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COORDINATION OF METHODS IN HIGHWAY 

LOCATION AND DESIGN 
GEOKX H. DELANO 

As a modern h i g h w a y w i l l c o s t u p 
t o one h a l f m i l l i o n d o l l a r s o r more 
p e r m i l e , p a r t i c u l a r l y i n o u r u r b a n 
a r e a s , i t i s i m p o r t a n t t h a t t h e l o 
c a t i o n and d e s i g n o f t h e s e f a c i l i 
t i e s be g i v e n m o s t s e r i o u s c o n s i d 
e r a t i o n . A l t h o u g h t h e n e e d o f a 
p r o j e c t e d h i g h w a y and t h e a p p r o x i 
m a t e l o c a t i o n i t s h o u l d f o l l o w can 
be d e t e r m i n e d f r o m t r a f f i c f l o w and 
d e s i r e l i n e s , t h e e x a c t l o c a t i o n 
can g e n e r a l l y be v a r i e d w i t h i n n o r 
m a l l i m i t s t o t a k e a d v a n t a g e o f 
economic f e a t u r e s t o be e n c o u n t e r e d 
a l o n g t h e p r o p o s e d r o u t e . Many o f 
t h e f e a t u r e s t h a t show a b o v e t h e 
g r o u n d can be d e t e r m i n e d f a i r l y a c 
c u r a t e l y by t h e d e s i g n i n g e n g i n e e r , 
b u t t h e k n o w l e d g e o f t h e g e o l o g i s t 
and s e i s m o l o g i s t i s r e q u i r e d t o r e 
v e a l c o n d i t i o n s t h a t e x i s t b e l o w 
t h e g r o u n d s u r f a c e . B e c a u s e t h e 
s u b s o i l c o n d i t i o n s a r e v e r y i m p o r 
t a n t e c o n o m i c a l l y , and because t h e y 
c o n t r o l s u c h d e t a i l s as a l i g n m e n t , 
d r a i n a g e f a c i l i t i e s , and f o u n d a t i o n s 
f o r b r i d g e s , a l l p o s s i b l e i n f o r m a 
t i o n d e a l i n g w i t h s u b s o i l s a n d 
g r o u n d w a t e r s h o u l d be d e r i v e d t o 
l o c a t e i n t e l l i g e n t l y and t o d e s i g n 
o u r h i g h w a y s . 

U n d e r t h e c o o p e r a t i v e p r o g r a m 
p r e v i o u s l y r e f e r r e d t o , t h e Massa 
c h u s e t t s D e p a r t m e n t o f P u b l i c Works 
i s s e c u r i n g v a l u a b l e i n f o r m a t i o n 

r e l a t i v e t o t h e n a t u r e o f s u b s o i l 
c o n d i t i o n s f o r a l l o f i t s p r i n c i p a l 
p r o j e c t s . When t h e a p p r o x i m a t e l o 
c a t i o n o f each new f a c i l i t y i s d e 
t e r m i n e d f r o m r e c o n n a i s s a n c e s u r v e y , 
t h e p r o j e c t e n g i n e e r p r e p a r e s a r e 
c o n n a i s s a n c e p l a n s h o w i n g t h e p r o 
posed l i n e and t h i s p l a n a l o n g w i t h 
a t o p o g r a p h i c s h e e t on w h i c h t h e 
l i n e i s p l o t t e d , i s f u r n i s h e d t o 
t h e g e o l o g i s t who p r e p a r e s a g e o 

l o g i c s t r i p map a l o n g t h e l i n e 
s h o w n . T h i s g e o l o g i c map i n f o r m s 
t h e e n g i n e e r r e g a r d i n g t h e k i n d s o f 
s o i l m a t e r i a l s , t h e l o c a t i o n o f 
b e d r o c k o u t c r o p s , and t h e v a r i o u s 
l a n d f o r m s t o be t r a v e r s e d b y t h e 
h i g h w a y . I n p r e p a r i n g t h i s map , 
t h e g e o l o g i s t a l s o i n d i c a t e s l o c a 
t i o n s w h e r e s e i s m i c e x p l o r a t i o n s 
a r e n e e d e d t o a m p l i f y h i s r e p o r t 
( s ee F i g u r e 1 ) . These a r e g e n e r a l l y 
a t l o c a t i o n s o f c u t s o f t e n f e e t o r 
m o r e , s i t e s o f i m p o r t a n t s t r u c t u r e s , 
c l a y f o r m a t i o n s , o r swamps, These 
d a t a a r e o b t a i n e d , a n a l y z e d , c o o r 
d i n a t e d w i t h g e o l o g i c d a t a , a n d 
t h e n f u r n i s h e d i n r e p o r t f o r m t o 
p r o j e c t e n g i n e e r f o r u se by h i m as 
a g u i d e i n d e t e r m i n i n g t h e f i n a l 
l o c a t i o n l i n e and i n p r e p a r i n g t h e 
d e s i g n f o r a l l f e a t u r e s o f t h e p r o 
j e c t . A spec imen r e p o r t i s appended 
t o t h i s p a p e r . I f s e i s m i c r e a d i n g s 
i n d i c a t e h e a v y l e d g e c u t s , t h e l o 
c a t i o n o f t h e h i g h w a y can g e n e r a l l y 

