of observation wells and  piezometers. 

d u r i n g  t h i s  investigation phase was i n  the area of the S o u t h  Dike. The 

location of the borings, observation wells and  piezometers in the area of the 

South Dike are shown on Figure 2-2. 

D u r i n g  the time period between the 

Some of the work done 

4.0 SUBSURFACE CONDITIONS 

A description of the subsurface conditions i s  contained i n  References 1 and  2.  

The subsurface prof i les  (References 1 and 2 )  along the perimeter of the S o u t h  

Dike are  shown on Figures 2-3, 2-4, and 2-5. 

sections are shown on Figure 2-2.  

The location of the cross 

5.0 SOUTH DIKE DESIGN FEATURES 

As previously s ta ted ,  the purpose of the South Dike and cutoff wall i s  t o  

provide a bar r ie r  against  the m i g r a t i o n  of contaminated ground water from 

w i t h i n  the enclosed area. The dike, which i s  constructed above natural grade, 

is  provided t o  contain a l l  rain water fa l l ing  inside the dike,  while the below 

grade cutoff wall i s  provided t o  contain any ground water flow. 

wall ,  which has a m i n i m u m  w i d t h  of 12  f e e t ,  has a base elevation between 

elevation 302 and elevation 297. The cutoff wall penetrates into the gray 

clay layer a minimum of 1.5 f e e t .  

in to  the existing R-10 Waste Pi le  Dike t o  provide a continuous barr ier .  

The cutoff 

The two ends of the Sou th  Dike were keyed 
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Slopes f o r  t h e  per imeter  d i k e  a r e  a t  2 h o r i z o n t a l  t o  1 v e r t i c a l  w i t h  t h e  

o u t s i d e  s lope  p ro tec ted  w i t h  4 inches o f  crushed stone. 

design f o r  t h i s  area w i l l  i n c l u d e  an engineered c l a y  cover t o  p reven t  

a d d i t i o n a l  r a i n f a l l  f rom e n t e r i n g  t h e  contaminated wastes and res idues.  

Dur ing  t h e  non-work ( w i n t e r )  p e r i o d s  o f  c o n s t r u c t i o n  o f  t h e  d i ke ,  t h e  waste 

p i l e  i s  t e m p o r a r i l y  covered w i t h  t h e  s y n t h e t i c  rubber l i n e r .  

The proposed f i n a l  

6.0 TRENCH EXCAVATION 

A f t e r  t h e  areas t o  be excavated were checked f o r  r a d i o a c t i v e  Contamination, 

t h e  i n i t i a l  excavat ion was s t a r t e d  on t h e  eastern sec t i on  o f  t h e  South Dike 

ad jacen t  t o  t h e  B u i l d i n g  411. 

western s e c t i o n  was a l s o  s t a r t e d .  The excavat ion f o r  t h e  South D ike  was 

performed u s i n g  two C a t e r p i l l a r  Model 235 excavators. The excavated slopes 

.were c u t  t o  approx imate ly  1 h o r i z o n t a l  t o  1 v e r t i c a l  i n  a s t a i r - s t e p  l i k e  

manner. The h o r i z o n t a l  and v e r t i c a l  benches v a r i e d  f rom 2 t o  3 f e e t  w i t h  the  

excep t ion  o f  t h e  l a s t  s tep  c u t  i n t o  t h e  gray c l a y  u n i t .  

f i n a l  v e r t i c a l  c u t  was a f u n c t i o n  o f  t h e  r e q u i r e d  depth needed i n t o  t h e  gray 

c l a y .  T h i s  depth v a r i e d  f rom 2 t o  6 f e e t .  I n  a l l  cases t h e  base minimum 

w i d t h  o f  12 f e e t  was maintained. A p r o f i l e  o f  t he 'base  o f  t h e  c u t o f f  w a l l  

excava t ion  i s  shown i n  F igu re  2-6. 

S h o r t l y  a f t e r  t h a t  t ime t h e  excava t ion  o f  t he  

The depth o f  t h i s  

I n  many areas, e s p e c i a l l y  when t h e  excava t ion  remained opened f o r  more than a 

day, s lough ing  occurred i n  t h e  excava t ion  w i t h i n  t h e  gray c l a y  u n i t .  

s l ough ing  u s u a l l y  occurred as b l o c k  f a i l u r e s  i n  t h e  bottom c u t  area. 

b e l i e v e d  t h e  s loughing occurred due t o  s t r e s s  re lease  and t h e  development o f  

t e n s i o n  cracks and n o t  due t o  an i n h e r e n t  weakness i n  t h e  c l a y  u n i t .  However, 

The 

It i s  
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a l l  loose material was removed from the excavation prior t o  f i l l  placement. 

When required, the slopes were cut fur ther  back t o  ma in ta in  a safe slope 

condition. 

During the excavation of the cutoff trench, water was observed flowing i n t o  

the excavation in only a few isolated locations. 

upper brown clay u n i t .  

5 gallons per minute, lasted only f o r  a short  duration, usually less  than 24 

hours. 

of permeable material w i t h i n  the soi l  prof i le .  

These locations were i n  the 

The water flow, which was estimated t o  be between 2 t o  

This would tend t o  indicate t h a t  the water was from an isolated pocket 

The only area that  any 

appreciable water was entering the excavation was along the southern section 

of the South Dike ( E  1+20 S 16+72) .  

extended t h r o u g h  the gray clay u n i t  i n t o  the underlying brown sand and yravel 

unit .  A detai led description o f  t h i s  one area i s  given below. I n  a l l  cases 

the water was removed from the excavation by pumping  prior t o  the placement of 

f i l l .  

A t  t h a t  location, the excavation was 

All excavated material was removed from the excavation a n d  stockpiled t o  the 

south of the dike. No excavated material was used as f i l l  fo r  the cutoff 

wall. All f i l l  material was borrow material from two o f f - s i t e  locations.  

During the excavation operation, periodic v i s i t s  were made t o  the s i t e  by a 

Bechtel geotechnical engineer. Subsurface conditions observed d u r i n g  these 

v i s i t s  a re  described below. 

6.1 EAST D I K E  SECTION 

The b o r i n g s  a n d  subsurface prof i le  (Figure 2-3) along the eastern section of 

the dike indicated a f a i r l y  uniform soi l  p rof i le  with the t o p  of the gray clay 
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'a t  approximately e l e v a t i o n  304. 

t h e  excavat ion i n d i c a t e d  t h a t  t h e  a c t u a l  c o n d i t i o n s  were s i m i l a r  t o  those 

expected w i t h  t h e  f o l l o w i n g  except ions.  A t  several  l o c a t i o n s  w i t h i n  t h e  brown 

s i l t y  c l a y  u n i t ,  smal l ,  d r y  sand and gravel  depos i t s  were noted. I n  a d d i t i o n ,  

near t h e  t o p  o f  t h e  gray c l a y  u n i t ,  a cont inuous h o r i z o n t a l  redd ish  brown 

sandy c l a y  l a y e r  was noted. 

l a y e r ,  i t  was e l e c t e d  t o  extend t h e  excavat ion a minimum o f  18 inches i n t o  t h e  

gray c l a y  below t h i s  l a y e r .  A t y p i c a l  sec t i on  a long t h e  eas te rn  excavat ion i s  

shown i n  F igure 2-7. 

The i n s p e c t i o n  o f  t h e  eas te rn  t rench  d u r i n g  

Due t o  t h e  presence o f  t h i s  2 t o  3 i n c h  t h i c k  

6.2 WEST D I K E  SECTION 

The bo r ings  and subsurface p r o f i l e  (F igu re  2-5)  a long t h e  western sec t i on  o f  

t h e  d i k e  a l s o  i n d i c a t e d  a f a i r l y  u n i f o r m  s o i l  p r o f i l e  w i t h  t h e  top  o f  t he  gray 

c l a y  between e l e v a t i o n  305 and e l e v a t i o n  300. 

i nspec t i on ,  i n d i c a t e d  t h e  presence o f  many sandy and g r a v e l l y  pockets w i t h i n  

t h e  brown s i l t y  c l a y  u n i t .  

cont inuous t h i n  l a y e r  o f  reddish-brown sandy c l a y  was observed. 

most l i k e l y ,  t h e  same one i d e n t i f i e d  i n  Bor ing A-28 ( F i g u r e  2 -5 )  a t  about 

e l e v a t i o n  298. 

t h i c k e r  redd ish  brown g r a v e l  and sand pocket. Th i s  pocket,  w i t h  a w i d t h  o f  5 

f e e t  and a h e i g h t  o f  3 f e e t ,  was e n t i r e l y  w i t h i n  t h e  g ray  c l a y  u n i t .  A t  t h i s  

l o c a t i o n  the  excavat ion was extended deeper t o  p r o v i d e  a minimum o f  18 inches 

o f  gray c l a y  below t h i s  pocket.  

a re  shown i n  F igures 2-8 and 2-9. 

The p r o f i l e ,  as w e l l  as the  

However, as was present  on t h e  ea'stern s ide,  a 

This  l a y e r  i s  

A t  one l o c a t i o n  ( E  0+42, S 14+60) t h i s  l a y e r  graded i n t o  a d r y  

Typ ica l  sec t i ons  o f  t h e  western excavat ion 

6.3 SOUTH D I K E  SECTION 

The bo r ings  and subsurface p r o f i l e  (F igu re  2-4) a long  t h e  southern s e c t i o n  o f  

t h e  d i k e  again i n d i c a t e d  a ve ry  un i fo rm p r o f i l e  w i t h  t h e  t o p  o f  t h e  gray c l a y  
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between e l e v a t i o n  305 and e l e v a t i o n  302. 

i n d i c a t e d  s i m i l a r  f i n d i n g s  as f o r  bo th  the  eastern and western sect ions.  

one l o c a t i o n  a long t h e  southern s e c t i o n  ( E  1+20 

was encountered near t h e  t o p  o f  t h e  gray c l a y  u n i t .  

encountered i n  t h e  base o f  t h e  excavat ion t rench.  

e l e c t e d  t o  deepen t h e  excava t ion  t o  remove t h e  sand. 

t h e  a rea l  e x t e n t  o f  t h e  sand pocket spread t o  i n c l u d e  bo th  w a l l s  o f  t he  

excavat ion.  

brown sand and gravel  u n i t  was reached. 

t h e  excavat ion i n  a l i m i t e d  area (one bucket w i d t h )  t o  determine i f  the  gray 

c l a y  u n i t  would reappear. 

u n i t  extended down t o  t h e  u n d e r l y i n g  bedrock. 

e n t e r i n g  t h e  excavat ion a t  a r a t e  o f  5 ga l l ons  pe r  minute.  

The i n s p e c t i o n  d u r i n g  t h e  excavat ion 

A t  

S 16+72), a gray sand pocket 

The sand was f i r s t  

A t  t h a t  t ime, i t  was 

As t h e  sand was removed, 

The excavat ion was cont inued i n  t h a t  area u n t i l  t h e  under l y ing  

I t  was then e l e c t e d  t o  f u r t h e r  deepen 

However, i t  was found t h e  brown sand and gravel  

It was es t ima ted  t h a t  water was 

A f t e r  t h e  bedrock was reached, t h e  excavat ion was b a c k f i l l e d  i n  an 

u n c o n t r o l l e d  manner t o  t h e  e l e v a t i o n  o f  t he  surrounding t r e n c h  area ( e l e v a t i o n  

2 9 9 k ) .  The f i l l  was p laced  i n  a r a p i d  manner t o  a v o i d  f u r t h e r  undercu t t i ng  o f  

t h e  s i d e  slopes due t o  t h e  presence of running sand. 

The f o l l o w i n g  day, an i n s p e c t i o n  and e v a l u a t i o n  was made by a Bechtel  

geotechnica l  engineer o f  t h a t  area t o  eva lua te  t h e  r e q u i r e d  c o r r e c t i v e  

a c t i o n s .  

i n  a l l  d i r e c t i o n s  f rom t h e  c e n t e r  o f  t h e  t rench.  As a r e s u l t  o f  t h i s  d i p  

toward t h e  n o r t h  ( i n s i d e  w a l l  of t h e  excavat ion)  a t h i n  l a y e r  of gray c l a y  was 

exposed on t h e  i n s i d e  w a l l .  It was a l s o  noted t h a t  l a r g e  cracks had developed 

i n  bo th  s i d e  slopes due t o  u n d e r c u t t i n g  o f  t h e  s lopes. The base o f  t he  t rench  

The i n s p e c t i o n  i n d i c a t e d  t h a t  t h e  sand pocket  was d i p p i n g  downward 
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i n  t h i s  a rea  was n o t  i n s p e c t e d  due t o  t h e  presence of s t a n d i n g  wa te r .  It was 

aga in  e s t i m a t e d  t h a t  w a t e r  was e n t e r i n g  t h e  excava t ion  a t  a r a t e  o f  5 g a l l o n s  

p e r  minu te .  

Based on t h e  r e s u l t s  of t h e  i n s p e c t i o n ,  i t  was e l e c t e d  t o  remove t h e  t o p  two 

f e e t  o f  u n c o n t r o l l e d  f i l l  p laced  and a l l  l o o s e  m a t e r i a l  f r o m  t h e  s i d e  w a l l s .  

P r i o r  t o  removing t h e  f i l l ,  a sump was excavated  and t h e  w a t e r  was drawn down 

below t h e  p lanned excavated depth.  It was dec ided n o t  t o  remove a l l  t h e  

u n c o n t r o l l e d  f i l l  i n  o r d e r  t o  a v o i d  f u r t h e r  u n d e r c u t t i n g  of t h e  s lopes  and t o  

m a i n t a i n  t h e i r  s t a b i l i t y .  

i t  was observed due t o  t h e  f u r t h e r  downward d i p  o f  t h e  sand t h e  t h i c k n e s s  o f  

t h e  g r a y  c l a y  i nc reased  and t h e  exposed w i d t h  o f  t h e  sand decreased. 

When t h e  upper  f i l l  and l o o s e  m a t e r i a l  was removed, 

A f t e r  

t h e  f i n a l  e x c a v a t i o n  e l e v a t i o n  was reached, new c l a y  f i l l  m a t e r i a l  was p laced  

and compacted as r e q u i r e d  f o r  t h e  r e s t  o f  t h e  excavat ion .  It i s  b e l i e v e d ,  due 

t o  t h e  f a c t  t h a t  t h e  f i n a l  c u t o f f  w a l l  extended seve ra l  f e e t  be low t h e  t o p  o f  

t h e  g r a y  c l a y  as exposed on t h e  i n s i d e  w a l l ,  t h a t  an e f f e c t i v e  c u t o f f  had beer! 

m a i n t a i n e d  i n  t h i s  p a r t i c u l a r  area. D e t a i l s  o f  t h e  f i l l  placement and 

compact ion processes a r e  d i scussed  l a t e r .  T y p i c a l  s e c t i o n s  a l o n g  t h e  southern  

e x c a v a t i o n  a r e  shown i n  F igu res  2-10 and 2-11. 

7.0 BACKFILLING 

7.1 MATERIAL 

The c l a y e y  m a t e r i a l  used f o r  t h e  c u t o f f  w a l l  came f rom two o f f - s i t e  bor row 

areas .  The borrow 

areas  were p e r i o d i c a l l y  i n s p e c t e d  b y  Bech te l  and t h e  m a t e r i a l s  were t e s t e d  by 

P a r r a t t  W o l f f ,  I n c .  t o  v e r i f y  conformance w i t h  t e c h n i c a l  s p e c i f i c a t i o n  

The l o c a t i o n  o f  t h e  bor row areas  a r e  shown on F i g u r e  2-2. 

2 -8 



requirements.  

borrow m a t e r i a l .  

r e s u l t s .  The c l a s s i f i c a t i o n  o f  t h e  m a t e r i a l  based on t h e  t e s t  r e s u l t s  i s  a 

l o w - p l a s t i c i t y  c l a y .  The 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  symbol i s  CL. 

Appendix 2-A c o n t a i n s  t h e  l a b o r a t o r y  t e s t  r e s u l t s  f o r  t h e  

The t e s t  r e s u l t s  show b o t h  g r a d a t i o n  and p l a s t i c i t y  t e s t  

7.2 COMPACTION EQUIPMENT AND PROCEDURES 

The f i l l  m a t e r i a l  was t r u c k e d  on to  t h e  s i t e  and end dumped i n t o  t h e  

excavat ion .  The m a t e r i a l  was then spread u s i n g  a C a t e r p i l l a r  Model D-5 dozer  

and compacted u s i n g  an Inge rso l l -Rand  Model SPF56 pad- foo t  r o l l e r .  The 

i n i t i a l  l i f t  o v e r  t h e  gray  c l a y  had an uncompacted th i ckness  o f  2 t o  3 f e e t .  

T h i s  t h i c k  l i f t  was r e q u i r e d  i n o r d e r  t o  a v o i d  pumping and d i s p l a c i n g  t h e  

r e l a t i v e l y  s o f t  g r a y  c l a y  i n  t h e  bo t tom o f  t h e  excavat ion .  A f t e r  t h e  i n i t i a l  

l i f t  was spread and compacted, a d d i t i o n a l  f i l l  m a t e r i a l  was then placed. A l l  

a d d i t i o n a l  f i l l  was p laced  i n  8 - i n c h  l o o s e  l i f t s  and compacted w i t h  t h e  SPF56 

compactor. 

A t  t h e  end o f  each work day, t h e  upper l i f t  was compacted w i t h  a smal l  s t e e l  

drum r o l l e r  t o  sea l  t h e  sur face .  The s u r f a c e  would then  be s c a r i f i e d  by  t h e  

D-5 dozer  o r  by  d i s c i n g  p r i o r  t o  p l a c i n g  a d d i t i o n a l  f i l l .  The f i l l  o p e r a t i o n  

was o r i g i n a l l y  b e i n g  conducted on b o t h  t h e  e a s t e r n  and western  s e c t i o n s  

s imu l taneous ly .  

o p e r a t i o n  due t o  l i m i t e d  work space. 

The f i n a l  work i n  t h e  sou th  s e c t i o n  was conducted as a s i n g l e  

7.3 QUALITY CONTROL 

F i e l d  d e n s i t y  t e s t i n g  was performed t o  i n s u r e  t h a t  t h e  des ign  compaction 

c r i t e r i a  was b e i n g  met. 

ASTM D 1556, sand cone method, and were conducted by P a r r a t t  Wolff, I n c .  

The f i e l d  t e s t s  were performed i n  accordance w i t h  
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P e r i o d i c  t e s t i n g  was performed throughout t h e  c o n s t r u c t i o n  p e r i o d  o f  t he  

c u t o f f  w a l l  and d i ke .  The r e s u l t s  o f  t h e  f i e l d  t e s t s  were compared w i t h  

l a b o r a t o r y  compaction t e s t s  f o r  t h e  same m a t e r i a l  t o  determine t h e  percent  

compaction. The compaction t e s t s  were performed i n  accordance w i t h  ASTM D 

1557, Mod i f i ed  P r o c t o r  d e n s i t y .  

was 95 percent  o f  maximum M o d i f i e d  P r o c t o r  d e n s i t y .  

determined us ing  a “Speedy Mo is tu re  Meter.” An i n i t i a l  comparison was 

performed between t h e  Speedy Mo is tu re  Meter r e s u l t s  and l a b o r a t o r y  oven-dr ied 

mois ture t e s t s .  

F i e l d  and l a b o r a t o r y  d e n s i t y  t e s t  r e s u l t s  a re  shown i n  Appendix 2-B.  

Acceptance c r i t e r i a  f o r  i n -p lace  compaction 

In -p lace  mo is tu re  was 

The r e s u l t s  o f  t h i s  comparison a r e  shown i n  Appendix 2-A. 

The o n l y  major problem i n  o b t a i n i n g  t h e  r e q u i r e d  compaction was when the  f i l l  

m a t e r i a l  was above optimum mo is tu re  by 4 t o  8 percent.  

l i f t  was e i t h e r  reworked o r  removed and rep laced w i t h  d r i e r  f i l l .  

I n  these cases, t h e  

I n  t o t a l  

113 passing t e s t s  were recorded w i t h  an average degree o f  compaction of 96.7 

percent.  

8.0 SUMMARY OF RESULTS AND CONCLUSIONS 

1. I n  a l l  l o c a t i o n s  a long  t h e  South Dike t h e  c u t o f f  w a l l  extends a 

minimum o f  18 inches below t h e  t o p  o f  t h e  gray c l a y  u n i t .  

2. Sand and g rave l  depos i t s  e x i s t s  i n  t h e  brown s i l t y  c l a y  u n i t  and upper 

t r a n s i t i o n a l  s e c t i o n  o f  t h e  gray c l a y  u n i t .  Almost a l l  deposi ts  were 

d r y  and a re  b e l i e v e d  t o  be i s o l a t e d .  

minimum o f  18 inches below any observed sand areas i n  t h e  gray c l a y  t o  

o b t a i n  t h e  e f f e c t i v e  c u t o f f .  

The c u t o f f  w a l l  was extended a 
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3. The compaction o f  t h e  c u t o f f  w a l l  and d i k e  f i l l  m a t e r i a l  e i t h e r  met o r  

exceeded t h e  r e q u i r e d  95 pe rcen t  o f  M o d i f i e d  P r o c t o r  dens i t y .  
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APPENDIX 2-A 

Resu l t s  o f  Laboratory Tes ts  
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GRAVEL SAND SILT- CLAY SOIL BOULDERS 
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b r l n g ( P 1  t )  No. 

Sample No. 

Speclmen No. 

(Depth) (Elcv.) f t .  

C 1 ass I f I c a t  I on : 

Y.GI. (Dish) No. 

No. blows-(LL Test )  

1 

Yet w t .  W t  + glass 

Dry w t .  W, + glass 

128.6 

124.3 

5.7 

127.2 

89 .9  

37 .3  

5.7 

4.3 

125.3 

86.5 

38.8 

4.3 

2 5 6 3 1 4  

+ 
127.9 

123.6 

175.0 

170.5 
133.6 
128.7 

i t .  o f  water ,  Y, I 4.3 4.9 4.5 

170.5 

134.9 

128.7 123.6 

86.5 86.5 Tare w t .  .of glass 

D r y  w t .  Vs 1 35.6 42.2 37.1 

4.3 4.5 
35 .6  37.3 I 38.8 

_ -  
US I 34.5 

w -  
42.2 

12.6% 11.6% 

12.9% 
11.6% 

12 .5% 

1 1 . 1 %  

13.6% 12.2% 12.9% Speedy 12.6% 

Comnents: Comparison Between Speedy Mo is tu re  Meter Date: 

Readings and Actual  Mo is tu re  Readings Technlclan: PJD 



APPENDIX 2-8 

F i e l d  and L a b o r a t o r y  D e n s i t y  T e s t  R e s u l t s  



~~ 

I n-Place 
Dry 

Dens I t y  

113.4 

1 1 4 . 1  

1 1 2 . 9  

~ ~~~ 

Percent 
Compact I on 

95 - 9 
96.4 

95.4 118.3 126.1 1 1 . 7  

Job No. L-83036 COMPACT I@! '  CC':T:\CL R E P O R T  

53 Report  # 
Nuclear Met hod --- 

x Sand Cone Method Mois ture Standard Count 

Bal l o n  Method Dens I t y  Standard Count 

- 
Ter t 
40. 

- 
Date 

Maxi mum 
Lab Dry 
D e n s i t y  

I n-P 1 ace 
Water 

126.7 

126.3 

Locat  I o n  

1 

2 

3 

- 
- 
- 

911 5 S-1345 E-424 Elev. 306.0' 

S-1378 E-424 Elev. 307.0' 

118.3 

118.3 9/15 

911 5 
- 

S-1505 E-424 Elev.  302.0'  

I I 

I 1 I 

c 

1 1 

I I I 
COMMENTS : 

Notes: Dens i t y  .shown: I b s .  pe r  cub ic  foot Precent Compact i on :  Based on maximum 

Uncon'taiiii nated Mat er  i a 1 

Water Content: Percent o f  d r y  weight  d r y  d e n s i t y  o b t a i n e d  o n  sample 
i ndi  cated by m a t e r i a l  mark. 

I * I  



COMPALl I UN CUN I nUL K t r U K I  

Nuc lear  Method 

x Sand Cone Met hod -- M o i s t u r e  Standard  Count 

D e n s i t y  S tandard  Count Bal Ion Method 

I n - P l a c e  

Dens i t y  
D r y  

I n-P1 ace 
Wet Water 

Dens i t y  Conten t  

114.7 13.0 

127.5 11.4 
112.4 18.5 

Maxi mun 
Lab Dry 
Dens i t y 

118.3 

118.3 
118.3 

Test 
40. D a t e  Loca t  ion 

--- 
1 9/19 S-13+82 E-4+26 E l .  306.0' 

2 9/19 S-13+82 E-4+26 E l .  305.0' 

3 9/19 S-14+95 E-4+24 E l .  304.0' 

Percent  
Compact ion 

85.8A 101.5 

114.5 96.7 

94.9 

COMMENTS: Uncontai i i inated M a t e r i a l  - T e s t  / / 2  I s  Re tes t  o f  //I "Test Fa i 1 

Notes:  Dens i ty 'shown:  I b s .  p e r  cubic foot  
Water Content:  P e r c e n t  o f  d r y  we igh t  

P recen t  Compact ion: Based on  maxi mum 
d r y  d e n s i t y  o b t a i n e d  on sample 
i n d i  ca red  by m a t e r i  a1 mark. 



