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REVIEW OF U. §. TESTING
FIELD AND LABORATORY CONSTRUCTION
TEST DATA ON SOILS USED AS FILL

This reviev of the quality control tests of the earth fill at the Midlund Sita
vas nade as a result of settlemenc of (lLe f4ll suprevred 442ral 2enerans.
building ia excess of chat predicted. Soil samples obtained {n borings indicated
that soil conditions bemeath the plaant structures are not compatible with the
quality of f£ill chat could be expected based on the results of the comtrol teasts
made by U, §. Testing Compamy. All fill was accepted as it was bSeing placed
based ¢n the results of cthe field cests performed by U. S. Testiag Company.

The review shoved many discrepancies {n the test results as outlined i the
following paragraphs. Raview comments are based on the requirements of the
technical specifications for fill placement and to subcontract entered iato
by U. §. Testing Company.

1. DUse of Laboratory Test Comoaction Curves
Table 9=1 of specification 7220-C~-208, Page 143 required ome filald denmsity
and moiscure content test be taken for each 500 cubic vards of fill placed.
It also required one compaction, grais size, and specific gravity for each
10,000 cubic yards of material. This gives a ratio of 20 fiald densicy
tests to 1 laboratory compaction test. Although 20:1 is not a strict upper
limie, it 4s a guideline; should density cests be taken more fraqueatly
than one per 500 cubic yards of fill the ratic could be higher. The
actual ratio {s shown in Table A attached. In fact, some of the laboratory
compaction tests were used to determine percent compaction for several
hundred field density tests taken over a period axceeding two years. Even
though no time requirements for the pariod of use of laboratory tests are
specified, it is unlikely that any borrow source in this area would Ya of
such uniform character that such extended use of a compaction curve, truly
reprasentative of a large quantity of material, would be applicable. Listed
balow are selected laboratory test data results indicating the wide range of
soil properties that verereported. Such a wide range i{s typical for soils
of the kind used in the fill making prediction of maxisum density, based
on visual faspection extremely difficult Lf not izpossible without testing.

MIN. DEN$ITY MAX. DENSITY OPT. MOISTURE
It ~be/res) ~{ive/ged) ~{20c0RC)

MP269 127.3 10
“P278 117.0 1.2
"P279 140.8 b

. *RD24 100.9 119.2
D33 90.2 109.7
+*RD61 109.3 125.3

*BMP rafers: to proctor type tast,
**RD refars to relative density test run by dry smethod.
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Quescionable Retests

A field density test that fails to meet requirements of the specifi-
cation should have been reported to Bechtel who then would have required
reworking of the area and retesting.

0f the 668 "failing" tests which were marked "cleared” by another test,
in over 10% (72 tests) of the results, the clearing of the "failed"
densicy test was apparently resolved by merely usiag another laboratory
compaction curve with either lower maximum density, which resulted in
ia the perceat ccwpaction being increased sufficiently, or differeat
optisum moisture coutent which caused the fill to meet the requirements
of the specification. The possibility exists that scil was removed
after a "falling" test and replaced by different material, but the
records do not indicate this and it is not possible froe the record

to detemmine if a new demsity test vas made. In other cases, tests
labeled "failed" were incorrectly cleared though the same laboratory
standard vas referenced. For exasple, in scme cases retests to clear

a "failed" test were not taken in the same area or at the approximate
same elevation, More than 40 retasts vere over 20 feet from the "failed"
test location (as recordad i{n the test reports) and some wvere over 200
feet from the original test location. In general, if after a "failing"
test the vhole area i{s reworked, the density test location {s aot too
eritical assuming that the correct laboratory compaction curve is used
for compariscn. However, ia the plant fill work areas were relatively
small, and soil characteristics shoved cousiderable variation necessita-
ting retesting ia the izmediate vicinity of the "faili-~g" test. Retest
should be taken ia the lifc or soil layer that has been reworked. Al-
most 50 retests vere taken at different elevations, some up to 10 ft.
from the "failed" ctest. It should be noted that 3echtel fileld personnel
gave the locaticns for retesting. This was not a U. 5. Testing respon=-
sibilicy. Two retests were dated prior to the tinme the original test
“failed". Over 130 "failing" tasts vere zarked as ("non Q") and nevar
recorded cleared, as they were outside the saftey related area.

Table 3 L{s a compilation of notas relative to questionable clearing of
failed tests.

Theorecically Impossible Test Results

Soils cannot be more than 100 percent saturated; therefore, all fiaeld
density test data points, vhen plotted as dry density versus moisture
content, oust be balow the zaro air voids curve as defined by the specific
gravity of the material. Specifications do not require examination of
the zero air voids curve, but it i{s considered common practice relative
to compaction plots. There are oumercus cases in the U, S, Testing
Company data vhers points plot above the zere air voids curve., Figure 1
attached shows a typical laboratory compaction test curve with field
test results plottad on it. Many of the field test results are to
detarnine percent compaction plot above the zero air vaids curve.
Provided the specific gravicy is correct this is not possible so that
all such points must represent arronecus data.
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The fact that a large number of test results plot above the zero air voids
eurve tends to make all test results questiomable.

Also, refarring to Figure 1 it would appear that soil density varied

widely. Specifications called for compac:ive effort results as defined

by ASTM D 1557 which is 56,255 ft-1b/ftd energy. This was modified to a
laboratory test compactive effort of about 20,000 fe-1bs/ft3 emergy, often
refarred to as Bechtel Modified Proctor (BMP). Laboratory compaction

test curves should be related to the same effort as that called for in

the field for use in comparing with field density tests to determine
perceat compaction. According to plots of field data shown onm Figure 1,
density varied from about 108 1b/ftd o about 130 1b/fe3. It is doubeful
that the soil classification or other properties would be similar for such
a wide variation in density. It is noted that 100 perczent of modified
Procror (ASTM D 1557) which is difficult to obtain, is rated at 56,255
ft-1b/ft energy. The curve plotted om Figura 1 is at abouc 20,000 fz-1b/ft
energy. For comparative purposes it was detarmined bi U. S. Testiag in 1974
that 100 percent of specified effort (20,000 f2-1b/ft”) is approximately
equal coJ9S percent of the maximum density as determined by ASTM D 1557 (56,255
.tt-lhltt ) Reference Figure 8.

3

Some laboratory compaction test data were used repeatedly evea though they
continued to show suspect field test results. This could be indicative
of questiocnabla laboratory data or the fact that soil was not being placed

or cocpacted according to specificatioms. Either case is a cause for
concern.

Several specific gravicy calculations are ian error, such as for 3MP 273

and 274. 1Ia the case of 3MP 273, the zero air voids curve passes through

the laboratory compactiocn curve. Ia ancther example, B3P 297, the laboratory
compaction curve is invalid due to calculation errors, yet was referenced

by field density tests 22 times.

Table C is a compilacion of notes relative to questionable test data.

Lisits of Accuracy and Acceptability for Test Data

Figures 1 through 7 attached will be referenced in discussing limits of
accuracy of acceptabilicy for field test results as coupared to laboratory
test data. The figures show plots of compaction data for BIP 278 which
are typical of all test results.

Specified laboratory compactive effort was 20,000 f:-lba/£c3 '3‘ field -
compaction effort vas originally specified ac 56,255 fe-lbae/ft” but was

changed by Revision 5, dated 7/8/75, specification 7220-(-210, Section

13.7, Page 57 to also be equal to about 20,000 fe-lbs/fe”,
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The specified 20,000 fe=1bs/fe3 affore escablishes a compaction curve
relating moisture and density for a specific soill. Moisture was specified
for field placed f£111 to be within + 2 percent of optimum moisture as
determined by this effore. Density was specified to be greater than 95
perceat of the =aximum density. As compactive effort 1{s increased in

the laboratory test, maxizum density will be {acreased and optimum
moirture content will decrease, This change can only occcur ia the field
to the extent that the field moisture conteat will permit it. Once deld
compaction is such that the £111 densicy is significantly higher than
about 105 perceat of Zaxizug, the specifiad tolerance from optimum
Doisture content in the laboratory compaction test may no longer be
applicable for field control. A + 2 percent oumerical value of moisture
content acceptable a: the specified compactive effors would be too wetr

4t a higher effort since the zero air voids curve defines the absolute
Baxizum that can be achieved, indicating that higher densities for that
soil are impossible. Therefore, if the record shows high deansities for
such material, the data are in error. This was appareatly overlookead.