be c h a n g e d t o a v o i d t h i s e x p e n s i v e 
t y p e o f e x c a v a t i o n . I f o t h e r c o n 
t r o l l i n g f e a t u r e s p r e c l u d e c h a n g i n g 
t h e l i n e , an a c c u r a t e e s t i m a t e o f 
t h e q u a l i t y o f l e d g e t o be e x c a v a t e d 
can be made a v a i l a b l e f r o m t h e g e o 
l o g i c s e c t i o n s based on t h e s e i s m i c 
d a t a , s u p p l e m e n t e d as may be n e c e s 
s a r y by b o r i n g s i t h u s e l i m i n a t i n g 
t h e p o s s i b i l i t y o f s e r i o u s l y u n d e r ' 
e s t i m a t i n g t h e q u a n t i t y o f l e d g e t o 
b e r e m o v e d . On a p r o j e c t w i t h 
h e a v y c u t s , s u c h an e r r o r when a c 
c o m p a n i e d b y a h i g h u n i t o f b i d 
p r i c e f o r l e d g e c o u l d be more e x 
p e n s i v e t h a n t h e c o s t o f t h e p r e s e n t 
c o o p e r a t i v e p r o j e c t f o r an e n t i r e 
y e a r . 

I n f o r m a t i o n on g r o u n d w a t e r c o n 
d i t i o n s i n c u t s a n d f i l l s i s o b 
t a i n e d whenever n e c e s s a r y t o i n s u r e 
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a p r o p e r d e s i g n o f s u b g r a d e a n d 
s u b d r a i n a g e . One o f t h e i n t e r e s t 
i n g p r o b l e m s w i t h g r o u n d w a t e r c h a r 
a c t e r i s t i c s r e c e n t l y s t u d i e d by t h e 
W a t e r R e s o u r c e s B r a n c h o f t h e U . S . 
G e o l o g i c a l S u r v e y d e a l t w i t h p o s 
s i b l e i n t e r f e r e n c e w i t h a t o w n 
w a t e r s u p p l y . A p r o p o s e d r e l o c a 
t i o n o f one o f o u r p r i n c i p a l m a i n 
r o u t e s p a s s e s b e t w e e n t h e d r i l l e d 
w e l l s f r o m w h i c h t h e t o w n g e t s i t s 
w a t e r s u p p l y , and a pond f r o m w h i c h 
t h e t o w n a u t h o r i t i e s b e l i e v e t h e 
w e l l s a r e s u p p l i e d by u n d e r g r o u n d 
s o u r c e s . The town a u t h o r i t i e s know 
t h a t when we c r o s s t h e v a l l e y b e 
t w e e n t h e p o n d and t h e w e l l s w i t h 
o u r new r o a d we w i l l e x c a v a t e e x 
i s t i n g p e a t and o t h e r s o f t m a t e r i a l s 
a n d w i l l b a c k f i l l w i t h s t a b l e ma
t e r i a l . E v e n t h o u g h o u r back f i l l 
w i l l be o f g r a n u l a r m a t e r i a l , t h e 
t o w n o f f i c i a l s b e l i e v e t h a t t h e r e 
i s a g r a v e p o s s i b i l i t y t h a t t h e new 
f i l l w i l l a c t as an u n d e r g r o u n d dam 
and s h u t o f f t h e i r s o u r c e o f w a t e r 
b e t w e e n t h e p o n d a n d t h e w e l l s . 
T h e g e o l o g i c s t u d y r e c e n t l y c o m 
p l e t e d t h r o u g h o u r c o o p e r a t i v e p r o 
j e c t i n d i c a t e s t h a t t h e p r o p o s e d 
h i g h w a y a t t h e p l a n n e d l o c a t i o n 
w i l l n o t a f f e c t t h e t o w n ' s w a t e r 
s u p p l y . 