COMPACTION CONTROL REPORT -- -- 

Nuclear Met  hod --. 

x Sand Cone Method 

Bal lon Method 

Moi b t u r e  Standard Count ~ 

Dens i t y  Standard Count 

In-Place Maxirnun I n -P lace  

Densi t y  D e n s i t y  Content Densi t y  
Locat ion Lab Dry Wet Water D r Y  Date 

113.3 9/20 S-13+60 E-4+22 E l .  310.0' 118.3 126.4 1 T.6 
9/20 S-15+40 E-4+24 E l .  307.5' 118.3 126.5 11.4 113.6 

I 

I 
Percent 

Compact i on 

97.1 

98.3 

n- * 
2 1  - ' 
nr CI 
J 2 . L  

95.7 
96.0 

I 

COMMENTS: Uncontaminated M a t e r i a l  - T e s t  //1 i s  retesL o f  113 9/19/83 Test #2 Approx. 10% of 
Materia1)3/4" Notes: Dens i t y  -shown: 1 b s .  per  c u b i c  f o o t  Precent Compact i o n :  Based o n  maximum 

d r y  d e n s i t y  ob ta ined  on sample 
i ndi  cated by rnater i  a1 mark. 

Water Content: Percent o f  d r y  w e i g h t  



COMPACT I ON C0t;THOL RLPORT - 

Nut l c a r  Met hod 

Sand Cone f lethod 
- -_- 
-- 
- B a l  I o n  Method 

Report # 56 

Mois ture  Standard Count 

D e n s i t y  Standard Count 

COMMENTS: Uncontaminated M a t e r i a l :  Test //2 i 3  R e t e s t  o f  #1-9/23 ;:Test Fai l u r e  

Notes: Density.shown: l b s .  per  c u b i c  foot Precent  Compaction: Based on maximum 
Water Content: Percent  o f  d r y  weight  d r y  d e n s i t y  o b t a i n e d  on sample 

i ndi  ca ted  by m a t e r i  a1 mark. 
, .  
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-~ 

r e s t  
Jo. 

~~ 

Da te  
Maximun 
Lab D r y  
D e n s ;  t y  

124.6 
124.6 
124.6 
124.6 
124.6 

I n -P lace  I n-P I ace 
Wet Water Dry 

D e n s i t y  Conten t  D e n s i t y  

133.2 10.7 120.3 
139.8 12.9 123.8 
134.6 13.1 119.0 

134.2 13.2 118.6 
133.5 12.0 119.2 

.Job No. L-83036 

65 Report  # 
Nuc l c a r  Met hod -- 

X Sand Cone Met hod 

Bal  lon Method 

M o i s t u r e  Standard  Count 

D e n s i t y  S tandard  Count 

Locat  ion Percent  
Compact i on 

96.6 
99.4 
95.5 
95.1 
95.7 

1u 10/1 + 2u 10/1 

s-13+80 E-0+42 E l .  318.5' 
S-15+30 E-0+42 El. 310.5' 

3u I10/1 S-15+55 E-4+44 El. 315.0' 
S-16+70 E-3+45 El. 310.5' 

~ 

5-14+60 E-0+40 E l .  312.5' 

, 
. .- I t : I:! 

COMME NTS : Uncontaminated M a t e r i a l  

l i k ) t c b :  Dens i ty 'shown:  l b s .  p e r  c u b i c  foot Precent  Compaction: Based on  maximum 
Water Content:  Percent  o f  d r y  w e i g h t  d r y  d e n s i t y  o b t a i n e d  on  sample 

i n d i c a t e d  by m a t e r i a l  mark. 



COMPACT1 ON CONTROL REPORT Job No. L-83036 

Report # 67 
Nuc lea r  Met h d  

t 

Date 

1 0 / 4  

1 

"Test Fa 

10 /4  

10/4 

l u r e  

10/4 

10 /4  

10 /4  

10 /4  

10/4 

X Sand Cone Method M o i s t u r e  Standard Count 

Ba l  I o n  Method D e n s i t y  Standard Count 

COMMENTS : Uncontaminated M a t e r i a l :  3U Re tes t  of  //2U 10/4/83: 4U Retest  o f  # l U  1014 

Notes: D e n s i t y  .shown: l b s .  per  c u b i c  foot Precent Compaction: Based on maximum 
# l U  Reworked and Dr ied ;  #2U Re-Rol led 

Water Content:  Percent o f  d r y  w e i g h t  d r y  d e n s i t y  o b t a i n e d  on sample 
i n d i c a t e d  by m a t e r i a l  mark. 



COHPACTION CONTROL REPORT 

Nuclear Met hod 

Sand Cone Method 

Bal Ion Method 

+es t Maxi m u n  
No. Date Locat  ion Lab Dry 

Dens i t y 

I l U  ( l O / s  15-16+20 E-0+42 E l .  302.0' I 124.6 

I 

I 

Job No. L-83036 

Report # 68 

Mois ture  Standard Count 

Dens i ty  Standard Count 

I n-P 1 ace 

D e n s i t y  Content Dens i ty  

~ [Yn;r;aie 
Wet Water Percent 

Compact i on 

I 

COMMENTS : Uncontaminated M a t e r i a l  

Notes: Density'shown: l b s .  per  cub ic  foot  Precent Compaction: Based on  maximum 
Water Content: Percent  o f  d r y  weight d r y  d e n s i t y  ob ta ined on sample 

i n d i c a t e d  by m a t e r i a l  mark. 



J O V  I * o .  L- 830jb L O M P A L I I U N  L U N t K U L  K t r U K l  - ~ -  - Report # 
Nuclear Met hod - .- 

X Sand Cone Method 

Bal I o n  Method 

Moi s t u r e  Standard Count 

D e n s i t y  Standard Count 

1 Maxi m u n  
Lab Dry  
Dens i t y 

124.6 

124.6 

In -P lace  

D e n s i t y  Content 

128.0 

Water 

134.4 11.8 

I n-Place 

D e n s i t y  
D r Y  Locat ion Percent ' 

Compact ion 

go.o* 

96.5 
96.6 

87.2" 

S-14+46 E-0+40 E l .  3 1 G . O '  

S-16-1-68 E-3+30 E l .  313 .0 '  

112.1 

120.2 

120.3 

108.7 

5-16+20 E-4+35 E l .  314.0' 

S-14+46 E-0+40 E l .  32G.0' 

1 2 4 . 6  

124.6 

134.9 12.1 

130.4 + 

I 

t-i 
I I I$cTes t Fa 

COMMENTS: Uncontaminated M a t e r i a l  / /1U Reworked & d r i e d  r e t e s t  t aken  10/6 # 4 U  Then l i f t  w as 

Notes: Densi ty-shown:  I b s .  p e r  c u b i c  foot Precent Compact ion:  Based on maximum 
taken  out 

Water Content: Percent  of d r y  we igh t  d r y  d e n s i t y  obta ined on sample 
i nd i c a t e d  by mater i a1 mark. 

. .  



10/7  

l O / 7  

10 /7  

1017 

10 /7  

S-15+35 E-4+42 E l .  319.0' 

S-14+00 E-4+43 E l .  3 1 9 . 5 '  

S-16+68 E-3+50 E l .  3 1 4 . 5 '  
s-16+68 E-3+50 E l .  3 1 4 . 5 '  
S-15+00 E-0+42 E l .  3 0 3 . 0 '  

1 I I "Test Fa 

I 

COHFACT I ON CONTROL REPORT _--.- 

Nuc l c a r  Met hod _--- 
x Sand Cone Method -- .-- 

Bal Ion Method 

Moi s t u r e  Standard Count 

D e n s i t y  Standard Count 

1 Maxi mun 
Lab Dry  
D e n s i t y  

I n-Place 
Dry 

Dens i t y  

In -P lace  
Water Locat i o n  I Percent 

Compact i o n  
, Da te  

124.5 

124.5  

124.5 
124.5 

-- 
98.7 

9%. 9 

8 q - q . .  

96.7 

.'. 

96.1 

97.2 

96.7 

122.3 

119.4 

106..4 
120.4  

121.6 14. 

124.5 

124.5 

133.8 1.1 .8 

136.7 

135.2 

119.7 
121 -0 I 6U 1 l O / 7  I S-13+85 E-0+46 E l .  3 2 1 . 5 '  

124.5 120.4 

124.5 134.8 I 12.2 120.1 96.5 1 

! ==l I I I  I '  

F 
1 

COMMENTS: Uncontaminated Material: T e s t  //3U Reworked 6 Ro l led  Retest  //4U lO/7  

Notes: D e n s i t y  -shown: 1 bs. per  c u b i c  f o o t  Precent Compact i on :  Based on maximum 

Water Content: Percent o f  d r y  w e i g h t  d r y  d e n s i t y  o b t a i n e d  o n  sample 
i n d i c a t e d  by m a t e r i a l  mark. 



I n - P l a c e  
Wet 

D e n s i t y  

In-Place 
Water Dry 
Content D e n s i t y  

136.5 13.2 I 120.6 
10/10 

10/10 

~~ ~~ ~~~ 

S-16+71 E-3+30 El. 317.0' 124.5 
S-14+45 E-O+44 El. 319.0' 124.5 

134.2 
133.9 

12.4 119.4 
11.9 119.7 

10/10 

10/10 

S-l5+lO E-4+43 El. 321 . O '  

5-16+80 E-0+60 El. 304.0' 
135.6 
130.6 

13.1 119.9 
1 1 . 1  117.6 

COMPACT I ON CQNTROL REPORT 
_I. --. - 

Nuclear Met hod 

x Sand Cone Method Mo is tu re  Standard Count 

Ba1 l o n  Method D e n s i t y  Standard Count 

Maxi m u n  
Lab Dry 
Dens i t y  

Locat  ion Percent 
Compact i o n  

Date 

lO/lOl S-15+30 E-4+40 El. 32G.0 '1  124.5 137.7 I 12.5 1 122.4 98.3 
1O/lOl S-13+65 E-0+40 El. 324.0'1 124.5 96.9 

95 - 9 
96.1 

I L 

124.5 
124.5 

96.3 
94.4;k 

, 

I 
I 

1 I 

,- .L COMMENTS: Uncontaminated M a ~ p l - i a l :  / 6 U  I r c  r o l l e d  & no r p t p 5 t  r p a , j i r p d  

Notes: Densi ty 'shown: l b s .  pe r  cub ic  foot  Precent  Compact i o n :  Based o n  maximum 
Water Content:  Percent  o f  d r y  weight  d r y  d e n s i t y  ob ta ined  on sample 

i n d i c a t e d  by m a t e r i  a1 mark. 



CO t1 PACT -. -- 

r e s t  
40. 

PU 

2U 

3U 

4U 

5U 

I ON 
-. - 

Maximun In -P lace  I n-Place 

D e n s i t y  D e n s i t y  Content D e n s i t y  
Date Loca t i o n  Lab Dry Wet Water Dry 

40/11 S-16+55 E-0+55 E l .  3 0 5 . 5 '  124.5 123.7 11.9 110.5 

10/11 S-16+55 E-0+55 E l .  3 0 5 . 5 '  1 2 4 . 5  134.8 12.1 120.2 

12.5 119.9 10/11 S-14+80 E-0+42 E l .  319.0' 1 2 4 . 5  134.9 

10/11 S-14+20 E-0+46 E l .  320.5 '  124.5 135.5 12.2 120.8 

10/11 S-16+70 E-3+05 E l .  3 0 4 . 5 '  124.5 134.0 ' 11.9 119.7 

CONTROL REPORT 

Nuc Ic.,ir Met hod -_ .- 

x Sand Cone Method Moi s t u r e  Standard Count __- 

851 l o n  Method Dens i t y  Standard Count 

Percent 
Compact i o n  

88. a?: 
96.6 

96.3 

97.0 
96.2 

96.6 

96.2 

COMMENTS: Uncontaminated M d l c ~ t - i , i l ;  //1U Re-worked and R o l l e d  Retest  10/1 1 //2 

Noteb: D e n s i t y  -shown: l b s .  pe r  c u b i c  f oo t  Precent  compaction: Based on maximum 
Water Content: Percent o f  d r y  we igh t  d r y  d e n s i t y  ob ta ined  on sample 

i nd i  ca ted  by m a t e r i  a1 mark. 

. a  , . . . . .. - 



COMPACT I ON CONTROL REPORT - I_------ 

- -  Nuclear Met hod 

x Sand Cone Method 

Bal l o n  Method 

M o i s t u r e  Standard Count 

D e n s i t y  Standard Count 

COMMENTS: Uncontaminated M a t e r i a l :  IlU L i f t  Removed - No Retest  "Test Fai lure 

Notes: D e n s i t y  .shown: I b s .  p e r  c u b i c  f o o t  Precent Compaction: Eased o n  maximum 
Water Content: Percent o f  d r y  we igh t  d r y  d e n s i t y  ob ta ined  o n  sample 

i n d i c a t e d  by m a t e r i a l  mark. 

, -  - - -I ... 



Job No. L-83036 

Report # 7 4  

COMPACTION CONTROL REPORT 

Nuclear  Met hod 

Sand Cone Method 

Bal Ion Method 

Moibture Standard Count 

Dens i ~y Standard Count 

Maxi m u n  
Lab Dry  Wet 
Dens i t y  D e n s i t y  

I n-P I ace I n-P 1 ace 

Dens i t y  
Dry  

Test  
No. Date Locat ion 

1U 10/17 s-16+70 E-2+05 E l .  302.0' 

Water 
Content 

Percent 
Cornpac t i on 

124.5 1 -1295 114.5 
2U -10/17 S-)6+70 E-2+00 E l .  302.0' 

3U 10/17 S-16+67 E-2+25 E l .  306.0' 

95.5 1 118.9 
119.8 
119.5 4U lO/l7 s-16+72 E-2+00 E l .  302.5' 

i- 
I 

I + "Test Fa I 1 ed 

COMMENTS Uncontaminated M a t e r i a l :  Test #lU - L i f t  removed 

Notes: Densi ty 'shown: l b s .  per  c u b i c  foot Precent Compaction: Based on  maximum 
Water Content: Percent o f  d r y  w e i g h t  d r y  d e n s i t y  o b t a i n e d  o n  sample 

i ndi cated by m a t e r i  a1 mark. 



COMPACT I ON C O N T R O L  REFORT --- 

Nut l e a f  Met hod -- 
x Sand Cone Method Moi s t u r e  Standard Count 

D e n s i t y  Standard Count Ba 1 Ion He t hod 

~ ,,,.I-- Locat  ion 
In-Place 

Wet 
D e n s i t y  

I n-P 1 ace 

Dens i t y  
D r Y  

Maxi m u n  
Lab Dry 
Dens i t y 

Water 
Content 

Percent 
Compact i o n  

76.5" 
96.4 

"/ 

10/18 S-13+58 E-4+42 El. 324.0' 124.5 
lO/ l8  S-15+75 E-4+35 E l .  323.0' 124.5 

9 c 1  - b.. 

17.6 
12.2 

112.0 
134.6 

95.2 
120.0 
1 1 7  Q 

I ." 
l0/18l S-16+55 E-4+43 El. 321.0'1 124.5 128.4 17.7 109.1 87.6n - 

4 9 -  r 
I ,L.  J 

128.0 

-w4-- 
4 . 1  9 
I I .  .,, 
1 1 1 . 1  

1 -  n 
I,,., 

15.2 

I 

I '  

t- 
- 

I 1 I "Test Fa I ed 1 
COMMENTS: 

Notes: Dens i t y  -shown: 1 bs .  pe r  cubic  foo t  Precent Compaction: Based on maximum 

Uncontaminated M a t e r i a l :  / /1U L i f t  Reworked (Retest  10/19 1 2 U ) ;  //4u Rerol  l ed  & 

reworked (Re tes t  l O / l 9  / /4U) ;  //7U R e r o l l e d  & reworked (Retest  10/19 17U)  

Water Content: Percent  o f  d r y  weight  d r y  d e n s i t y  ob ta ined  on sample 
i n d i c a t e d  by m a t e r i a l  mark. 



T e s t  
No. 

1U 

2U 

~~ 

Date Locat i o n  

lO/l9 S-l5+2O E-0+40 El. 316.0' 
l0/19 S-1368 E-4+42 El. 324.0' 

3U 

4U 

10/19 S-1665 E-4+43 El. 321.0' 

10/19 S-16+70 E-3+05 E l .  320.5' 
- ~ 

127.8 

134.9 

~~ ~ 

13.9 112.2 

13.2 , 119.2 

COMPACTION CONTROL REPORT ---- 

Nuclear Met hod 

Sand Cone Method 

Bal lon Method 

Mo is tu re  Standard Count 

D e n s i t y  Standard Count 

Maxi mun 
Lab Dry  
Dens i t y  

124.5 

124.5 

I n -P lace  
Wet 

Dens i t y  

132.7 
134.2 

I n-P I ace 
Dry 

Dens i t y  

116.0 

Percent 
Compact ion 

93.2s; 

95.1 

Water 
Content 

14.4 
13.4 118.3 

124.5 136.3 I 13.4 I 120.2 96.5 
124.5- 

124.5 

1 I I ;'Test Fai  ed h 
r e t e s t  o f  #4u -10118; #4u r e t e s t  o f  H ~ u  10118; #2U r e t e s  

(Retest #7U 10/20) 
Notes: Dens i t y  -shown: l b s .  pe r  c u b i c  foo t  

Water Content: Percent o f  d r y  we igh t  

Precent Compact i o n :  Based o n  maximum 
d r y  d e n s i t y  o b t a i n e d  on sample 
i n d i c a t e d  by m a t e r i a l  mark. 



I n-P 1 ace 
Dry 

Dens i t y  
Percent 

Compaction 
Date 

1 0 / 2 0  

1 0 / 2 0  

Locat i o n  

S-13+90 E-O+38 E l .  3 2 4 . 5 '  

S=16+10 Eb4+43 E l .  1 2 3 . 0 '  

I 

"Test Fa l e d  

Job No. L -63336  

Report # 77 
Nuc I e a r  Met hod 

Sand Cone Method 

Bal I o n  Method 

X Moi s t u r e  Standard Count 

D e n s i t y  Standard Count 

In-Place 
Water 

Maxi m u n  
Lab Dry 
Dens i t y  

P 134 .7  I 12.0 
1 

124 .5  

124 .5  I 2u 1 3 5 . 1  I 12.2 

10 /20  S- i5+20 E-0+40 E l .  316 .0 '  

1O/20 S-14+83 E-4+40 E I .  3 2 3 . 0 '  

1 2 4 . 5  1 3 5 . 1  

133 .8  124.5 118 .5  95.2 
1 

4 ?5!U 5 2!;'e F ! .  3 ! d . Z '  
1 0 / 2 0  S-15+30 E-O+46 E l .  3 1 7 . 5 '  

1 1 7  nl  " 

124.5 136.0 

135 .1  1 2 . 7  

121 .3  

1 2 4 . 5  1 0 / 2 0  S-16+70 E-3+05 E l .  3 7 0 . 5 '  

1 0 / 2 0  S-17+05 E-3+47 E l .  3 2 3 . 0 '  
_- --- 
-~ 124.5 132 .4  I 1 4 . 0  

I I 
I 

I- 
t 1 

E 
COMMENTS: Uncontaminated Matc. r id , l :  :'90;:, Coitipact i o n  Required 

hclteb: Densi ty-shown: I b s .  per  c u b i c  foot  Precent Compaction: Based on maximum 
Water Content: Percent o f  d r y  w e i g h t  d r y  d e n s i t y  ob ta ined  on sample 

i n d i c a t e d  by m a t e r i a l  mark. 



I n-Place 
Wet Water 

Dens i t y  Content 

142.1 17 .6  
* ? O  * .I- , 
L". 1 I > .  I 

139.2 12.7 

I n-P I ace 

Dens i t y  

176.7  

Dry 

- 4 ,  1 
I I , . >  

123.5 

4U 

5u 
10/21 S-16+75 E-3+15 E l .  3 2 1 . 5 '  
10/21 S-16+70 E-1+20 E l .  299.0'  

1 3 4 -  9 
134.7 

135.6 

134.7 

11.3 120.6 

- 1 1 . 9  120.4 

11.3 121 - 8  
12.6 119.6 7U 

8U 

10/21 S-16+70 E-1+20 E l .  j 0 0 . 0 '  

10/21 S-16+70 E-1+30 f l .  301.0'  
-- - 

-. --- 

- Nuc l c a r  Met hod 

X Sand Cone Method 
-. - M o i s t u r e  Standard Count 

D e n s i t y  Standard Count Bal I o n  Method 

1 Percent 
Compact i o n  

Maxi mum 
Lab Dry 
D e n s  i t y 

124.5  * 
124.5 

Locat i on  

+I 
99.2 

124.5 

124.5 

1 2 4 . 5  6U I10 /21(S-14+70 E-4+35 E l .  325.5 '  

124.5  

124.5 97.6 I 
I 

COMflENTS:  Uncontaiiiindtt.d P l , l i c  I 1 . 1 1 :  ~ ~ D c * r w l e s  Test F d i l e d :  T e s t  //2U Kero l  l e d ,  no r e t e s t  needt 

Rote>: Densi ty.stmwn: I h .  per c u b i c  foot Precent Compact i o n :  Based on maximum 
//2U - 90% C O I I I ~ , I L I  iori I cqu i  r e d  

d r y  d e n s i t y  ob ta ined  on sample 
i n d i c a t e d  by m a t e r i a l  mark. 

Water Content :  Percent o f  d r y  w e i g h t  



Job KO. i - b393t ,  

Maximum 
Lab Dry 
Dens i t y  

I n - P l a c e  
Wet 

Dens i t y  
Water 
Content 

I n-P 1 ace 

Dens i t y  
Dry 

Test 
No. 

1 u  

2u 

3u 
4u 

5u 
6u 

Date 

10 /2  

10 /2  

10 /2  

10/2 

1 0 / 2  

1012 

Report # 79 

Moisture Standard Count 

-- -_ Nuclear Met hod 

Sand Cone Method 

BJl Ion  Method 

-- 
Densi ty  Standard C o u n t  1 

Locat ion Percent  
Compact ion 

S-16+73 E-1+02 E l .  3 0 6 . 5 '  1 2 4 . 5  I 1 3 4 . 1  1 1 . 3  I 1 2 0 . 5  96.8 

S-16+75 E-3+00 E l .  3 2 1 . 5 '  1 2 4 . 5  I 139.7  1 1 . 4  I 1 2 5 . 4  1 0 0 . 7  

S-15+20 E-0+40 E l .  3 2 2 . 5 '  

S-16+65 E-0+80 E l .  3 1 4 . 5 '  
97-  9 

97.4  
S-16+75 E-2+10 E l .  3 1 5 . 0 '  1 1 . 5  I 1 2 1 . 3  97.4 1 2 4 . 5  135 .2  

118.6 L 95 - 2 

t -+ -A= ---I-- 
+ 

I 1 

--I--- 

---!-- I 

,-----r-- 



COMPACT I ON CONTROL REPORT Job No. L-83035 

Report # 81 
x Nuclear Method 

- M o i s t u r e  Standard Count Sand Cone Met hod 

Bal l o n  Method D e n s i t y  Standard Count 

In -P lace  
Wet Water 

Dens i t y  Content 

Maxi mun 
Lab Dry 
D e n s i t y  

I n-Place 
Dry Percent 

Dens i t y  Compact i o n  

122.2 98.1 
115.3 95.0 
128.3 

118.4 95.1 
122.5 98.4 
120.7 97.0 

103.0 . .  

.- 

Locat i o n  Date 

10/31 

1 Of 31 
I0/31 

10/31 

10/31 

- 
- 

- 

S-16+72 E-1+52 El. 315.0' I 124.5 136.6 
130.2 

143.0 

133.4 
137.1 
135.2 S-16+75 E-2+01 E l .  320.0' 124.5 

I 

COMMENTS : 

Notes: D e n s i t y  -shown: l b s .  pe r  c u b i c  f o o t  Precent  Compaction: Based on maximum 
Water Content: Percent o f  d r y  we igh t  d r y  d e n s i t y  ob ta ined  on sample 

i n d i c a t e d  by m a t e r i a l  mark. 
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COMPACT1 ON CONTROL REPORT 

Nuc lea r  Method 

x Sand Cone Method 

Ba l  Ion Method 

M o i s t u r e  Standard  Count 

Dens i t y  S tandard  Count 

I n-P 1 ace 
Dry 

Dens i t y  

119.2 

121.2 

119.3 
120.0 

121.7 

120.2 

119.8 

121.8 

Percent  
Compac t i on 

95.8 

95.8 

97.8 

96.5 
96.2 

97 .? 

