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1.0 INTRODUCTION 

The Niagara F a l l s  Storage S i t e  (NFSS) i s  a 190 acre t r a c t  o f  
l a n d  i n  Niagara County, New York. The s i t e  i s  n o r t h  o f  the  
town of Lewiston, New York and 4 1/2 m i l e s  south o f  Lake 
Ontar io.  The l o c a t i o n  o f  the  NFSS i s  shown i n  F igure  1. 

The NFSS i s  used f o r  t he  storage o f  low- leve l  rad ioac t i ve  
waste. 
process o f  p i tchb lende (uranium ore).  
b u i l d i n g s  and on t h e  ground surface. 
d i s t r i b u t e d  t h e  res idues over the  s i t e  and r e s u l t e d  i n  
contaminat ion of o n s i t e  areas and o f f s i t e  drainage d i tches.  

The waste i s  t h e  by-product of a uranium e x t r a c t i o n  
The waste i s  s to red  i n  

Subsequent eros ion has 

Remedial measures a re  p resen t l y  be ing performed as p a r t  o f  t he  
Formerly U t i  1 i z e d  S i t e  Remedial Ac t ion  Program (FUSRAP). Par t  
o f  t h e  remedial  work a t  the  NFSS i s  t o  i d e n t i f y ,  c o l l e c t ,  and 
con ta in  r a d i o a c t i v e  residues which were s to red  on the  ground 
surface adjacent  t o  and no r th  of b u i l d i n g  411. (See F igure 2 
f o r  s i t e  layout . )  Th is  area is known as t h e  R-10 Residue 
Storage and Spo i l  P i l e  area. Mass wast ing processes have 
d i s t r i b u t e d  these res idues over  a l a r g e r  area. 

P a r t  o f  t h e  remedial work i n  the  R-10 area i s  t o  cons t ruc t  a 
d i k e  o f  compacted c l a y  around the  s p o i l  p i l e .  
show t h e  d i k e  l oca t i on .  

Figures 3 and 4 

The purpose o f  t he  work repor ted  he re in  i s  t o  document the  
d i ke  foundat ion  ma te r ia l s  and t o  r e p o r t  t h e  ex is tence o f  zones 
o f  p o t e n t i a l l y  h igh  permeab i l i t y .  When zones of sand were 
found w i th in  t h e  d i k e  foundat ion area, t h e  scope was expanded 
t o  determine t h e  ex ten t  and depth of t he  sand zones and a l so  
t o  determine t h e  depth o f  t he  gray c lay,  l oca ted  beneath t h e  
s u r f i c i a l  brown c lay .  
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The R-10 Spoil Pile area is relatively f l a t  except for the 
R-10 pile i tself  which i s  a mound about 10 feet above the 
general area elevation, w h i c h  was about  319 feet, MSL. 
R-10 area is bounded by nor th  flowing drainage ditches t o  the 
east and west, 
the R-10 area; a f l a t  wooded area bounds the R-10 pile t o  the 
north. 

The 

B u i l d i n g  411 i s  on the southern perimeter of 

Present construction a t  the s i t e  has cleared and grubbed an 
area surrounding the R-10 area and graded i t  t o  elevation 317 
feet, MSL. 

T h i s  report presents the results of the field investigation, 
which includes geologic mapping, geophysical surveys and a 
d r i l l i n g  program. Also presented are the results of numerical 
analyses performed t o  determine an appropriate thickness of 
the R-10 dike. The analyses were performed using assumed 
permeabilities and d i s t r i b u t i o n  coefficients for the clay dike 
and foundations. 

Recommendations are presented t o  engineer, construct and 
monitor the dike, considering the sand deposits i n  the 
surficial brown clay. 

2.0 GEOLOGY 

The regional and s i te  geology presented are excerpted 
from other sources (References 1, 2, and 3). 

2.1 Regional Geology 

The area i n  which the NFSS l ies  i s  w i t h i n  the Central 
Lowland Physiographic Province of the Interior Lowlands 
Physiographic Division. T h i s  region, which i s  known as the 
Erie-Ontario Lowland, i s  characterized by topography developed 
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on essent ia l ly  undeformed sediments. 
regional d i p  of l e s s  than one degree and occupy a broad bas in  
sloping gently southward from the neighboring crystal l ine 
te r ra ins  of the Canadian Shield and the Adirondack Dome. 
The bedrock o f  the region, which consists predominantly of 
carbonates and f ine  c las t ic  sediments, i s  highly susceptible 
t o  erosion. The area was intensely modified by glaciers. 

a se r ies  of east-west trending escarpments and low plains 
(Reference 4 ) .  (See Figure 5.) 

The sediments have a 

. Variable erosional resistance of the various rocks resulted i n  

The s t ra t igrapy of the region consist of re la t ively undeformed 
f la t - lying sedimentary rocks ranging i n  age from Ordovician t o  
Silurian.  These rocks were deposited between 400 and 450 
million years ago. 
sandstone , shale , mudstone , and minor gypsum. A metamorphic 
basement composed of  gneiss has been found i n  deep wells a t  
depths varying from approximately 2,000 to  3,000 fee t  
(Reference 5). 
most of the area. 

The rocks are limestone, dolomite, 

Surficial  deposits of glacial  origin cover 

The bedrock of the Ontario Plain i s  the Queenston Formation, a 
shale o r  mudstone. To the south ,  the Niagara Escarpment i s  
formed from rocks of the Medina Group (sandstone, s i l ts tone,  
shale),  the Clinton Group (limestone, dolomite, shale),  and 
the Lockport Group (do1 omi t e  , 1 imestone) . 
Formation is the cap rock of the Niagara Escarpment. 
south, near Buffalo, the Lockport Group i s  overlain by the 
Salina Group (shale, gypsum). The sur f ic ia l  deposits of the 
Niagara County area are described and mapped i n  detail  by 
Kindle and Taylor (1913). The deposits of Quaternary age 
belong almost en t i re ly  t o  the Pleistocene Series 
(approximately 12,000 years before present) and include 
glacial d r i f t  and associated lacustrine deposits. W i t h  the 
exception of minor exposures of bedrock, these deposits cover 
almost the en t i r e  area. 

The Lockport 
Farther 
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The g l a c i a l  deposi ts  c o n s i s t  of till i n  various forms, 
p r i n c i p a l l y  from the  most recent  (Wisconsian) g lac ia t i on ,  and 
s t r a t i f i e d  d r i f t  i n  t he  form of kames, eskers, and sheets o f  
outwash sand and gravel. 
t h e  bottoms and about t h e  shores of g l a c i a l  lakes. 

The l a c u s t r i n e  deposits were l a i d  on 

2.2 S i t e  Geology 

The s t ra t i g raphy  and ground-water regime o f  the  s i t e  has been 
repor ted  prev ious ly  (Ref. 1). This  in fo rmat ion  was developed 
from an ons i te  subsurface i nves t i ga t i on .  
(Ref. 1) r e p o r t  i s  t he  bas i s  f o r  t h e  f o l l o w i n g  sect ions on 
s i t e  s t ra t i g raphy  and ground water. 

The Acres American 

2.2.1 S i t e  S t ra t ig raphy  

The s i t e  s t ra t i g raphy  inc ludes  40 t o  50 feet  o f  s o i l  deposi ts  
o v e r l y i n g  a t h i c k  sequence o f  sedimentary rocks. 
deposi ts  are g l a c i a l l y  der ived  sediments which inc lude 
g l a c i o f l u v i a l  sands and gravel  , dense t i l l s ,  and g l a c i a l  
l a c u s t r i n e  clays. Beneath t h e  s o i l  deposits are shales, 
s i l t s t o n e s  and mudstones of t h e  Queenston Formation. 