Plots of field data for compaction test BMP 278 are shown on Figures 1
through 6. The title of each figure gives the assumptions made in

Plotting data for the figure. In compariag figures 3 and 4 {¢ is seen

that a Rajority of field rests vere made using the nuclear device. The

TWo test results shown on Figure 4 for the sand cone method indicates one
test result on each side of the zero air voids curve. The cne falling

above the zero air voids curve (showm on Figure 4) is designated by

U. S. Testiag Company as the oaly Passing sand cone test (shown on Figuras 6).

For a field test result to be valid as well as "Passiang”" (¢ zust fall with-
12 a well defined area on the plot containing the laboratory cempaction
curve. This area or window of acceptability is showm for a hypothetical
compaction curve on Figure 7a that would deet requirements of Specification
7220-C-210. It is defined by horizemcal lines atz 35 percent and 105 percent
of specified densicy, vertical lines throush‘: 1 percent of optimum
moisture content, and a line parallel to the zero voids line iadicating
saturation about half vay between the compaction curve and 100 percent
Saturation (zers air voids curve). The Practical upper limi: of 108

percent of specified density is not defined in the specifications., It

vas arbitrarily chosen as aumbers greater than this give increasingly
iavalid comparisons between field test results and the specified laboratory
compaction test curve. Therefore, 1if all data points fall within the
defined window there weuld be no reason to assume that they are vrong.
Hovever, whea zany daty points fall outside the designated area there is
Something wrong with the information and then all data points become suspect.
A review of all data indicates that about 25 percent of the cohesive soil
test results fall within this area.

Figure 73 shows an area where field test results would be acceptable,

in theory even though not i{a strice acrordance with the specifications,
Figure 7B vas arrived at by expanding Figure 7a to include test r!sults
UP to a compactive effort related to ASTM D 1557 (56,255 fe~1b/fe”) which
is cousidered to be a practical upper limir., About 40 percent of all
cohesive soil tese results would plot in this area,.
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Accuracy of Test Equipment

Almost all (over 95%) field demsity tests on cohesive soils were zade
using the Nuclear Deasity device. Specification 7220-C-210 section
12.4.2 page 42 {ndicates this to be acceptable for moisture content
determination provided that the resulzs are compatible wich those
obtained by ASTM D 221¢C. Similarly, section 12.4.4 says density deter-
mized by the nuclear device is acceptable when results are compatible
vith density as determined by ASTM D 1556.

In a letter from U. S. Tescing to 3echtel (dated May 30, 1974), the
average deviaticn of the nuclear device from cven~-dry moisturas was
+.12% for a set of 30 tests. However, tha standard error of estimate is
1.8% for the data with the range of differences being frem - 1,27 to
+3.9%. Thus, accuracy of the nuclear device is questionable, and could
translate into errurs of about + 4 pef ia the iry demsity calculatien.
(It should be noted chat errors ia the moisture content tend %o shifs
the position of test results om a moisture deasity plot approximately
parallel to the zero air voids curve, assuming the in-place wet density
is correct, and thus do not explain the large oumber of poiants whizh
plot cutside the zers air voids. Compare Figures 1 and 3).

No reliable correlation between sand cone and suclear deasity cests
vere carried cut: therefore there is no basis for determining if U, S.
Testing would have performed better using the sand cone procedure.

However, it i{s clear that a large nuzber »f the nuclear density tests
are wrong. This can be explained by considering the wet unit weight
zay have been wrong or both the moisture comteat and unit weight =ay
have beenm wrong. A reliable correlation with properly conducted sand
cone tests should have ravealed this, but it was aot apparently done.

Relative Dansitv Tests

Cases were noted vhere densities ia material classified or the data

sheet as zome 3 (sand) were compared to the maxizum densities in proctor
type tests and other cases where demsities ia clay soils were compared to
the maximum demsity in relative density tests. An error rust exist ia
the record in such cases either in the classification of the soil on
data sheet or in comparing field test results to inappropriate laboratory
test data. In gemeral, it appears that relative density tests were used
in controlling density of sand fill. There were a significant number of
arichmeti{c errors on calculation sheets even though there are signatures
on the sheets indicating they had been checked. Over 100 errors were
found ia calculations, of relative demsity from 8/15/79 through 12/78
(not all of these errors change the acceptabilicy of the test resulcs).

Cw———————— - - - —
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ASTM D 2049 section 7.1.2 Wet Mechod states: "Note 2 - While the dry
method is preferred from the standpoint of securing results ia a shorter
period of time, the highest maximum density is obtained for some soils in
4 saturated state. At the beginniag of a lahoratory test program, or
when a radical change of materials occurs, the maximm density test should
be performed on both wet and dry soil to determine which method results
in the higher maximum demsity. If che wet method produces higher maximum
densities (in excess of ome percent) it shall be followed in succeeding
tests." An example of wet and dry ralative density is shown on Figure 10.
U. S. Testing Company apparently did aot do this frequently enough, or on
a broad enough range of non-cohesive soil types. As a consequence many
field density test resulss exceed 100 percent of maximum dry laboratory
relative density. As an example, for laboratory test RDS5 a total of

566 fiald tests were wmade. Of this total, 364 tests were greater than
100 perceant compaction. The highest relative density found was 142.2
percent with the majority of tests over 100 perceat falling in the range
of 100 perceat to about 130 percent., Sinoce the difference in maximuam
density between wet and dry methods is about 4 to 5 lbs/ec. fe. (based on
recent data) any “est result greater tham about 115 percent (based on the
dry method) is suspect.

Even if the wet laboratory test method data wera available for all sands,
it appears an unacceptably high number of field test results would
greatly exceed 105 persent relative density even based on the wet maximus.

Suzmacy

In summary, thers are five ma‘or faults coprained ia the Midland Compacted
FL11 Density Test Reports as follows:

1. erroneous field demsity test data.

2. dacorrect soil identification

3. 1iacorrect (or questiomable) laboratory test data.
4. calculation errors

5. improper or incomplete clearing of "failed" tests.

Items 4 and 5 represent existing faults in the data which could be
corrected. Uowever, as a result of items 1 through 3, there is ne

rational means of determiaicsg which test results are valid and which

are not. Since more than one half of the test results for relative density
and percent compaction fall ocutside the possible theoretical comparison
limits, it zust be concluded that these test results are suspect and
should not be used alone for acceptance of plant area fill. Therefore,
other means of testing have been established and employed to determine

if the fill in any given area is acceptable.

Also in item 4 it should be noted that on many cccassions the inplaca
density was divided by the maximum demsity from the relative density
test to get percent compactiom, these tests vere also used to clear
other pricing tests.

—— - - . . —— .
———- -



Note:

£icat No. of Test
B200 90
B251 1
3252 a2
3254 42
B2SS 57
B260 68
B261 36
B262 165
8269 227
B270 226
3271 141
8274 37
B276 21
8277 158
B278 82
8297 22
RC1S 20
RO16 61
RO24 248
RO30 54
RO3S 59
RO338 39
R029 28
RO4O 35
RO4L 69
RO42 103
RO43 48
RO44 71
RO4S 43
RO4S 63
ROS4 peF )
ROSS 566
RO59 65
RO61 589
RO63 42
RO6S 59

Spec. 7220-C-208 gives a ratio of approximately 20 fie d
tasts to each laboratory test.
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TABLE B
tionable Clearing of !g;g Tescs

1. Tesc number MD 245 fails due to high moisture. Cleared by MD 246
which references a proctor with higher optimum moisture content
(OMC) such that the 2% of optimum requirement is met,

2. MD 205 fails with moisture content 5T above the OMC. Cleared by
MD 215, which references a relative deasity lab standard, and is
itself still 62 avay from the OMC of the proctor referenced by MD 20§.