97.3 

96.4 

COMMENTS: Uncontaminated M a t e r i a l  

Notes: D e n s i t y  -shown: l b s .  p e r  c u b i c  f o o t  Precent  Compaction: Based on  maximum 
Water Conten t :  Pe rcen t  o f  d r y  w e i g h t  d r y  d e n s i t y  o b t a i n e d  o n  sample 

i n d i c a t e d  by m a t e r i a l  mark .  

. . - -. . . . . . ...  I ,  . 



COMPACT I ON CONTROL REPORT 

I n-P I ace 
Wet 

D e n s i t y  

141.5 

135.4 
129.9 

134.3 
138.0 

I n-P lace  
Water D r y  
Content D e n s i t y  

12.8 125.4 

12.6 120.2 

13.8 114 .1  

12.2 119.7 

12.4 122.8 

2u. 1 1 /2 

3u 11/2 

4u 11/2 

' S U  11/2 

- 

Nuc lea r  Met hod 

X Sand Cone Method M o i s t u r e  Standard  CounL 

Ba l  lon Method Dens i t y  S tandard  Count 

IT- 1u 1112 

I Maxi m u n  
Lab Dry 
D e n s i t y  

Locat  ion Percent  
Compact i o n  

~~ 

124.5 

8.6 

S-16+67 E-2+35 El. 320.0' 
~~ 

S-16+10 E-4+40 E l .  325.0' 

S-16+95 E-2+83 E 1 .  322.0' 

S-16+66 E-1+20 El. 320.5' 

S-16+30 E-4+43 El. 325.5' 

124.5 

124.5 

124.5 

124.5 

E 
I I 

. 

C0MMENTS:Uncontaminated M a t e r i a l :  Trst  H? 90 2 b m n a r t  inn ~ p n t l i  r p d  

Notes: D e n s i t y  'shown: 1 bs. p e r  c u b i c  f o o t  P r e c e n t  Compact i o n :  Based on maximum 
Water Con ten t :  Percent o f  d r y  w e i g h t  d r y  d e n s i t y  o b t a i n e d  o n  sample 

i n d i c a t e d  by m a t e r i a l  mark.  
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COMPACTIOh 
TEST REPORT 

m 
1 1-1 PROCTOR, METHOD 

SOIL CL ASSlFlCAT ION 4? 
OPTIMUM MOISTURE CONTENT 

Ic;. 7 o/o 

SAMPLE NO I 1  
MOLD t SAMPLE W T  

M O L D  WEIGHT 
-- 

WET SAMPLE WT 

WET DENSITY, .P.CF 

. .  MOISTURE CONTENT 5. G 
DRY DENSITY,  PC.F 

I ! . . l I .  . c  

I I 1 I I -- I - 
I 

- 

I 
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m 
1 1 [s] PROCTOR, METHOD 

SOIL CL A S  SIF I C AT I ON 3tt- 
OPTIMUM MOISTURE CONTENT 

9.4 O/O 

MAXIMUM DRY DENSITY 

WATER - CONTENT, o/o OF D R Y  ' W E I G H T  I 
I 

-- I - t - - - t - -  I 
SAMPLE N O  

MOLD t SAMPLE WT /5Yc / L . / O  /6./.?? 
MOLD WEIGHT 

WET SAMPLE WT 

WET DENSITY, PCF 

I i 

I 
1--- I 

MOISTURE CONTENT 6.L 
DRY DENSITY,  PCF I21.4 1dq.q  12~l.c IZ/.CI f-- ' 

SOIL LOCATION -- - - __ _-__ 
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I-{ PROCTOR, METHOD 
MOOIF I E D 

SOIL CLASSIFICATION 3k 
OPTIMUM MOISTURE CONTENT 

4.s O/O 

MAXIMUM DRY DENSITY 

124.5 PCF 

a c c o  dc, 0 ce w IM 
REMARKS ?e{&ft+ltd 14 

AS-i-vvl3 - 1557 

~~ 

SAMPLE NO I 

WET SAMPLE WT 

olj  

(c 5 I G  I 2  I4 

- I 
- t' --I-.- I 

WATER CONTENT, O/O OF DRY WEIGHT 
I 

--I I i I 
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1 c .-y O/O 
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MOLD t SAMPLE WT 

MOLD WEIGHT 

WET SAMPLE WT 

WET DENSITY, P.CF /d/. 
MOISTURE CONTENT ,' 7 

DRY DENSITY, P.C.F 11..Y 

WATER CONTENT, O/o OF DRY WEIGHT 
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OPTIMUM MOISTURE CONTENT 
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MAXIMUM DRY DENSITY 
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MOLD t SAMPLE W T  /5. %5? 
MOLD WElGHT //. 5-5 
WET SAMPLE WT 9 33 
WET DENSITY, P.CF I i29. Y 
MOISTURE .CONTENT I L.A< 
DRY DENSITY, P.C.F /dL G 

b 8 10 12 14 

WATER CONTENT, O/o OF DRY WEIGHT 
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I 

FISHER RO LAST SYWACUSt N Y I3U5) 
CONTRACT NO 



VOLUME 3 

INTERIM CAP CONSTRUCTION 

AND 

PERMEABILITY TESTING 

AUGUST-OCTOBER 1984 



TABLE OF CONTENTS 

1 .o 
2 .o 
3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

INTRODUCTION 

BACKGROUND 

AVAILABLE INFORMATION 

CLAY CAP MATERIAL 

CLAY CAP CONSTRUCTION 

QUALITY CONTROL AND LABORATORY TESTING 

6.1 General 
6.2 Compaction Control 
6.3 Moisture Control 
6.4 C1 a s s i f i c a t i o n  
6.5 Permeabili ty Testing 

6.5.1 Background 
6.5.2 Undisturbed Sample Testing 
6.5.3 Laboratory Compacted Sample Testing 
6.5.4 Summary o f  Test Results 

6.6 Strength Testing 

INSPECTION OF INTERIM COVER 

SUMMARY 

REFERENCES 

Page 

1 

- 

3 

4 

5 

7 

9 

9 
9 

10 
10 
11 

11 
11 
1 2  
13 

14 

15 

1 6  

17 

3-i i 



3-1 

3-2 

3-3 

3-4 

3-1 

3-2 

3 -3 

3-4 

3-5 

3-6 

3 -A 

3-B 

3-c 

3-D 

3 4  

TABLES 

Percent Moisture Test Results - Field Density Tests 

Permeabi 1 i ty Test Resul t s  - Undi sturbed Samples 

Permeabil i ty Test Results - Laboratory Compacted Samples 

Strength Test Results - Laboratory Compacted Samples 

FIGURES 

Interim Cover 

General Site and  Vicinity Plan 

Interim Cover Sections 

Borrow Area Locations 

Classification Test Results 

Permeabi 1 i ty Test Resul t s  

APPENDICES 

Field Density Tests 

Proctor Test Results 

Boring Logs, BP-N, BP-NW, BP-SW, BP-S, BP-SE 

Permeabi 1 i ty Test Resul t s  

Strength Test Results 

3-i i i 



1 .o INTRODUCTION 

Volume 3 of the Post-Construction Report contains the resu l t s  of the remedial 
construction a c t i v i t i e s  associated w i t h  the placement of the f i r s t  sections of 
the interim cap a t  the Niagara Fal ls  Storage S i t e  (NFSS). 
objectives of the interim cap are  t o  exclude surface water from the contained 
waste and t o  provide a bar r ie r  to  radiation and radon emanation. The interim 
cap design consists of a sur f ic ia l  layer covering an impervious clay blanket. 
The surf ic ia l  layer ,  which i s  a 1.5 f e e t  thick seeded topsoil layer,  ac t s  as a 
protective cover f o r  the lower clay layer. The lower clay layer ,  which i s  the 
principal barr ier  against  moisture i n f i l t r a t i o n  and radiation emanation, 
consists of 3 f e e t  of compacted clay s o i l .  The interim containment system was 
designed to  provide a m i n i m u m  expected useful l i f e  of 25 years. 
the functional and design concept of the interim cap are  contained i n  the, 
"Waste Containment Design Report for the Niagara Fa1 1 s Storage S i te , "  
(Reference 1 1. 

The functional 

Details of 

The specific work performed for  the interim cap between August and October, 
1984 was the placement of the clay layer i n  the northern section of the waste 
containment area. The boundary limits of the work performed to  date are shown 
on Figure 3-1. A general s i te  and vicini ty  plan a re  shown on Figure 3-2. 

Listed below are  the e n t i t i e s  involved w i t h  the placement of the clay cap. 

Department of Energy: Owner 

Bechtel National , Inc. : Project Management Contractor: Interim cap 
design, construction inspection and management. 

Cowper Construction Company, Inc.: Construction (placement and 
compaction) o f  interim cap. 
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Empire S o i l s  I n v e s t i g a t i o n ,  Inc. :  
c l  ay mater i  a1 . 

Laboratory  and in -p lace  t e s t i n g  o f  

Eber l ine,  Inc.  : On-si te r a d i o l o g i c a l  survey and r a d i o l o g i c a l  sa fe ty  

f o r  a l l  s i t e  personnel. 

I n  a d d i t i o n  t o  the  r e s u l t s  of t h e  c o n s t r u c t i o n  a c t i v i t i e s ,  a l s o  contained i n  

t h i s  volume o f  the  Post C o n s t r u c t i o n  Report are the r e s u l t s  o f  a l a b o r a t o r y  
t e s t i n g  program o f  the  c l a y  m a t e r i a l .  

samples taken from the  d i k e  and c u t o f f  w a l l  (see Volumes 1 and 21,  and on 
d i s t u r b e d  samples o f  t h e  c l a y  cap m a t e r i a l .  The t e s t i n g  program inc luded 

g r a i n  s i z e  analys is ,  A t t e r b e r g  l i m i t s ,  s p e c i f i c  g r a v i t y ,  p e r m e a b i l i t y  and 
conso l ida ted  undrained t r i a x i a l  compression t e s t s .  The major emphasis o f  t h e  

t e s t i n g  program was t o  c o n f i r m  p e r m e a b i l i t y  values t h a t  were assumed i n  the 
des ign o f  the i n t e r i m  cover. 

i n  Sect ion 6.0. 

Tests were conducted on undis turbed 

The r e s u l t s  o f  the  t e s t i n g  program are  discussed 
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2.0 BACKGROUND 

The c o n s t r u c t i o n  o f  the  waste containment cover i s  the  f i n a l  stage o f  the  
containment system planned f o r  NFSS. E a r l  i e r  work on the  c o n t a i  nment system 
c o n s i s t e d  o f  c o n s t r u c t i n g  a s e r i e s  o f  c u t o f f  w a l l s  and d ikes surrounding the  

waste containment area. 
1 and 2, was completed d u r i n g  1982 and 1983. The d i k e  and c u t o f f  w a l l  was 
designed t o  p rov ide  an e f f e c t i v e  b a r r i e r  aga ins t  m i g r a t i o n  o f  ground water 
i n t o  t h e  containment area, and t o  p revent  ground water from m i g r a t i n g  from the 

enclosed area. 

The e a r l i e r  work, which i s  discussed i n  Volumes 

One o f  the  major f u n c t i o n s  o f  t h e  c l a y  cap i s  t o  exclude sur face water from 

e n t e r i n g  t h e  conta ined wastes. 
s p e c i f i e d  t o  be a 1ow.permeab i l i t y  l a y e r  extending beyond the  l i m i t s  o f  the 
dike.  A t y p i c a l  s e c t i o n  o f  t h e  i n t e r i m  cap i s  shown i n  F igure  3-3. The 
design p e r m e a b i l i t y  o f  the c l a y  cap i s  1 x loe7 cm/sec (Reference 1 ) .  

To accompl i sh t h i s  task the  c l a y  cover was 
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3.0 AVAILABLE INFORMATION 

The detai ls  regarding the design of the interim cap are contained in the, 
"Waste Containment Design Report f o r  the Niagara Falls Storage Si te ,"  by 

Bechtel National, Inc. (Reference 1) .  Reference 1 also contains the design 
details  of the cutoff wall and dike. 
ac t iv i t ies  associated w i t h  the cutoff wall and dike are contained i n  Volume 1 
and 2 of the Post-Construction Report. Volume 1 deals w i t h  the R-10 dike and 
cutoff wall , which is  the northern section, and Volume 2 deals w i t h  the South  
dike and cutoff wall. 

A description of the construction 
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4.0 CLAY CAP MATERIAL 

The material specification requirements for  the clay cap material were as 
follows: 

o The plast ic i ty  index shall be not  less  t h a n  10 nor more than 20 

o The liquid l imit  shall be n o t  less  than 30 nor more than 50 

o Gradation: 3/4-inch-l00% passing 
No. 200 Sieve-80% passing. 

These specification requirements were selected t o  achieve a material , which 
when compacted, would have a permeability of less  t h a n  1 x lom7 cm/sec. In 
a d d i t i o n ,  a material w i t h  a low plast ic i ty  was selected t o  minimize the 
shrink/swell potential due t o  any moisture content flucation of the clay 
soi l .  To further reduce the potential for  shrink/swell, and t o  o b t a i n  the 
required permeability a compaction requirement of 95 percent of  modified 
proctor maximum density (ASTM D 1557) was specified. A moisture c r i t e r i a  of 1 
t o  3 percent above optimum moisture was also established. 

. 

The material that  was used for  the clay cap was taken from local off-s i te  
borrow areas. The material used a t  the s t a r t  of the work was taken from 
adjacent property owned by the Lew-Port School. 
which was used t o  complete the work was taken from a borrow p i t  on Swam Road, 
approximately 1 /2  mile from the s i te .  
areas was transported t o  the s i t e  by truck and end dumped on t o p  of the waste 
pile prior t o  spreading. 
Figure 3. 

The rest  of the material, 

The clay material from b o t h  borrow 

The location of the two borrow areas are shown on 

The clay cap material was a dark brown s i l t y  clay soi l .  The soil i s  very 
typical for  this region f o r  the upper unconsolidated deposits identified as 
the brown clay u n i t .  
u n i t  are described i n  the Geologic Report - Niagara F a l l s  Storage Site 
Lewiston, New York (Reference 2 ) .  The material used i n  the construction of 
the clay cap i s  from the same u n i t  a s  the soil used f o r  the construction of  

The properties and geologic history of this  brown clay 
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b o t h  the cutoff walls and dikes. 
construction period t o  verify compliance w i  t h  the technical specification. 
The t e s t  resul ts  are discussed i n  Section 6 of th i s  report. 
appreciable amounts of sand, gravel, or deleterious matter were found i n  the 
clay material that  material was removed and wasted a t  the borrow areas. 

The clay material was tested dur ing  the 

I f  any 
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5.0 CLAY CAP CONSTRUCTION 

The construction of the clay cap was performed between Augus t  and 
October, 1984. 
under the continuous technical direction of Bechtel National, Inc. The work 
was also monitored on a periodic basis by a geotechnical engineer from Bechtel. 

All work was performed by Cowper Construction Company, Inc. 

The work, i n  general , consisted of placing approved clay f i l l  material and 
then compacting the material to  a specified density w i t h i n  the specific 
moisture content range. Compaction requirements f o r  the compacted material 
was a m i n i m u m  of 95 percent of modified proctor maximum density i n  accordance 
w i t h  ASTM D 1557. The technical requirements f o r  the placement of the clay 
cap are contained i n  Technical Specification f o r  Earthwork Construction 
(Interim Cap) , specification No. 14501 -301 -274-01. 

The placement of the clay cap this year was accomplished i n  three phases as 
shown on Figure 3-1. 
directly on the contaminated material ,  was placed by p u s h i n g  the f i l l  ahead.of 
the spreading equipment (dozer) t o  prevent contamination of the equipment. In 
doing  so, i t  permitted the dozer and a l l  other equipment t o  operate i n  the 
waste p i le  area without coming d i rec t ly  i n  contact w i t h  the contaminated 
so i l .  
other contractors t o  90 percent of maximum density (ASTM D 1557). 
l i f t  of the clay cap had a maximum thickness of approximately eight inches. 
After spreading the clay soil  i n  the e ight  inch l i f t  the material was 
compacted t o  achieve the required density. A t  the s ta r t  of the work i n  the 
Phase I area, the contractor elected t o  use a vibrating smooth steel  drum 
r o l l e r  for  compacting the clay s o i l .  However, due to  problems i n  achieving 
the required degree of compaction the steel  drum r o l l e r  was replaced by the 
contractor w i t h  a vibratory tamping foot r o l l e r .  
Ingersoll-Rand model SPF-56. 

The bottom l i f t  of clay material ,  which was placed 

Contaminated soi l  under the clay cap had been previously compacted by 
The i n i t i a l  

The r o l l e r  was an 

After the bottom l i f t  was placed and compacted, succeeding l i f t s  were placed 
u n t i l  the f inal  grade was obtained. All l i f t s  were limited t o  a maximum loose 
thickness of e ight  inches. All l i f t s  were compacted by three or more passes 
of the r o l l e r .  The t o p  l i f t  a t  the end o f  each work day was also rolled w i t h  
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t h e  s tee l  drum r o l l e r  t o  seal the  sur face and m a i n t a i n  the  mois tu re  

c o n d i t i o n .  
s c a r i f i e d  and mois tu re  c o n d i t i o n e d  p r i o r  t o  p l a c i n g  a new l i f t .  

necessary d u r i n g  the c o n s t r u c t i o n  p e r i o d  t o  mois ture c o n d i t i o n  the fill 
m a t e r i a l  t o  o b t a i n  a mois tu re  conten t  w i t h i n  the s p e c i f i e d  range. 
o f  mois ture c o n d i t i o n i n g  v a r i e d  d u r i n g  the  c o n s t r u c t i o n  p e r i o d  depending on 
the  mois ture l e v e l  o f  t h e  f i l l  coming from t h e  borrow area and on weather 
cond i t ions .  Dur ing t h e  major  p o r t i o n  o f  the work i t  was necessary t o  add 
water t o  the f i l l  m a t e r i a l .  
became necessary t o  work the  f i l l  m a t e r i a l  t o  lower  t h e  mois tu re  content .  

Any l i f t  t h a t  had been sealed o r  had d r i e d  on t h e  sur face was 
It was a l s o  

The method 

I t was u s u a l l y  on ly  a f t e r  per iods  o f  r a i n  t h a t  i t  

The t r a n s i t i o n s  between Phase I and Phase 11, and Phase I1 and Phase 111 were 

accomplished by f e a t h e r i n g  the f i l l  o u t  i n t o  the  new area and then p l a c i n g  the 
new f i l l  i n  l i f t s  upon t h e  fea thered edge. The sur face o f  o l d  f i l l  was 

s c a r i f i e d  and wetted, when necessary, p r i o r  t o  the placement o f  the new f i l l .  
This  process was cont inued u n t i l  the  f i l l  h e i g h t  i n  the  new phase matched the  
e x i s t i n g  adjacent f i l l  he igh t .  

The l a s t  stage i n  t h e  c o n s t r u c t i o n  o f  the  c l a y  cap was t h e  f i n a l  grading and 
sur face s e a l i n g  o f  the  upper l a y e r .  
accomplished us ing  a motor grader and dozer u n t i l  t h e  f i l l  h e i g h t  was w i t h i n  
0.1 f e e t  of design grade. The 1.5 feet ,  t h i c k  t o p s o i l  l a y e r  o f  t h e  i n t e r i m  
cap was n o t  placed d u r i n g  t h i s  c o n s t r u c t i o n  season. The t o p s o i l  l a y e r  was n o t  
placed pending a DOE d e c i s i o n  as t o  whether t o  proceed from the  i n t e r i m  cap t o  
t h e  f i n a l  cover ( d e t a i l s  o f  t h e  f i n a l  cover design are conta ined i n  Reference 

1 ). Proceeding w i t h  t h e  f i n a l  cover would have r e q u i r e d  the  t o p s o i l  l a y e r  t o  
be removed, i f  i t  had been placed. 

F i n a l  grading o f  the  c l a y  s o i l  was 

Attached a t  the end o f  t h i s  r e p o r t  are th ree  photographs showing d i f f e r e n t  

stages o f  the c o n s t r u c t i o n  o f  the  c l a y  cap. 
t h e  spreading and compaction o f  t h e  c l a y  m a t e r i a l ;  the  second photograph shows 

a mois ture t e s t  being performed, and t h e  l a s t  photo shows t h e  sur face a f t e r  

be ing sealed w i t h  the  s t e e l  drum r o l l e r .  

Shown i n  the  f i r s t  photograph i s  
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6.0 QUALITY CONTROL AND LABORATORY TESTING 

6.1 GENERAL 

Laboratory and f i e l d  tes t ing  of the clay material were performed t o  verify 
t h a t  the material met the specification soi l  c lass i f ica t ion  requirements, t h a t  
the required degree of compaction was being obtained and t h a t  the compacted 
material had a permeability o f  l e s s  than 1 x l r 7  cm/sec. 
f i e l d  density tes t ing  was conducted by Empire Soi ls  Investigations,  Inc. under 
contract  to  Bechtel National, Inc. Additional f ie ld  moisture tes t ing was 
conducted by Bechtel . 

A l l  laboratory and 

6.2 COMPACTION CONTROL 

Compaction control of the clay cap was maintained by performing a ser ies  of 
f i e l d  density t e s t s  on the compacted s o i l .  
the contractor had indicated t h a t  the compaction i n  t h a t  area had been 
completed. 
by the f ie ld  engineer from Empire Soils Investigations, Inc. The in-place wet 
density was determined us ing  the sand cone t e s t  method i n  accordance w i t h  ASTM 
D 1556, except t h a t  the moisture content of the t e s t  sample was determined 
using the "Speedy Moisture Meter. 'I A correlation between oven-dried moisture 
percentages and Speedy Moisture Meter readings was made pr ior  t o  the s t a r t  o f  

work and repeated d u r i n g  the construction period. 
t e s t ,  the dry density of t h a t  material was calculated and then compared t o  the 
maximum dry density of t h a t  material t o  determine the percent compaction. The 
maximum density of the clay material was determined by performing a se r ies  o f  
modified Proctor t e s t s  i n  accordance w i t h  ASTM D 1557. In order for  any area 
t o  be accepted the in-place density had t o  equal or exceed 95 percent of  the 
maximum density. Those areas t h a t  fa i led  to  obtain 95 percent were rejected. 
Those areas t h a t  were rejecte.d were e i ther  recompacted by additional passes of 
the r o l l e r  or reworked and then recompacted. After proper corrective action 
a l l  areas t h a t  had f a i l i n g  t e s t s  were retested. 
work allowed to  proceed only a f t e r  an acceptable t e s t  r e s u l t  was obtained. 

A specif ic  area was tested a f t e r  

The exact location of the t e s t  was selected e i t h e r  by Bechtel or 

After completing a f i e l d  

A n  area was approved and the 
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F i e l d  dens i ty  t e s t s  were conducted on every 400 cubic  yards  o f  m a t e r i a l  p laced 
as a minimum. I n  t o t a l  81 d e n s i t y  t e s t s  were run  on the compacted m a t e r i a l  
w i t h  an average percent  o f  compaction o f  over 98.0 percent.  

compaction does no t  i n c l u d e  any f a i l i n g  t e s t s  s ince those areas were reworked 
and retested.  

3-8. The data sheets show t h e  t e s t  number, date o f  t e s t ,  l o c a t i o n ,  in -p lace  
d e n s i t y  and mois ture content ,  and the  maximum dens i ty  t h a t  was used t o  
determine the percent  compaction. 
m a t e r i a l  p r i o r  t o  i n i t i a l  placement and then p e r i o d i c a l l y  d u r i n g  the  
c o n s t r u c t i o n  per iod.  T h i s  procedure was r e q u i r e d  t o  v e r i f y  t h a t  the  
compaction t e s t  bes t  represented t h e  m a t e r i a l  be ing p laced a t  a g iven  time. 

The maximum d r y  dens i ty  ranged from 121 t o  128 pounds per  cub ic  f o o t  w i t h  an 

average value of 126 pounds p e r  cub ic  f o o t .  The r e s u l t s  o f  t h e  compaction 

t e s t s  a re  conta ined i n  Appendix 3-6. 