These s o i l  

S i x  major s t r a t i g r a p h i c  u n i t s  were i d e n t i f i e d  w i t h i n  t h e  
i n t e r v a l  from zero t o  100 f e e t  below ground surface. 
of inc reas ing  depth, these u n i t s  are: s u r f i c i a l  s o i l s  and 
f i l l ,  brown clay, gray c l a y  and s i l t ,  brown sand and gravels ,  
red  s i l t ,  and bedrock c o n s i s t i n g  o f  t he  Queenston Formation. 
A genera l ized s t r a t i g r a p h i c  column f o r  t h e  s i t e  i s  presented 
i n  F igure 6. 
u n i t s  are presented below: 

I n  o rder  

Deta i led  desc r ip t i ons  o f  these s t r a t i g r a p h i c  
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Surficial Soils and Fill 

T h i s  soil is generally a brown or yellowish s i l t  w i t h  organics 
usually present i n  the upper six inches (root zone). Gravel 
and sand are usually present b u t  rarely constitute more than  
40 percent of the soil. The thickness of these s i l ts  ranges 
between zero and five feet, w i t h  the average being one t o  two 
feet. The u n i t  is generally dry,  a l though frequently wetted 
by precipitation. Relative density i s  i n  the range of loose 
t o  medium. T h i s  deposit has been removed i n  the dike area i n  
preparation for dike placement. 

Brown Clay 

Brown or reddish brown clay predominates i n  this stratigraphic 
u n i t  a l though significant amounts of sand and s i l t  are usually 
present. Gravel is dispersed t h r o u g h o u t  b u t  constitutes a 
lesser percentage than the other g ra in  sizes. In general, the 
u n i t  ranges i n  classification from a clayey s i l t  t o  a s i l t y  
clay. Sandy gravel or gravelly sand lenses are common, 
especially i n  the basal area of the soil where they may equal 
up t o  1/3 of the t o t a l  thickness of the u n i t .  T h i s  soil is  
generally dry and of medium relative density. 
s i te ,  this u n i t  varies i n  thickness from 6 t o  23 feet. As a 
result of localized changes i n  depositional environments, this 
soil grades from brown clay t o  clayey s i l t ,  t o  s i l ty  sand. 
The basal zone of this soil has localized coarser sediments. 
T h i s  coarse basal zone is  identified as the upper soil 
aquifer, which i s  discussed i n  section 2.2.2 of this report. 

Beneath the 

The brown clay i s  thought  t o  be predominantly a ground 
moraine. This u n i t  exhibits some lamination, which 
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i nd i ca tes  t h a t  i t  wa.5 probably deposited i n  shal low water  t h a t  
may have been pooled, 
i n  a r e l a t i v e l y  high-energy a1 l u v i a l  environment , probably 

' g l  ac i  a1 outwash channel s. 

Sandy o r  g r a v e l l y  zones were deposited 

Gray Clay 

Th is  u n i t  i s  t h e  t h i c k e s t  s o i l  u n i t  ons i te  and i s  char- 
ac te r ised  by gray c l a y  t h a t  occas ional ly  grades t o  a s i l t  and 
c l a y  mixture.  W i th in  the  c l a y  u n i t ,  lenses o f  f i n e -  t o  
medium-grained sand are  comnon, together  w i t h  va ry ing  
q u a n t i t i e s  o f  gravel .  The gravel  i s  usua l l y  f i n e -  t o  medium- 
s ized and dispersed throughout. Sands and grave ls  become the  
predominant cons t i t uen t  o f  t h e  u n i t  near the  base where they 
sometimes are c lean and l i g h t e r  i n  co lor .  

The o v e r a l l  consistency o f  t h i s  u n i t  ranges f rom s o f t  t o  
medium. The c l a y  i s  saturated, and the  gravel  and sand lenses 
are  wet t o  very wet. 
p l a s t i c i t y .  

The s o i l  e x h i b i t s  s l i g h t  t o  h igh  

This i s  t h e  most homogeneous u n i t  on the  s i t e .  
l a t e r a l  f a c i e s  changes b u t  they are o f  a minor na ture  and 
t y p i c a l l y  cons i s t  of an increase i n  s i l t  content. 

There i s  some 

The gray c l a y  appears t o  be of l a c u s t r i n e  o r i g i n  and was 
deposited i n  a low-energy environment. 
u n i t  occurred l a t e r ,  as evidenced by channeling and f i l l i n g  by 
coarse-grained m a t e r i a l  w i t h i n  the  u n i t .  

Some eros ion  o f  t h i s  

Sands and Gravels 

Th is  u n i t  i s  commonly present  below t h e  gray c lay .  It i s  
absent on l y  i n  areas where t h e  gray c l a y  i s  excep t iona l l y  
t h i c k  o r  bedrock r i s e s  i n  e leva t ion .  Th is  u n i t  cons is ts  o f  a 
mix tu re  o f  t he  coarser-grained sediments i n c l u d i n g  sands and 
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gravels w i t h  s i l t .  Onsite, this u n i t  ranges from a clean s i l t  
t o  a sandy gravel. The u n i t  i s  normally wet t o  very wet and 
has a loose t o  medium relat ive density. 
thickest  portions of this u n i t  are present where depressions 
i n  the bedrock surface occur. These coarse gravel sediments 
are  thought t o  be of glacio-fluvial origin. 

In general, the 

Soi ls  i n  t h i s  zone are considered a major water-bearing u n i t  
on s i t e  and are discussed i n  Section 2.2.2 of t h i s  report. 

Red S i l t  

T h i s  u n i t  is  easi ly  distinguished from the other units because 
of i t s  red color and i t s  very dense nature. 
composed of cl ayey , gravel ly si 1 t wi t h  1 esser  amounts of sand. 
Grave found w i t h i n  the u n i t  consists of bo th  rounded gravel 
and angular fragments of bedrock. This u n i t  i s  generally dry 
t o  moist w i t h  a re la t ive density r a n g i n g  from medium t o  very 
dense. 

Typically, i t  i s  

The topography of t h i s  u n i t  varies w i t h  t h a t  of the bedrock 
surface. The red s i l t  has been eroded away t o  a relatively 
uniform elevation w i t h  local deeper erosion caused by 
channeling of glacial melt waters. 
u n i t  is  absent. 

In some locations this 

Poorly sorted and unstratif ied units such as the red s i l t  are  
c lass i f ied  as a t i l l .  The presence of angular fragments of 
bedrock i n  the sandy s i l t  matrix suggests t h a t  this t i l l  was 
locally derived and emplaced as a basal t i l l .  Generally, this 
type of t i l l  i s  very dense and overconsolidated. 

Queenston Formation 

The underlying bedrock consists of red shales and s i l ts tones 
of the Queenston Formation. W i t h i n  this formation, occasional 
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lenses of green s i l t s t o n e  and shale occur i n  t h e  rock mass. 
The bedrock i s  s l i g h t l y  t o  moderately weathered near t h e  s o i l  
in te r face .  

2.2.2 Ground Water 

Wi th in  t h e  upper 100 fee t  of t h e  s i t e  s t ra t ig raphy ,  two types 
of water-bearing s t r a t a  occur. They are  t h e  bedrock o f  t h e  
Queenston Formation and the  non-indurated s o i l  deposits. The 
water-bearing c h a r a c t e r i s t i c s  of t h e  s o i l  deposi ts  a re  
presented i n  the  fo l low ing  paragraphs. 