3. MD 223 fails bdecause of high woisture. Cleared by MD 228 which
has actually a higher moisture content and lower density, but references
a different proctor; the retest passes and clears the failure.

4. Both MD. 844 and 986 fail because of high moisture and low density.
They are cleared by MD 888 which references a new proctor with
lover maximum dessity and higher OMC than the firse.

5. MD 251 fails due to moisture being too high., Claared by M. 253
which uses a higher OMC proctor.

6. MD 668 clears MDR 634, but the two tests show ne correspondence ia
location, moisture, density, or lab standard.

7. MD 771 failed, baing too dry. Cleared by MD 782, which has alszost
identica’ moisture content and dry density bu. 1sas a new B\ with
lover optimum moisture.

8. MD. 2384 clears ) 2342, referenciag a diffarent proctor with an
OMC which fits the in-situ conditions. Howvever, the dry density
of MD. 2384 is way too high to fit the original seil classification,
and in addition, it falls outside of the 2er0 air voids curve for
the classification which it has been changed to.

9. MD 556 clears MD 554 by using a BMP with lower moisture requirements.,
The fileld densities diffar by 24 pef and would seem o be different
matarial, '

10. M 558 cleass mbuhucoouchlduntytbhth‘o-ouu
as M0 S!}. It also us«s a diffarent proctor.

L. MD 566 and 568, classified as BMP 262 cohesive soils, are cleared
by MD . 569 vhich i{s classified as RD 33 and has totally different
. soil properties thau the * o failures.

12. M 1317, 18, 19 and 20 fa' . and are all cleared by MD 1477 taken
over 5 veeks later. Thers is poor correspondence in the sol' propertias
and the proctor is different from failing to passing test,

3. MD 2965 clears MD 2963 with a different proctor through the test
results vould have bdeen passiang with the original N,

4. MD 1388, classified as NP 278, 1s clearad by MD 1461, classified
as RD 35, ;




.1,.

16.

17.

18.

20.

21.

2.
23.
24,

23.

MD' 170, classified as RD 24 is cleared by M 173, classified as
BMP 234.

MDR 287 fails with a relative deasity of 77%7. Claared by MDR 291
which has .1 pef lover density but arbitrarily rounds up the relative
density to 80%; it passes and clears the failure.

In all of the following field density tests on sand, the passing
test has approximately the same or lover demnsity than rthe failures,
but references a lover maximum demsity RD lab standard:

MDR 343 clears MDR 2339

MDR 514  clears MDR 507

MDR 513 clears MDR 508

MDR 515  clears MDR 509

MDR 516 clears MDR 510

MDR 522A clears MDR 521

MDR 558 clears MDR 556, 557

MDR 480 clears MDR 473

MDR 555 clears MOR 525, 527, 534
MDR 533 cleazs MDR 526, 530, 531

. 2384 clears MD 2342, dut is at 7' lower elevation.

123 ciears MD. 122, but is at 10.5' lower elevation.

58 B

149 clears MD 142, but 4is at 10' higher elevatiocn.

MD. 1694 clears MD 1693 but is 43' away from the site of the first
test,

MC 3114 clears MD 3102, but the two tasts are 68' apart.
MD 186 clears MD 183 though it is 110' away.

MD 1209 clears MD' 1207 and MD 1205, yet is 183 ft. away from the
failures.

MD 1097, dated August 4, 1977, cleared by MD 1048 dated July 16, 1977,

Note: This table gives typieal observations and is not meant to be all-
inclusive.
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2.

3.

3.

TABLE C

Notes on Questionable Test Data

The first field demsity test to reference RD 24 (5/75) has a relative
deasity of 170.62. The standard continued to be used, however, with
relative densities greater thaa 1002 occuring repeatedly.

Similarly for RD 30, the first two tests (9/75) have 1142 aand 122%
relative densities, yet the standard was used fer 10 months, 54
tests, with 3527 of the results over 100%.

During the first two weeks of use (7/76), RD 41 was referenced 22
tizmes with 12 tests over 1007 relative density (6 tests over 110X
and 3 over 1203). The standard was used for § months, howvever, with
over 40% of the results over 100%.

The first test using RD 55 (8/76) has a relative density of 119%,
with the field test being made the same day as the standard and,
thus, assumedly the same material. These results would throw
doubt on the lab standard, yet it was used for two full years and
566 tests, with 647 of the results over 100X relative denmsity,

Evea high density structural backfill standards such as RD 61
(maxizum deasity of 125.3 pef), used 593 tizes, show over 25% of
the tests having greater thaz 1002 relative deasity.

The first seven tests referencing 3MP 269 (scattersd over a twe moanth
period arcund 7/76) all fall outside the zero air veids curve. This
classification was used for 1 1/2 years, referenced 227 tizes,.

The first two tests referenciag 3¥P 270 (7/76) £all 6 pef above the
Zero air voids curve. Contizued use of this proctor for over 2 years
resulted in 226 tests with 82 outside the theoretical maxizmunm,

For the first month (4/77) all 3MP 278 tests fell om or outside the
zero air voids curve. For the next 2onth, over half the tests did
the same, or have greater thas 105% compaction. The standard was
used over half a year, with 43 out of a total of 82 tests outside
the zero air voids curve.

Note: This table gives typical observations and i{s not meant Lo be all-

dnclusive.
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FIGURE 7: WINDOWS OF.ACCEPTABILITY (A) BASED ON BMP
SPECIFICATION (B) REGARDLESS OF EXACT WCRDING OF
SPECIFICATION
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NOTE: VALUES FOR DRY DENSITY ARE TYPICAL OF A RANDOM FILL SAND,
ANY TESTS SHOWING MORE THAN 117% RELATIVE DENSITY WOouLD
BE SUSPECT IN THIS EXAMPLE, STRUCTURAL SANDS TEND TO SHOW
ONLY 2 OR 3 PCF INCREASE IN MAXIMUM DENS!TY AND THUS RESULTS
AT MUCH LOWER RELATIVE DENSITY WOULD BE SUSPECT, SAY 105 - 110
PERCENT

FIGURE 10
CHANGE IN RELATIVE DENSITY SCALE FROM DRY TO WET METHODS
OF OBTAIN!NG MAXIMUM DENSIT.Y ., BASED ON RECENT LAB RESULTS
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REVIEW OF U.S. TESTING FIELD AND LABORATORY CONSTRUCTION TEST DATA ON 7_ 6—‘7?
SOILS USED AS PLAST AREA FILL

First Paragraph on Page 1 states in part, "soil samples obtained in borings
indicacod that soil conditions beneath the plant structures are not cempatible
with the qualitr of £fill that would be expected based on the result of the
control tests made by U. S. Testing Comparly”. I don’t know how this statement
can be made when 20 correlation has been made between questionable material

- and actual tests taken ac that locatin.

o~

T

Item 1 on Fage 1 states in part, "although 20:1 is noc¢ a strict upper limit
it is a gﬁidclinc. Should density tests be taken more frequently than 1 per
500 cubi§ vards of £ill, the ratic could be higher". This is misleading.
C-211 fot Plant area Fill in Confined Areas the frequency of testing could
he as ffiqucnc as 1 per 10 cubic yards of material to 1 per 100 cubic yards

of material. This could give vou a ratio of 1000:1 to 100:1 ratios respectively.

I-am l goes on to state, "The aczual ratio is shown in Table A attached" Does
Table A includn North Plant Dike, lortheast Dike and West Plant Dikg data?
;g;:f%‘aki J“MAFJ::::L 3;2;4' O~ c¢4*44”¢J j%zch
e «‘m.s"'
It:m 2 on Pngc 2, Second Paragraph, Last qm of paugraph

e 4 shculd be noted that Bechzal field personnel gave the location for retesting.”

in part,

This should state, "ic should be noted that Bechtel field perscnnel gave the

A J.ou:ian;.lat tllﬂn‘;:md retis‘td.ng". A
S‘t:N A om g avvan . ook o, A, s Mhtﬂmmﬁw
% .,.fm’“ - i::.f:ar M.m..,m.ﬁmh e *Def”

Item 3 on Page 2 states in part, "Figure | attached shows a typical laboratory .
compaction test curve wi:h field test results plotted on it" 1Is this a typical
laboratory compaction tes: with respect to the numher of tests plotted to the

right of the zerc air voids curve or just a typical plot of a compaction curve?
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* Page 2

First Paragraph on Page 3] states'’the fact that a large number of test results
plot above the aero air voids curve tends to make alli cest results questionable"”.
I find this statement hard to believe. What is the large number of tests we are

talking about in comparison with total aumber of tasts?