Th is  average 

The f i e l d  compaction t e s t s  r e s u l t s  a re  conta ined i n  Appendix 

Compaction t e s t s  were r u n  on the  borrow 

6.3 MOISTURE CONTROL 

The techn ica l  s p e c i f i c a t i o n  r e q u i r e d  the  mois ture conten t  o f  t h e  c l a y  m a t e r i a l  

t o  be 1 t o  3 percent  above t h e  optimum moisture a t  the  t ime o f  placement. I n  
o r d e r  t o  check the mois ture content ,  d a i l y  t e s t s  were r u n  on the  m a t e r i a l  
p r i o r  t o  compaction. 

o u t s i d e  the r e q u i r e d  range c o r r e c t i v e  a c t i o n s  were taken. 
c o n s t r u c t i o n  i t  was necessary t o  add mois ture t o  the f i l l  m a t e r i a l  u n t i l  the 
des i red  mois ture l e v e l  was obtained. 
con junc t ion  w i t h  the  f i e l d  d e n s i t y  t e s t s  t y p i c a l l y  showed lower  mois ture 

l e v e l s  than those measured p r i o r  t o  placement. Th is  would i n d i c a t e  some 
d r y i n g  due t o  sun and wind a c t i o n  was occur ing d u r i n g  spreading and 

compaction. The degree o f  d r y i n g  depended on the  weather c o n d i t i o n s  and t ime 
between compaction and t e s t i n g ,  b u t  was t y p i c a l l y  around 1 t o  2 percent.  The 
percent  mois ture t e s t  r e s u l t s  from the  f i e l d  dens ty t e s t , a r e  shown on Table 

When t h e  t e s t  r e s u l t s  i n d i c a t e d  t h e  mois tu re  conten t  was 

T y p i c a l l y  dur ing  

The mois ture conten t  t e s t s  performed i n  

3-1. 

6.4 CLASSIFICATION TESTING 

The r e q u i r e d  m a t e r i a l  p r o p e r t i e s  o f  the  c l a y  s o i l  were s t a t e d  i n  Sect ion 4.0. 
To v e r i f y  t h a t  the s o i l  met these requirements c l a s s i f i c a t i o n  t e s t s  ( g r a i n  
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s i z e  d i s t r i b u t i o n  and A t t e r b e r g  l i m i t s )  were run on each compaction t e s t  

sample. 
t h e  s p e c i f i c a t i o n  l i m i t s  and t h e  i n d i v i d u a l  t e s t  r e s u l t s .  

f i g u r e ,  a l l  the t e s t  r e s u l t s  were e i t h e r  w i t h i n  o r  very c lose  t o  the 
speci  f i c a t i  on 1 i m i  t s .  

The t e s t  r e s u l t s  are p l o t t e d  on F igure  3-5. Shown on t h i s  f i g u r e  are 
As i s  shown on t h i s  

6.5 P ERMEAB I L ITY TEST1 NG 

6 5 9 Background 

The s p e c i f i c a t i o n  f o r  t h e  c o n s t r u c t i o n  o f  the  c l a y  cap r e q u i r e s  t h e  m a t e r i a l  
when compacted t o  have an i n - p l a c e  p e r m e a b i l i t y  equal t o  o r  l e s s  than 
1 x cm/sec. I n  o rder  t o  v e r i f y  the p e r m e a b i l i t y  o f  t h e  compacted 

m a t e r i a l  , l a b o r a t o r y  t e s t s  were conducted on both undis turbed Shel by tube 
samples and l a b o r a t o r y  compacted samples. No f i e l d  p e r m e a b i l i t y  t e s t i n g  was 

conducted because the a n t i c i p a t e d  range o f  p e r m e a b i l i t y  values i s  lower  than 
t h e  range t h a t  can be e f f e c t i v e l y  t e s t e d  by normal f i e l d  t e s t .  

Reference 3 i n d i c a t e s  the  lower  end o f  measurable values from f i e l d  t e s t s  are 
between 1 x loe6 and 1 x low7 cm/sec. 

As an example, 

The p e r m e a b i l i t y  t e s t i n g  o f  t h e  compacted c l a y  a l s o  i n c l u d e d  t h e  d ikes  and 

c u t o f f  w a l l  surrounding the  waste p i l e .  The d ikes and c u t o f f  w a l l  were a l s o  
designed f o r  an in -p lace  p e r m e a b i l i t y  equal t o  o r  l e s s  than 1 x cm/sec. 

6.5 2 Undi sturbed Sampl e T e s t i  ng 

The undis turbed Shelby tube samples were taken between J u l y  3 and J u l y  9 ,  

1984. A l l  the samples were taken from e i t h e r  the d i k e  o r  c u t o f f  w a l l .  The 

d r i l l  holes were advanced t o  t h e  se lec ted  sampling depth by r o t a r y  d r i l l i n g  

u s i n g  hol low stem augers. 
d iameter Shel by tube i n t o  the  s o i l .  

process. 
i n  t h i s  f i g u r e  the sampling l o c a t i o n s  were spaced on a l l  s ides o f  the  

enclosure.  
each b o r i n g  are conta ined i n  Appendix 3-C. 

complet ion w i t h  a m i x t u r e  o f  cement, sand, and benton i te .  

The samples were obtained by pushing a 3- inch 
No water was used i n  t h e  d r i l l i n g  

The s i x  sampling l o c a t i o n s  are  shown on F i g u r e  3-1. As can be seen 

The b o r i n g  l o g s  showing the  depth and number o f  samples taken f rom 
A l l  bor ings were grouted upon 
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E i g h t  samples were selected fo r  permeability testing from those collected. Of 
the eight samples tested two were from the dike section w i t h  the remaining six 
coming from the cutoff wall. 
R-10 dike area and the Sou th  dike area. 
because the f i l l  material was from different borrow areas and was placed by 
different contractors over a two-year period. 

An equal number of samples were taken from the 
I t  was important t o  t e s t  b o t h  areas 

The t e s t  procedure t h a t  was used to determine the permeability, i n  general, 
was performed as  follows. The sample a f te r  being extruded and cut from the 
Shelby tube was sealed i n  a rubber membrane and placed i n  a t r i a x i a l  chamber. 
I n  th i s  method, the rubber membrane acts as the outer boundary of  the 
permeameter. 
pressure t o  be applied t o  the membrane and sample, i n  an e f for t  t o  stop any 
leakage along the interface between the sample and the permeameter. In soil 
samples of low permeability i t  i s  extremely important t o  eliminate a l l  leakage 
t o  ensure meaningful t e s t  results. After the sample was sealed i n  the 
chamber, i t  was saturated by applying a back pressure a t  b o t h  ends of the 
sample. The average degree of  saturation of the t e s t  samples was over 99 

percent. 
differential  head t o  i n i t i a t e  flow th rough  the sample. 
measured u n t i l  a steady s ta te  condition was obtained over a 24 t o  48-hour 
period. 
was calculated. 
inch differential  head. 
Appendix 3-D w i t h  a summary shown i n  fable 3-2. 
i s  the t e s t  procedure used by Empire Soils Investigations, Inc. for  
permeability testing. 

The triaxial  chamber i s  used inorder t o  allow a confining 

Upon completion of the saturation, the sample was placed under a 
The flow quant i ty  was 

Once the steady s ta te  condition was obtained the sample permeability 
Each sample was tested a t  b o t h  5 and 10 pounds per square 

The t e s t  resul ts  of the permeability are contained i n  
Also included in Appendix 3-D 

6.5.3 Laboratory Compacted Sample Testi ng 

Permeabi 1 i t y  testing was conducted on 1 aboratory compacted sampl es of the f i  11 
material used for the clay cap. Three sets  of tes ts  were performed, two 
samples were from the Lew-Port material w i t h  the t h i r d  coming from the Swann 
Road so i l .  
samples that  were collected f o r  Proctor testing. 
i n d i v i d u a l  samples were compacted, one a t  approximately 90 percent of  maximum 

The material used for the permeability testing was taken from 
For each se t  o f  t e s t s  two 
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d e n s i t y  and one a t  approximately 95 percent  o f  maximum densi ty .  

o f  t e s t i n g  was se lec ted  i n  o rder  t o  determine the e f f e c t  on the  measured 
p e r m e a b i l i t y  due t o  a v a r i a t i o n  i n  the  degree o f  compaction. 

were compacted a t  1 t o  3 percent  above optimum moisture. 

T h i s  method 

Both samples 

The t e s t  procedure a f t e r  t h e  samples were molded was i d e n t i c a l  t o  t h a t  
p r e v l o u s l y  descr ibed f o r  the  und is tu rbed samples. Again, each sample was 

t e s t e d  under two d i f f e r e n t  d i f f e r e n t i a l  heads, 5 and 10 pounds per  square 

inch.  
over 99 percent.  

and the  sample p e r m e a b i l i t y  was ca lcu la ted .  

conta ined i n  Appendix 3-D and summarized i n  Table 3-3. 

p e r m e a b i l i t y  t e s t  r e s u l t s  p l o t t e d  as a f u n c t i o n  o f  degree o f  compaction. 

The average degree o f  s a t u r a t i o n  f o r  the  compacted samples was a lso  

A f t e r  the complet ion o f  each t e s t  the r e s u l t s  were evaluated 

The t e s t  r e s u l t s  a re  a l s o  

F igure  3-6 shows the 

6.5.4 Summary of Test Resul ts  

A l l  t h e  t e s t  r e s u l t s  i n d i c a t e  t h e  measured p e r m e a b i l i t y  i s  l e s s  than 

1 x cm/sec. The average p e r m e a b i l i t y  o f  a l l  t h e  undis turbed samples 
was c a l c u l a t e d  t o  be 2.80 x cm/sec. and f o r  the l a b o r a t o r y  samples the 
average value was 1.35 x loW8 cm/sec. 
samples was taken from F igure  3-6 a t  95 percent  compaction. 

be concluded t h a t  the in -p lace  p e r m e a b i l i t y  o f  the  c l a y  m a t e r i a l  i n  bo th  the  
d ikes and c u t o f f  wa l ls ,  and the  c l a y  cap i s  l e s s  than 1 x lo-’  cm/sec. 

The average f o r  the l a b o r a t o r y  
Therefore,  i t  can 

It was a l s o  noted t h a t  the  range o f  p e r m e a b i l i t y  values was f a i r l y  c o n s i s t e n t  

between t h e  undis turbed samples f rom the  R-10 d i k e  area and the  South d ike  
area. This  f a c t o r  i s  s i g n i f i c a n t  f o r  severa l  reasons. F i r s t l y ,  i t  tends t o  
i n d i c a t e  t h a t  s l i g h t  v a r i a t i o n s  i n  t h e  m a t e r i a l  and m a t e r i a l  sources had 

1 i t t l e  e f f e c t  on the  p e r m e a b i l i t y  o f  t h e  compacted c l a y  m a t e r i a l  Secondly, 

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  measured p e r m e a b i l i t y  between the 
m a t e r i a l  p laced two years p r i o r  t o  sampling (R-10 d i k e )  and t h e  m a t e r i a l  

p laced one year  p r i o r  t o  sampling. 
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6.6 STRENGTH TESTING 

Strength tes t s  were performed on laboratory compacted samples of the clay 
material. 
the s tab i l i ty  analysis o f  the interim and f ina l  covers. Those values were ( b '  
(effective angle of internal f r i c t ion )  o f  25 degrees and c '  (effective shear 
strength) of 200 pounds per square foot. The t e s t  procedure, which was used 
t o  determine the strength parameters, was a three-stage consolidated undrained 

The tes t s  were performed t o  verify the design parameters used i n  

t r iaxial  t e s t  w i t h  pore pressure meassurements. In  total three sets  of 
samples were tested, two from the Lew-Port material and one from the Swann 
Road material. 
the permeability testing. 

The samples were taken from the same three samples used f o r  
Each sample was compacted t o  a density equal t o  

95 percent of optimum density f o r  tha t  particular sample. 
was maintained a t  1 t o  3 percent above optimum moisture. 

The t e s t  results from the t r iaxial  testing are contained i n  
summarized i n  Table 3-4. As can be seen from the t e s t  resu 
value i s  nearly equal t o  the design parameter of 200 pounds 

he moisture level 

Appendix 3-E and 
t s  the average c '  
per square f o o t  

and the b '  value exceeds the design value of 25 degrees. Therefore, i t  can be 
concluded the slope s tab i l i ty  factors of safety are acutally higher t h a n  those 
reported i n  Section 4.3.2 of the Waste Containment Design Report (Reference 1 ) .  

3-1 4 



7.0 INSPECTION OF INTERIM CAP 

The inspection requirements of f o r  the interim cap are discussed in detail in 
Section 3.3.1 o f  the Waste Containment Design Report (Reference 1 ) .  
commitment i s  made in the Design Report t o  inspect the cap every S p r i n g  
following the l a s t  frost and also in the Fall. 
visual check for surface erosion, shrinkage cracks, animial borrows, and 
deep-rooted vegetation. 
cover would be checked f o r  depressions due t o  possible settlement. 
interim cover will be recompacted or reworked i f  any damage o r  deterioration 
was noted d u r i n g  the inspection. I t  will be very important d u r i n g  the f i r s t  
inspection ( S p r i n g  1985) t o  check for  possible deterioration due t o  
freeze-thaw since the topsoil layer has not  been placed. 

A 

The inspection would include a 

In a d d i t i o n ,  the elevation of the t o p  o f  the interim 
The 

3-1 5 



8.0 SUMMARY 

The in i t i a l  construction of the interim cap was conducted between A u g u s t  and 
October 1984. 
under the technical direction of Bechtel National, Inc. All work was done in 
accordance w i t h  the appropriate specifications and design drawings. 
density tes t s  showed t h a t  the average degree of compaction of 98 percent was 
achieved t h u s  exceeding. the required 95 percent. 
indicated a1 1 required material properties were maintained t h r o u g h o u t  the 
construction period and the permeability of the compacted soil was less  than  
I x cm/sec. 

The work was performed by Cowper Construction Company, Inc. 

Field 

Laboratory tes t s  results 

3-1 6 
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TABLE 3-9 

PERCENT MOISTURE TEST RESULTS 
FIELD DENSITY TESTS 

PROCTOR CODE OPTIMUM MOISTURE RANGE AVERAGE 

b-1 2 11 - 9  10.5 - 15.7 12.2 

b-14 93.9 99.0 - 11.4 11.3 

L-15 92.6 9.2 - 13.3 11.7 

L-16 90.5 10.8 - 14.3 12.4 

Average 11.9 92.0 



TABLE 3-2 

PERMEABILITY TEST RESULTS 
UNDISTURBED SAMPLES 

SAMPLE SAMPLE DEPTH 

BP-SW 

BP-S 

BP-S 

BP-SE 

BP-ME 

BP-NE 

BP-N 

BP-NW 

(FT 1 

18-19.5 

5-6.8 

15-16.4 

18.5-1 9.7 

9.5-11 -4  

3.0-4.5 

15.0-1 7.0 

5.0-6.5 

DRY UNIT 
WEIGHT 

( PCF 1 

117.3 

110.9 

117.0 

119.6 

108.0 

111.3 

103.6 

101.6 

MOISTURE 
CONTENT 

(% 1 

14.7 

18.4 

16.5 

94.9 

20.4 

17.4 

22.4 

24.9 

PERMEABILITY 
8 5psi 8 10 psi 

( x 10-7 cm/sec) 

0 664 0.599 

0.136 0.131 

0.140 0.145 

0 0974 0,0978 

0.252 0.230 

0.409 0.368 

0.498 0.436 

0.137 0.132 



TABLE 3-4 

STRENGTH TEST RESULTS 
LABORATORY COMPACTED SAMPLES 

SAMPLE SOURCE OF DRY UNIT MOISTURE PERCENT b '  C '  
MATERIAL WEIGHT CONTENT COMPACTION 

(PCF) ( %  I ( % I  ( DEGREES ) (PSF) 

1 LEW-PORT #1 116.5 15.5 96 29.5 170 
SAMPLE 10-Au 

2 LEW-PORT #2 125.9 12.4 99 31 .O 300 
SAMPLE 11-AU 

3 SWANN ROAD 122.8 11 -6 96 31.8 115 
SAMPLE 12-AU 

AVERAGE 30.8 195 



APPENDIX 3-A 

FIELD DENSITY TESTS 

o General Notes 

o Tes t  Results 



NOTES: 

1 .  Field density t e s t s  marked "Contaminated Pi le"  refers  t o  
contaminated soi l  i n  the R-10 waste pile below the clay cap. 

2.  F i e l d  density tests marked "Clay Cap" re fers  to  uncontaminated 
so i l  used t o  construct the clay cap. 

3. Test reports prior to  Report No. DT-37 do not include any t e s t  
r e s u l t s  on the clay cap. 
on the clay cap was Test No. 35u. The l a s t  f i e l d  density t e s t  
was Test No. 147U. 

The f i rs t  f i e l d  density t e s t  conducted 



FIELD 'Y-PLACE DENSITY TEST REDORT 

Proctor 
Code 

c-7 
L- \2 

585 TROY.SCHENECTADY RD.. LATHAM. NY .1211O 
S-3856 SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 
RARITAN CENTER, jm MCGAW DRIVE. EDISON. NJ 08837 
1164 RIDGE RD. EAST. ROCHESTER NY 14621 
635 JAMES STREET, SYRACUSE. NY 13203 

5167#1555 
716-64-81 

6078985881 
201-2250202 

716.Jr2.ux) 
315-472-0333 

I I 
Material Type and Source Mixlmum Opllmum 

Dtnrlly lpcrl Wclrlun I%l ~ 

721.1 12.0% Clay - Contaminated Pi le  - smlp # lr. 

725.0 11.9% Clay - LmDort - U 

10 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

Test 89C - Retest of t e s t  87C - af ter  further drying 

Technician Time: lo:oo - 6:oo 

Technician: Earl E. Dubin Earl E. Dubin 
SUBSURFACE EXPLORATION = CONSTRUCTION OUALITI CONTROL ENGINEERING SPECIALTI SERVICES 



FIELD IN-PLACE DENSITY TEST REPORT 
- 

I 
I 

Material Type and Source 
Proclor ' Mailmum Opllmum 

Code Ocnrltv lpcll Malrturi I'hl 

- 
, c - 1  121.1 12 .0  Contaminated p i l e  - Sample #1C 

L - 1 2 i  125.0 11.9 Clay - Lewport - Sample #6U 

C 585 TROY*SCUENECTAOY RD.. LATHAM, NY 12110 
0 $3858 SHELDON RD, P.O. BOX 229. ORCHARD PARK. NY 14127 
0 1 0 5  CORONA AVENUE. GROTOH. NY l S 7 3  
0 RARITAN CENTER. Joo McGAW DRIVE. EDISON. W -7 
0 1161 RIDGE RD. EAST, ROCULSTER. NY 14821 
0 835 JAMES STREET. SYRACUSE. NY 1 m  

5lblWll55 
flW9d110 

6 0 7 4 S S 1  
tO1*-2 

71W2.53X 
3lcl729J33 

2:OO - 6:OO Technician Time: 

Earl E .  Oubin Earl E. Dubin 
Technician: 



FIELD IN-PLACE DENSITY TEST REPORT 

Proclor 
Code 

L-12 

YU TROY.SCHENECTADY RD., U T U A M .  NY 12110 
$3658 SHELDON RD.. P.O. BOX 22Q. ORCHARD PARK, NY 14127 
lC5 CORONA AVENUE, GROTON. NY 13073 
RARITAN CENTER. Joo MCGAW DRIVE. EDIWN, NJ 08837 
1184 RIDGE RD. EAST. ROCHESTER. NY 14621 
635 JAMES STREET. SYRACUSE. NY 13tOJ 

51b7831555 
718-649 

07dO$sBB1 
201-2254202 

71&342.5320 
31S21-0333 

Marlmum Opllmum Material Type and Source 
Ocnslly Ipcl] Molslurc I'd 

125.0 11 .9  Clay - Lewport - Sample #6U 

-81 10 

Niagara Falls Storage Site Report No. Df-39 Revised Project: 
Client Bechtel Date: 8- 2 2 -84 

9. GI. Cowper Job No. BT-84-53 - Contractor: 

Remarks: Sand cone method used EMPIRE SOILS INVESTIGATIONS, INC. 

Test 37U - retest o f  test 36U - a f t w  f u r t h e  r compaction 
for retest - see test  39U 
Technician lime: 1 2 ~ 0 0  - 4 ~ 3 0  

Technician: Earl E .  Dubin Earl E .  Dubin 

SUBSURFACE UPLORATION CONSTRVC3110W QUALITI CONTROL ENGINEERING S P L C u L n  S E W C S  



FIELD IN-PLACE DENSITY TEST REPORT 

~ 

Proctor 
Coda 

L- \% * 

c 
C 
t. 
i! 

~ ~ ~ ~ ~~ 

Marrlmum Optlmum Material Type and Source 
Osntlty lprfl Molrturi 1%) 

125.0 11.9 Clay - Lewport - Sample #6U 
I 

13 
c 

585 TROY.SCHENECTADY RD.. LATHAM. NY 121 10 
53858 SHELDON RD., P.O. BOX 229, ORCHARD PARK, NY 14127 

RARITAN CENTER. 300 McGAW DRIVE, EDISON, NJ 08837 
1164 RIDGE RD. EAST. ROCHESTER. NY 14621 
835 JAMES STREET. SYRACUSE. NY 13203 

518.7831555 
71b649.8110 

105 CORONA AVENUE, GROTON. NY 1 x 7 3  wasmi 
201-2225-0202 

llb342.5320 
315412-9333 

Project: Niagara Fa l l s  Storage S i t e  Report No. DT-40 

Bechtel Date: 8-23-84 Client 

Contractor: BY-84 - 53 - Job No. 9. W .  Cowper 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

Technician Time: 12:OO - 5:OO 
-. 

Technician: Otto Wieand Otto CIieand 

R I T  Fwm C 
SUBSURFACE EXPLORATION m CONSTRUCllON O U A L m  CONTROL m ENGINEERING SPECIALTT SERVICES 



FlELr 'N-PLACE DENSITY TEST RFOORT 

-- - 
- 

- 
Prodor Mixlmum Optimum Material Type and Source 

L-12 125.0 11.9 Clay - Sample #6U 

Code Denrlly lpc!] MOlStUf@ I'hI - 

i 

~ 

10:30AM - 4:30PM 

Otto Wieand 
Technician Time: 

Technician: 
Otto Wieand 

- -__.__...._ - ,,,,., W ~ L  EWJNEERING SPEQALTI S E R V I a  



DT-41 A Revised Niagara Falls Storaqe S i t e  

Bechtel Dote: 
Report NO. 

8/24/84 
pro j z c  t :  



ORCHARD PARK DISTRICT OFFICE: S-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-w-eiio 

* 1 3 5 . 7  106.6 2"  ROC - Niagara Stone 

Niagara Falls Storage Site Report No. DT-42 Pro j E! c 1: 
Cliznt: Bec h tel Dote: a1271a4 

~~ ~- 

Sand Cone Method Used 
REMARKS: Test 44U - Retest o f  Test 43U Respectfully subni tted, 

EMPIRE SOILS INVESTIGATIONS, I N C .  taken  8/24/84 - AFC 



FIELD IN-PLACE DENSITY TEST REPORT 

9 5  TROY.SCHENECTA0Y AD., LATHAM. NY 12110 
$3858 SHELDON RD., P.O. BOX 229 CRCHARD P A M .  NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 
RARlTAN CENTER. 3W McGAW DRIVE. EDISON, NJ -7 
l lb4 RlOGE RD. EAST. ROCHESTEP. NY 14421 

51b7831U5 
7166494110 

W 7 W - l  
Z O l ~ W Z O 2  

71b3424320 
835 JAMES STREET, S Y R A M E .  NY 13203 3154729113 

Client Becht el 
J. W. Cowper Job No. BT-84-53 -- 

Contractor: 
1 

Test Oile of 
No. Tesl 

46U 8-27 

I 
L 

I 
! 

I I 

333.2 04.7 +- I 
tl 

l L -?2 [  125.0 111.9 

cation and Remarks 

Material Type and Source . 
Clay - Lewport - Sample #6U 

Respectfully submitted. 

Remarks: Sand Cone Method used EMPIRE SOILS INVESTIGATIONS. INC. 

8:OO - 5 ~ 3 0  Technician Time: 

Technician: Earl E .  Dubin Earl E. Dubin 



FIELD IN-PLACE DENSITY TEST REPORT 

I 

c 
3 
0 
3 
0 

585 TROY.SCHENEC7ADY RD.. LAYHAM. NY 12110 51&7K+1555 
SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 7lWO.8110 

1OS CORONA AVENUE. GROTON. NY 13073 
RARIYAN CENTER. S O  McGAW DRIVE. EDISOM. NJ 08837 
1164 RIDGE RD. EAST, ROCHESTER. MY 14621 
6 3  JAMES STREET, SYRACUSE. NY 13203 

07698.5B81 
X)1-22M202 

llb3424320 
31$472*D333 

DT-44 Project: Niagara Falls Storaqe  S i t e  Report No. 

Client 8-27-84 Date: Bechtel 

Job No. BT-84-53 - 

Location and Remarks 

Respectfully submitted. 

Remarks: Sand Cone Method used EMPIRE SOILS INVESTIGATIONS. INC. 

8:OO - 5 ~ 3 0  Technician Time: 

Technician: 
Earl E. Dubin Earl E. Dubin 

SUBSURFACE EXPLORATION CONS1RW;lIOH OUALm CONTROL 0 ENGINEERING SPECIALTI SERVICES 



FIELD IN-PLACE DENSITY TEST REPORT 

585 TROYSC~ENECTAOY RD, UTHAM. NY 12110 
S-W SHELOON RD, P.O. BOX 229. ORCHARO PARK. NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 

1164 RIDGE RD. W T .  ROCHESTER 1;Y 14621 
635 JAMES STRET, SYRA-E. NY 13203 

S lb7s l l5% 
?lWQdl 

60?690.5881 
WRITAN CENTER, yx) MCCAW DRIVE. EMSON, NJ a 6 3 7  ~1 .2250202  

?lb3424320 
315472-ouJ 

Nfagara Falls Storage Site Repod NO. Of-45 Revised Project: 

Client Bechtel Date: 8-28-84 

on 

Respecif ully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

Test 50U. - retest o f  test  46U, taken 8-27, a f t e r  further 
compaction, les t  51U - retest of test 50U (see also test 46U) a f ter  further compaction. 

