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September 7, 1982

Docket No. 50-29

LS05-82-09-027

LICEriSEE: YAliKEE ATOMIC ELECTRIC C0".PANY (YAECO)

FACILITY: YANKEE UUCLEAR POWER STATION (YANKEE)

SUBJECT: SumARY OF JULY 27-29, 1982 i:EETING CONCERilING SEP
TOPICS FOR YANKEE

On July 27 - 29, 1902, representatives of the NRC staff net with
representatives of YAECO and New England Power Conpany to tour the
Yankee plant site, the !!arrican Dam, and the Shernan Daa , and to
revieu docunentation concerning the stability of slopes (SEP Topic
II-4.D) and the settlement of foun:fations (Topic II-4.F) for Yankee.
The staff toured the plant site and the two dans on July 27, and
net with Yankee representatives on July 28 and 29 at the licensees'
headquarters in Franingham, Massachusetts. The meetings consisted
of technical discussions concerning the properties of the soils
in and around the Yankee site. At the end of the meeting the 1
licensee agreed to provide additional infornation regarding the
soil which was not available for the reeting. That information was
subsequently transmitted to the staff and is enclosed.
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Ralph Caruso, Project !*anager
Operating Reactors Branch !/5
Division of Licensing
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Mr. James A. Kay -2- September 7, 1982

.

CC
.

Mr. James E. Tribble, President
Yankee Atomic Electric Company
25 Research Drive-

Westborough, Massachusetts 01581

Chairman
-

Board of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

'

Energy Facilities Siting Co'uncil
14th Floor
One Ashburton Place

--

Boston, Massachusetts 02108 :-- --

,,

-

U. S. Environmental Protection
'

Agency ~

Region 1 Office . ,

ATTN: Regional Radiation Representative c.
JFK Federal Building
Boston, Massachusetts 02203

Resident Inspector
Yankee Rowe Nuclear Power Station
c/o U.S. NRC
Post Office Box 28 ,

Monroe Bridge,* Massachusetts 01350
.

Ronald C. Haynes, Regional Administrator*

Nuclear Regulatory Commission, Region I
631 Park Avenue
King of Prussia, Pennsylvania 19406
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INFORMATION ON THE ROCK KNOLLa

The following is provided as further information concerning the small
wooded knoll which lies directly east of the plant. The information and
figures were obtained f rom a Weston Geophysical report titled, " Geology and
Seismology, Yankee Rowe Nuclear Power Plant", dated January 29, 1979.

Figure G2-1B describes the surficial geology of the knoll as a thin
ground moraine with frequent bedrock outcrops. Figure G2-2A depicts the
bedrock geology of the knoll as a well-bedded albite gneiss. The bedrock of
the knoll is also inferred from geologic profile C-C' on Figure C2-4 which
terminates at the northwest extent of the knoll as shown on Figure G2-3A.
Again, an albite gneiss is shown to lie at or slightly below the surface
underlying a thin deposit of moraine.

In conclusion, the wooded knoll dire.ctly east of the plant consists
predominantly of an albite gneiss overlain by a thin deposit of ground moraine.
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GEOLOGY AND SEISMOLOGY

YANKEE ROWE NUCLEAR POWER PLANT

prepafe'd for -

YANKEE ATOMIC ELECTRIC, COMPANY

I .

k

I
January 29, 1979

I
.

I

i

1

11 -

il sg
5

Weston Geophy_ sic _a_l -

g
.

I

3



~- - M ' ' '--"''- "'~ "- ' -- - ' ^ - " E"
'

~

'

-
. - ; y_ _4 _ ,i-_sn' "<1

,
-

,

O,

*
.

|

|

'$f'. M ' [/ '/ bg ke(4' F [
h'vt~}j ?

i 's. % '

N * - e

~' '

$
'

. I: .

.
' R' E :

I L ( :R' E f:s f- 1 L '

hhh-% ,
,) ~h'

*
'

,
%

,

Qbhhk f[f'g'b
__

| ,,

) /*"
}

q --'
- E'

'

' ' /[ ~ T VEIiMO,0 ' ' /)-VERNOhT) { 5 55bS,
i y_ ; ~ ' 5 -55 S

~~

- -

&: .Ti
*

S j ~ ' ~ ~ + - IASS i

n e 9 i (Qh k>,\ pj} m- (/ )

~
* 'IR { j \

?gg'g>. '; I.

[,

i
; /: -

y p~i x\ 1 g1 (
-:- .- ,

,

ad\. 4 . . . , ,' \ <*

E ' Q. , ._'

j _

/'

| | * r ;i ' ? g , ,

/ '''4 ,: -g . j2
'

I

| dt| ' (,,_f %' / ~ (,/j.h ,yh'
# .T d

I * , i. * f / ! - fy ,
,,,

( ,
~

/ Cj'nJ _- v <
'

L/ |h < %,. ; f Q
'
f nfsw! > Q

/ /' jmJ N. -' '
_

r ,

', - %..k9Y ,/' I *

;, ,

-
- /

-

-

., ,

E' '

i- N( 4

@44f=.n q q's j O ,.. ,m.
2 'N,/''

.
,g ,,

3 f y4 4 SEEP, SPRING
E I # * *

'

ROFILE A A ON FIG. 2- ' '

'"} .' T E ST PIT .