Second Paragraph on Page ] states in part, "Specifications called for compactive
f__ctfort results as defined by ASTM~-D-50.57 which is 56,255 feet-pound/ésbic.:foat

g -

" energy. For Method D, this value should be 56,000 foot-lbs/cu ft.

Page 3, Second Paragraph (except for the first sentence) the remaining portion

of this paragraph does not seem pertinent.

Item 4, Page 3, Firsc Paragraph, Last Sentence -- What is the reason for this

sentence being placed here?

Item 4, Page 3, Second Paragraph states in part, "several specific gravity
calculations are in error, such as for BMP275 and 374." This should state
that the plottingsof the zeroc air voids curve on BMP273 and 274 are in

error. What is the basis for this statement. The calculations for specific

gravities cn the calculation zachine seem to be correct.

;;3‘ ' It:n - Pasc kS Ei:st;Paxagrtph;:last-scntcnctwst:tcs—-'Thc‘figutcs-chou—plo:s
L %L~- .. 4 e, ol WS A s
I ,Bof coupaction data .ot BH9278 vhich -are typical for- all :cs: rcsul:s." *his -
--. . : " ) . 18 - i “’. _.‘. s -‘."::—‘»'..v A v .

%’ atatcn.n: 13 uisleading. Is this plot shaving :hc nunbor of :cs:s abovo the

—

- zero air voids curve typical for all tescs using various 3MP's.



Item 5, Page 3, Second Paragraph references 56,255 ft-lbs/ct f£t. This should

be 56,000 fr-1lbs/ct ft.

. hig Page 4, First Paragraph states ia parc, "this change can only occur in the £ield
to the extent that field moisture comtent will permit it Once field compaction
is such. that the field demsity is significantly higher than about 105% of
maximum, the specified tolerance for optimum moisture content in laboratory
conpaétién tests may 0o longer be applicable for field control." What is

meant by this statement?

‘P‘qﬂ-"f“@-ﬂ‘-. /.':é‘iaomp«i ﬁ%‘wﬁ;&&»ﬁ,}g{

Page 4, Second Paragraph, Last sentence s:a:es, "The'one'following above the
zero air voids curve t:x;:zllxhixxi(sboun on Figure 4)“is designated by
U. S. Testing Company as the only passing sand cone test (shown on Figure 5)."

What is the relevance of this statement?

Page 4, Third Paragraph and Fourth Paragraph reference Figure 7a. This should

be Figure 7A.

-
-

Pagc 4, Last Paragraph states in part, "Figurc 7B wts arrived at by expanding

’i? h"”: ‘rigurl 7A to include test results up to a caapactivc c!fott related tc ASTM D15.57
2 | _‘: (56,255 fr-lbs/cu ft) which is considered to bf a practical upper limic." I don't
e NI
:é;i;ligf‘quip..f::f:?‘chc‘l odified 2?°§§:f is — lpplicablc :h-n pr;ctical i°‘: ' ‘Vggi

CERG L 34 'Q- - e rawwe,, P
-l . - . . o e . - . Sl
S —~

Item 6 on Fage 5 states, "almost all (over 95%) field density tests on cohesive
soils vere made using the nuclear density device." What are the actual numbers

auclear density device vs total test? ~— —



Item 6, Page 5, Second Paragraph, Second Sentence states, ""However, the

stand air of the estimated is 1.87 for the data with the range of differences

.-,

Lo mean from negative 3.2% to positive 3.9%." What is meant by che "stand air"

* i
» - - T

Same paragraph - further on - states "(in should be noted that errors in

i .~ the nois:nr- content tend to shift the position of test results on a moisture

dcnsi:y plot approximately parallel to the zero air voids curve assuming the

S in-placc vet density is correct and thus do not explain the large number of

: points which plot outside the zero air voids. Compare Figures 1 and 9".1s

,che assunption that the in-place wet density is correct/valid based on the

L ! - results df this report.
| ;

Item 7 on Page 5, last sentence states, "over 100 errors were found in

the calculaticns ca the relative density from 8-15-75 througn 12-78. (nct

all of these errors changed the acceptability of the test results).” What

wera the actual numbers?

e -
. ot -

e e . “'&dﬁr'
A 2w
?1::: Para;rnph on Pagn 6, cocand-co-la-: fantence states in part, "thg

b L3 " Aluge

; 4 highcot rtlncivc deusity found was 142.2%." This contradicts Item 1 in Table C

3 M' ,Muau._ relacive.densicy-of 170. GZ._Tablc.A--.eDool.:hu.imud._

BEET AR T gt o

Sitasts Ln.thn west plan: dik‘ north plant

-\-‘-‘ \'ﬂ’ -

“dik. 4nd northcast plan: dike.- Also

o do‘. :his tpcludn Q tnd Vou-Q aress 1n chc plan: ‘r‘l'fillr 3 -'A,i

xt
- Sy P - A. v ‘ -

d o Tl AT
ot | - T

e

é Table B ~ Item 16 - is not clear. Is this stating that the retest had a density

of 76.9 and it was rounced up to 80% using a different layup density standard
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<7 Pigure 2 and 5 == there are approximately four tests that are shown to the
Tight ol che weper moisture content plus 22 line which should be failing

tests but are shown as passing tests.

i Fi;urq;9 has subtractaed 3.5% from the moisture content and recalculated dry

deasity. Coulda't the auclear densometer also be giving incorrect wet densities?
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COMMENTS ON THE REVIEW OF U.S. TESTING FIELD AND LABORATORY CONSTRUCTION

TEST DATA ON SOILS USED AS FILL 2"5%
AL Firstc Paragraph.(E;::—Iz:izgi}firsc page - This sentence.aa,h._;o&—ﬁe-' g
= ST Sowamruad. ) Jﬁr’“~
correct. Some of T may have been rejected and 1*9.&&4—Laaee or aavee
&“‘(‘ e /W "Mwa H . -
v > This could be stated differencly. Fill wme tested for %
FER A

acceptance at, but not conclude what the results wera.

fgs

Page Two, Second Paragraph, Lasc line - States, "over 130 failing tests

were marked as Non-Q and never recorded cleared by a passing test.” Does

-

that mean that these tests were really taken ia Non-Q areas and, because
they were in Non-Q areas, were Chey just disvegarded? BRetter 2ut in words
to indicate that they were marked Non-Q = in parenthesis - because they ~Satarhitag o

were taken outside the safety-ralated area.

[zam J, Second sentence ~ States that specifications do not recuire examination
of cle zerm air voids curve oul it is considered fundamental soil mechanics

relative to compactine plets. Lf::haa's tTue, vhy dida't they require it and i
why did not Bechtel use this method years agc. It's a little late to be

picking on the tester when Bechtel is supposed to head up all comeeols on
tescing. =
[tea 4, First sentence - States "some laboratory compaction test data were —
used repeatedly even though they continued to show suspect field test resulrs.”
We do not understand that sentence. Are they saying that for some period of
time, a long time ago, either Bechtel or US Testing recognized that they had
\gata=suspccc\resul:s and continued to use these results? As staced, it is

—— -

P 1 .
iavalid comeclusion bacause suspect is a recent avent :

T e S e e A} | T ——
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Page 2

Page 4, Second Paragraph, Last sentence --(Don 5

W AR .
They ought to complete the sentence~—that the only Saade which in fact should -

‘i’”‘“‘"["’"

have bean umcccptablc or should have been labeled failing :ut.m
! h# '-JM’

the point ———- o pas e R,
e : R

—ARETTTa—ah0) A AL 3e st ha e —ean £ S “BEi——and—they 100 T SIy—thes) ap
S . e S
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- & NERTHER
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Page 4, Third Paragraph, Last sentence - States, "a review of all data {ndicates

’ ’—3;
that about 25% of the cohesive soil test results fall within this area.” The ‘ e s
>

last paragiaph, last sentence on Page 4 states, "about 40% of all cohcsiv. . -

Wowie

Soil test resul"s weee plot in this area”. Axc we saying 75%and 50% tupcc:ivoly

of our data is outside these areas. Therefora, it's overwhelming proof that n
it's invalid data? 4\ a i 5 ,
4 b L
P ' /\ y - .