Technician: Earl E .  Dubiri Earl E.  Dubin 
Technician Time: 

1o:oo - 5:oo 

SUBSURFACE EXPLORATION CDNSJWCTIDN WAlm CONTROL ENGINEEfUNG S P E W T I  



Pro j e c 1 :  Niagara Falls Storage S i t e  Report NO. 117-46 

C t i s  nt: Bech tel DO t e : 8 / 2 8 / 8 4  
tone Job No. 81-84-53 

I d 

Contractor:- Ce 

I 

106.6 1 

Locofion and Rcmorks 

Retest o f  Test 49u - after  further compaction 

- 

-. 

- 
1 - - -- 

Moferial Type ond Source 

2" R . O . C .  - Niagara Stone 

REMARKS: Sand Cone Method Used Respectfully submitted, 
EMPIRE SOILS INVESTIGATIONS, INC.  



FIELD IN-PLACE DENSITY TEST REPORT 

- Contractor: J *  W -  Cowper Job No. BT-84-53 

ln-plice In-plru 1 
1811 Da!r PI Dwth 01 Omrliy Molrtun Y ?mar Location and Remarks 
no. lest Elcvitlon lpdl I%\ kawllon b d e  

60U 8-31 334.4 116.5 13.0 93.2 C-12; ~1030 E 105 ( retest  of 5 3 ~  

61U 

63U " 334.8 123.4 11.4 98.7 1-12 51070 - F l l O  (rettvt nf  W )  

64U 'I 335.3 121.2 13.0 97.0 L-12 SlO80 - El20 

Cla Cap - Phase I 95% r e y i r e d  

- Phase I 95% req'd 
I, 3 U  137-0  1 7 . 4  100 + $-I2 &Y is! - res tes t  o f  55U 

I 
Clay Cap - Phase I 95% required 

Cla Cap - Phase I 95% required 

Proctor 1 Mirlmum Opllmum Material Type and Source 

~ - 1 2  125.0 11.8 Clay from Lewport stockpile. 

Code Denilly lpcll Molrtura (%I 

585 TROY.SCHENECTA0Y RD.. UTHAM. NY 12110 
SW4 SHELDON RD.. P.O. BOX 229. OPCHARD PAR& MY 14127 
105 CORONA AVENUE. GROTON, NY 13073 
RARRAN CENTER XQ WCAW DRIVE, EDISOH. MJ W 7  
1184 RIDGE RD. EAST. ROCHESTER N" 14621 
83S JAJAES STREET. SYRACUSE. N Y  13203 

blC783lUS 
?16-W@81 

6 0 7 d S W l  
P l - W 2 0 2  

716Y2*U?a 
S15472QSs) 

Niagara Fa l l s  Storage Site ~~~~d N~~ DT47 Revised Project:. 

Client Bechtel Date: 8-31 -84 

Technician Time: 9:lSAM -4:30PM 

Technician: Otto  Uieaiid Otto Yieand 
-..--**--*-C C I D l  nPA7mN CONSTRUCTION OUALITI CONTROL EHClNLERlNC m U A L n  SERVI- 



FlELP IN-PLACE DENSITY TEST P'oORT 

Proctor 
Code 

N.A. 

9 5  TROY.SCHENECTADY RD.. LATHAM. NY 12110 sie-7831555 
53858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK, NY 14127 
105 CORONA AVENUE, GROTON. NY 13073 
RARITAN CENTER, 3W MCGAW DRIVE, EDISON. NJ 08837 
11U RIDGE RD. EAST. ROCHESTER, NY 14621 
635 JAMES STREET, SYRACUSE, NY 13203 

716449.81 
W7.89ByK11 

201.22S0202 
716-342~UX) 

315472.9333 

Martmum Optlmum Material Type and Source 
Denrlly lpcfl Molsturm 1%1 

125.4 11.8 Lutz road culvert f i l l  - Clay (Proctor suml ied  by B e r h t p l )  

10 

Niagara Fal ls  Storage S i t e  Report No. DT-48 Project: 

Technician Time: 

Technician: 

9:ooAM - 4 : 30PM 

Otto Wieand Otto Wieand 
SUBSURFACE EXPLORATION m CONSTRUCTION OUALITI CONTROL ENGINEERING SPECIALTI SERVICES 

o m  re.- r 



P l t L U  IN-PLALt  U L N S I  I 1 I L3 I H t r U H  I 

7 

9 5  TROY*SCHENECTADY RD.. LATHAM, NY 12110 
S3W SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 
105 CORONA AVENUE, GROTON, NY 13073 
RARITAN CENTER, Joo McGAW DRIVE. E D I W N ,  NJ 00837 
llbl RIDGE RD. EAST, ROCHESTER N Y  14621 
635 JAMES STREET, SYRACUSE. NY 13203 

51blE-1555 
7164494110 

W7d084881 
201425O202 

716342~5320 
3154724333 

~ 

Optlrnum Material Type and Source ' Proctor M u l r n u r n  
Code Ornrlly lpcll Molrlurr IXl 

- 
c-1 121.1 12.0 contaminated f i l l  

Niagara Falls Storage S i t e  Report No. DT-4 9 Project: 

Client Bechtel Date: 

Csnt ractor: 

- -  
Seven son Job No. BT-84-53 

1 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

9:OOAM - 4:30PM 
Technician Time: 

Technician: Otto Wieand Otto Wieand 
SUBSURF AC€ EXPLORATION CONSTRUCTION OUALIW CONTROL ENGINEERING  SPECIAL^ SERVICES 

R l l  Form C 



FIELD 'q-PLACE ,DENSITY TEST REPORT 

Proctor 
Code 

~ - 1 3  

C S 5  TROYSCHENECTADY RD.. UTHAM. NY 12110 518~7831555 
0 33BS SHELWN RD., P.O. BOX 239. ORCUARD @ A R K  NY 14127 
0 10) CORONA AVENUE. GROTON, WY 13373 
C RARITAN CENTER XO UCCAW DRIVE. EDISOH. NJ a 7  
0 llbr RIDGE RD. EAST, ROCHESTER. NY 11421 
0 aU J A M S  STREET, SYRACVSE. MY 132U3 

Tlb640 
W7doBYuIl 

X ) l - P u ) Z O 2  
7163424320 

3154729353 

~~ 

Marlmum Opllmum Material Type and Source 
Density IPcrl Molt(uri Pkl 

125.4 11.8 Clay - Lutts road - culvert f i l l .  

1 , 

Niagara Falls Storage Si te  Report No. DT-50 Revised 

Bechtel 
Project: 

Client 

Contractor: 

8-29 -84 Date: 
Cerrone Job No. ' Bf-84-53 % 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

Technician Time: 1:OO - 6 ~ 3 0  
Ear E. Dubin Earl E. Dubin Technician: 

---..--.-.. -...I - rnuTaoL ENGINEERING  SPECIAL^ SERVICES 



FIELD IN-PLACE DENSITY TEST REPORT 

Contractor: 
In-0IW b.PIJC@ 

Test DIIC 01 Dipth 01 Drntlty Moltlure 
NO. Test Elrvrllon (pcfl PI 

54U 8-29 334.4 113.7 13.4 

55u ” 333.8 116.8 12.8 

56U 334.4 114 .8  14.1 

I 

545 TROY.SCHENECIADY RD., U T H A H .  NY 12110 
S-w SHELDON RD.. P.O. BOX 220. ORCHARO PARK NY 14127 
lo5 CORONA AVENUE GROTON. NY l W 3  
RARlTAN CENTER XY, MCtAW DRIVE. EDISON, NJ -7 
11W RIDGE RD. EAST, R S H E S T E R  NY 14821 
&35 JAMES STAEET. SYRACME. NY 13203 

51b78315S 
71WOd110 

W7Q16obU1 
D l - ~  

7 1 b 2 4 2 . ~  
91W724333 

Y rnNr Location and Remarks 

Clay Cap - Phase #1 - S1070,flOO 95% req’d 

See t e s t  56U (see remarks) 

Clay Cap Phase 11 - S885,E85 - 95% req’d 
L-12to be retested a f te r  further compaction. 

Cornprdlw, We 

91.0 L-12 t o  be retested - af te r  further compaction 

93.4 
ay a - Phase #1 - S1075,ElOO - 9 % required 

g1,8 ~ - 1 2  &er!a! t o  be reworked and recompac 2 ed. 

DT-51 Revised Project: Niagara Falls Storaqe S i te  Report NO. 

Opllmum 
Molsturr [%I 

Bechtel Date: 8-29-84 Client 

Material Type and Source 
-_ 

11.9 

I 
Lewport C l a v  - Sampl~ #6u 

Remarks: Sam 

Respectfully submitted, 

Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 
~~ ~ 

Test 54U - regest of t e s t  53U - t aken  8-28 a f t e r  further compaction 
P5t SFilI - P a l a t e s t  53U) 

1:OO - 6 ~ 3 0  Technician Time: 

Technician: Earl E. Dubin F a r 1  F -  m i n  

RUBSURFACE EXPLORATION CDNSTWCTION OUALITV CONTROL ENGINEERING SPECIALTI $0- 



FIELD IN-PLACE DENSITY TEST REPORT 

Proclor 
Code 

Z 9 5  TROY-SCHENECTADY RD.. LATHAM. NY 12110 
0 5W SHELDON RD.. P.O. BOX 229. ORCHARD P A W  NY 14127 
C; 105 CORONA AVENUE. GROTON. NY 13073 

51C7a31555 
7166494110 

07-89B5881 
0 RARITAH CENTER XXI MCGAW DRIVE, EDISON. NJ 06937 
3 1lU RIDGE RD. EAST. ROCHESTER. NY 14821 

101-t2u)ZO2 
~:&5r2~5320 

G 635 JAMES STREET. SYRACUSE. NY 13203 3154124333 

Maximum Opllmum 
Oenrlty [pcfl Molrturi I%] Material Type and Source - 

Project: Niagara Falls Storage Site Report No. DT-52 

Client Bech t e 1 Date: 9-4-84 

Contractor: termne Job No. 8T-84-53 
- 

* 

I I .  

125.4 11.8% Clay - Lutts road - culvert f i l l  

In-plau h - p l m  
Wnrlly Molsturi % hulor Location and Remarks 

. [pcq pi1 Compadlm tdi 
Lutts road culvert - 50' West of culvert in le t  
1 5 '  South of culvert centpr 
Retest o f  t e s t  65U taken 8-31-84 after 

n ~r 'I A- - u I J . ~  Y 1 . T  1 ine - 95% required, ' 

Respectfully submitted. 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

Technician Time: 

Technician: 

9:OO AM - 5 ~ 3 0  PM 

Earl E .  Dubin Earl E.  Dubin 
SUBSURFACE EXPLORATION B U)NSTRuc1IW WMIT* CON7-L B ENGINEERING SPECIALTY SERVICES 

PIT cI..- r 



FIEL' IN-PLACE DENSITY TEST REPORT 

'rodor 
Code 

E w, TROY.SCHENECTADY RD.. LATHAM. NY 12110 s i a 7 8 ~ 1 ~ 5  
c $3856 SHELOON RO.. P.O. BOX 229. ORCHARD PARK. NY 14127 
0 105 CORONA AVENUE. GROTON. NY 13073 
0 RARITLN CENTER. Joo MCGAW DRIVE, EDISON. NJ 00837 
0 11s i l l f f i E  RO. EAST. ROCHESTER, NY lA821 
0 &35 JAMES STREET, SYRACUSE. NY 13203 

71&W00110 
W76965881 

2 0 1 . ~ ~ 2  
7163r2XiZO 

3154724333 

Material Type and Source Marlmum Opllmum 
Denally lptfl Moltturi IZI 

LIT-53 

9-4-84 

BT - 84-5 3 - 

Report No. 

Date: 

Job No. 

Niagara Falls Storage Si te  

Bechtel 

Cowper 

Project: 

Client 

Contractor: 

* 

Location and Remarks 

I 

~ 

125.0 1 l . Y %  1 Lewport clay - sample 16U 
I 

Respectfully submitted, 

Remarks: Sand Cone Method Used ' EMPIRE SOILS INVESTIGATIONS. INC. 

9:OO AM - 5 ~ 3 0  PM Technician lime: 

Technician: . 
Earl E. Dubri Earl E .  Oubin 

-- - --  in^ I m w + J a t I c T l n y  O U A m  tONTROL ENGINEERING SPECIALTY SERVICES 



ORCHARD PARK DISTRICT OFFICE: 5-3858 SHELDON ROAD 
ORCHARD PARK. NEW YORK 14127 AREA CODE 716-9-8110 

+u!:r 
Ccfe 

N.A. 

-, 

. DT-54 'ro j 2 c t : 

Zlisnt: 

Niapra Falls Storage Site 

Bechtel Dote: 9-5-84 
Report No. 

t.iorirrLm :1in. Densitj 
D t n s l r y  ( i : f l  (PCF) 

135.7  106.6 2" R . O . C .  - Niagara stone - 
I 

- 
tocotion ond Rtmorks 

1 I I 

Lutts road culvert 50' west of culvert inlet . .  ID; N o r t h  o t  culvert center l ine - 95% req'd 

1 
... . 

Moteriot Type and Source 



FIELD IN-PLACE DENSITY TEST REPORT 

L - \ 2  - 

S 5  TROY6CHENECTADY RD.. UTHAM. NY 12110 51b7831555 
55856 SHELDON AD.. P.O. dOX 219. ORCHARD PARK NY 14127 
105 CORONA AVENUE, GROTON. NY 13073 

7 l b W W l l O  
W7dDBYxIl 

RARITAN CENTER Joo M c G ~ W  DRIVE. EDISON, NJ -7 
1164 R l f f i E  RD. U S T .  RC34ESTER. NY 14821 

201-tiu)t02 
71b342.W 

=JAMES STREET, SYRACUSE. NY 132C3 3154724333 

* 

125.0 11.9% Lewport clay - sample #6U 

Report No. DT-55 Project: Niagara Fal ls  Storage S i t e  

Client Bechtel Date: 9-5-84 

Contractor: J -  W -  Cowper Job NO, 81-84-53 - 

Code I Dnnallv loell I Molalurn I%I I 

Location and Remarks 
~ 

Clay Cap - phase #1 - 51030.E175 - 95% req'd 

Material Type and Source 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

8:OO AM - 4:30 PM Technician Tlme: 

Larl E. Dubin Earl E. Dubin Technician: I 

SUBSURFACE EXPLORATION m C D W S T ~ I O N  Wu*uTI CONTROL ENGlNEERlffi  SP€cuLTY 



FIELD IN-PLACE DENSITY TEST RFPORT 

Tar1 Dale 01 Depth or 
No. Ttrl Elwallon 

585 TROY-SCHENECTADY RO.. UTHAM. NY 12110 Slb7831555 
S.3854 SHELDON RD.. P.O. BOX 229, ORCHARD PARK, NY 14127 
1 8  CORONA AVENUE. GROTON, NY 13073 
RARITAH CENTER. 300 McGAW DRIVE. EDISON, NJ OW37 
1164 RIDGE RD. EAST, ROCHESTER. NY 14821 
0 5  JAMES STREET, SYRACUSE. NY 13203 

11844tbl 
@07d0&S91 

201.2254202 
1163426320 

315472.9333 

In.pltce la-pltcc 
Dtntlly Molrturc @h 

lpcfl (%I Cornpadlo 

Niagara Fal ls  Storage Site Report No. DT-56 Project: 

Client Bechtel Date: 

Contract or: 

9-5-84 
- Cerrone j o b  N ~ .  BT-84-53 

Proctor 
We 

Location and Remarks 

JUS.0 
I 

I I I 

ltJu 1 " I 3 05.01 179.2 112.3 195.4 

- _  
114.5 11.8 y i * b  : 

- 
25' North of-centerline 95% compaction rea'd 

Lutts road culvert - 75' West of in le t  

(see remarks ) 

- 110' North of center line - 95% compaction reQ'd 
ILutts road culvert - 40' West of inlet  - ;5cNorth of centerline - 95% compaction req'd 

(see remarks) 

I 

Material Type and Source Code Dinslly ~ p d l  Moltlurc rhi 

- 125.0 11.9 Lewport Clay - sample #6u 
- 

L 

Sand Cone Method Used EMPIR SOILS INVESTIGATIONS. INC. fi%lf"?% - t o  De retested - af ter  further compaction fsee tes t  #74U) 
Test 74U - retest  of t es t  172U after further compaction 

acceptea test resu I t s  a f t e r  further compaction. 
8:OO AM - 4 ~ 3 0  PM .Technician Time: 

Technician: Earl E. Dubin Earl F. Dubin 
SUBSURFACE UPLORATION CONSTRUClION OUALIPI CONTROL B ENGINEERING S P E W L T I  SEW== 



FIELn IN-PLACE DENSITY TEST PFPORT 

Tctt 
#a. 

0 585 TROYSCHENECTADY RD.. UTHAM. NY 12110 
C 53858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK MY 14127 
0 105 CORONA AVENUE. GROTON. NY 13073 

51b7831555 
716-64Q-8110 

dO78S%S681 
0 RARllAN CENTER, 300 MCGAW DRIVE. EDISON. NJ 06837 
0 1164 RIDGE RD. EAST, ROCHESTER, MY 14621 

x)l-t2wu02 
7 ' K W Z . W  

In-plia in-gliu 
Date of Dapth or Dmrlty Yolrturc 'h Prcclor Location and Remarks 
Ttrl Elrvrllon lpcll fi] Comptdlon Wc 

L'I'L 

8-3a 337 .7  1 x 3  i n - 6  inn t 'x  * Clay Cap - phase #l - S1125,E90 - 95% req'd 

o JAMES STREET, SYRACUSE. NY 13103 3 i s m ~ a a  

Proctor 
Cede 
L- I2 * 

Project: Niagara Fa l l s  Storage S i t e  Report No. DT- 57 

Material Type and Source Mirlmum Opllmum 
Ocnrlty lpcll Molrlurc l%l - 

125.0 11.9% Lewport Clay - Sample #6U 

Client Bechtel Date: 8- 3 0- 84 
- Contractor: J *  W e  Cowper job NO. BT-84-53 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

lechnlclan Time: 8:OO AM - 1:OO PM 

Technic Ian: Earl E. Oubin Earl E. Dubin 
SUBSURFACE EXPLOAITKJN S CONSTRUCTION W A L m  CONTROL ENGINEERING SwcULn smm 



FIELm IN-PLACE DENSITY TEST PCPORT 

! 'roctor 
Code 

58c 1ROY.SCHEHECTADY AD.. LATHAM. NY 12110 

105 CORONA AVENUE, GROTON. HY 13073 

51b7W1555 
538% SHELDON RD.. P.O. BOX 229, ORCHARD PARK, NY 14127 ? i w e - a i i o  

WdsB5381 
RARi1A.H CENTER. xx) MCGAW DRIVE. EDISON, NJ 08837 
1164 RIDGE RD. EAST, ROCHESTER. N Y  1-1 

201-22S0202 
1163426320 

3 

Material Type and Source Maxlmum Opllmum 
Oontltv Ipdl I l o l d u n  fkl 

125.4 11.8% Clay - Lutts road culvert f i l l  

0 835 JAMES STREET. SYRACUSE, NY 13203 3154124333 

Project: Niagara Falls Storage Site Report No. DT-58 

Client Bechtel Date: 8-30-84 

Respectfully submitted. 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

8:OO AM -. 1 :OO .PM 
Technlcian Time: 

Earl E.  Dubin Earl E. &bin Technician: 
WESURFACE UPLORATION D CONSTRUCTION OUALITV CONTROL EM;HILERING SPECIALTY SERnCES 



FIELD IN-PLACE DENSITY TEST REPORT 

C 585 TROY-SCUENECTADY RD.. UTHAM, NY 12110 
2 SJ1)58 SHELDON AD.. P.O. BOX m. ORCHARD PARK, MY 14127 
t 105 CORONA AVENUE. GROTON. MY 13073 

Slbl8S1555 
716&498110 

6076985Ml 
C RARITAN CENTER 300 McGAW DRlVL EDISON, W -7 
0 1184 RIDGE RD. W T .  ROCHESTER NY 14621 

ZOl-t25OK)2 
llb342.5320 

0 &35 JAMES STREET. SYRACUSE. NY 13203 31WT24333 

Project: Niagara Fa1 Is Storaqe Site Report No. DT-59 

Client Bechtel Na t iona 1 Date: 9-6-84 

Cowoe r Contractor: Job No. BT-84-53 - 

Clay cap phase I 2 - 51082,E185 - 95% require 1 1 6 . 3 ,  1 1 . 4  96.1 1- - \q 

115.2 11.0 95.2 L- - Iq Clay cap - p h a w  #2 - 51082.E185 - 95% requir 

1 I I I 

L- \Lt - 121.0 13.9 Clay - sample UlOU 

Respectfully submitted. 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

Bechtel directed t h a t  Proctor value for 
sample - QlOU b e used. 

Technician Time: 

Technician: 

8:OO AM - 5:30 PM 

Earl E. Dubin Earl E. Dubin 
SUBSURFACE EXPLORITION CONSTRUCTlON QUALITY CONTROL LIU;INEERlNG SPECIALTI SERVICES 

an F a m  C 























FIELD '-PLACE DENSITY TEST REPQRf  

- 
In-plrcr In-plrci 

Test Date 01 Dipth or Dtnsily Molslurc W Proclor Location and Remarks 
NO hst Elevation (pcl) I%] Compadlon Coda 

Cla Cap - S1050 E252 - 95% compaction req'd. 

(see test No. 90 U.) 
.89U 9-20 340.6 106.5 12.4 8 4 . 5  1 -15 t o  iI e retested atter f u r the r  r w  

- 

sa5 TROY.SCHENECTADY RD.. LATHAM. NY 12110 
sw SHELDON RD., P.O. BOX 229. ORCHARD PARK, NY ~ 1 2 7  

S ~ C ~ W I U S  
7 i m ~ + a i i o  

105 CORONA AVENUE. CROTON. NY 13073 
RARITAN CENTER. McGAW DRIVE, ED!SON. NJ 08837 10?*22MX12 
11W RIDGE RD. EAST, ROCHESTER. N j  lA821 
635 JAMES STREET, SYRACUSE. NY 13203 

607d983881 

7163A2S32O 
315472-0323 

Niagara Falls Storage Site Repod No. DT-70 Project: 

Bechtel Date: 9-20-84 Client 

Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. Remarks: 

1O:OO Am - 2:30 Ptl Technician Time: 

Technician: Earl E .  Dubin Earl E. Dubin 
- - ----- -m.*ww I PflUSTI)IICTION W A L ~  CONTROL ENGINEERING SPECIALTI SERVICES 



FlELr "4-PLACE DENSITY TEST RF"0RT 

C 
c 

!XS TROY-SCHENECTADY RD.. LATHAM. NY 12110 
53858 SHELDON RD.. P.O. BOX 2Z9, ORCHARD PARK NY 14127 
10s CORONA AVENUE. GROTON. N I  13073 
RARITAN CENTER. 100 McGAW DRIVE. EDISON. NJ 08837 
1164 RIDGE RD. EAST, ROCHESTER. NY 14621 
a JAMES STREET. SYUACUSE. NY 13203 

5167811555 
716449.8110 

M7dgBSB81 
201-22S-0202 

716342.5320 
3154'72-0333 

Project: Niaqara Fa1 1 s Storaqe Site Report No. DT-79 

Client Bechtel Date: - -  
Contractor: 3. W. CowPe 

91U 'I 333.3 127.2 12.5 

192U 1. 'I 1334.5 I 122.2112.0 

93U " 334.5 125.0 11.4 1 :i: 1 1 1336.2 1 124.8~12.0 

337.9 123.9 11.8 

' 

'1 

I 

% Pmcter Location and Remarks 
bapadlan c ldc  

Clay Cap - S1040,E252 - 95% compaction req'd 

er compaction. 
97.9 L-15 Retest o f  t e s t  89U - t a k e n  9 - -  70 a f t e r  

I I 

Material Type and Source 

swport Clay - Sample No. 9U 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

Technician Time: 

Technician: Earl E. Dubin 

7:00 AM - 4:30 

Earl E. Dubin 



FlELf '4-PLACE DENSITY TEST RFbORT 

I 

Proctor 
Codr 

.L-l6 

L 

5 

1 I i 

I 

Material Type and Source 
Maxlmum OFlrnurn 

Denrlly Ipcl) Molrlure I'il - 
128.4 10.5 Clay - Swann Road - Borrow P i t  - Sample Nn. 1 ou 

sas TROY%HENECTADY RO.. LATHAM. NY 12110 5 i w 8 5 i s s s  
51858 SHELDON RO.. P.O. BOX 229. ORCHARD PARK, NY 14127 7166.(9-81 
lo5 CORONA AVENUE. GROTON. NY 13073 

1164 RIDGE RD. EAST. ROCHESTER. NY 14621 

07-89&5&31 
RIAITAN CENTER. XY, McGAW DRIVE. EDISON, NJ 08837 2012250202 

71b342.5320 
6% JAMES STREET, SYRACUSE. HY 13203 3151724333 

10 

Project: Niaqara F a l l s  StorJaP S i t p  Report No. DT-73 

Client Bprhtpl Date: - -  

Remarks: Sand Cone Mehod U I P ~  EMPIRE SOILS INVESTIGATIONS, INC. 