. i<E V / / \ \ t ./ '

UNDIFFERENTIATED ICE CONTACT
USGS BASE: ROWE 7.5' QUADRANGLE

I AND STREAM TERRACE DEPOSITS.

| CONTOUR INTERVAL : 20 FEET

TOTAL RELIEF i 1040' WITHIN 1 MILE
AREAS OF THIN GROUNO MORAINE,

^" '"' " ' " ' " ' " " "'c" "5
j - % W*J"n'"!.'ir!J!#"','JJ"
k un scisme atra.criou suavtv untsi

.csion otomvsicat cowenarios, ma

, , , ,

g TILL/ BEDROCK INTERFACE
h- g, ;me.c,,,I

5 A. TOPOGRAPHIC MAP - SITE LOCALE B. SURFICIAL GEOLOGY - SITE LOCALE

l

5 FIGURE G2-1'

SITE LOCALE

TOPOGRAPHY
YANKEE NUCLEAR POWER STATION and,

- Rowe, Massachusetts SURFICIAL GEOLOGY



__ ., ._- . , . _ -- . . - - - - - -

- .

** 1

-

.

( 9 ._ <

\ 'D\'(d'/ '} '' ' f. o
'F /:R fE SOrlf.h F :R E.; \ C ) \s]

^ VM it
's %gi$\ $ '[\' . //

C Mae
||

Q ' %'%e- T $ ,f.! } ;{)jf]
'

y.,f%Q.j;bhh
) /

g

IB

'g
~~

f .

.o .
/, , /j- M . -- ' ! ASS 5CliLQ ~ j . y, i 7- e,- " -4--e # - + - -

~ \, Y> H- $,,

f_...fM a / 7* ''#cp '

h'k @f N
",

, , , .

5
) g ( p 5 |/ y{

'

| -

s.

pty - cjf i./ c. ,
j'* Shermas , s

' , 5herved

[ . ' / { 'Cf m.) '
'' .

( | * |s /.Dfmme ', 10,
,

5s / "

. k+'Ch - . _f /
; '

/ / N $"
,

's : .'

xfe~" M ('|'#1R
#

4 . '
,

.

/ ss
, ,

-

' (b -
,

i

" '

A) % :, .

n J'l .

.9 ssm .mt ny ). . n i.

[' , _
PROF LE A ' ON FIG. G2 4A I; .

.I
HOOS AC FORM ATION * LOWER CAWeRIAN ** **

.

Ch WELL BEDDED ALBITE GNElSS y, /eo JOINT-STRIKE AND DIPv m.cs
Chr RUSTY WEATHERING GNElSSI * * ' ' * ' **

. g.
C AVE NDISH FORMATION Lowtm caueRIAN ET) $ *./ /80 FAULT-STRIKE AND DIP.

Ces GARNETIFEROUS SCHIST k*, */*

Ces tVENLY-LAYERED GNElSS **E' g [ / FAULT OFFSET SENSE
Ccm DOLOMITIC M AR8LE s

,

As FOLIATION * STRiRt AND DIP Ig y ggy g gg
/M PLUNGC OF FOLO ant 3

eNT N l TE 0 0' 5 t' RM
oN u m ..f.e W c.DI 3 c

A. BEDROCK GEOLOGY - SITE LOCALE B. BEDROCK FRACTURES-SITE LOCALE

I
FIGURE G2-2

SITE LOCALE

l YANKEE NUCLEAR POWER STATION
andJ Rowe, Massachusetts

STRUCTURE
_ m



- g n., -- -- ;, m mm- ~ -- - x - - - - - - r-- , -- - ,
r m

1

1 .

e*

! ,
e Oe@NAL SITE 80RtNG5 ,/ |. ,

e OR<,iN AL SITE BORING 55
p 3 ', t. .=7 ,1 . e. is77 spECi AL soR NGs s.- - , ei , 6 i977 $pICi At ecRtNGs

*j1 Ij -f sa l976 wt570N BORING $ - *f
1,j ~ 's PROFILES B-B". C C'

g $4 1978 *ESTON BORING $
m'

- *\r .

, o'@U. . 2 5-- N

g
l- sS --

e v,'. ;
_

'- '
N N ON FIG. G2 4B

k[5"
c- 4 s

[' t, 5 -'| |\ \ *s, i
'--,

ge
.

-

"' a
-10'' ,/a ,

j 's f
i . O i-- -

,s'' . #c<,,
.

/ ,hi A. /$
,- "e, . ,' ,s .- .,s , ,

,' ' 'N !-- < / -
' ,) b/$,

Y. ,\ >' sY Jt- N -20) ' \'0'

e)>/ , / ' ' <''' g- g|< '/ / y't$
,

/ / - / N- / ,s 'W / 45'> l

/,l! f', ' **~h6--~

el[ / ,/ -b '/ %. | ', Ys7 \ - , s,
'

/ / / J-. - l '

' m < ,,; ''V,'Q.\ \, \, / ' /=s., Tu' v't,"!' y .g
f s

!

., , /p}& . y? g
,.:. ' -

i s s s.

m.-;gs;s*.;-,,fne,
- s r .,-,2i vie ~ , . _ -- -.. , .

,4 21- g| ,I

,
'

'' c ' 52 ,s
- S

_w s,\ . X(VI '-
* A, 4-s

, , . . ,f ,

i :: - 8
'- .m.'

