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laTr.0 DUCT 10 t. ,

.

Early in September,1977, we were requested by project engineering to
*

'
-. **

assist in reviewing conditions surrounding footing settlements during
*.

construction of the tiidland Project Administration Building. The founda-

tion location plan for this building is shown in Figure 1. The affected
... ..

' ' ' '

foundations are those along Column Line 0.4.
I r*.. ,

, . . .
- . - - .

. .

. .

' .
.... .

The following data are presented to enable construction and engineering
-

. . ..

in evaluating the settlement of these footings. '. ' .' i
' ' '

.

* ..
. . . . ..

... ..... . .. . ,..

j
c -,* ' u .. . .'s .. . ._ . ... ,

,

~; .' '.
^

' ' '' '
.BACKGROUTD .

.. .
.

The original ground at the Midland site was at approximately Elevation 608 '

in the vicinity of the administration building. After ground surface prep-
:.* . .

aration, plant area fill was placed to approxir.itely Elevation 634. An *
.

. ,

excavation uns later made to about Elevation 610 to accoersodate construc~
. ..

,.

tion of the steam tunnel. Figura 2 shows a cross-section of the tunnel .

and the approxis' ate excavation scheme. Af ter construction of the tunnel,

the vect; side of the tunnel encavation was backfilled to approximate
-

. .

Elevation 620 to construct the foundations along C.olumn Line 0.4 of the'

,
.

administration building. After foundation construction, the remainder of
,

i
the excavation was backfilled with sand to grade as shown in Figure 2.'

- .. .
,

' '

.
.

"

During the early part of Septer.ber, Geotech was made aware of settienents-

.

along the Colurn Line 0.4. The settlement data are given in Table 1.4*

.
.

. . :' ' .' ' : . - . ' FIE!.D 0DSgIWATIONS ', ,. ' 7 'j * '' ,'" " | '.' s' ' , . . . '* '' " '
.,. .. . . . ... ,.

' . . . . . . . . . .. . . . . . . . .
.. .. . .

. . During..the week .of Septoeber.10-23,1977, .severat .oite reviews were.nada .. . ...+ . . . . ..

l.
. . . . .. . . . . . . . . . . . .

by engineering, construction, and Ccotech personnel . Th.. ..ese took place before.
. , . . . . . . . . . .. . . . . . ........:.

, ... ,
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* * and af ter the recoval of the subject footings..
,

; --
.

- -
..

y. .. . . - -.

. . . . . , , . . . . . < .
. . . . . .

,

. .
e. . . .

' -.

Upon removal of Coluen ,P_A, 0.4, it was noted that the coil under and .

' -

,
,

adjacentfo it was .mre Thiswasconfirnedbypushinga3/4"9
1 -

steci .

'

bar vith little effort approximately two feet into the ground.bv tm1 king

on the soil and notin(its spongy characteristichnd by pushing of ae

~ -
.

chovel with little effort. . :~
.

- - '-

. . . ;.. .

. .,. ,, '. . . .,'. . .; , . . f : ,, . '. .} , ., . .h / , .'

. , .ii. . . . . . ; - .,. . . . . ... .. ,. ,
,

Tests taken at that time in and adjacent to M O.4 included moistura con- '

. .. . .

. ..

tent, density, and unconfined compression. These tests also were taken

at Coluca y[ 0.4. ' .'-| \*. ..
*

.

, .. ,
. ,.

. . .
. -. . . . .

-.
. . .

-
, .

,
*

'* ,, .- >..;....- ...,,;.. , . ., ,. , , . .
,

, .. ..

Af ter those field observations, it was , decided tha tro borings hould bo
. . .

taken to further evaluate the conditions along Colunn Lino 0.4.. ,,
- -

... .
'

. . . . ' |.. ,

*

, . , - .
.. . . ., . . , .,

,

At that timo, Bechtal Construction's decision was that all af fected footings
.

.
. . .

' ''be removed. .

..:., . 'crq
- ,' ' n.

' '
.. ,,. .

. .. .

.ti ! . }' '. : . ~ . > :.' ''.- . . ' ' .*
" -. . .

,

.. . . **

. ., . , . ;, '{,*BORI!GS . . . ' * *
..

. , .

,.e :.. . . .....
,

. . . ,

s

On September 27 and 28, 1977, tuo test borings were complored at footings
~

1. t 0.4 and IIT 0.4. At footing M[ 0.4, standard penetration tests (SPT)
.

and shalby tubes (ST) worn taken. At footing jj,T,0.4, standard penetration

tests were taken. . . . . , , .
'

.
. ,.

, , ..
. .

,

- -
. . . . . . . ., ,

Dorings included vicual inspection and description of soils, qp tests

(comprossivo strength of coil by the pochet penetror'atur nothod) and any .

. . .
,

,

'
' visual obnorvations of wator conditions (lon's"or gain). ' '' * " "

. . , . . . . . . . . , , .
- . . .. .. . . . . . .. . . . . . . . . . . . .. .

. . .. .. .. . . . . ., . . . . . ... , .

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

. . . '.
' .. . . . . ,..., 9

. . . . . . . . . .. .. . . . .. .... .
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. .

,' Sampico fcr pr:ct:r testing vara alno taken sa chown in leg of holco..

LUA, LMB, and 11TA. .

.. _

'The boring logs are shown on Figures 3 through 7. .

.

.

TESTING PROGRAli

Shelby tubes taken from Boring 13 uero submitted to U. S. Testing

Laboratory for unconfined compressive tests.
-

.

. . . ..
. ..

Sa pics taken at foundations PA 0.4 and LII 0.4 were also taken by U. S. '

Testing personnel and unconfined compression tests were made. Results of

testing are give in Tabla 2. . ,
,

It was also decided to run Proctor tests on the sanples taken directly

L under and adjacent to footings in order tu detemine the standard to be
l use 1 in calculating the in situ percent conpaction. These results are

'

found in Figures 8, 9, and 10. ...

.

|

Tha Proct'or curve in Figuro 8 was used to calculate the in situ percent

compaction using the in situ dry density data reported by the Ficid. This
.

information is compared in Figure 3 with the percent compaction previously

5 , reported. This comparison shows that the_percentcompaction was in all
\

casos lower than that previously detornined.,

I

In ordor to illustrato the effect of a reduced percent compaction on the
t

strength of soil, th. ,' *a of Califort la Bearing Ratio (CDR) tests previously
'i

mado on three identical saeplan of the Itidiand soils are presented in Figura j

.

*

11. The samplos were conpacted at throo 1 ovals of compaction of fort, which ,

!

.' '

|
*

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

- . .
.' '

. . . . . .

j . . . . _
,

, .. ...

L_ m



.

rrtultnd in c:npactiva enstgica of 56,000 f t-lb/ft 20,000 ft-lb/ft , and
-

.,

,. .
' -

3* *

12,403 f t-lb/f t , respectively. It is seen that the pressure values for
::

s pcactration of Q.1" at the maxicum dry density reduced from 04.5 psi to
.

l
'

1

5 psi by reducing the conpactive energy from 56,000 ft-lb/ft3.

Ito 12,400 -

3f c-lb[f t .
'

'

.

,

.

C01:cLUSIO!! '*
, ,

.
.

Based on available data the material under and adiacent to the subject

footings, (Elevation 613-622)
had insufficient bearing capacity to g t

the foundations. *

*
, ,

, . .

.

The backfilled other than the soil in question (bolow 613) appears adequate

and this conclusion is supported by SPT borings and compression tests.
*
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Administratitn Building ..

- .. .

-
-

Ancher Bsits for Col. Lins 0.4
.. . ,

*
-

Top Dolt Elev. 634' - 2-1/2".

Pe.r Dig. 901, Rev. 1; Sec. D* .

:

l, *
.

-

The Columns and Crado Bean ,

-

For Coluen Line 0.4 thows *.

Settlement Per As Built
Elevations Taken 8-23-77

.

,

.

.

.

.

Column _ Elevation- Settlenent (f t)_ '*

.
,

-

| Pa 634.10 0.*1'

e

.
. '

.

N 634.03 0.17 .

|.*

k
,

H' 634.01 0.20**

i P
-

.

L 634.05 0.16*
i N , .. . .

K 634.02 0.19
P

i
,

. .

633.93 0.28
. -

E,.
j

.

1 J 633.93 0.28,

- i
-

F. .
.

[
.
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Post Offico Box 2167 .. , . M
kMidiano. Mienegan 46640 '. '

*,.'
February 1, 1978

.

3 X J&,

U. S. Testin; Conpany, Inc.
3~ ~ g*^1415 Park Avenue

!!oboken, ::eti Jersey 07030

Attention: 'fr. D. Edley

Job 7220 -tidland Proice:
Subcontract 7220-C-203
Failure of Fill Sunportine the

Administration Buildine, Grade
Ecam at Colunn Line 0.4

C-208-II-206

Ieference: Tele:t Number C-2CG-3-2S3 Dated December 30, 1977 Fron J. F. Neu;*cn

Dear Mr. T.dley:

' 1'ursuan t to the referenced Tolex, tre have conducted an evaluation of the su'sicct#eilur. coa'ition. Our enc ine. rir caalvais har. detentined that the failure ..as - I-
! -e

c.1,;t,n e . 1,1 a. ':Mcig.1t_co=,act30n of thp.011 t.hich *pn placed in "ay nad June1
-

I
| . .fi*

a 1)77. 3- a aint* revintr of th test data providal by U. S. Testin * Cer. any - in 4
dicitD t!.at thla ' 111 u..s erron.'oualy reported ~ to be in conforrance with W|.i.el

eci2 Lc .tior - rn' * rec @ L. . . . .e s t a n c' Cumpany. This conclusien is stin:*nrte.w-
by t'.e i n il?"i n 7.Te tn ; ~

s

1. li :.- rtry .c fi't.an (15) ccnnacted fill densit' tesen tsken by ti. S. Testit-.

tu e n tirit- tb nui-}cet it!1 an It tec ; connacted in provt<h d 8n "able 1. re1.-- a s. ;an a ' .1 e at - ta nlo t tu.! in 71 * ire t'l . l.1 tl. ouch e.m'eral int t1-1 ts eIn':cate t :: '!1ure due to insuffic f t:at connaccian, c:sch fn!1ure is ero 3rlv.

- cleur.l 1 ; a sc.s s in : test at or acar t'.a locatica of the failt.rc..

.i . !txtiuai laboratory dry doaaity valuun (fro *1 Ucchtel "o.iifiel "roctor Test )
u ' - t e. :. - ':c .nl :r 19 ."or evalis tiu~ acceptaoill:.y of fill cogactica utreselected I-" i'. S. Testin . I.:h Techniciana. In a Jobaite icetin.' t'i th F.
Te ue a e D. Check of 5:cchtet, J. S;vlt:: of U. S. Tcntine neated that t ic. ,

_

testia incl.nician aces a yinual cornar. tron hetvocn soil chntacteristics
(pr fparth .slor)'nf the in-nlaec nn' ple and bottled nannien of *nferial

ylta kn,+?:a :ca:(1run loboratory dry dencity, to select the anpr6priate. stan- 1

dard. .Vis.ual c::anination 1: 8:cchtcl noils carincers of the sul icct fill
dru ing ' the su! renuent crade be.v rcraval indicatcJ the natcrial ras.uniforn

-

in appearnace uith ninical variation.[1 coil characteristics (color an1
>

" pla ttcied over the full extent of the fill placenent.-

-

. , :n- -e -

1N

' , '
_ _ .)



- ". E t$ccNel F'ower Lorporation. . , ...,,

. r- . ru t rr 1. 19".,
i .e .t o

.

- -
,

3. Th.: valuu of tani in laboratory dry density colected for connarison of the
in-place dry densitics in th. subinet fill varien bettecen 132.c lb./ft.3 and
116.0 lb./ft.3 This variation includes nont of the full ranac of na::inun
laboratory densit neandardu t'hich reprenent sienificantly dif ferinn noit
characteristics of the clav soils in use on this proicct. A araoh of the
taxinun taloratory dry density plotted uith the correspondinn in-nlace dry
density for cach test is given in riaure C2. : ote that for three connacted
fill dencity tests (1469,1494 and 1493) taken uithin a few feet of each
other and at the sane clevation, tuo sianificantly different maninun labora-
tory densities stere used as the conpaction standard by the sane U. S. Testing
technician.

4. Testing durinq renoval of the subject fill was conducted by U. S. Testinc in
accordance uith P.echtel direction and Specification 7220-C-200 requirenents.
A sun.aary of test data and results is aivan in Tabic #2. The results o f ca 1-
pacted fill dencity tests taken during subject fill renoval confirn dry den-
sity values tahen durin* initial fill. Dechtel nodified proctor tests taken

durinT fill renoval in three locations (onc at the north and south eda.cs of
the fill and one cynron -ately in the center) confirn that the caninun labr,-
ratory dry denalty uns uniforn as the appearance of the material indicated.
In addition, the subscoucnt testinn indicates the value of mani; un Laboratory
dry density tras betueen 130.5 lb./f t.3 and 133.1 lb./ft.3 Fron these test
renults it to anparent that the louer na :i:'un laboratory dry density standards
selected during the orio.inal fill testing ucre act appropriate. As chovn in
Table #'', this error renulted in actual co':naction in the raune of I'",.17 to

f

"C. L of optPtivi for three crean of the nubject fill, a substaattal Icviat'on,

Croa the 33 *. of optinun co. paction re luired by Specification 72"0-C 'M.

In conclusica, the I!. S. Testia" Connany failure to renort deviationa fro t s':c c i fi e l
co'maction r.2nt tryant; : hich ws the renuit of rem.,ted erronem

e. . i e r - t o - * --
Q o'- J i. T . . . . .. . - . .T L.cr a lr . m:n i o.m e r;aracont; a v!63ntint o f t'f.v e t ir : . ; M.

. ''o c t i on l1 TO"u 8.r Wa t s . .'.nd U. S . Ta s t i p r- Cy nan" (e
i

.

th.re N - 't or canen r.oc i nea rit. c.:. subscu. . t failu*c of th2 E!11.c sct; I, s ::: ' 'ut r.: aot li .tta to
.

s ! c mt of re,.sv:1 ard invm tin t!on n' t%
-

t
ort 'ir .! :-c y i . nit -nrt ! rill in idditlan to .,1.1 renlicrmnt coets Ofe'tt

xanntT to : ." r 1 o f ' 13 '. , f o. .,0. An outlinc itcrin N' those costs is provi! !.

c s .' L t .r : ant '2 of thin lotter.

" tro.r C. ". T." tin Cene:nr T.n c . ' Ill .'ulfill its contractual ou h n tic.a : it';
. ..

ro.1p s.c t to L'i te. ; ntter in a et 21: r1nner.

Very trulv yourn,
.. < ,

.t| p / '

*/

|L.-/ /'' ' .*A - % .__.-
'

4.cfd e',* gen
JN/C' C/.M/dJ.- j 'jA ttachn..e t n ,

#s . '
.

,,

cc: P. A. Qcchtel J . N-T. C. Ccok.
|1. IM r'1.-
P. A. " . m. :
J. Spelt:

.

.g~
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Sun , ry of Compacted F111 Density' Te.,c Data '

1

for i

,~ :,

Ad::tinistration BuildinP, Original Fill

(Tests Grouped by General Arca and Date of Test)

TEST |, DATE _ TESTED IN-PLACP : FAX. LAB. %*

MO. l TN*EU
BY LOCATION ELEV. DRY DENS. DRY dei!S. CO tP . . RE'fAETS

911 5-23-77'' S:t ' 2 ' N. o f N. S ecan 614.5 133.1 132.9 100.2 Pass
Tunnel Hall ,25'
W._.o f Turb. 171914 5-24-77. -S:t i 2' U.-of Secan '614.6 125 7. 123.9 101.5; Fail "oisture

--

,

-

Tunnel "all - 50' (Too Dry - 97.)
*/. o f Turb . ."1_ . _ _

1403 6- 3-77 RS ' 4 ' N. o f N. Uall i 621.5 * 111.0 116.0 95.7 Pass
Stcan Tunnel - 15'

. ?!. o f 1. 0
1404 6- 3-77 RS ' 5 ' N. o f I:. Uall 623.i1 115.7 121.0 95.6 Fail "oisture .

Ste m Tunnel - 24' (Too Dry - 10.2.)U. o f 1. 3
1352 5-27-77 S:t ~l IIF };. of Stcan *615.5 114.2 117.0. 97.6 Pass

| Tunnel - 4 ' E. o f
I E. Side __ .a __. . _ _

1422 6- S-77 ; 3S | a' C. of E. Steai 622.0 117.7 123.9 95.0 Pass
__

_

(+ [ iiT Tunnel - 24 ' N. of'

i.q.._._.,-'!. S te.,n Tuna: 1.
,

1-...i s-u-ei LG 5' S. th- line - 4 ' 017.0 115.2 i 127.3 90.5 Fail - Cm.n .' i E of F. Sto n
5

.
- - ....... .l'.T.u.u.r_.l..'.5. 11.... _ .1 -- .. ..

. '. 9 ' 3, . _ _6-15-77! 'S j^' S. ci !i: line 617.0 i 11n.2 1, -
.-

....
.

.-.....

117.0 1 01.0 ' "arn .'' w "e _ ..| ! j l. '
g

r. . o r I:. S tr..r s ' | | Clean -IV ', I *. *
.. !.- ! .Tu=el 'Mll l- l. / 9.'i

,

. i-13- 7 7 i nS i '. S. o f ly;- lism ' 617.0 '

.112.2__
.

127.3 1 28. 2 | rail - (..,.
.

j i3' ". oi P., :te n
.

,
s

.gi. . -[ 6- 1 3 ,, ,f , !' Nil.
S e n n . ,1,,, . 0 113.0 = |

..

, , . . , ,..
. o-t .

. :. 13..e.3 . 3 . . ..ca.i
, ,

| i Tim. l "r 11 - M. '
, .. - .u ,n s .

'

| |
' ' . o f '. . c. te rn -

.. . . . .' . . . 1 .' h. . l.l. . . ... . ,1. . . . . .,j..,'.___...!. ;W
. .. 51 '/ 6-!6-77; i,T T' ~ . c f E. :.wr i ; 620.0 [19.7-_ _ ,i ,123.9 96.6 Pass' ' runnel ''.ill - G'1'

' ?!. n f *:. '.'al l..,19I6-16-1) LT o' E. o f E. f. te:'n ' 618.0 124.0 127.3 A7.4 ' Pass - Cetest'runnel."111 - 49' Cleate l!.i1N. o f S. "all
492 6-15-/7 !iT : l 33 ' W. o f 1. 0 - 5 ' 626.0 116.2 127.3 91.3 rail - Cern.". of :!. Stean 1

Tunnni '!all
. r l t; f-15-77 ET 3P.' W. of 1.0 - 3' 526.0 122.7 127.3 96.4 Fall - ;!otature

i

::. of 3. Ua11
6 16-7/ IIT 3.J' N..of 1.0 - 5' 626.0 .122.7 127.3 96.4 I am -- ncter:t'~j M. of N. ' Tall . Clears' 1492, 1510

*

l
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Fill 3clow Oricinal Bea, at 0.4 Line
:

Aihinistra t ton Sulldins- (.*.11 Tests by U. S. Tentina)

4

ELEt!.\TIO: TEST'RES!!LTS TEST RESI'LTS TEST PECULTS :!" U'

DESCI'IPTIO:4 Di' TI:ST' 0F TEST AT COLL':':! !! ' AT COLU?Cl Ln AT COLtPr; P COD"T g
-- _- _ . _ _ _ _ _ _ _ .

1. Initial Corpacted 617' In-Place Dry In-Place Dry In-Place Dry A
Fill Density Tent Density Density= Density= =

1 113 lb./ft.3 119.7;1b./ft.3 114.2 lb./ft.3 ,

. Tes t ||o . .494 Test No. 1517 Test No. 1362 ,

2. Proctor Selected by 617' 3MP - 278 B!'P 262 | B'C' - 2 73
) U.S.T. Technician fax. Lab. Dry Max. Lab. Dry :'ax. Lab. Dry- for Iter: ::o.1 Ter.cs Ucnsity -= . Density Density-= =

117 lb./ft.3 123.9 lb./ft.3 117 lb./ft.3
3. In-Place Proctor 617' t 0?!P - 300_ B::P - 2')9 n:rP - 293

,

After Ecan Her. oval .ax. Lab. Dry ::ax. Lab. Dry '!!ax. Lab. Dry
> "

Density Density= Density ==

132.2 lb./ft.3 '133.1 lb./ft.3 130.5 lb./ft.3
.

Evported 3 617' ! 1017 96% 97.6': B
<

\L Car.na c t io:~.

i'
i. ' Cor. .r.c t!aa r . it. ? 617' i 3 9. 3." S9. 9 y. 3 7. 5 ". -cJ Ia "J acc Proct.or

-

4
*

6. t.. c.c te.1 r!11 Na-- 617' t *tiry Density '!p & 0.4 Dry=

1.it y 't a:te ; i.f ter 119.7 lb./ft.3 . pen 3 g e,r ''
Dry Dennity ~= b >

.

103.5-lb./ft.1=

: L..a .. . val 117. 3 1:,. /f L. 3 '
t

s
7. . ro , x t t on U * r. - 617' f. 90.5" 3J. 3': G 3.1.3

,4

ina ' ec ,: "ro c u r . '
? -.r.. 3,

4
: .: k '

.

;

1
'ver., . .i .!,rce ' . a t 'ii. f : Ls atIen. .

,

'

: ote Co tr :

. Test flesultnido not includo ' failina- tests which were cleared by. rccent -A.

'

li. - Reperted . 2 8~a:r:paction during initial' fill conpaction .
' ,

' Actual % Ci..yiaction eniculated usiur f ten No. 'l tests divided by Iten :o. 3
- 1

C.
. proctor inforrut ton .

s

. 0.
_

Te .ts tala a af thr fo.it in ' renov11 tecre not nunbere,I iny ? U.S.T. and_ tic c'.atd.ntt thd--

for inforaation only to licchtcl. Copics of icports are included an Attachment :n. I
i , ,

,

.

?

PJ I

_ _ _ _ _ _ - __ _ _ _ _ - . - . - - - - - - - - - - - - - - - - - - -
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Pon Office Sox 2167 -

*'}
-. I

Hi:'lar.d, Michigan 4S540
.

~ >

ATT4: P.r. J. F. Heugen
%

*

.g.;.:. .,3 .

,x .f. . .
J-b 7220 P.idland Project
subcontract 7220-C-203
C-203-B-2EE

.,

Gcntlemn: UST03 C 403-141
,

^

..

1,197E addressed to Mr. Mvic Edley of tnis Cuc,*any ar.d year tela daFiie covering tM captined Prc,icct, in:ludih your letter of F b
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. COMPACTION TEST.-

'

Project No. 7220 Lab. No. 26,3
Boring No. ' Mn c Date in-6 75
Source
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Initials .T E _]W.
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p. Drop distence 72 " I
t. yL/; p Mold size G '-
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'.s.*"No. Blows 25
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TEST DATA
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.Periect No. 7e La, Ms. 2 73
'

Boring N:. * A/'WE Data - 3-/8-761

3ySource ' AMff E bM'WM C.:: .A |nitials R.M _6.IK-
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COMPACTION TEST *
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*Yrsitet No, 'JMc .

: La. no, cc s t;

[ . ,% Date 9' '/ * 7 '' ~~

Bori3J No. -"" "

d (~,.,-Sj.))[A
^ Q[.y In;,;als _ Tfc - O u a Z Q.Source .h AJt, * '

,

Hammer weig' t ' A* /4-4. ) )'. Type of test C/'' t'- @ M '.An ..
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MILLAJD PJAR !G.YIi"4 E0
FILW:: 0505.8 3 ARIA *. IC4k -

r;ullivua. P-1k-432 Whayr11a, .'-1! kJk
/Jairk2. P-ik-e35 a:Mannoof, ?-04 !.10
::Mealroy, P=1k-430 T0cc.c a. Midlarvi
CAiws. F-14-420

* e CP Co review of WAN caterial vill be performed ou . ''pri:.o ravlever t ssi::
.si liar to the existina; ;.roce 4ure for rtrrir. vin,t : echtel tesi.-r. tocitr .ru:... ..e:
Sr.ta.:_eo taale stovs mir fir.t ca st u vclopin.; .6 divi. dun or rsara .ci.1 it:.for the dri.ae review.

;.eca prima reviewer will r. ave tLe falicvisq; : nsic review res . s1 i itie:::

1. Perform a technical rwiew

J. Besolve co::mienta .=msee uy other reviavers

3. Perfers t e CP Co licussin.; review to assure compliance.
with Rest Gaide 170. PJAn For=at and content. ar.J t:.c

. stannarii 4, view Plen r.quirements as nry11ersel; to t:2.
134.1md P.iAR.

1
i

Ite.s 3. above, is s=xtrer.cl/ 1:qd:rtsr.t to the ., scesF cf Our '.'4 *l :s tir..* Li a .. .c' r : rat .er.cul A raceivs 4 tire. Triortt). I*, vill .:.t.11 ,s .'
. .11:. . re. v t w |f text .t.91ut t..e re~uircrer.t s of "?r 'supw 1. 70 .:: ' . e tanLara v..v
1. r.s . .u e tior.: v:.ie: to : et ar :.t:.ian . Jficite:.c ::on*.. i. .111 Le -a t .rs ct ' ot

t..e u..c. fur w:1tiottal .urt.

Please review t..4 atteched 4/=ft alvi ion of ret.;casibilit/ r.no offer cc:.rt:4.t.
relative to t.me aa.aig e4 rearcamibill 1ve. Also pluase ret a . n rar/.cd ac;y

i

of ti,e table showin.g Consts ers Power rertsor.4 vr.rm tl.o prit.e revi var re l: ,,,

a

steu;.1 receive draft rJAz: sections for revi-ae. I'.a .'ro,1:e vill s.e.e. :la t'.e-
naministrative ts:A of distritutiras saterin1 tc. di rcviewere t.na e:el. . tic - | ||

.

ir.itial occaents is a r ca :er cie.ilar to t..e pria.e revicv cf eu.-i..ccris.c.
doeis: cess. ;

'

A askedule snowins all hav I'IAR pre;maratice dated 1J :sttac. 1 for yuer 2.ae.
It is estiaated it.at the CAP vill consist of uproziar.tely 1J- volt.-es af
alacle speeed te st rir.ted cu coth i. idea of t!.e pat.e.

Jince the Midland M AR vill to or.: of the first to :.c filca :n:ar t..e s.cw
.e M: iornst ans. Content resquirements, and can rahm little t.se of xi tir.g
P.iAR asterial a smjerr CP Cc effcrt will be required to :erferrt tb tnree
bacia rrrient fur c*.ior.s 11.t =1 nicv . For tais r-as*wn .re . .actue ,t t..rit , c .:
incivite s firs eo alt:aent for noenunte n.rir.r .rin;: t

,, ,4,rt 1:2 your res; cuss te tui. :-.;o.
'

ervir .ep.rt- nt na.-

/ !|
'

be - Tow reply Iry Aw;uat 11, 4/P .'111 Le a&ireciat :J.
.

i.
*, . . . . .

;

.1

!

- -. - . - - . . .
. . . _ . -1 .

. -.

I

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



(ft. i V.

3echte! /s.reim.... Professional Corporatioq

Inter-oh ec Memorardum
BEEC - 831 :j

~'

4 J. 7. Newgen DMc August 7, 1975 g
Scect liidland Plant L* nits 1 & 2 From R. L. Cas t:1eberry

Job No. 7220
Earthwork Compaction Ecquirements et Enginctering
File: : C -2,10, 0274, C-ll40

ccoiesto AUU AIbDrAt

Reference: Telecon, C. A. Hunt of CPCo to P2. L. Rixford dated 9-19-74

This letter satisfics a cocclitment made to Mr. C. A. Hunt of CPCo on
9-19-74 shortly before carthwork operations ceased fer the season. On
that date Mr. Hunt called to expresa concern about. control of cecpaction
in the plant area fill. This concern was brought .. bout by the fact that
Canonie was not using a roller in the plant area.

Mr. Hunt was told that contrary to the specifications for the dike, which
include a procedure specifying equipment, number of passes, etc., the
specification for the plant area only requires that the end result be a
certair. degree of compaction with no restriction on the equipment used to
attain it.

CPCo's co icorn centered about the ability of the incpector to assure ade-
quate compaction in the abacuce of a formal compaction procedure. This
concern was discussed with Mr. Hunt and the roles of the Subcontractor,
Field Engineer, inspector and Testing Laboratory personnel were c=phasized.

It was finally agreed that a phone call to the Field (followed up by cn ICM),
stressing that vigi'.ance on the part of the inspectors would be required in
areas where compact son methods are not specified, would satisfy CPCo's con-
cern about control of~ compact, ion in the plant area.

Hence, a telecen to R. A. Croce on 9-18-74, about this subject, was
repeated on 9-19-74, after talking to Mr. Hunt, to transmit this concern to
the Field; and now that earthwork operations are resucing this meco cocipletesthe conmitment.

, 8 % ,.; z u c.....
~

R. L. Castleberry
RLR/jeh

_
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51.n State whether the upper natural undisturbed sands are to be used for F
support of any Class 1 coc:ponents or critical appurtenances such as

~ 4

'

Class 1 piping.

Answer:

The locations of the =ajor structures were specifically selected so

that these vould be founded on the stiff-to-hard cohesive soils which underlie
the site and not on the upper sands. However, certain Class 1 co=ponents and
piping win be founded on the upper natural undisturbed sands or on controlled
compacted fin on these upper natural undisturbed sands. These Class 1 co=-

ponents will include the emergency diesel generators, condensate and borated
water storage tanks and associated piping, the service water piping and

i electrical conduit and portions of the station fire protection system.
The potential for liquefaction of the natural undisturbed sands at

the site has been examined based on standard penetration test data assu=ing
post-construction conditions. The final gzcund surface vill be at Elevation
634 vith the =aximum groundwater at Elevation 627 ' Soils above Elevation 605_

% vill be cchenf ve soils in an enginee~d backfi1L" Some natural sandy soils
vill re=ain in place in varying thicknesses over the site between Elevation

| 605 and Elevation 575 Standardpenetrationtestsand/orin-placedensitytests
vill be perfor=ed to determine what sand should be re::.oved in the field. Sands
with a relative density of 50 percent or less will be re=cved.

Standard penetration data vere obtained frem several test borings
drilled at the site in 1969 These data have been converted to relative
density (dr) using a relationship developed by A.R.S.S. Bazaraa in a disserta-
tien presented to th'e graduate conege of the University of Illinois, Urbana,
niinois. This dissertation entitled "Use of Sta.dard Penetration Test for
Esti=ating Settle =ents of Shanov Foundations in Sand" presents the most thor-

t

ough study existing on the relationship between standard penetration (n) values
and relative density. The values of relative density for on-site soils obtained
in this manner are shown plotted against elevation on Figure 5 1. n-l. Bazaraa's
method of evaluating the relative density of sands from standard penetration
test data is an extension of Gibbs and Holtz's method. A comparison of the two
methods is presented on Figure 5 1.u-2. As shown on the figure, Bazaraa's
method is more conservative than the Gibbs and Holtz method.

.O.

5 1.11-1 Amendment No. 6
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The maximum earthquake (DBE) has a maximum site surface acceleration I'. . ,

k of 0.12 g and the fundamental period of ground motion has been assumed to be
about o.75 second with an anticipated total duration of about 30 seconds for

the earthquake; this vould result in 40 cycles of shaking. ,0f the 40 cycles,
20 might be considered to be of sufficient magnitude to induce shear stresses

that would produce a tendency toward liquefaction of the sands. It is neces-

sary to esti= ate what the average magnitude of these shear stresses might be.

An upper bound of these shear stresses at any depth can be obtained by assu=ing
the soil to be a rigid body and multiplying the total weight of the column of

soil above the depths in question by the maximum acceleraticn coefficient.

This upper bound value can only be reached once during the earthquake. In
actual conditions, the soil flexibility and the variation of magnitude of

shearing stress fro cycle to cycle have shown that a reasonable but still

conservative estimate of the equivalent cyclic shearing stress is to take 80
percent of the upper bound shearing stress as the value of the unifor= cyclic
shear stress. on this basis, the computed values of this shearing stress at
various elevations within the sand layer are shown in the following table:

Equivalent. RelativeTot d Eff
Unifom DensityVertical 7ertical Shear RequiredPressure Pressure ,

.levation Stress - ;- To Preventr

(Feet) "t #v, T v Liquefaction

605 3625 226o 348 .154 36
600 4270 2595 410 .158 37
595 E915 2930 472 .161 38,

590 5560 3265 53 4 .164 39
'

585 6205 3600 596 .165 39
580 6850 3935 658 .167 39

A relationship which has been used to estimate the relative density
at or belov which fine to medium sands could be susceptible to liquefaction in
lo cycles is as follows.

.

t Relative Density (y)Y* 200V *

Seed, H. Bolton and Idriss, I. M., " Analyses of Soil Liquefaction Niigata
Earthquake," Journal of the Soil Mechanics and Foundation Division,
ASCE Vol 93 StG, May 1967

5 1.11-2 Amendment No. 3 6
n/3/69

.

5
._

e



. . - - -- -.

|
|-

40301452
.

E
This equation was developed on the basis of cyclic triaxial compres- ~

~

sion test data. In their closure to Beference 1, Seed and Idriss indicated

that under cyclic simple shear conditions, such as those developed in the field, |

; it has been found that the cyclic shear stress causing liquefaction is likely
to be about 50 percent of the cyclic shear stress causing liquefaction in a
triaxial compression test; consequently, the modified equatica (1) to the
following:

c4 , Relative Density
Y

(2)400

The results of recent studies by W. D. Finn, which were presented in
a paper at the Seventh International Sail Mechanics and Foundation Engineering
Conference in Mexico City in September 1969, indicated that tests conducted with
a ribbed simple shear c:achine produced the same results as those obtained with

triaxial testing equipment. Also, Casagrande, in a paper on liquefaction pre-
sented at the ASCE Environmental Engineering Conference in Chicago in October
1969, stated that triaxial shear testing was superior to simple shear testing
in obtaining meaningful results for liquefaction analyses. On this basis, we

{ have concluded that equation (1) is the more appropriate relationship for eval-
unting liquefaction potential from relative density data and have therefore
utilized it in our analyses.

Extending equation (1) for the case of 20 cycles, the following
equation is obtained:

, Relative Density

The minir.ua relative densities required for stal Llity as calculated
from equation (3) are tabulated in the above table and are plotted on Figure
5 1.u-l.

Based on a comparison shown on Figure 51.11-1 of in-place soil

relative densi*ies measured at the site to estimated relative densities abovec

| vhich liquefaction vill not occur, it is concluded that the natural sands at
the site are not susceptible to liquefaction during the postulated maximum
earthquake.

.

p Peacock, Mn. H. and Saed, H. Bolton, " Sand Liquefaction Under Cyclic Leading
% Simple Shear Conditions," ASCE SM Journal, Vol 94, May 1968.

|
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j REFERENCED SECTIONS OF SAR*
- s

DRL Questions 5.1.11 & 2.14
.

PSAR Section 2.8.4 :

:
.

'
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DESCRIPTION OF CHANGE i

*
.

?

The FSAR will clarify the use of cohesive and cohesiveless soils for support
ju

'
~

of Class I structures. .
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REFERENCE 0 SPECIFICATIONS. ORA *.*l!NGS OR DESIGN CONCSPTS

BLC-2054, 10/30/75

Technical Specification 7220-C-211
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Mr. R. L. Castleberry
Midland Project Engineer *

-
a

Bechtel Power Corporation
P.O. Box 1000 *

Ann Arbor, MI 48106

-.

MIDLAND PROJECT - RESPONSE TO NCR QF-66
File: 16.3.1 ::erial: 66FQA75 *

.

Confirming my celecon with you November 3,1975 and Dehorn's telecon with JLHurley
this date. Section 5.1.11 of the PSAR and Section 5.1.1 of Specification C-211,
Rev. 2 will be brought into agreement by issuance of an SAR Change Notice byDecember 1,.1975. We understand that work is already underway on this and that

.

. the delay is due to people being off in your Ann Arbor office.
.

.

The approval of the SAR Change Notice will allow closure of NCR QF-66.,

.

f

would like to suggest on future NCR's in which the initial rerpense dicc; rec
.th the agreed upon c rrective act:.on, that the reply'be discussed with us before

it is sent to avoid additional work and delay to get the NCR closed.
l

..