Earl E.  Dubin Earl E. Dubin .' Technician: 



FlELC’ ‘N-PLACE DENSITY TEST RFDORT 

b-16 128.4 10.5 Clay - Swann Road - Borrow P i t  - Sample No. 1 O U  

L-15 126.0 12.6 Lewport Clay- - Sample No. 9U 

1 

585 TROY.SCHENECTADY RD.. LATHAM. NY 12110 
5,3859 SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 
105 CORONA AVENUE. GROTON. NY 1373  

5187851555 
71644PB1 

WldW5B81 
FURITAN CENTER, 3W McGAW DRIVE, EDISON. NJ 06837 
1164 RIDGE K). EAST. ROCHESTER. NY 14621 
635 JAMES STREET, SYRACUSE. NY 13203 

201~zzwm)2 
7lb342.5320 

315472.0333 

10 

Project: Niagara Falls Storage Si te  Report NO. DT-73 

- -  Client Bechtel Date: 

Respectfuliy submitted. 

Remarks: Sand Cone Method UzPd EMPIRE SOILS INVESTIGATIONS. INC. 

Technician: Earl E.  Dubin Earl E.  Dubin 
SUBSURFACE UPLOR*TION CONSTRUCTION O U U r n  CONTROL ENGINEERING SPECIALTI SERVICES 



FIELD 'W-PLACE DENSITY TEST RFDORT 

Code O m i l l y  lpcfl Molcturi I%l 

L-16 128.4 10.5 

585 TROY.XHENECTADY RD.. U T U A M .  NY 12110 
53858 SHELDON RD., P.O. BOX 229. ORCHARD PARK, NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 

llb78S1555 
716-64941 

6078985881 
RIAITAN CENTER. 300 MCGAW DRIVE, EDISON, NJ oBLu7 
1164 RIDGE RD. EAST. ROCUESTER, NY 14621 
$35 JAMES STREET. SYRACUSE, NY 13203 

201.2250202 
llb3424320 

315-472-0323 

10 

project: Niaqara Fa1 1 s Storaqe S i t e  Report No. DT-74 

Client Bechtel  Date: 9-27-84 

In-place 
Oenrlly 

Iocfl 

122.7 

116.6 

Location and Remarks 

Clay - Swann Road - Borrow P i t  - Sample No. 1OU. I 

Respectfully submitted. 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS. INC. 

Technician Time: 7:OO AM - 9:00/2:00 P?4 

Technician: E a r l  E. Dubin Ear l  E. Dubin 
SUBSURFACE EXPLORATION MNSTRUCTION OUAL.ITY CONTROL ENGINEERING SPEClALlY SERVICES 



FIELP IN-PLACE DENSITY TEST P'PORT 

@/I 

Compaction 

96.2 

585 TROY.SCPENECTADY RD.. LATHAM. NY 12710 518.7831555 
S3858 SHELDON RD.. P 0. BOX 229. ORCHARD PARK. NY 14127 716.649.81 
105 CORONA AVENUE. GROTON. NY 13073 
RARITAN CF NTER, 3M) MCGAW DRIVE, EDISON. NJ 08837 

607898.5881 
201.225-0202 

1164 RlDGt RD. EAST, ROCHESTER, NY 14621 716342.5320 
635 JAMES STREET, SYRACUSE. NY 13203 315472.9333 

Proctor Location and Remarks 
Cods 

L-96 Clay cap 51000, E325 - 95% compaction 
requ i red. 
a f te r  further compaction 

b 

Retest o t  t e s t  98'0 t aken Y/ZS 

10 

lOOU 

Project: Niaqara Fal ls  Storaqe Site Report No. DT- 75 

Client Bechtel Date: 9/26/84 

BT-84 - 53 Contractor: Cowper Job No. 

9/26 335.0 123.5 13.0 

lOlU 9/26 335.0 123.2 12.1 

102U 9 26 334.7 117.6 14.5 I 
96.0 L- ld  Clay cap 5900, E325 95% Compaction required. 

Retest of t e s t  99U t aken Y I  2 5  a t t e r  tur tner  
comDa c t i on. ' 

t o  be retested - a f t e r  turther compaction 
(See t e s t  104U and 105U) 

1 

Proclor 
Code Material Type and Source 

, Marlmum Optimum 
Oenrlty lpcf] Moisture [%I 

L-16) 128.4 1 10.5 1 Clay - Swann Road, Borrow P i t  - sample # I O U  
I 1 I 

I Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS. INC. Sand Cone Method Used Remarks: 

7:OOAM - 9:OO AN/ 2:OO PM - 4:30 PM Technician Time: 

Technician: Earl E. Dubin Earl E. Dubin 
- - - .--. -- --*----, - --*-CTmcr-Tt*u n1t.r r r *  PnNTAOL ENGINEERING SPECIALTY SERVICES 



FIELD IN-PLACE DENSITY TEST RFPORT 

L . .. . . .  

h-16 128.4 10.5 Clay - Swann Road Borrow P i t  - Sample #1OU 
I 

585 TROY.SCHENECTADY RD.. LATHAM. NY 12170 5ie-783-1555 
S.3858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK, NY 14127 
105 CORONA AVENUE. GROTON, NY 13073 

11M RIDGE RD. EAST. ROCHESTER. NY 14621 

716649.81 
607498.5881 

RARITAN CENTER. SM) McGAW DRIVE. EDISON. NJ 08837 201.2290202 
71632.53x) 

635 JAMES STREET, SYRACUSE. NY 73203 315472-9333 

1-7 126.0 12.1 Clay  - Pi le  # 2 ,  sample #4U 

J 

10 

Project: Niaqara Fa1 1 s S t o r a q e  S i t e  Report No. D T - 7 6  

Client Bechtel  Bate: ‘10/1/84 
- 

Contractor: Cowper/ Sevenson Job No. BT-84753 

05U 10/1 1334.9 g27.6 , 1 2 . 8  l-+i+-- 

Proctor Marlmum I Opllmum 
Code 1 Denrllv lpcll Molrlura 1%1 1 

I 
I 

Material Type and Source 

Respectfully submitted, 

Remarks: Sand Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

Technician Time: 7:OO AN - 1 : O O  PM 

Ear l  E. Dubin E a r l  E. Dubin Technician: 



FIELD IN-DLACE DENSITY TEST RFDORT 

Proctor 
Code 

5 ~ 5  --.CY.SCHENECTADY RD.. LATHAM. NY 12110 518783.1555 
5-3555 SHELDON RD.. P.O. BOX 229. ORCHARD P A R K .  NY 14127 
105 t Z2QONA AVENUE. GROTON. NY 13073 
R A F 7 A . N  CENTER, 3W McGAW DRIVE. EDISON. NJ 08837 
11- W X E  RD. EAST, ROCHESTER. NY 14621 716242-5320 
635.  JAMES STREET. SYRACUSE. NY 13203 

716649 
607.898.5B81 

201-2250X)Z 

315-472-9333 

Material Type and Source Marlmum Oplimum 1 
Oenrlty lpcfl Molrlurr [%] 1 

I10 

L-16 

- Df. 77  Project: Niaqara Fi1,ls S t x r a g e  S i t e  Report No. 

128.4 10.5 Clay - S w a m  Road, Borrow P i t  - Sample #1OU 

Bechte- Date: '1 0/2/84 Client 

I I 
I 
i I 

I I I 

Respectfully submitted, 

Remarks: Sand Cone Method dsed EMPIRE SOILS INVESTIGATIONS. INC. 

12~30 - 4:30 Technician Time: 
Earl E .  Dubin Earl E. Dubin 

Technician: 
-. . . . .- r-uvonf rn FNGlNEERlNG SPECIALTI SERVICES 



FIEL" IN-P LACE DENSITY TEST P'PORT 

In-place In.placa 
l e t !  Oate of Ospth or Oentlly Moisture 'h Proctor Location and Remarks 
No. Teri Elevatlon [pcll I?oI Cornpidlon Code 

j l2U 10/3 331.6 121.5 13.4 94.6 L-16 Clay Cap 5935, E376 -95% compaction requTred. 
r e t e s t  o f  t e s t  109U t o  be r e t e s t e d  A.F.C.- 
see t e s t  118U 
Clay cap 51040, E314 - 95% compaction required.  

113U 10/3  -337.6 119.2 16.1 92.8 L-16 matprjal t o  be rpuorked - P t p z t  119u 

1141~ 1 n u  ~ . n  771-1-1 13-11 94-7 L-16 Clay cap S1120, E365 95% compaction required.  
t o  be retested A.F.C. see t e s t  1 1 / U  

~ - - ~  
115U 10/3 343.4 122.2 15.8 95.2 L-16 Clay cap 51110, E225 - 95% compaction required. 

Area t o  be windrowed and recompacted -see 
test 121U 

116U 10/3 343.5 123.6 14.2 96.3 L-16 Clay cap 5960, E235 - 95% compaction required.  

585 TROV.SCHENECTADY RD.. LATHAM. NY 72110 5 i a 7 ~ ~ 1 5 5 5  
5-3858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 716-649.8110 
105 CORONA AVENUE, GROTON. NY 13073 

116d RIOGE RD. EAST, ROCHESTER. NY 14621 

607898.5881 
RARITAN CENTER, 300 HCGAW DRIVE. EOISON. NJ 08837 201.2250202 

71632.5320 
635 JAMES STREET. SYRACUSE. NY 13203 315472.9333 

I 
1117U 
i 
I 
'118U 

c 1 Proctor 
' Code 

BT-84- 5 3 Job No. Contractor: Cowper 

area t o  be windrowed and recompacted - see 
tes t  120U 

retest o f  tes t  114U A.F.C. Bechtel O k ' d  high 
moist. 

10/3 1333.2 124.6 I ' 13 .9  97.0 L-16 Clay cap 51125, E360, 95% compaction required.'. 

10/3 331.4 126.5 13.2 38.5 L-16 Clas #d.- 
retest o f  t es t  112U A.F.C. 

Material Type and Source 
Marlmum Optlrnurn 

Dsnrlty lpcfl Molrlurs i%l 
I L k  

L-16 I 128.4 I 30.5 

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS, INC. Remarks: Sand Cone Method Used. 

T e s t  115U - retest  o f  tes t  11OU 

Clay - Swann Road, borrow p i t  - Sample #MU 

7:OO At4 - 4:OO PM Technician Time: 

Technician: Earl E. Dubin Earl E.  Dubin 
SUBSURFACE UPLORATION rn CONSTRUCTION OUALITY CONTROL rn ENGINEERING SPECIALTY SERVICES 



FIELP IN-PLACE DENSITY TEST PePORY 

Tat! 
No. 

585 TROY-SCHENECTADY RD.. LATHAM. NY 12110 
53858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 
RARITAN CENTER. 300 McGAW DRIVE. EDISON. NJ W 7  
1164 RIDGE RD. EAST. ROCHESTER. NY 14621 
635 JAMES STREET, SYRACUSE. NY 13203 

518783.7555 
716649.81 

6076985881 
201-2250202 

71632-5320 
315472.9333 

In-place In-place 
Date of Ospth or Density Moisture '/a Proctor Location and Remarks 

Test Elevrtlon I [pcll [%1 Compadlon Code I 

10 

119u ' i  10/4 ,339.7 
I Clay cap - S1035, E300- 95% Compaction required.  

Material  t o  be removed and reworked -see t e s t  i 
116.3 15.8 90.6 L-16 r e t e s t  of t es t  113U - a f t e r  f u r t h e r  compaction 1 

170U 
Clay Cap - 5965, E235, 95% compaction required.  

Clay cap - 51110 E230 - 95% compaction required.  
10/4 343.5 126.7 j13.0 98.7 L-16 r P t P q t  nf teqt 11611- I 

4 343.5 121.3 14.2 

177U 10/4 339.7 125.7 12.0 

JZ3U 10/4 343.5 127.8 12.0 

124U 10/4 338.5 118.3 13.8 
I i 

175U 10/4 I335 .51115.4 116.3 
I 
i 

I 
I 
i 

I 

94.5 L-16 r e t e s t  of tes t  115U - see  t e s t  123U 
Clay cap - S1035, E295, 95% compaction required.  

97.9 L-16 retest  of tes t  119U. I 
Clay cap - S1110, E235- 95% compaction required. 

99.5 L-16' retest  o f  tes t  121U 
Clay cap - S865, E295, 95% Compxtion required.' 

9 2.1 L-16 t o  be retested a f t e r  d r y i n q  and further compaction 
See t e s t  12GU 

89.9 L-18 Clay cap - S960, E345 - 95% compaction required.  
I 
I compaction 
I 

t o  be r e t e s t e d  a f t e r  drying and further 

I 
1 

Respectfully submitted, 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS, INC. 

Proctor 
Code 

Earl E. Dubin Earl E. Dubin 
Technician: 

Maxlmum Opllmum 
Oensltv lpcfl MolStur8 I%j Material Type and Source 

SUBSURFACE EXPLORATION m CONSTRUCTION QUALITY CONTROL m ENGINEERING SPECIALTI SERVICES 

L-16 128.4 10.5 Clay - Swann Road, Borrow P i t  - Sample #1OU 



O R C H A R D  PhfiK DISTRICT O F F I C E .  5-3858 S H E L D O N  R O A D  - - O R C H A R D  PARK. NEW YORK 94127 AREA C O D E  716-U9-8110 

+ u t ; r  
CG:. 

* 

-. 

Pro j 2 c?  : Niagara  F a l l s  S toraqe  S i te  Report No. DT. 8'3 

C1 i zn?: Bechtel Date: 10/9/*4 

Con: ra c t o r: . Cerrone ob No. BT - -  84 5 7  

h!oalcL- X1n.DEnsi tk 

135.7 106.6 2"  R.O.C.  - Niaqara S tone  

9 e n s t t y  (= : ( I  (PCF) 

t o c o t  ion and Remarks 

"0" S t .  c u l v e r t  a t  Western d i t c h -  95% compaction 
r e q u i r e d .  - 

I 

Moteriol Type and  Source 

REMARKS: Sand Cone Method Used. Respectfully submitted, 
EMPIRE SOILS INVESTIGATIONS, INC. 

INSPECTION TIME: 8:OO AM - 11 :30 AM Earl E. Dubin 
INSPECTOR: Earl E. Dubin 

s v a w n r u s  C I P L O ~ ~ U I D W  . AMO ccm~ncrc  IcsTI*c w u a m  . UIER- -1 v g a  TLSTWG b u A I c n u s  



FIELP IN--DLACE DENSITY TEST P'PORT 

In.placa In-place 
Test O a k  of Ospth or Morrlure *- Proctor Location and Remarks 
No Test Elevation ' ':;::;' I I%l Ctomzrctlon Code 

I 

Remarks: Sand Cone Method USE.:. EMPIRE SOILS INVESTIGATIONS, INC. 

I 
1137U 10/9 , 3 3 2 . 8  '118.4 i12.2 

I 
I I 

I 
I I 

I -- - 

I 
I 

I 

I 

I I I 1 I 

I 

Techniclan Time: 8:OO - 11 :30 

--:.9 1-15 Clay cap S985, El05 - 95% compaction reqfieste; 

I t o  be retested A . t . C .  - See t e s t  #142 U 

I 
! 

Earl E.  Dubin Earl E. Dubin 
Technician: 

I I I 
I 

I I 

I I I 

I 

i i 
Marlmum i Op1lmum I 

I 
1 

I 

! 
I I 

I I 
I 

I 

i 

I 
i j I 

I 

c o  n t r 

bE:r 
--15 

I 

ac t o r Cow per Job No. BT-84-53 

Material Type and Source Oenrity [pel] Molslurr le~pl - 

126.0 12.6 -ewport Clay - Sarnole t9U 



FIELP IN-PLACE DENSITY TEST PrPORT 

Contractor: J - W -  Cowper Job No. BT-84 - 53 

In-plrce In-plrct 
Test Date ol Depth w Oenrlty Molsturi % Proctor Location and Remarks 
No T o 1  Elevrllon [pcfl [%I Comprdlon Code 

I ! 
t e s t  a t  f i n i s h e d  g r a d e  

138U I . 10/12 331.8 128.7 1 2 . 0  loo%+ L-15 Clay c a p  S1030, E75 - 95% compac t ion  r e q u i r e d ,  

I 
139U 1 0 / 1 2  336.8 125.2 9.2 99.4 L-15 Clay Cap 51100, E200, 95% compac t ion  required. .  

t es t  a t  f i n i s h e d  g r a d e  I 

I 

I I 
I 

I I 

Proctor Maximum Optlmum 
Material Type and Source Code 08nrlty ipcll Molrlure 151 

L-15 126.0 12.6 Lewpor t  C lay  - Sample #9U 

Z 585 TROY.SCHENECTADY R D ,  LATHAM. NY 12110 
Z S.3858 SHELDON RD , P 0 BOX 229. ORCHARD PARK. NY 14127 

518.7831535 
716.6A94110 

Z 105 CORONA AVENUE. GROTON. NY 13073 

I 1 1 6 4  RIDGE RD EAST. ROCHESTER, NY 14621 716.32.3320 

607-898.5881 
5 RARITAN CENTER. xx) McGAW DRIVE, EDISON. NJ 08837 201.225-0202 

Z 635 JAMES STREET, SYRACUSE. NY 13203 315472,9333 

Project: Niagara Fa1 1 s S t o r a q e  S i t e  Report No. D T - 8 2  

Respectfully submitted, 

EMPIRE SOILS INVESTIGATIONS, INC. Sand Cone Method Used Remarks: 

Technician Time: 9:oo - 12:oo 

Ea r l  E. Dubin Earl L. Dubin Technician: 
SUBSURFACE EXPLORATION CONSTRUCTION QUALITY CONTROL ENGINEERING SPECIALTY SERVICES 



FIEL” IN-PLACE DENSITY TEST f ’PORT 

I 

585 TROY.SCHENECTADY RD.. LATHAM. NY 12110 
S.3958 SHELDON AD.. P.O. BOX 229. ORCHARD PARK. NY 14127 
1 0 5  CORONA AVENUE. GROTON. NY 13073 
RARITAN CENTER, 300 MCGAW DRIVE, EDISON. NJ 08837 
1164 RIDGE RD. EAST. ROCHESTER. NY 14621 

518.7851555 
716-649-8110 

607-898.5881 
201.2250202 

716342.5320 

I 

1 

Z 635 JAMES STREET. SYRACUSE. NY 13203 315472.9333 

Project: Niagara F a l l s  S t o r a g e  S i t e  Report No. DY- 83 

Client BechtPl Date: 9 0/13/84 - 

I 

i 
1 

Remarks: Cone Method Used EMPIRE SOILS INVESTIGATIONS, INC. 

! I 

8 ~ 3 0  - 1O:OO Technician lime: 

i 

*Proctor 
Code 

L-16 

Maximum i Optimum 
Ocntllv lpcfl 1 Molrturc Ia#l 

128.4 1 10.5 Clay - Swann Road, Borrow P i t  - Sample # I O U  

Material Type and Source 



- FI: ELD RELATIVE DENSITY T E S T  REPORT 

ORCHARD PARK DISTRICT OFFICE 3-3858 SHELDON ROAD 
ORCHARD PARK, NEW YOAK 14127 AREA CODE 7166698110 

Projact: Niaqara F a l l s  S t o r a s  S i t e  ' Report No. OT-84 

Cliznt: RpchtP1 Dote: 10/5/84 

P Job No. - -  actor: d 

I 

t o t o t  ion and Rtmorkr 

~ Moxirrum :4in.Densitf  Mofcriol Type ond Source 
3cnrlry (s:fl (PCF 1 

135.7 106.6 2" R.O.C. Niaqara Stone 

REMARKS: Sand Cone Method Used Respectfully submitted , 
EMPIRE SOILS INVESTIGATIONS, INC. 



FIEL" IN-PLACE DENSITY TEST PePORT 

Proaor 
Coda 

- 

- 505 TROY-SCHENECTADY RD.. LATHAM. NY 12110 
Z SJB58 SHELDON RD.. P 0. BOX 229. ORCHARD PARK. NY 14127 
C 105 CORONA AVENUE. GROTON. NY 15073 
2 RARITAN CENTER. 300 McGAW DRIVE. EDISON. NJ 08837 
f 1164 RIDGE RD. EAST, ROCHESTER, NY 14521 

51678S1555 
716619-81 

W789850.31 
201.22M202 

716342-5320 
C 63!j JAMES STREET. SYRACUSE, NY 13203 llW72-0333 

Material Type and Source Mixlmum Opllmun 
Dtntlty lpcrl Molrlwi fit  

172-n 1 1  - 6  Clay contaminated Dile - sample 87C 

10 

Project: Niagara F a l l s  Storage Site Report No. DT-85 

Client Bec h tel Date: 10/5/84 

Contractor: Sevenson Job NO. BT-84-53 

Respectfully submitted, 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS, INC. 
\ 

Technician Time: 9:00 - 5:oo 
T ~ ~ ~ ~ ~ ~ ~ ~ ~ :  Earl E .  Dubin Earl E. Dubin 

S111911RF~CF FYDI nnATION = CONSTRUCTION OUALITY CONTROL ENGINEERING SPECIALn SERVICES 



FIEL- IN-PLACE DENSITY TEST P'oORT 

sm TROY.SCHENECTADY AD.. LATHAM. NY 12110 s i a 7 s i s s  
S.3858 SHELDON RD.. P.Q. BOX 229. ORCHARD PARK. NY 11127 
105 CORONA AVENUE. GROTON. NY 13073 
RARITAN CENTER. 3M McGAW DRIVE. EDISON. NJ OM37 
1164 RIDGE R D .  EAST. ROCHESTER. NY 14621 
635 JAMES STREET, SYRACUSE, NY 13203 

7 l W B  
607-898-5881 

201-22u)202 
71b342*5320 

31-72-9333 

4110 

Project: Niagara F a l l s  S t o r a g e  S i t e  Report NO. DT-86 

Client Bec h tel Date : 1 01 51 84 
- 

Contractor: Cowper Job No. BT-84 - 53 

127U 70/5 35.0 118.8 ti-+ 
I I 

L-161 128.4 110.5 

Location and Remarks 

I 

Respectfully submitted, 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS, INC. 

9:OO - 5 : O O  Technician Time: 

Technician: Earl E. Dubin Earl E. Dubin 
SUBSURFACE EXPLORATION m CONSTRUCTION a u A L r n  CONTROL a ENGINEERING SPECIALTI SERVICES 



FlELP ‘N-PLACE DENSITY TEST RFOORT 

Pndor 
Cede 

L-15 

L-16 

cgg TROY-SCHENECTAOY RD., UTHAM, NY 12110 5 ~ 8 3 1 ~ 5  
$3858 SHELDON RD., P.O. BOX 22% ORCHARD PARK, NY 14127 
105 CORONA AVENUE. GROTON. NY 13073 

718-84QB110 
6074085881 

RARITAN CENTER, 300 McGAW DRIVE. EDISON. NJ oBBj7 
llzY RIDGE RD. EAST, ROCHESTER. NY 14621 
835 JAMES STREET. SYRACUSE, NY 13203 

101-225O207 
716342.5320 

315471.9333 

Optlmua Material Type and Source llrxlmum 

126.0 12.6 Lewport Clay - sample #9U 

Oenrlty lpEfl MolrtPrr 

\>w 

128.4 10.5 Clay - Swann Road, Borrow P i t  - sample #%3U 

Niagara Falls Storage S i te  Report No. DT-87 Project: 

Client Bec ht e 1 Date: 1 0/15/84 

Cowper Job No. BT-84-53 
- 

Contract or: 

143U 1 15 

1144U !10/15 338.6 

I146U 110/15 1343.7 

I147U 110/15 I 343.7 

128.2 10.8 100%’ 

117.9 j0.8 93.6 

Location and Remarks 

Cap- 5960, €340- 95% compaction req‘d. 