: .\ _- -,i
pfx 9,';. mo is0 - , sil s t v, ;40. . . . - .. . %

I . s,' ;oc ..I -S \ eca
,

- r a
10*- h '.

s
* # 's '% B' $(/\1

'
... .

Outwash Sand and Gravel b' lodgment Till plus d\ \O iow.c varv d cia, s. C( BEFORE CON $7RUCTIO~ >

I
o- 100 \ oo- 300' A00'o- too- zoo- soo- 400- *

.

A. ESTIMATED THICKNESS. UPPER SOILS LAYER B. ESTIMA'TED THICKNESS. LOWER SOILS LAYER

) [ | .

3e 1977 $PECI AL BORINGS
e ORIGINAL $1TE SoRING$e OmiGINAL SITE 80 RINGS

|.87 vi *\ $' Be 1977 $PECI AL BORfNGS \-| * *,* ..'I *

\v - * f! - $ 1978 WESTON BORING $

<+y : 9 \a <#q.i } h \a
jy $ 1978 *ESTON BORING 5 ,

, ~
h \ / 5 k[5 \' '

!2, ir

*kp, p5, ,q
e 4. , ..

(6
/\ 1 g tg

-h/"cy . i| / .,
0q a* / ) yE

' 4,

6s.

'. .s'-
' . . . n.N.. . , / - . I \/ r, I *

.,
- /

y , ,f
,~~~ . / 'g-

I
.r

,W-'e./'/ / /,Y
, '/',/' . - , .(' / /'/n /; ;
/ /, 1 ',,.

i /,

E
g h .a e / / .s

'/ ,-

| {g / ,'' q h |j L.4 q |a |n
s

|//'/ - W' j' ',(,t' / ,v ' x x r;,, ; g'~ .

s i/

9,;b)'N N
,9 ,

!ya /,' ' ;ss ' .;* , ii, ,77 . ,,s

: C%
,

. le . ,3 /| -100' s-
- ag /N"~ '."/ g -1 2, . _ , .

.s/ / ].b %''',,- - o% ;g s- N i .M es /g< I ,:* *i j ~s
,,

l''.o, j
6 T\ N/, / ' f.S j/ j' ' ,

l$' I
'

3 yo
- .

h/ s a s, I* ' o 12 ' G s
.

~~5D; / ,' -' M '+ m*'
\

x O, y ,z 3 c,L v-se i
i (. \/ Q Q ,J f.

% r, J

'k'_f
-

, N\g.f ' ,, K '/N /

Out wa sh-Till- clay u2' N Sea level Datum $ .&'

( Pet-CON 5taucTiON ) ,,) (y$Q$) M IU

B o- ioo- g soo. 3oo- 4oo- o- - too- 200' 300- Aco*

USGS DATUM MINUS 1o5.40's PL ANT DATUW

C. ESTIMATED TOTAL OVERBURDEN THICKNESS D. ESTIMATED TOPOGRAPHY OF BEDROCK SURFACE

FIGURE G2-3

YANKEE NUCLEAR POWER STATION SITE SOILS LAYERS i
Rowe, Massachusetts and

BEDROCK TOPOG'RAPHY
_ -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

f /..
,

.

5

A REF. FIGS. (
g

_

_

'

,-
-_

, ,_ a
,

.. ,y;

|
-

~ , ~ ~ ,-

|
.

's
if _-

_

.

.

.

_

~

Northwest
__

.

|} .| GLACIAL SEDIMENTS

I -
~~ - [3 Ch5~| HOOSAC ALBITE GN

,
.. . .

'

hil.i.Chr ii:.] HOOSAC RUSTY GNE

%-I}Ces'@'8] CAVENDISH GARNET-

l .

- | -Ccp .~_d CAVENDISH EVENLY-
,

L

REF. FIG. G2-3Ag
B Nprthwest

. . . . . . ' .PRC CONSTRUCTION GROU
* *

, , ,
-

. . . .. . .......,.. * * . * * *

F .".*'.* < g. e . r- :*. a.-- .,-- -e P.T). g? .'o- -*: r-. , , . , . , . , . , . . ' . '
* 4 . o . . .C-

6 ) *.'f *.'b),*Yb,I~[."* OY b[f . * [:, .C.,. , d
'

*

.- O.,o*,*
*

.o . o , , O * , . * e ; e ,. 'o . . . , o,-.

O q *,"O ,'*.. ,*',.*O ., Q,.'.:'. ' ' ,0',0' _ , _ *
= 0 .,o.

* *~ , , ,_

w?OF. o (5 N (: .
_etM. 9 . .N

.
\

is- s

*k N \.N* Ns g.

N N
xs Ch

-

s - s x
NN N, N-

\N N N - N
s s

N N- s s ,

_

l*. *1 OUTWASH: BROWN SAI

IK 9/ai.9.1 TILL: COMPACT, FINE

EUCLG VARVED CLAY-SILT '

I' '1 SAND: FINE TO COAR

k.Chls) BEDROCK: HOOSAC F

.

_ _ _ _



.,

..

FIGS. G2-1A, G2-2A. A''

- 2000'
m .. -

: s :' ~ - -.s. s

.

4 'N [N:
-

m
~~

- iS002 %. SlTE
7;+ N;,'..Q' L -,n - .N

..

R" ' i ,+
.