As s t a t e d , one o f t h e p r i m a r y 
p u r p o s e s o f t h e g e o l o g i c s u r v e y i s 
t o make a c o m p l e t e d e t a i l e d g e o l o g i c 
map o f t h e s t a t e , a f e a t u r e o f w h i c h 
w i l l be t o i n d i c a t e a l l a v a i l a b l e 
s o u r c e s o f h i g h w a y c o n s t r u c t i o n ma
t e r i a l s : t r a p r o c k g r a v e l , s a n d , e t c . 
T h i s i n f o r m a t i o n , a n d e s p e c i a l l y 
t h a t r e f e r r i n g t o g r a n u l a r m a t e r i 
a l s , may soon be o f g r e a t e r i n t e r e s t 
t o us t h a n i n t h e p a s t , because o f 
t h e d e p l e t i o n o f e x i s t i n g d e p o s i t s 
a n d t h e c o n t i n u e d i n c r e a s e i n d e 
mand f o r t h e s e m a t e r i a l s . 

Some o f t h e s p e c i f i c a p p l i c a t i o n s 
o f g e o l o g i c a l i n t e r p r e t a t i o n s and 
s e i s m i c e x p l o r a t i o n s t o t h e l o c a 
t i o n a n d d e s i g n o f h i g h w a y s i n 
M a s s a c h u s e t t s a r e l i s t e d b e l o w . 

I n T e m p l e t o n , a p o r t i o n o f R o u t e 
202 was r e l o c a t e d so as t o b r i n g i t 
above t h e f l o o d l e v e l o f t h e B i r c h 
H i l l Dam. As c o n s t r u c t i o n o f t h e 
h i g h w a y r e q u i r e d a l a r g e amount o f 
f i l l , and as t h e r e was a p r o p o s e d 
c u t o n t h e p r o j e c t f r o m w h i c h a 
c o n s i d e r a b l e p o r t i o n o f t h e f i l l 
c o u l d be o b t a i n e d , i t was d e s i r a b l e 
t o e s t a b l i s h t h e l o w e s t p r a c t i c a l 
g r a d e t h r o u g h t h e c u t , u n l e s s an 
e x t e n s i v e amount o f l e d g e s h o u l d be 
e n c o u n t e r e d . S e i s m i c s t u d i e s showed 
t h a t no l e d g e w o u l d be met i n t h i s 
c u t t o t h e d e s i r e d d e p t h . T h i s 
p r o v e d t o be t h e ca se when t h e c u t 
was made. 

A s i m i l a r p r o b l e m was p r e s e n t e d 
i n t h e p r e l i m i n a r y s t u d i e s f o r t h e 
r e c o n s t r u c t i o n o f t h e N e w b u r y p o r t 
T u r n p i k e i n T o p s f i e l d . H e r e , t h e 
p r e s e n t a l i g n m e n t p a s s e s o v e r t h e 
c r e s t s o f s e v e r a l h i g h a n d s t e e p 
h i l l s . I f t h e p r e s e n t a l i g n m e n t 
w e r e t o be f o l l o w e d , i t w o u l d be 
n e c e s s a r y t o c u t t h e c r e s t s o f t h e 
h i l l s as much as SO f t . i n o r d e r t o 
a c h i e v e t h e h i g h s t a n d a r d s f o r 
s i g h t d i s t a n c e r e q u i r e d on s u c h a 
h i g h w a y . As l a r g e q u a n t i t i e s o f 
f i l l w o u l d be r e q u i r e d , t h e h e a v y 
c u t s w o u l d n o t be o b j e c t i o n a b l e u n 
l e s s t h e y i n v o l v e d a l a r g e amount 
o f l e d g e . Four days were s u f f i c i e n t 
t o r u n s e i s m i c p r o f i l e s a l o n g 5700 
f t . o f h i g h w a y t o show t h a t l e d g e 
i s w e l l b e l o w t h e b o t t o m o f t h e 
p r o p o s e d c u t . 

I n C h i c o p e e , t h e D e p a r t m e n t i s 
s t u d y i n g a p r o p o s e d r e l o c a t i o n o f 
R o u t e 2 0 , t h e p r i n c i p a l e a s t - w e s t 
r o u t e o f t h e S t a t e , t o b y p a s s 
S p r i n g f i e l d , c r o s s i n g t h e C o n n e c t i 
c u t R i v e r n o r t h o f C h i c o p e e . A 
l a r g e p r e h i s t o r i c g l a c i a l l a k e o c 
c u p i e d t h e a r e a a t o n e t i m e , i n 
w h i c h a c o n s i d e r a b l e t h i c k n e s s o f 
l a k e c l a y s and s i l t s were d e p o s i t e d . 
The e a s t e r n end o f t h e s t r i p i n v e s 
t i g a t e d i s on a h i g h t e r r a c e a b o u t 
140 f t . above t h e g e n e r a l l e v e l o f 
t h e p l a i n t o t h e w e s t ( s e e F i g u r e 
7 ) . The s u r f a c e o f t h e t e r r a c e i s 
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Figure 7 