Cla Cap- 5950, E233 95% compaction r q 
~ - 1 5  tes! a t  finished qrade - t o  be retestes l k e r  

further compaction 
see t e s t s  1146 and #147 

rks 

Remarks: Test 141U - re tes t  o f  t e s t  #140U EMPIRE SOILS INVESTIGATIONS, INC. 
(see also 1 3 a )  
Test 142U-retest o f  t e s t  #137U 
Test #146U - re tes t  o t  t e s t  814311 

Test 147U- re tes t  of t e s t  #146U(See t e s t  143U) 

Technician Time: 8:oo - 4:30 

Technician: Earl E. Dubin Ear? E. Dubin 
SUBSURFACE EXPLORATION CONSTRUCTION OUAUTY CONTROL ENGINEERING SPECIALTY S E W I C S  



FIELP IN-PLACE DENSITY TEST P=PORT 

i! 95 TROYSCHENECTADY RD.. LATHAM. NY 12110 
2 53858 SHELDON RO.. P.O. BOX 229. ORCHARD PARK. NY 1412P 

5187831% 
71-98 

o im CORONA AVENUE, GROTON. NY 93073 wo7aeawi 
@ RARITAN CENTER, y)o MCGAW DRIVE, EDISON. NJ 08839 201-PM402 
C lldr RtOGE RO. EAST. ROCHESTER. NY 14621 
0 635 JAMES STREn,  SYRACUSE. NY 13ZC3 

71@-342.5320 
3lCl72.OW 

1 10 

Project: Niaqara Falls Storaqe S i t e  Report No. DT-88 

Client Bechtel Date: 10/35/84 

Contractor: Sevenson 
- 

Respectfully submitted. 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS, INC. 

8 : O O  AM - 4:30 PM Technician Time: 

Technlcian: Earl E .  Dubin Earl E, Dubin 
+I IRCI IPFACE FYPI ORATION CD*tSTRUCTION OUALITY CONTROL m ENGINEERING SPECIALTI SERVICES 



FIELD IN-PLACE DENSITY TEST RFoORT 

yL5 TROY-SCHENECTADY RO.. UTHAY. NY 12110 
SJaY) SHELDON AD.. P.O. BOX 22Q. ORCHARO PARK. NY '11127 
1 B  CORONA AVENUE. GROTOH. NY 13073 
RARITAN CENTER, )oo MCGAW DRIVE IDISON. KJ W 7  
1184 Rlf f iE RD. EAST. ROCHESTER dY 14621 

5187851555 
71644W110 

807-8965E41 
201-22M202 

716ScZ-SZ9 
63S JAMES STREET. SYRACUSE, NY 13243 315.4724333 

Project: N i a g a r a  Fa1 1 s Storaqe S i t e  Report No. DT-89 

Client Bec h t e  1 Date: I O/I 6/84 

Contractor: Kimnins h b  NO. BT-84-53 

Material Type and Source RKhr Maximum OpUmua 

L-2 126.0 12.2 Clay - Modern Land f i l l  63 

Code kn:ily Ipdl Molltwr Iwl 

~ 

Respectfully submitted, 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS. INC. 

Technician The:  1:OO PM - 5:OO PM 

Technician: Earl E. Dubin Far1 F. Dubin 
SUBSURFACE EXPLORATION m CONSTRUCTION OUALITY CONTROL m ENGINEERING SPECIALTY SERVICES 



1 
FIELD IN-PLACE DENSITY TEST REPORT 

98.2 

585 TROY-SCHENECTADY RD.. LATHAM. NY 12110 

105 CORONA AVENUE. GROTON. NY 13073 

5 i a 7 w i s 5 5  
S-3858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK. NY 14127 716649.8110 

607agami 
RARITAN CENTER. JOO MCGAW DRIVE. EDISON. NJ 08837 
1164 RIDGE RD. EAST. ROCHESTER. NY 14621 
635 JAMES STREET. SYRACUSE. NY 13203 

221.2250202 
716342~!XUO 

315472.9333 

Clay Cap 5955, E340- 95% Compaction Req'd.  
L-16 Retest o f  t e s t  125U a f t e r  d r i n g  and further co 

Project: Niagara Fa1 1 s Storaqe S i t e  Report No. DT-90 

Client Bechtel National Inc. Date: 10/8/84 

132U 10/8 

Contractor: Cowper/Sevenson Job No. BT-84-53 

335.6 119.7 16.0 

943- L-7 Oak S t .  Area H'-N2045, E1330-90% compaction 
req'd. Retest  of t e s t  133U 

*h IProctor I 
C s m ~ a a l o n  Code 

134U 

Location and Remarks 

10/8 331.4 125.0 12.0 

Prodor 
Code 

L-2 
L-7 

Material Type and Source Marlmum Opllmum 
Oinrlly [pel] .. Molrlurn [*/#I 

Clay - Modern Land71 1 1 #3 - bample #2U . 126.0 12.2 
126.0 12.1 C l a y  - P i l e  #1 - Sample #3U 

99.2 IL-751 Clay Cap 51810, E800- 95% compaction req'd 
1 

,L-15 126.0 12.6 Clay - LewDort - Sample #9U 

8 9 . 3  !L 2 I S. Dike 51672, El35 - 95% compaction req'd 
I I re test  o f  t e s t  #12U taken 6/14/84 I 

L-16 

. .  

To be re tes ted  a f t e r  further compaction 

128.4 10.5 Clav - Swann Rd., Borrow P i t  Sample #1OU 

Respectfully submitted, 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS, INC. 

Technician Tlme: 

Technician: 

10 : 00 - 4 : 30 

Earl E. Dubin Earl E. Dubin 
SUBSURFACE EXPLORATlON W ColrSTRUcIlON Qu*uTr CONTROL ENGINEERING SP€CULlY SERVlcEs 



FlELr 'V-PLACE DENSITY TEST RE 3RT 

Test Date 01 Depth or 

no. 1 let1 1 Elevallon 
I 

132U110/8 1335.6 

585 TROY.SCHENECTADY R D ,  LATHAM. NY 12110 
S.3858 SHELDON RD.. P.O. BOX 229. ORCHARD PARK, NY 14127 

516-782-1555 
716.6494110 

105 CORONA AVENUE. GROTON. NY 13073 
RARITAN CENTER. 300 McGAW DRIVE. EDISON. NJ 08837 
116-i RIDGE RD. EAST, ROCHESTER. NY 14621 
635 JAMES STREET. SYRACUSE. NY 13203 

607498.5881 
391-225-0202 

716342-52U 
315472.933 

I In.place In-glace 
Denrlty Moisture % Proctor Location and Remarks 

119.7 16.0 98.2 L-16 Retest of t e s t  125U a f t e r  d r i n q  and f u r t h e r  cohpac- 

lgcll I%] Cornpaellon Code 

Clay Cap 5955, E340- 95% Compaction Req'd. 

Project: Niaqara Fa1 1 s Storaqe S i t e  Report No. DT-90 

Client Bechtel National Inc. Date: 10/8/84 

Contractor: Cowper/Sevenson Job No. BT-84-53 

---. - Y 4 .  I 
I L-l Oak S t .  Area HI-N2045, E1330-90% compaction I 

req'd.  Retest of t e s t  133U 

L-151 126.0 12.6 Clay - LewDort - Sample #9U 

-L-16 128.4 10.5 . Clay - Swann Rd.. Borrow P i t  SamDle #1OU 

Respectfully submitted, 

Remarks: Sand Cone Method Used. EMPIRE SOILS INVESTIGATIONS, INC. 

Technician: Earl E. Dubin Earl E. Dubin 
SUBSURFACE EXPLORATION CONSTRUCTION QUALITY CONTROL ENGINEERING SPECIALTY SERVICES 



APPENDIX 3-8 

PROCTOR TEST RESULTS 



150 

140 

130 

120 

110 

100 

9C 

OTHER 

GRAOATIOW OF SAMPLE 1 
‘h FINER 

BY WEIGHT 

DR. BY: WL I DATE SAMPLED: 8-1 0 IPROJ. NO. BT-84-53 

A t t e r b e r g  l imi t s  

LL = 33 
PL - 21 

5 10 15 20 25 30 

MOISTURE CONTENT (PERCENT) 

SAMPLE DESCRIPTION TEST RESULTS 

Material Borrow m a t e r i  a1 Maximum Dry Density 925.0 pcf 

Color red Source Lewport Optimum Water Content 91.9 % 

Sampled By Ed At #6U 

STANDARD METHOD 

I AASHTo I 1 
t 

OPTIMUM MOISTURE - MAXIM U M 0 ENSlTY 

I MILITARY- I 1 1  NIAGARA FALLS STORAGE SITE 

RTr Form E 



158 

, 

140 

130 

120 

110 

lo( 

MOISTURE CONTENT (PERCENT) 

SAMPLE DESCRIPTION TEST RESULTS 

121.0 pcf Material Clay Cap Material Maximum Dry Density 

Color red Source on s i t e  Optimum Water Content 13.9% 

Sampled B y E d t  -ion 334.4 
- 

15 20 25 30 5 10 

STANDARD 

ASTM 'lb5' 

AASHTO 

_. -- _-- - 

OPT1 M U M M OlSTURE - MAXIMUM D ENSlTY 

NIAGARA FALLS STORAGE SITE 

METHOD 

A 

a n   arm E 



140 

F 
0 
0 
LL 

111 
cn 
B a 
*. 

0 
a 

1c 
I I 

1 3u 20 25 

MOISTURE CONTENT (PERCENT) 

10 I5 o 5 

SAMPLE DESCRIPTION # 11U 
YEST RESULTS 

pcf Borrowed materi a1 Maximum Dry Density 126.0 
Material 

Cotor red Source Lewport Optimum Water Content 1 2 - 6  % 

source Sampled By Ed At 

MILITARY - 
PROJ. NO. BT-84- 



150 

METHOD OF TEST 

STANDARD METHOD 

A ASTM 01557 

AASHTO 

MILITARY - 
OTHER 

140 

.- - - - - - 
OPT1 M U M M 0 I STUR E - MAXIMUM D ENSlTY 

NFSS 

O R B Y  WL I DATE SAMPLED: 9-1 0 1 PROJ NO. BT-84-53 

U 
W a 

- 

0 
a .  

. 10 

CK'O BY. c'c< ITESIEDBY JH & RK JCURVENO L-16 

E 

/ 

GRAOATIOW OF SAMPLE 

SIEVE Y FINER 
BY WI!tHT 

10 15 20 25 1 5 

MOISTURE CONTENT (PERCENT) 

SAMPLE DESCRIPTION 12u TEST RESULTS 

30 

128.4 pcf Material C1 ay Maximum Dry Density 

Color Red Source Swan road Optimum Water Content 10- 5 

Sampled By ED At Source 

% 



APPENDIX 3-C 

BORING LOGS 
BP-NE, BP-N, BP-NW, BP-SW, BP-S, BP-SE 



DATE 
7-6-84 HOLE NO BP-N 

STARTFD 

FINISHED 7-6-84 SUBSURFACE LOG SURF ELEV. N.A. 
1 1 - C.W.DEPTH See Note jHEET OF- 

Niaoara Falls S t W a a p  s1 
I 

PROJECT - ' t e  LOCATION Niasara Falls,  New York 

1 
I :r 

So i  1 Overburden 

I l l  T I  I 

Boring complete a t  17.0 fee t  

I 

NOTES 

-I - 
3'' Shelby tube advan- - 
eed from 5.0'-6.5' - 
w i t h  1 . l  ' recovery - 

3'' Shelby tube advan-  
ced from 15.0'-17.0' 

- 
w i t h  1 a 3 '  recovery 

-_ 
- - 

h: = NO b l o w  to dribc. 2 '' spoon 140 "per blow CLASSIFICATION Visual  by 
" wlth Ib pm wt frlllnp 

I C = Y o  t h \ s \  10 drlve '. cauny .* wlrh Ib welght falltng "per blow Dri 1-n 

R T Form H 



I 
I 

j 
I 
i 
! 

1 
1 

I I 

I 

I 
i 
I I 

I 

7-6-84 
STARTFD 

FlNlSHtD 7-6-84 

;HEET -OF- 

3ATE 1 .  

- 
5 

I I 

PROJECT Niagara Fa1 1 s Storage S i t e  LOCATION Niagara  F a l l s ,  New York 

r 

3'' She1 by Tube 
obtained from 5 . 0 ' -  
6.5 '  with 1 .5 '  
re c o ve ry 

Bag (auger)  samples 
obtained from 
0.0'-5 0 '  
5 - 0 '  -10.0 ' . 

10.0 ' -15 .O' 

through the dike side 
wall a n d  therefore  
the boring was term- 
inateti , 

Visual by ! pi = NO blow to dri\v 2 " spoon '' with 401b pm wt falling 30 "per blow CLASSIFICATION 
I 
j C = No l > l o ~ \  10 drlrr " cawng " with Ib wclght falllng "per blow Drill F o r p m  
i UETHOD OF I ~ ~ V E S T I C A T I O N  

ASTM D-1586, Using d r i l l e d  i n  casing / 

1 
R 1 Form n 

~~ ~ 



DATE 
7-5-84 

S T A R T f O  

FINISH€ D 7-5-84 

HOLE NO BP-Sbj 
SUBSURFACE LOG SURF E L E V  N . A .  

. I  
j H E E T  O F L I  

I I 

PROJECT A a q a r a  Falls S toraqe  Site LOCATION N i a g a r a  F a l l s ,  N e w  York 

I 

Soi l  O v e r b u r d e n  

Boring c o m p l e t e  a t  19.  5 feet  

NOTES 

V i s u a l  by s = No blow\ to drlvc. 2 " spoon 1 2  '' wi th1  40 Ib. pin wt. falling 30 "per  blow CLASSIFICATION 
I 
! C = So Idon- to drlbc. " c a m p  '' wlth Ib. weight falling "per blow. D r i l l  F o r m  F' I UFTHOD Of IS\'ESTICATION ASTM D -1586, Using dr i l l ed  i n  ca s ing  ., ~ 

R T Form n 



D A T t  

S T A R T  t D 7-5-83 
FINISHLO 7-5-s.1 

'1 1 S H F E T  . OF- 
I I 

PROJECT - iagara kai  I S  btorage 3 i L e  LOCATION Niagara Fal ls ,  New York 

- - - 

Soil Overburden 

CLASSIFICATION 

Boring corvplete w i t h .  Refusal a t  
19.7 f e e t  

2d From 

bcovery 

qecovery 

?eco ve ry 

7.0 ' -8 .4 

18.0' -1 8 

18.5 ' -19 

W 

2 '  

7 '  

Visual ty ; S = h1n blow* t o  d r l b t -  2 " spoon 12 '' wlth 1 4 0  Ib pln wt falllng 30 "per blow CLASSIFICATION 

. j C = So t h i n ,  10  dri\r .' c a w g  '' with Ib wctght falling "per blow. ~ 

METHODO[ ISvISTICATIOh; ASTM D-1586, Using d)  i l l e d  i n  casing 
.., ! 

R T Form H 



DATE 
7-3-84 

STARTFD 

FINIS HE^ 7-5-84 
SHEET 1 OF- 1 

HOLE N O  BP-S 
SUBSURFACE LOG SURF E L E V  N.A. 

C W DEPTH See Note 
I 

PROJECT Niaqara F a l l s  S t o r a a e  S i t e  LOCATION Niaaara  F a l l s ,  NPW York 

Soi  1 Overburden 

- 
Boring complete  with Refusal  a t  

I I  I I I I I I 

NOTES ==I 
ti 

3" Shelby t u b e s  
advanced from: 5 .0 '  
t o  6 . 8 '  w i t h  1 . 6 '  
recovery  , 1 8 a 0 I - 
l 9 . 8 '  w i t h  0 .0  
re co ve ry  

Bag ( a u g e r )  samples  
ob ta ined  from; 
0 .0  ' - 5 . 0 '  
5 .O ' - 1  0.0 ' 
i o . o i - i 5 T o i  
15 .0  ' -1 8.0 ' 

2 .. 140 30 "per blow CLASSIFICATION " by N = No blows to c l r i \ c .  spoon * " with Ib pin wt falling 

C = So l)lo~\* to d r i b v  casing " with Ib weight falling " p e r  blow Drill F m a m  
METHODO1 IhVfSTICAIION' ASTM D-1586,Using d r i l l e d  i n  casing 



DAT t 
7-9-84 S T A R T  t 0 

FINISHED 7-9-84 
SHEET 1 OF- 

N i a g a r a  F a l l q  S t n r a o e  s i te 
I 

PROJECT LOCATION A a g a r a  F a l l ? .  N P W  York 

GP-NE HOLE NO 

SUBSURFACE LOG S U R F  ELEV N.A. 
c. w DEPTH See Note 

z u  BLOWS or 
SAMPLI R c ; .  SOIL OR ROCK 

: Z P  

CLASS I F ICATION 

p: i 12 .. 140 30 - ; N = So blows 10 d r l \ v 2 "  spoon- with Ib. pin wt. falling "per blow. 
! 

NOTES 

Visual by 
CLASSlFlCATlON 

- 

3" She1 by Tubes 
advanced f rorn 
3.0 '-4.5 '  w i t h  1 .5 '  

r e  co ve ry 
8.@'-9.0' w i t h  0.4'- 

recovery 
9.5 '-11.4'  w i t h  1 .2 '  

recovery 

Bag (auger)  samples 
were obtained from 
0 . 0 ' - 3 . 0 '  and 5 . 0 ' -  
8 .0 '  H 
Loreticle grounted a t  
boring completion 

H 

[, , M f T H O D  01 IXV[STICATION ASTM D-1586, Using d r i l l e d  in casing 
R T Form n 



APPENDIX 3-D 

PERMEABILITY TEST RESULTS 

o Test Procedure 

o Test Results 



. .  

CONSTANT HEAD PERMEABILITY TESTING 

WITH BAC KPRES SURE SAT URAT I OX 

DESCRIPTION O F  TEST PROCEDURE 

I. DESCRIPTION O F  TEST APPI:RATUS 

The  p e r m e a b i l i t y  t es t  is  performed i n  a t r i a x i a l  
I c e l l ,  where t h e  test  specimen is  enc losed  i n  a l a t e x  
I 

rubber membrane, sealed a t  base and cap  w i t h . r u b b e r  

O-rings. F i l t e r  pape r ,  porous s t o n e s ,  and d r a i n a g e  
l e a d s  f a c i l i t a t e  t h e  a p p l i c a t i o n  of h y d r o s t a t i c  p r e s s u r e  
t o  bo th  ends o f  t h e  specimen. 

P r e s s u r e  is  gene ra t ed  by se l f -compensa t ing  mercury 
columns capab le  of d e l i v e r i n g  p r e s s u r e s  up t o  abou t  1 4 0  
pounds p e r  s q u a r e  inch .  Three mercury columns are  used. 
One p rov ides  a backpres su re  t o  e n s u r e  s a t u r a t i m  of t h e  

tes t  specimen. The  second column is  set  a t  a h i g h e r  
p r e s s u r e  t o  produce a h y d r o s t a t i c  g r a d i e n t  a c r o s s  t h e  
l e n g t h  of t h e  specimen. The t h i r d  column p r o v i d e s  t h e  
ce l l  c o n f i n i n g  p r e s s u r e ,  which ac t s  on  t h e  rubbe r  membrane 
t o  p reven t  pas sage  o f  water up a l o n g  t h e  s i d e s  of t h e  

specimen. 

Water f low t o  and from t h e  specimen -is measured 
by means of volume change u n i t s  w i t h  g radua ted  b u r e t t e s  
c o n t a i n i n g  c o n t r a s t i n g  c o l o r e d  f l u i d  t o  f a c i l i t a t e  
r ead ing  of t h e  in t e r f ace  meniscus. B u r e t t e s  of  v a r i o u s  
s i z e s  are  on hand w i t h  g r a d u a t i o n s  r a n g i n g  from 0 . 0 5  

t o  0 . 2  cubic c e n t i m e t e r .  

105 CORONA AVENUE, GROTON, NY 13073, 607-898-5881 



Constant  Head P e r m e a b i l i t y  T e s t i n g  
With Backpressure S a t u r a t i o n  
Desc r ip t ion  of T e s t  Procedure 

11. 

Page 2 
October 1981 

SPECIMEN PREPARA'PION 

A .  Undisturbed Specimens 
- 

Undisturbed specimens u s u a l l y  are prepared  
from 3 i n c h  o u t s i d e  d iameter  t h i n  w a l l  t ube  samples. 

'A s e c t i o n  of tube sample approximate ly  5 t o  6 i nches  
long  is  ex t ruded  from t h e  t u b e .  The specimen ends 
are c a r e f u l l y  trimmed i n  a m i t e r  box so t h a t  t hey  
are p l a n e  and squa re  wi th  t h e  l o n g i t u d i n a l  a x i s  of 
t h e  specimen. Length and d i a m e t e r  i s  measured by 
c a l i p e r s .  Two sets of measurements are  made a t  90" 
spac ing .  The d i ame te r  is  measured n e a r  each end 
o f  t h e  specimen. T h e  ave rage  o f  t h e  measured dimen- 
s i o n s  are  computed and recorded  on t h e  test  form. 

B. Compacted Specimens 

Compacted specimens are  g e n e r a l l y  remolded i n  
a 4 i n c h  d i ame te r  compaction mold. Unless  o t h e r w i s e  
s p e c i f i e d  t h e  specimen i s  compacted t o  about  95 per-  
c e n t  of  maximum d r y  d e n s i t y ,  as determin'ed by t h e  
S tanda rd  Moisture-Densi ty  t es t  (ASTM Des igna t ion  
D 698-70, Methods A o r  C ) ,  a t  a m o i s t u r e  c o n t e n t  
co r re spond ing  t o  95 p e r c e n t  compaction on t h e  w e t  
s i d e  of t h e  optimum mois tu re  c o n t e n t .  Maximum 
p a r t i c l e  s i z e  pe rmi t t ed  f o r  t h i s  specimen - s i z e  is 
t h r e e - q u a r t e r  inch .  

The specimen is weighed t o  v e r i f y  t h a t  i t s  
d e n s i t y  is reasonably  c l o s e  t o  t h e  in t ended  v a l u e ,  
is  c a r e f u l l y  ex t ruded  from t h e  compaction mold and 
t h e  s u r f a c e  i s  examined f o r  e x c e s s i v e  p i t t i n g  o r  
o t h e r  s i g n s  of poor compaction b e f o r e  placement i n  
t h e  t r i a x i a l  ce l l .  



Constan t  Head P e r m e a b i l i t y  T e s t i n g  
With Backpressure S a t u r a t i o n  
D e s c r i p t i o n  of T e s t  Procedure  
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October  1981 

TEST PROCEDURE 

A f t e r  t h e  a p p a r a t u s  i s  assembled, and t h e  t r i a x i a f  - 
c e l l  is f i l l e d  w i t h  d e a i r e d  water, ce l l  p r e s s u r e  and 
backpressure  is  g r a d u a l l y  a p p l i e d  u n t i l  t h e  p r e s e t  
p r e s s u r e  levels on t h e  self-compensat ing mercury columns 
are reached.  

The tes t  is  conducted i n  two s e p a r a t e  s t a g e s .  I n  
t h e  f i r s t  s t a g e  a uniform backpressure  i s  a p p l i e d  t o  both  
ends whi le  t h e  specimen is  s a t u r a t i n g  and a d j u s t i n g  t o  
t h e  n e t  c o n f i n i n g  p r e s s u r e  ( t h e  d i f f e r e n c e  between t h e  
t o t a l  c e l l  p r e s s u r e  and t h e . b a c k p r e s s u n e ) .  Rou t ine ly ,  
on specimens i n i t i a l l y  c l o s e  t o  s a t u r a t i o n ,  a backpressure  
of 50  pounds p e r  s q u a r e  inch  is  used. Compacted specimens 
g e n e r a l l y  r e q u i r e  a backpressure  of  80 pounds p e r  squa re  
inch  f o r  complete s a t u r a t i o n .  For  und i s tu rbed  specimens 
t h e  c e l l  p r e s s u r e  g e n e r a l l y  is s e l e c t e d  t o  d u p l i c a t e  
t h e  e x i s t i n g  overburden p r e s s u r e  a t  t h e  sample l o c a t i o n ,  
t h u s  minimizing c o n s o l i d a t i o n  e f f e c t s .  Unless  o t h e r  
c o n s i d e r a t i o n s  govern,  t h e  n e t  c o n f i n i n g  p r e s s u r e  i s  
s e l e c t e d  so t h a t  it is a t  least  5 pounds p e r  squa re  inch  
g r e a t e r  t han  t h e  h i g h e s t  g r a d i e n t  p r e s s u r e  t o  b e  used 
du r ing  t h e  p e r m e a b i l i t y  t e s t  s t a g e .  I t  must be a s c e r t a i n e d  
t h a t  a l l  f l ow due t o  s a t u r a t i o n  and c o n s o l i d a t i o n  has  
ceased b e f o r e  t h e  p e r m e a b i l i t y  tes t  stage is i n i t i a t e d .  
W i t h  t h e  range  o f  p r e s s u r e s  u t i l i z e d  t h i s  u s u a l l y  is 
accomplished w i t h i n  a 1 6  t o  2 4  hour p r e s s u r i z a t i o n  pe r iod .  