;

3 -~ ,. ' ,.% .;. .
.y* ';,.- : %;N. . |:g':1 Xl-.- _

SHERMAN DAM yO. , .sd. TM:t
. = -

~ , , ' - ~2 -'

- , j|N-
:', s s .,

'"k ::.Q G Y;[Q f.|s;}|:ff .h |& Q-_ 1000'
' s'; .%

-bni- ^s- N>*- - 4 :

h - ^% ~
s!.b-F fi ':. s... . Y N ..

s. s - s s , '

' '.%' -h- g, ... N -1G .z:y tV;. g N 4 :. gg
.

's's''','''"''s' - : -

. .: g _ { 4 |-g..
~ v . -5 0',,' s,sN:, ,,,% %. s a-m9x. . , . .Mn:c. % w,c.. .;. b.x - %%< - -:y -

. , -%, K4 L 'ws ~

's
.-

> & .' : >

- s/ s .
s s s s _

Ccg Ccs Chr Ch Southeast :
O'MSL

d'....r 1000' 2000' 3000'
SEDIMENTS I I , I i f

- - . . .- NO VERTICAL EXAGGERATIONALBITE GNEISS
. -. .

RUSTY GNEISS
- .

.

A. GEOLOGIC PROFILE - SITE LOCALEH GARNET SCHIST

H EVENLY-LAYERED GNEISS
,

G2-3A
| (.,0NTAINMENT | C Southwest | CONTAINMENT |

8

Southeast B' | Northeast C'
' '

J
' '

-

I - 1150' - *

. . .|; g. . :;q. c. . , ' * ' ., , k ch.''Nh'|O'...Yi

W+~6'f.';'oy:p ;g:.. '.. . s : . w..;. . - ? . . . . . . .s ,.

**

.-

k* , | ., . =
...:. . . .

' *. . * |t-. . . }?..%.;;*3 xo;<a o %
. ..? . i -+p.4 o :...

: o::w;.
. -, , . -* '.: Q~5t' , .

.
* ^

.'
. . ' * 11 :. ,r p..n a..s

.

;e. ~ -., . .

-~. . * ;.. .?: -b -- -
~

.

n .. .:v . :::::: r kv ''"g.; .,.,?.:b.: : :;ig ::.g:a ve:y..- , , o o. -
. .

: *:.. . ;i'g. ,.....

.o + =. :' 6. i .*'. .%w' .* ~ . '. *. '. ;;*.* w' i **.m[. -'.' - . . ~ ~
:. % .:o. . . . - .

.

Am, ? . .
*

.

'O ~:.i o q . . . . .O.W.; e q. s. ..w- --
* . '' '

.. . ... .
. e '.

-

. . . O. e* :; . ' ' .' .' ''. O .: . . f'.Q ;.
* .

- -

. .c . . . . o. e, 0 . 0. . . c
: . , . . ...o '-,0..n.9.. .a;.,

.
.

... ,,

. . . , 0 . . , 7. 0 p.s _ _ -.

.o... ..o . .., .

,

. . .
. * - o. . . o . : . .-. %A

-- - . - _ _ - _..
. .

..O o . . g ... . ,,* -

.** . * .. .o *. o ' '.. - '' ' . ~ . - - - '

.
0.o. - 0 o .

-

.o*.s.f
'' -- ~ ~-O...* -

~%SE' . . :; : .y -_'! -~~~;. p..-CG OJ@ G ~';,~8. o.s#'-'
' --

-- _ ._

.

..o.. .o'* o..c.' *.''> o . . . o . o : o.'. ; . . .
- -

- ~ _ -
-

-
.

.O. W' (g*ss.%s
-

o . "- -
~

,

- --- - -

-. ' - ' ' ' ' ~... -c. .
- -1050 -, .....

' JfC'~~M-S . s N -
-

Nx's OW e,.m D''qs: s
__

M ._ M -S $ [ dd _'' _s

25 G E- M i t s <j'. _
N

N ,, 'N 'N N N W '-s, ,s '''
-

.s N -:.
. Ch

_ - --1000' -N N N N 'N N xN \ '-s,, N 'N N -2 -

. ,- g . , __. '._~ . -
_

N
N % xN x r -- ~ -

-
_ ., N N

's s 'N
.'N 'N f,.o(", ~.._ '-s ss ''

-', N
sNs .N - 9 50'

'
-

-
'- ' ' ' - -

-

s, - s 's . s
' -, 's

O' 50' 10 0' 200* 300'
|: BROWN SAND AND GRAVEL, SILT l...,i I i f I f

MPACT. FINE. WITH GRAVEL AND BOULDERS NO VERTICAL EXAGGERATION

:' LAY - SILT : COMPACT, MINOR SAND

INE TO COARSC. VERY COMPACT B. GEOLOGIC PROFILES - ON-SITE
HOOSAC FORMATION. ALBITE GNEISS(1

FIGURE G2-4
SITE LOCALE & ON-SIR

,

YANKEE NUCLEAR POWER STATION
Massachusetts GEOLOGIC PROFILES

Rowe,

9

-..m .



. .

1.
'

u-

- .,

.

*
CE0?,0GIC PROFILE

Geologic profiles for the Yankee site are depicted in Figure G2-4 of

|
Weston Geophysicals' report titled, " Geology and Seismology", dated January
29, 1979.

Profile C-C' is presented here, at an expanded scale, showing the
foundation footings for the vapor container. The location of profile C-C' is
shown in Figure A and the geologic profile with containment foundation in
Figure B. This profile was developed from information obtained in the 1956
seismic refraction profiles, eight borings put down at the site in 1956 and
1977, six borings put down in 1978, and Yankee Drawing 9699-FC-59A, Foundation
Details, Vapor Container.