The two s i g n i f i c a n t  water-bearing zones w i t h i n  the  s o i l  
overburden ons i  t e  inc lude the  genera l l y  i n t e r m i t t e n t  brown 
sand lenses found i n  the  brown c l a y  between e leva t ions  300 and 
317 f e e t  MSL and the  brown s a n d - s i l t  t y p i c a l l y  found between 
e leva t i ons  270 and 300 f e e t  MSL. 
t h e  genera l ized geologic column presented i n  F igure 6. For 
t h e  purposes of t h i s  discussion, t h e  sand zones i n  the  brown 
c l a y  a r e  re fe r red  t o  as the  upper s o i l  aquifer, wh i l e  the  
lower  brown sand zones are  r e f e r r e d  t o  as t h e  lower s o i l  
aquifer. 

Both u n i t s  a re  described i n  

Upper S o i l  Aqu i fe r  

The sand lenses were encountered i n  boreholes d r i l l e d  dur ing  
t h e  Acres American exp lo ra t i on  program, (Ref. 1). They 
average 1 t o  4 fee t  t h i c k  w i t h  a maximum thickness o f  9 fee t .  
The th ickness and ex ten t  of these lenses was repor ted t o  vary 
abrupt ly .  Because of these va r ia t i ons ,  t h e  upper sand lenses 
a re  n o t  considered a continuous aqu i fe r  across t h e  s i t e .  
Rather, they probably represent  a se r ies  of i s o l a t e d  lenses o r  
a se r ies  of l e n t i c u l a r  stream channel deposits. 
t h e  v a r i a b i l i t y  of these u n i t s ,  t h e  r a t e  of ground water f l o w  

I 
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i n  the lenses may very significantly from one location t o  
another. 

Monitoring wells installed i n  the upper soil aquifer d u r i n g  
the Acres investigation showed water levels i n  the v ic in i ty  of 
the R-10 Spoi l  Pile a t  elevation 311 t o  315 feet MSL i n  July, 
1981. 

Lower Aquifer F i  11 

As reported by Acres American, (Ref. l ) ,  the lower soil 
aquifer i s  approximately 3 t o  7 feet thick and i s  found 
between elevation 270 and 300 feet MSL. This aquifer 
typically consists of a sandy s i l t ,  a l though a t  different 
locations onsite the u n i t  may grade i n t o  sand and gravel w i t h  
l i t t l e  or no clay o r  s i l t ;  a s i l t  w i t h  l i t t l e  or no sand or 
gravel ; or a mixture of sand, gravel, s i l t  and clay. A t  a few 
locations this u n i t  is  absent. 

Conf in ing  units fo r  the lower soil aquifer include the plastic 
gray clay above and the red t i l l  below. 
clay above the aquifer provides a significant barrier t o  he 
vertical migration of meteoric water i n t o  the aquifer. 
Permeabilities i n  this overlying clay were evaluated by bo th  
field and laboratory testing and found t o  range between 1 x 

In general, the gray 

and 1.4 x cm/sec. (Ref. 1). 

Below the aquifer a t  most locations, a dense red t i l l  i s  
present t h a t  restricts the downward migrat ion of water. This 
u n i t  was dry a t  most locations, which substantiates i ts  
function as a confining u n i t  over most of the site. Where the 
t i l l  i s  absent, the aquifer is situated on bedrock, forming a 
single aquifer t h a t  includes both the sand deposits and the 
upper por t ion  of the bedrock. 

! 
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Measurements o f  water l e v e l s  i n  w e l l s  cons t ruc ted  du r ing  t h e  
Acres American exp lo ra t i on  program i n d i c a t e  t h a t  t he  a q u i f e r  
i s  con f ined and has a p iezometr ic  surface 25 t o  30 f e e t  above 
t h e  t o p  of t h e  aqui fer .  The p iezomet r ic  sur face i n  the  
v i c i n i t y  of t h e  R-10 Spoi l  P i l e  was measured a t  e leva t i on  315 
f e e t  MSL i n  Ju ly ,  1981. 

3.0 EXPLORATION METHODS 

Several e x p l o r a t i o n  methods were used t o  document the  
charac ter  o f  t h e  d i ke  foundat ion.  
mapping, geophysical surveys, and d r i l l i n g .  Each i s  addressed 
i n  t h e  fo l l ow ing  sect ions.  

The methods were geologic  

3.1 Geologic Mapping 

The purpose o f  t he  geologic  mapping was t o  document t h e  
m a t e r i a l s  compris ing the  d i k e  foundat ion.  
i n t e r e s t  was t h e  ex is tence o f  depos i ts  o f  sand w i t h i n  the  
foundat ion  l i m i t s .  These depos i ts  a re  p o t e n t i a l  pathways f o r  
water  and contaminates moving from t h e  R-10 area and 
eventual  l y  o f f  s i t e .  

O f  s p e c i f i c  

The d i k e  cons is t s  o f  th ree  segments; t h e  eas t  d ike,  centered 
a t  coord ina te  E 4+24; the  n o r t h  d ike,  centered a t  coord inate S 
8+46; and the  west d ike,  centered a t  coord inate E 0+42. A l l  
t h ree  d i k e  areas were mapped. (See F igures 3 and 4.)  

It i s  poss ib le  t h a t  the  n o r t h  d i k e  l i m i t s  w i l l  be moved t o  t h e  
n o r t h  60 t o  80 f e e t  t o  accommodate t h e  need f o r  increased 
storage area. Considering t h i s  e v e n t u a l i t y ,  t he  area n o r t h  o f  
t h e  present  n o r t h  d i ke  l o c a t i o n  was a l s o  mapped. The maps a re  
presented as F igure  4. The 20- foot  g r i d ,  which was s e t  i n  t h e  
f i e l d ,  was used as the  h o r i z o n t a l  c o n t r o l  f o r  t he  mapping. 
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Vertical control was provided by the construction procedure. 
The dike foundation was excavated t o  a uniform elevation of 
317 feet MSL. 
overexcavated t o  remove contaminated materials and the west 
dike area, which  was excavated t o  elevation 313 feet MSL (See 
Figure 4 for loca t ion  o f  these areas), 

Exceptions t o  this were areas t h a t  were 

On the south side of the R-10 Spoi l  Pile is B u i l d i n g  411. The 
dike i s  keyed i n t o  this building on bo th  the east and west 
sides. I n i t i a l  mapping of the dike foundation area indicated 
the presence of numerous sand deposits. To determine the 
extent of these sand deposits, several test  pits were 
excavated. 
dike area. (Locations are shown on Figure 4 . )  These tes t  
pits were no t  mapped because the pits filled w i t h  ground water 
when excavated t o  depths of 3 t o  4 feet. Add i t iona l  test  pits 
were a l s o  excavated on the east dike. These excavations were 
limited i n  depth t o  a maximum of 3 t o  3 1/2 feet t o  avoid 
ground-water inflow. The east dike test  pits were logged. 
The logs are presented i n  Appendix A. 
the letters shown paranthetically after the soil type refer t o  
a detailed soil description found i n  the explanation t o  the 
geologic map and profiles (Figure 7 ) .  

Four of the tes t  p i t s  were excavated i n  the north 

On the test  p i t  logs,  

3.2 Geo phys i cal Surveys 

The test  pits indicated t h a t  a t  least some of the sand 
deposits extend below the ground-water table. 
t o  determine the extent and depth of these sand deposits, two 
types of geophysical surveys were performed: ground 
penetrating radar and the electrical self-potential method. 
The methods are addressed i n  the following paragraphs. The 
results of these surveys are found i n  Appendix C. 

In an attempt 
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3.2.1 

Harding Lawson Associates o f  Novato, C a l i f o r n i a  prov ided t h e  
geophysical equipment as w e l l  as t h e  personnel t o  conduct t h e  
surveys and i n t e r p r e t  t h e  r e s u l t s .  