It would seem to me if they were going

' _{::o really make a stromg point, they

should reverse the aumbers and ‘WHZ fell vut and thersfore must be iavalic.

i o

LR

Item 6, Second Paragraph - QQLWMW & ) e
cause ent. It

seem Jhux
\D-M s’ v
M—tvrm‘.“n that they could carry this pauguph a lictle

further and provide the end result error that could

exist because ot this. an -

then I could read i1t and say, w)m &c weighs this much into :ho cause of
2iC RSS! Je A =

the, settlement."

' -~
= S b
- ‘- i e "
.2 - i, o e
- 5
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Page 3

Page 5, Item 6, Third Paragraph, Last sentence - States, "in most cases were
the c;a: result plots outside the acceptable zome defined in Section 5, the
difference between nuclear and sand cone methods would not have made the tast
results acceptable had a sand cone method been used. Does chis really confirm

our poor compaction?

g
Page 5, Item 7 has "compariag" spelling "compring" 3
. T
\ _ww -, o ¢ ¢
Page 6, First Paragraph states in part 364 tesc “whess” should be 4 A
")M' 4
\/ e
—W Ia their summary there are five major faults.
They are e4pht anamoclies or nonconformances. They are unexplained anamolies .
or they are five major nomconformances. If you find fault wich something i
it means that yvou are placing the plame there. 3utr thesa lcok like non- v
/ -y
conformances to me, so they might as well call them wreT® they are. e

o
Y.

Page 6, Item 3, Last Paragraph. It must “e concluded that these test resulcs

are suspect and should not be used alome for acceptance of plant area fill,

i@" 7&!14;_ _3@»\./\' ~thie- conclusion too. The next thing is

scuewhat editorial therefore other means have been established. I don't think ‘ Py

that belongs in this. It has nothing to do with the review of these reports.

It might be a follov:u; action because of c;ur other conclusion. It really . 0 o=
- o Dviend ™
£ R
doesn't have any — this is the wrong place for that. I think we ought to juse | il

drop that sentence. AR e
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This review of the quality control tests of the earth £111 at the Midland Site
Vas made as a result of settlement of the

£411 supported diesel generator
bullding i{n excess of that predicted. Soil samples obtained in borings indicated
that soil conditions beneath the plant StTuctures ares mot compatible with the
qualicy of £111 that would be expected based on the results of the control tests
aade by U, S. Testing Company. A1l £111 was accept

ed as it was being placed
based on the resul:s of the field tests preformed by U. S. Testing Company.

The review showed Rany discrepancies in the test results as outlined in the
following paragraphs. Review comments ara

based on the requirements of the
technical specificacions for £111 placement and the subcontract entered into
by U. s. Testing Company,

1. DUse of Laboratory Test ¢ action Curves

/
e 3-1 of specification 7220-C-208, Page fleld density \ zs'’
and molisture content test be taken for eacky 5 £ £111 placed. | a~ L
It uir tion, grain size; speciiic gravity for each /4"’»?
0 ic yvards of material. ™ This gives a ratio of 20 field densicy Vlaadt
tasts to 1 1 compac test. Although 20:1 is not a strict uppar
limie, it is a guideline; should density tests be taken more frequently
than one per 500 cubic yards of £111 the ratio could be higher. The
actual ratio i3 shown in Table A attached. Ia fact, soma of the laboratory
compaction tests weras used to determine perzent compaction for several
hundred field density tests caken over a pericd exceellisg two years. Tven
though no time teculrementrs for the pericd of use of labcrazory sesss are
specified, 1z s unlikaly +hat any boriow source in this area would he of
fuch wailorn characrar that such extended use of a compaction curve, truly

representacive of a large quan:ity of zaterial, would be appiicable. Listed
below are selected laboratory test dar e 3 \

_ Sodd-propencias thar werereported,/| Such a wide fange i3 typ’cal for sc;ils \
of e kind used in the filT making

predizticn of maxdmun density, based &
on visual inspectiove extremely difficude 4f not

- fapoesible without :uti.u‘./ /
—— — ——————
MIN. DENSITY MAX. DENSIY OPT. MISTTE
TEST (1bs/Fe3) (1bs/f22) (dercamns) _
*BMP269 127.3 10
*BMP278 117.0 15.2
*"EMP279 140.8 3.7
**RD24 100.9 119.2
**RDSS 90.2 109.7 -
**RD61 109.3 125.3
*BMP refers- to pProctor type tesr.

**RD refers to relative density test rum b

’ ydfyuthod.
14 50, why dess Spe
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: Page 2

& Questionable Ratests

A field density test that fails to Deet standards dictated by the selected
laboratory test data must normally be cleared by another field test made
in the same area after corrective action has been taken. In the procedure
adopted by U, S. Testing Company, this test result would be compared to the
appropriate laboratory compaction curve. Bechzal QC determined which
"failing" tests had been clesred by subsequent retast.

Of the 668 "failing" tests which vere marked "cleared" by amother test,

ia over 10% (72 tasts) of the results, the clearing of the "failed"

density test was apparently resclved by using another laboratory compactionm
curve with either lower maximm density, which resulted in the percent
campaction being increased sufficiently, or different optirzum moisture
content which caused the f11l to meet the requirements of the specificationm.
The possibility exists thar soil vas removed after a "failing" test and
replaced by diffarent material, but the records do not indicate this.

In other cases, tests labeled "failed" were incorrectly cleared though

the same laboratory standard was referenced. Por example, in some cases
retests to clear a "failed" test were oot taken in the same area or at the
approxizate same elevatiom. More than 40 retests were over 20 faet from
the "failed" test location (as recorded in the test reports) and some were
over 200 feet from the original test location. In general, if afrer a
"failing" test the vhole area is reworked, the retest location is not too
critical assuming that the correcs laboratory compactiom curve is used for
comparison. However, in the plant fill work areas were relatively small,
and soil characteristics showad considerable variacion necessitating re-
testing in the izmediate vicinity of the "failing" test. Retast should

be taken in the 1i1fr or soil layer that has been reworked. Alxost S0
Tetests vere taken at different elevations, rome up to 10 ft. from the _ X
"failed" test. It should be noted that Sachtel field perscmnel zave =he % Ik

locarions for retesting. This was not a U. S. Testing responsisils ty. | STV

Tvo rectests wera dated prior to the tizme the oTiginal test "failed". / Ma Ke

Over 130 "failing" tests were marked as "menm Q" and never recorded L g

clearad by a passing test. \ ’rﬁﬁﬂi..