2

As shown in Figure B, the foundation for the vapor container is founded
on very dense glacial till as are other plant structures.
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DYNAMIC STABILITY OF NATURAL SLOPES

An approximate dynamic assessment of the natural slopes to the south
and east of the plant was performed to further document our conclusion that
natural slope stability is not a safety concern at the Yankee plant.

Liquefaction of the glacial till slope materials is not considered
possible under dynamic loading conditions because the lodgement till exhibits
dilatant behavior in shear. Therefore, the Newmark sliding block
analysis [1,2] is an appropriate method of analysis since the till would not
undergo any significant loss of strength or pate pressure development during
cyclic loading.

The use of the Newmark method inherently implies that the criterion of

performance of the slopes be based on the magnitude of the predicted permanent
displacements as opposed to the concept of a factor of safety based on limit
equilibrium principles.

The same slopes th'at were analy,z,ed for static stability were again used
for this dynamic assessment. Information concerning the static stability of

the slopes was previously transmitted and discussed with the NRC.

The results from the Newmark sliding block analysis show that for both
the Yankee composite and NRC recommended spectras the permanent displacements
of the slopes would be negligible during an earthquake and will not have any
adverse impact on the plant.

For completeness, the calculation package is included.

Based on the results from the Newmark sliding block analysis in

conjunction with the previously transmitted static stability evaluation, it is
concluded that the natural slopes around the plant are not su'sceptible to
catastrophic failure and therefore pose no threat to the Yankee plant.

i
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INTRODt;CTION

:eneral description of earthquake motions
- P ~#

'

In an earthquake, the earth moves in a nearly random fashion in all directions, both
arizontally and vertically.
ember of instances. _In general, those measurements which are of greatest interest are the

. j -

Measarements have been made of carthquake motions in a
l m

ccords of ' strong motion * earthquake accelerations, measured by the U.S. Coast and Geodetic ygFM ~-
p

urvey for a number of earthquakes in California in the past three decades. i- ;,<
These accelera- t ".ons, as a function of time, are available for motion in two horizontal directions as well as ! 4-

.

i the vertical direction', at a number of locations for seyeral earthquakes.From the time-
cord of the acceleration, the velocities and displacements can be computed by integration. '7.

One of the most intense strong motion records available is that for the El Centro, Call ' i 'y i " <07-
> M M''/d."rnia earthquake of IS May,1940. : w

The record for the north-south component of acceleration
this earthquake is shown in Fig. I, which also shows the values computed for velocity and ..,,( % $y

5

splacement in the same direction. From the figure it can be observed that the maximum ' gep
aund acceleration in the direction of this measurement is about 0 32 g, the maximum ground k. %gb,
tocity 13 7 in/sec, and the maximum ground displacement 8 3 in. ??^ =* -M
The general nature of earthquake motions is indicated by this figure. , .

*J '. *
It can be noted j 'l' @MGat the highest intensity peaks of acceleration have a relatively short period or a relatively l

~ i .I %,:h frequency; the most important peaks in the velocity, however, have a' longer period
''

,ich corresponds to a lower frequency; and the important peaks in the groand displacement
*

i ;4~ a w-

vc a much longer period still. ''

For the ground conditions at El Centro the length of single { -
,

;- |ps of the highest intensities,in the various records, have durations of the order of the follow-
: for acceleration, about 01 to 0 5 sec; for velocity, about 0 3 to 2 sec; and for displacement y g

r
: 'TN

* Professor of Civil Engineering, University of Illinois, Urbana, Ittinois, 'lh f:
,i p ,

,

! MEL.-!

_
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defined as a constant rate of deformation at constant volume withconstant shear stress and pore pressure (Poulos, 1901). Since

the steady-state strength is sensitive to void ratio changes,
the measured strengths from the R tests were corrected for the
effect of void ratio changes during consolidation in the labora-
tory to estimate the in-situ steady-state strengths.

The shape of the steady-state line for the dumped
shell was determined from undrained triaxial (R) tests on com-

as shown in Fig. 1. The steady-state line frompacted specimens,
the compacted specimens and the uncorrected and corrected
undrained steady-state strength from the five undisturbed shell
specimens are shown in Fig. 2. The average in-situ undrained
steady-state shear, strength for the dumped shell is about 2000The in-situ undrained' psf after correc, tion for consolidation.
steady-state shear strengths are, on average, about 80% of the
drained steady-state strengths.

_

For the dumped shell below a depth of 60 f t , :the
higher corrected blowcounts indicate,that the soils are dilative,,

which means_that the undrained strength would be. greater than the
drained strengths below a depth of 60 ft. However', the negative_,

pore pressures required to mobilize undrained strength greater
[ than drained strength should not be relied upon for stability,

analyses. Therefore, an undrained strength equal to the drained" ''

for the deeper zones of the dumped shell.strength was used
Drained steady-state strengths were calculated using the steady-

30 , determined from the i tests on
-- state friction angle, $g =

compacted specimens (GEI, 1981a}.
.