.
_ _ _ _

-

'
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Attention: Z:r. J. Corley .
.....
, '/ f ., *r ~~ ~ '

; Subject: Consuners Po.cr Corpnny
,

Hidland Plant - Job 7220.

CPCo !! onco .formance Report i
' No. QT-66 i

rile: Oi.62. 0270. 0535.2
,

;

Centle=en: ;
*

I

It appe:rs that the cri.;Instors of : 07. QF-66 ray have mie.intert.reted tht:re
i

sections of the PS.'Jt which dt.il with the type coils used os support for :
,

Cla:s I structures. 71.= r,uestions raised in t! e ::CT. have bcea derived if ro i on. 7:".'.7. s en t e r.c a, ra t he r t h 't by cen.sidstation of the tott.lity of *

8 P'AR r.aterial c: t '.e subj ect. T'e PPr' A . ret se ne tSn: 3 11 the backfijl
rsterf..I sh:ver 605 vill be eche. dive, ns 1.,11ed by t t.0 !!CE. Hov.s ve r . it in

.

true that ever 6,. of the Mc;.f f 11 -,,,,4 3. . . , . a t e e ,,3 c . . y c. , .

Tbc DTL cs : tion 5.1.11 in the PSAE addre.r t ed the r.eti.ed of sup;' Ort for .

Claer. I ct ;.or.cnts or critical .ppurrea.ences. such as Clat.s I p; pint.. EsEic-
ally. tt'.e LTJ. re<tu.ested the PSAR sto addrer s a olution to the t.e'ential f er :

11<;ue faction cf any in situ s:n'dy etails tLat r.ay te supportin;; Clas:s 1 st ructurt i..
I
|

Fine cands ar.d silty = ands with a Ir.,v relative dcucity (1 a:.ely depo ited or t*

cor;,ac t ti. i
sre musentible to lie:eefactfen: bur, canJ or c..L.uiontvna t.oll; j

wit h a ; re-perly c.flect ed ;* rain :.1:e distrit.ut ts.n de .it ed or cor;i.acteti g

suffaci.nt relatisu density are not r.<ncttive to licuefactien. Also. : ont |
to a

*

coh.aivc (el.sy type) . oils are nr.t r.or ally sue.ceptit !c to liqinfactJan he-
k
**

co ase of ti.cir inner inlocular ntruettare. T1.c echesive and cel.eclunis . : .. oilslisteit in f:eelficatit.n r-211 nm e.tructur..1 Lac.l. fill 4.nec leen 'elorted and
fl.e cc ;wticia spreif t. I no ti.at proper .o;.g ort vill ,bc pp.vitted for all t.t ruc-

|
.

turn unj shu pote.:ttal for li.;.s. fact ion is oil :Inat e.l.
(

fin.y t rev rif t he I .'A . r ue h at. 13U. quest imes 2.14 an] s' . l . I l .nid P:: Art ncet ienn
|

2. 55. *. 3 an; 2.f.;. 4. 6. in t a. a t e t ;.e.t un e r o l 1. el co .! .t r t e.1 f i l l vu lc h b'

/ delinit tw1.: eit!i r te.he,.tve tir r..h.11 cit..A (r.ratual r) ..!!! Le uwd to nupt. ort (.1.c. . Isi r n t ure4. !!wev..r , due te,
s.. nnoe.f r s care t hin !!!*. of t he e tent e nl led c..: p.e t a .ib i1i1i1 .a. t f. a li e t in cohe..ive siterial a.ul only if.cre'lt ! .6 r neilit. r. .I , tin

,
,

cm in. e t lis.; ra t ilrs ... rt t e. r,ranul.o r nit er t.w! us.e il.
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Bechtel Associates Profoscional Corporation
.

ConwA'ra Power Company

O niC >on 40082287
i'a ge 2

The PF.\ L cives explicit criteria on how the plant fill will be destr.ned*

and place.'. !oth in the ter.t and suhtsquent ansvera to DRL questtous.
$; ce t t ir.itie . C-211 Kin. 2 was develcred in accordance with the require-
r c..ts of tl.e rit.R aaJ the e.tt oetural L.achfill is being installed in*

acce r.;.ince wit h this speen ficat ion. Based on th.* forer.oing, we hold that
the P''?A a: s 8; ecificatino C-2.1 ; ev. ?. preperly state Project licent:e
cor:it. . nt.;; ht nre ne revision of ciclier docu: ent is appropriate, nor is
e ny .t. ri. s t e m ac r.c e r t ra r i.

Very truly youis,
.

') $--- ,,s),f / 0*s ~> o ~
.

_ . . , . , , .

*

R. L. Casticherry .

Project Engineer

F.K:;;t *
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the horizontal components of adjacent foundation loads. Excluding the hori-
~

'

zontal components of adjacent foundation loads, the long-term lateral pressures
against rigid and nonrigid wans are computed using the fonoving equivalent
fluid unit weights:

Equivalent Fluid Unit Weight
(Lb/Ft3)

Backfin Material Above Below
Adjacent to Structure Water Ievel Water Level

10 80Nonrigid Wa ns Sand Soils 4

'
Clay Soils 50 90-

Rigid Wa ns Sand Soils 60 100
Clay Soils 80 no -

Lateral pressures developed adjacent to rigid vans immediately following place-
1 ment and compaction of backfill materials =ay exceed the long-term pressures in

! the portion of the wall near the ground surface. Consequently, rigid va n s are
designed for the equivalent fluid unit weights presented above or a unifom.ly

,
distributed pressure of 600 pounds per square' foot, whichever is greater at any

| pazi:icular depth.

2.8.4.6 Fin Material
i

Fills up to apprcximately 35 feet in thickness are used in f.he attain =ent of the,

proposed final plant grade of 634 feet. Sources of possible fin material are
available frem the plant excavation consisting of sandy soils and clay soils;
from borrow sources within the proposed reservoir area consisting of dune sand

i

1 derosits. =andy + M a_~ mms. and clar_and silt _ soils;_ and from ofr-site
3gs. css ., All of _these material = mm suitable f5r use in construction of ~the
plan _t filip

2.8.4 7 Dewatering
*

Plant excavations win extend through' sandy soils below the groundwater level
and into relatively impervious clay soils.

While only minor water seepage is anticipated in the lower clay soils, devater-
ing operations will be required in connection with excavations in the sandy soils.;

;
4

..

.

'
-

. >

.
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frequency of the' plant buildings would exist, the amplification ratio on an
assumed free surface of blue-gr y clay would be less than 2.0. However, the
intensities recordei in the Midland area from historic earthquakes already*

reflect the amplification ratio and these intensities are relatively icv.

2 7.k SUMMARf

The P.idland nuclear site is located in a regien of slight seismic activity for -

which there is no known geologic centrol of earthquake distributien er occur-
rence. Earthquake history for this region begins in 1610. Table 2-7 shows
that, although earthquakes have been felt in this region of the United States,
Midland experienced all with low intensity. An intensity of V (MM) is assumed !

to have been experienced at the site as a result of the February 6,1672
'

!earthquake. Intensities at the site from all other earthquakes vere less
than V.

275 DESIGH CRITERIA

The maximum intensity experienced at the proposed Midland nuclear site as a
result of any historic earthquake is V. Intensity V corresponds to a surface
acceleration of 0.03 g on Eershberger's (1956) curve. A conservative value

*

of 0.06 g should be adequate for design of the plant (design earthquake) and
a 0.12 g surface acceleration (maximum earthquake) is recoc: mended for safe
shutdown. Although not used in this report, other coemon teminology for
these earthquakes is " Operating Basis Earthquake" and " Design Basis Earth-
quake," respectively.

2.8 SOILS

2.8.1 ErrRODucTIO t

This section presents the su::=arized results of studies of the foundation in-
vestigation phase of the environmental study at the proposed Midland Nuclear

" Power Plant, including the Dames & Moore reports entitled " Report, Fcundation
Investigation and Preli=inary Exploration for Borrow Materials,- Proposed Nu-
clear Power Plant, Midland, Michigan, for Consumers Power Company" filed with
the AEC by Amendment No.1 (dated February 3,1969) to the Application, and
" Supplement to Report - Foundation Investigatica and Preliminary Explorations
for Borrow Materials, Proposed Nuclear Power Plant, Midland, Michigan," dated-
March 15, 1969

The- proposed location is adjacent to plant facilities of Dow on the western
shore of the Tittabavassee River in Midland, Michigan. The soils overlying
bedrock are of glacini origin and consist of glacial tills, glacial outwash,
'and glacial lake deposits.

Several programs of investigative borings have been made in ths prcject area
to detemine the subsurface soil profile, to evaluate the foundation soil-
bearing capacity and settlement characteristics, and to substantiate that
suitable fill materials are available within the proposed cooling water
reservoir area.

'
-

,
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! 7The results of these investigations indicate that the foundation soils are

satisfactory to support the plant loads and that suitable fill materials are
|

available within the proposed reservoir area.

2.8.2 SIBSURFACE EXPI41 RATION |

The program indicated that in the plant area the site is blanketed by a layer
of topsoil containing roots and other organic material which range in thick-'

ness from about 4 to 12 inches, except in marshy areas where 2 to 3 feet of
organic silty soils are present.

.

Underlying the surface in some areas are sands which are loose near ground
surface but become very dense with depth and were found to range from 0 to
60 feet. These sandy soils are underlain by very stiff to hard cohesive soils, r

predominantly gray silty clay, which extend to depths of 30 to 60 feet. These |

cohesive soils contain numerous silt lenses.
,

The deeper soils consist of uniformly hard cohesive soils, predominantly
I- brownish-gray silty clay, containing some sand and gravel to a depth of about <

$ lho to 200 feet. Below these deep cohesive soils is very dense and clayey,
). sandy gravel down to bedrock. A portion of this layer consists of very dense
; poorly graded sand at depths extending from 240 to 360 feet below ground
I surface.
' .

1

In the cooling pond, part of the area is blanketed by sandy and silty soils
*

3 varying widely in density and composition and ranging in depth from 2 to 22
i feet bslow ground surface. These sandy and silty soils are underlain by firm

;

i to very hard cohesive soils. All of these materials should be considered suit- '

! able for incorporation in the plant and dike fins.

)
1, 2.83 IABCRATORY TESTS

-

4

) The laboratory test program for detemination of des!.gn criteria consisted of

i direct shear, unconfined compression, triaxial compression, dynamic triaxial

| compression, and consolidation tests on selected undisturbed soil samples frem
' the plant area; plus moisture-density' tests in conjunction with each strength ;

and consolidation test and en other undisturbed samples; compaction, relative.

; density, and pemeability tests on remolded soil samples from the propcsed
2 cooling pond area, particle size distribution of selected soils in the plant t

! and reservoir areas; rock compression tests on the deep shale bedrock; and .
.

Atterberg limits on selected samples from both areas.
1

2.8.4 DESIGN CRITERIA
'

{ 2.8.4.1 Fin and Backfin - *

Au fin and backfill materials are adequately compacted to insure stability N <

'of the fill and to provide adequate support for structures founded on this
3
| fin without excessive settlements.
,

'

2.8.4.2 Excavation Slopes -

Excavations through the dowatered sandy soil are cut on a slope of one vertical,

. L to one and one-half horisontal or flatter. Excavations through clay soils are.

; a

: ,
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out on a slope of two vertzegl to one horisontal or flatter. Temporary exca-

I vations within clay soils add which are not subject to, surcharge loading an
' cut verticany with an unsupportad height of up to 15 feet. 's -

.

'Temporary excavations throt.gfdowatered sand fill soils are cut on a slope.cf
one vertical to one and one-half,bhisontal or flatter. Temporary excavations
through compacted clay fill soils ihich are not subjected to surcharge loading
are cut vertically,with an unsupported height of up.to 10 feet.

permanent slopes through compacted granular fill soils are constructed on
slopes of one vertical to four horizontaI or flatter. Pemanent slopes through
compacted cohesive fill sotia are constructed on sicpes of one vertical to two
horizontal. ;

2.8.4 3 Foundation Design,
'

The reactor buildings'and the lower portion of the auxiliary,bN1 dings are at*

elevations such that foundat; ions are established on the ~ stiff to hard cohesive
'

soils which underlie the sita. (-, ,

Within this anterial and extending fros,a depth' c/ 2ho to 360 feet below ground
surface is a layer of very dense granular material with*StaE8Ard Penetration
Test blow counts on the order,of 200 blows or greater per 6-inch penetration.
These soils are considered to provide excellent foundatien support without ex-
oessive set.tlement under both' static ard dpanic conditions of loadios. These
structures are founded'on. earth supportid mat' foundati6r.s. *

! ~ ~
m m. --

. .

The south portion of the' auxiliarp tuilding has 'its base at elevat16n $10 while
the existing ground snrface soils in this'krea vary between elevation 605 and
elevation 612. The hurface soils is this aree art loose sands of variable

)ythickness which Vnot provide suitable femndat' ion suppctat. Consequently, these
soils ~ are to be removed down to the onde'llying very ' stiff to hard cohesive soils

f. -and foundation grade then attaitisd by the placement of controued compacted
' ' * "

g or cohesive fill. A
,

_ __ - s ' '

,

All loose in-site sands, soft or compressibts clay soils, and Organic soils wi n
be excavated in the turbine building area. Tt.e turbine building and turbine
generators are so,,crted on aat foundation.: on controlled compactud fin.

m ,

The ultimate bearing capacities for the mat. foundations are summarised below:
*

Pteundation Gross Ultimate, , . . .

Elevation Bearing /Ftpetty
Ca

Unit passortina Soils <, (Feet) Lb
'

.

Reactor Building. Very $41 M to Hard.[
'

$k .5 ' 45,C00 .

Natural Clay to11a* -

'Aus111ary kilding Very Stiff to hrd 568.0 T' 50,000.. m

htural' Clay soile L$80.0 43,000
'

.
,

,

.Oratrolled coupnoted Fill 610.0 30,000,,
,'Turbine Building cont. rolled compacted Fi n 610.0. . 30,000s

, , . .a

Turbine Generatore ', controlled compacted (1111; 602.0 30,000'

"

\ M ?C. py. ,

:.. . - ;. m,, u?

"
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'IThe preceding tabulation assumes that the fill is composed of compacted clay
soils; if compacted sand fill is used, the ultimate aforementioned bearing
capacities vill be greater than the tabulated values.

Shallow opread foundations established in the controlled compacted fill for the
support of appurtenant structures are at a mini =um depth of 4-1/2 feet below
the adjacent plant grade to prevent the effects of frost action. The allowable
bearing pressures for spread foundations on controlled compacted fill are ,

tabulated below:

Minimum . Allevable Net Bearing Pressure (pst)
Foundation Dead + Live Dead, Live &

Depth Lead Seis=ic Leads
Supporting Soils (Feet) (FS = 3 0) (FS = 2.0)

Controlled Compacted
Clay Fill 45 5,000 7,500

Controlled Cc=pacted
Granular Fill:

'

.

Foundation Width = 2 Ft 45 2,800 k,2co
Foundation Width = 4 Ft 45 3,100 h,650
Foundation Width = 8 Ft 45 3,700 5,550
Foundation Width = 12 Ft 45 4,300 6,450

2.8.4.4 Settlement

The maximum total and differential settlements are esti=ated based on censolida-
tion tests. The esti=sted settlements include the effcets of icvering the ground-
vater level, excavating, pincement of plant fill to elevatica 634, the imposed
structural 1cada and subsequent raising of greundwater level to nor:s1 ecoling

| pend surface elevatten 627.

The results of settlement anslyses for structures supported on cat foundations
are tabulated below: $

Esti=ated Estimated !!ax1=um
Maximma Settle =ent Differential Settlement

Unit Inches Inches

Reactor Buildings 1-1-1/2 1/4 - 1/2
Auxiliary Building

At Elevation 562 1/2 - 1 1/k - 1/2
At Elevation 580 1/2 - 1 1/k - 1/2
At Elevation 610 1-1/2 - 2 1/4-1/2

Turbine Building 1-1/2 - 2 1/4 - 1/2

Turbine Generator outs 1-1/2 - 2 1/4-1/2
s

.
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<~ It has been further estimated that the maxhum differentia $. anctiements which
~

could occur between adjacent structures are as follows:
, ,

I ? Estimated Maximum
'

,

'( # Uifferential Settlements
^ '*

- ; Betweed Structuresw

Adjacent Units s - l' Mehes''
'

\ ,a y
Auxiliary at Elevation 562 and at Elevation 580 L 1/2

'

.

,

- !,

Auxiliary at Elevation 562 and at Elevation 610 1 1
"

,

s -

Auxiliary at Elevation 580?and Reactor ; ; 1/2
,t

, .,

4._a ,
.

Auxiliary at Elevation 610 and'Reacter
.

" \' 3/4' '

- s ,
, ,

Auxiliary at Elevation 610 and Turbine,3dilding
.

1/2s y

s,

Turbine Building and Turbins Mat 1/2s3 .
,,

.
* -

Earthquake loading of short duration should not cause additionel settlement of
appreciable magnitude. The estimated additional settlements under earthquake

' '^

loading are less than 1/4 incli. % < - , 'r,
,

, s - -
. . ,

Although detailed settlement analyses are not* performed to evaluate settlements.

of shallow spread footings established in the compacted plant fill, it is esti-
,,

mated that settlements will be'on the orTer of 1/2 inch or less provided that ''

the allowable bearing pressures are not exceeded and the fill is adequately-

compacted. 'i
'

,

"

* Tice Rate of Settle =ent - It is estimated that one-tenth' to one-half of the
maximum settlements tabulated previously occir, as elast1c recompression,~

essentially simultaneedsly with j.he. load applicatien. The remaining one-half
to nine-tenths of the maximum settlements occur in accordance with-the tim 5-

rates estimated frca consolidation tQt data. aitd presented below: '*

ny. .,_
s . * .

Approximate- ' 'n ,''
N eime

'i
- -

, 7

Percent of -- ,c p"Total Settlement 4 Years ; 2..

' '' ''' - 20 . E
SO N ", 10 %

^

_

go -. s $o
-

~ ~.-

Settlement of conventi6nal s
thickness of centrolled chii>pread foundations, established en an appreciableacted granular ' fill,b ecurs s es s entially as ,the , load1

. is applied to the foundation. '.', g 4 fg . '
,
-

3 ( - ~w,,

2;8.4.5 Lateral . Pre'asures '- '' X ,, 7?-

% a. n. , , , , _ . -c
The valls of strue'tures below final plat:t gr'ade, te$evatico 634,. are isub}ected -d

'
~

- to horir.ontal loads , imposed by?,backfillt materials, hyd,ri:Istatic pressureg, and |s . ,-_++
s- .- .'

,. - .
.

. e-Mr''\*' " f \
'

w- .- 3
*
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3. MO DAY YR i
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PROJECT NO. 7220 Q No. DATE 10 31 75
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.X X:tE.CtB srec. nev. s. TsTi.s

M e220-C-211 2 Compaction of Cohesive Soils
6. DESIGN CalGIN: ENGnG E VENDon O rioeNierva NAME

7. EX 81 TING CONDITION- Paragraph 5.5.2 of Specification 7220-C-211, Rev. 2 states that cohesive
material shall be compacted to not less than 95% maximum density as determined by
Hodified Proctor method (ASTM D1557, Method D) but does not list the Bechtel Modified

parameters.

CHANGE REQUEST / SKETCH

Field requests that paragraph 5.5.2 of specification 7220-C-211, Rev. 2 be revised to
read:

Cohesive material shall be compacted to not less than 95 percent maximum density.
Maximum dry density will be determined in accordance'with ASTM D1557, Hechod D-

provided that the sample is prepared in 4 layers, each compacted with 25 blows
with a 10 pound hammer dropping 18 inches giving a compactive energy equal to
20,000 foot-pounds per cubic foot. (Bechtel Hodified Proctor Density Test). i

The added clarification requested above is required to prevent Specification 7220-C-211
from being interpreted as requiring more compactive effort than necessary. What is

' ' necessary is to place the same compactive requirements on cohesive material in areas in-
accessible to motorized rollars as are placed on cohesive material in areas accessible

D to motorized rollers. Cohesive materials within the plant area that are accessible to
motorized rollers are compacted to the requirements of Section 13.0 of Specification
7220-C-210, Rev. 4 which references the Bechtel Modified Proctor (Paragraph 12.4.5.1) as
the method of determining maximum dry density.
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1) For so' is with Iittic or no " gravel: 6 inch 7

i f (Eh, (c'yli'ndrical ho,le.
,

diame ,9 n
cL,by6Mfcl$ minimum '! i

(Volume of h 1 <e '

,g -gfsize sand con . ,4 g
'

2) For soils coataining appreciable gravel: 10

to 12 inch diameter, 12 to 14 inch depth,
conical hole. (Volume of hole determined by
12 inch maximum size sand cone.

|

A nuclear density device may be used provided
that the results are compatible with those

| obtained by the specified procedure.

The density of material is defined as the
|weight of the material per unit of volume

of the rnterial in place.

12.4.5 Laboratory Maximum nonsity and optimum Moisture content

12.4.5.1 cohesive Soils

The maximum dry density and cptimum moisture
content of cohesive caterial will be

, dotormined in the laboratory in accordance
with ASTM Designatior. D 1557 Method D,

-

provided_ that the sanple is prepared in 4 j
layers, each compacted with 25 blows with

j __ a 10 pound hammer dropping 18 inches ,

giving a compactive energy equal to 20,000 ;- '
foot-pounds per cubic foot. (Bechtel -

modified Proctor Density test)'

,

s

!

12.4.5.2 cohesionless Soils t
:

't
The maximum density of coheatonless soils ,

will be determined in accordance with the i<./c

dapplicabic requirements of ASTM Designation J

! D 2049. h,

e x
i

f gI'

l
a. .~

12.4.6 Specific cravity | j {y
4

r ; g
| |' v4-'

' ASTM Designation D 854. ,. ; ,

1 j
! '

.! ...,

.
.

; n'
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12.5.2 Zone 1 and Zone 1A N$t

g y,
|1 t-

- / "one 1 and Zone 1A material shall be placed in g ,i

the embankment fill as shown on the Drawings or '8 $?
) i # ,

:l[jNb55/ as required and compacted as specified. The un- 1

r
G

-

[ compacted lift thickness shall be determined by'

i J field personnel after evaluation of the proposed [ W
compaction equipment. However, in no case shall libt

[I the uncompacted lift thickness exceed 12 inches. k.5

.h
4 12.5.3 Zone 2 h
lI 9Y.0,

,

f Zone 2 material shall be placed in the embankment EV4

-8 fill as shown on the Drawings or as required and IQ
compacted as specified. The uncompacted lift - W,5-

;( thickness of Zone 2 material shall be determined y,

|F by field personnel after evaluation of the pro- ;b f
3'

/4 posed compaction equipment. However, in no case -

f[4
shall the uncompacted lift thickness exceed 12 3,

'@[

i inches.g m
.T

. 4
.4

12.5.4 Zone 3 .

f Zone 3 material shall be placed in the embankment $
as shown on the Drawings or as required. The un- i)g- compacted lift thicknesses shall be determined by 4.t

y$ field personnel after evaluation of the proposed 'd - O;

Q
compaction equipment. However, in no case shall p-
the uncompacted lift thickness exceed 12 inches. I

'-

:ej Approved placement methods shall be used which
will prevent segregation of the materials and ;

j prevent mixing with other materials. Approval 3

.' of the placing method will be on the basis of .i i L

.)i demonstrated ability to place Zone 3 materials ,1 tf.

j without segregation. The surface of the adjacent ) '{*
fill shall be sloped throughout the construction |;

|f'f operations so that water will readily drain away (ig;p
A

from Zone 3 toward the outer slopes of the embank-

i ment. The subcontractor shall take particular care g-
to prevent water from draining into Zone 3. W |
Construction equipment shall cross Zone 3 only at 8 h

.

specifically approved locations and elevations and 1['I

the number of crossings shall be periodically (j"

changed as required. Provision shall be made to p,

||

y}j
protect Zone 3 material from contamination at each
crossing, and any contaminated Zone 3 material shall

,

!

be removed and replaced with satisfactory material
all be and at the expense of the Subcontractor. A . ( 1

|
vibratory roller or other suitable equipment may be ; i in

the required compaction of Zone 3 material only. j )h
substituted for the rubber tired roller to achieve i

. .
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/ 13.6 Moietura Control W' '

"!T '|
-

Moisture control of the plant area and berm material/. i 2? |-

,' :.<: ;/e' shall conform to Section 12.6. .L ~J*

j c
s .1

13.7 Compaction Requirements _
5 ~

,

\ V13.7.1 Cakec m ., i
j

All cohesive backfill in the plant arca and y'

the bem shall be compacted to not less dg
' then 95 percent of maximum density as j -

~

determined by ASTM D 1557, Method D.~ '

j
! 13.7.2 cohesionless so us_'

All cohesionless backfill in the plant area i

and the bern shall be compacted to not less 5
than 80 percent of relative de-isity as deter- |.;

mined by ASTM D 2049, with the exception that I.'
Zone 4, 4A, 4Z, 5, 5A and 6 ruaterials need
no special compactive effort other than ' [f (-
as described in section 12.8.1. .r:

el

Slides and Winter Protection l'13.8 " !

All provisions for slides and winter protection shall
.

i .'
be similar to requirements in Sections 12.9 and 12.10 | 1

4
9

13.9 Measurement & Payment _ l"
'

13.9.1 Measurement l
fa

Fabankment will be measured in place to the I

nearest cubic yard of embankment material of
the various zones, satisfactorily placed and
compacted in the plant area and the berm. .

Such measurement will be made between the
f

foundation l'ines as determined by survey
in the field and the neat fill lines, grades

No allowance will be madeand slopes shown.
for settlement of the foundation or of the };

o

embankment du' ring construction.
.

13.9.2 Payment J

Embankment will be paid for at the applicable {I*

contract price stated in the Price Schedule :,

for the items listed below. !

|

| 1
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.: 12.0 DIKE AND RAILROAD EMBANKNENT CONSTRUCTION,
r.

,

*-
..

12.1 Definitions, . .

b.
12.1.1 Embankment --

.

Embankment is all required earth placed
and, unless otherwise specified, com-. . ,

| pacted within the limits of the Cooling.

i Pond Dike, Baffle Dike, and Railroad
*

Embankment or as shown on the Drawings.*

Embankment shall also include those
materials which are placed in diversion..

channels and drainage ditches as shown
on the Drawings to act as protection..

! against erosion.

,

t' 12.1.2 Suitability of Material
.

The Contractor Will determine the,

(ge
suitability of all materials.

'
.

12.2 Lines and Grades.

.

The embankments shall be constructed to the lines,: .

!. grades and cross sections shown on the Drawings. The
.Subcontractor shall furnish and supply all equipment,-

materials and labor required to set out the work.
Survey markers and grade stakes shall be set out in.

accordance with the lines and grades shown_on the
Drawings. The Subcontractor may be required by the
Contractor to remove and dispose of any embankment
fill placed outside the prescribed slope lines. Such
removal and disposal shall be by and at the expense
of the Subcontractor.1

12.3 Materials
.

12.3.1 General

( The Subcontractor's attention is invited to
.. Table 12-1 for a listing of the various zones

!,

39
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. " , of the embankment, their description,
.

+

,
**

and the source of materials for the! ~

various zones. Table 12-1 is included.

L *

|
at the end of this Section, 12. Unlesst.

otherwise approved in writing, materials
: r for the various zones of embankmentj* shall be obtained from the borrow areas
. and sources shown on the Drawings.
'

Approval of a borrow area or other source-
.

i does not mean that all material withinj that area is suitable for embankment con-
'-

~

struction. If, for any reason, the sub-[, contractor places unsuitable material, or,

i. material not previously approved by the;

; contractor, in the embankment or within
j !* any zone of the embankment, all such

[* unsuitable material shall be removed and.

: disposed of and replaced with suitable
material, all by and at the expense of,. .

|-
[- the subcontractor. The criteria by which

the Contractor will be guided in his,

! determination of the suitability of''

j materi'ls in final position or condition. a
in the embankment are set forth in4

.

! Paragraph 12.6 and -on Table 12 -1 included
i / at the and of this Section 12. These( criteria apply to material'characteris-

*

'

{ tics as placed in complete portions of
,! the embankment. Any or all of the tests,

1 specified which are applicable to materials
! i in the borrow areas or other sources,. or
i in the-embankment, may be used by the
) ! Contractor -in determining the suitability
i ;. of materials.

-
,

~
1

,f 12.3.2 Riprap - Zone 5

i

There is currently stockpiled at the jobsite
an unknown cuantity of Zone 5 material, the -

location of which is shown on the drawings.

The subcontractor shall use the existing-:

!. Zone 5 material in areas'specified on the
j drawings until the supply is exhausted. 'No
; . new Zone 5 material shall be purchased,'and
! Zone- SA material will then be substituted.

I
for Zone 5'araas.

,

i
; Existing Zone 5 material vill- be made available,

i g- in an "as - is" condition at no cost to the
I V . Subcontractor.
: +

.'
-..

?

s
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L* ' ,' 12.3.2.1 Riprap- Zone SA ',

'
-.

_(, , ,

-

-

The riprap shall be obtained from a, .
4 :

;* . source approved by the Contractor.
The rock shall be sound and free of

3 cracks or seams. Neither the
-.

|
.I- breadth nor the width of any piece

of riprap shall be less than one
; third of its length.,, '

,

Loading, hauling and placing of *..

; riprap shall be. conducted in a
r- manner which will minimize breakage.
I The sands and fines content of the''i

riprap shall be limited to those
g. resulting from handling during
; hauling and placing of material.
. -

4

j 12'.3.3 organic and Deleterious Materials-
'

'
,

1,
I

Materials containing brush, roots, peat, sod
or other organic, perishable or deleterious

,

L materials shall not be placed in the embank-
t ment Zones 1 thrcugh 5.
1

-

! i/
s

12.3.4 Gravel-Zones 4 and 4A
.

Gravel shall be located and placed as shown4 ; *
,

'

on the drawings. Zone 4A material shall
identify gravel surface course material-

placed on the dike crests; all areas other ',
''

4 than thp dike crest requiring gravel materials,
j shall be designated Zone 4. Zone 4 and 4A '

materials shall conform to gradation require-;

'ments given in Table 12-1.
-

1
,

4 * *

q

'!

*

4

N

|

'
=

Z >"

.'
w

a
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12.4 Testing of Embankment Materials| ,
; A

, 12.4.1 General

The Contractor will take all samples and
-

perform all tests of the embankment materials
for control of the placement operations. The-

Contractor will conduct density and other tests
on the compacted embankment and the related
laboratory testing to determine the relative
degree of compaction and other properties. In
addition, concurrent with construction, the
Contractor will take samples of the materials
from the borrow areas and the embankment and

*

. test these samples for moisture content and4 '

gradation. Testing by the Contractor will be
' done as frequently as the Contractor deems

necessary, without cost to the Subcontractor,
provided that the Subcontractor shall, at its
expense, furnish labor and materials to assist "

in obtaining the samples for testing. Tests
performed by the Contractor will be in accor-

" dance with the following procedures.',

12.4.2 Moisture Content
; ASTM Designation D 2216. Other methods such as a

nuclear density device in accordance with ASTM D 3017
and using manufacturer's instructions, for rapid Amoisture determination may be used, provided that the M.!pr results are compatible with those obtained by the
specified procedure. Compatibility of the methodswill be determined by the Contractor.

,

12.4.3 Gradation

ASTM Designation D 422 or C136, whichever is appli-;
s

able for the soil being tested. cCh,

,
,

12.4.4 Density of Soil in Place

ASTM Designation D 1556. The size.of thedensity hole or pit shall be selected in
{' accordance with the following criteria.

.
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.1) For soils with little or no gravel: hole size-
'

shall be in accordance with ASTM D 1556. (Volume b .

i of hole determined by 6 inch minimum size sand,

i cone.)

2) For soils coataining appreciable gravel: 10
to 12 inch diameter, 12 to 14 inch depth,

> conical hole. (Volume of hole determined by
' 12 inch ==r4== size sand cone.
i

'

. A nuclear density device may be used in accordance
i-

with ASTM D 2922 and manufacturer's instructions,
provided that the results are compatible with those
obtained by the specified procedure.

.

j The density of material is defined as the
j weight of the material per unit of volume

of the material in place..

>
.

12.4.5 Laboustory Maw 4== Density and Optimum Moisture Content
J

12.4.5.1 esive Soils

The ==m4== dry density and optimsmmnoisture1

i content of cohesive material will bef determined in the laboratory in accordance
: with ASTM Designation D 1557 Method D,
! 3orovided that the sample is prepared in 4 >

| . layers, each compacted with 25 blows with ~
I a 1Q pound hasumer dropping 18 inches j

giving a congactive energy equal to 20,000 -'
i foot-pounds per cubic foot. (Bechtel
{ modified Proctor Density test) '

,

i '

12.4.5.2 Cohesionless 5vils- ",

,

.

1 The maximum density of cohesionless soils
'. .

will ba determined in accordano: with the
1 applicable requirements of ASTM Designation

D 2049.

I

J

! 12.4.6 Specific Gravity
!

! ASTM Designation D 854..

('

,
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12.4.7 Atterberg Limits-

r~
*

.

'

ASTM Designation D 423 and Designation D-424.
''
.

!.
12.4.8 Strength

12.4.8.1 Shear Strength
, . .

*t
*

Strength tests for cohesionless soils
Will be performed generally in accor-. . .

dance with Chapter XI, " Triaxial.
,

Compression Tests on Cohesionless Soil,"
of " Soil Testing for Engineers" by.

T. William Lambe. Tests will be made
.

'

on soil samples taken from the placed,

embankment soil.
..
;

1 .

12.4.9 Permoability

'.I
ASTM Designation D 2434.

.

12.5 Placement

s
12.5.1 General

No embankment materials shall be placed on any
foundatior, until the foundation has been approved
by the contractor. The ultimato location of such
material shall be subject to approval. The
gradation end distribution of matorials throughout

' cach zone of the compacted embankments shall be
such that the embankments will be free from lonnes,
pockets, streaks, and layers of matorial differing
substantially in textura or gradation from surround-
ing material of the samo.zono.

Excavation in tho borrow area shall be carried
out in such a mannor that the material placed

([' in the ambankment for compaction shall not con-
tain largo solid lumps or clods of material which f

s

%.
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will not break down and compact satisfactorily;
', when rolled as specified. Material shall be l

, ,

placed so that when compacted it forms a homo-..

geneous mass and any voids between stones or.

C large soil lumps are completely filled with
{. compacted material.

r No embankment shall be placed upon a frozen-

[' surface nor shall any ice or frozen earth be
' <

incorporated in the embankment. Embankment
construction for which moisture conditioning

!- is required shall be suspended when the am- |
bient temperature is 32 F and f4111ng, unless .

0; t.

otherwise approved by the contractor. L>

!
Unless otherwise specified, all embankment zones, a

,

being placed shall be raised simultaneously with
the top surface of the embankment to form an

; approximately horizontal plane extending trans-
versely to the final slopcs and longitudinally

, , to the abutments.
I

; At any particular section along the axis of.

the dike, during construction, a ' temporary,

; idifferential elevation of 20 feet will bee
j '( permitted within the embankment provided the
i bonding surface has a slope not exceeding 3
! horizontal to 1 vertical, such bonding sur-

face shall extend across the various zones
of the embankment to form a plane.-

;

At any particular section perpendicular to the
axis of the dike the temporary differential.

i elevation bet 9een any two adjoining zones due
'

to construction operations shall not exceed
' '

12 inches.

The embankments shall be maintained at all.timss'

in such condition that the surfaces will readily-<

drain. In any area's where materials become sof t
: or yielding due to becoming wet or saturated

such materials shall be removed, disposed of,,

and replaced with suitable material all by and
at the expense of the Subcontractor. The entire,

! surface of any section of the dike embankment
.

shall be maintained in such condition, as deter-
mined by the contractor, that construction e
ment can travel on any part of all sections. quip-

''

Ruts
in the surface of any layer shall be filled and

3 leveled satisfactorily before compacting.

The subcontractor shall exercise extreme care in
placin and compacting embankment fill in the...

proxim ty of all structures. The subcontractor shall
also carefully place all tone 1 and Zone 2 material to+

preclude any contamination of the sansdrain.
**

, .

45 .

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



'

*
,
,, Revici n 5

. . , , ' /l
,*

s,. s
'

. . . . _.