Ground Penetrat ing Radar 

Ground Penet ra t ion  Radar (GPR) i s  a geophysical technique f o r  
o b t a i n i n g  a continuous r e f l e c t i o n  p r o f i l e  o f  shal low 
subsurface features. A s h o r t  pu lse  o f  e lectromagnet ic energy 
i s  rad ia ted  i n t o  the  ground and r e f l e c t e d  back from i n t e r f a c e s  
caused by d i f ferences i n  t h e  subsurface mater ia ls .  
Measurements of depth t o  s p e c i f i c  in te r faces  are  determined 
f rom the  t r a v e l  t ime of t he  r e f l e c t e d  pulse and the  v e l o c i t y  
o f  radar  s igna l  propagation. 
t he  subsurface cond i t ions  a r e  g r a p h i c a l l y  recorded , p e r m i t t i n g  
p r e l i m i n a r y  i n t e r p r e t a t i o n s  i n  t h e  f i e l d .  

The re f l ec ted  s igna ls  d e p i c t i n g  

The source f o r  radar  s igna l  r e f l e c t i o n  can be l i t h o l o g i c  
d i f f e rences  o f  s o i l  and rock; phys ica l  d i f fe rences ,  such as 
sa tura ted  versus unsaturated, o r  anomalous cond i t ions ,  such as 
i c e  masses o r  voids. 
c o n d u c t i v i t y  o f  the  m a t e r i a l s  penetrated and the  c o n t r a s t  i n  
d i e l e c t r i c  constant between t h e  mater ia ls .  

R e f l e c t i v i t y  i s  affected by the  

GPR ins t rumenta t ion  cons is t s  of a radar  impulse generator,  a 
t ransmi t t i n g / r e c e i v i n g  antenna, a tape recorder, a graphic  
recorder ,  and a power conver ter .  
rece ives  pulses as i t  i s  towed over  the  ground surface. The 
radar  s igna l  penetrates t h e  ground and r e f l e c t s  o f f  subsurface 
i n t e r f a c e s  t o  the  surface, where i t  i s  recorded. 

The antenna t ransmi ts  and 

The GPR proved t o  be i n e f f e c t i v e  i n  the  sur face m a t e r i a l s  a t  
t h e  s i t e .  One exp lanat ion  f o r  t h i s  i s  t h a t  t h e  sand lenses 
were s u f f i c i e n t l y  s i l t y  and c layey t o  make the  c l a y  and sand 

lenses r e f l e c t  the  radar  s i m i l a r l y .  
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3.2.2 E l  ectri cal Sel f -Po ten ti  a1 Survey 

Electrical surveying involves the detection of surface effects 
produced by electric current flow i n  the subsurface. Using 
electrical methods, one can measure potentials , currents , and 
electro-magnetic fields which occur naturally, or are 
introduced artif icially,  i n  the earth. 

Certain natural o r  spontaneous potentials occurring i n  the 
subsurface are caused by electrochemical or mechanical 
activity. The control l ing factor i n  all cases is underground 
water. These potentials are associated w i t h  weathering of 
sulphide mineral bodies, var ia t ion i n  rock properties (mineral 
content) a t  geologic contacts , bioelectric activity of organic 
material , corrosion, thermal and pressure gradients i n  
underground fluids and other phenomena of similar nature. 

Background potentials are created by f l u i d  streaming, 
bioel ectric a c t i v i t y  i n  vegetation, varying electrolytic 
concentrations i n  ground water and other geochemical action. 
On the average, over intervals of several thousand feet, the 
potentials usually add up t o  zero, since they are as likely t o  
be positive as negative. 

The self-potential (SP) field equipment consists of a p a i r  of 
electrodes connected by wire t o  a millivoltmeter. To avoid 
erratic contract potentials , nonpolarizing electrodes are 
used. These consist of a metal immersed i n  a saturated 
so lu t ion  of i t s  own sa l t ,  such as Cu i n  CuS04, and 
contained i n  a porous pot which allows the so lu t ion  t o  leak 
slowly and make contact w i t h  the ground. 

The field method used a t  the NFSS s i te  employed one electrode 
a t  a base station while the other electrode was moved t o  
successive stations. The station interval used was 40 feet. 
A t  each station the potential was measured and recorded. The 

13 



ent i re  dike area, including the cleared area north of the 
north dike, was covered. 
measurements i s  contoured on a base map. 

The data resulting from the 

The resul ts  o f  the SP survey are summarized i n  Section 4.0. 
Additional de t a i l s  and the contour map are included i n  Harding 
Lawson' s report (Appendix C )  . 

3 . 3  Exploratory Dri 11 i n g  

The t e s t  pits excavated on the eas t  and n o r t h  dike areas 
demonstrated tha t  some of the sand deposits extended below 
ground-water level s. 
determine the thickness of selected sand deposits and also t o  
determine the depth t o  the gray clay. The gray clay, which i s  
of lacustrine origin and re la t ively homogeneous, is  considered 
a l ikely base fo r  a clay dike. 

A d r i  11 i ng program was imp1 emented t o  

Eighteen borings were completed f o r  a total  of 178.5 l ineal 
fee t .  The borings were located on the east, north and west 
dike areas. 
boring logs, w h i c h  provide complete de ta i l s  including 
subsurface stratigraphy are  located i n  Appendix B. 

Locations of borings are shown on Figure 3.  The 

Five locations f o r  borings were selected by Harding Lawson 
Associates t o  provide confirmation of the interpretation of 
the SP f i e ld  data. 
information needed i n  the analysis of the self-potential f i e ld  
data. 

These borings provided correlation 

4.0 RESULTS OF INVESTIGATION 

In the previous section, the purpose and general description 
of the exploration methods was presented. In t h i s  section, 
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impor tant  f ind ings  r e l a t e d  t o  the  adequacy o f  t h e  present  d i ke  
containment design are presented. 

4.1 East Dike Area 

The geologic  mapping (F igure 4) revealed t h a t  sand deposi ts  
e x i s t  i n  a l l  d i k e  areas. The east  d i ke  area conta ins a 
concentrat ion of sand deposits between coord inates S lo t80  and 
S 12+20. These sands are p r i n c i p a l l y  very  f i n e  t o  f i n e  and 
s i l t y  (F) .  [The l e t t e r s  shown p a r a n t h e t i c a l l y  r e f e r  t o  s o i l  
desc r ip t i ons  as shown on the  explanat ion t o  t h e  geologic  map, 
F igure 7.1 These sand deposi ts  appear, on t h e  sur face a t  
l eas t ,  t o  be i s o l a t e d  from each other. 

Test p i t s  excavated i n  the  eas t  d ike  area confirmed t h a t  these 
sand deposi ts  extend below s u r f i c i a l  c l a y  l a y e r s  and below 
ground water. 
1/2 f e e t  and minor seepage occurred i n  several places (Test 
P i t s  5 ,  7 and 10). 
area. These bor ings  e s s e n t i a l l y  confirmed t h e  repor ted  
s t ra t i g raphy  as shown i n  F igure 6. 

The t e s t  p i t s  were l i m i t e d  i n  depth t o  about 3 

Six  bor ings were d r i l l e d  i n  t h e  eas t  d i ke  

On Figure 8, P r o f i l e  B-B', an i n t e r p o l a t i o n  o f  t h e  subsurface 
in fo rmat ion  i n  t h e  eas t  d i ke  area i s  presented. A t  bor ing  A-4 
( S  11+36 E 4+38), a t h i c k  deposi t  of hard c layey s i l t  w i t h  
gravel and cobbles was encountered. Th is  i s  a t i l l i n  which 
the  dens i ty  precludes r a p i d  ground-water movement. However, 
one s i l t y  sand l e n s  was encountered which was saturated. 