._
3.2.2 Hydraulic and Washed Core

_

In-situ undrained steady-state sh<2ar strengths for
determined using

l] the same approach as described above for the shallow dumped
the hydraulic core and washed zone of core were

Steady-state strengths were measured on three undisturbed
J shell.

specimens of washed core and two undisturbed specimens of,
'

- hydraulic core. Steady-state lines were not measured for either
core material at Harriman Dam. However, a band of steady-state
lines was determined for the hydraulic core at Sherman Dam (GEI,*

1982). Since 3 herman Dam was constructed using pro 'deces and
u _ tady.materials similar to Harriman,. it was assumed that.__

state lines of the harriman core materials were par. tal :o the

jf_ lines from Sherman Dam,

The steady-state lines and the uncorrected and
corrected undrained steady-state strengths for the Harrimant

hydraulic core and washed core' are shown in Fig. 3. -The average

in-situ steady-state strength for the three specimens of washed)
t 1

~
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Compansons hish me.!d tests Ld M/ '
The theoretical procedures described hereia have been applied to tests of a model of a rock. .. "i% :<''

r.

fill dam, described by Davis et al. (1960). The scale of the model was 1/300 of the prototype. F-
37[.A'g, [ .,. EThe dynamic tests of the model were made by striking a shaking table with a heavy pendulum. f -

A rebound of the pendulum caused a second input at a lower acceleration. Hence, data could ,h
be obtained both for the initial strike and for the first rebound. ry h

y '

On the whole, the model tests indicated a fair agreement with the calculations, for com. |w f* .

. parable conditions. Within the accuracy of the records obtained in the tests, the measured ;h
'

,

motions were in fairly good agreement with the results computed by means of -luation (23) N' -

and Fig. 21.
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Comments and condusions !]*..
For the maximum probable earthquake in California, which is a reasonable maximum 8 ; --- =~ l'

,

carthquake for many other areas of the world, Fig. 22 may be used diEctly to obtain a ! .S . . . .
-

measure of the maximum displacement for unsymmetrical sliding. If the maximum resistance 'rt : 3 . ..,; .
,

" "? ?~coefficient is about 016, or about one-third the maximum earthquake acceleration, the net S .* -

displacement will be about. I it. If the maximum resistance coefficient N is about 0 20 times i " - '

the maximum ear,thquak.esacceleration, or N equals 01, the maximum displacement is about g

4 |iIt5 ft. The maximuin d,isplac'ement increases rapidly as N decreases. Values of N in the range :

[hy$
of 01 to 015 are hot imcornmo'n for e' rth dams designed for earthquake resistance. Of course, 1*

a ;

a design with a somewhat smaller value of N would have a smaller displacement if the earth- :
quake were less intense. 'For an earthquake with a maximum acceleration of 0 25g, and a - 9

[ Q; h.
maximum velocity of 15 in/sec, the displacements computed would be one fourth those quoted, t
if the value of the ratio of N to A were the same. In other words, for the same relative value
of resistance coeflicient, the displacement varies as the square of the ground velocity. This 'i 3
displacement lowers the crest of the dam. -
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SLOPE FAILURE INTO SHERMAN RESERVOIR*
-

The only slope identified around the Sherman Reservoir which, if it
is shown into f ail, would produce a significant wave in the reservoirwere

it has been estimated that thisFigure 1. From geologic and seismic surveys
slope has a surface area of about 9 x 105 gel and a volume of about

7 ft3 Seismic lines 5 and 6 on Figure 2 show the material2.2 x 10
thickness for this hypothetical maximum slide area.

Model studies and a few actual observations have shown that the wave
energy imparted by slope f ailures into water bodies does not exceed about 2%
of the net potential energy of the sliding body. The wave generated by a
landslide can be approximated by using solitary wave theory. Assuming that 2%

9of the net potential energy of the soil mass, or about 5.64 x 10 ft-lb, is

transformed into a solitary wave with an 800-foot wave f ront, the wave height
generated in 100 feet of water would be abou,t 12.4 feet. Run up on a 1 on 2
riprapped slope, such as at'Sherman Dam, would be 13.6 feet above still water
level. Thus, the dam would be overtopped only if the reservoir le.yel were
greater than 1116 feet (spillway elevation is 1103.66 feet) .- A washcut and
f ailure of the dam would probably not; occur, however, unless the p'our level
were much closer to the top of the dam. The reservoir elevation would
probably have to be higher than 1116 feet before the wave would impact plant
structures, all of which, except the pumphouse,' are more than 100 feet from'

the reservoir. Since these calculations are generally conservative, the
maximum probable wave height generated by a deep-seated slide of the soil mass
shown in Figure 1 would be less than that used here.

Because the slope failure postulated is highly improbable (there has
been no sign of movecent since the last ice age, 12,000 years ago) and because
the reservoir would need to be more than 10 feet above spillway crest just to
have the wave overtop the dam or impact plant structures, but not necessarily
fail them, this postulated event poses no real safety hazard to the Yankee
plant at Rowe, Massachusetts.

!
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eENERAL>

;

j This si ccificatien cevers al? cater;als.- Ic':cr ..i

equipcent requir<d to couplete the clearing and rcuch crca.ng3
- br the ci te fc r t he Yankee Atenic Elect- ic Flcnt of the '.'an".ee
" Atccic Electric Company at Rowe, Massachusetts, all en a

unit price basis.

The fo31owing Unit prices sha'.1 be cctablid.c'. la tha
|

t :Jr. b e t for thit
vork:-

.