12.5.2 Zone 1 and Zone 1A

Zone 1 and Zone 1A material shall be placed in
the embankment fill as shown on the Drawings or
as required and compacted as specified. The un-
compacted lif t thickness shall be determined by
field personnel after evaluation of the proposed
compaction equipment. However, in no case shall

^ips

the uncompacted lift thickness exceed 12 inches.

12.5.3 Zone 2

Zone 2 material shall be placed in the embankment -

fill as shown on the Drawings or as required and
compacted as specified. The uncompacted lift* -

thickness of Zone 2 material shall be determined
by field personnel after evaluation of the pro- ikiposed compaction equipment. However,.in no case
shall the uncompacted lif t thickness exceed 12inches.

'

12.5.4 Zone 3

(, Zone 3 material shall be placed in the embankment
as shown on the Drawings or as required. The un-
compacted lift thicknesses shall be determined by
field personnel after evaluation of the proposed 'jhcompaction equipment. However, in no case shall
the uncompacted lift thickness exceed 12 inches.
Approved placement methods shall be used which
will prevent segregation of the materials and
prevent mixing with other materials. Approval

.

of the placing method will be on the basis of
demonstrated ability to place Zone 3 materialswithout negregation. The surface of the adjacent
fill shall be sloped throughout the construction -
operations no that water will readily drain away
frcm Zone 3 toward the outer slopes of the embank-
ment. The Subcontractor shall take particular. care
to prevent water from draining into Zone 3.
Construction equipment shall cross Zone 3 only at
specifically approved locations and elevations and
the number of crossings shall be periodicallychanged as requirad. Provision shall be made toprotect Zone 3 matarial from contamination at each
crossing, and any contaminated Zone 3 matorial shall
be removed and replaced with satisfactory material

( all be and at the expense of the Subcontractor. Avibratory roller or other suitable equipment may be
substituted for the rubber tired roller to achieve ,

the required compaction of Zone 3 matorial only.
*

i
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.., :. 12.5.5 Lone 4, Zone 4A, Zone 4A,

! - *
'

f. * Zone 4 and 4A material shall be placed as , :Jembankment fill and ripgap bedding in the,

-

- >c embankment as shown on the Drawings or ast A
required. In areas of Zone 4, no special
compaction is required; however, construc-
tion equipment shall be routed in such a'

manner that some compaction is achieved.
In areas of Zone 4A, material shall be placed .

'

in layers not more than seven inches in
1 uncompacted thickness, and shall be rolled*

*

as directed by the contractor.
4

In areas of Zone 4A not accessible to roller .equipment operation, the material shall be,

'

! compacted in accordance with Paragraph
12.8.3.1 of these specifications with the

j lift thickness determined by field personnel
after evaluation of the proposed compaction

[2$
;

!
.

" equipment. However, in no case shall the ,
;

.uncompschad lift thickness exceed 7 inches.
4,

Placing shall be carried out so that th's mat-
!

|.
erial does not segregate. If segregation '

does occur, the material shall be removed
f-

i
and replaced with suitable material all by
and at the expense of the Subcontractor.
Zone 4 material shall be placed only on the

! ( outside of the pond dikes (over the sand drain) .i

! Zone 4Z shall be used only on the baffle dike, '

1 on the inside of the pond dikes, and on those
] outside areas of the dike where it will not -contaminate the discharge face of the Zone 3
j sand drain material.
:

12.5.6 Zone 5 and Zone SA
,

'

!
Zone 5 and 5A material shall be placed in the
enhankment fill as shown on the drawings or asi

required. Zone 5 material shall identify;

i
riprap protection material genere?'.y placed
along selected portions of the ourside slope

! of the cooling pond (the ease and northeast
sides) and along selected portions of the

j inside slope of the cooling pond in areas of
-

,

a short fetch. All other areas requiring
.

| riprap protection shall be designated Zone
*

5A..

t

Zone 5 and SA material shall be placed in( such a manner as to produce a reasonably
'

| well graded mass of rock with the minimum,

practical percentage of voida. The largerj (' pieces shall be uniformly distributed
throughout the rock mass and the smaller,,

pieces shall fill the voids between thei

larger pieces. Hand placing may be required
i to a limited extent, but only as necessary
|

'

I to obtain the results specified
e >- A' b

- '

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



. "? : . '
4, . f.* ,, e ,;. , ' , ,- 7220-C-210
' * * *

g . . . ,, , . . R:visi:n O .
.. . , . , . ..

*-s. ,

r(pb
- -. T

A tolerance of p).us 6 inches or minus 3 inches.

from the slope lines, elevations and grades shown,,

will be allowed in the finished surfaces of the
Zone 5 and Zone SA materials. Zone 5 and SA...

. materials shall conform to gradation require-
5

ments given in Table 12-1.

I~ Where Zone 5 or SA material is placed as
'

! slope protection at drops in the drainage
ditches, as shown on the drawings, it shall
be grouted after it has been placed in its'-

! final position. The zone shall be grouted
over its entire thickness. Prior to
grouting, the rock particles shall be,

flushed with water and the material shall* be thoroughly wetted. Care shall bg exer-
cised to ensure that all voids are satis-
factorily filled with grout.

.

f

i 12 5.7 zone 6 '

p. Zone 6 materials shall be placed as downstream
slope protection for the embankment fill as,

shown on the Drawings or as required. The*

::thod of placement will be at the Subcontractors
option and subject to approval by the contractor..

Approval will be based on demonstrated ability to
place Zone 6 material satisfactorily.

-

.

12.5.8 Spreading s

.

Immediately after dumping embankment material
on any zone having a specified maximum uncom --

.,

pacted lif t thickness, that material shall be
spread by bulldozer, grader, or other approved
means in approximately horizontal layers over

*

the previously compacted fill. Unless other-
wise reauired, the uncompacted thickness of
the layers prior to compactf.on shall not exceed
those specified.

12.5.9 Loosening surf ace of statorials

If the corapacted surface of any layer of
"

material is determined by the Contractor

._
.

-4 8-
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to be too smcoth to bond properly with
the succeeding 1.'yer, it shall be loosened,

by harrowing or by other approved methods,
and, if required by the Contractor, it shall
be sprinkled or otherwise moisture condi-
tioned before the succeeding lift is placed
the reon . In addition, any surface crust

'''
formed on a layer of fill matorial that has--

been dumped and spread shall be broken up
by harrowing and, if required by the
Contractor, moisture conditioned to the..

'

full depth of the layer prior to rolling.
Itarrowing shall be done with a disc or a
spring-toothod harrow or other approved
oculpment. If one pass of the equipment
does not accomplish the breaking up and-

blonding of the matorial, additional
passes of the equipment may be required.
.

12.5.10 Removal of Stones, Roots and Dobris
t

''

'
Any oversi:e material transported to the
ombankment for use in Zones 1 through 4
shall be removed to Zone 5 or SA provided
that it falls within the specified require-
monts for Zone 5 or SA. Roots and other
debris shall be removed from the embank-

' mont and disposed of i.. the disposal areas
as specified.

s

12.6 Meisturo control

'

12.6.1 Zono 1, Zono 1A, and Zone 2

Insofar as practicable, Zono 1, Zono 1A'

and Zono 2 matorial which recuire moisturo
control, shall be moisture-conditioned in
the borrow areas. Poisturo conditioning
is the operations requirod to decrosse the
moisturo content of matorial, which as re-
quired by the specification is too wot or to
increase the moisture contant of matorials,
which, as requirod by the specification

.
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lo~tcsIry. The water content durino com-
,

'

eaction shall not be more than 4~O, points below optimum moisture content andpercentage ~:

shall not be more than 2 percentage points
above optimum moisture content provided
that in Zone 2 the wat limit for compaction
of the material shall be that moinutre con-tant at which the rubber tires of the speci-
fled rubber tired rollers rut the surface ofthe fill by more than 6 inches..

For Zonu 2 material placed in the Bullock
Creek aron and other areas is specified b,'' theBechtel .eepresentative, the water content-during compaction shall be not *

-

more than 2 percentage points below optimum
moistura contant and not more than 5 per-
certage points above optimcm moisture content. t'

If the muiscure content exceeds 2 percent G
above optimum the fill shall be placed with
a compactive effort equal to at least 95
percent of the Bechtel Modiflod Proctor
(as described in Section 12.4.5.1), or 80 .

percent relative density as determined by
ASTM A-2049, whichever is applicable. If
the material in the borrow area does not con-tain the required moistura content, it shall(?n be moistened by sprinkling from a truck
equipped with a sprinkler.'

The sprinkler
truck shall be capable cf uniformly din-
tributing the water over the entiro area tobe used. When required by the contractor '
material in the borrow area shall be pro ,
cessed with plows, disco, dorern, motor gradern
or other approved equipment to distribute
the moisture unifornly throughout the material4

to be used, or for the purpose of aerating
'

material containing excessive moisture.If moistureborrow area, conditioning is done in the
care shall be exercised tomoisten the material uniformly and exces-

niva runoff or accumulation of water shallbe avoided in depressions.

Tests done in accordance with Paragraph
12.4.2 will indicate the degree of moistening
or morating necessary to comply with Paragraph | gh12.6.1. Af ter placement of loose material
on the embankment fill, the mointura content
shall be further adjusted an necessary to
bring such matorial within the moisturo contentlimita required for compaction., If tho()
material piaced in too wat for compaction,.

-50-4
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'it shall be aerated as specified and dried'
.- .

until the moisture content of the entire layer
~.

*

is uniform and reduced to within the required
If the material placed is too dry(3r

for suitable compaction, it shall be sprinkled
and disked, harrowed or otherwise mixed until
the moisture content of the entiro layer is
uniform and within the specified limits.
Such sprinkling shall be by sprinkler turck
which shall be equipped with pressure spray
bars and valves to give a uniform and even-

application of water to the areas being covered
and a positive control of the rate of appli-

,

cation at all times. Rolling of any section of
embankment containing material too wet or
too dry

.
s

.

N

.

*
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'@ to obtain the jecuired. compaction shall be
'

~

sdelayed until Eh.t mois~tilre content of the.

'

matGrial is brought toivithin the required
limits or the material '.shall be removed and- '; replaced with suitable material by and at
the expensa 'of the Subcontractor..

-, -
.-, ..

'- 12.6.2 . Zone 3, Zone 4, Zone 4A, Zone 5, Zone SA and Zone 6
p., *r %'

Moisture conditioning of material for Zones . --
.

s
3, 4, 4A,;5, 5A a'nd 6 is-not required. ,

. c.. .

, "y -- ,
,

12.7 Compaction Equipment
- /,

' ''
>

.

,. -
%

_
-,' . ,

12.7.1 General '

.s . a
s

!

All compaction equip $ent.shall conform to
.

the following specifications. The Subcontracter
@ shall maintain suc N guipme'nt l'n first class

operating condition at all times and, where
.

-

required by the Contractor, shall immediately 's
,

make any adjustment necessary to obtain the -''

required compaction. When rollers' ara oper-
-

ated one behind the other in the 'sami track,c
'

all rollers, operated in this mannir shall have
the same general dimensions , weiQn'tiri and -

operating characteristice.' EquipmentCusdd to
< pull rollers shall'have sufficient power..to

esa''sfactorily pull the,rollars when they are
{ .

' bal.asted to the specifiEd weig}?ts. The! '
Subcontractor may use compact. ion equipment. .

other than that specified,,plovided that the
..

',

Subcontractor shall, at its expense, demon-
,' strate' that such substituted equipment will '

achieve equalt or better degrees of compaction
and other characteristics than those achieved,,

by the equipment specified, all as determined
by the Contractor. *- '

~
,

, av* N

-
y

.

12. 7.2 ' Rubber-Tired Rolle'rs J

_

t W

-

s \ gLF '

Rubber-tired rollers shall have a minimum of |'s 4 wheels equipp'ed with'Nne' matic tires which T
* 'u,,

\
'

' b Qi - , *

- . , - % \ h,;
'

' " ^
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\( shall be of such size and ply that tire
'

*

: pressures can be maintained between 80
.

,
'

and 100 pounds per square inch for a 25,000
pound wheel load during rolling operations.

* Unless otherwise required, rolling shall be
done with tires inflated to 100 psi. The
roller wheels shall be located abreast in a:

rigid steel frame, each wheel loaded by an
individual weight box so that each will

.

carry an equal load when traversing uneven
ground. The spacing of the wheels shall be
such that the distance between the. nearest
edges of adjacent tires shall be not greater
than one-half of the tire width of a single
tire at the operating pressure for a 25,000
pound wheel load. The weight boxes shall be,

,

suitable for ballast loading such that the
load per wheel may be varied as required
from 18,000 to 25,000 pounds. The roller
shall be towed at speeds not to exceed 10
miles per hour.

An alternate roller approved by the Contractor
may be used in which case additional passes may
be required.'( \,

\ -

I -

j 14r.7.3 ', Power Tampers

Power tampers shall be operator-held type of a
size capable of performing the required com-
paction and shgil be subject to approval.
Approval will be on the basis of demonstrated
ability of the tampers to accomplish adequate
compaction as determined by the Contractor.

12.8 Compaction Requirements-
.

.

.

12 8.1 Rolling

After material has been placed and spread on
the fill and the moisture content and condi-
tion of the fill is satisfactory, the material
shall immediately be compacted. All roller
passes shall h-a made-parallel to the axes of- !

- ,

- the dikes or echankment unless otherwise ' approved )
.

'

i

== .-
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(' by the Contractor. The rolling requirements
'

.
~

for each zone of the dikes and embankment are*'
as follows:

.

. . .

-

Type of Compaction Minimum Number ofZone Eculpment Passes per Lift

i 1 50-ton Rubber Tired Roller 4.

1A 50-ton Rubber Tired Roller 4-

|- 2 50-ton Rubber Tired Roller 4
1 3 50-ton Rubber Tired Roller or Vibr. Roller 4'

4 Construction Equipment routed
over the zone or additional,.

rolling as directed by Contractor
,

_

4A 50-ton Rubber Tired Roller as
directed by Contractor. -

; 5 Not Required -

SA Not Required -

6 Not Required -

A pass shall consist of the entire coverage of
the area with at least one trip of the equip-, f.

.

A
t ment specified. In order to effect complete

coverage of the area being rolled, each trip
.of the roller shall overlap the adjacent trip

by not less than 2 feet.- Dumping, spreading,
sprinkling, disking, or harrowing, and com-
pacting may be performed at the same time at,

different points along the section where there
is sufficient area to pe'Imit these operations-
to proceed simultaneously.

12.8.2 Additional Rolling.

If, as determined by the Contractor, the desired
compaction of any portion of embankment is not-

obtained by the minimum passes specified, addi-
tional passes shall be made over the surface area
of such designated portions of the embankment
until the desired degree of compaction has been
attained. However, where lif t thickness is
greater than specified, or moisture content at
time of rolling is improper or spe,cified rolling

(h4
has not been Oerformed, such rolling shall be by
and at the' expense of .the Subcontractor.

j.
-~s
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' * 12.8.3
k

Fill Not Accessible to Specified Rollers
<

.

. 12.8.3.1 General
|

..

-

Unless otherwise specified, all
embankment fill not accessible to-

,,

! roller compaction shall be com-
i. pacted by power or hand tampers,

or by rolling, or other approvedr means to the same degree required'

for like materials compacted byt

roller. Fill containing both
;- sides of a wall, pipe or structure

shall be kept at approximately the;-
- same elevation and compacted equally

on the sides until placement has,,
*

t reached the required elevation.
1.

r-

g, 12.9 Slides
.

.

g\ In the event of slides in any part of any of the,

embankment prior to final acceptance, the Subcontractor
shall remove material from the slide area as required, -

and shall rebuild that portion of the embankment. In
;. case it is determined by the Contractor that the slide

was caused through the fault or negligence of the
| Subcontractor, the removal and disposal of the material
;. and the rebuilding of the embankment shall be performed

by and at the expense of the Subcontractor. Otherwise,
such work will be paid' for under the applicable items
of excavation and embankment.

12.10 Winter Protection of the Embankment ;

I

The Subcontractor shall take whatever precautions are;
'' .

necessary to protect the partially completed embankments
for the winter period. Subcontractor will also perform any..

necessary reconditioning resulting from lack of vinter protection.

12.11 Measurement and Payment
.

[ 12.11.'l Embankment-

.

.

-54- ^
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12.11.1.1 Measurement -

.

. .
'

. g

Embankment will be measured in place i-
_

"'

to the nearest cubic yard of embank- ;.
ment material of the various zones,

-

'

satisfactorily placed and compacted IP

[-
. in the dikes and the railroad embank- -

| ment. Such measurement will be made -
-

between the foundation lines' as deter- E
mined by survey in the field and the

E
'

neat fill lines, grades and slopes
@shown. No allowance will be made for 1

- settlement of the foundation or of ;
the embankment during construction.

$.

12.11.1.2 Payment

.

Embankment will be paid for at the [
.

applicable contract price stated in -

the Price Schedule for the items "

listed below; provided that embank- _

r^
.\.( ment placed around walls, pipes,

-

-

structures and elsewhere recuiring
[the use of special compactors for

compaction will not be paid for
. E

-

. .
separately. b

K.

Item 15A Embankment, Zone 1 b
. -

Items 16 Embankment, Zone 1A
E

Item 17A Embankment, Zone 2 =
E

Item 18A Embankment, Zone 3
-

"

K2

'-
Item 19 Embankment, Zone 4 E

_

"

Item 20 Embankment, Zone 4A b,

Item 21 Embankment, Zone 5 ;

Item 22 Embankment, Zone SA -

"

E

Item 23 Embankment, Zone 6
L

Payment for Item 21 shall reflect savings for use -

.

--{ of Contractor-furnished materials located on-site; -

such materials are available to the Subcor. tractor in
,, an "as-is" condition.

-

-

i
-

"
_
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12.11.2 Additional Rolling for Compaction
i

.

1 2.11.2.1 Measuremente.

i
..

Additional rolling for compaction
.-

. will be measured to the nearest 1/4
hour as the number of hours such
additional rolling is satisfactorily
performed.

1 2.11.2.2 Payment

.

Additional rolling for compaction
will be paid for at the contract

'

price stated in the Price Schedule
for the item listed below.

Item 24 Additional Rolling

Rolling for compaction of Zone 4A
material, if required by contractor,
will be paid for at the contract
price stated in the Price Schedule

'' for Item 24. No payment will be made for
additional rolling required of alternate rollers,

, to meet the same compactive effort of the 50-ton
.

. roller.
1.2.11. 3 Winter Protections

.

Winter protection will not be paid for
separately, nor will any payment be made for costs to
recondition the materials as a result of the Subcontractor's
failure to provide adequate winter protection. '

.

:
i

I

!
...

"
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.* 13.0

PLANT AREA BACKFILL AND BERM BACKFILL -.

-
, - .. .

9 '

.\g 13.1 General

This section covers only erbankment materials placed in
the plant area, (as defined on the contract drawings) and ;

also backfill material required to provide a minimus 100 !

foot wide berm adjacent to the emergency cooling pond area. |

All work under this section shall be subject to the Quality |

Assurance provisions as required by Section 16.0 " qualityAssurance Program Requirements".
.

13.2 Definition -

s- |

The term backfill as used in thi.s section shall include all
types of embank =ent zone materials required in the plant
area and the bem, except that the following materials shall d.be considered structural backfill: 1) backfill materials to
be placed within three feet of any plant area structure, or
2) backfill areas inaccessible to motorized rollers.
Structural backfill vill not be placed by the Subcontractor.

13.3 Materials-

.b;y

Materials shall confom to the applicable
Section 12.3. paragraphs of [k

'

13.4 Testing

s

Testing of all materials placed in the plant area and the
berm will be performed in accordance with the tests listedin Seetion,12.,4..

, 13.5 Placement1

Material placement procedures shall conform to Secrion 12.5.|

Attention shall be given to not exceed the lift thickness
specified for the various zones of materials.

.

..
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13.6 Maisture Control.... '

.

.

Moisture control of the plant area and berm material'

y shall conform to Section 12.6.
sm . - - -13.7 Comoaction Requirements ......__.--......--.=w

'

13.7. Cohe
{

t

'All cohesive backfill in the plant area and Y I

the bern shall be compacted to not less a

then 95 percent of mv'-- density as l

,

determined by ASri D 1557, Method D )
/.... - ~ A_

13.7.2 Cohesionless Soils

All cohesionless backfill in the plant area
and the berm shall be compacted to not less
than 30 percent of relative density as deter--

minad by ASTM D 2049, with the exception that
Zone 4, 4A, 4Z, 5, 5A and 6 materials need
no special compactive effort other than.
as described in section 12.8.1.

13.8 Slides and Winter Protection

All provisions for slides and winter protection shall
. ( be similar to require =ents in Sections 12.9 and 12.10

13.9 Measurement & Payment
.

13.9.1 Measurement
__

E= bank =ent will be measured in place to the
nearest pubic yard of embankment material of
the various zones, satisfactorily placed and
compacted in the plant area and the berm.
Such measurement vill be made between the
foundation lines as determined by survey
in the field and the neat fill lines, grades
and slopes shown. No allowance vill be made,

for settlement of the foundation or of the
embanicsent during construction.

, 13.9.2 Pavment
-

Embanienent will be paid for at the applicable
contract price stated in the Price Schedule
for the items listed below.

.

Jb'

k

b's-,
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.

" -

Item 158 - Et.6ankment, Zone 1-
..,

'
-

*

Iten 17B - Eu'ankment, Zone 2o

Item 18B - Esbankment, Zone 3 1
,,

t

:

13.9.3 Zones 4, 4A, 5, SA, and 6 placed in the plant area
!' will be paid for under the appropriate item as
[ listed in 12.11.1.2. No other payment will be made..

r
i 13.9.4 Pay items ISB,17B, and 18B will be full payment
'

for placing and compacting the material. No payment
for additional compactive work to meet unanticipated
problems for slides and winter protection will be,

made.,

<

e

t

.

* '
-

t

.

k

, , . ,
,

. . . .
*

I
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1. M AGTCH QC INSTF UCTION NO. REV

1- QUAUTY CONTROL INSTRUCT 10rJ
'

' C-1.02 r
,, , g 2. PROJECT QC INSTHUCTioN No. REV

3 ~ JOB NO; 7220/ ~' : '* ' '

'r ,-

7220/C-1.02 3
* *

|' I 'N' dp C IVITY, DESCRIPTION INSPECTION INSP **o
.

SUPPL.EM E NTARYe + - ,
i

x - e. - , p., q,y.:.,s;, . - p, ).3 t. CRITE RI A ACT CooE RECoRo
-

.' CENENhL INSTRUCTIONS
'. . | '

,

e, .

..r . . .'
i: Purpose '(.a-;,I'.-

-
. , i

. '

,

. , 2.; . j ,q . - ~ .
.r

,.
,

The purpose of this QCI'is'.td.; provide sufficient inspection activities to-.

assure that the required quality .for: safety related activitics for compacted
backfill have.been achieved.

C|u:.,
'

.

,
,

.
.

:: L,';.|. . Q
.

,
,

"~

Scope - ,jf.j ;;
.

' '-

. ,( ,o . - 3 . :s._
,

...

~
e, ,e..

.
, . r . .

This QCI covers the insta11nt fon-of sompacted backfill by hand-held equipment
and motorized roller couipmente6The. scoping of the inspection Records for '/; T? -

this PQCI are not to exceedya4timejpSriod2of'one we'ek..
-

* '

7; ,;;a $p. -

Special Instructions,. . u.v C,"O.r. . .

' . . ; ',.' o

$.'k.k.h.}T . . .

''?:r.,

1. Backfilling operatio'ns will be separated into two sect' ions (1) work donc
by hand-hcid equipment;and.(2f motorized roller caninent. The following
specification's will be. used in the following cases:
a) Spec. C-211 -- Within 3' of a structure.

*

,
. b) Spec. C-211 -- Hand work in the plant area donc by Bechtel.

c) Spec. C-210 - Work performed in the plant area with roller*

'

' '' i.' .
equipment.,

, , . .. -

,

2. When preparing Block Number 7 " Reference. Criteria" on the IR the QCE NOTE: Referc nee critt ria shall beshall enter the documents necessary to perform the designated inspections. reviewed dail'r and cha ages in revisio 2These' documents'shall include; (1) the primary specification (s) revision
recorded on the IR. Evidence of thisnumber (s) with all specification ~ change notices and applicable FCR's,

(2) Project Engineering approved drawings with,all DCN's and applicable review' shall 1 e documented on the
field change requests. The primary specifications are those identified inspection ass ignment cecord.

!

in Block Nu'mber 6 of this QCI cover sheet.
N3. All documents used as inspection criteria for quality verificat. ion shall )

" controlled?' documents.
|:: |

. .

v

*
.
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{ 1. MASTER QC INSTRUCTION No, RCV
,
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.W : QUALITY. CONTROL INSTRUCTiud
.

C-1.02 1
"

.
,

, ' * ,.'
'

.

,
. y g^ JOB NO." ,' ,,

2. PROJECT oC INSTRUCTION No. REV'

7220 ' '
.- "

'

7220/C-1.02 3

IoI N$dd.QI!I;4Y o' SCRIPrlON
'

IN PC T8 N SUPPLEMENTARY
,

.' , ,,<
., CRIT ERt A C ODE RE. ,

i$h'GNkNL" INSTRUCTIONS (;
'

# I'

f i -' '

..'
'- , 7, . ,.

'Specini Instructions (Cont'd)' [ , ,
, ,

4. Where Project Engineering approved documents exist within the scope of'.

work to be performed, the Project Engineering approved document shall bc
,used. ''

Ifduringthereviewofthe.referc$ccriteriadocumentsoratanytime5.
later during the performance of these inspections, the QCE determines the
reference criteria documents.are not adequate to perform the required
inspections (i.e. , ' incomplete 'or omitted details, lack of cross-referencint
betwcon drawings, documents require |rclarity) he shall notify the Lead
Discipline QCE. The Lead Discipline QCE shall discuss the probicm with
the PFQCE who will' take the neccanary action for resolution. The inspec-
tjon and sign of f shall not. bc' completed until the QCE Ja sntiofied that
the document probicm,fif any,hns been antinfnctorily renolved.

.

6. The inspection codca in Column 6 of the QCL for in-proccan and finnl
inspection activitics are suppicmented by one of three difforcat symbols

'

to further define the type of inspection required: 1. (V) visual
inspection, 2. (H) measurements, and 3. (V&M) visual inspection and

' measurement. (V) is.to' inspect by visual exca'. nation, (M) is to insper.:
by physical measurement of dimensions or count 'of required quantity.
.(V&M) is to visually examine'to.dctect the apparent worst condition, take
.a measurement to verify acceptance.and visually c.impare the other items
, based on..this measur'ement. ' % ,,, '

,. y . . , ,

7. Section 2.0, In-Process Inspection Activitics, provides instructions fo'r
the activitics that require in-process inspection. The in-process
inspection.is performed progressively as the work,, proceeds to assure the
materials and items are being installed or placed'in accordance with the
project design requirements, and before the item becomes inaccessible to
inspection. -

'

a.

I O
,

* b : ' I
p ..>. , , . , , , ', ., . , ,,,

SFe2 6c/3 '*

s PAGC 3 or;,10 ocC.G 5
,
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, 1. M AGT E R C INSTRUCTION No. RCV.
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,
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QUALITY CONTROL..lNSTRUCTION. C-1.o2 1

'
-

., r$
. 2. PROJECT QC INSTRUOTION NO. RCV- -

3e '- '? .4 JOB NO* 7220 . .
' ,| 7220/C-1.02 3

f

3* ACT **
. .- - ** 5. G- L - '

::,:g,y$'/ ACTIVITY,DESCFilPT. ION *
.' ,., ,;, 4;p,

, ,

INGPECTaoN INSP SUPPLE M ENTA RY. , .
..1 : 5,.N ,.

.

a
; CRITERI A ACT CooE RECoRo. . , , , , ,

. . ., .r- w a . . . . . . . . ,* .

. ' , . , ,; J, GENERAL INSTRUCTIONS:y
. .

-
-

..

,

_. -

'

.

.

*.
*

,. .

. . , . (,J .. y,p. . J 3 ,~ ,, .. s7
7...,

. .

,.. - *,

.
,

-

8. Section 3.0, Final Inspection Activitiek provides instructions for .
.

i
,

inspection of the items inspected under Activity 2.0 to assure all items
-

'arecorrectlycomple,ted..]. ,
, s

'
.

.

: :.K '3. :.- ./ f; t '
.

.
'

,' 9. ' Incomplete items *and no'ncon.formingfitems,noted ,during these inspection",

"

activities shall be contro11edito.: prevent inadvertent use or installation
in accordance with SF/ PSP G-3.2.- The type.of documentation generated

.

shall depend on the nature of.the item.as described in SF/ PSP C-3.2. 1

. Incomplete items ,which.requirejdocumentation shall be recorded on Form ;.4
i- QC DR-1. All discrepancies recorded on Form QC DR-1 must be closed out j

'

prior to finni sign-off of,the relevant activitics under 3.0, Final ;

ji
Inspection Activities.. % ?. ' , ' +

: E. %:. '
'

.,' I O'. The total number of pages to.the Discrepancy Report, QC DR-1, shall be
|

;

progressively recorded on'.the ;IR as each new page of Discrepancies is
added in accordance with SF/ PSP.'G-6.1.~

.
'

.

T
, *

I 11. The laboratory test reports listed-in Block No. 7 in this QCI shall
be filed. separately from the Inspection Records in the QC Vault under,

-

Specification Sections C-211.3.and C-210.3.'
'

. ..

4

j' *e.
, .
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.g'$g@ggW@@ ~'@$1. Scope provided the tapering of the internal diameter *

'kgg;e'g(.{.[,.g.7
WM .

,

; l.1 These methods cover the determination is uniform and not more than 0.200 in./ linear ft ,gygg;p7I of the relationship between the moisture con. (16.6 mm/m) of mold height. The mold and i

j gg .gg,7 ;g3.-g[ tent and density of soils when compacted in a collar assembly sliall be so constructed that it ,

mold of a given size with a 10-lb (4.54g) can be fastened firmly to a detachable base g;gg ypm.w .y'

i rammer dropped from a height of 18 in. (457 plate. Capacity and dimensions of the molds gg ,yg 7/Qg
shall be as follows: .,.q p ; j g ,,rppmm). Four alternative procedures are provided

lk 3 .K g g 5 M p p(: p, p"5
2.1.1 Mold, 4.0-in. (102-mm) having a ca- ;h as follows:

; hrg^,[Mnm{V .N. eQ r. , 3Pacity of 1/30 (0.0333) * 0.0003 ft' (0.93 *Section,

! ~ p#,%g.y%y .Nig.
; 0.008 cm'), with an niernal diameter of 4.0 * eseM .p.g .?%/ A-A 4 in. (102-mm) mold: soil 3 ard 4 0.016 m. (102 * 0.41 mm) and a height of

;p&g >&. W''j,'@MM.;;'
M

.

i 'aterial passing a No. 4 (4.75-mm)
: N; .ryC'4.584 * 0.005 in. ((116.33 * 0.13 mm) (see
' p Q J. Q Q, -m/ /r-A 6-in. (152 mm) mold: soil 5 and 6 pig, g), ,.

. O "% % e. : - ' .. m;.cr~.material passing a No. 4 (4.75-mm) 2.1.2 Mold, 6.0.in. (152.4-mm), having a !
,.0 g g g * 4 .e. ;- p / .siese

I Method C-A 4.in. mo!J: suit material ' 7 and 8 capacity of 1/13.333 (0.075) * 0.00075 ft'
'

WlW. '.N ..
''

Method p-A 6.
19-mm) sieve (2.12 * .02 cm'), with an internal diameter of # M. OM:Y; d',. I. -

i paning a %in. ( .

9 and 10 < a < t.? v 4 N. '$ i
i

in. moh.1: soit material ,- .-f 6D * 0.026 m. (152 * 0.66 mm) and a he. ht p g *;.f ,.,._ .ig
( pawing a 5-in. sieve

i a$" g;g,W ; # ~;. ., ,dv '
..,

hof 4.584 * 0.005 in. (116.33 0.13 mm)(see ;
> ,

S Qhg ij ; ,j l.2 Tbc method to be used should be in- p;g, 2), i

WMEdMDIA57d7dicated in the specification for the material 2.2 Rammer: . '

h
'hkiMbD.;,!

.

Eih'MhD.'?NN.
; being tested. If no method is specified, the 2.2.1 A manually operated metal rammer

E'. provisions of Method A shall govern. having a 2.0 2 0.005 in. (50.8 * 0.13 mm) Ii

MSN. 'M" '|*4 c%.W'ddiameter circular face and wei hin810 * 0.0''

8 "% @ Warnlb (4536 * 9 g). The rammer shall be equipped M,p2* Apparatus -
i

E C-

% h' k t.b $ M N d h
, M2.1 Moms-The molds shall be cylindrical with a suitable guidesleeve to control the height

khD D'P'!$in shape, made of metal, and shall have the of drop to a free fall of 18.0 * in. (457.2 * /
capacity and dimensions indicated in 2.1.1 and 1.6 mm) above the elevation of the soil.The M k hh $$hW,

d.i%-2.1.2. They shall have a detachable collar guidesteeve shall have at least 4 vent holes not .y. c%Nr 7h'54M*ip .

M N

h N[[D5NbI i[h
assembt) approximately 2S in. (63.5 mm) in smaller than % in. (9.5 mm) spaced 90 deg ;

,

hei;ht. to permit prepar, tion of cumpacted apart and % in. (19.1 mm) from each end and .

k Ospecimens of soil - water mistures of the shall provide sufficient clearances that free

%d'h!CdQ@ri.%desired height and volume. The molds may be falls of the rammer shaft and head will not b-

Q WeTN.gh]];of the " split" type, consistmg of two half- hhTfjh {. .[
'

round sections or a section of pipe split along , % % , ,g,, g, g;u,, g g
ene element, which can be securely locked in cornmitice p.is on soit aw Rock for Er.ginecem, rur. wwc:m v. p'.a. ys m <v.m..

.

~ NNg[M,y+I-W"hM
,+ g. w x

place to form a cylinder as described above.
Qrrent c& tion af57

$'E2Dcreena n.19?o orisNns mued.

""t v:!. %: Q, QA @m v.Q.
.li 'E.N 7.E1958. Repixes D I 66 T.
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The molds may also be the " taper" type, ~h<

%m-M.,M.M
W. . y q.; :.D,q<-|w: ,

,1:. ; -m'f(n .
.

/J GMP; y .x m y.~.%g"x.a.211 w w.A.y*. %.

".v. . b~.h.w -p~h.$. I
. . x.d'[*.(P ' .e i.

vu ..
?.Mv,.y:w:. * N..

e 5. . *.osyy.g e m w
y J,.a. C *:y, q i r. :.p. . ; ' -'. y%.y a..m s , na--*9,ff' .*' y'. g.O-M y 4 -fy.%~f*Mww w.V. U.% '.;b a v ,, >Wg*..m.*w w~

wr. ennewsm.c=zr.m:www-a m, -.- vm-se
M ~n' . . . . m m 7** % +'* v*. W.w.- ,. m . - s ''

~. *'p|% y.n., %f,@: . :m.,. . _ '.' 4. .,.: s. C. ' . ''r

+ + '-
- .

.m --o,

4..,v.*i.: e. ,4 . c :.f.. q > ,g @*y g. f S .s. e 4 %g.4; qt; e.,f*f
4 e: w .

'.< ._.p, L.,. %
.eM O.;. W, &y;. .,

: 9 .:*. s .: 4 <
m4 t W,-

.e?C.,n.g.. a .T . . . x. g.%...s~. er p. .4,. .g ;.41 '
f L + .C m.w. . .

. :v - ym. w.n.Js W.e. . w ,, m.4. t c.D, nd . .g* w.~ ..?

, M 4 n, , e?< .;c -~-'-k N .,,_(',* M 'w. k C..w-"
a .. s m ..

AA* . $
.

%..*...
-

w .a r.f .. wp 8
e..py;-

w
. Y*.h.. f7d.[ . {$m. ./. y,s.y.t .

.g **n < v: '.ye
. ..

e
p ?. w ,,d .M. v. -

. r m ;u

h h. *, 4 , . . *
s %n bk,,,,,.q D % ,[*),. ~N U,k''. N. g

. ejg. .g.e

h
. , . .a| f fD.. .*.7. . ,3,,ir.e;;,.4 3,+7

'.''3 %;*-~. .N
a n, W.,.::.- R m%, ...%.; #p t, Q, ?.