A 4-fOOt t h i c k  s i l t y  sand bed was encountered between 7.5 and 
11.5 f e e t  i n  b o r i n g  A-7 (S  9+85 E 4+40). This  sand i s  a t  the 
contact  o f  t h e  upper brown c l a y  with t h e  lower  gray clay. The 
t r a n s i t i o n  i n  depos i t i ona l  environment was apparent i n  the  
c o l o r  change f rom yellow-brown t o  p i n k i s h  gray i n  these sands. 
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4.2 Nor th Dike Area 

The n o r t h  d i k e  area contains i so la ted ,  small  sand deposi ts  
s i m i l a r  t o  those mapped i n  the  eas t  d i k e  area (F igure 4). 
However, l a r g e  deposi ts  o f  sand and sand and gravel  were a l s o  
mapped i n  t h e  n o r t h  d ike  area. These l a r g e r  sand deposits a re  
probably channel deposits. 

Test  p i t s  excavated along coord inate S 8+40 showed the  sand 
and gravel  extending below ground water. Observations o f  
ground-water i n f l ow  dur ing  t e s t  p i t  excavation ind ica ted  t h a t  
t h e  water  was f lowing from t h e  d i r e c t i o n  o f  t he  R-10 Spoi l  
P i l e .  Laboratory  t e s t s  on water samples from these t e s t  p i t s  
i n d i c a t e  l e v e l s  of radiochemical contamination above the  
maximum permiss ib le  concentrat ion. Water 1 eve1 s were measured 
i n  Test P i t  Nos. 1 through 4, i n  t h e  n o r t h  d i ke  area. The 
measurements were: 

- No. Water Level (7-15-82) 
T.P. 1 314.2 
T.P. 2 313.7 
T.P. 3 313.7 
T.P. 4 312.8 

These measurements i n d i c a t e  t h a t  Test  P i t s  Nos. 1 and 4 are  
probably independent o f  one another and of Test P i t s  2 and 3. 
Water l e v e l s  i n  Test P i t s  2 and 3 i n d i c a t e  t h a t  these sand 
deposi ts  a re  interconnected. 

Seven bor ings  were d r i l l e d  i n  t h e  n o r t h  d i k e  area (F igure 3). 
F ive  o f  these bor ings were requested a t  s p e c i f i c  coordinates 
by Harding Lawson Associates and were used t o  c o r r e l a t e  the  
geophysical data. These bor ings are  i d e n t i f i e d  by t h e  
p o s t - s c r i p t  "H". 
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Profiles through the nor th  dike area are presented i n  Figure 
8. 
sand encountered in boring A-12 (S 8+00 E 2+20). 
drilling, the sand ran up i n to  the hollow-stem augers, 
i n d i c a t i n g  t h a t  i t  is  relatively clean. A t  boring A-12 the 
sand i s  17.5 feet thick.  
was exposed d u r i n g  the excavation of Test P i t  No. 4 (S 8+40 E 
1+80). A water-level measurement from Test P i t  No. 4 
(7-15-82) and the elevation of saturated soil i n  bor ing  A-12 
(7-27-82) are exactly the same, 312.8 feet MSL, indicating 
t h a t  they are probably interconnected. 

O f  particular significance i s  a deep channel deposit of 
During 

I t  is  probably the same deposit t h a t  

The geologic map (Figure 4 )  shows additional zones of sand o r  
sand and gravel north of bor ing  A-12 and Test P i t  No. 4. A t ,  
the surface they are not  interconnected. 
north,  an Acres American bor ing ,  BH64 (S 6+25 E 2+90), shows a 
7-foot thick sand layer overlying the gray clay. A t  this 
location the gray clay i s  deep (Elevation 294.7 feet MSL). 
The evidence suggests t h a t  a sinuous channel deposit may 
exist, extending i n  a general northeasterly direction from 
Test P i t  No. 4. 
continuous; however, surface mapping suggests t h a t  i t  is  not .  

However, further 

I t  is no t  known if  this channel deposit i s  

4.3 West Dike Area 

The west dike area contains extensive deposits of sand between 
S 9+40 and S 12+80. These sands are described i n  the 
explanation t o  the geologic map (Figure 7) .  They are 
predominately s i l ty  t o  clayey sands and gravels ( G ) ,  fine t o  
coarse sand ( J ) ,  and very fine t o  fine s i l ty  sand (S ) .  

! 

Between S 11+10 and S 13+40, the west dike area has been 
excavated t o  Elevation 313 feet MSL rather t h a n  the general 
foundat ion grade of 317 feet MSL. In this area, ground water 
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i s  a t  o r  very  c lose  t o  ground surface. 
overexcavation ( t o  remove contaminated s o i l )  centered a t  about 
S 10+80 E 0+35 several seeps were observed en te r ing  t h e  
excavat ion through sand depos i ts  and from t h e  general 
d i r e c t i o n  of t h e  R-10 Spo i l  P i l e .  The water l e v e l  was 
estimated a t  about E leva t i on  312.5 f e e t  MSL. 

I n  an area o f  

F i ve  bor ings were d r i l l e d  i n  t h e  west d i ke  area. 
P r o f i l e  A-A', along t h e  west d i ke  area, i nd i ca tes  t h a t  t h e  
sand deposi ts  i n  the  area excavated t o  e leva t i on  313 f e e t  MSL 
extend from ground surface t o  t h e  gray clay. 
overexcavated area, t h e  sands appear l ess  extensive. The 
e l e v a t i o n  of t h e  gray c l a y  i n  t h e  west d i ke  area i s  r e l a t i v e l y  
uniform a t  E leva t i on  308.1 t o  309.7 f e e t  MSL. 

F igure  8, 

Nor th of t h i s  

5.0 ANALYSIS OF CONTAMINANT MIGRATION - - 
9' 

1 -  

Th is  sec t i on  describes t h e  methods and r e s u l t s  o f  t h e  ana lys is  
performed t o  study t h e  movement o f  contaminants through t h e  

on t h e  s o l u t i o n  c l a y  dike. The mathematical approach i s  based 
o f  t h e  one-dimensi onal convec t i  on-di f f u s i  on eq 
c o e f f i c i e n t s  i n  t h i s  equat ion are  chosen t o  be 
o f  t h e  cond i t ions  p r e v a i l i n g  a t  t he  Niagara Fa 
S i te .  

5.1 METHOD OF ANALYSIS 

a t i on .  The 
rep resen t a t  
1s Storage 

ve 

The phys ica l  processes t h a t  c o n t r o l  t h e  movement o f  
contaminants through porous media a re  convection and 
hydrodynamic d ispers ion.  
s o l u t e  t ranspor t  due t o  f low ing  ground water. Hydrodynamic 
d i spe rs ion  i s  a r e s u l t  of mechanical m ix ing  and molecular  
d i f f u s i o n .  
because o f  adsorp t ion  by t h e  geo log ic  format ion o r  engineered 

Convection i s  t he  component o f  

Loss of contaminant mass can a l s o  take  p lace  
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barriers, or by radioactive decay-. The contaminant path is 
assumed to be one-dimensional and originates below the storage 
area at the point where the leachates reach the ground-water 
table. This simplified mathematical model is applicable to 
the analysis of contaminant transport through the geologic 
materials as well as through the clay dike. However, because 
the main objective here is to study the effectiveness of the 
clay dike, the equations are applied only to that section of 
the contaminant path. 

The one-dimensional partial differential equation describing 
the convective-diffuse process can be written as (Ref. 2): 

where: C = concentration of contaminant 
° = hydrodynamic dispersion 
v = average ground-water velocity 
R = retardation factor 
A = radioactive decay constant 

The dispersion coefficient, 0, can be expressed as: 

where: a = dispersivity 
0d = molecular diffusion coefficient 

(1) 

(2) 

The retardation factor, Rd, represents the retardation of 
the contaminant front due to adsorption, as it passes through 
the porous media. Assuming fast and reversible processes and 
linear adsorption isotherms, this factor can be written as: 

(3) 

where b = bulk density 
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E = porosi ty 
Kd = adsorption coefficient 

The boundary and initial conditions used together with 
Equation (1) are such that: 

C(O, t) = Coe-ot t ~ 0 (4a) 

C{oo, t) 

C (x, 0) 

= 0 

= 0 

t ~O 

t ~O 

(4b) 

(4c) 

Equation (4a) represents a source that decays exponentially at 
the origin. When this parameter is set to zero, Equation (4a) 
reduces to the step-function boundary condition. 