Tabla B is : compilasion of 2otes relazive to questionable clearing cf y . i”

failed tests. ) s )
r-s/t&l’bl

8 Theoretically Impossible Test Results —

Soils cannot be more than 100 percent saturated; theresfore, all field
density test data points, when plotted as dry demsity versus moisture
content, must be below the zero air voids curve as defined by the specific
gravity of the material. Specificativms do not require examination of the
zZero air voids curve, but it is cousidered fundamental soil mechanics
relative to compaction plots. There are numerocus cases in the U. S. -
Testing Company data where points plot above the zero air woids curve.
Pigure 1 attached shows a typical laboratory compaction test curve with
field test results plotted om 4. Many of the field test results plot
above the zero air voids curve. Provided the specific gravity is correct
this is not possible so that all such points must represeat erroneous
daca.
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The fact that a large number of test results plot above the zero air void
Curve tends to make all test results questionable. /q.
- 2
Also, r 1 it would a | )
wi Specifications call Or compactive effort results as define ‘
ASTM D 1557 which is 56,255 fe-1b/fe3 energy vas modified to a

ve effort of about 20,000 fr-lbs/fe3 energy, often
referred to as Bechtel Modified Proctor (3MP). Laboratory compaction
test curves should be related to the same effort as that called for in
the field for use in comparing with field density tests to determine
percert compaction. According to plots of field data shown om Figure 1, \
Sanaity varied from about 108 1b/fzd to about 130 1b/fe3, It s dmencénl o4
that the soil classificstion or other properties wo such (
l%dmi:yy 1o percent of modified At
“Proctor (ASTM D 1557) which £ in, is rated at 55,255
"\ fr-1b/ft3 energy. curve plotted on Figure 1 {s at about 20, _’J'T:_-i;/ fr
Pur comparative purposes it was determined by U. S. Testing 1in 1974
that 100 percent of specifiad effort (20,000 .‘.t-lb/f:-") is approximately

equal t0395 percent of the maximum density as detarmined by ASTM D 1557 (56,255
fr=-1b/£t”) Reference Figure 8.

4. Reveated use of Questicnable Laborn:og Test Data

Some laboratory compaction test data were used repeatedly even though they

continued to show suspect field test results. This could be indicative

of questicmable laboratory data or the fact that soil was laced /4” ﬂé
P, 4

_ATr compacted accor t0 specifications. ~TI¥fer case is a cause for
concern. Subtémtrace ~208-ESRIBIE C, Page 17 of 47 No. 2 states ‘ ;
/' ™fou (MW.S. Testing) are to immediataly report data that indicates zacerial %}/
\ that does not comply to specifications or procedures."” __— é-l ?
T "—_\MT e e . e & A
7"SEVeral speciiis STaviEy cailculations aTe I3 arror, such as for 3P 2 T Y
’ and 274, 1Ia che case of B3P 273, the zero air volds curve passes through oy, st -
the laboratory compaction curve. In another example, BMP 297, the l;bon:ory\w

‘\ compaction curve is iavalid due to calculation 8rTOrs, yet was refarenzed | o g
. by fiaid density tests 22 tines. f}yﬁ"“
\\ y, ”~
W“c‘éﬂp Aty 5 notas welative €0 qUESticuAdLd Fast daci—
3 K 8 of Accura d Ac ility for Test Data

Figures 1 through 7 actached will be referenced in discussing limits of
accuracy of acceptability for field tast results as compared to laboratory
test data. The figures show plots of compaction data for BMP 278 which
are typical of all test results.

Specified laboratory compactive effort was 20,000 fr-lbs/fe- agd field
compaction effort was originally specified ac 56,255 fe-1bs/fe” but was
changed by Revisiocn 5, datad 7/8/75, specification 7220~ -210, Section
13.7, Page 57 to also be equal to about 20,000 fe-lbs/fe-,



" Page &

The specified 20,000 tt-lbn/tt3 effort establishes a compacticn curve
relating moisture and density for a specific soil. Moisture was specified
for fiald placed £111 to be within + 2 percent of optimum moisture as
detarmined by this effore. Density was specified to be greater than 95
percent of the naximum demsity. As compactive effort i{s increased in
the laboratory test, maximum density will be increased and optimum
moisture content will decrease. This change can only occur inm the field
to the extent that the field moisture content will permit iz, Once fileld
compaction is such that the fi11 density is significantly higher than
about 105 percent of Daximugt the specified tolerance from op timma
moisture content in the laboratory compaction test may no longer be
applicable for field comtrol. A + 2 percent numerical value of moisture
content acceptable at the specified compactive affort would be too wet

at a higher effort since the zero air voids curve defines the absolute
Raximm that can be achieved, indicating that higher densities for that
soil are impossible. Therefore, {f the record shows high densities for
such material, the data are in error. This vas apparently overlooked.

Plots of field data for compaction test BMP 278 are shown on Figures 1
through 6. The title of each figure gives the assumptions made in

plotting data for the figure. In comparing figures 3 and 4 it is seen

that a majority of field tests were made using the nuclear device. The

tWO test results shown om Figure 4 for the sand cone method indicates one
tast result on each side of the zero air voids curve. The cme falling

above the zero air voids curve (shown on Figure 4) is designated by

U. S. Testing Company as the only passing sand cone tast (shown on Figure 6).

For a field test resuls to be valid as well as "Paseing" it must fall withe
in a well defined area or the plot comraining the laboratory compaction
curve. This area or wiadow of acceptabilicy is showa for 2 hypothet.cal
compactiom curve ou Figure 7a thac weuld Teet requirements of Specification
7220-C-210. It is define’ by horizontal iues at 93 percent and 105 percemt
of specified demsity, vertical lines through + 2 percent of oprimuas
moisture content, aad a line parallal to the zers voids liue {rdicating
saturation about half way between rthe compaction cucve and 100 percent
saturation (zers air voids curve). The practical upper limit of 108
perzear of specified demsity i3 not defined in the specifications. 7T¢

wvas arbitrari'y chosen as numbers gTeater than this give increasingly
invalid cowpa:isons Letween field test results and the specified laboratory
compaction test curve. Therefors, 1f all data points fzll within the
defined window there would be no Teasca to assume that they are wromg,
However, when many data poiats fall outside the designated area thers is
fomething wromg witk the informatiom 23d then all data points become suspect.
A raview of all data indicates that about 25 percent of the cohesive soil
test results fall within this area.

Figure 7B shows an area wher: field test results would be acceptable,

ia theory even though not in strice accordance vd.gh the specificacions.
Tigure 7B was arrived at by expanding Figure 7a to fnclude test r ts .
Up to a compactive effort related to ASTM D 1557 (56,255 fe-1b/ft”) which

is considered to be a practical upper limit. About 40 percent of all
cohesive soil test results would plet in this area.

/3¢
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using the Nuclear Densicy devicas. Specification 7220-C=210 section
12.4.2 page 42 indicates thig ro be acceptable for moisture content
determination Providad that the rasults .re compatibls with those
obtained by ASTM D 2216. Similarly, section 12.4.4 says density
determined by the nuclear device is acceptable vhen resulrs are
compatible with densicy as determined by ASTM D 1556.

In a letter from 0. s. Testing to Sechtel (dated May 30, 1974), the

average deviation of the ducelar device from Oven-dry moistures was

+.12% for a set of 30 tests. Jowever, the stand erTor of estimate is

«82 for the daca with the range of differwmces being from= 3.2% ro

+3.92. Thus, accuracy of the suclear device is questionable, and could

-Tmslate iato errors of about * 4 pef 1a the dry densicy calculation,

(It should be doted that errors in the moisture content tend

the position of test resulis om 4 moisture densicy ploe approximately 5

Parallel to the zero air voids Curve, assuming the {a-place wet density

is correct, and thus do not explain the large number of points which P
\plot outside the zero air “oids. Compare Figures . and 9), g

Mrnr for auclear-deternined moisture

val.as shown above, i: 4Ppears that the controlling factors resulting

in erTonecusly reportad degrees of compaction were Selection of the

(revealed by points plotted righe of the zero uir voids curve indicating

2.90, and even 3.00) rather than

+ Ia w08t cases where the test resul:r \
plots oucside the Acceptable zone defined in Section 5, the difference

between auclear and sand tore mathods would 20t have mada the test
Tesult accaptabia had a sand cone mathod been used.

lative i Test

Cases were noced vhere densiries in material classified om the data

sheet as zome 3 (sand) vere compared to the max<mum densities in proctor
TYPe tescs ard orker cises vaere densicies {, clay soils vere compared ro
the aaxirim deusicy {n "l itive densiry tesges. Aa error must exiset in
the record in Such cases either in the classification of the soil om

the data sheeg or ia compring field TeST Tesults o {nappilopriace
laboratory rese data., In feneral, it appears that relative densicy

+ Over 100 errors vere found {n calculations, of relative densicy o
from 3/15/7% through 12/78 (aoe all of these errors change the accept-
ab




ASTM D 2049 section 7.1.2 Wetr Method states: "Note 2 -~ Whila the dry
method is preferred from the standpoint of securing results in a skorter
period of time, the highest maximum density is obtained for some soils in
4 saturatad state. At the begimming of a laboratory test program, or
vhen a radical change of materials occurs, the maximum density test should
be performed om both wet and dry soil to determine which method results
in the higher maximm density., TIf the wet method produces higher maximm
densities (in excess of one percent) it shall be followed in succeeding
tests.” 4in example of wet and dry relative density is shown om Pigure 10.
U. S. Testing Company apparently did not do this frequently emcugh, or om
a broad enough range of non-cohesive soil types. As a consequence many
field density test results exceed 100 perceat of maximum dry laboratury
ralative density. As an example, for laboratory test RDS5 a total of

566 field tests were mada. Of chis total, 364 tests whosed greater than
100 perceat compaction. The highest relative density found was 142.2
perceat wita the majority of tests over 100 percent falling in the range
of 100 perceant to about 130 percent. Since the difference in maximm
density between wet and dry methods is about 4 to § lbs/c. ft. (based on
receat dsta) any test result greater than about 115 percent (based on the
dry method) i{s suspect.