.s . , m. ,

&.
. ;3e my e , .c

.3.hM. @.s , M 4 . 4.j;[Leew#m&',w:#.~qe?*:Q~o@'gj$-~a.~'Q. - 4%. .C .G.t. . e %s}~.:y/&. ;- . ,.
N.5 '<L c. w% .p ,,v. :m.W>h .nig

ee . m*.m s . e '
. %- g9

n u
M \ *s 1 a .. n

g y .y;:. v"# . 3.;;",. , . s.G ,%-m.a a.;. ._Qc.mN_Q.- n
.

_d.y. v ,n
:. ~ .. e-

.-a~ ~ m - c m... ~ -n_.. m... _u.. . ..
s um -s



".%*63mFMuJ,;U;.,Q'mj$ , h,. hbheQ*%94 .Y: y . y g q q y'g g f .g }.Q5p'g!
1 - -

j7
__ .g-

h D 1557 i

.tricted, i
and No. 4 (4.75-mm) sieves conforming to the I2.2.2 Mechanical Rammer-A metal ram- requirements of ASTM Specification E II, for cubic foot of the compacted soil.

rner that is mechanically operated by a device Wire-Cloth Sieves for Testing Purposes.' 4.3 Remove the material from t
equipped to control the height of drop to a free 2.8 Mixing Tools-Miscellaneous tools sh.ce vertically through the cen-
fall of 18.0 * b in. (457.2 * l.6 mm) above such as mixing pan, spoon, trowel, spatula, representative sample of the mater
the soil surface elevation and to uniformly etc., or a suitable mechanical device for thor- f the cut faces and determine n
distribute such drops on the soil >urface. The oughly mixing the sample of soil with incre- tent m accordance w,th ASTMi

manufactured weight of the rammer shall be ments of water. 16, for Laboratory Deanmnati_
10.0 * 0.02 lb (4536 * 9 g) and the operating ture Content of Soil.'
weight shall be determined from a calibration NIETllOD A 4.4 Thoroughly break up the r.
in accordance with ASTH! Method D 2163, for ,

E""* * "3. Sample .
Calibration of Mechanical Laboratory Soil

. **'" . mm) sieve as judged by eye. At
". damp when received sufficient amounts to increase tlCompactors.' There shall be 0.1 * 0 03-in.

from the field, dry .Eit until it becomes friable
content of the so,l sample by i

**

(2.54 * 0.76-mm) clearance between the ram- i

mer and the smallest internal diameter of the under a trowel. Drying may be .in air or by use percentage points, and repeat the a '
.

.

mold. of drying apparatus such that the temperature dure for each increment of water :
,

2.2.3 Rammer race-The circular face of the sample does not exceed 140 F (60 C). tinue this series ordeterminations i
.

tammer shall be used but a sector face rammer Then thoroughly break up th: aggregat.
.

ei:her a decrease or no change .mtions in
.

may be used as an alternative, provided the '.uc a mannu as to ad ducing de nawal weigM, w, in pounds per cubic
report shall indicate the type of face used other sue individual particles. compacted soil.

.

! than the 2-in. (50.8-mm) circular face. ' "'' "" " "9"** quantity f the repre- hon I--This procedure has been to
3.2.4 Circadar-race Rammer shall have a sentative pulverized so.l through the No. 4 tory in most cases, liowever,in instansi

flat face. 2.0 * 0.005-m. (50.8 * 0.13-mm) (4.75-mm) sieve. Discard the coarse material. il
ugn neantly ,6 rragile in character ant5? . material

.f any, retained on the No. 4 sieve. m gran. size due to repeadi.imeter with a soil contacting face of 3.142 * i
. Lion, and in cases where the soil is a he

0.031 in.'(20 * 0.2 cm')' 3.3 Select a representative sample, weighing cla>ey material into which it is dirncult
2.2.5 Sector-Face Rommer for use with 4.0 approximately 7 lb (3.18 kg) or more, of the ate =ater, a separate and new s,imple sh

in. (101.6-mm) diameter molds shall have a s 'l prepared as described in 3.1 aad 3.2. cach compaction test. In these cases,
. . .

samples shall be thoroughly mixed with
"'t face, l.9 * 0.02-in. (48.3 * 0.5-mm) radius

. 4. Procedure * "'" 5" f6Ci*"' l' " "'' th' * '''" '
a soil contacting face of 3.14 * O 03 in.' samples to vary by approsimately twt,

i 0.2 cm ) which is a sector of a circle. . 4, .3.horo@ mix the Wectd representa- p ints. The moisture contents selected >
. the optimum moisture content. thus prt2.2.6 Sector face Rammer for use with tu sampje with sufficient water to dampen it pies which, when compacted, will increa

6 0-in. (152.4-mm)diometer molds shall have a to approximately four percentage points below to the maximum density and then decrea
flat face, 2.9 * 0.02-in. (50.8 * 0.51.mm) ptimum mohture conant. The sampics of soil-water mixtures shall

radius with a soil contacting face of 3.11 * 4.2 Form a specimen by compacting the covered containers und adowed to stand
than 12 h before m'aking the mohture-d

0.03 in.'(20 2 0.2 cm') whi;h is a sector of a prep red soil m the 4-m. (102-mm) mold (with
gg co!!ar attached) m five equal layers to gise a
2.3 Samp/c Extruder (of tional)-A jack, total compacted depth not to exceed 5 in. (127

frame, or other device adapted for the purpose mm). Compact each layer by 25 umformiv 5. Sample-

~

of extreding compacted specimens from the distributed blows from the rammer, During 5.1 Select the representative san
compaction, t!ic mold shall rest on a uniform, e rdance with 3.3, except that it s"

2.4 Balances-A halance or scale of at least rigid foundation, such as provided by a cylin- approximately I6 lb (7.26 kg).
25-Ib (ll.34-kg) capacity sensitive to 0.01 lb der or cube of concrete weighing not ! css than

.

6. Procedure200 lb (90.72 kg). Following compaction, re-EI "" " ""## " * ' * * " E
capacity sensitive to 0.1 g. move the extension collar, carefully trim the 6.1 Follow the same procedure as

2.5 Drying oven-A thermo>tatically con- compacted soil even with the top d the mold for Method A in Section 4, excer
trnited drying oven capable of maintmning a by means of the straightedge, and weigh. following: Form a specimen by com;,

temperature of 230 * 9 F (110 * 5 C) for M * weight d the compacted speci- prepared soil in the 6-in. (152.4- 7
drying moisture samples. men and mold, minus the weight of the mold, (with collar attached) in five equal

stra. htedge by 30 (or divide by 942.95), and record the gise a total compacted depth not t(2.6 Straightedge-A steel ig
about 12 :n. (305 mm)in tength and having one result as the wet unit weight, w,in pounds per in. (127 mm), each layer being com
beveled edge. 56 uniformly distributed blows fron'

,,,,,f g gjg7y g,,j,,ds. Part 19.2.7 Sieves-2-in. (50-mm), %-in. (19-mm) * Annuet soot ef astu siemia,ds. rart 4t- mer. Multiply the weight of the 8
specimen and mold, minus the wei;
mold, by 13.33 (or divide by 2123.71
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f''. cubic foot of the compacted soil. the result as the wet unit weight. y .in pounds
'NN %M ".'Ne

N-DN' M'$M 27Y'hh:s/fd?
4.3 Remove the material from the mold and per cubic foot of the compacted soil.

slice vertically through the center. Take a,Is METHOD C t J
'' j g p ,.g%representative sample of the material from one

of the cut faces and d$termine moisture con. 7. Sample 3 JM,$r "W[DMi. D ,i*
tent in accordance with ASTM Method D

.'lN. . . .rD7.I f f the so.l sample . damp when rece.ved'e. i is e;o 3~-2216, for Laboratory Determination of Mois-. . .

tu e Content of Soil 8 from the field, dry it until it becomes friable %u ., Mfvb M+m
.

'

*. . s

4.4 Thoroughly break up the remainder of under a trowel. Drying may be in air or by use a-tg# kg$EN.
rs

.Elich si-e.@bgZthe material until it will pass a No. 4 (4.75 of drying apparatus such that the temperature '
.

:U$77%of the samples does not exceed 140 F (60 C).mm) sieve as judged by eye. Add water in
" L h.W.ikgM$'ed sufficient amounts to increase the noisture Then thoroughly break'up the aceregations iri ;

'pg3;b. w i
; 6,.e. m- W.m ,.%w tcontent of the so.l sample by one or two such a manner as to avoid reducing the natural | .

wwle

!w[d-@%,. . y,Wo..t
. . .

,i
size of individual particles.

.
-

.

pe percentage points, and repeat the above proce- %.p3'q.M
.

V,i
l.re dure for each increment of water added. Con- 7.2 Pass an adequate quantity of the repre-

4Wf4. -@<"i- w<-gh:mp. o.g. ?..
2 m

. sentat.ive pulver.ized so.l through the a -in. (19-4 .ia tinue this series of determinations until there is -

% J.... . mm) sieve. Discard the coarse material. if any,
.U n either a decrease or no change in the wet unit .c . . -

.g. W,
.V. t n, , g., w* *< P r.retained on the >. in. sieve.

. . ..a
i g-@4. 7.W4.f.La,

pl weight, y.,, in pounds per cub.ic foot of the
.. .

c .

hs
.

i compacted soit* Non 2-lf it as advisable to maintain the same' ./;;p

Q,Q % L: g.n%J C. k,c4. gy.gpercentage of coarw material (passing a 2.in. (50.8- , ,-.yFC' Non 1-This procedure has been found satisfac- mm) sieve and retained on a No. 4 (4.75.mm) sieve)
4 tory in most cases. Ilowever,in instances where the in the moisture-density sample as in the original Geld M g4tg.y.% ,'@@i.i7

", g* soil material is fragile in character and will reduce sample, the material retained on the Lin. (19-mm) 3. . ..J.u 2. ~ . $.i ! ''164-%',f%
.

signiGeantif in grai . sire due to repeated compac- sieve shall be replaced as follows: Pass an adequate
,

4

tion, and in cases where the soil is a heavy-testured quantity of the representatis e pulveri/ed soil through
; g@g$%p %gifd ',.a f % g73.M S

, p
#g claycy material into which it is difGeult to inccarpor- the 2-in. (50-mm) and L-in. (19.mm) sieves. Discard
ihe ate water, a separate and new sample shall be used in the coarse material retained on the 2.in. sieve.

; y wg.%6pfr.'d.f'|.bM J 'cath compaction test, in these cases the separate Remove the material passing the 2-in. siese and j, Q eQ
samples shall be thoroughly mised with amounts of retained on the L-in. siese and replace it with an dM7f

'^ $p y$y.kgQi ;water sufGcient to cause the moisture contents of the equal weight of material passing the Vin. sieve and J ,,g;1 Q..

samples to vary by approsimately two percentage retained on the No. 4 sicsc. Take the material for 7;4, WQs..points. The moi >ture contents selected shall bracket replacement from the unused portion of the sample. , .p,.),t'.,',$4@ 4ta. r
the optimum moisture content, thus providing sam-

TT,g,..;y s p ;-4;:
_ . w,, w p w ,1 il pies which, when compacted, will increase in weight 7.3 Select a representative sample, we. hingig . Qi

to the maximum density and then decrease in weight. approtimately~ 12 lb (5.4 kg) or more, of theow dW' .MN.The samples of soil-water mixtures shall be placed in
iss,,q'N.g.iN12. covered containers and allowed to stand for not less soit prepared as de*.cribed in 7.1 and 7.2.

gy-W.Xf. t
cine than 12 h before making the moisture-density test.

3@.4 3" b 6 'f K
'

~.n.c't pp#%.,ggy,
ith SW E.I

METIIOD B 8. Procedureea p% w.e

,9}GJ''[.. @49 @c v.
127 8.1 Thoroughly mix the selected representa- .'r j5. Sample

.d!6 fMMnig tivesample with sufficient water to dampen it '

;3} 5.1 Select the representative sample in ac- to approximately four percentage points below '. j(%%$hh.
rr i. cordance .with 3.3. except that it shall weigh optimum moisture content.

' y,g:M@EyWg gvh
g,,3 approximately 16 lb (7.26 kg). 8.2 Form a specimen by compacting the QWMkQMM3Mia n prepared soil in the 4-in. (101.6-mm) mold

j' f Q ?GWp6. Procedure
(with collar attached) in five equal layers tore. .;

the 6.1 Follow the same procedure as described give a total compacted depth not to exceed 5 f'3 - sh$liold for Method A in Section 4, except for the in. (127 mm). Compact each layer by 25 b *'%wT.e.

38 following: Form a specimen by compacting the uniformly distributed blows from the r:immer. ~ kmg%hui. prepared soil in the 6-in. (l52.4 mm) mold During comp.iction, the mold shall rest on a p $j g
AJ, (with collar attached) in five equal layers to uniform. rigid foundation, such as is provided [ gMgdyC'
ii.e give a total compacted depth not to exceed 5 by a cylinder or cube of concrete weighing not

C gg@fg.;g.dp.:t in. (127 mm), each layer being compacted by less than 200 lb (90.7 kg). Following compac- %g gy.
e hg,sp:d"wL .% kwy..f..'.

56 uniformly distributed blows from the ram- tion, remove the extension collar and c.trefully h4 trner. Multiply the weight of the compacted trim the compacted soil even with the top of c

13 9 9..specimen and mold, minus the weight of the the mold by means of the straightedge. Patch Q.g
jg, ,rgj:gJ

g /
mold, by 13.33 (or divide by 2123.76). Record holes developed in the surface by removal of

.,
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coarse' muerial with smaller size material. CALCUI.ATIONS AND REPORT
Weigh the mold and moist soil. Multiply the

II. Calculationsweight of the compacted specimen and mold, - =

min s the weight of the mold, by 30(or divide 1.1 Calculate the moisture content and the g
by 942.95), and record the result as the wet unit dry unit weight of the soil as compacted for a
weight. y., in pounds per cubic foot of the each trial, as follows: &
compacted soil. . [(A , s)/(s c)I x 100 k ,a

m
8.3 Remove the material from the mold and

andslice vertically through the center. Take a % ,6@
representative sample of the material from one 7. - [y./(w + IW x 100

j L, i
of the cut faces, weigh immediately, and dry in where: t

- percentage of moisture in the specimen. _j,-an oven at 230 * 7 F(110 * 5 C)for at least 12 w
h or to constant weight, to determine the A - weight of container and wet soil, r

, moi.ture content. The moisture content sample B - weight of container and dry soil, p! shall weigh not less than 500 g. C - weight of container, d **

'. 8.4 Thoroughly break up the remainder of y, - dry unit weight, in pounds per cubic
[% .,

the material untilit will pass a %-in. (19-mm) foot of compacted soil, and t.3 e

' sieve and 90 percent of the soil aggregations y. - wet unit weight, in pounds per cubic ? 8
"

will pass a No. 4 (4.75-mm) sieve a4 judged by foot of compacted soil. ( $,

e)s. Add water in sufficient amounts to in- /~A3/ud
crease the moisture content of the soil sample 12. Moisture-Density Relationship - 7 y bl

g K
by one or two percentage points, and repeat the 12.1 Plot the dry unit weights in pounds per h N
above procedure for each increment of water cubic foot (densities) of the soil as ordinates U_ V,

added. Continue this series of determinations and the corresponding moisture contents as '"
,

until there is either a decrease or no change in abscissas. Draw a smooth curve connecting the 4
the 7 "iit weight, y.. in pounds per cubic plotted points. ,gggQggg
t'oo compacted soil (see Note 1). 12.2 Optimum Moirrure Content, w.-The .y

" "* *" * "*sp nd ng to the peak ofMETil0D D
the curve drawn as d.irected in 12.1 shall be -

9. S!mple termed the " optimum moisture content" of the *'

9.1 Select the representative sample in ac- soil under the above compaction..

'"- ' " ' "
. . 12.3 Maximum Density, ycordance with 7.3, except that it shall weigh

in pounds per cub.
..-The dry.

unit weight . ic foot of the soit u n,
approsimately 25 lh (11.3 kg). at "optim um moisture content" shall be % 12

% 6.4
10. Procedure termed " maximum density" under the at.cae % s7

compaction. % 9.510.1 Follow the same procedure as de- s n 82.7
scribed for Method C in Section 8, except for
the following: Form a specimen by compacting 13. Report *

, .

the prepared . soil in the 6-in. (152.4-mm) mold 13.I The report shallinclude the following:
(with collar attached) in five ciual layers to 13.1.1 The method used (Method A. B, C.t

giv,e a total compacted depth not to exceed 5,;,or D), *
,

in. (127-mm) each layer being compacted by 56- -- 13.1.2 The optimum moisture content, and
unifo'rmtv distributed blows from the rammer' 13.l.3 The maximum density.
Multiply'the-weight-of-the compiEted'speci. 13.1.4 in Methods C and D. indication of

-

nien and mold, minus the weight of the mofd, removal or replacement of bin. (19.1-mm)
h) 13.33 (or divide by 2123.76). Record the material.
result as the wet unit weight, y.,in pounds per . 13.1.5 Type of face if other than 2-in.
cubic feot of the compacted soil. (50.8-mm) circular.
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h- # {*oda '* ** 1.1 This method is for establishin;
"

Z m, 1 .B B .. . i., 7..
e

ture-penetration resistance relation
,

,

.

.

This volume to bef
g g h t o ocors cu rt j '8****'-

trometer.t o X
l o **

%
y K 2. Apparatus

~

$ $ ~$ 2.1 hicisture.Dertsity Apparat
A"3Igu f, , [{. forming to the requirements pre (,

% 9h *{;"g' ' ASTM Methods D 693, Test for

, k. N. N h
'

- - -

Density Relations of Soils, Using 51
-(Q%iMkW&w&WSc@MWMX&RMN.-RN I 3 kg) Rammer and 12-in. (304.8-mm) I!

.t
| | 2.2 Soil Pctierrometer-A soil p |** e*,

ter (Fig.1) consisting of a special spi
Meine Equi.alems

mometer with pressure-indicating se
stem of the handle. The pressure scain. mm in. mm

graduated to 90 lb in 2 lb divisions s

Q: y 2' encircling the stem at each 10-Ib i
'

'. i4 2% 60.3 graduated to 40 kg in 1.kg divisions '
'e.t s.7 4'. los n encircling the stem at each 5-kg is" 45 8'43'

sliding ring on the stem shall int*

% 12.7
maximum pressure obtained in the

.

2.3 Set of Penetrometer Needric. 2 c>tindric.i u.id. 6.n.in. a ss2.4-mmi r., sosi penetrome:er needle (Fi .1) shall ccITests.
shank with a head of known end are

Br pubiscation of chle standard no position is caten avith respect to the vefsdits of ens patent rights in connectit.a of interchangt3ble needles shall in
theresstk. a=J the Amencan so.irts for Tewne and Materia:s does not andertale to in< ore ensono ordmns the standard sites given in Table i. The needle si
egasest Inahutors for infronern'ernt of ans i.rtters Potent nor assaanse ons such Imbilutr.

have graduations insenbed at . terval
. . .

in
(or 10 mm) to indicate the depth of pe
and shall have a length of not less tha
100 mir-) escluding the threaded por

3. Sample

3.I Prepare the sample in accord >
cither Method A or 11 of Methods D c
preparation, th: fraction passing t)
(4.75-mm) sieve shall have at least 2

' passing the No. 200 (755m) sieve.-
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Meg;MM-N 'Standard Method of Test for
h,hh.k!' ' " " " DENSITY OF SOIL IN PLACE BY THE SAND-CONE
Yr,IM N R112rstra- M ETHO D
g..p

seat or onginal adoption or, in the case or revision, the year or last revision. A number in parentheses indicates the ) car or e IM. k.[ k* ...).MThis Siandard is is,ued under the rised designation D 15s6; the number immediately following the designation indicates the' at on '

gigMM. .f
'

las reapproval. Wy R

' #"" Yg%W4$m re.
d4S'|mains M

be ob. ' Nm-The quation in (4 =as cuorially corrected in July 19n. jM.Q q.,qay,-g

Q;.I.* Mf[gg, j{(.
- yI. Scope density greater than I percent.

p iac e- 1.1 This method covers the determination of
2.3 Balances-A balance or scale of 10-kg r.g .tg

the in. place density of soils. The apparatus capacity accurate to 1.0 g and a balance of'"*'#"d * p g.

[g.,ghy;.43QQ:described herein is restricted to rests in soils 500-g capacity accurate to 0.1 g.
. g ,h.pg.,containing particles not larger than 2 in. (50.8 2.4 Drying Equipment-Stove or oven or

mm) in diameter. other suitable equipment for drying moisture r,gpppa g
content samples. ; g.g3 *ggy.W

. iM. a % ,.

;)?yfW|g,&~..p-%.y .-
.

2. Apparatus 2.5 Miscellaneous Equipment-Small pick, e.;s

4:3 .;g.ych. ls, or spoons for digging test hole; 10.se m.' 2.1 Density Apparatus-The density appa,
ratus shall consist < f a 1-gal (4-litre) jar and a (254-mm) frying pan or any suitable container ,s u. g.o

;[.y @detachable appliance consisting of a c3'indrical for drying moisture samples; buckets with tids,

valve with an orifice % in. (12.7 mm) in seamless tin cans with tids, canvas sacks or r.gg ggyg.
diameter and having a small funnel continuing other su,itable containers for retaining the , pry f? yg;

;g@;.yq%g@gg yW@Q@f.c. .,.$yt .5(;
to a standard G masonjar top on one end and a density sample, moisture sample or density ic ga

; .W.sand respectively; thermometer for deter-large funnel on the other end. The valve shall -
ihave stops to prevent rotating the vahe past mining the temperature of water, small paint- -

:% Tr(
'

the completely open or completely closed p%i. type brush, slide rule, note book, etc.

.

M. ..J.82d%., M.!*htions. The apparatus shall conform to the 3. Procedure 4 -wWN -

requirements shown m. Fig. I. y w.w. 3Nw;-

Detedne N vdume d me jar and ,' , d.j.ggg ggpNorr 1-The ap aratus described here repre-
attachment up to and , cluding the volume of 3 >;' y., . gu pf.y .m .sents a design th.it as proved satisfactory. Other

4. P yr W .'<.5 9 ;. "-+D b 5 W;"*D.
apparatus of similar proportions will perform the valve orifice as follows (Note 2):
equally well so long as,the basic prmciples of the 3.1.1 We gh the assembled apparatus and

7- /<. <sand-volume determination are observed. This appa.
h,. q.gf. y.d M k'ratus, when fuit.can be used with test holes having a ICC0fd-

:. 6 5 n '.r l. S@,volume of approsimately 0.1 ft'(3 dm'). The base 3.1.2 Place the apparatus upright and open
dj4y M;M,.';'plate shown in the drawing is optional;its use may thegatye,
'.,fi[i Gq y ;;make levehng more difficult but permits test holes of

: bpp-C. %p:|c3's.3 Fill the apparatus w. h water until itl it g,larger diameter and may reduce loss in transferring .

soit from test-hole to container as well as afford a appears over the valve. ' y3 -

YbNh*Mmore constant base for tests in soft soils. When the 3.l.4 Close valve and remove excess water. I i

~ - pS.CN ::,-
^

base plate is used it shall be considered a part of the 3.l.5 Wcigh the apparatus and water and e',y*

M@dg,g%
funnel in the procedures of this test method. Wp,

determine the temperature of the water. pd;/
U k$bY'4*h.f'N#.d'6hk'b

2.2 Sand-Any clean, dry, free-flowing. 3.1.6 Repeat the procedure described 3.1.1 kuncemented sand having few, if any, particles to 3.1.5 at least twice. Convert the weight of ?

passing the No. 200 (75-gm) or retained on the water,in grams, to millilitres by correcting for

i. M. N / M [Q* M,
NfhNo,.10 (2.CO-mm) sieves. In sclecting a sand the temperature as given in 4.1. The volume

. hTg$p.T,,g j.y'$
'for use several bulk density determinations ,

should be made using the same representative 'This methad is under the jurisdwtion of AsT.si com-

. ~ggQ'd.p4J.W2
e

p

sampic for each determination. To be accepta. mittee D.18 on Soil and Rock for Engineering Purposes. ,
.

. roth
.

Current edition ap 31. 8964. Onginally
*

ble the sand shall not have a variat. ion in bulk issued 1938. Replaces browed Aug.
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used shall be the average of three determina. available shall be determined by reweighing. IV. - 62.427 W,/ V,

where:tions with a maxirrum variation of 3 ml. 3.4 Determine the density of the soil in
Non 2-The volume determined in this proce. place as follows: 8V' = bulk density of the sand,

IVs - sand required to fill thdure is constant as long as the jar and attachment are 3.4.1 Prepare the surface of the location toin the same relative position. If the two are to be .

separated match marks should be made to permit be tested so that it is S tevel plane. (3 2.3) g and
reassembly to this position. 3.4.2 Seat the inserted apparatus on the y' - v lume of apparatus,(4.1;

3.2 Determine the tulk density of the sand Prepared plane surface and mark the outline of 4.3 Calculate the moisture con

to be used in the field test as follows (Notes 3 the fu""*I-
dry weight of material removed f,

. . hole as follows:
and 4): NorE 7-in soils such that leveling is not success.

3.2.1 Place the empty apparatus upright on ful a preliminary test shall be run at this point w = [We M*.)/IV.) x li*

measuring the volume bounded by the funnel and ,y* - 0.2205 n. /(w + 10a firm level surface, close the valve, and 011 the ground surface. This step requires balances at the .

funnel with sand, test site or ernptying and refilling the apparatus. where:
3.2.2 Open the valve and, keeping the funnel After this measurement is completed. carefully brush = percentage of moisture,w

at least half full of sand, fill the apparatus. 'h' ** d I'"" "h* P''P*''d *"'I**** buW
Close the valve sharply and empty excess sand. 3.4.3 Dig the test hole inside the funnel Ws - mois; weight of moisture s

3.2.3 Weigh the apparatus with sand and mark, being very careful to avoid disturbing W. - dry weight of moisture san
determine the net weight of sand by subtract. the soil that will bound the hole. Soils that are W. - moist weight of the mater;
ing the weight of the apparatus. essentially granular require extreme care. test hole, g, and

Nors 3-Vibration of the sand 4 uring any sand Place all loosened soil in a container, being w. - dry weight of material fro8

weight. volume determination may increase the bulk careful to avoid losing any material. Ih,
density of the sand and decrease the accuracy of the 3.4.4 Seat the apparatus in the previouslydetermination. Appres,able time intervals between
the bulk density determination of the sand and its use marked position, open the valve, and after the TABIE I hiinimum Test Hale Volume
in the field may result in change in the bulk density sand has stopped flowing,close the vahe (Note Steiwa, cemem samrie, si wd st.sim
caused by a change in the moisture content or 3), ticle
effective gradation.

Non 4-It is possible to determine the bulk 3.4.5 Weigh the apparatus with remaining
_density of the sand in o.her containers of known sand, and determine the weight of sand used in stani .. pariicie s;u T,st se,u,

volume that dimensionally approximate the largest the test. Volume, ft
at hole that,will be dug. The general procedure used
s that given m 3.4 for determining the volume of the 3.4 6 Weigh the material that was removed

test hole. If this procedure is to be followed it shall be from the test hole. No. 4 Sieve (4 75 mm)
0 02,5g ;,, , g3 ,, gg3

determined that the resulting bulk density equals 3.4.7 Mix the material thoroughly and se. Iin t25 mmi -

o.o73that gisen by the jar determmation. cure and weigh a representative sampic for 2 in tSC m) o son
3.3 Determine the weight of sand required moisture determination.

to fill the funnel as follows (Notes 5 and 6): 3.4.8 Dry and weigh the moisture sampic.
3.3.1 Put sand in the apparatus and secure 3.5 The minimum test hole volumes sug.

the weight of apparatus and send. gested in determining the in. place density of
3.3.2 Seat the inverted apparatus on a clean, soil mixtures are given in Table 1. This table

level, planc surface. shows the suggested minimum weight of the
3.3.3 Open the vahe and keep open until moisture content sample in relation to the

after the sand stops running. maximum particle size in soit mixtures.
3.3.4 Close the valve sharply, weigh the

apparatus with remaining sand, and determine ,g, c,gy,g,,g,,,
the loss of sand. This loss represents the weight
of sind required to O!! the funnel. 4.1 Calculate the volume of the density

3.3.5 Replace the sand removed in the fun, apparatus as follows:

nel determination and close the valve. V -GTi

Norr $~This determination may be omitted if where:
the procedure given in Note 7 is followed. When the y, = volume of the density apparatus, ml,base plate is used it shall be considered a part of the
funnel. C'. = water required to fill the apparatus, g.

Nort 6-Where test holes of maximum votume T - water temperature-volume correction
are desired it is possible, after the bulk density shown in column 3 of Tabte 2.determmation, to settle the sand by vibration and
increase the weight of sand in the apparatus. If this 4 2 Calculate the bulk density of the sand as,

procedure is followed, the total weight of sand follows:
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6h D 1556

NINn&|.@L.8.,,p;;';Ne -N'W - 62.427 W./ V. 4.4 Calculate the in. place dry density of the

.M. x n % y .n
~

where: material tested as follows: ;* iW .W
.w@&e4 ...'" w

h M.9.k" g .y| d.a
W, - bulk density of the sand, Ib/ft V - (IV - W.)/453.6 W.8 '

W, - sand required to fdl the apparatus W . W./ V !! 3 04'"T'W' 3
%.9
f

.e s..p%p*'NM}* (3.2.3) 8, and E
where: vem y

gh.M'-% 'A.ex e'r)v.'.
V, volume of apparatus,(4.1). M N .T- V - volume of test hole, ft*8

4.3 Calculate the moisture content and the
' #pis'W .7

>5 f
,n7if W, - sand used, g (3.4.5).

i h|?p'd'd,og,.Q@N..
{ dry weight of material removed from the test iM bIV. - sand in funnel (3.3.3) g and -

: hole as follows: Y
& M f ' 4 4* g;7$W. W.C'910 , , W-

dry density of the tested material,Ib/ftW 8-

.Y w . |W8- W,)/ W.| x 100
i r. W . ff. :'' t Nort 8-It may be desired to espreu the .m. place

ind W. 0.2205 W./(w & 100) density as a percentage of some other density, for ? f d"~ jf 7,p.-NT/Mf' ;/Sth* czamp!c, the laboratory masimum density deter.

@;M'$;'M r'.g/.,T-|
*

* * - ShCIC: mincJ in accordance with Method D 698. Test
. ,}2d.. .. ..MD,E.pff J*

S'h percentage of maisture, in material for Moisture. Density Relations of Soils. Using a $.5w - >
f.

This relanon can be determmed by dm,mm) Drop.8 (h%f%,p9ygf.y;Ib (2.3.kg) Rammer and a 12.in. (304Lfrom test hole.

i T. m . V ,W:
dmg the m. n4 1moist weight of moisture sample, g, place density by the masimum densit) and multiply.nel D.s- ' M r. N .> . . ? '.:e

'

ing W. - dry weight of moisture sample, g, ing by 100.

iW*%.o%'5 Gl'3h .
7*

- .. a n.- U 4 ' y, @, : M. w.
are W. . moist weight of the material from the n p y.,:
tre. test hole, g, and ;.gg4.h,2fy t,; .,

:; gQ:p$5Qigafy;y.
ing W. - dry weight of material from test hole.

.,,?, . ;; Q.Ih. *Annualkk ofAST.tt Standards, Part 19.
i,i.y wpH[.. f' m .:M, m.

9.,,y'h .F.7 " 'E.n
the T A M L F. I Minimem Test iloie Vol am sad Mia:m== TABt.E 2 Yeleme of Water per Cram Bawd on M' J ' v r.e

;pte twee festent Samples Bawd on Mauimum Sise of Par. Temperature jg , ;.

4
,p,7py4g,g$[O A. . , % n ,,TP .a.4 g. '-

Tempuature y ,g,,,, ,g g, g,,,
lin$ %mmum ,' 'C',:* b h

,

"""

, y g' W+fe.JP.I.,. g r',y.j gd in Ma.imum Particle S.re Tcst ilote Monture des C des F ml/I 5-

. J.g . g .,- Q.g@'
mo *wwc | .

Yolume, it, * , n . c.,

Sample, a 12 53 6 f.00N8

. ,fe,$,A|T[*fd.*d**. 88.
3.

'%t.g gt,.mc
.

r

.u.d 14 $7 2 100073 *
, ,:.

No. 4 Sieve (4.75 mm) 0 023 100 16 f.0 8 1.00103
.t 'Y'd .J .

J

1 N' +7,*,** /
J M

&# }i s m. (12.5 mm) 0.050 25n 18 64 4 t00135 [J :
.'

'

f
,e. 1in 25 mm) 0.075 500 20 6s.0 t00177 r

'.[^.g$,-y> 7{ *//[
3'..

*k .Wr 2 n. t50 mm) 0.l00 10Un 22 71 6 100221 .
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sh,eelder-reld,/rf er ,e,i,ermining M 01STU R E-D E N.,arken d' *

it seis den e===m
-,

10.lb (4.5.kg) R.'- *

Rebberr/ag er gaoket
This Standard is issued under the (ned desiga.i'
ear of original adoption or,in the m of re i

h.i.*i. } Metal Fennel '' ''#

S. . A ..). t..

~^^^ ^.
Ve/re steps 1. Scope

,

'. 1.1 These methods cover the deter --

5 of the relationship between the moisj [ 0/o1[ ff[ tent and density of soils when compt'.
~'{~ mold of a given site with a 10.lt-

!
.

' Fe/re rammer dropped from a height of l'y,fy ,,fj,
mm). Four alternative procedures are

,

of as follows:
*

1* pf, Ne/e/ roses / Afethod A-A 4.in. (102.mm) mold: soit
2 material passing a No. 4 (4.75.mm)

sieve
Afechod B-A 6.in. (152-mm) mold: soil

~ material pauing a No. 4 (4.75-mm)
sieve

a l. O/a Afethod C-A 4.in. mo!J: soil material
8 8888 #/8/8 passing a '..in. (19-mm) siese

|-
el* O/o

.| passing a '..in. sieve
Afethod D-A 6.in. mold: soil material

*

N. . . . . ..ll |l,. . . . .j | 1.2 The method to be used shou
.

|- -| dicated in the specification for the
sa. sg. being tested. If no method is speciis,

steeric Equi'aleaes Provisions of Method A shall govern.

2. Apparatusin. mm in. mm

W t 2.7 6ts 105.1 2.1 Molds-The molds shall be c3
% 19 1 6'. 17 t.5 in shape, made of metal. and shall'

12 M4s$ ,2js capacity and dimensions indicated in *
2.1.2. They shall have a detachab!

IIc. I Demier Appsent=*. awembly approximately 2'. in. (63.5
height, to permit preparation of cu
specimens of soil . water misture-

The Amer!can Saciety for Testant and hfarerials takes ao position respecting the validity of any patent enghts asserted desired height and volume. The mold.
nn connectwo with any item montsoned in this standard. Vsers of this standard are espressly advised that determunation of the of the split type, Consisting of t'salidsey of any sanch patent rights. and the risk of enfrsagement of such rnghts. ts entirely thent own respons&dity,

. round sections or a section of pipe sp
one element, which can be sceurely 1
place to form a cylinder as describei
The maids may also be the " tape

210
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O oises #A a isisa -

the aver se of 11 :rmina. avaitahic shall be determined by reweighing. W. - 62.427 W,/V 4.4 Calculita the in-place dry / 'ofthe '-
i

wh. matenal tested as follows: . -

L cnint:m variatio al. 3.4 Determine the density of the soil in "'

: vehune desermined'in tais procc- place as follows: W. - oulk density of the sand, Ib/ft' V - (W, - W.)/453.6 W.
. as.long as thejar and anachment are 3.4.1 Prepare the surface of the location to Wa - sand required to fill the apparatus W . W./ V

*

stave son. If the two are to be .

where:am s shoukt he made to permit : be tested so that it is a level planc.
(3.2.3) g, and

V. volume of apparatus,(4.1).-
ein posaica. 3.4.2 Seat the inverted apparatus un the y g ,,

4.3 Calculate the moisture content and the "

ine the bulk density of the sand' PfcPared planc surface and mark the outline of
.he held test as follows (Notes 3 the funnel-

dry weight of material removed from the test W, - sand used, g (3.4.5)'- -

'

W. - sand .in funnel (3.3.3) g, and '

hole as follows.
NOTE .7-in soils such that leveling is not success-

7"
W - dry density of the tested material,Ib/ft' ,

ful a preliminary test shall be run at this point w - { W. - W,)/ W,1 x 100
the empty apparatus upright on measuring the volume bounded by the funnel and | W. - 0.2205 W./(w + 100) densa) as a percentage of some other dendty, for

Nmt 8-It may be desired to caprcw ihe in-plaec
rface,close the valve, and fill the ground surface. This step requires balances at the ,

ad, test site or emptying and reliiting the apparatus. | where: egample, the laboratory maximum densay deter.
.

mined in accordance m,th Method D 698 Test |
the valve and, kceping the funect AA*''hi'''***"'****t is comp eted.carei.lly brushl percentage of moisture, in material for Moisture. Density Relations of Soils Using a 5.5 !; w -
fall of sand, fill lite apparatus. I from test hole. Ib (2.5-kg) Rammer and a 12-in. (304.8.mm) Drop 8 !