C{O, t) t ~ 0 (4d) 

The solution of Equation (1) subject to Equations (4a) - (4c) 
is given by Reference 3. 

C = -1 e-ot {e x{v:a) erfc (x-a: ) + e x{v!a) erfc (x+at_\} (5) 
Co 2 - 2 D 2 I Dt 2 D 2lDfJ 

where: 
- v y =--

Rd 

o =~ 
Rd 

a = [y2 - 4D (A _ 0)]1/2 

and where: erfc(x) = 1-erf(x) is the complementary 
- error function. 

For a constant source and no radioactive decay, Equation (5) 

becomes (Ref. 4): 

C 1 { (x-vt) Co ="2 erfc 2/nt + 
e vx 

D (
x+vt) } erfc 215t (6 ) 

For the case where contaminant movement is due to diffusion 
alone, Equation (6) is further simplified to 

~o = 1 - erfc (2iet) {n 
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5.2 Results and Discussion 

The concentration of the unit input of contaminant was 
calculated as a function of time for a clay wall with a 
permeability equal to 10-7 cm/sec, assuming an hydraulic 
gradient equal to 1.5 x 10-2 and a porosity equal to 0.4. 

---~--.-. - -. -

The thickness of the clay wall was varied between 5 and 50 ft, 
and the calculations were performed with and without 
retardation. The results of the analysis are shown in Figures 
9 and 10 for U238 and Ra226 respectively. The relative 
concentrations of contaminant calculated at the outside 
boundary of the clay dike, after 1000 years of travel time, 
are plotted as a function of wall thickness. The figures also 
show the results for cases in which retardation is taken into 
account, with Kd = 50 mg/l for RA226 and Kd = 20 mg/l 
for U238 • It is apparent from these figures that the 
influence of retardation is significant. For example, given a 
10-foot clay dike, the relative concentration of U238 is 
reduced from 0.91 (Kd = 0) to 0.28 (Kd = 20 mg/l) and that 
of Ra226 is reduced from 0.87 (Kd = 0) to 0.06 (Kd = 50 
mg/l ). 

6.0 CONCLUSIONS 

The principal conclusions resulting from the investigation of 
the dike area surrounding the R-10 Spoil Pile are as follows: 

1. Sand deposits exist at the ground surface and within the 
brown clay. These extend below the water table. 

2. Sand deposits exist as isolated lenses and also as 
channel deposits. 

3. One channel deposit was confirmed in the north dike area 
by mapping and drilling. 
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4. 

111.20 
The top of the gray clay is not uniform in elevation over the 
general R-10 area. Erosion of the gray clay, by water, has 
taken place. This is demonstrated by a deep deposit of glacial 
till identified at boring A-4 and a channel deposit of sand 
and gravel in the north dike area at Test Pit 4 and at boring 
A-12. 

5. Borings drilled during this investigation revealed that the 
upper part of the gray clay is relatively homogeneous with a 
trace of sand and occasional small silt or till lenses. 

6. The Acres American report indicates that the gray clay is 11 
to 29 feet thick at the NFSS site. Geologic cross-sections and 
a fence diagram in the Acres American report indicate that the 
gray clay is about 20 feet thick in the vicinity of the R-10 
Spoil Pile. 

7. The present dike design does not address the potential migration 
of contaminated ground water through the sand deposits. 

7.0 RECOMMENDATIONS 

These recommendations are based on the results of the exploration, 
the numerical analysis, width requirements to compact the dike material, 
and the design criteria that the contaminated material be retained 
within the spoil pile area for a minimum of 25 years, but with con
sideration that the storage requirements may be increased to between 
200 and 1000 years. 

The dike/cut-off wall should be founded in the gray clay and should be 
constructed with a minimum below-grade width of 12 feet. This will 
provide an adequate barrier to migration of contaminated ground water, 

will minimize costly below-grade construction should the design life be 
increased to more than 25 years, and is of sufficient width to facilitate 
soil compaction. The proposed above-grade minimum dike width of 8 feet 
is conservative for the 25 year design life. 
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The dike excavation should be inspected to insure that the 
clay is -adequate in bearing capacity. Inspection should also 
be made to insure that the gray clay is homogeneous and does 
not contain deposits of sand. 

The existing monitoring wells to the west and north of the 
R-10 area (BH-49, 49A, 64, 64A, 64B, 65, 66, 67, and 68) 
should be used to monitor the ground water for potential 
contaminants. The central drainage ditch can also be used to 
monitor the east dike area. 

Two additional monitoring wells should be constructed to 
monitor the sand deposits in the north dike area. The 
suggested locations are: S 7+25 E 4+40 and S 7+20 E 2+20. 

Provision should be made to install additional monitoring 
wells adjacent to areas where significant sand depOSits are 
discovered during construction of the dike. 
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ENGINEERING 
SOIL - --
CLASSIFICATION-

~ MAJOR SOIL TYPES 

~~ SOIL TYPE VARIATIONS OR ~ TRANSITIONAL SOILS 

• SOIL CLASSlFlCATION IASEO ON THE 
"UNIFIED SOIL CLASSFICATION SYSTEM" 

FIGURE 5.2. 

DESCRIPTION 

Brown or yellow-brown Silt with varying percentages of organics. In 
many areas, thia unit is indistinguishable from the unit below it. Soil 
often contains sand and gravel. Generslly dry and of loose to medium 
density. 

Predominantly brown to red-brown Clay containing significant amount. of 
silt and sand with lesser amounts of gravel. Portions of this unit 
are often clayey Silt. Occasionally entire unit is composed of clayey, 
.ilty Ssnds and/or Gravels, but these are generally restricted to the 
baaal area. SOil is usually dry and of medium relative density. 

Gray or gray-brown Cloy with varying amounta .f silt and sand. Gravel 
ia generally small in aize and dispersed randomly. Occasionally the 
sand, silt, or gravel becomes the dominent constituent of the soil 
especially in the transitional zone at the base. Cunsistency is soft 
to medium. Unit is generally saturated and is slightly to moderately 
plasUc. 

Unit composed preduminantly of gray or brown sandy Silt. Generally a 
transitional zone, it can range from almost clean sand to silty clay. 
Gravel quantities vary from absent to being over 50% of the unit. Zone 
is site continuous with rare, localized absences due to erosion. Unit 
i8 wet. 

Red to red-brown clayey Silt. Gravel present throughout, occasionally 
in quantity. Unit is commonly present where bedrock is topographically 
depreased. Soil is generally dry and has a relative density classed 
8S dense to very dense. 

Queenaton Formation. Red to brown-red Shale and Siltstone. Occasional 
lenses of green 8iltatone are common. Bedding is thin and horizontal, 
Upper zone of rock is slightly to muderately weathered with some calcite 
replacement on the wider fractures. Clay is present on some weathered 
aurfacea. 

Reference report by Acres American Inc., 1981, 
Hydrologic Geologic Characterization of the 
DOE-Niagara Falls Storage Site. 

NIAGARA FALLS STORAGE SITE 

GENERALIZED GEOLOGIC 
COLUMN 

BECHTEL· 

JOB 14501 

FIGURE 6 



EXPLANATION FOR PROFILES 

A-5 Boring Number 

11" .... y'f 

15 - Standard Penetration 
Test Blow Count 

r--

CL - Visual Soil 
Classification 

f-- - Location of Change 
in Classification 

SJ- - Water Level 

--- Change in 
Strata 

....... -- -- Change in Strata 
Having Uncertain 
Extension 

...... '--. 