Even if che wet laboratory test mathod data ware available for all sands,
it appears an unacceptably high oumber of field test results would
greatly exceed 105 percent relative density even based on the wet maximum.

8. Summary

In summary, there are five major faults contained in the Midland Compacted
P11l Density Test Reports as follows:

1. erroneous field density test dara.

2. 1inco rTect soil {dentification

3. 4incorrect /or questiomable) laboratorw test data.
4. calculat.on errors

5. izproper or incomplete cleariag of "failed" tests.

Items 4 and 5 represent exiscing faults in the daca which could be
corrected. However, as a result of items 1 through 3, there is no
raticoal means of decerminiag which test results are valid and which

4rs aot. Since more than cow helf of the test resuics for ralavive density
<nd percent compaction fall outside the possible theoretical zomparisom
limits, it must be concluded that these test results are suspect and
should not be used alone for acceptance of plant area f1ll. Therefore,
other means of testing have been established and employed to determine

if the fill in any given area is acceptable.

ik o



Note:

TABLE A

Spec. 7220-C-208 gives a ratio of approximately 20 field

tests to each laboratory tast.

%0
31
22
4
57
68
36
165
227
226
141
37
21
158
82
22
20
61
248
34
33
39
28
i35
59
103
43
71
43
63
s
566
65
589
42
39

No. of Tests

Classifications Referenced in Plant Area Fill Soil

Zest Records Which wers Usaed for 20 or Mora Field Density Tests

L3¢
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2.

3.

14,

MD 205 fails with @oisture content 57 above the OMC. Cleared by
MD. 215, which refarences a relative density lab standard, and is
itself still 62 avay from the OMC of the proctor refersnced by MD 205,

MD . 223 fails because of high moisture. Cleared by M» 228 which
has actually a higher moisture content and lower density, but references
a different PTocteor; the retest Passes and clears the failurs.

Both MD. 844 and 886 fail because of Bigh moisture and low densicy,
They are clezred by MD 888 which references a new proctor with

MD. 251 fails due to moisture being too high. Cleared by M. 252
which uses a higher OMC proctor.

MD 668 clears MDR 634, but the two tests show no correspondence in
location, moisture, density, or lab standard,

M 71 fatled, being too dry. Cleared by M 782, which has almost
identical moisturas content and dry density but ugses a new BMP with
lowver optimum moisture. é

MD. 2384 cleary Mp 2342, refereaciag 3 iiffarent proctor with an
OMC wnich firs the fa~situ conditions. Howevar, the iry demsity

of MD. 2384 is vay too high to fit the original soil clusitication,
and in additiom, i falls cutside of Cle zero air veids surve for
the classification which it has been changed ta,

W 576 cleers M 354 by usiag a 3MP uise Lower muisture requirameass.
The fisld demsiries differ by 24 pef and would seem to be different
Racerial,

MD 566 and 568, clasgified as BMP 262 cohesive soils, are cleared
by MD. 569 which {g classified as 2p 33 and has totally different
801l properties than the two failures.

MD 1317, 18, 19 and 20 fail and are all cleared by M 1477 taken
over 5 veeks later. There is poor correspondence in the soil propertias
and the proctor is different from failing to Passing test.
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*15. MD'. 170, classified as RD 24 is cleared by MD 173, classified as
BMP 234.

16. MDR 287 fails with a relative density of 77%. Cleared by MDR 291
which has .l pef lower demsity but arbitrarily rounds up the relative
density to 80%; it passes and clears the failure.

17. 1In all of the following field density tests om sand, the passing
test has approximately the same or lower demsity than the failures,
but refarences a lower maximm density RD lab standard:

MDR 343 clears MDR 339

MDZ 514 clears MDR 507

MDR 513  clears MDR 508

MDR 515 clears MDR 509

MDR 516  clears MDR 510

MDR 522A clears DR 521

MDR 558 clears MDR 356, 557

MDR 480 clears MDR 473

MDR 533 clears MDR 526, 530, 531

18. MD 2384 clears MD 2342, but is at 7' lower elevationm.
19. MD 123 clears MD 122, but is at 10.5' lower elavationm.
20. MD: 149 clears MD 142, but is at 10' higher elevatiom.

21. MD. 1694 clears MD 1693 but is 43' away from the site of the first
tast.

22. MD 3114 clears MD 3102, but the twe tests are 68' apare.
23. MD 186 clears MD 133 though it is 110' away.

24, MD 1209 clears M 1207 aad MD 1205, yet is 183 fr. away from the
failures.

25. MD 1097, dated August 4, 1977, cleared by MD 1048 dated July 13, 1377.

Nota: m.umummmmuummnum-
inclusive.
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2.

3.

3.

IABLE C
Notas oo Questionable Test Data

The first field density test %o reference RD 24 (5/75) has a relative
density of 170.56%. The standard continuad to be used, hovever, with
relative densities greater than 1007 occaring repeatedly,

Similarly for RD 30, the first two casts (9/75) Lave 1142 and 122%
ralative densities, yet the staniard was used for 10 acaths, 54
tests, with 522 of the rasults over 100%.

During the first two weeka of use (7/76), RU 41 was refacenmced 22
tizes with 17 tests over 100Z relutive density (6 tasts over 110%
and 3 over 120%). The stacdard was used for § months, however, with
over 40X of the results over 100%.

The first test using RD 55 (8/76) has a relative demsity of 119%,
wicth the field test being made the sane day as the standard and,
thus, assumedly :he same material. These results would throw
doubt ¢m che lab standard, yet it was used for two full years and
566 tests, with 642 of the rasults over 1002 relative density,

Even high demsity structural backfill standards such as 2D 61
(maximum density of 125.3 pef), used 593 tines, show over 25% of
the tests having greatar tham 1002 relative densicy,

The first n;na tests referencing BMP 269 (scattared over a “wo month
period around 7/76) 2% fall outside the zero air veids curve. This
classilication was used for 1 1/2 years, referenced 227 times.

The first two tests refersacing IMP 270 (7/76) fall ¢ pef above the
Zerc air wnids curve. Coarinued use of this procter for over 2 vears
resulted iz 246 tests with 82 outside the theorsrical saxizum,

For the first momth (4/77) all 3MP 278 tests fell ¢m or outside tha
Zerc air veids curve. TYor the naxt mouth, over half the tasts did
the same, cr have grester than 1057 comraction. The standard vas
«sed over half a year, with 43 out of a total of 82 tests outside
the zero air voids cusve.

Note: This tabla givaw typical observaticns and is 0ot meant to be alle

inclusive.

'
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IN PLACE DRY DENSITY - PCF

IN PLACE DRY DENSITY - PCF
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T IR— DATA POINTS THAT PLOT IN SHADED AREA

WOULD BE GENERALLY ACCEPTABLE
ACCORDING TO SPECIFICATIONS

NOTE:  ABOUT 25% OF ALL FIELD DATA
PLOTS IN THE SHADED AREA

ettt T —

TR

oFT +2

MOISTURE CONTENT . PERCENT
FIGURE 7-A.