W, . moist weight of moisture sample, g This rctat[on can be descrmined by dividing the an. |
*

: 2 sharply and empty excess sand. 3.4.3 Dig the test hole inside the funnel ,

**" "" # ""MP !$[.t the apparatus with sand and mark, tcing very careful to avoid disturbing | W, - dry weight of moisture sample, g, g

- net weight of sand by subtract. the soil titat will bound the hole. Soils that are t. W. - moist weight of the material from the 4

' of the apparatus. ' ' essentially granular require extreme care. j test hole, g, and
W. dry weight of material from test hole. -

!
,raion of the sand during any sand Place all 12osened soil in a container, being - -

'lesermination may increase the bulk . careful to avoid losing any material. j lb. %auet ht of ASru Ss.mdass. Par 19
and aad.decreane the accuracy of the 3.4.4 Seat the apparatus in the previously |
Apprecsahic limie setervals inetwoca marked position, open the valve, and after the TABt.E I htiminem Test Hele Valemes and htiminem 1AstE2 Yelene er Waser ps Gran Ba,cd en

!
descemination of the sand and its use
result in chaase in the but density - sand has stopped flowing,close the valv' (Note . Meiss== casseet sempics some .a u.sim.m si .a rn. r,,,,,,,,c

sicle- hange is the nooisture content or 3}, .

I'*8'''''"'*-

,

[pr.t itde to determine the hum 3.4.5 Weigh the apparatus with re6aining u ;... voivmc or w ice. [g;_
. saad a other containcts of known . sand, and determine the weight of sand used in he..; mum rarticle she Test stoic Maa'"* *8C der l' "'/8

C
men approximate the largest ' the test. V88""*. A' s "'''' |u

fN s'.h$ fN*g,%, . #***!*the , g' Pr u L 3.4.6 Weigh the material that was removed 34
'' '' ''8 '"3proceduse is to he'foNowed it shall be : from the test hole. % in. (i2.5 mm) 0.05o - 250 ..
b $ |M !.. t the resuking hulk density equals 3.4.7 Mix the material thoroughly and se- e s in. t25 mmi c o75 500

n jar determ=== cure and weigh a representative sample for i 2 M50 mm) 0.ico scoo 22 . . as.6 sm22: |

: time the weight of sand required moisture determination. .| 24 75.2 sm26s .

[;6 $ |$ !

7s.s im320
net as follows (Notes 5 and 6): . 3.4.8 Dry and weigh the moisture sample.
cod in the apparatus and secure 3.5 The minimum test hole volumes sug-- 3

' apparatus and sand. .
gested in determining the in-place density of .t2 s94 .cos, i

the inverted apparatus on a clean, soit mixtures are given in Table 1. This table ,

. aface. . . shows the suggested minimum weight of the i

the v;lve and keep open until moisture content sample in relation to the .| |

. I stops running. maximum particle size in soil mistures, i
!: the valve sharply,' weigh the

h rem ining sand, and determine : 4. Calculations
, i i: id This loss represents the weight

red to fill the funnel. 4.1 Calculate the volume of the density ' j

we the sand removed in the fun- apparatus as follows: ; 'f

' tion and close the valve. V. - G T [
'

.
,

f iis determination stay be omitted if where: , i
.

l

' i 'en in Note 7 is foll8*sd. When the : V - volume of the density apparatus, mi,- !i
3 <ed h sham bc =+ed a part of the G - water required to fill the apparatus, g. .

'
.here test holes of manimum volumeb posible, aAer the bulk density ' ' T ' . water temperature-volume . correction

,

4shown in column 3 of Table 2.
. 4.2 Calculate the bulk density of the' sand as

I h s ' . follows: ,

< :ight o sand in a rat

: fonewed, the tesat weight of sand
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- sed shall he the r.venge cf three Jet:fmina, semilable shall he determa cd by rmighiJg. " s = OW r er / 8's 4.4 Cgiculate the in-place dry dcaity u, ,s

ons with a maaim:m v:s.ation of 3 ml.' 3,4' Determine the dcIsity cf the soil in where: material 1:sted t.s follows:,

Note 2-The setC ~ =rmined in this proco- ' # bulk density of the sand, Ib/fte . y.gy,. ' 53.6 W:jarsad alth are place as follows:
, ''8,

j ase b-e=aas k ~ W
she sense rotatsve s. If the two are to be . 3.4.1 Prepare the surface of the location to e - sand required to. fill the apparatus W. f

*

--

W match maann i vid he made to permit ; he tested so that it is a level planc. (3.2.3) 3 and *

- *

where:assembly to this poetis,a. 3.4.2 Seat the inverted app.iratus on the .f
y volume of apparatus (4.1). --

8, y ** ,

3.2 Determsee the bulk density of the sand prepared planc surface and mark the outline of 4.3 Calculate the moisture content and the . y, ,"
he used in the field test as follows (Notes 3 the funnel. 7* nt nIrn v d front the ten ,,cd g (3 4 ),

. holc a olio i' W. - sand in funnel (3.3.3) g, and
ad4): Nors 7-In soils such that levch.ag is not success-

t w - (W - W,)/W,] x 100 W - - diy density of the tested matenaI,ib/f,
- *

3.2.1 place the empty apparatus upright on - fut a prehminary test shall be run at this point ;s
mesasentsag the volume bounded by the funnel and

firsa level surface, close the valve, and fill the ground surface. This s.cp requires balances at the. W. - 0.2205 W.nw + 100) Noir 8-It may be ilesired to esprca the so-pla ' L

dcasy as a percentage of some oeher denyty, f '
saael with sand. test site or emptying and refilling the apparatus. where: czampic, the lakatory maximum drast, dcte '

3.2.2 Open the valve and, keeping the funnet . is] is com ,carefupush 8

percentasc of moisture,. in material Ior oiIu7DNc acl i onIo'rw -
i its, Un 5t least half fun of sand, fill the apparatus. from test hole, Ib i2.5-ksl aammer and a 12 in. (mt.s.mm) prop -

lose the valve sharply and empty cacess sand. 3.43 Dig the test hole inside the funnel. W, . moist weight of moisture sample, g. Th.s relatba can be determmcd by dividsag the en
4

. 3.2.3 Weigh the apparatus with sand and mark, being very careful to avoid disturbing i W. . dry weight of moisture sampic, g, kby'stirmine the tiet weight of sand by subtract. the soil that will bound the hole. Soils that are
| Wa - moist wcight of the material from the '

'

""d **""# |.# "' "" '"'

c3 the weight of the apparatus.
.

essentially granular require estreme care. test hole, g, and
Nova 3-Vibration of the sand during any sand Place all loosened soil in a containct, being W. - dry weight of material from test hole,

' eight-volume determination may increase the huk careful to avoid losing any matcrial.' lb~ e^ * " ' " *:ssity,of the sand and decrease the accuracy of the ' 3.4.4 Seat the apparatus in the previously [storessmation. Appreciable tems intervals between
o huk density descraination of the sand and its use marked position, open the valve, and after the TAatt i Minimum Tees mie Valemes and hmmm TAa!E 2

i

. the Geld may reauk in change in the huk density sand has stopped flowing, close the valve (Note Meissure Ceasees Samples newd se u. aim.m h or r.,. Votame er Water ['r Gram aaned ** ,r

eased by a chasP;c in the moisture content or . 3), 83888
7,,,,,,,,

YrlNY,om,has to determine the hug .3.4.5 Weigh the apparatus with remaining ! Temsw.'" '

u;,3,,, Vaumc or waier.
:esity of the sand in other containers of known ~ sand, and determine the weight of sand used m I _

Maam.= r.nkte h Tcs stae Me* ' des C des r a't/8 - !Imme that " '^ appromismate the largen ~ he test. Valume. Y O'"' Lt
. es hole,that,wsN be M yceual procedure used

.

<

that gsvest un 3.4 for manens the volunie of the
3.4.6 Weigh the material that was removed |4 $* ' " * "

'

'#3O hole. If this procedesse is to be followed is shan he from ihe test hole. No. 4 Sicvc (4.75 mm) 0.025 too
'' 'O# 88883 43 % in. 02.5 man o oso 250:lermined that the resuking k density equais - 3.4.7 Mia the material thoroughly and sc- e in. (25 man c o73 500
" *

$ y g'**** 8"en by the jar deierm' . - cure and weigh a representative samplc for 2 in. iso man o.too ooo

33 Determine the weight of sand required moisture determination. .
,

<

24 75.2 s. nous
s fill tbs funnel as foHows (Notes 5 and 6): 3.4.8 Dry and weigh the moisture sampic. {. 2s 7s.: t.cono

233.I Put sand in the apparatus and secure ' 3.5 The minimum test hole volumes sug- ,e
te weight of apparatus and sand.

.

' gested in determining the in-place density of 32 s*s t.co m
; 33.2 Seat the inverted apparatus on a clean, soil miatures are given in Table I. This table !

' svel, plane surfaccJ
.

shows the suggested minimum weight of the )' .

333 Open the valve and keep open until moisture content sample in relation to the *

t Iker the sand stops running.
.. . maaimum particle size in soit misturcs. [. 1

-33.4 Close .the valve sharply, weigh the
.

pparatus w'th remaining sand, and determine. 4 g ,g,,g gg,,, j
te loss of sand.This loss represents the weight
Isand required to fill the funnel. 4.1 Calculate the volume of the density *

3.3.5 Replace the sand removed in the fun, apparatus as fonows-
ci determination and close the valve. V. - G T

. ['~
*

|
Nors 5-This determination may he omitted if where:

.

as Procedure given in Note 7 is followed. When the y, . volume of the de'nsity apparst'us, ml,
. f

. -a
4 j

$ me h und k shan he considered a pan of the G = water required to fill the apparatus, g, -| r

Novs 6-Where test beles of -minusa volume T = water temperature-volume correction * '.

e desired it is possible. after the bulk density shown in column 3 of Tabic 2.-
. i. - t

sacranisation. to settle the sand by vibration and
crease the weight of sand in the apparatus, if this . 4.2 Calculate the bulk density of the sand as

.

e
t

|ocedine is some=ed, the total weight of sand ' follows: !, ',

208 | .t 209 I
. .-
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AMDGENT 1 1/

1 SOILS

1.1 INTh0 DUCTION

iThis Amend ent presents the sur: arized,results of studies of the foundation
y'ginvestiRation phase of the environmental study at the proposed Midland nTcTear

power plag together with the report entitled " Foundation Investigation and y
_,Prei t-f arv hlBFitTo6~f5r Wrrow Materials. " The proposed location is adja- l

cent to plant facilities of Dov on the veste'rn shore of the Tittabavassee River

in Midland, Michigan. The soils overlying bedrock are of glacial origin and
consist cf glacial tills, glacial outvash, and glacial lake depcsits.

A total of 55 borings have been c:ade to detemine the subsurface soil profile,
to evaluate the foundation soil bearing capacity and settlement characteristics,
and to substantiate that suitable fill materials are available within the pro-
posed cooling water reservoir area.

The results of these investigations indicate that the foundation soils are
satisfactory to support the plant loads.

1.2 , SUBSURFACE EXPLORATION

The exploration progra= to date has con.21sted of 55 borings in the plant area
and the cooling pond area, 'as shown in Section 2.6, on Figure 2-8, Location of
Field Investigations.

The progrs= indicated that in the plant area the site is blanketed by a layer
of topsoil containing roots and other erganic caterial which range in thickness
from k to 8 inches, except in rarshy areas where 2 to 3 feet of organie silty
soils are present.

Underlying these soils are Icose to dense sandy soile which range in depth fro
0 to LO feet. These sandy soils are underlain by very stiff to hard cohesive
soils, predominantly gray silty clay', which extend to depths of 30 to 60 feet.
These cohesive soils contain numerous silt lenses.

The deeper soils consist of unifomly hard cohesive soils, predeminantly
brovnish-gray silty clay, containing some sand and gravel to a depth of about
140 to 200 feet. Ialov these deep cohesive soils is very dense and clayey,
sandy gravel dova to bedrock. A portion of this layst consists of very dense
poorly graded sand at depths extending from 240 to 360 feet below ground surface.

In the cooling pond aren, eat of the area is blanketed by sandy soils which
range in depth from 2 to 9 feet be. low ground surface. In two localized areas,
1 to 7 feet of silty surface soils ,rere encountered. These sandy and cilty
soils are underlain by fim cohesive soils. All of these materials should be
considered suitable for construction of the plant and dike fills.

**1
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13 IABORATORY TESTS

The laboratory test program consisted of direct shear, unconfined compression,
triaxial compression, dynamic triaxial compression, and consolidation tests on
selected undisturbed soil samples from the plant area; plus. moisture-density

. tests in conjunction with each strength and consolidation test and on other
undisturbed samples; compaction and pemeability tests on remolded soil samples
from the proposed cooling pond area, particle size distribution of selected
granular soils in the reservoir area; rock compression tests on the shale bed-
rock; and Atterberg limits on selected sample s from both areas.

From these tests, the anowable design values for bearing and settlement in
the plant area, the sources of fill material, the estimated settlements in the
hard cchesive soils in the plant area caused under maximum earthquake leading,
and earthwork required in the plant area were detemined.

1

l.4 DESIGN CRITERIA
'

1.h.1 FIII AND BACKFILL

A n fill and backfill mate ials are adequately compacted to insure' stability.

of the fill and to provide adequate support for structures founded on this
fill without excessive settlements.

,

1.4.2 EXCAVATION SLOPES

Banks of deeper excavations cut through the devatered sandy surface soils are
cut on a clope of 1 vertical to 1-1/4 horizontal, and banks of deeper excava-
tions cut through the cohesivo soils are cut on a slope of 2 vertical to 1

) horizontal. Temporary shallow excavations in cohesive soils are cut verticany.
All of the above slopes apply to the controned compacted fill as ven as to
the natural in-place soils.

1.4 3 FOUNDATION DESIGN
'

The reactor buildings and auxiliary building are at elevations such that
foundations are established on tha stiff to hard cohesive soils which underlie
the site. Within this material and extending from a depth of 2h0 to 360 feet
below gmund surface is a layer of very dense granular material with Standard
Penetration Test blow ceunts of .the order of 200 blows or greater per 6-inch
penetration. These soils are considered to provide exce nent foundation support
without excessive settlement under both static and dynamic conditions of loading.
These structures are founded on earth-supported mat foundations.

'

The turbine building, which has its base at approximately elevation 60h, does
not encounter very stiff to hard cohesive soils at all locations due to the
presence of sand,-filled erosion channels in the surface of the clay layer.
The natural soils at this elevation are beach sands of variable thickness which
may not provide suitable foundation support. Consequently, these soils will be,

removed and foundation grade attained by the placement of contro ned compacted
fin. Foundation grade is attained using either granular or cohesive fin ca-
terials. The turbine building is supported on a mat foundation on the controlled
compacted fin.

2 *
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The allowable bearing pressures for;the rat foundations are snerized below:

[. Allevable Bearing Pressure (psf)
{

~

. Foundation Dead + Live Dece, Live & '

Elevation Load Seiscic Loads
. Structure Supporting Soils (Feet) (FS = 3 0) (re = 2.0) s

Reactor Very Stiff to N ? ' 576 16,500 25,000
,

Building Hard Natural . . " 'Cohesive Soils s

Auxiliary Very Stiff to STT '21,500~ ~ 32,'500 _

Building Hard Natural
_

Cohesive Soils ' %
'

Turbine Controlled Com- 604 10,000 " 15,000
Building pacted Fill ,,

*
s '

'

Turbine Controlled - 598_ . 10,000 15,000 ,
Generator Compacted N s-
Pedestal ' Fill - .ms

m

Shallow spread foundations established 151-the chotrolled compacted' fill for
the support of appurtenant structures are at a minimum depth of h-1/2 feet

, below the adjacent plant Erade to prevent t% sffects of frost action. The
allowable bearing pressures for spread foundations? founded on controlled com-
pacted fill are>tabulsded below: N A -..

~ , t. ns
, Minimus AElohi,ble 9 earing Pressure'(psf)
! Fou'ndation. Dead A Live Dead,LLive &

Depth - Load - Seismic Loads* -

_

Supporting Soils ~ '(Feet) (Fs = 3 0) _(FS =+2.0)*

'

Controlled Compacted C' ' ' .-'
,

Cohesive Fill 14 5 8,003 12,000"

Controlled Compacted ~

,

Granular Fill: ' " .
' J ..1

Foundation Width = 2 Ft 4,5 3.000= N' 4,500 ''

Foundation Width ==14 Ft 45 .,0C0 6,000"

Foundation Width = 8 Ft 45 400Q g 17,500
Foundation Width = 12 Ft 4.5 .,000 ~ . , 9,000,

1.4.4 SETTLDHT
'

.'*
-

N

The maximum total and differential settlements are estiiritab-based on consoli-
dation tests. ;The-estimated settlements include the effects of 16vering the
groundwater level, excavating, placement of. plant fill to elevation 628, and
the imposed structural loads. The results of these analyses are tabulated'
below: '

% *
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l Estimated Estimated Maximum .

'

Maximum Settlement Differential Settlement
Unit (Inches) (Inches)

. Reactor Building 1 to 1-1/2 1/4 to 1/2

Turbine Building 1 to 1-1/2 1/4 to 1/2

Auxiliary Building O to 1/2 0 to 1/4

It has been further estimated that the maximum differential settlement which
could occur between adjacent structures will be as follows:

Estimated Maximu=
Differential Settlement

Adjacent Units (Inches)

Auxiliary Building and Reactor Buildings 1

Auxiliary Building and Turbine Building 1

Reactor Buildings and Turbine Building 1/2

Earthquake loading of short duration should not cause additional settlement of
appreciable magnitude. The estimated additional settlements under earthquake
loading are less than 1/4 inch.

Although detailed settlement analyses are not performed to evaluate settlements
of shallow spread footings established in the compacted plant fill, it is esti-
mated that settlements vill be on the order of 1/2 inch or less provided that
the allevable bearing pressures are not exceeded and the fill is adequately
compacted.

I

1.4 5 IATERAL PRESSURE
s

The valls of structures below final plant grade, elevation 628, are subjected to
horizontal loads imposed by backfill materials, possible hydrostatic pressures
during floods, and the horizontal components of adjacent foundation loads. In
the design of rigid valls to resist the horizontal loads imposed by a granular
backfill, submerged during flood periods, the submerged granular backfill is
considered to act as an equivalent fluid with a density of 100 pounds per cubic
foot. For continuously drained granular backfill, an equivalent fluid pressure
of 64 pounds per cubic foot is used. Cchesive materials are not used as back-
fill against the valls of structures.

1.4.6 FILL MATERIAL

Fills up to approximately 25 feet in thickness are used in the attainment of
the proposed final grade of 628 feet. Sources of possible fill material are
available from the plant excavation consisting of sandy surface soils and
underlying clay soils; from borrow sources within the proposed reservoir area
consisting of dune sand deposits, sandy surface soils, and underlying clay and

,

silt soils; and from off-site sources. 'All of these materials are suitable i
for use in construction of the plant fills.
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GEORGE D. LEALPARTNERS' JAMES B.TMOMPSON *

AS S O CIAT C; WILLI AM G. PA R ATO R E

June 28, 1968

Bechtel Corporation
220 Bush Street
San Francisco, California 94119

Attention: Mr. J. H. Blasingame ,
Project Engineer

Gentlemen:

Twelve copies of our " Report, Foundation Investigation and
Preliminary Explorations for Borrow Materials, Proposed Nuclear Power Plant,
Midland, Michigan for Consumers Power Company" are herewith submitted.

The scope of car investigation was planned in collaboration with
Messrs. FlacF, Martinez, Currier and Ferris of the Bechtel Corporation. The
requirements of our foundation investigation were outlined in Bechtel
Corporation's " Specification Nuriber 7220-C-1 Revision 0, Preliminary, dated
6-10-68, entitled Midland Plant Consumers Power Company, Job 7220,
Soils investigation and Testing Requirements, Technical Provisions". A lay-
out of the proposed plant facilities and sections through the proposed
power plant were provided to us on Bechtel Corporation Drawings Numbers
SK-7220-C-1, Revision 2, SK-7220-C-2, Revis ion 2, and SK-7220-C-26, Revis ion 0
by Mr. Blasingame of the Bechtel Corporation.

It is our opinion that the site is suitable, from a foundation
standpoint, for the support of the proposed structures, under both static
and seismic loading. The subsurface conditions at the proposed locations
of Units I and 2 are essentially the same and it is considered that both
units may be supported on mat foundations. Detailed design data and recom-
mendations pertaining to foundations for the proposed nuclear power plant
and appurtenant facilities are presented in this report.
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Bechtel Corporation
June 28, l',58 -

Page - 2

Based on a preliminary subsurface investigation of the Proposed
Cooling Water Reservoir Areas, it is our opinion that there is an ample
supply of cohesive soils which are suitable for use in the construction

, of fills. An estimate of the actual quantitles of the various materials
available are beyond the scope of our investigation.;

I

We would be pleased to answer any questions that you may have
regarding the contents of this report.

I Yours very truly,

DAMES & MOORE

George D. Leal
'
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REPORT

FOUNDATION INVESTIGATION

AND

PRELIMINARY EXPLORATIONS FOR BORROW MATERI ALS

PROPOSED NUCLEAR POWER PLANT
.

MIDLAND, MICHIGAN

FOR

CONSUMERS POWER COMPANY

I NTRODUCTI ON

This report presents the results of our foundation investigation and

preliminary explorations for borrow materials at the site of the Proposed

Nuclear Power Plant to be constructed in Midland, Michigan for Consumers

Power Company. The site is located adjacent to plant facilities of the

Dow Chemical Company. The location of the site is shown with respect to

certain topographic features on Plate 1, Vicinity Map. The relative locations

of the proposed power plant and reservoir facilities are shown with respect

to the Tittabawassee River on Plate 2. Site Plan.

I
SCOPE

The primary purpose of the foundation investigation was to develop

sufficient data to permit design _to proceed with the assurance that allowable

foundation bearing pressures will not'be exceeded and that foundation settle-

ments would be within acceptable limits. With respect to the cooling water

reservoirs, it was intended that preliminary explorations and testing would

be performed to substantiate that sultable fill materials are available within

the proposed cooling water reservoir areas. An exhaustive study of the types

,
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and quantities of materials available for use as fill was beyond the scope of

this study.

The specific program discussed and agreed upon for investigating the

site at this time consisted of the drilling and sampling of test borings, the

performance of appropriate laboratory tests, and engineering analyses and
.

report preparation.

This report provides the following specific information resulting

from our explorations, testing and engineering analyses.

1 - Description of the site.

2 - Soil boring logs and subsurface profiles.

3 - Results of laboratory tests.

4 - Foundation design criteria including the following:

a - Allowable bearing pressures for shallow spread

foundations established on the compacted plant

fill.

b - Lateral earth pressures against structure walls,

c - Recommended foundation type and estimated settle-

ments for the reactor containment structures.

d - Recommended foundation type and estimated settle-

ments for the turbine building,

e - Recommended foundation type and estimated settle-

ments for the radwaste building,

f - Dif ferential settlement between adjacent structures,

g - Recommended excavation slopes in natural soils and

in plant fill.

.
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h - Cor. trol of ground water in excavations for the

reacter and turbine building.

i - Cor.paction requirements ' for the plant fill
4

(i) beneath structures, and (ii) adjacent to the

structures,

j - Minimum depth of foundations in compacted soll

for_ frost protection or other reasons..

k - Liquefacticn potential of soils et the site.

The re ults of our field explorations and laboratory tests, which

form the basis cf our recommendations, are presented in the Appendix of this

report.

DESIGN CONSIDERATIONS

We understand that the Proposed Nuclear Power Plant will consist of

two reactor containment buildings, a turbine building, a radwaste building

i certain appurtenant structures, and adjacent cooling water reservoirs. The

;. locatiens of the power plant and reservoirs are shown on Plate 2. The arrange-

ment of the proposed power plant structure is shown on Plate 3, Flot P an,
i

' The reactor containment buildings will be tall structures, appro I-.

!
i

mately 130 feet in diameter, with dwir base at elevation 574. Reactor,fcunda-

tions will impose a uniformly distributed gross pressure on the order of 8,000*

pounds per square foot for normal conditions; a maximum gross pressure of

approximately 16,000 pounds per square foot, and a minimum gross pressure of -
,

'

!

approximately zero pounds per square foot under maximum seismic loading.

1
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The turbine building will be approximately 130 feet by 460 feet in
! |

plan dimensions, with its base at approximately elevation 604. Turbine

building foundations will impose a uniformly distributed gross pressure of

approximately 3,000 pour.J per square foot for normal conditions; a maximum

gross pressure of approximately 5,000 pounds per square foot, and a minimum
4

gross pressure of approximately 1,000 pounds per square foot under maximum

seismic loading. *

The radwaste building will be located between the two reactor

containment buildings. The radwaste building will be separated from the

reactor containment structures to allow for possible differential settlement.

We understand that the maximum allowable differential settlement between the

tairadwaste building and the adjacent reactor containment building is one inch. ,

The radwaste building will impose a uniformly distributed gross pressure on

the order of 5,000 pounds per square foot for normal conditions; a maximum

gross pressure of approximately 10,000 pounds per square foot, and a minimum

gross pressure of approximately zero pounds per square foot under maximum

seismic loading. The foundations for the radwaste building will be established

at two elevations, elevation 558,and elevation 580.

The locations and foundation loading data relative to the appurtenant

structures have not yet been provided to us.

The final plant grade will be established at approximately elevation
.

l

628. The normal ground water was assumed to be at the existing ground surface, |

approximately elevation 603. The maximum probable flood level has been esta-

blished at elevation 632.
_ _ _ . .
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The bottom of the cooling water reservoirs will be established at

approximately elevation 603 The top of the dikes will be established at

approximately elevation 628 and the surface of the cooling water will be at

approximately elevation 625. The effect of raising the water level to eleva-

tion 625 in the reservcirs will cause the normal ground water level in the _

general plant area to eventually rise to approximately elevation 625. However,

a drainage system will be provided to maintain the ground water level in the

plant fill at elevation 603

A schedule o# founda:lon loading during construction is presented

on Plate 4, Foundation Loading Sequence.

SITE CONDITIONS

GEOLOGY:

A detailed geologic investigation of the site was beyond the scope

of our present investigation. However, we have been provided with the results

of geologic studies made by others.

We understand that the soils overlying the bedrock are of pre-

dominantly glacial origin and con'sist of glacial tills, glacial outwash and

giacial lake deposits. The bedrock consists of sandstone and shale of the

Saginaw Formation.

POWER PLANT AREA:

Surface Conditions - General surface topography in the vicinity of

the plant area is shown on Plate 1. The elevation of tl a ground surface across

the power plant site ranged from approximately elevation 604 to ,6il2. Surface ;

I vegetation consists of grass, weeds and small trees. A gravel surfaced access i
l

road traverses the area. The ground surface along the access road and to the !

I
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west of the access road is approximately three to five feet higher than the

area east of the access road. We understand that the area east of the access

road was utilized as a borrow area several years ago. An abandoned borrow pit,

approximately ten feet in depth, is located northwest of the plant area.

The irrnediate plant area contains three shallow marshy areas. The

approximate locations and lateral extent of the marshy areas are shown on

Plate 3. The marshy areas occur in shallow depressions and contain approxi-

mately two to three feet of organic silty soils which pond surface runof f

water.
;

Subsurf ace Conditions - The subsurf ace conditions in the plant area

were investigated by drilling six exploration test borings to depths ranging

from approximately 100 feet to 370 feet below the ground surface. The loca-

tions of the borings are shown on Plate 3 The test boring program revealed

that the site is blanketed by a layer of topsoll containing roots and other

organic material which ranges in thickness from approximately four to eight;

inches, except in the marshy areas described previously where two to three

feet of organic silty soils are present. The topsoll and organic silty soils

j are underlain by moderately dense ssandy soils which extend to depths ranging

from approximately 1 to 25 feet.

The sandy soils are underlain by very stiff to hard cohesive soils,

predominantly gray silty clay, which extend to depths ranging from approxi-

mately 35 feet to 58 feet. The cohesive soils contain numerous discontinuous

sitt lenses, which vary in orientation from horizontal to approximately 75
i

degrees with the horizontal. The slit lenses did not contain any free water

at the time of our investigation, June 1968, and *:are in a dry powdery

conditlon.

.
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The deeper soils consist of,an extensive underlying stratum of

uniformly hard cohesive soils, predominantly brownish gray silty clay containing

some sand and gravel. One of the borings, Boring 1, extended to a depth suffi-

cient to penetrate the cohesive materials at a depth of 243 feet. At this depth,

very dense sandy soils were encountered which extended to bedrock. The bedrock,

black shale of the Saginaw Formation, was encountered at a depth of 358 feet

and was cored from 360 to 370 feet.

To assist in visualizing the subsurface conditions in the power

plant area, two subsurface sections have been prepared and are presented on

Plate SA, Generalized Subsurface Section A-A and Plate 58, Generalized

Subsurface Section B-B. More detailed descriptions of the subsurface conditions

are presented on the Log of Borings in the Appendix to this report.

Surface Water - The site is subjected to periodic flooding. We

understand that maximum probable flood level has been established at elevation

632 feet. A detailed study of surface water fluctuations was beyond the scope

of this investigation.

Ground Water - Seepage water entered some of the borings through

the sand stratum blanketing the sl(,e. It is our opinion that this ground

water does not necessarily represent the static ground water level at the site,
,

but more probably represents a perched water condition resulting from surface

runoff and flood conditions.

The present static ground water level in the cohesive overburden

soils could not be determined during the short period of our field Investiga-,

tion. It is likely that the ground water level is at or near the normal

surface of the Tittabawassee River. However, long term water level measuce-

ments would be required to confirm this condition. For purposes of analysis,
, s

t
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it has been conservatively estimated that the static ground water level is at

or near the existing ground surface.

|
Movement of ground water through the cohesive soils underlying the

sandy surface soils at the site is extremely slow due to the impervious

nature of these materials. At present, the silty clay soils are saturated.

The silt lenses within the silty clay soils are discontinuous, appear

relatively dry and did not contain free ground water.

The granular soils below a depth of approximately 243 feet contain

artesian ground water. Upon completion of Boring 1, water flowed f rom the

boring at a rate of approximately one to two gallons per minute under a

pressure of approximately 1.5 pounds per square inch measured at the ground

surface.

Frost Penetration - We understand that the maximum depth of frost

penetration measured in the vicinity of the site is four feet. Water lines

are commonly provided with a minimum of five feet of cover to prevent freezing.

COOLING WATER RESERVOIR AREA:

Surf ace Condit ions - The area slopes down f rom approximately eleva-1

tion 625 in the southwest portion'to 600 in the northeast portion and is pre-

dominantly farmland with some wooded sections. An extensive zone of sand

dunes is located south of Gordonville Road. Other less extensive sand dunes

are also present within the reservoir area.

Subsurface Conditions - The subsurface conditions were investigated

b/ drilling nine borings to approximately elevation 598 The locations of

the borings are shown on Plate 6, Reservoir Plan. The borings are designated

A, B, C, D, E, F, G, H and J. The borings ranged in depth from approximately

eight feet to 27 feet below the ground surface. The results of this

i

umMEMnpwOOWE

.!

e i



- _ - . - . ._

.
.

.

.g.
i

- preliminary boring progran. reveal that the area is blanketed by a layer of

sandy soi)s except at the locations of Borings C and F. The sandy soils
;

extend to depths ranging from approximately two feet to nine feet below the

ground surface. In Borings C and F, silty surface soils were encountered

which extend to depths of seven feet and one foot, respectively. The sandy
.

~ soils and silty soils are underlain by firm cohesive soils to the depths

penetrated except at the locations of Borings G and H. Borings G and H

terminated in sandy soils.

More detailed descriptions of the soils encountered in the borings

are presented on the Log of Borings in the Appendix to this report.
,

'

Ground Water - Seepage water entered some of the borings through

| the sandy surface soils at the depths noted on the Log of Borings.
|

1 LABORATORY TESTS

STATIC TESTS :

I The results of the laboratory tests performed under static condi-
i

tions, together with a description of the test procedures, are presented in
'the Appendix to this report.

1 A summary of laboratory strength tests, moisture and density tests

perforned on soll samples extracted from borings drilled in the power plant

area are pre'ented on Plate 7, Summary of Test Data.

DYNAMIC TESTS:
a

The properties of the very stiff to hard cohesive soils were

investigated under dynamic loading conditions by performing dynamic triaxial

compression tests. Based on the results of these tests, it is our opinion

5 that the strength and compressibility characteristics of the very stif f to
!

.
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hard cohesive soils will not be significantly affected during the application

of repetitive dynamic loads within the stress range pertinent to this project.

Stress-strain relationships developed during the tests have been utilized to f

The results of settle-estimate settlements under a maximum earthquake loading.

ment analyses are described in a subsequent section of this report.

LIQUEFACTION POTENTI AL

is considered that the relatively shallow sand stratum blanketing
lt

the site (maximum depth of 25 feet in Boring 5) could possibly be subject to

liquef action under maximum seismic loading. This conclusion is preliminary
On this basis,and has not been substantiated by detailed laboratory +.esting.

is reconnended that the sand be removed to the surface of the firm cohesiveit

soils. If replaced as fill, tSe sand should be compacted to 100 percent of
1557-66T.the maximum density as determined by ASTM Compaction Test Designation D

Alternately, cohesive soils may be used as fill if compacted to 95 percent of,

maximum dens ity.

If subsequent more detailed explorations should disclose that the
s

sand deposits are more extensive than presently anticipated and that complete

removal is uneconomical, detailed laboratory testing can be underthken to

more accurately define the in-place density and liquefaction potential of the

mate ri a l . A program of this type could possibly substantiate that somewhat

less than complete removal of these materials would be adequate.

The stratum of granular soils below .* depth of approximately 240

feet is highly confined and exhibits high densities as determined by
It islaboratory testing and resistance to standard penetration sampling.

our opinion that these granular solls could not liquefy under any anticipated

seismic loading at this site.

on caen. conc
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DISCUSSION AND RECOMMENDATIONS

GENERAL:

It is our opinion that the site is suitable from a foundation stand-

point, for the support of the proposed structures under both static and dynamic

loading. It is recommended that the proposed structures be supported on spread

and mat foundations in accordance with the recommendations presented in a sub-

sequent section, FOUNDATION DESIGN DATA.

Analyses have been performed to estimate settlement of the proposed

structures and the dif ferential settlements which will occur between adjoining

structures. The results of the settlement analyses are presented in a subse-
i

section, SETTLEMENT.

Preliminary data pertaining to the borrow materials available within
a

the proposed cooling water reservoir areas are presented in the concluding

section of this report. The operations associated with site preparation and
,

the earthwork operations required in the attainment of the planned grades

within the plant area are discussed in the following sections.

SITE PREPARATION: s

Due to the nature of the sandy surface soils, it is recommended that

all construction roads, and temporary parking and storcge areas be surfaced

with a layerof coarse granular material ranging f rom 6 to 12 Inches in com-

| pacted thickness. The actual thickness of the coarse granular layer will
1

depend upon the type and f requency of the vehicular traffic.
,

!
4

EARTHWORK:

Clearing, stripping, dewatering, excavating, filling, and backfill- |
|

Ing operations will be required in the attainment of the planr.ed grades. |
|

|

|

*
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Clearing - It is recommended that all trees and brush, including

the major root systems, be removed f rom the plant area.

is recommended that the topsoll containing roots andi

Stripping - It

other organic material be stripped f rom all areas to be occupied by structures,
is estimated that the average depth of

pavements , di kes , and reservoi rs , i t

in marshy areas
stripping required will be on the order of six inches, except

where up to two to three feet of organic soils are present and should be

The stripped soils are not considered suitable for use as fill orremoved.

backfill.