'

'* ]. Claraino and burnirG or' disposci of all stu .ps
! '.
| and brish, per acrei

1

| E. Ce: cr c7 ey.covat.on of scnd, c' val crc ocic -c
w . ! m . . .' leac 'han 1 trn enc. par es ..:c yr

tt.ng dispcral by thM fr .rectcr'-#n
|

-Ithin 1.000 ft frca ph ^9 cf-

enenvationI- .

!

1

; :ncluding loading by this Contracteri

I direct frcu excavation cauirecnt on tc'

| railroad ears on siding of B.T.aW.
'
-

3a11 road where it cru;ses site, fcr.

disposal by others

1

|

|

.

h



n

T ~ ~ 6';} ] ".| :. :.h.. . ]$|.f. .. h k|tf*f
, .

_y n.l+.b hf ? , f. 'h',

. .W OSIrE.9M09%W4449t&F'i&; n .. . ',. . .., g@.. e,yf .I4 hp,,...t..... , , . . , ,
..'

- - O]Q.4_M Q 'jsyri0%_.:A
.f. . _ . -

-- - - -. - , _ . .___._ -

4 _ , _ _ _ , _ _ _,
.

O ".
0

2..

l
'

3 Excavation of drainage ditches by equip.:ent,
.

I
as directed by the Engineers, per cubio yard.I

f Excavated caterial to be piled clongside ditch h

1 4. Additional cost per cubic yard for hauling enc
disposal by this Contractor in trucP load lotsj at distances greater than 1,000 ft from place I

of excavation, in 1/+ cile. increments of distancei
' in excess of 1,000 ft
I

5. Placing compacted fill, using excavated material,i

per cubic yard in place
.

6. Excavation and disposal within 1,000 ft from place
of excavation of boulders weighing 1 ton or more
each, per ton ~

-

I 7. Excavation of solid' rock ledge per cubic yard

GENERAL CONDITIOIG
_

All work perfor=ed at the site under this contract
shall be governed by the " General Conditions - Material Delivered I.

and Erected" in so far as these are applicable. These GeneralConditions are bound with and made a part of this specification.
DGITEERS ' DRAWI!!3S

The location and scope of the work is shown on the L

following Engineers' drawings: ,

9699-FY-6A . Issue No. 2 - Plot Plan |
.

9699-FY-lc . Issue No. 2 - Site Clearing !
9699-PY-5A -- Issue No. 2 - Exclusion Area Plan !

!The Contractor shall bo guided by such other dre.winc." ?

en cny be furnished or approved by the Engineers to further
e.cplain the work.

i LTATIO!! 0F SITE. .AND ACCESS THERETO I
'

*
1

The site of the Yankee Atomic Electric Plant is on the i

e 1st bank of the Deerfield River near the Sher:an Dan of the i

'

New England Power Company. It is accessible by tre Heosac Tunnel
nad Wilmington Railroad which provides single track frcight service!

| from the Boston & Maine Railroad main lino at the cast portt.1 of ,

the Ecosac Tunnel to Readsboro, Vermont
*

several tiles above theThe railrcad passes between the dherman Dam and the ritesato. g

at the 6.5 nile cark. ;
:.
v

' : 1
i s
h g ,1
. i. = 1.

- . _ -
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W' !!ighwty ac co.ss i s avni '.a bi .. f rw -
1

-) a. Greenf: eld, Haseachas"tts en Rou h 2, and or
itproved but secendary highway f:cm~1

,h e r l e .t r.

;o Monrce 3 ridge
d. b. Greenfield, Massachusetts, on Route 112 or .ioute L7* to Rendsboro, Ver=ont, and taen to N nroe Bridge

I c. North Adams Masrechusetts, via Ecute 8 over the
Derkshire bivide to Monroe BridgeQ l

iy

X j Highway access from Monroe Bridge to the plcnt sits is
j either over Sherman Dam or...via a road on the e 1st , side of they

y | Deerfield River from both Rowe and Monroe 3riege. The bridge at
,1 the dam has a rated capacity of 50 tens.

'I GE'iERAL DESCRIPTION OF WORKti' -

w
' The existing elevations of the surface of the sito are

i);])-
shown on drawing No. 9699-FY-lC. The plant areas to be c?. earedi

and graded are outlined on that drawing and en drawing Ho. 9699..Fi'.O.
The latter drawing shows the finished graces of the yard .nd roat

4|. vays of the completed project,M

yf i The existing ground slopes from elevation approximatel;p 1010 at the south end of Sherman Dam to elevation of npprox1: ate. ;
i | 1050 at the south side of the project area, The single tree'.: of
L the H.T. & W, Railroad is between the Deerfield River cad t e3
0 i plant. The track is at approximately El. 1015 tt the east ;ido of

} the site and El,1002 at the west side, running in c cut. 'I n e.

E

|j
railroad alignment cad graf.e are not to be changed. The fir.ishad

[' grade of the northern half of the project area south of the rail-i

road is to be at El.1020. This is in general, the plant operating
The southern half of the pro, ject area is to slope frc=

'

area.,

| ! El. 1030 to El, 10%. This is in general the waste disposal area

When the project is completed the division between these
,{.; two principal areas will consist in part of a sloping bank, andI{
) j in part will occur where the primary auxiliary building and fuel
!