o f f i n e sand over a l a m i n a t e d de
p o s i t o f c l a y and s i l t , known as 
varved c l a y . Proceeding w e s t e r l y , 
t he l i n e drops t o the l e v e l o f the 
p l a i n , t h e n w e s t e r l y a c r o s s t h e 
p l a i n and the C o n n e c t i c u t R i v e r . 
As the proposed l i n e comes o f f the 
t e r r a c e , a c u t about 25 f t . deep 
w i l l be r e q u i r e d i n the varved c l a y . 
Then as t he proposed l i n e c rosses 
the low p l a i n o f the v a l l e y , severa l 
s t r u c t u r e s w i l l be r e q u i r e d where 
i t c rosses the r a i l r o a d , t he Con
n e c t i c u t R i v e r , and e x i s t i n g h i g h 
w a y s . T h r o u g h s u r f a c e g e o l o g i c 
s t u d i e s , and g e o l o g i c i n t e r p r e t a 
t i o n o f seismic surveys, the Depar t 
ment knows what s o i l and s u b s o i l 
c o n d i t i o n s w i l l be f o u n d i n t h e 
c l a y c u t , a t s t r u c t u r e l o c a t i o n s , 
and f o r the heavy f i l l r e q u i r e d i n 
t h e low area t o keep the new road 
w e l l above the f l o o d l e v e l o f the 
r i v e r . 

On the Mohawk T r a i l , Route 2 , 
the Department has made s tud ie s f o r 
a highway p r o j e c t i n the towns o f 
She lburne and B u c k l a n d . The p r o 
posed p r o j e c t i s t o bypass S h e l 
burne F a l l s by s k i r t i n g the e a s t e r l y 
s i d e o f t h e v i l l a g e and c r o s s i n g 
the D e e r f i e l d R i v e r abou t t h r e e -
q u a r t e r s o f a m i l e n o r t h o f t h e 
p r e s e n t c r o s s i n g , wh ich i s i n the 
c e n t e r o f the town. A t t he p o i n t 
where the new l i n e i s t o cross the 
r i v e r , t h e s i t e o f t h e p r o p o s e d 
b r i d g e abutments was i n v e s t i g a t e d 
both by bor ings and by t a k i n g s e i s 
mic p r o f i l e s . A l l bu t one o f the 
bor ings were d r i v e n t o r e f u s a l , but 
se i smic p r o f i l e s l a t e r showed t h a t 
r e f u s a l occurred p r a c t i c a l l y a t the 
s u r f a c e o f the t i l l , which i n t h i s 
a r e a c o n t a i n s a l a r g e number o f 
bou lde r s . Seismic data showed bed
rock t o be many f e e t below the r e 
f u s a l s o b t a i n e d t h r o u g h t h e b o r 
ings (see Figure 2 ) . 

Al though the depth t o bedrock a t 
the Shelburne F a l l s bypass l o c a t i o n 
w i l l no t a f f e c t the b r i d g e founds-
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t i o n s , the r e s u l t s o f the two meth* 
ods i n d i c a t e a p o i n t wh ich s h o u l d 
be m e n t i o n e d . I t i s n o t now the 
o p i n i o n o f t h i s D e p a r t m e n t t h a t 
s e i smic data w i l l o b v i a t e the need 
o f b o r i n g s o r f i e l d o b s e r v a t i o n s , 
n o r i s i t e x p e c t e d t h a t f u r t h e r 
check da ta t o be secured w i l l r e 
s u l t i n any change. I t i s expected, 
however, t h a t seismic data w i l l en
a b l e the eng inee r t o spo t and i n 
t e r p r e t the bor ings more a c c u r a t e l y 
and i n t e l l i g e n t l y and thus t o r e 
duce the number o f bor ings r e q u i r e d . 

Whi le i t should again be empha
s i s e d t h a t the work b e i n g done i s 
expe r imen ta l , and t h a t much f u r t h e r 
s t u d y i s needed t o d e v e l o p t h e 

t echn ique o f se i smic s tudy and the 
c o r r e l a t i o n o f geologic i n t e r p r e t a 
t i o n w i t h our highway problems, the 
r e s u l t s a l r e a d y ach ieved are v e r y 
e n c o u r a g i n g . We are l e a r n i n g t o 
app ly i n t e l l i g e n t l y the data be ing 
f u r n i s h e d t h r o u g h the c o o p e r a t i v e 
p r o j e c t s . 

As the highway c o n s t r u c t i o n p ro 
gram o f the Massachuset ts D e p a r t 
ment o f P u b l i c Works c o n t i n u e s t o 
expand under the impetus o f postwar 
needs , t h e g e o l o g i c and s e i s m i c 
s tud i e s w i l l cont inue to p l ay t h e i r 
v e r y h e l p f u l p a r t i n p r o v i d i n g 
Massachusetts w i t h highway f a c i l i 
t i e s designed t o meet e x i s t i n g sub
s o i l c o n d i t i o n s . 