Dewatering - Dewatering operations will be required in the vicinity

of the power plant to control water seepage from the sandy surface soils.
It

is considered that the amount of this seepage will decrease with time. Only

minor water seepage is anticipated through the relatively impervious clay

soils underlaying the sandy surface soils.
;

In order to prevent seepage water f rom accumulating in the excava-

is recommended that ground water in the upper sandy solis be con-t

tion, it

trolled either by a well-point system or by a system of peripheral trenches

located both inside and outside the excavation. Outside the excavation, a

feasible type of perimeter drainage Installation would consist of a peripheral

trench extending through the sandy soils. The trench should be backfilled

with clean gravel or similar pervious material. The trench should be graded

to drain away f rom the plant site. Interception of surface and subsurface

ground waters by the peripheral trench will serve to prevent appreciable

recharge of ground water into the excavation. Inside the excava, tion, it is

considered that ground water seepage can be adequately controlled by installing

shallow peripheral trenches and pumping f rom sumps.

== acu n oons
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As an alternate to t!.: above, particularly in areas where the

sandy soils are greater than six to eight feet in depth, it may be more

economical to install a well-point system to control ground water seepage

! In the upper sandy solls. In our explorations, sandy soils greater than

eight feet in depth were encountered only in Boring 5. However, more extensive

snallow explorations will be necessary to properly define the depths of sandy

j soils around the proposed excavation.

As indicated above, the most essential aspect of dewatering is con-,

1

) trol of water in the upper sandy soils. Very little seepage into excavations
4

is anticipated through the underlying cohesive soils.
4

j Excavatino - Excavation operations will be required in the attain-

ment of the planned grades and for the Installation of foundations. The maxi-

1 mum depth of the excavations will be on the order of 30 feet below the exist-
I

]
ing ground surface for the reactor structures, and on the order of 45 feet

i below existing ground surface for the radweste building.
4

it is recommended that all loose material and water be removed f rom
,

1

the bottom of excavations and that the exposed soils be rolled to thoroughly

; compact solls disturbed by the excavating operations.

Since.the cohesive soils are susceptible to loss of strength due to

disturbance or the presence of water, it is recommended that a met of lean

; concrete be poured, or that other means of protecting the exposed surface of

j the excavations be provided immediately upon completion of each excavation.

The provision of a lean concrete " mud-mat" or similar protection should pre-
J

vent water from infiltrating into, sof tening, and disturbing the bearing
;

soils during construction.

i

e e n nt e N 6* 4,4* 1999
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It is recommended that banks of excavations through the dewatered

sandy surface soils be cut on a slope of one vertical to one and 'one-quarter
,

it is further recommended that the banks of deeper excavationshorizontal,

cut through the cohesive soils be cut on a slope of two vertical to onei .

Temporary shallow excavations in the cohesive soils which havehorizontal.
it isan unsupported height of 15 feet or less may be cut vertically,

localized sloughing and spalling of the banks of excavationsanticipated that

will occur due to drying and shrinking of the banks and also due to the presence

of discontinuous lenses and pockets of slit in the cohesive soils.~

Sources of Fill Material _ - Fills up to approximately 25 feet in

thickness will be required in the attainnent of the proposed final grade of

In addition, fills and backfills will be required below and adjacert628 feet.
Sources of possible fill material are essentially the follow!rg:

to structures.

1 - Materials removed f rom the plant excavation. These

materials will consist of:

a) sa h rfqce solls, and
,

b) underlying clay soils.
s . _ _s

2 - Materials available from borrow gwithin the

proposed reservoir area. These materials will

consist of:

a) sands present in dune deposits,

b) other sandy surface soils, and

c) underlying clay and silt solls. ,

3 - Materials imported f rom off-site sources.

l

. . . . . . . .
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All of the materials mentioned above should be considered suitable

for use .in the construction of the plant fills. Howeve r , it is recommended

that preference be given to placement of granular neterials in the plant area,
,

if possible, due to the relative ease of compacting these materials. Granular

materials can generally be placed and compacted properly under a range of

moisture conditions using a variety of compaction equipment. Cohesive clay

soils can generally not be placed during periods of wet or f reezing weather.

In addition, clay soils would be difficult to place in restricted backfill

areas because heavy compaction equipment would be required to break-up and.

compact hard chunk-size pieces that would be removed from on-site excavations.

Filling and Backfilling - It is reconnended that fill and backfill

materials be placed at or near the optimum moisture content in lif ts approxi-

mately six to eight Inches in loose thickness and that each lift be compacted

in accordance with the following criteria:

RECOMMENDED MINIMUM COMPACTION CRITERI A 3 .

_ PERCENT OF MAX IMUM DENS ITY* b,k
ON-SITE ON-SITE

PURPOSE OF FILL $ C0HESIVE S0ILS GRANULAR S0ILS

Support of Critical Structures 95

Support of Non-Critical Structures 9 95

Adjacent to Structures 90 95

* Maximum density and optimum moisture content should be determined by the
ASTM Test Danisantfaa D 1557-667.

.

Slopes of excavations cut into compacted fill materials should be

the same as the recommended slopes provided for excavations into natural solls.

'

.

i
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i FOUNDATION DESIGN DATA:

General - The reactor containment vessels and the radweste building

will be at elevations such that foundations can be established on the very
'

stiff to hard cohesive soils which underlie the site. These soils will pro-
1

vide excellent foundation support without excessive settlement under both

static and dynamic conditions. It is recommended that these structures be

! established on earth-supported mat foundations.

The turbine building, which will have its base at approximately

elevation 604, will not encounter very stlff to hard cohesive soils at all

locations. The natural soils at this elevation are sandy soils of variable

th ickne s s , it is recomended that these sandy solls be completely removed,,

I
that the surface of the underlying clay be exposed, and that foundation grade

i

be attained by the placement of controlled compacted fill soils. The neces-
,

sity for complete removal of the sandy solls is discussed in a previous
,

section LIQUEFACTION POTENTIAL. Foundation grade may be attained utilizing

either granular or cohesive fill materials; compaction of these fill materials

should be in accordance with the recomendations of the EARTHWORK secticn of,

i

this report. It is recommended that the turbine building be supported on a

nat foundation established on the controlled compacted fill solls.

We understand that appurtenant f acilities will be supported on

f spread foundations established in the plant fill. Recomended design data

for spread foundations is presented in a subsequent section.

Met Foundations - We have evaluated the ultimate bearing capacity cf-

the supporting materials which will underlie the major units of.the Proposedi

Nuclear Power Plant on a conservative basis, it is our opinion that the follewing

ultimate bearing capacities can be developed for met foundations established
'

[

at the approximate elevations tabulated belows

f

|
'

; ...... . . .

I
[ .
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FOUNDATIQN ULTI MATE
SUPPORTlji [ ELEVATION BEARING CAPACITYj

'

UN[T SOI LS FEET LBS./SQ.FT.

Reactor Cortainment Very stlf f to 574 50.000
Building hard natural

cohesive soils

Radweste Building Ve ry s t i f f to 580 50,000
'

hard natural 558 65.000,

cohesive soils

Turbine Building Controlled 604 30,000
Compacted Fill *

* Assuming that suitable fill materials are placed and compacted in accord-
ance with the recommendations presented in the EARTHWORK section of this
report. Bearing value computation is based on the use of compacted
cohesive solls and is conservative in the event that granular solls are
used.

The ultimate bearing pressure values tabulated above are gross

values and consider the effect of overburden to the surface of the completed

plant fill at elevation 628.

The above bearing capacities are ultimate values and suitable

factors of safety should be applied. It is our opinion that a minimum facter

of safety of three is appropriate for dead loads and frequently applied live

loads. We consider that a minimum factor of safety on the order of two Is

satisfactory for dead, live and seismic loads. The following tabulation

presents a summary of the f actors of safety which are Indicated for the
,

various units which will be supported on mat foundations.
1

7

.

I

i .

6
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OEAD PLUS DEAD. LIVE :

LIVE LOAD AND SEISMIC LOAD
BEARING INDICATE 0 MAXIMUM INDICATED
PRESSURE FACTOR OF BEARING FACTOR OF

UNIT LBS./ SQ. FT. SAFETY PRESSURE.L85./SQ.FT. SAFETY

Reactor containment 8,000 6.2 16,000 3.1
Buildings

Radwaste Building
@ Elevation 580 5,000 10.0 10,000 5.0
@ Elevation 558 5,000 13.0 10,000 6.0

4

Turbine Building 3,000 10.0 5,000 6.0

Shallow Spread Foundations - We understand that shallow spread founda-

tions established in a controlled compacted fill will be utilized for the support

of the appurtenant structures. It is recommended that the foundations be esta-

bilshed at a minl-um depth of four and one-half feet below the adjacent plant

grade to prevent the effect of frost action.

Provided the fill is placed in accordance with the recommendations

provided in the EARTHWORK section of this report, spread foundations may be

proportioned utilizing the bearing pressures tabulated below. The' recommended

bearing pressures contain a factor of safety on the order of three and pertain

to all design loads, excluding seismic loads. For seismic loads, the recom-

mended net bearing pressures may'be increased by 50 percent.

Consolidation tests and detailed settlement analyses were not perform-
1

| ed for the purpose of evaluating settlements of shallow spread foundations esta-

bilshed in the plant fill. However, it is estimated that shallow spread founda-

tions supporting a total design load of up to 200,000 pounds and proportioned

utilizing the bearing pressures presented in the following table will undergo

settlement on the order of one-half Inch or less.

'l

I. . . . . - .

.
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MINIMUM ALLOWABLE NET
FOUNDATION DEPTH BEARING PRESSURE

SUPPORTING S0lLS ' FEET L95 . /S Q . FT .

i Controlled Compacted Cohesive Fill 4.5 8,000

Controlled Compacted Granular Fill
,

Foundation Width = 2 Feet 4.5 3,000
; Foundation Width = 4 Feet 4.5 4,000
; Foundation Width = 8 Feet 4.5 5,000

Fcundation Width e 12 Feet 4.5 6,000t

A higher bearing value may be used for foundations established,

deeper than 4.5 feet. The tabulated bearing pressures were computed assuming
i

3E'""dI the water level to be at elevation 603 and assuming that foundations are at
_

j a relatively shallow depth below elevation 628.
|

! The recommended bearing pressures are net values; therefore, the
4

'

weight of the foundations and the weight of backfill over the foundations
'

may be neglected in proportioning the foundations.

i SETTLEMENT:

Our settlement analyses are bas'ed on the results of consolidation

j tests which indicate that the glacial soils at the site have been precon-
!

1 solidated under overburden pressures of at least 15,000 to 20,000 pounds

per square foot. Data relative to the performance of the consolidation tests
,

are presented in the Appendix.

I Based on the results of the consolidation tests, we have estimated

settlements and differential settlements of the proposed structures. These,

settlements include the ef fects of lowering the ground water level, excavating,

! placement of plant fill to elevation 628 and the imposed structural loads,

including the influence of adjacent structural . loads. The approximate

scheduling and sequence of the application of these various loading increments

is sunnarized graphically on Plate 4.
,

.
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The results of our settlement analyses are tabulated below:

ESTIMATED ESTIMATED MAXIMUM
MAXIMUM SETTLEMENT DIFFERENTI AL SETTLEMENT

UNIT INCHES INCHES

Reactor Centainrent Building 1 to li 1/4 to 1/2

Turbine Building i to li I/4 to 1/2

Radwaste Building 0 to 1/2 0 to 1/4

it has been further estinated that the maximum differential settle-

ment which will occur between adjacent structures will be as follows:
4

ESTIMATED MAXIMUM
DIFFERENTI AL SETTLEMENT

ADJACENT UNITS
.

INCHES
a

Radwaste Building and Reactor Containment Buildings 1

Radwaste Building and Turbine Building 1

Reactor Containnent Buildings and Turbine Building I/2

Earthquake loading of short duration should not cause additional
!

j settlenent of appreciable magnitude. The effects of earthquakes were
! evaluated by dynamic laboratory tests. Utilizing an approximate value of

3,000,000 pounds per square footsfor dynamic modulus of elasticity, we estimate

that additional settlements under earthquake loading will be less than

one-quarter inch.
1

LATERAL PRESSURES:
,

'

The walls of the structures below final plant grade, elevation 628,

will be subjected to horizontal loads imposed by backfill materials, possibl'e

hydrostatic pressures during floods, and the horizontal components of adjacent

foundation loads, in the design of rigid walls to resist the horizontal loads

imposed by a granular backfill, submerged during flood periods, it is recom-

mended that the submerged granular backfill be considered to act as an

i
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equivalent fluid with a density of 100 pounds per cubic foot. For a con-

tinuously drained granular backfill, an equivalent fluid pressure of 64 pounds

per cubic foot is recommended.

The utilization of cohesive backfill is not recommended. However,

if it is desired to utilize cohesive backfill, we would be pleased to provide

,

the lateral pressures which would be developed.

The horizontal components of foundation loads which will act against

walls can be calculated, if desired, at such time as the magnitude and loca-

tions of the loads are provided to us.

UPLIFT PRESSURES:

A consideration of uplift pressures which could develop beneath

floor slabs and mat foundations, particularly during flood conditions, should

be evaluated.

FLOOR SLABS:

it is recommended that all floor slabs which are not underlain by

j a lean concrete mud mat, be underlain by a layer of thoroughly compacted
j

grar.ular fill at least six inches In compacted thickness.'

COOLING WATER RESERVOIRS: 5

A preliminary investigation of the cooling water reservoir areas

was undertaken to Identify the types of materials available for use as fill

materials and to develop certain celteria relative to their compaction,

strength and permeability characteristics. The results of the Atterberg

.Ilmits performed are presented on the Log of Borings in the Appendix. The

results of the compaction, strength and permeability tests are presented in

| the Appendix on Plate A-9, Compaction Test Data.
.
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The following Plates and Appendix are attached and complete this

report :

>

Vicinity Map |Plate 1 -

:,

{ Plate 2 Site Plan (Reservoir and Power Plant Areas)-

| ;

j Plate 3 Plot Plan (Power Plant Area)-

j Plate 4 - Foundation Loading Sequence '

j Plate SA - Generalized Subsurface Section A-A

Plate 58 - Generalized Subsurface Section 8-8 |

Plate 6 Reservoir Plan-

Summary of Test Data !Plate 7 -

:
Respectfully submitted,

1 DAMES & MOORE

f
George D. Leal
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APPENDIX

FIELD EXPLORATIONS AND LAdORATORY TESTS

FIELD EXPLORATIONS

Power Plant Area - The subsurface conditions at the site of the Propos-

ed Nuclear Power Plant were investigated by drilling six four-inch diameter

exploration test borings to depths ranging from approximately 100 feet to

370 feet below the existing ground surface utilizing truck-mounted rotary wash

and rotary auger type drilling equipment.

The drilling operations were supervised by our field engineers who

maintained logs of the borings, obtained undisturbed samples of the various soil

strata penetrated utilizing Dames & Moore Soil Samplers, supervised the

performance of Standard Penetration Tests performed in granular soils, and
,

supervised the diamond core drilling operations performed to extract cores of

the underlying bedrock. Graphical representations of the soils and rock pene-

trated by the borings are shown on Plates A-IA through A-lC, Log of Borings.

The method utilized in classifying the soils is defined on Plate A-2, Unified
4

Soil Classification System. s

Undisturbed samples of the soils penetrated by the borings were

obtained in Dames & Moore Soll Samplers of the type illustrated on Plate A-3,
,

Soil Sampler Type U. The Dames & Moore soil samplers were driven approximately

18 inches into the soil with a hammer weighing approximately 340 pounds falling

approximately 24 inches. The Standard Penetration Tests were performed in

granular materials utilizing a split spoon sampler having an outside diameter of

two Inches and an inside diameter of one ard'three-eighths of an inch. The

split spoon sampler was driven 18 inches into the ground with a hammer weighing

140 pounds falling 30 inches. The number of blows required to drive the

.
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Dames & Moore soll samplers and the split spoon sampler for the second and

third six inches of penetration are recorded on the Log of Borings. The rock

was cored in Boring i utilizing a NX size core barrel with a diamond bit.

The boring locations and the elevations of the ground surface were

provided to us by a survey crew from the firm of Hunter, Whittier and

Solberg located in Midland, Michigan. The ground surface elevation is shown

above the log of each boring. These elevations refer to the U.S.G.S. Datum.

Cooling Water Reservoir Areas - The subsurface conditions in the area

to be occupied by the Proposed Cooling Water Reservoins were investigated by

drilling nine, four-inch diameter exploration test borings to depths ranging

from approximately 8 to 27 feet below the existing ground surface utilizing

truck-mounted auger type drilling equipment.

The drilling operations were supervised by one of our field engincers,

who maintained logs of the borings drilled, and obtained disturbed samples of

the soils from the augers. Graphical representations of the soils penetrated

by the borings are shown on Plate A-ID, Log of Borings. The method utilized in

classifying the soils is defined on Plate A-2, Unified Soil Classification

System. Disturbed samples of the toils penetrated by the borings were obtained

in suffi. lent quantity to perform the tests required.

The borings locations were determined from available maps and local

topography by our field engineers. Ground surface elevations were interpolated

from contours presented on the Midland South, Michigan U.S.G.S. Quadrangle

Map dated 1962. The interpolated ground surface elevation is presented above

the log of each boring.

LABORATORY TESTS:
1

Strength Tests - Direct shear, unconfined compression, triaxial com-

pression, and dynamic triaxial compression tests were performed on selected

== = c e u mon = r

)
__ .
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undisturbed samples to evaluate the strength characteristics of the various

soils penetrated by the borings.

- The direct shear tests were performed in the manner described on

UnconfinedPlate A-4, Method of Performing Direct Shear and Friction Tests.

compression and triaxial compression tests were performed in the manner des-

cribed on Plate A-5, Methods of Performing Unconfined and Triaxial Compression
ForStress-strain curves were plotted for each static strength test.Tests.

the direct shear tests, the shear strength is either a peak strength or the

inch whichever occurs first. Forstrength at a deflection of one-tenth of an

the unconfined compression and triaxial compression tests, shearing strengths

were chosen assuming that the angle of internal friction of the cohesive soils

The shear strengths presented are either peak strengths orwas equal to zero.

the strengths at an axial deflection of twenty percent of the sample height,

whichever occurred first. Determination of the moisture content and dry

The results of thedensity were made in conjunction with each strength test.

strength tests, together with the associated moisture-density determinations

are presented to the lef t of the Log of Borings in the manner described by the

Key to Test Data shown on Plate A-2.

The dynanic triaxial compression tests were performed on two

samples of the cchesive soils. The samples were subjected to a confining pres-

sure and loaded in cycling compression to evaluate the dynamic modulus'of

The results ofelasticity within a certain range of cycling strain amplitude.

'the tests are presented in the text of the report.

Direct shear tests were performed on saturated, remoulded, compacted

The results ofsamples extracted from borings drilled in the reservoir area.

the tests are presented with the compaction curves on Plate A-9, compaction'

|

Test Data. 1
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Consolidation Tests - Consolidation tests were performed on representa-

tive undisturbed samples of the soils penetrated by the borings to provide data

for estimating settlements of fill and foundations. The consolidation tests

were perforined in accordance with the method described on Plate A-6, Method

of Performing Co.isolidation Tests. Several special loading procedures were
.

utilized to help define the stress history of the soil. Some semples were

loaded to the overburden pressure and rebonded at the field moisture content

prior to performing the standard consolidation test under submerged conditions.

Other samples were loaded to pressures in excess of the overburden pressure and

rebounded at field moisture content prior to performing the standard consolida-

tion tests under submerged conditions. The results of the consolidation tests

are presented on Plates A-7A through A-7E, Consolidation Test Data.

Moisture-Density Tests - Moisture-density tests were performed in
e

conjunction with each strength and consolidation test. Additional moisture-

density tests were performed on undisturbed samples for correlation purposes.

The results of the moisture-density tests are presented to the left of the

Log of Borings in the manner described by the Key to Test Data shown on

Pla te A-2. '

Compaction Tests - Compaction tests were performed on samples of soils

extracted from borings drilled in the Proposed Cooling Water Reservoir area to

define the moisture-density relationship which is required to develop criteria

for the placement and compaction of fill materials. The compaction tests were

performed in accordance witn the ASTM Compaction Test Designation D1557-66T .
.

as defined on Plate A-8, Method of Performing Compaction Tests. The results of

the compaction tests are presented on Plate A-9, Compaction Test Data. ,

I

\
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Atterberg Limits - Atterberg Ilmits, consisting of the liquid limits,.

plastic limit and plasticity index, were determined to facilitate classification

of the soils according to the Unified Soil Classification System: The liquid

limit and plastic limit tests was performed in accordance with the ASTM-D423

Test Designation and D424. The tests were performed on selected samples ex-

tracted from Boring I drilled in the power plant area and on disturbed samples

extracted from the borings drilled in the reservoir area. The results of the

Atterberg limits are presented to the lef t of the Log of Borings.

Permeability Tests - Falling head type permeability tests were

performed on remoulded soil samples extracted from borings drilled in the

reservoir area. The remoulded soll samples were compacted to a dry density

equal to approximately 95 percent of the maximum dry density attainable by the

ASTM Compaction Test Designation Dl557-66T, prior to testing. The results

'of the permeability tests are presented with the compaction curves on Plate A-9

Particle Size Distribution - A determination of the particle size

distribution of selected samples of granular soils extracted from borings

drilled in the reservoir area was made to facilitate classification of these

soils. The results of the mechanidal analyses performed to determine the

particle size distribution are presented on Plate A-10, Grain Size Analyses.

Rock Compression Tests - Rock compression tests were performed on

iselected samples of the gray shale bedrock which underlies the site of the
'

power plant. These tests were performed utilizing standard ASTM procedures.

The results of the r,ock compression tests are presented to the lef t of the Log

of Boring 1. :,

.
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The following Plates are attached and complete this Appendix: !

,

1

Log of Borings (Boring I)Plate A-1A -

Log of Borings (Borings 2 and 3)Plate A-1B -

Log of Borings (Borings 4, 5, and 6)Plate r iC -

Log of Borings (Borings A, B, C, D, E, F, G, H,Plate A-ID -

and J)
<

Unified Soil Classification Systemilate A-2 -

Soil Sampler Type UPlate A-3 -

Method of , Performing Direct Shear and Friction TestsPlate A-4 -

Method of Performing Unconfined Compression andPlate A-5 -

Triaxial Compression Tests

Method of Performing Consolidation TestsPlate A-6 -

Consolidation Test DataPlate A-7A -

Consolidation Test DataPlate A-78 -

Consolidation Test DataPlate A-7C -

Consolidation Test DataPlate A-7D -

Consolidation Test DataPlate A-7E -

Method of Performing Compaction TestsPlate A-8 -

Compaction Test DataPlate A-9 -

Grain Size AnalysesPlate A-10 -

'
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March 15, 1969

Bechtel Corporation
P.O. Box 3965
San Francisco, California 94119

Attention: Mr. J, H. Blasingame,
Project Engineer

Gentlemen:

This letter transmits fif teen copies of our " Supplement to Report,
Foundation investigation and Preliminary Explorations for Borrow Materials,
Proposed Nuclear Power Plant, Midland, Michigan for Consumers Power Company,"
dated March 15, 1969.

The scope of this investigation was planned in collaboration with
Messrs. Flach, Martinez, Kulesza and Cherrington of Bechtel Corporation.

The data and recommendations presented in this report are Intended
to supplement those presented in our " Report of Foundation Investigation,
and Preliminary Explorations for Sorrow Materials," dated June 28, 1968, and
are considered appropriate for final plant design.

It has been a pleasure to be of service to Consumers Power Company
and Bechtel Corporation on this project, and we trust that you will contact
us if you should have any questions or comments.

Yours very truly,

DAMES & MOORE

,& &-

George D. Leal
GDL:WM:mf

Cae6e access, cawt cat
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SUPPLEMENT TO REPORT !

I

FOUNDATION I .VESTIGATION AND
|

PRLIMINARY EXPLORATIONS FOR BORROW MATERIALS

PROPOSED NUCLEAR POWER PLANT

MIDLAND, MICHIGAN

*

FOR

CONSUdERS POWER COMPANY

INTRODUCTION

This report presents the results of a supplementary foundation

investigation performed at the site of the Proposed Nuclear Power Plant to be

constructed in Midland, Michigan for Consumers Power Company.

An initial foundation investigation was performed by Dames & Moore

and the results presented in our " Report, Foundation investigation and

Preliminary Explorations for Borrow Materials, Proposed Nuclear Power Plant,

Midland, Michigan.," dated June 28, 1968. Subsequent to the initial investi-,

1

gation, the plant structures were relocated 150 feet to the east and 60 feet

to the north of the original location. Because of subsurface conditions en-

countered at the new location, the plant structures were relocated a second time.

to a position 40 feet. south and 20 feet east of the original location. The

data and recommendations presented in this supplementary report are appropriate

for the final plant location.

.
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SCOPE

,

The purpose of the supplementary foundation investigation was to

develop data and recommendations appropriate for final plant design. The

specific program discussed and agreed upon for investigating the site consisted

of the drilling and sampling of exploration test borings, the performance of a

limited number of supplementary laboratory tests, the performance of appro-

priate engineering analyses, and the preparation of final recommendations and

substantiating data.

This report is intended to be supplementary in nature and does not
^

repeat discussion of items covered in the initial report unless required.

i Emphasis is given to the following specific information:

1 - Modified site description as necessitated by the additional

explorations.

2 - Soil boring logs which include information on ground water

levels at the time of drilling.;

3 - Results of supplementary laboratory tests.

4 - Final foundation design criteria, including:

a) Allowable bearing pressure for shallche spread founda-

tions on the compacted plant fill as a function of

width for an allowable total settlement of 3/4 inch.;

.

b) Lateral earth pressure against structure walls as a

I
function of depth, in developing these data, the

! maximum probable flood has been assumed at elevation
i

632 feet, and the top of plant fill has been as.sumed |
1

| at elevation 634 feet. For normal conditions, the I

i
! ground water level has been assumed at elevation 625

feet, the raservoir water surface elevation.

|

|

,
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c) Recommended foundation type for the reactor buildings,

the turbine building, and for the eurbine generators.
,

The estimated total settlement and maximum differential

settlement are provided for recommended foundation types.

d) Recommended foundation type and estimated total settle-
,

ment for the auxiliary building which is located between

the two reactor buildings. Its structure and foundation

will be separate from those of the adjacent three build-

ings to allow for possible differential settlement which

must not exceed 3/4 inch.

e) Differential settlements between auxiliary building,

reactor, and turbine buildings.

5 - Review of recommendations regarding site preparation and

earthwork, as follows:

a) Recommended excavation slopes in natural soils and in

, plant fill,

b) Control of ground water in excavations for the reactor

andturbinebui(dings.

c) Compaction requirements for the plant fill (1) beneath

structures, and (11) adjacent to structures.

d) Minimum depths of footings in compacted soll for frost

protection or other reasons.

The results of our supplementary field explorations and laboratory :

tests are presented in the Appendix to this report.

;
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DES 1GN CONS 10ERATIONS

Subsequent to the completion of the initial investigatien, planned

foundation elevations of all the major structures have been modif'ied and more

detailed structural design data has become available. A summary of pertinent

structural data is given below.

The reactor building foundations will be established at elevation

582.5. They will be structurally separated from the adjacent auxiliary build-

Ing, and the maximum allowable differential settlement between auxiliary build-

ing and reactor buildings has been established at three quarters of an inch.
|

The auxiliary building plan dimensions will be 166 feet by 161 feet.

This building abuts both of the reactor buildings and the turbine building.

The central portion of the auxiliary building, 76 feet by 131 feet in plan

dimensions, will be founded at elevation 562.0 feet; both parts of the

auxiliary building abutting the reactor buildings will be founded at eleva-

tion 580. The remainder of the auxiliary building, located adjacent to the

turbine building, and between it and the reactor buildings, will be founded

at elevation 610.

Plan dimensions of the turbine building will be approximately 132

feet by 436 feet with a base elevation of 610. This building will house two

turbine-generators supported on mat foundations established at approximately

elevation 602 feet. The turbine-generator mat foundations will have plan

dimensions of 145 feet by 45 feet and 185 feet by 45 feet.

.
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Foundation loads imposed by th.

operating conditions and under seismic lot

below.

FOUNDATION
ELEVATION, D EA

STRUCTURE FEET

Reactor Building 582.5 t

Auxiliary Building 562.0 6,

580.0 5,0 ..so 0

610.0 3,50. 7,000 0

Turbine Building 610.0 3,000 5,000 1,000

Turbine Generator Mat
Foundations 602.0 4,500 9,000 0

The locations and foundation loading data relative to the appurtenant

structures have not been provided to us.

Final plant grade has been raised approximately six feet and will be

established at approximately elevation 634 Normal ground water level as in

the initial investigatlog, is asspmed to be at the existing ground surface,

approximately elevation 603 However, this may be a perched water level. The

water level in the cooling pond reservoir will be at approximately elevation

625. The underdrainage system considered in the initial report has been

eliminated; consequently, it is assumed that the ground water level in the .

plant area will rise concurrently to approximately elevation 625. The maxi ~

mum probable flood level will remain at elevation 632.
.

%
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SITE CONDITIONS

SUBSURFACE CONDITIONS

General geologic conditions, and surface conditions at the site have

been discussed in our initial report.

The subsurface conditions at the site were further investigated by

drilling 11 supplementary exploration test borings and 22 probings to depths

ranging from 10 to 80 feet at the locations shown on Plate 2.
.

The supplementary borings and probings provided more detailed in-

formation regarding the sandy soils, which generally underlie the topsoil

and/or organic silty soils. These sandy soils consist of brown and gray fine

sands which grade from loose near the surface to very dense with increasing

depth. Although there is little or no sand within the central part of the

plant area, the sand stratum does extend to approximately ele "ation 585 feet

at both the east and west ends of the turbine building. Similarly, the bottom

t of the sand stratum varies from approximately elevation 600 in the vicinity of

the west reactor building area to approximately elevation 575 feet near the

north-eastern edge of the east reactor building area and along a part of the

northern edge of the auxiliary bdilding area.

The presence of very stiff to hard cohesive soils, predominantly

gray silty clay, underlying the surface sand deposits was confirmed by the

supplementary boring program.
.

More detailed descriptions of the subsurface soll penetrated by the

supplementary borings are presented on the Log of Borings in the Appendix to

this report.

.
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SURFACE WATER

The site is presently subjected to periodic flooding. We understand

that maximum probable flood level has been estimated at elevation 632 feet,

which is the same elevation assumed in our initial report.

GROUND WATER

Seepage water entered some of the borings through the sand stratum

blanketing the site. Ground water observations in the supplementary corings

were consistent with those discussed in the initial report. A perched water

condition probably exists in the sandy surface soils, and it has been conser-

vatively estimated that the perched ground water level is at or near the

existing ground surface. The underlying silty clay soils are saturated, but

the present ground water level in these impervious materials could not be

determined during the short term of our field inves'tigations.

'
LABORATORY TESTS

The results of the laboratory tests performed in connection with

the supplemental investigation, together with a description of the test

procedures, are presented in the Appendix to this report.

A summary of all laboratory strength tests, and moisture and density

tests, performed on soil samples extracted from bcrings drilled in the power

plant area are presented on Plate 5, summary of Test cata.

.
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DISCUSSION AND RECOMMENDATIONS

GENERAL:

4 The results of our supplementary investigation confirm that the site

is suitable, from a foundation standpoint, for the support of the proposed

plant structures, initial recommendations regarding suitable foundation types
,

.

for various structures are considered applicable. These recommendations are

! summarized below.

j lt is recommended that the reactor buildings and the lower portion

of the auxiliary building be supported on mat foundations established at the'

planned elevations, in the very stiff to hard cohesive soils,,

i

; it is recommended that the turbine building, the higher south por-

tion of the auxiliary building, and the turbine-generators be supported on mat

foundations established in controlled compacted fill at the planned elevations.

Prior to the placement of fill, it is recommended that all topsoil, loose sand

and other unsuitable soils be excavated from the turbine building area and thet

south portion of the auxiliary building area. The exposed natural soils should

be thoroughly proof-rolled prior to commencing filling operations.

it is recommended that appurtenant' structures be supported on spread
,

foundations established in the controlled compacted flii.

The more detailed structural design data and the additional subsur-

face data available at this time permit a final analysis of total and dif-

I forential settlements. Foundation design data and the results of the settle-

I ment analysis are presented in subsequent sections of this report.

I Recommendations regarding earthwork operations are presented in the
:
! following section.

4
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EARTHWORK:;

The supplementary investigation requires certain modifications in
,

our initial recommendations regarding dewatering, excavating, filling and

backfilling.

Dewatering - The supplementary investigation has indicated that more'

extensive dewatering operations will be required than originally anticipated

due to the greater amount of sandy surface soils encountered in the immediate

plant area.

Plant excavations will extend into sandy surface soll below the

ground water level and into relatively impervious clay soils. The depth of

the sandy surface soils in the vicinity of the plant structures ranges from

0 to approximately 35 feet, with the maximum depth of sand occurring near the

south western corner of the turbine building. The maximum depth of excavation

will be on the order of 40 feet, to elevation 562.0, for the auxiliary building.,

Only minor water seepage is anticipated in the lower clay soils.

However, dewatering operations will be required'in connection with excavations

into the upper sandy soils. The ground water level, presently assumed to be
;
;

i at approximately elevation 603, mgy vary during the construction period in

response to rainfall, surface runoff conditions, and the water level in the
|

~

adjacent Tittabawasse River.

We understand that a seepage cutoff wall will be installed which

will minimize the flow of seepage water through the sandy soils into the plant

excavations. The location of the seepage cut off wall is shown on Plate 2,

Site Plan. In order to supplement ground water control in the excavations,
i

! It is recommended that the ground water level inside the seepage cutoff wall

be lowered as required by a well-point or deep-well dewatering system.

(
%.
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The subsurface conditions at the site have been discussed with a ,

I

representative of the Griffin Wellpoint Corporation, a qualified dewatering l
!

contractor. After having been familiarized with the soil conditions, the

following schemes were proposed by the Griffin Wellpoint Corporation.

1 - A single stage well-point system would be installed

to lower the water level in the sandy soils inside

the seepage cutoff wall to approximately elevation

575 In areas where the depth of sandy soils exceeds

approximately elevation 575, a second stage of well-

points would be installed to lower the water level to

approximately elevation 560. It is anticipated that
.

well-points will have to be installed with vert: cal sand

filter-wicks to maintain the required drainage and draw-

I

down. A copy of correspondence f rom Griffin Wellpoint

Corporation and their sketch of proposed locations of

the' upper and lower dewatering systems is attached to

the Appendix of this. report.

2 - As an alternative to the above, particularly in areas

where the sandy soils extend :o depths below the bottom

of excavations, it may be more economical to. install

several peripheral wells to depths below the plant

excavations. These deep wells should be designed and

operated such that the ground water level in the vicinity

of the plant excavations is maintained below the bottom
.

of the excevations,

s

O
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The dewatering schemes outlined above are considered suitable, but

appropriate field pumping tests should be performed prior to selecting a

dewatering contractor. The field pumping tests would provide data to allow

the choice of the most suitable type of dewatering system (well-points or

deep wells), and would provide additional data for contractor bidding purposes.

We would be pleased to provide guide specifications and technical supervision

during the performance of field pumping tests, if required.

The dewatering system should maintain the water level in the sandy

soils at least three to five feet below exposed excavated surface. Piezometers

should be installed and monitored to insure that the water level in the sandy

soils is continuously maintained at the recommended level.

In peripheral areas where the sandy surface soils are shallow, and

surface water is not intercepted by other means, it is recommended that a

peripheral drainage trench system be installed around the outside of excava-

tions. The perimeter drainage system should consist of trenches excavated

through the sandy surface soils and graded to drain away from the plant area.

The trenches should be backfilled with clean gravel or other pervious material,

inside the excavation it is recommended that ground water seepage be controlled,

by a system of shallcw peripheral trenches and sumps. Pumps will be required

to remove water which accumulates in the trench-sump system.

Excavatino This section presents recommendations pertaining to

excavating operations required to attain the modified planned grades and to

pcepara solls for the support of foundations or fill materials.