EXPLANATION FOR GEOLOGIC MAP 

C Clay, silty with trace to some sand and gravel occasional 
cobbles, brown to reddish-brown with bluish green mottl
ing, medium stiff to hard. Occasional organics (root & 
stem material) in upper two feet. 

Si Silt, clayey and/or clay, silty with trace to little sand, 
dark gray, medium stiff, occasional organic material. 

S Sand, often silty, very fine to fine, trace coarse sand 
and gravel, reddish-brown to yellowish-brown to gray, 
loose to medium dense. 

G Sand and gravel, fine to coarse, silty to clayey, broWn 
to reddish-brown to yellowish-brown, medium dense. 

H Clay, sandy with gravel and silty sand to clayey sand 
lenses, brown to reddish-brown, stiff to very. stiff. 

J Sand, fine to coarse, trace to some silt and clay,dark 
reddish-brown to brown, loose to medium dense. 

E Sand, clayey with gravel, and sandy to silty clay len$es, 
brown to reddish brown • 

• A-4 Boring by Bechtel 

\7BH-68 Boring by Acres American, Inc. 

TP-6 Test Pit 

~~~~ Dike Centerline 
r---------------------------~------------~ 

Seep NT MA~A FALLS STORAGF: SITE 

EXPLANATION TO GEOLOGIC 
IvlAP AND PROFILES 

BECHTEL 

JOB 14501 

FIGURE' 7 
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APPENDIX A 

Test Pit Logs 



.. ..•. .,.,'. , 

Date 7·2.. -82. 

BECHTEL ('~ORATION 
SHAFT Ie TRENCH LOG 

t:'U~RAE· NIAGAR.A PROJECT 

Total Length 2.1 Ft. 

N "' 

. , .... "./1""'" ,.' 

~.' . 

.. . ,. 
,0: 

~. " 

Go·S. 
Elevation of 0/-00 ~ *0 .fr.ttlf • ..\L.., 

0' 

~---+----~--4---~--~----~--~--~--~----P---~--~--~---Tr---*----r--~----+---~--~O' 

I 

~--~----~--~--~--~----~--~--~--~----~--~---+~~~--r---;----+--~----+---~---+-G 

aeologiat Crf, WALL 

., ~. , -::..., 

SOIL DESCRIPTIONS ARE PROVIDED ON FIGURE 7. 
EXPLANATION OF GEOLOGIC MAP 

Sheet _ ...... ' __ of 1~ Exca~ation No. rEsT PIT S'" 
Read horizontally for trenchea and vertically for ahafta. 



~ ". '..... . 
BECHTEL C. }ORATION 

SHAFT. TR.l!.HCH LOG 
Fy SoB. AP- N 1 A6AR.A PR.OJECT 

Date~z~-?\_-~d_Z __ • ____ _ Total Length 2.' Ft. 
&'5, 

, ,.' , 

, " 
" , 

........ .,. 

, " 

.' ~ 
~ .. 

Elevation of O~OO ~ 

Clay (C) 

'. , 
\ 
1 

:.' 
. - ' 

~--~~--~--~----4---~----~--~--~~--~---+----+---~--~~--~--~----+----++---r---~---;-' 

Norm Side 

Geologiat C . F. WA 1.1. Sheet Z of 12. Excaov:ation No. TECS! PI, s= 
Read horizontally for trenches and vertic&uy for abafts., 
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Date '1- Z. , - l:3z:. • 

BECHTEL c.., ~tORATION 
SHAFT Ie TIU;"/CH LOG 

FUSRAP .. NIAGARA PROJECT 

Total Length 2.1 Ft. 

5' 

, ,.' . 
•• ' ... ~ p. 

. ' . 
., . . '" . ... 

.... . 

' .. , 
') 

6:!.." , 
Elevation of O~OO ~ 317. (Y 1'1.~L., ,., 

20 
D~-L~~ __ L-~~-L~~~L-~~-L~~~L-~-L-L~~~L-~-L-L~ __ L-L-~-L-L~ __ ~~~-L~~~L-~~-r 
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Geologiat C. F: ""At L 
--- --- ~.' ~ - . 

Sheet 3 of 12. ----

• 

So"," (s) 
) 

Excav:ation No. ,. E Si PIT S 

Read horizontally for trenches and vel'ticany for ahalta •. 
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Date 7-Z 1- ~'Z- • 
_____ fJ ____ _ 

• 

Total Length 

!{ 

C LA." (c) 

BECHTEL ~. ]\ORATION 
SHAFT Ie TRXN'CH LOG 

PlIS8AP - C<'AGA~A PROJECT 
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........ , 
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:-0 

Elevation ot Eo.1nT Side 

---'--" ,., .'. 

Geolol18t e,F. wA\"l.. Sheet 4- of I'z.. _ ..... _- Exca~ation No ... n ... sT ..... p ... ' .... T ..... "'-~ ___ _ 

Read horizontally for trenches and vertlc&uy for abafta •. 
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Floor 

Geologiat C. F. 'w'A\,;L Sheet ~ of 1'2,.. .- Exca~ation No. lEST f,r 7 

Read horizontally for trenchea and vertically for abafta. 



. . 
BECHTEL C. }ORATION . 

',' . 
.. ~. -'.~ .. ~ . 

SHAFT • TRUofCH LOG 
f:'l.\SRA 1> - I'f IAGABA PROJECT 

1°: 
~ .. 

~~. . 
Date z.z I- £>:z... Total Length 35 + Ft. Elevation of O~OO ~ 3\7,0· f1. ~.S:.... 
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4 
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SQ~ (5) 

ot PI'~ 

Eo.~'t Side 

Oeologbt C. I=. \riA LL Sheet 10 of I -z.. ---..-- Excav:ation No. TS'ST P I I Z 

Read horisontally for trenche. and vertically for .haft •• 
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BECHTEL C_~ORATION 
SHAFT • TRENCH LOG 

'FtJ~RAl'- N IA4ARA PROJECT 

Date __ 7~~~Z~'~~~~~ ______ _ Total Length _~_4_o_'_ Ft. 
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c 

c 

Si f G 

.......II:"' ...... e ... sT..-...-__ Side (COf11:) 

Geologi.t C. F. 'itA t.. L Sheet 7 of I?. ----- Excavation No. Te;:.T' 'P.1" 7 

Read horizontally for tl'enche. and vertically for shafts. 
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~ 

Floor 

Geologist C.r: h'SLL Sheet _~8 ___ of I"l- Excav:ation No. _3:.::wS!L-..:f~':..T-.;lqio-__ ~_ 

aead horizontally for trenches and vertically lor sbafts. 

.' 
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Geologiat e,F. '4 ALL Sheet _ ....... '1 __ of 12. Excav:ation No. fEg PIT .,. 

R.ead horizontally for trenchea and vertically for abafts. 
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July 23, 1982 
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Bechtel Incorporated 
45 Fremont Street 
San Francj.sco, California 

Attention: Mr. Peter Mote, Geology 

Gentlemen: 

This letter report presents the results of a ground pene- 
trating radar (GPR) and self-potential ( S P )  investigation at 
the Department of Energy's Niagra Falls low level radioactive 
waste (LLRW) site in New York. The field work was performed 
on July 17 and 18, 1982. The objective of the respective sur- 
veys was to investigate sand lenses and determine their thick- 
ness in a glacial till matrix of clay. The design of the 
retaining structure to surround and contain water runoff from 
the LLRW pile depends on the thickness of these sand lenses 
and whether they are capable of acting as conduits for runoff 
beneath the proposed dikes. 

The GPR and SP surveys were both conducted with the assistance 
of Mr. C. Fred Wall of Bechtel's Gaithersburg, Maryland, 
office. 

GPR SURVEY 

The GPR system uses radar technology to obtain a continuous 
high-resolution electromagnetic profile of the subsurface. 
The depth of penetration is a function of the electrical 
properties of subsurface materials and the frequency of the 
radar antenna. The antenna, towed over the ground, transmits 
a radar pulse 50,000 times per second. The receiver in the 
antenna converts the electromagnetic signal which travels near 
the speed of light, to an audio signal tens of milliseconds in 
duration. The analog signal is displayed on an EPC graphic 
recorder . 

Engineers 
Geologists 8 
Geophysicists 

7655 Redwood Blvd. Telephone Alaska Hawaii Texas 
PO. Box 578 415/892-0821 California Illinois Washinglon 

Saudi Arabia Novato. CA 94948 Telex 340523 Colorado Nevada 
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Mr. Peter Mote 
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H8rdlng Lawson hsocl8tes 

For this survey, ground contact was made using nonpolarizing 
copper-copper sulfate electrodes (Tinker and Rasor Model 6B). 
Streaming potential and electrode resistance readings were 
made using a Fluke Model 8020A digital volt-ohm-milliammeter 