; storage pit are placed in such manner that yard will be at
' - El. 1020 on the north side of these structures and at Ele 1030|

'

or higher on the south side,. Sloping banks are to be left by this
Contracter as directed by the Engineers at all points of divisici..

j between the two arecs.
4 ! The above finished grades of El.1020 and 21.1030 ere' tentative, and subject to possible revision upwards to no tg

higher than Ele 1025 and El 1035 respectively, over all cr part
i 1 . of the site, as may be directed by the Engineers .
( .t

:.

*

;

i
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Plcm.t roadways are to be provjdod from the entrar.ce
side of the plant as shown en drawing jat the;..stgato

No. 9699-FY-5A, extending from there to the wrious parts of
the plant ares as shcun on drawing No. 569')-FY.6A, vith aramp leading from the plant operating ar ea to the vastedisposal area. Tne finished grades of the plant rosdvays are ,

shown on drawing No. 9699-FY-6A. i

.l
Two spur t racks are to extend . into the p: int . operating I,area, connecting'to the H. T. & W. Railroad, at the cast side

of the site as rhown on drawing No. 9699-FY-6A. These spurs
El.1015 and will slope up to El.1020 in tho plant cpera tirigwill connect to the adjacent existing ra11 read at approxica.elyarea.

Between the H. T. & W. Railroad, and the Deerfield
River, an aren just east of the dam, where the existing
ground varies froc approximately El.1010 to El.1C28, is to
be graded level at approximately El.1014, to be used as alaydown area for construction purposes.

-

Thic Contractor shall do the c1 caring ~

excavaticn andfill necessary for the cocplete clearing and rou,gh grading of
the plent operating area, waste disposa'. area, cen>tructicnIcydown area
all as shown,on the drawings herein listed. plant roadway system and spur track t stallation,Included in thewerk at the unit price established for name in the contract g

shall be the excavation of all drair ige ditches required at ,

this stage of operations for genera; project purposes, as d'rected
'

by the Engineers. J

,

.S_..._T/TE AND SUBSOIL. CC VDITIONS
:

-
?,

'.t

,

Bound in thfs specification is a "3cring and Eeis:dc .

| au. ny flan' and a " Lc;; of Tsoringa" . Those =ay be refcrred to |
| by the Centenetor in rlannii g the work h.t his inte prc tutlen oft.v n shn]l be his am. enp-nsibility. In general the subsoil:Orsists of said,

i s nc t nr. ',1 :1p s ted ths tJrc,ol an.1 various sirts of bculdert, and it
vi.1 be cncountered- any 3.rge quantity of solid rock ledge

T
hL.51L GP AD ',0 .3: D T, M E::G CUT C.? UORE AREAS
,{

The I'ncir:.ers will stake out V
im.ic .t.ing the extent and final elevations of the areasU1e work for this Centractor, pl

to b.i 9c.. nred .2nd ro gh-craded. They will = ark out the alignments, grades hn r.c idths of rendb d fer the plant roadways and spur tracks, andF.11 d ra i n 6e d f. t ch n this stage of o; eratio .c f or . y.r_ quired ct
p, o r . ; p:-'ecL pm};c-r. I n 1, <. n c . al the plant c;e.mtir.g .- 2 - bqI

-

qt!.
i

.t
_ _ _ ____ __-___ __ c.
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waste diegosal area shall be rough-graded at levels 4 in. below,
roadways o in, below and spur tracks 18 in. below their finished

0)
grados.

The construction laydown area shall be rough graded and
.

compacted at its finished grade. Sloping banks around the peri-1

meters of excavated and filled areas shall be sloped at 12/2 to:
1 unless otherwise directed by the Engincora.,

Subjoet to the
approval of the Engineers, this Contractor cay at his own ex-

,

j ;

pense construct tenporary roadways as required for his own con-"
! venience in doing the work.

h .

j | ALLOWABLE TOLERAfiCES ~

'

Rough graded surfaces shall be graded with a tolerancej
of plus or minus 2 in, and shall be free of ruts or irregularities.y If this Contractor inadvertently excavates deeper than the allow-
he shall backfill to the required elevation and tolerance.able tolerance or does so in order to renove a boulder or boulders,

q
j

,/ f
backfill is required to correct an error of this Contractor, itWhere

g' shall be placed at this Contractor's expense. Areas where theg
existing ground is below the desired levels for rough gradinga+
shall be cleared and stripped of all topsoil and filled with'

co=pacted fill to the required elevations and tolerance.
1- CLEABING'i

In all areas where work is to be done by hin under this(
contract, this Contractor shall clear away, pile and burn or, ifi
too wet to burn, dump within 1,000 ft where directed by Engineers,all stu=ps and underbrush.
by the Engineers as to time and place, but this approval shall notAll burning shall be subject to approval

'

relieve the Contractor of responsibility for the fire hazard.,

i Stump removal by this Contractor shall be linited to areas ex-'
cavated or filled by hin.

.

LARGE BOULDERS

based on cn assumed unit weight of 170 lb per cu ft shall beExcavated boulders estimated to vei h 1 ton or = ore,E

paid for at the unit price established in the contract for thispurpose. Excavation of boulders weighing less than 1 ton eachshall be paid for at the unit .prico for excavation of sand and
| grave;,

; FILL 6ND EACKFILL

All fill and backfill within the area of the project
shall be done with suitable excavated material selected orapproved for the purpose by the Engineers. This shall be placed,

'

in unifor layers not more than 12 in. thickness. Each layershall be thoroughly co=pacted by running heavy construction;

| equip =ent over it for at least ten passes in a manner approvedby the Engineers.

|