The maximum depth of excavation will be on the order of 40 feet in

the vicinity of the auxiliary building,

on c s a m.m..
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Providing stripping is carried out in the manner recommended in our

previous report and stripped soils are wasted, all remaining soils to be

excavated will be suitable for use as fill or backfill. Detailed recommenda-

tions for the use of these soils are given in a subsequent section,

in addition to the excavation required to attain foundation levels,

it is reco.nmended that all on-site srds be excavated from below foundation

level in the reactor building and auxiliary building areas, and that these

soils be replaced by either compacted sand or clay fill soils. Based on the

results of our field explorations, we anticipate that only very minor amounts

of in-situ sands may be encountered at.the foundation level of these struc-

tures. Where over-excavation is required, subgrade preparation and the back-

filling to attain foundation levels should be carried out in the manner out-

lined in subsequent sections.

All loose in-situ sands, soft or compressible clay soils, and

organic soils should be excavated in the turbine building area. Based on

the results of the supplementary field explorations, it is anticipated that

the depth of excavation of unsultable soils will vary from one to five feet
{

with an average over the area of approximately three feet. The excavation

of these unsuitable soils, and subsequent backfilling with controlled com-

pacted fill where required, is necessary in order to provide uniform founda-

tion support for the turbine building and turbine-generator foundations. The

plan dimensions of the excavated area should include the " zone of influence"

of the mat foundations established in the controlled compacted fill. For

purposes of excavation and filling, the " zone of influence" of a foundation

is defined as the zone within planes extending downward and outward from the

bottom outside edge of a foundation at an angle of 45 degrees with the

horizontal.

.,-r..,...4 .
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Engineerine studies have been per'ormed to evcluate t e stabilityh
.

of slcoes constructed through the upper dewatered sandy sells and tSe under-

lying very stiff to hard clay soils. Based on the results o# these studies,

it is recommended that the banks of excavations through the dewate ed sandy

soll be cut on e slope o8 one vertical to one end one-half horizonta' or
.

flatter. Banks of excavations cut through the clay soils may be cut on a

slope of two vertical to one horizontal or flatter. Banks of temporary

excavations within the clay soils wh8ch are not subject to surcharge loading

may be cut vertically with an unsupported height of up to 15 feet, it is

anticipated that. localized sloughing and soalling of the banks of excavations

will occur due to drying and-shrinking of the banks and also due to the

presence of discontinuous tenses and pockets of silt in the clay soils.

Subgrade Preparation - Following stripping and excavating it is
,

recommended that the exposed surfaces be thoroughly proof-rolled under the

supervision of a qualified soils engineer. Where practical both foundation

and fill subgrades should be proof-rolled to compact the exposed surfaces and

to detect any localized zones of soft soils. As a guide, the proof-rolling

operation could be considered equivalent to making approximately two passes over
,

the enti re t.sposed subgrade with a 20-cubic yard capacity loaded motor'

!
'

scraper, in deep excavations or limited access areas, smaller equipment

making more passes would be suitable for proof-rolling.
.

Zones of loose or soft soils delineated by proof-rolling should be

compacted if possible or removed and replaced with controlled compacted fill.

.

9
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Upon attainment of final foundation grade in each area, it is

recommended that.a working mat of lean concrete be poured. The installa- ]

tion of a lean concrete " mud mat" or similar protection should minimize dis-

turbance of the subgrade soils due to water seepage and construction opera-

tions. The mud mat will not provide protection against free:Ing and thawing

of the subgrade soils.

The clay soils are susceptible to loss of strength due to f rost

action, disturbance and/or the presence of water. If the construction schedul

requires that foundation excavations be left open during the winter, it is

recommended that excavating operations be performed such that at least three

and one-half feet of natural soils or similar cover re.aln in place over the

final subgrade or overlying the " mud mat." This layer of protective material /$7

is necessary to prevent the softening and disturbance of the subgrade soils

due to frost action.

Mud mats or similar means of protection should also be installed

on the banks of excavations which lie within the building areas. The mud mat

will provide protection against drying and resaturation which could lead to

weakening and spalling of slopeg.

Filling and Backfilling - Fills up to approximately 35 feet in thick-~

ness will be required in the attainment of the final plant grade elevation 634

In addition, fills and backfills will be required below and adjacent to

structures.

As previously mentioned, on-site excavated soils, both sands and
m

_ clay soils are considered suitable fill materials. Prov_ided either soll
'

type is placed and compacted in accordance with the criteria racommended

below, it is considered unnecessary, from performarce con:Iderations, to
'

.

I
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specify the selective use of one or other of these soll types for any of the

fills or backfills which will be recuired; however, as sands are more readily
,

compacted with small equipment such as hand operated vibratory equipment it is

recommended that sand fill be used in areas of limited access.

fill and backfill materials should be placed at or near the

(f.l optimum moisture content in nearly horizontal lifts approximatelv six to eight
s \1

inches in loose thickness. Each lift should be compacted in accordance with '

s
the following criteria fo'r the construction of controlled compacted fill and

backfill. _%
-

In addition, no compacted soils should be allowed to freeze. If

filling or backfilling operations are discontinued during periods of c d
;

weather, it is recommended that all frozen soils be removed or recompac

prior to the resumption of operations.
'

Engineering studies have been performed to evaluate the. stability

of slopes constructed through the plant fill. Based on the results of these

studies, it is recommended that the banks of temporary excavation = through

dewatered sand fill soils be cut on a slope of one vertical to one and one-half

horizontal or flatter. Banks of temporary excavations through compacted clay

fill soils which are not subject to surcharge loading may be cut vertically

with an unsupported height of up to ten feet.

It is recommended that permanent slopes through granular compacted

fill soils be constructed on slopes of one vertical to four horizontal or

flatter. Permanent slopes through cohesive compacted fill soils rnay be

constructed on slopes of one vertical to two horizontal.
.

.tM M g 8% (1 Mpe s.4 0
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Filling operations should be performed under the continuous techni-
3

! cal supervision of s qualified soile engineer who would perform in-place
~

IfI density tests in the compacted fiti te verify that all materials are placed ,i

|

and compacted in'accordance with the recommended criteria.

M MMENDED MINIMUM COMPACTION CRITERIA
' ON-SITE ON. SITE

SAND SOILS CLAY S0ILS
PURPOSE OF F!LL PFRCENT ret ATIVEgf TY* PERCENT OF MAX IMUM CENS ITY* -

Support of 0 h# F
Struc tures 83 ,/ QOO

Adjacent to
Structures 75 95-

Areal Fill (Not
supporting or 70 90_-

adjacent to
structures)

.

* Maximum and Minimum density of sanc' soils should bt, detertained in
accordance w!th A.S.T.M. Test Designation D-2049-64T.

~ ** Maximum dry density and optimum moisture content should be de )-

mined ir. accordonce with A.S.T.M. Test Designation D-698, modified ;
to require 20,000 foot-pounds of compactive energy per cubic foot
of_ soil.

poj j Syd h4M IU7 '.',
0 ophFOUNDATION DESIGN DATA

'

General - Foundation design data presented in this section assumes

that Indiv.idual building areas will be prepared ~in the manner previously

recommended. It is our opinion tbst.the major plant structures may be

satisfactorily supported on mat foundations estsigt.Ished at the presently

planned elevations. Simi ely, shallow spread tcundations founded on con-
~

trolled compacted fill soils will provide satisfac' tory support for the

'

appurtenant structures. -.

-

0 6 4WIS So 81 WhS 4 4t e4= 4

/
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Mat Foundations - The ultimate bearing capacity of the supporting

soils underlying each of the major structures has been re-evaluated to

reflect modified foundation elevations. The results of these analyses are

tabulated below:

FOUNDATION ULT IMATE

SUPPORTING ELEVATION BEARING CAPACITY
UNIT SOILS (FEET) LBS./SQ.FT.

Reactor Building Very stiff to hard 582.5 45,000
natural clay soils'

Auxiliary Building Very stiff to hard 562.0 50,000
natural clay soils 580.0 45,000

Controlled compacted 610.0 30,000
fill

Turbine Building Controlled compacted 610.0 30,000
fill

Turbine-Ger.erators Controlled compacted 602.0 30,000
fill

The above tabulation assumes that fill will be composed of com-

.

pacted clay solls; if compacted sand fill is used the ultimate bearing

capacities listed above will be greater than the tabulated values. The
s

tabulated ultimate bearing pressures are gross values; thus - the weight of

foundations should be included in computing the foundation loads. The

effects of overburden to elevation 634, and the effects of ground water at

elevation 625 have been considered in the bearing capacity analysis.

.

b
'

l

|'

|

..n-,.n........

.
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/ The following tabulation presents a summary of the factors of safety

revised to reflect the modified loading conditions and ultimate bearing capa-

cities for the various units:

FACTOR OF SAFETY
DEAD, LIVE

UNIT DEAD AND LIVE LCADS AND SEISMIC LOADS

Reactor Buildings 5.6 2.8

Auxiliary Building

@ Elevation 562.0 7.7 3.8

@ Elevation 580 9.0 4.5

@ E le va t ion 610 8.6 4.3

Turbine Building 10.0 6.0

Tu rb i ne-Ge ne rators 6.7 3.3

Shallow Spread Foundations.

The recommended bearing pressures for shallow spread foundations

have been calculated assuming the ground water level to be at-elevation 625

and assuming that the supporting compacted fill materials may be either clay

or sand soils,

s

ALLOWABLE NET BEARING PRESSURES
(POUNDS PER SQUARE FOOT)

FOUNDATION WIDTH CLAY SOILS SAND SOILS

2 5,000 2,800

4 5,000 3,100

8 5,000 3,700

12 5,000 -4,300

The factor of' safety and allowable increase for seismic loads are

the same as previously recommended.

\

.. .. . -oo r.

!

!

.)
.
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General - Settlement analyses are based on the results of consolida-

tion tests performed on undisturbed and recompacted soil samples. Consolida-

tion test data are presented in the Appendix of this report. The consolida-

tion tests performed in connection with the supplemental investigation confirm

that the very stiff to hard clay soils have been preconsolidated under over-

' burden pressures of at least 15,000 to 20,000 pounds per square foot.

The settlement analyses consider the effects of lowering the ground"

water level, excavating, placement of areal fill, subsequent raising of ground

water level and the associated time considerations.

Mat Foundations

The results of our settlement analyses for structures supported

on mat foundations are tabulated below:

ESTIMATED ESTIMATED MAXIMUM
MAXIMUM SETTLEMENT DIFFERENTIAL SETTLEMENT

UNIT INCHES INCHES

Reactor Buildings 1 - li h-i

Auxiliary. Building

i-I h-i@ Elevation 562 s

@ Elevation 580 t-I h-i

@ Elevation 610 li - 2 h-i

Turbine Building li - 2 h-i

Turbine-Generator Mats li - 2 h-i

.

DAMES S MOORE

o

o

1
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it has been further estimated that the maximum differential settle-
i

ment which will occur between adjacent structures will be as follows:

ESTIMATED MAXIMUM
DIFFERENTIAL SETTLEMENTS |

!BETWEEN STRUCTURES

ADJACENT UNITS INCHES

Auxiliary @ Elevation 562 and ,

@ Elevation 580 1/2

Auxiliary @ Elevation 562 and
@ Elevation 6ia i

Auxiliary @ Elevation 580 and
Reactor 1/2

Auxiliary @ Elevation 610 and
Reactor 3/4

Auxiliary @ Elevation 610 and
Turbine Building 1/2

Turbine Building and Turbine Mat 1/2
.

The results of the dynamic settlement analysis presented in the

initial report are considered applicable to the revised plant design and

final location. Additional settlement under dynamic loading should not

exceed one-quarter inch. The appropriate range of values for modulus of

elasticity for dynamic settlement analysis is discussed in the Appendix to

this report.

Appurtenant Structures - The total and differential settlements of

buildings supported on shallow-spread foundations will depend on (1) the

surface settlement of the areal fill and (2) the settlement caused by the

individual foundations imposing bearing pressures on thh order of the allow-

able bearing pressures previously recommended.

. . . . . . . . . .

k
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Neither building Iccations nor the individual column loads have'

been made available to us at this time. Analysis shows that the areal fill

the order of li to 2 inches. It s--- <-**''- ++5 on.. unocrgo ..3

estimated that shallow spread foundations supporting a total design load of

up to 30,000 pounds and proport oned utilizing the bearing pressures presentedi

[abovewill'undergosettl or the order of one-half inch or less

if necessary, the long term total and dif ferential settlement of

each appurtenant structure will be analyzed when the locations and structural

loads of these structures are known,
v4fr7M

it is estimated that one-thiad to one-halfTime-Rate of Set t lement -

of the maximum settlements tabulated previously will occur as elastic

recompression, essentially simultaneously with the load a: plication. The

remaining one-half to two-thirds of the maximum settlements will occur in

accordance with the time-rates estimated f rom consolidation test data and

presented below.

APPROXIMATE
PERCENT OF SETTLEMENT , TIME

AFTER RECOMPRESSION YEARS
s

20 2

50 10

90 50

_ .

Settlement of conventional spread foundations, established on an

appreciable thickness of controlled compacted granular fill will occur essen-

tially as the load is applied to the foundation.

, , , , , , , . . . . . .

.
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LATERAL PRESSURES'

The walls of structures below final plant grade, elevatio- 63k,

will be subjected to horizontal loads imposed by backfill materials,

hydrostatic pressures, and the horizontal components of adjacent foundation

loads. Excluding the horiz3n:al components of adjacert foundation loads, it

is recommended that long term lateral pressures against rigid and non-rigid

walls be computed using the equivalent fluid unit weights tabulated below:

.EOUIVALENT FLUID
BACKFILL MATERIAL UNIT WEIGHT (LBS./CU.FT.)

ADJACENT TO STRUCTURE ABOVE WATER LEVEL BELOW WATER LEVEL

NON-R I GIO WALLS:
Sand Soils 40 80
Clay Soils 50 90

RIGl0 WALLS:

Sand Soils 60 100

Clay Solls 80 110
,

Lateral pressures developed adjacent to rigid walls immediately

following placement and compaction of backfill materials may exceed the

long term pressures in the portion of the wall near the ground sur' ace.

Therefore, we recommend that rigid walls be designed for the equivalent

fluid unit weights presented above or a uniformly distributed pressure

of 600 pounds per square foot, whichever is greater at any particular depth.

The above recommended equivalent fluid pressures assume backfill

soils will be placed in a carefully controlled manner. The stiff to hard'
.

on-site clay soils should not be placed as layers of chunky soil which

require excessive compactive effort to obtain a homogeneous compacted fill.

Such a procedure would increase the equivalent fluid pressure on the order

of 50 percent. The use of clay backfill in any areas of limited access is

not recommended.

.



- .

-23- ,

Substructure walls which are established below adjacent foundations
,

should also be designed to resist the horizontal components of adjacent

foundation loads. For preliminary analysis of lateral foundation pressures

we suggest the method of analysis presented in Spangler and Mickle's* paper

" Lateral Pressures on Retaining Walls Due to Backfill Surface Loads." For

final analysis, after the final arrangement of facilities, type of backfill,

and final loading conditions are known, it is suggested that horizontal

components of foundation loads acting on adjacent walls be evaluated by

finite element analysis.

UPLIFT PRESSURES

Uplift loads will be resisted by the dead weight of the structures,

the weight of the backfill materials, directly overlying the foundations, if

any, and the frictional resistance between the structure and the adjacent

backfill materials. The unit weight of the backfill materials may be taken

as 120 pounds per cubic foot above the assumed ground water level, and 60

pounds per cubic foot below the assumed ground water level. The frictional

resistance may be computed by assuming a coefficient of lateral earth pressure

equal to 0.35 and a coefficient of friction between soll and concrete of 0.35.
s

These values apply to backfill soils composed of clean sand and

pertain to ultimate frictional resistance to uplif:. An appropriate factor

of safety on the order of 1.5 for normal operating conditions and 1.2 for

maximum probable flood conditions should be applied to the ultimate salues.

* Spangler, M.G. and Jack L. Mickle, " Lateral Pressures on Retaining Walls
Due to Backfill Surface Loads," Proceedings of the international Conference
on Soil Mechanics and Foundation Engineering, Vol. 3, P.155,1936.

ommes a moo ==
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2.

,$' If clay backfill soils are used, the ultimate frictional resistance
~

to uplift may be computed in a similar manner, except that the coefficient of

friction between soll and concrete should be reduced to 0.25

Floor slabs established below the design floor level should be

designed for full hydrostatic pressure or should be provided with adequate
*

drainage facilities.
;

--o0o--

The following Plates and Appendix are attached and canplete this
;

report:

Site Plan (Revised Reservoir and Power Plant Areas)Plate 2 -

Plot Plan (Power Plant Area, Revised)Plate 3 -

Generalized Subsurface Section B-B (Revised)Plate 4B -

Summary of Test Data (Revised)Plate 5 -

Field Explorations and Laboratory TestsAppendix -

Respectfully submitted,

DAMES & MOORE
,

e

George D. Leal
Registered Professional Engineer
State of Michigan
Certificate No. 17383

|
|
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5.2 Non-Seismic Category I

Non-Seismic Category I structures, systems and equipment are
i

those whose failure would not result in the release of radio-
activity and would not prevent reactor shutdown. The failure
of non.-Seismic Category I structures, system and equipment

: may interrupt power generation.
.

Typical Non-Seismic L ., gory I Structures are:

Evaporator Building | \Turbine Building
Turbine Generator Pedestalb Cooling Tower
Intake and Discharge Structuras (except service water) |

',

Administration Building
Shop and Warehouse
Primary Storage, Condensata and Domestic Water Tanka
ButtressAcc$ssShafts iRadvaste Bui ding ~k f

i

6.0 CIVIL REQUIREMINTS
,

I 6.1 Earthwork
,-

6.1.1 Filling operations shall be performed under
! the technical supervision of a qualifiedr

soils engineer who v111 perform in-place,

1 density tests in the compacted fill to
verify that all materials are placed and
compacted in accordance with. the recom-
mended criteria.,

'
,

RECOMMENDED MINDO! COMPACTION CRITERIA
ON-SITE ON-SITE!

SAND SOILS CLAY SOILS4

PURPOSE OF FILL - PERCENT RELATIVE DENSI"Y* PERCENI 0F MAXIMUM DENSIT!**
j Support of h

Structures 85 -

j Adjacent to
Structures 75 -

I Area Fill (Not 75
-

supporting or g,

90i adjacent to'

; structures) |

!

; i
'

*
Maximum and Mininum density of sand soils should be determined
in accordance with A.S.T.M. Test Designation D 2049-69.3

1 i /L\
**

Maximum dty density and optimum moisture content should be'

deternined in accordance with A.S.T.M. Test Designation D1557-70,
Method D, as modified by the "Bechtel modified Proctor Test." ,'

' I ^

t&-
|

.I t
>
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(D My$ Bechtel Power Cor,coranon
_.*/ ,\ j,

;&t y fr.::: mas vemersnm.m ,1
.

f.'
i

/
'

* 'tr..~ f ring iLie ''M

Jeb 722t! Midi.an1 Project October 28. 1976:w a
Tr1ininz Eesnir.n BT 94
?arthwork Backfill ?receduras D. P. Tenner, . . .

.

'*on s t ruc t ion

4. . tin N Midland. MI-

38 2>

". Eer'r.i'IM
. > . Horn
#. 'I.t 13 CM

',e' rrencen : 1) Specification C-210 Rev. 4
:) Specification C-211 Rev. 2

vt'Jednesday, Septe=her 15.19M, Don Perkins. Civi1 Superintendent
(Tard), gave a training session to Dechtel con 9tructior craft per-
aonnel. The cession lasted approxi=ately ten tsinutes.

, The instruerion concerned uncerpacted lif t thicknest:es for coil- -

placenent in backfill artns. D. Perkins gave an c.v;1anation of sner-
ifi.u tion C-210 Re. . l. (Plant Foundation Excavation and Coolinn Pond
.)isos). Sectione 12.5.2, 12.5.3 cand 12,5.4 which st.are, in part. "The
: rovt :te I .lif: thicknere chall not bo mre than 12 incher.. In ni nc
:c! .w u!51e to roller eouin ent the ._1torf il xhnll N : laced In |f-

.

'e t tu ex ed *. Sches in ur.carnacted rhickner.s". 3 >" '. h n 11rc ' a v..
m''u2tton of Speciffeatien C-211 Rev. 2 Utructural RacMill),a

M:c:1.:n 5.2.2 vr.ich states, in part, "T.tc uncoruaeted lif t thickne.e . nf
tr.e hachfill material .shall be deter sined by field parsonnel af ters

; v.11untion nf the proposed co=:: action equipment. !!cvever. in no enr:e
rhall the uncot pneted lift thickness cr.eced 12 inches".

Those in attendance were:

Laborer Cencral Foreman: K. Parsons
Laborer Foremaa: P. McQuire
3. F< x ks s o.*e,'i br e

/,/ N
D. P. Tanner

DTT/CHN/dth

.
.

% 1

** #
i%

St$4-19 fel
s

- - - - - -_
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a
To Midland File: B3.0.3.

1 )

/

GSKeeley/TCCooke,P-1k-kO6Pf/ff COUM...,b,
rnon

Mj, ,

DATC DeCeMDef k, 197b 4 D ?],

CompZy
suosccr MIDLAiD PROJECT - -

.~~ #~
DIESEL GE! ERA'IOR EUILDING 'OC MY-

ff D co" ,'E" N uocuceD I
''

b I s"3 "$|| |C
SETTLE EtiT MEETI!!G -

l UIlFILE: B3.0.3 SERIAL: 6175

cc DEM111er/TC0cche, . Midland CEOd Y2b
cal!unt, P-lh-209B

,DEIIorn, Midland iN kNIY MNbN
MIDI.AND, N.!CH!GAN

.

On Thursday, November 2,1978, a meeting was held in Ann Arbor between Bechtel
and Consumers Power Company technical people to review the situation on the
settlement of the diesel generator foundation. An agenda and names of personnel

,

in attendance are attached (Attachments A and B).
'

During this neeting the following discussion took place:

I. A. See Attachment C for Listinc of Inconsistencies

1. Tuveson of Bechtel stated the following:
.

C-501 is an AA design guide. Eechtel feels that Geo Tech, althour,h

4 not there full time, perforned technical supervision. They did
not have a man full time for either dike work or power block back-e

fill.
o

Geo Tech only reviewed data if field requested them to review and
only if field had problems. Ikchtel feels that field engineers'
personnel involved in compaction were qualified soils engineers

'

and could interpret tepts and correlation of tests. CP Co does not
feel that they were qualified soils engineers on site (most were
right out of school). _ Bechtel (PAMartinez) had said in July 197h
they would have a man full t-ir.e on the job, but not the site.

2. Dechtel feels that relaxation of Dames & Moore recommendations is
supported by field testing on compaction and the D&M Report dces not
specify the type of equipment to be used. 1973 testing showed that
it varied depending on equipment and material. Would have used dif-

$ ferent compaction if lifts were 6" - 6". CP Co talked to Rexford
,

about difficulty of monitoring spreading and compaction especially
I in smsll areas. Ecchtel cays they feel as ccmfortable with 12" lifts

as 6" - 8". See J L Coricy letter to Connolly, 7/23/74. Ddn llorn asys
there vere areau around containment where they went above mark. During
July 197h PAM comitted to CA!! that JUanzek would be on job f"11 t'.mc -
affcet,cd by slowlown.

3. ' Hechtel doca not. Icel there in any conflict. rf backfijl frozo and
t, hen thated, it r!'ruld be renoved. It was all scrnped off (usually

h 2") nnd then t W /d v!th a pickax. I
.

iB 8 1979 |
.

.
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h. C-501 - On-site sand. -

.

C-211 - Structural backfill so does not have to be too high a
percentage (bought off-site sand). CP Co feels that the Bechtel
C-210 specification did not require sand soil to be compacted to
855. Bechtel feels that whether it is 80% or 855 it has no

k structural effect assuming the san'd meets the gradation for
b structural sand (imported off-site).

.

5 Bechtel says that they requested that more borings be done before
diesel generator problem and they have now demonstrated that we

; do have adequate compaction of, material in sand lens area ques-
tioned. -

6. Bechtel says that, in some cases, the vrong standards could be
followed and that this was the problem with grade beam. There have
been times when inexperienced man could have selected the wrong

,$ coorelation. Since the diesel building problem, Bechtel has cone
; to running proctors as soil is being placed although they had taken

some borings after grade beam, but did not'see any problems. How
*

many proctors were run as material was removed from borrov pit -
This would have shown whether technicians were utilizing thenone.,

correct proctors. Present practices require higher density which
is more difficult to obtain vatching wheel action in small areas

. vas assumed to be impractical.<

.

7 Should Bechtel modify proctor vs ASTM (see NRC Exit #6 below)?

j- B. NRC Exit (See Attachnent D for Listing of Findings)

1. During construction, ve are doing every veck on diesel and every
60 days on others. We,see no need to change from FSAR commitment.

2. Use of random fill' was identified as okay in Dames & Moore and PSARJ ,qm 41 ,

and as long as adequately compacted is okay. Will change FSAR to^ #g 6 .

$t indicate rar. dom fill vill be used. In addressing jut;ntu t, on' area r nd
' ' Ld[*'"d'I

,

non-uniformity of soil, we should also cover conservatism of struc-<i

ture design to settlements. .The building is a stiff structure and-
'

, v3ee $ can span settlements.
,

-

2 3. Due to various types of equipment, acceptance was performance rather
than procedure. Copied from dike work, but not applicable to bac'k .
fill. The table should be modified.

.

h. Cover this in compaction explanation. Review and change the FSAR.
The PSAR anid 1/2" is a ballpark figure.

'

.

') . Typo; grado inut cart or actual.

.

.

t

O
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6. - C-10 specification in 1969 used four-pass performance specifiestion
and test to 20,000 foot pounds Bechtel Modified Proctor (BMP). On
restart in 1973, C-10 became C-210 for dike (methods) and performance
for rest of fill'(testing to BMP vith modified - 95% of 1557D). Was

*

added to Section 13 - testing is still based on BMP per Secticn 12.

In 1977, Revision 5 was rewritten to 1557 for placement (vas re-
written for type of materials - sand). On clays said 95% of 1557.
Q-List dike was tested to 95%, but rest was accepted on h-pass.
Test in those areas shown less than 95%. There vere 3,000 tests*

"

taken.
,

5 *

} 1557

1557 BMP t v-> BMP
D

\
--,

e
95% 100% '

\ a- std

.

M

(Varies from 8 to 16%. )
, .-

BMP van originally implied to be used for dikes. 20,000 ft ib vs
56,000 ft Ib of effort on BMP vs 1557. On other jobs Bechtel ures
95% of 1557. Dames & Moore recommended .95% of .1557. or 100% of B::P.

-p( Bechtel does not know why 95% BMP was used - possibly 56,000 ft ib.

was accidently copied out of the D&M Report. As it ended up,
Bechtel used 95% of BMP for everything.

Re ferenced
1557 BMP*

(1968) (1969)
*

,

Under & Support O't- 95 100 ''

'

,

Adjacent to Structure 90 95

Nonsupportive & Adjacent 90 90

7 Working on. Continue ~ monitoring. The elastic foundation question,

' -
has not yet been analyzed for the vorst case. .

! 8. Will discuss utilities' and random till calculations which are mafor
conce rns.

a .

') . ' Feelo no prohtum and could close up later. It is under observation.
0.02" maximum nLlovabl.e under ACI architectural.

.10. Okay.'

.

t

'

-|
'

,

|'

*1
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[ 11. Will bc monitoring. Initial calculations did consider variations on,
water Icycl..

i- /

12. Okay. Check consultant on preload.
,

13 Okay.
.

lb. Mat foundations not used normally over random fill or in diesel;
' building; Bechtel disagrees. *-

.

, Bechtel disagrees on blow count question and noted that tests may have
" been taken at plancs.

,

c:)
-

.

1

15 Does not believe material was placed as indicated (lov blow counts).
'

II. A. planned Future Actions

1 1. Start monitoring underground utilities prior to other activities.-

Condensate lines - measure gaps and survey (elevation).a.

b. Other pipes --measure sleeve gaps - do additional excavation as '

required.

-

Get initial readin6s on adjacent underground pipes.c.

2. Release the duct banks.

3. Grout gaps between building footings and soil for. more uniformity in
soil pressure and avoidance of building stress.

*
h. Check the relative displacement between duct bank and footin6s F

' Include the off-se, duct bank.

S. Run a profile along the . bore of pipe beneath the building before and
after preloading. . Include horizontal and vertical measurements on

| center line.
:

| 6. Monitor condensate pipes and duet banks and check continuity on one
j duct per bank.
( *

i
! 7 Install soilu instrumentation.. |

.

|a. Building ucttlement markers.
|

.

,

:

; b. Piegometc r 'for port water pressure (in and -cut).
| (

*
.

l

,

.

t

'
.!
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/ c. Settlement monitoring of existing fill at varying cle

d. Inclinometers.'
.

I

U 8. Preparation for surcharge.

h Three feet of sand vill be placed approximately 20' ar e.a.
'

! the outside of the Diesel Generator Building and insidt -,

Diesel Generator Building for frost protection.

b. Manholes may be utilized in the approximately 2,000 cut h-
i feet of sand..

c. Excavate both sides of duct banks.

d. Protect the turbine generator basement vall, if a surch r. - '
::

required in that area.
'

.

9 Resolve what will be done in the transformer areas.
'

B. Scheduling

The duct bank should be cut loose on November 6,1978. This crir- - -

vill take approximately 2 veeks. On November 2h ,1978 start , r -

operation (1 weeks maximum time estimate). The pond should in
by January 1,1979 if at all possible. Instrument preparation *

start.immediately to complete in 2-2 weeks. The meeting with e- ' -
tants vill be held on November 7, 1978 in Champaign, Ill. Deci: i-

nurcharge vill be made November lb,1978.

It is anticipated that cribbing for the surcharge vill be cort c*.i
mid-Decembe r. URC confirmation of the planned course of acticn r . *

'.

required. Once fill has been started, it will take approxitatel.- -.+de
to complete. The surcharge vill then remain until approximate 1:/ - - -,

1979 (assumption). Removal would take about 2 weeks. It is ner-
that work would ccutinut wher, posa!ble in rechanical and .9 N' ric -'

Civil work on Diesel Generator Building would probably ''.'earena.

from March 1, 1979 through May 1979 and complete June 1, 1979 L''
machine must be turned over on March 1,1980 for hot functional.

Monitoring operationc should start as soon as possible trior to cut *in!*
the buildin6 locue (initial work has been completed).

The NRC, Darl ifood, will be contacted on November 7,1978 and a -<< thc
vill be act up with Messrs Hood and Lyman Heller.

.

CSK/c ;e
*

.

.

O
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MEETING ACENDA-

Midland Units 1 and 2-

Consunters Power Company -

Bechtel Job 722o-

*
, .

DATE: Thursday, November 2, 1978, 10 a.m.

PLACE: Ann' Arbor Office,'4 D 5

SUBJECT: DIESEL GE'IERATOR REVIEW MEETING

ATTENDEES: Consut:cra Power Company / Bechtel

DISCUSSION ITEMS: (I) CPCo/NRC Questions & Concerns

(A) " Inconsistencies Discovered to Date"

(B) NRC Exit Meeting October 27, 1978
.

(II) Future Activities-'

(A) Releasing Duct Banks

(B) Crouting Caps Under Footing

(C) Utilitico Monitoring During Release of
Duct Banks

(D) Soil Settlement Instrumentation and
Monitoring of Utilitfeo During Surcharging *

(E) Preparation for Gurcharge
t

(1) Protective Measures
,

| (2) Front Irotectica *

(F) Schedule ,

*

,
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,

INCONSISTENCIES DISCOVERED TO DATE
/ .

1)' References:
'

[ a. Dames & Moore Report (Page 15)

b. Standard Ho 7220-C-501, " Civil & Structural Design Criteria" (Page 8)

" Filling operations shall be performed under the t,echnical supervision of a
qualified Soils Engineer who will perform in-place density tests in compacted
fill to verify that all materials are placed and compacted in accordance with

*

recommended criteria."

Bechtel Field did not have a Soils Engineer on site.
.

2) References:

a. Dames & Moore Report (Page 1h)

b. Bechtel Specifications C-210 and C-211
'

Danes & Moore "All fill and backfill materials should te placed at or
near the optimum moisture content in nearly horizcntal lifts approximately
six to eight inches in loose thickness."-

Bechtel Snees - C-211, Section 5.2.2 "However, in no case shall the un-
compacted lift thickness exceed 12 inches."

Obviously, those two requirements conflict.'
,

.

'

3) References: *

a. Dnmen 14 t.fcore Report (Page 15)

b. Bech tel Specification C-211

Dmnes._& Moore _ "In addition, no ecmpacted soils should be allowed to freeze.
If fill or backfilling operations are discentinued during periods of cold
weather, it is recome.cnded that all frozen soils be removed or recompacted
prior to recumption of operations."

Ecchtel Spec "Uo backfill shall be placed upon frozen surface nor s' hall
nny e o. en mterial be incert: orated in backfill."c

'dits doou not addrosa the question of removal or recompaction upon resumption
of work.

.

.

e

.

.
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1 |
/ Inconsistencies Discovered to Date

{Page 2*

/ -
. =

/ h) Re ferences :
1-J/ a. Bechtel Design Standard C-501

b. Ecchtel Opecification C-211
y
| Dechtel Desim Standard - Table of Minimun Compaction Criteria

Purpose of Fill On Site-

Support of Structure Sand Soil
Percent Relative Density

855 (D2049-69)

Spec C-211, Section 5.5.l' "Cohesien).ess (sar d) material chall be compacted
to not less than 805 relative density...by ASTM D. 20h9."

Specification and Design Standard conflict.

5) References:
.

a. Dames & Moore Report (Page 14)

b. FSAR Pages 2-7

c. Drawing C kh

Dames & Moore "It is recommended that all areac in which the final grade
vill be raiced by placement of fill be ntripped of all topcoil and other
unsuitable noll if any and be thorcuchly prcof rolled."

FSAR "All loose in-site cands, soft or ccmpresuible clay soils and
organic soils vill be excavated in the Turbine Building area."

8echtel Drnving C-hh , Mote #h "Ilithin the excavation aren shown, all
loono mrficint sondn wi th rehtivo dene tt, lees then 75.5 6 ,l' be removed."

Added to thin drawing 8/23/75

Boring logs chow un that the soil van not removed; however, it may be greater
than 75$.

Djecunsten. '

The questloa of whether the looce sandn as described in the PSAR vore ever renoved
.

la a good example of why there chen14 he incchanimna to insure that co anitimr.t3
nee propeely conveyed to We Conutruction Group and tha; the cutlined work la
nuccennthtly concluded. When the note to Drawing C-kh was/tdded, it was tco late
to econonte,.ity e>.cnynte the .Looco vtad circe t hey had for the noal f e '. t < n
covered by back fill.

.

'

The ottach id boring lor.a and locaticaa confirn existanec of the .4and.i. alti.cugh
the blev counta look voty'cond.

.

.
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Inc~nrist;ncice Diacovsr:d to Data
Pace 3
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/

#, 6) We question the r.ethod used to select the proctors. Errors in reported
compaction prchably resulted in celection of lover .uximum density proetcrc.,

'
*

See Bechtel letter to US Testing dated February 1,1978.
1
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h . !:w1.irgoglio, JSC-220A --h [ ,,15, i_,

rno,, DE!!orn, !!Idland $;$
CGilS!EBfd -

' -

'

O.u c October 31,'1975 f([yJ'Jj*[
I0m!Eny

!'.
.

suo scer }!!DI.AMD Pi!OJEC T - N!'C EXIT -

It:TrnVII.P OF 0C70nE3 27, 1973-

File: 0.4.2 Scrial: 230FQA78 '' Q_3
| .

/ cc SAfifi, Ecchtel - Ann Arbor ,JLCoricy, !!idland
URBird, JSC-216B CSKccicy, P14-403B*

*

RI.Casticberry, Dcchtel - Ann Arbor DB:!Liler, lif dland.

TCCooke, flidland JFNeugen, Bechtel-

_

'

" The follouing peopic were in attendance at the subject exit interview which was '*

conducted at the end of C. J. Callagher's inspection of October 24-27, 1978:
'

CPCo Bechtel NRC
*

* *

' "

RCDauman ULBarclay RJCook.

TCCooke ABoos CJCallagher*

JLCorley RLCastleberry .

Dehorn LADreisbach *

.,
*

GSKccley PAlfartinez
DBHiller

'

.
'

BilPeck '
'

fRl!Uhecler' " ** *
.