(VOM) . 
Plate 1 shows the station locations occupied for SP measure- 
ments, the survey grid network, and SP values contoured in one 
millivolt increments. The measured voltages range from -10 to 
+12 mV or a total variation of 22 mV over the entire site. 
The site was electrically very quiet as evidenced by the 
stable readings on the voltmeter during the field survey. 

Generally, the SP contours show little evidence of underground 
flow across the site. Areas of strong ground-water movement 
are generally characterized by larger anomalies than we 
encountered during the survey. Another characteristic of 
ground-water flow is regular SP contours such as those on the 
east side of the site. Note that east of IF 4+20 fairly 
regular contours become more positive toward the stream bor- 
dering the east side of the survey area. A rule of thumb 
states that "ground water usually travels from negative to 
positive anomalies". There may be some ground-water flow on 
the east side of the site, but the magnitude of the SP values 
indicates it is minimal. 

The north half of the site is dominated with closed or semi- 
closed anomaly patterns. The lack of regularity suggests 
minimal ground-water flow is occurring and it is probably very 
localized. The magnitude of the SP positive anomalies here 
suggests they are probably related to soil type or variations 
in moisture content. 

Sand lenses containing relatively more water than the sur- 
rounding clay may be the cause of the prominent SP positive 
anomlies labeled A through D. A large hole excavated at 
approximately S 8+4O, E 1+80 (Anomaly A) has a gravelly sand 
exposed in its walls and there remains about two feet of 
standing water in the hole. 
ciated with sand lenses. Sand is present at the peak of both 
anomalies (at S 7+80, E 3+40 and S 7+40# E 4+60) ;  however, 
clay is exposed at the peak of Anomaly B. 

If possible, the following locations should be drilled to 
verify or help us refine our interpretation: 

Anomalies C and D may be asso- 
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Harding Lmwson As8ociates 

1. 

2. 

3. 

4 .  

5 .  

We 

S 7+80, E 3+40 - positive SP anomaly 
S 7+40, E 4+60 - positive SP anomaly 
S 7+40, E 3+00 - negative SP anomaly 
S 7+40, E 1+40 - positive SP anomaly 
S 8+40, E 1+00 - negative SP anomaly 
appreciate the opportunity to assist you with this inves- 

tigation. If you require additional information, please call. 

Yours very truly, 

HARDING L.AWSON ASSOCIATES 

C r a A  A. Rodeick, 
Geophysicist - 880 
CAR/JSN/KGB/ jd 

Attachments: Plate 1 - Contours of Streaming Potential 
2 copies submitted 



July 23, l a g 2  
3854,069.01 
Mr. Peter Mote 
Bechtel Incorporated 
Page 2 

Hmrdlng Lawson Associates 

The GPR instrumentation was set up in a truck with the 
transmitting/receiving antenna tawed behind. Two antennas 
with frequencies of 80 and 300 megahertz (MHz) were used for 
the survey. The lower frequency 80 MHz antenna provides 
deeper penetration whereas the ,100 MHz antenna provides less 
penetration but better resolution. 

Numerous scans were made across the north and east sides of 
the site to tune the GPR system and to observe the recorded 
reflection patterns in sand lens areas versus the surrounding 
clay matrix. 

A profile using the 80 MHz antenna was obtained around the rim 
of an excavation at the approximate location S 8+40, E 1+80. 
The excavation is a hole approximately 15 feet in diameter, 
about 5 feet deep with 2 feet of standing water at the bottom 
of the hole. .Along the wall of the excavation a large sand 
lens is exposed in a clay matrix. At this locality, differen- 
tiation of the sand and clay, and detection of the base of the 
sand lens on the radar profile was not defined. A second pro- 
file was obtained over a sand lens near location S 10+20, 
E 4+60 where we were able to discern the base of the lens. 
The lens was defined as about 2-1/2 feet thick and was later 
confirmed by hand augering. 

Due to the variation in the results of the sand lens defini- 
tion at the two localities mentioned above, the amount of 
confidence that could be placed in the GPR interpretation was 
not sufficient to continue its use for obtaining subsurface 
data for the proposed containment dike. Therefore, the survey 
was discontinued. 

The GPR survey may have been unsuccessful for two reasons. 
First, the ground at the site was relatively dry and therefore 
the contrast in the electrical properties between the clay and 
sand were small. The GPR method, as with most other geophysi- 
cal methods, depends on contrasting properties for differen- 
tiating soil types. Second, some of the sand lenses inves- 
tigated contained admixtures of sand and clay. Clay causes 
attenuation of the radar signal, reducing penetration and 
thereby the effectiveness of the method. 
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SP SURVEY 

Hmrdlng Lmwson Associates 

Self-potential is a geophysical method used to measure the 
natural steady-state electrical field at the surface of the 
earth. The movement of ground water through porous soil or 
rock can generate voltages (known as streaming potentials) 
through the process of electrokinetic coupling. These volt- 
ages, measured at the ground surface, provide information 
about subsurface flow. 

Streaming potentials arise because of the general tendency of 
mineral grains to preferentially adsorb negatively charged 
anions from t h e  ground water, leaving the water with excess 
cations and a positive charge. When water containing a net 
charge is set into motion, the resulting flow of charge is 
equivalent to an electric current in the earth. Because the 
earth has a finite electrical resistance, the flow of this 
electric current generates the voltages known as streaming 
potentials. The flow of ground water usually corresponds to a 
positive current flow, and streaming potentials generally will 
tend to be more negative on the upstream (high pressure) side 
of the flow, and more positive on the downstream (low pres- 
sure) side. 

Secondary streaming potential fields can also be generated at 
boundaries between materials having different minerology, 
geology, electrical resistivity, or pore fluid composition. 
The total streaming potential anomaly measured in the field 
will be a combination of these primary and secondary fields. 

The SP survey was conducted as a backup survey for the GPR. . 
It was performed to help identify in plan view the presence of 
moving ground water and thus, potentially delineate porous 
(sand lenses) soil. The streaming potentials are measured by 
placing a fixed base electrode in the soil at a central loca- 
tion while a moveable measuring electrode is carried along 
predetermined distances out from the base station. 
tial difference between the base and measuring stations is 
then read on a millivoltmeter. This procedure is repeated 
until the streaming potential values have been measured over a 
specific survey area. 

The poten- 

The base station for this survey was set at Station S 7+40, 
E 2+60 near the center of the survey area, and all readings 
were referenced to this point. The station spacing was 40 
feet but in some areas it was reduced to 20 feet. 
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