I n  t h e  second s t a g e  of t h e  t es t  a h y d r o s t a t i c  g r a d i e n t  
is e s t a b l i s h e d  a c r o s s  t h e  l e n g t h  o f  t h e  sample by inc reas -  
i n g  t h e  p r e s s u r e  a t  t h e  base  of t h e  specimen w h i l e  main- 
t a i n i n g  t h e  backpres su re  a t  t h e  t o p .  The rate of f low 



Constan t  Head P e r m e a b i l i t y  T e s t i n g  Page 4 
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D e s c r i p t i o n  of T e s t  Procedure  

. th rough t h e  specimen is  determined by b u r e t t e  r e a d i n g s ,  
a t  t imed i n t e r v a l s ,  on a volume change u n i t  i n s e r t e d  i n  
t h e  g r a d i e n t  p r e s s u r e  l i n e .  The f low ra te  is  r o u t i n e l y  
determined f o r  t w o  d i f f e r e n t  g r a d i e n t  p r e s s u r e s .  For 
f a i r l y  impervious s o i l s  g r a d i e n t  p r e s s u r e s  5 and 1 0  
pounds p e r  squa re  i n c h  h ighe r  t han  t h e  backpres su re  
g e n e r a l l y  are a p p l i e d .  
o f  b t o  2 pounds p e r  s q u a r e  i n c h  are  used f o r  more 
pe rv ious  materials.  A t  each g r a d i e n t  p r e s s u r e  t h e  
p e r m e a b i l i t y  tes t  stage is conducted f o r  a s u f f i c i e n t  
p e r i o d  of t i m e  t o  a c c u r a t e l y  de te rmine  t h e  f low rate.  

- 

Gradient  p r e s s u r e s  on t h e  o r d e r  

The P e r m e a b i l i t y  T e s t  Report  form c o n t a i n s  a l l  
p e r t i n e n t  sample i d e n t i f i c a t i o n  and specimen d a t a .  
Graphica l  p r e s e n t a t i o n s  are given of  t h e  d a t a  upon which 
t h e  f low rate  d e t e r m i n a t i o n  w a s  made a t  t h e  r e s p e c t i v e  
g r a d i e n t  p r e s s u r e s ,  as w e l l  as t h e  p e r m e a b i l i t y  a t  t h e  
r e s p e c t i v e  h y d r a u l i c  g r a d i e n t s  a p p l i e d  d u r i n g  t h e  tes t .  

A s i d e  from t h e  self-compensat ing mercury column 
p r e s s u r e  system and t h e  twin  b u r e t t e  t r i a x i a l  volume 
change u n i t  used for  f low measurement t h e  procedure  
desc r ibed  above i s  s i m i l a r  t o  "Pe rmeaS i l i t y  T e s t s  w i th  
Sackpressure"  i n  U . S .  Army Corps of Engineers  EM 1110- 
2-1906,  Appendix V I I  ( 7 ) ,  pp. V I I - 1 7  t o  VII-22. 



HYDRAULIC GRADIENT - dh/L (crn/cm) 

M ~ ~ M ~ ~ ~ ~  Constant Head, T r i a x i a l  
SPECIMEN HEIGHT (cm) 
SPECIMEN DIAMETER (cm) 
DRY UNIT WEIGHT (pcf) 
MOISTURE CONTENT BEFORE TEST (%) 10.7 
MOISTURE CONTENT AFTER TEST 15.1 
MAXIMUM DRY DENSITY ( ASTM 
OPTIMUM MOISTURE CONTENT (%) 

TEST PRESSURE (psi)  
BACK PRESSURE (psi) 

D -1 b C f )  

DIFFERENTIAL HEAD (psi) N i a g a r a  Fal l s ,  New York  

I PROJ. NO.: BT-84-53 I I DATE: A u ~ .  1954 
PERMEABILITY (cm/sec) 
S p e c i f i c  G r a v i t y  (320 c 
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HYDRAULIC GRADIENT - dh/L (cm/cm) 

TEST DATA: 
TYPE PERMEAMETER Constant Head, T r i a x i a l  

7 n r  I .m SPECIMEN HEIGHT (cm) 
SPECIMEN DIAMETER (cm) 7 . 2 2  
DRY UNIT WEIGHT (pcf) 110.9 
MOISTURE CONTENT BEFORE TEST (%) 18.4 

19.0 
MAXIMUM DRY DENSITY ( ASTM D -1 (PCf) 
OPTIMUM MOISTURE CONTENT (%) 

MOISTURE CONTENT AFTER TEST (%) 

CELL CONFINING PRESSURE (psi) 9 5 . 0 ' 9 5 . 0  
TEST PRESSURE (psi) 85.0 90.0 
BACK PRESSURE (psi) 80.0 80.0 

4 T* 1 * 3 l x 1 0  -8 
2.686 

DIFFERENTIAL HEAD (psi) 
PERMEABILITY (cm!sec) 

S p e c i f i c  Gravi ty  @20 C 

SAMPLE IDENTIFICATION : 
Boring No. BP-S 
Sample No. S-2,  5 . 0 ' - 6 . 8 '  

VISUAL DESCRIPTION : ed Brown 

EMPIRE SOILS INVESTIGATIONS, INC. 

FUSRAP 
Niagara F a l l s ,  New York 

DATE: Auq. 1984 I PROJ. NO.: BT-84-53 J 
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HYDRAULIC GRADIENT - dh/L (cm/cm) 

TEST DATA: 
TYPE OF PERMEAMETER 
SPECIMEN HEIGHT (cm) 7.52 
SPECIMEN DIAMETER (cm) 7.25 
DRY UNIT WEIGHT ( p c f )  117.0 
MOISTURE CONTENT BEFORE TEST (%) A. 

Cons t a n  t Head ,Tri axi a1 

MOISTURE CONTENT AFTER TEST (%I d 

CELL CONFINING PRESSURE (psi) 95.0 ' qc; 0 
TEST PRESSURE (ps i )  85.n90.0 
BACK PRESSURE (ps i )  A80.0 

MAXIMUM DRY DENSITY (ASTM D 1 (pcf) 
OPTIMUM MOISTURE CONTENT ( O h )  

DIFFERENTIAL HEAD (mi) 5 . 0  l 0 .Q  

SAMPLE IDENTIFICATION : 
Boring No. BP-S 
Sample No. S-6, 1 5 . 0 ' - 1 6 . 4 '  

VISUAL DESCRIPTION: Brown & Gray CLAY 
Some S i l t ,  w i t h  fine s a n d , t r a c e  

EMPIRE SOILS INVESTIGATIONS, INC. 

FUSRAP 
Hiagara  F a l l s ,  New York 

DATE: Aug . 1984 I PROJ. NO.: BT-84-53 



/ 
TIME - t (sec) 

TEST DATA: 
TYPE OF PERMEAMETER s t a n t  Head. T r  i a x i a l  

DRY UNIT WEIGHT (pcf )  108.0 

SPECIMEN HEIGHT (cm) 7 . 7 5  
SPECIMEN DIAMETER (cml 7-31 

> 
q 
I 
J .  

J 
5 
3 
5 
J 
L 

SAMPLE IDENTIFICATION: 
B o r i n g  No. BP-NE 
‘iamplp nn 5-5- 9 . 5 ’ - 1 1 . 4 ’  

VISUAL DESCRIPTION: Brown CLAY*Some 
w 

S i l t , t r a c e  q r a v e l  , w i t h  pockets of f i n e  

10-710 
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10- 

HYDRAULIC GRADIENT - dh/L (cm/cm) 

MOISTURE CONTENT BEFORE TEST (%I 7n - 4 
MOISTURE CONTENT AFTER TEST (‘/el 70.8 
MAXIMUM DRY DENSITY (ASTM D (pcf) 
OPTIMUM MOISTURE CONTENT (‘/a) 
CELL CONFINING PRESSURE (psi) 95.0 ‘ 95.0 
TEST PRESSURE (psi) so.n 
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HYDRAULIC GRADIENT - dh/L (cm/cm) 
~~ ~~~~ 

TEST DATA: 
TYPE OF pERMEAMETER 
SPECIMEN HEIGHT (cm) 7.87 
SPECIMEN DIAMETER (cml 7.29  
DRY UNIT WEIGHT ( p c f l  in?.Fi 
MOISTURE CONTENT BEFORE TEST (%I 22.4 
MOISTURE CONTENT AFTER TEST (01~)  21.8 

C o n s t a n t  Head, T r i a x i a l  

MAXIMUM DRY DENSITY (ASTM D . 1 (pcf) 

CELL CONFINING PRESSURE (psi)  95 .O 
OPTIMUM MOISTURE CONTENT ('/o) 

TEST PRESSURE (psi)  2- 
BACK PRESSURE (ps i )  80.0 R f l L  
DIFFERENTIAL HEAD (ps i )  5 .O In.n 
PERMEABILI' ' Y  ( cm /scc 4 .98~10 '8  4 2!w8 

S D e c i f i c  G r a v i t v  020 c 

SAMPLE IDENTIFICATION : 
Boring No. BP-N 
Sample No. 5-5. 15.0 ' -17.0 '  

VISUAL DESCRIPTION.: M o t t l e d  Brown 9 

Gray & Red CLAY ,some S i l  t , t race  grave  
6r0m SAND PnrkPtq &!& EMPIRE SOILS INVESTIGATIONS, INC. 

PERMEABILITY TEST REPORT 

FUSRAP 
Niagara  Falls, New York 

I PROJ. NO.: -84-53 DATE : Aug * 1 y84 



1 

TEST DATA: 
TYPE OF PERMEAMETER 
SPECIMEN HEIGHT (cm) 7.87 

C o n s t a n t  Head, T r i a x i a l  

2 

SAMPLE IDENTIFICATION : 
Boring No. BP-NW 

, Sample No. S-2 5 . 0 ' - 6 . 5 '  
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0 25 50 

HYDRAULIC GRADIENT - ah/L (cm/crn) 

7 5  100 

SPECIMEN DIAMETER (cm) VISUAL DESCRIPTION: M o t t l e d  Brown *Dark 
DRY UNIT WEIGHT (pcf 1 Brown & Red-Brown CLAY.  some S i l t  

MOISTURE CONTENT AFTER TEST ('/el 
MAXIMUM DRY DENSITY ( ASTM D (pcf) 

CELL CONFINING PRESSURE (psi) 
TEST PRESSURE (psi) 

OPTIMUM MOISTURE CONTENT ('/o) 

Niagara  F a l l s ,  New York 



,/' TIME - t (sec)  I 

0 25 50 
HYDRAULIC GRADIENT - dhjL (cm/cm) 

75 

l o 0 l  

TEST DATA: 
TYPE OF PERMEAMETER Constant Head, T r i a x i a l -  
SPECIMEN HEIGHT (cm) 7.82 
SPECIMEN DIAMETER (cm) 7.23 
DRY UNIT WEIGHT (pcfl 119.6 
MOISTURE CONTENT BEFORE TEST (%) 14.9 
MOISTURE CONTENT AFTER TEST ('/el 15.9 
MAXIMUM DRY DENSITY (ASTM D 1 (pcf) 
OPTIMUM MOISTURE CONTENT ('/el 
CELL CONFINING PRESSURE (psi) 95.0 ' 95.0 
TEST PRESSURE (psi) 85.0 90.0 
BACK PRESSURE (psi) A - . . - A O n  

In.n 
-9 

9 r n 7  
9 . 7 8 ~ 1 0  

DIFFERENTIAL HEAD (psi) 
PERh4EABll.l Y ( m/sec) 

SDeci7ic bravi  t v  

I SAMPLE IDENTIFICATION: 
Boring No. BP-SE 

P 7-6 l R . ! i 1 - l c l - 7 1  

I VISUAL DESCRIPTION : Mottled Brown 
S I L T  & CLAY, 1 i t t l e  s a n d , t r a c e  

PERMEABILITY TEST REPORT 

FUSRAP 
Niagara F a l l s ,  New Y o r k  

PROJ. NO.: BT-b4-53 
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. .  TEST DATA: 

SPECIMEN HEIGHT (cm) 
TYPE OF PERMEAMETER C o n s t a n t  I k x L T r i a x i a l  
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SAMPLE IDENTIFICATION : 
Boring  No. BP-NE 

, Sample Nc. S-2 3 .0 ' -4 .5 '  

10 

20 
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HYDRAULIC GRADIENT- dh/L (cm/cm) 

SPECIMEN DIAMETER (cm) 7.30 
DRY UNIT WEIGHT (pcf) 111.3 
MOISTURE CONTENT BEFORE TEST (O/o) 1 7 . 4  

MAXIMUM DRY DENSITY (ASTM D 1 (pcf) 
MOISTURE CONTENT AFTER TEST (01~) 18.6 

OPTIMUM MOISTURE CONTENT ('/o) 

CELL CONFINING PRESSURE (psi) 95.0 . 95.0 
TEST PRESSURE (psi) 85.n90.0 
BACK PRESSURE (psi)  

DIFFERENTIAL HEAD (psi) 
PERMEABILITY (cm/scc) ** 

S p e c i f i c  G r a v i t y  (3 20 c 2.699 

VISUAL DESCRIPTION: 
M o t t l e d  Grown SILT & Cl A Y . t r a r p  
s a n d  a n d  a r a v p l  a - EMPIRE SOILS INVESTIGATIONS, INC. 

PERMEABILITY TEST REPORT 

F US RAP 
Niagara  Fa1 1 s ,  New York 

DATE: Aug. 1984 I PROJ. NO.: BT -84-53 
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' SAMPLE IDENTIFICATION: 1O-AU ' In Place Material  o f  Clay Cap 
S1075/E100. Elev. 334.4 

S i l t .  SDecimen compacted i n  3 layers 
w i t h  s tandard hammer, 25 blows/ layer  a E ~ R E  SOILS INVESTtGATIONS, b+C. 

PERMEABILITY TEST REPORT 

VISUAL DESCRIPTION : Brown CLAY Some 
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TEST DATA: 
TYPE PERMEAMETER Constant Head, Tr iax ia l  
SPECIMEN HEIGHT (cm) 11.68 
SPECIMEN DIAMETER (cml 10.18 
DRY UNIT WEIGHT (pcf) 109.6 
MOISTURE CONTENT BEFORE TEST 15.8 
MOISTURE CONTENT AFTER TEST (O/O) 18.9 

OPTIMUM MOISTURE CONTENT ('/o) 13.9 
CELL CONFINING PRESSURE (psi) 95 .O 95.0 

BACK PRESSURE (ps i )  80.0 80.0 

1 .OOX10-8 1 . 0 8 ~ 1 0 - 8  

MAXIMUM DRY DENSITY ( ASTM D 1557 (pcf) 121 .o 

TEST PRESSURE (psi) 85.0 90.0 

DIFFERENTIAL HEAD (psi) 5.0 10.0 
PER ME A 8  I L IT Y ( cm /sec 

N IAGARA FALLS STORAGE SITE 

DATE: October 1984 I PROJ, NO.: BT-84-53 
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TEST DATA: 
TYPE PERMEAMETER Constant Head, T r i a x i a l  
SPECIMEN HEIGHT (cml . 11.67 
SPECIMEN DIAMETER (cm) 10.18 
DRY UNIT WEIGHT (pcf 1 118.2 
MOISTURE CONTENT BEFORE TEST ( O h )  1 5.3 
MOISTURE CONTENT AFTER TEST (O i0 )  1 6 . 4  
MAXIMUM DRY DENSITY ( ASTM D 1557 (pcf) 1 71 . O  
OPTIMUM MOISTURE CONTENT 13.9 
CELL CONFINING PRESSURE (psi) 95.0 95.0 
TEST PRESSURE (psi) 85.090.0 
BACK PRESSURE (psi) 80.0- 
DIFFERENTIAL HEAD (psi) 
PERMEAElLlT Y (cm/sec) 

SAMPLE IDENTIFICATION : 1 0-AU 
In-Place Material  of Clay Cap 
S1075/E100, Elev. 334.4 
VISUAL DESCRtPTION : Brown CLAY 9 Some 
S i l t .  Specimen compacted i n  3 l a y e r s  
w i t h  modified hammer, 25 blows/ layer  a EMRE So I LS INVEST~GATIONS, M. 

PERMEABILITY TEST REPORT 

NIAGARA FALLS STORAGE SITE 

DATE: October 1984 I PROJ. NO.: BT-84-53. 
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HYDRAULIC GRADIENT - dh/L (cm/cm) 

SPECIMEN HEIGHT (cm) 11.67 
SPECIMEN DIAMETER (cml 10.19 
DRY UNIT WEIGHT (pcf) 123.0 
MOISTURE CONTENT BEFORE TEST (%I 
MOISTURE CONTENT AFTER TEST ('/oI 
MAXIMUM DRY DENSITY ( ASTM D 1557 1 (pcf) 130.6 
CELL CONFINING PRESSURE (psi) 95.0 95.0 

BACK PRESSURE (psi) 80.0 80 .O 

PERMEABILITY (cm/sec) 8 .C4xlO-Y 7 . 8 4 ~ 1 0  

12.4 
12.5 

OPTIMUM MOISTURE CONTENT 10.4 

TEST PRESSURE (psi) 85.0 90.0 

DIFFERENTIAL HEAD (psi) 5.0 10 .0  n 

~ 

SAMPLE IDENTIFICATI.ON : 
Sample No. llAU 
S1060/E225, E l  ev. 343.5 

VISUAL DESCRIPTION: Brown Some 
Cia-y, l i t t l e  Sand & Gravel.  Specimer 

NIAGARA FALLS STORAGE SITE 

DATE: October  1984 I PROJ. NO.: BT-84-53 
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SAMPLE IDENTIFICATION : 
Sample No. 12AU 

11.67 
TYPE OF PERMEAMETER Constant Head, Triaxial  

SPECIMEN DIAMETER (crn) 10.19 

TEST DATA: 

SPECIMEN HEIGHT (cm) 

DRY UNIT WEIGHT (pcfl  136.4 
MOISTURE CONTENT BEFORE TEST (%I 11.5 
MOISTURE CONTENT AFTER TEST 11.5 
MAXIMUM DRY DENSITY ( A S T M  D 1557 (pcf) 128.6 
OPTIMUM MOISTURE CONTENT 9.2 
C E L L  CONFINING PRESSURE (psi) 95.0 95.0 
TEST PRESSURE (psi) 85.090.0 
BACK PRESSURE (psi) 80.0 80.0 
DIFFERENTIAL HEAD (psi) 5.0 10.0 n 
PERMEABlLlT Y (crn/sec) 6.95xlO-’ 6 . 6 0 ~ 1 0  ’ 

IClav. 1 i t t l e  sand,  t r a c e  a r a v e l  . Soecin 

NIAGARA FALLS STORAGE SITE 

DATE: ,November 1984 PROJ. NO.: B 1-84-53 
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TEST DATA: 
TYPE OF pERMEAMETER Constan t  Head, T r i a x i a l  
SPECIMEN HEIGHT (cm) 11.64 
SPECIMEN DIAMETER (cm) 10.18 

10 

20 

SAMPLE IDENTIFICATION : 
Sample No. 12AU 
S850/E355, Elev. 334.0 

VISUAL DESCRIPTION: Brown SILT, some 
DRY UNIT WEIGHT (pc f )  
MOISTURE CONTENT BEFORE TEST (O/o) 

MOISTURE CONTENT AFTER TEST (O/O) 

MAXIMUM DRY DENSITY (ASTM D 1557 1 (pcf) 

CELL CONFINING PRESSURE (psi)  

BACK PRESSURE (ps i )  

DIFFERENTIAL HEAD (psi)  

OPTIMUM MOISTURE CONTENT (O/o) 

TEST PRESSURE (ps i )  85.090.0 

PERMEABILITY (cm/sec) 1.41x10-/ 1 . 3 3 ~ 1 0 - /  

nen 
ne r 



APPENDIX 3-E 

STRENGTH TEST RESULTS 



PESS CI 

. 

ICLES 

INITIAL WATER 'CONTENT,% 15.4 15.5 15.5 
INITIAL DRY DENHIITY, pCf 115.2 117.5 116.8 
FINAL WATER CONTENT. % 71 4 19 2 18.0 

50 

~ ~ 

DEVIATORITRLHIHI,QI-~,PSI @ Max. E f f e c t .  S t r e s s  
MAJOR PRINCIPAL STREHI8,Qi ,PSI I' I '  I' I' 'IKd ' I"  

30 

20 

10 

0 

8 . 5  15.4 I 28.4 
11.4 20.7 I 41.5 

I 'TEST DATA: ~~ ~ 

TYPEOFTEST 

SPECIMEN HEIQHT, INCHES 5.46-5. 51 SPEClMENDIAMETER,INCHES 2 -81 6 R A T E w  DEFLEcTioN iNCH/MiN 

Consolidated - Undrained w i t h  pore pressure measurement 
0.0008 I 

SPECIMEN NUMBER 

. - -  - . .  . . - . -  
1 CHAMBER PREHIHIURL, a, , psi ( Net ) I 5.0  I 10.0 I 

FAILURE SKETCH 

REMARKS: Specimens s a t u r a t e d  w i t h  100 psi  
back pressure; pore pressure response:  
B = 98% - - - .. I I I I I I 

After drying-al l  specimens exhib i ted  ANGLE ~ DEGREES 29.5 
170 ' COHESION INTERCEPT, C ,  pSf v e r t i c a l  c racks .  

I 
LFS 14 

STRES 

0 

;-STRAIN SURVES 

- 
A X  I A L ST R A I N; v0 - 

30 

20 

10 

0 

334.4 SAMPLE D 
BORlNQ NO. y"75/E1 O0 SURF, ELEV. 

SAMPLE NO. o-AU DEPTH FT. 
SAMPLE TYPE Compacted t o  95% 

t.. IJIIIS l - 3 %  
- 

VISUAL DESCRIPTION: Brown C L A Y  3 Some 
Si l  t , t r a c e  gravel  

CLASSIFICATION TESTS: 
SPECIFIC QRAVITY ' 73 ORGANIC CONTENT% 

PLASTIC LIMIT, L iauio  LIMIT, % 

EMPIRE SOILS INVESTIGATIONS, INC. 

N I A G A R A  FALLS STORAGE S I T E  

) R B Y : J F C I C K ' D . A J K  I DATE: I I /84 P R O J . N O ~  I -84 - 5 
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I MOHR STRESS CIRCLES 
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EFFECTIVE PRINCIPAL STRESSES,pal 

TEST DATA 
TYPEOFTEST Conso l ida ted  - Undrained w i t h  po re  p ressu re  measurement 
SPECIMEN HEIOH1,lNCHEI 5 * 39-5-44 SPECIMENDlAMETER,INCHES -81 4-2 .81 RATEOFDEFLECTlONINCH/MIN Oeool 

SPECIMEN NUMBER @ I  

A1 1 specimens e x h i b i t e d  s l i g h t  verticalFR,cT,o, ANOLE DEQREES 31 -8  
115 COHESION INTERCEPT, C ,  pSf c r a c k i n g  a f t e r  d r y i n g .  

SAMPLE DATA. 
BORlNO NO. S850/E355 SURF.ELEV. 3 3 4 - 0  

DEPTH, FT. SAMPLE NO. 1 2AU 

VISUAL DESCRIPTION: Brown S I L T ,  Some C l a y  
l i t t l e  Sand, t r a c e  q r a v e l  

N I A G A R A  F A L L S  STORAGE S I T E  

DREY:  J F ~ c K ' D .  A J K  1 DATE: 12/84 IPROJ.NO. BT-84- 
LFS 14 

~~ 

CLASSIFICATION TESTS: 
SPECIFICQRAVITY * 72 OROANIC CONTENT% 

LlOUlD LIMIT, ye PLASTIC LIMIT, *A 

EMPIRE SOILS INVESTIGATIONS, INC. 

3 
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LEGEND 
DENOTES BORING LOCATION FOR 

@ UNDISTURBED PERMEABILITY SAMPLES 
DENOTES LOCATION OF SAMPLES a TAKEN FOR LABORATORY COMPACTED 
PERMEABILITY AND STRENGTH TEST 

BECHTEL 

JOB 14501 

NIAGARA FALLS STORAGE SITE 

INTERIM COVER 

FIGURE 3-1 
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VlClNlTY PLAN 

I I FIGURE 3-2 
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NIAGARA FALLS STORAGE S I T E  BECHTEL 

JOB 14501 INTERIM COVER SECTIONS 

FIGURE 3-3 
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SITE LOCATION MAP 

N I A G A R A  F A L L S  STORAGE S I T E  

BORROW- A R E A  L O C A T I O N S  

@ BORROW A R E A S  

B E C H T E L  

J O B  14501 

F I G U R E  3-4 

0 I 2 3 4 

SCALE IN MILES 
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P L A T E  1: 

SPREADING AND 
COMPACTING CLAY 
CAP 

P L A T E  2: 
MOISTURE CONTENT 
T E S T I N G  OF 
CLAY S O I L  

P L A T E  3: 
CLAY CAP SURFACE 
AFTER S E A L I N G  W I T H  
S T E E L  DRUM ROLLER 


	001_30vol35

	Text1: 200-1e
	Text2: NFSS_01.06_0133_a