I

'Mr. Callagher stated that the visit can a follow-up on 50.55(c) report of the
diccc1 generator ettlement and that it was also a fact finding visit. The in-
cpectica consisted of a revicw of pant data, activities in progress and planned
activitics for future work. Inspcetion was performed by review of the FSAR com-,

mitments; Specification C-210; Specification C-211; PQCI/IR C-1.02; Dames and
!!ooro Report of Poundation Invest [gation and Preliminary Explorations for Dorrowed
!!aterials dated June 28, 1968 and cypplement to this report dated March 15, 1969;.

preliminary data on diusc1 Generator settlement probicm including boring plan,
*

cross tections of fill, blow count versus the cicvation graphs, lab data, settic-
ment data, horing logs, durch conc logs, ucather data and penatraneter readings
in tent pito; denign drawinna C-45, C-109, C-117 and C-1001; aoil tentu taken

*

in the diesel generator building area during construction compiled by B. T. Check,
Bechtel QC; obsnrvation of noll testing at the test lab and in the ficid; and
discusnions with Bechtel Cco-Tech, Project Engineering, Field Engineering, Quality ,
Control Engineerinn, U.S. Testing, Consumers Power Company, PMO and QA personnel.-

Hr. Ca11acher otated that he would not !.andic the findings an noncoup11ancco,
however, they could becoun item:i of noncompliance when they are reviewed by hin

*tranagemen t. *
,

-

Illa f.indlunu/ohnervationn vern an f ollowa: .

*

1. The FSM ntateu that during opnration, cettler.imt readingc will be taken every
90 da y . Ike.mne of iIm 4iconI gener.itor nel ticment prom m, I h Ir freflu:ncy

ulnuibl in re--eva lu:s te.:d I or od erpiacy.
.

* .

.
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2. USAR Table 2.5-14 " Summary of roundation Supporting Scicmic Category I struc-
turca" identI(109 the cupporting soil maicrials under tlic diesel anaerator
building au being controlled, co.gacted cohesive soils, llo9ever, constreet Ian,

/ drawing C-109, nev. 9 and C-117, Rev. 6 identifien the material in this area
[ as Zone 2 u.iterial. 7.one 2 vatcrial f u identified as randon fill described -

as any material free of organic or other deleterious materials. In the field.

a variety of materials have been uned for the dienet generator foundation
material, in particular, sands, clay, and lean concrete, sitty sands and clayeyy

[
' sands. The apparent confitet is that Tabic 2.5-14 identifies cohesive coils
where, in actuality, cohesionicss sands have been utilized. A review of the
records indicate that sands have been used beturen elevation 594'-6C8', areas
of cicvation' 611'-613' and arcas between 616':dL3'. This indicates the ex-
tent of the variability of the material placed under the dicsc1 generator
building foundation. :fr. Callagher did not feci it was good judgement to use.

random raaterial under the support of a structure.
,

3. FSAR Tabic 2.5-21 " Sum. nary of Compaction Requirements" identify random fill
,

to require a compaction effort of a minimum of 4 passen with the specified
equipment in this tabic. This requirement has not been an imposed requirement
of Eccht'c1 Specificction C-2.'.0 nor an inspection requirement of Ecchtel Qualit/
Control Instruction C-1.02 for backfill.

.

4. FSAR section 3.8.5.5 states that settlements of challow spread footingn founded*

on compacted fill are estimated to be on the order of h" or icsu. Site Survey
Program han identified setticaents in the dioccl gencrntor building fenndation
on opread footings to r'.nge f ro i 0.55 inches to 2.30 inchen and in excess '

of 3.0 inches tot the diesel generator pedestal.
- 5. FSAR figure 2.5-47 indicates the foundation of the dienel gonorator building

to be at elevation 634', according to der.ign drawings C,-1001, nev. 5 it is
indicated for the dicsol generator spread footings and pedest.d. foundation

'to be at 623' .
.

6. A. Specification C-210, section 13.7.1 requires all cohesive backfill in t.he
plant area to be compacted to not Icss than 95% maximum 'dencity as deter-
mined by ASTM D1557 method D ubich requires an effective compactive effort
of 56,000 foot-pounds of r:norgy per cuh tc foot of noil, llouever, section
13.4 Teuting re<psit es tenting of the materials placed, in the plant area
to be perforned in accordance with tests listed in $cction 12.4. This
section, in particular section 12.4.5.1, " Cohesive Soils," requires maxi-
mum lab dennitica to be determtned using Asut D1557 !!ethod D provided
a compactive energy equal to 20,000 foot-pounds por cohmic foot is applied
(Hechtel !!odified Proctor Density). To dato, the Ecchtel Modified Proctor
Dennit.y for determining maxinun proctor density vornun optimum mointurc

*

cont.cnt han been utilized. Thf u conflict results in an unconnefVatiVe
met hod of del'Ornin f un, tha maxiuun , proct or dennity atid Imt. hod oMWNing

. _ _ . - -
~0G..ru. Tf.N.._re.;1.uT.F.,7.J . .c._c en..i _c.w._ u.a.c..(..l~ti.n...a v h i.&.C," f GWre nWr ." t 1*n.

actua l in.-place co:.. .act , loa vould be lean.-untng the Ecchtel m'dl U m, 3. L.O C "
.

.

tor Den.:lt y an a reference th:m using the neandard AST t D1557 unthod D.
Thin I~ der io tho faet # int t he crepe. t i c enctny e sected os lo", t he 1:ech6:1.

Hod i fied I!ut hod in f.t t o.ci t he ef fort e.wrt ed by the ulandard met hod D --

exaeple: 20,000 f ut psu: + ve ruan '.i6,000 f oo t-poundn .-

.

I

I

.
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j' , 6. B. E>Ecchtel Quality Control Instruction C-1.02 cection 2.4 testing identifics
the ' ppi tcable Innecctio's criteria and indbuldu. Specification C--7.10,a,

i a c e--
t.iun 13.7 an.1 L2.4 whic:a includes the apparent conflict an describcd in

j detail in Part A above.
*

C. A further review of the original subsurface investigation performed by
*

.
'

Dames and Mooro and documented in r6 port supplement dated March 15, 1969 '"

page 16 indicatus that the recommended ininimu.a compaction criteria for *,

support of structurch bc 100% of maximum dennity using a compactivo et fort '

of 20,000 foot-pounds (resulting from Hecheci Modified Proctor determina- I

tion). I!owever, thin 100% of Ecchtel Modified Proctor corresponds to 95%
compaction according to the standard AST!! D1557 method D and not 95% com-
paction according to Bechtel Modified Proctor method which has been utilized
for the entico plant fill area to date. Furthermore. Dames and Moore'

Report; page 15 states that all fill and backfill material should bo placed
at or near the optimun moisture content in near horizontal lif ta approxi-;

<

mately 6-8" in loose thickness. Bechtel specification permits a maximun
of 12 inches ubich affcets the compactability of the materiale . .

., ,

Piping, condensate 'lires, duct banks, and other utilitics under the dicsal gen-7.
crator building may also he affected and must be evaluated. '

.

:
,

Mr. Calingher stated he was leaving not having acc5)de*h!Mm'f"lations and
. *

@i-

{ 8. .

&gn calcu{
*

uill be discussing design calculations, assumptionilmade, and conflicts with
the FSAR with Litensing.

, , .., .,

j 9. The inspector observed the structural concreto crack that has developed in
the c.tst exterior wall. The crack was observed with membero fron Bechteli
Cco-Tech and Consumers Power Company. The crack extended full height of the

'

vall and continued down through the spread footing as seen from the incide of
.

| the building. The crack is expected to have been induced ficxurally causedi by differential nettlement..

Discussion with Ecchtcl design staff has indicatedi ^

that this crack is under study and is currently being evaluated. ACI-318-71
.: in the commentary scetion 10.6.4 limits ficxural crack exposed to the outside,

!
'

to 0.013". Correctivo action may be required if this liriit is exceeded.
3

.-
,

,

!10. The follouing tontn were observed to be perforned in accordanca uith the applic-
. ,

-

, able tecl a ntandndo by U.S. Testing: ),

*< *.

, -.- .. .

[ A. Lab Test AST t dis 57-70 ' *' ' '
. *

.

, ..

!
.

B. Pfald Tcat ASTil D/1556-64
,-

. .

'
.

1 11.
Calculat tona nhould be cvaluated on the increa'c'c and the' rat o of inerca :o

| of thu pond f111 and the offects of the water lit other arcoa. *

! ?. . Ifr. Ca llagher nf .H.ed 1. hat. the NRC doen not vlev pt oltaallng of t he et t oeture .

*

to be a Cix or renotutloa of ths probicm at thlu time. - .4

O he | N.){ l' | NII d!k |I|}N | Id #

h #[ Ula| (@ (,, i kin he S % '' I

, I.

i
,

cr.h;t.tur. 'In llu preci at e ond i t ion.
,

..

.

gI* t g

. ,

' .
.

s

.
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i
. uss inurwaar, moveseoet* 4, tyto, meeting was held * f n Ann Arbor between Bechte) --

~

f to Ar.v mea NA.;% i .wd jHtople,4 #dta42 stadtlae on, W
settlemswi 'ad* : .; .nu. 4 p..e. .tv. Tvn ia.tinn An 'sc-nis and 'us =:e or personnel
Ir* Attewfux:t A,te AMAdel CLTWheat.h{.B'. @

,

. l.

lM r.~. this tantien the frt"r-h.- ?'- '-- feok ptAte*
-

,

t. . r. . v:: ?.v .:-~ :.s c T=- u. - 4 *. . .: ..~ % .. ,.s: s'. w ..i .._.
~

,

. .
s

,, J.. 'WV*esun of Mechtel stated tha followingt j-

7'D
'

-

-

J C-301 is an AA des 1 n guide. Dechts1 feels that Geo Tech, althout;h s

6
9 * not bm full time, perforised tech.nical . super. vision. 'Jhey did'

|..

" %* . . not hsve a man fad time for either dike work or power block back-
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Marlified Soils Engineer who will perform In-place density tests in compacted\''
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Basmes & 16ere 5eport (Page 14) II
a. t.-

.
"

b.
Bechtal Speep C-210 and C-211

,

D== & Moore,
"All fill and backfill neaterial

~

, . . l'

near the optimoet wolature content in nearly horis siv>uld .be placed at or {(six to eight inchen in Joose thi kc ness." zontal lif ts approxtmately - [
g

Bechtel Specs _ ~ C-211 . i ..
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Midland Units 1 & 2 i
Job 7220-101

.

HEETING NOTES

DhTE: 28 September 1978

LOCATION: Midland Jobsite
Midland, Michigan

,

. SUBJECT: Settlement Observations Some Fill Supported Structures
,

.

ATTENDEES: CPCo. Bechtel Consultant
.

. .

T. C. Cooke S. S. Afifi Dr. R. B. Peck,

D. E. Horn J. Betts
A. S. Pratt A. J. Boos
O. E. Sibbald R. Castleberry

*

R. H. Wheeler B. J. Cheek
W. R. Ferris

*

0. H. Holman
T. Johnson*

,

B. T. LeFevre
!

B. C. McConnel '

G. Tuveson.

K. Wiedner
- A. S. Marshall -

.

DISCUSSION:
.

Purpose .
.

The meeting was held to discuss settlements of structures south of the
*

turbine building which are founded on fill. Dr. R. B. Peck was met
by W. R. Ferris, S. S. Afifi and C. T. LeFevre on Thursday morning
and all' drove to. the site. 'Enroute, Dr. Peck was briefed on the*

general site conditions, . settlement observations and preliminary find-
ings of the exploration and testing program. Upon arrival at the site,.*

Dr. Peck was further briefed by client and Bechtel. personnel. All
parties then toured the site and inspected the buildings where
settlements have been reported.,

General.

1. The reference benchmark for the plant is located outside the
plant area and has been checked every six months since .1977.

2. Salt wells in the area are completely capped and monitored. -Brine
*

production started in the early 1900's. The salt is. located at
about 4000 ft. depth.

,
.

3. The major settlements noted to date are in structures founded on
the fill south of the turbine building. .These settlements are

based on measurements made on construction scribe marks as reference -
which should be accurate within 1/4 inch.-

..

.

-M

.i
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. . Meeting Notes :
28 September 1978
Page Two

,

a. The diesel building settlementsvere first noted in July
,

1978. They now range between 1/2 and 3 inches.

b. The southwest corner of the turbine building has settled,

3/4" since May 1977. It may have been influenced by the
adjacent excavation for the admin'istration building.

'

c. West transformer pads settled 2-1/4 inches. Since this
; measurement was made about 5 feet of crushed stone was

placed in the large area surrounding the pads and no settlement
,of the pads was noted.,

d. The service water valva pits (added weight near zero) have

settled about 2 inches (1-7/8" and 1-3/8"). No settlement
* of these pits occurred in the past month.

4. No long term records of ground water table are available for the
Midland site.

. .

5. The sand layer below the clay till is located at 150 ft. depth
and has a piezometric pressure at eJevation 605 . Original.

ground water surface was assumed at the same elevation.

6. The pond operating level will be between 6'18 'and' 627. The pond
was filled in March 1978 to about elevation 622. Now the water
table in the vicinity of the' diesel generator building is at
eleva. tion 622.

.

7. Circulating water lines buried in the plant fill are backfilled
* with sand and permit water table to rise to pond level in the

plant area.
, 5

Diesel Generator Building,
.

1. Building dimensions are 70' x 155'. The present foundation pressure
is about 2 ksf except under the pads where the pressure is 1 ksf.1

The expected ma'ximum pressure is 4 ksf' static, 5.5 ksf dynamic.,

2. Backfill under the building was done during the latter months of.

1975 and 1977. Most fill was placed in'1977 which was a dry
year (starting in May - latest placed in October). Most fill was
placed with rolling equipment. The material was brought in by

i trucks, spread by a dozer and compacted.with a vibratory sheeps-
foot roller. Duct banks were put into _the fill by digging . trenches
and.backfilling.

-

3. Construction scribe marks were used to check settlement.- Dates-

when .these marks were set is not precisely known. - However, the-

'

concrete was poured in the period March-May 1978,- first pour ;

.in October 1977. The settlement was first noted in July 1978..-

Initial values are referred to the initial elevation of construction
.

4
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,

!
' ' *

scribe marks which are accurate within 1/ 4" . The monitoring is
being continued. .

4. At the east end of the building, there are places where the foundation
is separating from the mud mat below.* This indicates that the
building may be arching over hard spots or the fill may be settling
under its own weight. '*

, ,

5. A trench along the east end of'the building was excavated.to a
; level below the foundation to install electrical duct bank.

6. The clay fill under the building came from the pond and the sand
fill around the piping is imported. No on-site sand was used.
The clay fill is random with varying sand content. It came from a

*

stock pile thht was used between 1975 and 1977.

7. The first footing was placed in October 1977. It was covered and
hea'ted.

Exploration and Testing,

' l. The exploration program consists of borings to conduct standard
penetration tests, obtain Shelby tube samples (3" to 5" diameter),
and obtain information on ground water table. Also Dutch cone
measurements are being made to correlate with test samples.

.

i 2. The ' laboratory testing consists of unconfined compression tests,,

unconsolidated-undrained triaxial tests, consolidation tests,
classification tests, Atterberg lLait and grain size tests, and --

clay mineral analyses. Compaction tests will also be made to
develop Proctor curves hnd conduct strength and consolidation tests,

on samples dry and we,t of optimum. Samples prepared dry of
optimum will also be tested for strength and consolidation.

after saturation. Consolidation samples will be first loaded to 1
ksf without water, then ; hey will be . flooded to determine the~

corresponding settlement.
,. ..

3. Test pits will be made to determine in-situ density, obtain,

sufficient samples for Proctor tests and conduct pocket penetrometer
-tests.

.

Comments by Dr. Peck

1. 14ak,e test pits.at a number;of locations and carve large size
samples for density and Proctor testing.

.

2. Look carefully'at ter pit walls. Take pocket penetrometer readings'
along the sides of.the test pits on a. grid pattern.

i

.

l
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*
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'

3." Plot settlement of the building at different times and show contours
of equal settlement to see if the building is equalizing. This
will indicate how stiff the building is. Add settlement points
if necessary.

.

4. The fill is probably settling under its cwn weight in combination
'

with . settlement due to the building weight. The till material-

may have been placed in dry chunks with some voids. When the
material is dry the top will get well compacted and the bottom
will not. Following this, a small change in moisture will probably
result in increased -compressibility.

6. Settlement may not be related to applied loads. It will be helpful
*

to monitor light structures on the fill near pond.

7. Regional subsidence. *

* Make sure exte'rnal benchmarks are satisfactory.a..

b. Obtain the Dow records of settlement..
.

8. Install borros settlement gages at several depths to determine rate
and seat of settlement.

9. Install observation wells ar6und the fill in the plant area.

Dr. Peck' said that it was too early to discuss a fix as all of the ex-.

pioration testing and observational data were not yet available.
* He also said that he will read and digest the preliminary data given -

to him and may have some additional comments to make on the ' investigation.

'

.

.

'

.

S. S. Afifi
*

.
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FIELD QUAllTY ASSURANCE *Interoffice Memorandum""a
"M10 LAND, MICHIGAN

" J. P. Connolly October 1,1974
**

sein Job 7220 Midland Project From T. C. ValenZano
Geotechs Responsibility on
Earthwork Subcontract of Construction,

0-817

u Midland, Michigan%

This is in response to your request for clarification of Geotech'sr

responsibilities during sunuser 1973: Geotech's responsibilities
were that of providing design assistance to project engineering
and assistance to field engineering and QC. Furthermore, Geotech
has the responsibility for being cognizant of all phases of the
soils work in both engineering and construction. It is their
responsibility to be assured that the design is properly
interpreted, construction properly performed, and the specified
testing requirements properly implemented, and if .they are not
satisfied, to advise appropriate management personnel. It was
within this context that Geotech was allowed to perform acceptance
validation for both field engineering and quality control.

.

This was done because sufficient numbers of experienced Bechtel
field engineering and quality control personnel were not available
on the site. Geotech's assistance was requested for this reason.

.

Sufficient numbers were later made- available and Geotechs services
as an acceptance authority was delegated to QC and field engineers
for Q and non-Q work respectively,

s
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1 C. A. Ilun t CPCo - Jackson R. L. Castleberryn,

I
_

_ o,

,
I e

'' ''M. Ri xiprd E-Ann Arbor c: J. ii. Allenin o,
r-

.; o.., 9-19-74 s 9:30 File xc: C-210PL, C-ll40.. rm
~

l ifethotLpf_'gorpjiction of Plant Area fill ;o,, nos u e. , . . . , 7220
,$ * ,
1 Chuck ca: led to oxprer,s a concern on the part of Consur:crs' personnel about what

they feel is a lack of control of compaction in the plant area fill.
,

'

Chuck asked why Canonie was not using a roller for compaction in the plant area.
'

I told him the npecification required only that the end result bc 95% 'of ASntt

1557__- there was no restriction on the equipment used to attain it. After a

? lengthy discusnion on this point, we addressed the added responsibility this lack
* of control plact's upon the inspector. Chuck wanted to know where the inspector
h was instructed how to assure adequate compaction in the absence of a formal

9, compaction procedure. I told Chuck that this was the inspector's job - to make
r; cure ve get proper placement, compaction, etc.
r

Chuck finally ar, reed * hat a phone c.ill (followed up by au 10:1) to the field, re-,,

mlnding them that increased vigilance on the part of the inspectors would be re-a

y quired in areas where compaction n:ethods aren't specified, would satisfy CPCo's
'j concern about control of compaction' in the plant area.,
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Bechtel Associates Professional Corporation. . -,
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. - Inttr-offica Memorandum
-

.,

BEBC - 456
,

To E. E. Falcon Date - August 1, 1974 *

sumect Midland Plant Unita 1 & 2 From ~ R. L'. Dastleberry
Job No. 7220 -

Structural Backfill og Engineering
i File: C-211, 0274, C-1140 {g{ T-

Ann Arborcooles to A
J. C. Hink

.

#J. H. Allen- AUG 61974
S. S. Afifi'

BECHTEL POWER CORP.Reference: A) BCBZ-370, 7-25-74 JOB 7220
* rus_ -

t

Field Engineering's understanding of the intent of the Structural Back- i

fill specification, as expressed in reference A, is correct in all
respects - with one minor clarification.

The last sentence of paragraph 3 of reference A states, "Only backfill ~
-

against Class 1 structures is 'Q' listed." To be accurate this state-i ment should be, "Only structural backfill against Class 1 structures
is 'Q' listed." This would prevent a future attempt to wrongly apply
this statement to other non-structural backfill, such as backfill over
a q-listed electrical duct bank.'

Work is continuing on the three outstanding itr.:ss, requiripg project
engineering action mentioned in reference A. Item 1 is being prepared
within the Civil group, items 2 and 3 are being addressed by Geotech.

i
.

& W 2-

R. L. Castleberry
'ElR/j ef.

.
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7220-C-210
k ~

- Revicion O- -

t 1*

li '
.

'
,

i
by the Contractor. The rolling requirements

'

for each zone of the dikes and embankment are gd i
ii

as follows: ] j'
l

1.,

. < e,

4I .

Type of Compaction Minimum Number of
'

-Zone Ecuipment Passes per Lift d -

f b
1 50-ton Rubber Tired Roller 4 g j.
lA 50-ton Rubber Tired Roller 4 <1

'

2 50-ton Rubber Tired Roller 4 h f3,,_ 50-ton Rubber Tired Roller or Vibr. Roller 4 [ * ,I
4 Construction Equipment routed p:

,

over the zone or additional ;'

rolling as directed by Contractor T.
! , '.t_
eg

4A 50-ton Rubber Tired Roller as "'

|h |,directed by Contractor. -

5 Not Required .U,'-

5A Not Required $.
[;j i

-

6 Not Required -
,

ji!!j'A pass shall consist of the entire coverage of g

the area with at least one trip of the equip- |; , ,
ment specified. In order to effect complete si

'

coverage of the area being rolled, each trip I
of the roller shall overlap the adjacent trip y
by not less than 2 feet. Dumping, spreading, !'+

sprinkling, disking, or harrowing, and com- 4 "t
.

'

pacting may be performed at the sama time at j'ii

different points along the section where thcre j
is sufficient area to permit these operations l.
to proceed simultaneously. '-

,

1
ri
t I*

!

12.8.2 Additional Rolling
,

,o
?! t

.N
If, as determined by the Contractor, the desired :q ',

!r.compaction of any portion of embankment is not
cbtained by the minimum passes specified, addi- J

,

ticn:1 pa: mar sha'1 be made over the surface area.
,

of sach desig..c ed portions of the embankment
,'

until the desirad degree of compaction has been ',

attained. !!o.tever, whera lif t thickness is *

. greater than specified, or moisture content at
,

time of rolling is improper or specified rolling *

,C has .not been performed, such rolling shall be by [",
and at the e>: pense of the Subcon ractor. ! .-

'

9 ! '-;\e

: t.

'

v. .. . . . . . ,

- -
--
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Revic sn\.-,. -,,; ;
.

. . . . .
.

- t. ! i
~.

I i
,

i 1.!
13.6 Moisture Controi g -,

:*

Moisture control of the plant area and berm material'shall V

conform to Section 12.6. !i
'

,,

C
;

13.7 Compaction Requirements .
*

f \
,

-
,

).:
p .

All backfill in the plant area and the berm sha'11 be compacted .:
; ito not less than 95.per cent of maximum de,psjty as determined

by modified Proctor cathod (ASTM 1557, Method D), with the 1,

'
, exception that Zone 4, 4A, 5, SA, and 6 materials need no

specini compactive effort other than as described in Section j.
12.8.1. h

IL
_ _ . . .

13.8 Slides 'and Winter Protection
,

.p
'.

. .
p

All provisions for slides and winter protection shall be ' 'If!
similar to requirements in Sections 12.9 and 12.10 .L,

;' .'
*

:!
;i -

*3.9 Measurement & Pavment.

,"e :.'c

13.9.1 Measurement
..

j i:
- i.

!Embankment will be measured in place to the nearest '

cubic yard of embankment material of the various
!zones, satisfactorily, placed and compacted in the l-plant arcs and the berm. Such nessurement will be

made betuaan the foundation lines as determined by
survey in the field and the n. sat fill lines , grades
and slopes shown. No allonance will be made for j

'!
settlement of the foundation or of the e=bankment ;during construetion.

I! [i
s t ! -

13.9.2 Payment q. -

'
. .

.

le. a

Ei.tankment will be paid for at the applicabic contract .,
; s'price stated in the Price Schedule for the ite=s listed
;below.
,

' i w
e-
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F. A. Martina
.

July 25, 1974

Job 7220 1tLdland Projact E. E. FeltenStructurni B2cttiu
1Specifiention 7220-C-2 U , Esv. O

BC32-370 Cesstruction

Midinnd, Michigan '

M. H. Krout
K. A. Lsves . .

J. C. Hick
~.J. H. .ulen

J. 7. Hawgen

on July 23, 1974, R. Grota contacted H. Rizford for clarificatics cf
structural backfin requiracents per Specification 7220-C-2n, no. O.
Ths follcsing discussica confirms thst conversatica and cutli=sa how ,

the fiald will proceed with ecastruction.

The structural backfin matarial raquired by Spacifiestion 7220-C-2U,
Ray 1sicu 0, is requirad to b2 placed culy within thres f=st of tha ,

exterior van of any plant arms structura. This =aterial is not rs-
quired undar a structure. Beyond tha three feet lina end.under Class 1
structuras, Zone 2 naterial at 95% co=paction is en that to required.
This dass not prevant tha field from piccing tha cohssicnalaas r_t: ri:1
required by C-2H baycad the throa feet lina if va chcous to do se.
It would ba persi:nabla to usa the echasiculass matarisl for au back-fin, ~ccvsysr it is not required.

-.

Specificaticu 7220-C-2H is to be foncved for piccing nu backfillwithin three fen of ==terior vans of all plant crea structures. This
require =ent, hevavar, dces nog aska an structural backfin Q-Listed.
Only backfill against C1sas 1 structures is "Q" Listed.

Outstanding iter.s requiring project engineering action cra es foueva:
1. Drsving SK-C-355 which is raferenced in Sectien 7.0

.

of Specification 7220-C-2H has not baen trcnsmittad
to the field.

2. Response to BCBE-319 is required. (Lattar transmitted6/5/74.),'
'

3. Is the 95% ccepectica required in the plcat arca
to be 95% of 2schtel Modified or 95% of ASTM 1557,!

Mathed D7
,

.

!

m - e emaghw *- U _ . . ....-..- . . _ . . - -
.

. - - - - - - - - - - - ~ ~_ _ .

I |
-. . . _ . -. - -,_..__,. . . . . - . - , , -
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F. A. Martin:z '

2- Jisly 25, 1974
*

~
= .

.
.

;..
.

*

.Please reply by Jitly 31, 1974 if yoit have any questions on the
-

-

shova. Ve have been attenpting to resolve this matter for :r.any
79

- -
months and hope this lecter servas that end.

1
.

.

DEllis SICSEliYit t FELTON
E. E. Felton,
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Bechtel PowerCoii$or$ tion16 p a s1.u .e d-

-

Interoffice Memorandum
~

*

ro J. C. Church Ca* June 24, 1974

suega Job 7220 Midland Project Fmrn T, C, ygigggsgo
Specification 7220-C-210
Paragraph 13.7 of Construction
7220-C-210-23

capese At Midland, Michigan

.

.

He have ravieuad your e 10,1974]ICM concernin;; co nac:1va eff ar:
required on Zones 1 and 2 in the plant and bar:s backfill c.reas. 'Ja
agree wich your interpretation; .i.e., a 95% of -=~4 :2 density is >

the acceptance criteria, and the number of roller passas listed in
Paragraph 12.8.1 does not apply to plant and bar:a backfill. Na feel
that the specification is now clear, and no FCR is required. ~ "

.

*

I(
Jd OL~
T.C.Valant.g'o

'

TCV/ RAG /bk

s
.

e

9

/
9;tei f

a#J
f h>

| 1 4\ .

1 .

|
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|
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/ Bechtel Power Corporation
-
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.

* i

i -i
,, interoffice Memorandum, r

to T. C. Valentano cam June 10, 1974
.

\sAus Job 7220 Midland Project rrom J. C. Church '

Subcontract 7220-C-210
Item 13 7 Ccmpaction Iicquirocont: or Subcontracts
7220-C-210-17 .

cop 4 io
At I11dland, Michi anGJ. P. Connolly .

.

Thoro has boon come confucion as to the interpretation of the following
item..

13 7 COTACTION HrSIRE E TS *

All backfill in the plant area and the bera shall be
compacted to not less than 95 porco-t of maxi m den-
sity as determined by codified Pro; tor method (ASTM
1557, Method D), with'the excention th9.t Zone h. LA.
5, 5A. and 6 M>.toriale need no rmnial conoc.tive
effort other than as dr.scri' cod in Section 12.o.1.,

Tho question that has been posed by the Quality Centrol people is: doen'

the creeption stated above apply only to Zone h, hA, 5, 5A, cnd 6 or dc,

we also have to abido by Seetien 12.8.1 for ::ones l' and 27 Our inter-
protation it that for the plant and bc:= cieau, all no need to obtain is
a compaction of not less than 95 por cont of maxi =us density ac deterained
by modified Proctor method (ASEI 1557, Method L), with no restrict,iona as
to the method uced to obtain these results.

Attached find a memo from Quality Control and a Field Chango Request on
i

the above cubject. Becauco of time elc=ent for this item, your icac-
diato action en this vould be appreciated.-

-

7

| ''. 8 w/
/c'

. John C. Church
/

JCC/JES/ja
,

-
'

Attachment

, .

$

$

i
'
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:
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FIE! O C!;/iNGE REQUEST 3- "'3F " "
( .l . . ..O O rio. 1

_

PROJECT ? 0. u.
_

sl , 4. H,i. F. L.*/G. 0:4 .w E C.
. . . . . . . _ . DATE I. e v) ". .;. ,

,

__

i i:L v. S. li f t.E ;,

210. 13 1 - O Thrf.le cod Cooling Pond Dikes
_ _ . _ ,

.h51GN OHIG14.
ENGOGE.] VtNDOff (*] (IDENilFY) NAME

7. CXISTING CCNLITION. I
Compact 1on rcouire:eentn of Speci;'ication 13 7 '

,

.

|.

4
.

.--,...-._.a,.____ . , - - - . n ~. _ . . _
8.ClfArdGE RECUCST/SKETClf

j Clarify Specificatien 13 7 ao to whlather or not four (14) coulpment passes are
afditionally required for Zones 1 and 2 along with 95% caximus density.

.

Section 13 7 should road as follows: '

All backfill in the plant area an'd the be:n nhall be corpd.cted to not loca
than 95% of caxi:=.2 density as deter =ined by codified Proctor method (ASTI
1557, Method D) rcgardless of cc=pactive =othod. The exception shall bo
that Zone 14, 1:A, 5, 5A, and 6 Material:: need no special compactivo errort-

other than as described in Scotion 12.0.1..

.

.
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Bechtel PowerCorporation.

I
:..

[ l'nterof fice Memorandum
~

{
To John Church on June 6, 197h
.

c*k" Roller Pasues in "Q" Arca From J. P. Connolly

QCM-194
or Quality Control-

,

.

cco,esi. A: 141dland, Michigan-

L. Albert Job 7220
D. Horn *

.

.

.

.

Letters cisned by you on Septenbor 18, 1973 and OctoboI 5," 1973 indicate
that four (h) cachine or equipcent passes should be rede by either the*

Eyster Ch55A No. 1125 or the Caterpillar 835 sheepsfoot ' roller to attain the
proper compaction requirements stated in paragraph 12.8.1 of Spec. C-210,
Rev. 2.

,

Robert Haney of Canonio Construction Co=pany feels that under paragraph 13,7
of Spec. C-210 Rev. 2, he is not held to any specified number of passes as

[ long as he achieves,95% of maximr:1 density.
*

Don Horn of Concurcrs Power Company fcsis that they c.re held to the four (h)
pannes and 95% of maxbram density. Quality Control is also of the opinion
that four (h) equipment passes are required because of existing docu=entation.
The situation could be clarified with an F.C.R. to the offect that in the
Q-Listed areas. No specified nu=ber of passes would be required as long as
95% of maximum density was achieved.i

Please resolve this situationias soon as possible.
.

.

.

!| c\ J. '/. '/' '*

. F. Connolly YI'

r

. .t .

*.

JPC/LVH/jck
.

.

9

.

s

%

I

I
1/'~ we. p.rn <
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CSMQMIS CONSTRUCTION COMPANY /P.O. 80x 509 / U.S. 310 P' '3 / SOUTH HAVEN, HP HIGAN 49990 /l613 5371179

-.1
-

Mr. S. E. Felton
Jtine 15, 19~73
Page 2 * -

,

Relevant to your request for compaction equipnent clarification,
Canonie Construction proposes to furnish the following equi ment
for compcetion:

Cat 835 Compactor or :!yster C-4 % AZone- 1, lA, and 2 -

CF43 Vibro Plus compactorsZone 3 -

Tri-plex Arrangement
Raygo Rumbler CcnpactorProof Rolling -

We propose to utilize the above compaction equipment on mani-
tored test fills within the embankment and will employ the con-
tractors testing lab to perform the necessary tests to ct. tify
the subject equiment. and method as satisfactory to meet the
contractors compaction spec.

We are presently preparing, at your request, revised hourly,
daily, weekly, and r.cnthly equipnent rental rates for your
review. ile will transmit these on Jtule 18, 1973.

We trust we have clarified the subject items and hope to hear
l from you at your earliest convanience.
h 'j very truly yours,

] CANONIE CONSTRUCTION CotP.viY.

| ,S fi,

. -
8;-

,

. /.1> ,

* . v, e n -
.

'

n. a. s* ... .

5 Arnold Palanca
Vice President'*

.

M:Jkb,

i-

| 2nclosures
i

,

I

|

|
'
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|-;
|

'
s

Hu Su.nsinq / Fuundation Piting / Eartn Moving / Caisson Drilling / Marine Construction
An Equa Opportunity Employer *
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Specification No. 7220-C-208 (Q) g-*

Revicion '13
,

8.2 Mechanical Splices

\
Samples of mechanical splicas shall be taken and tested as specifh.ed

Jin Technical Specification 7220-C-235. Samples of the splices, includ-'

ing a length of reinforcing bar on each side of the splice, will be
i
,

f

removed from the work by the Contractor for testing. The samples shall
(4,0/ be tesi:ad to failure and reports of the tensile strengths submitted

co the Contractor within 7 days after the test samples are furnished.
4) Tensile tests shall seat the requirements specified in Technical

Specification 7220-C-39. Arrangements for the off-site casting
shall be made by th's Subcontractor. Test specimens shall be kept-
by the Subcontractor.

9.0 TESTING OF SUBGRADE, EKBAhTfESTS, AND STRUCTURAL BACKFILL
- _ . _ _ . _ . . . . . _.. -- _. _ . . . .

The following tests on danbaa_ts and subgrade fills and structural back-
.

fill shall be made by the Subcontractor; frequencies shall be in accordance
. with Table 3.1 =**=^=A

-

[ 9.1 on-Site Field and Laboratory Tests

4 Compaction tests in accordance with ASTM Test Desi.gnationa.
~

. D1557.- Na directed by the Contractor, theJe tests shal,1
be modified by preparing the sample in four layers, each
compacted with 25 blows of a 10 lb. ransner falling 18 inches
giving compactive energy equal to 20,000 ft.. Ibs/cu ft.
("Bechtel Test"). The mold to be used shall have a diameterof 6 inches.

b. Relative density of cohesionless materms-in-accorda~a uith
ASTM D2049.

Field Density Tests for sands and fine material in accordancec.
-

with ASTM D1556, and on gravels with the above as codified by
US3R E 24 as described in US3R Earth Manual. Other methods of

u9CONg.AED field density determinatina such as a nuclear density device b
may be used in ateerdance with ASTM D 2922 and usi801 10 BE U5go manu-facture instructions provided that the the resug s are

YOR Cogs 1 e SPECC * with those obtained b the specified procedure.
Compacability o: otner metnods wt 1 be determined by the

,3.g-,. m ,,- - .
- -. - .. . - . _ . -_

-
. . . - . - . . ..

d. Atterberg Lisic Tests for Liquid and Plastic Limits in
accordance with ASTM D423 and 424.

I

Grain Size Analysis in accordance with ASTM Designationa.

D422, except that the hydrometer test is not required
f. California 3 earing Ratio Tests in accordance with ASTM Desig-

, nation DIS 83 shall be made by the Subcontractor on embankment..

and, subgrade fills to determine the relative bearing values
required for the design of asphalt concrete pavement.

.
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