DATA POINTS THAT PLOT IN SHADED AREA
WOULD BE ACCEPTABLE REGARDLESS OF
EXACT SPECIFICATION WORDING

NOTE: ABOUT 40% OF ALL FIELD DATA
PCINTS PLOT IN THE SHADED AREA

< orT 2
MOISTURE CONTENT . PERCENT 4
FIGURE 7.8-

FIGURE 7: WINDOWS OF ACCEPTABILITY (A) BASED ON BMP
SPECIFICATION (B) REGARDLESS OF EXACT WORDING OF
SPECIFICATION
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IN-PLACE DRY DENSITY . [PCF)

117

DRY METHOD

0 100 118
RELATIVE DENSITY, (%)

NOTE: VALUES FOR DRY OENSITY ARE TYPICAL OF A RANDCM FILL SAND.
ANY TESTS SHOWING MORE THAN 117% RELATIVE DENSITY wouLDp
BE SUSPECT IN THIS EXAMPLE. STRUCTURAL SANDS TEND TO SHOW
ONLY 20R 3 PCF INCREASE IN MAXIMUM DENSITY AND THUS RESULTS
AT MUCH LOWER RELATIVE DENSITY WOULD BE SUSPECT, sAY 108 - 110

FIGURE 10
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E. E. Falton Date November 7, 1973

Midland Plant Unics 1 & 2 from P. A. Martinez

Job No. 7220 '

Earthwork lioisture Centent o Enginecring '

File: C-210, C-208, 0274 \
: ~ Aan Arbor

J. H. Allen

J. C. Hink

R. L. Rixford

L. F. Wilcox

. Reference: a) FCR-C-l2 cated lNovember 2, 1973

In response to ycur FCR (vef. a) and based on laboratory tes: data, compaction
data, and locatien of the material being placed, specification C-210 can be
relaxed with the fellowing stipulations:

The optizus moistur: s:atent range can be specified as 27 dry to 5% wet of |
optimum provided that Lf the moistur~ conmteni cXceeds 24 wet of optinum tih2
£411 shall be slaces wizh a cernactive efferc equal to at least 957 of the
Bezhtel =adifiad precier sest vesuls (20,000 fcot pounds cffore). Jhis

vill be done a: no adéizicmal cus:t to Bachtel. This also applics only €2

zone 2 caserial which is placed in the Bullock Creek ares and ia cther sclacted
aveas of the dike as spacified by the Bechtel representactiva, The moistura
consrol specificatisns eriginally wrictten for zome 1 zaterial still spply to
zone . cozerial, That ig, zena L =acerisl nwet be placed within a molsture
content rangs of 25 dry ¢ 2% wat,

The above change im allswable runze of optimum moistuie eouicut for tha
gone 2 materia. =1y result in more ~han four passes ol compasii.i equipment.
liowevas, af seintas cut adbeve, this suditioral effert will nco ve 2t the
wipense of Prentel since it L. belag dome £o alliow congimuct cn ¢ PO, 34177
and give the contractor the best utilizatien of his equipment and peopla.
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2 ORMAWING/PART u -huv 2. emoamcy mo. v T _ ., onvt _—{fn_.v;— 35, DISPOSITION CONCUNRE LK
S’ﬁd 720 - C 203 y x 72Z0O (, (; 77-2¢- snzg; ETTITTI T I,}zzl o
T ITEM OEICRIPTION, . rem Lo?f-;né _________ g /'v.. . ", By ' —d—55 s
f«&.‘r'{mx‘/( u-a! //Z ’Q' AFsSTED l)/KE'S / ‘ALY f‘f( é_’_![_‘ ‘ﬂ“ 1) é/(;}/
S PP SN < w |9, STARTUS SYSTEM NO. - o K Mercacemens rant no. nev. n'..uj o wuliain T ..,
S 4 B4R R d \ R ; Gr S TeS 2
- S BS— ﬂ--cu-c. .
% FURCHASE ORDER NO. 19, GC FIELD INSPECTION PLAN NO. (- 2/0  MEPLACEMENT SERIAL NO, E é( / "
ﬁlncw/—‘gc‘r d Z/o /"‘} Z ”/: 24 Z ? 3, 32 SS 34 ' N//J " Q.cv vipio Gc looc 7(
CONTAACTONAOCATION I A{nt "D ves | 17 sounce = ) L e —
/A!’M A/C// ::vo::: Bno {)‘1’3_‘6‘9_’-’) ). T [ | .
15 ROUTING INSTRUCTIONS: x-ouvc TG TILE SHCMEERING [) ROUTE 10 MATERIAL SUPERVISOR

4 s Spe¢ 7220-C-208, Table 9-1. page 14a states in part: field densities, moisture content test frequs
will be one per_every 500 cubic yards _of 111, Actual test _taken was_one per every 2300 cubic vards. Ref: NCR #C-26 &
_ NCR #55 It was recommended by Project Engineering borings be taken to evaluate the {n place density of affected areas.

Approx. . 500 —iémlﬁ_!e.m_!!&en in_areas as _deslgnated-h.v_[mjccg _Englngering (work_done_under subcontract FSC-60, -

.. Raywond Internation) Out of all samples taken 5% are actually fajlures, | ~ Tl T, b

20. Dncu munon inct.a RECOMMENDA TION/HOUTE TO PROJECT ENGINTERING 2. PIELD DISPOSITION RESULTS:
L — P S pra——" el —

. S ———

_Qunsl:d_tﬂjum_u_th:ur:_udley._snuadnu andmt_fnt.out of spec. A large_nernenn _-of__ulesa_fallums.nm.alsn

in the top-ope to two feet of dike and would have to be reconditioned befo irla of e anknent anyway. We
recomrend leaving dike as is with reconditlonlr_ug of tep Tift as rgqulred 7( ' EEilZ&:)i‘.
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i @ Bechtel Associas Professional Corporgtion

Inter-office Memaorancum

~ BERC - 376
© E. E. Felton 3 g% s ose - June 10, 1974 '
C™"Midland Plant Usits 1 and 277 PRI Maretnes™ ¢ T MU
Job No. 7220 By
e e e T . = s
[0 At Ann Arbor

7. H. Allen w/o .
S. S. Afi84 w/o.
J. C. Tk w/a (less appendizes)

References: a) NCR 26 > _ L 8
b) NCR 88 Tl
Transmitted herewith is the report of the Soils Boring Program e

{niticted as a result of NCR 26 and required to complete action
en NCR 88.

This report completes Engineering action on the two referenced

. (_37/\“_9”\7

P. A. Martinez
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“h; &g}h 26, 1974, a sampling and testiag program for. additiomal = wwimiow

moisture and density checks was started under the supervision of

a Geotech representative as requested by engineering to respond

to NCR 26. Drilling and sampling was started March 26, 1974 and
completed on April S, 1974. Laboratery testing vas completed N
April 11, 1974. The tescs were compiled and since S percent A
compaction values fell below 95 percenc, NCR 88 was initiated.

The datx pertinent to NUR 8% fn comnectfon with the existing

£411 4n the west plant dike, morth plant dike, and northeast

. plant dike are discussed herein. The intent of this report is

€0 assist engineering in evaluating and documenting NCR 88.

A total of 58 borings vere drilled in the wvest plant dike,

north plant dike, and northeast plant dike. These borings e
penetrated Zone 1 material and Zone 2 material as indicated

on Figure 1 by solid symbols and open syubols, respectively.

Boring ground surface elevation, coordinates and depth are
shown 4a Table 1. :

From these borings, a total of 156 Shelby tube szwples vere
taken. The samples wers cut in the laboratory to lengths of
about 6 inches resulting in a total of approxiamtely 451
specimens suitable for testing (338 in the north plant dike,

53 in the west plant dike, and 60 in the northeast plant dike).
Another 84 specimens vere not considered suitable for testing
because of tube damage or excessive stone contant, as indicated
in the remarks colums of the tables in the attached Appendix

A, vilch contains a tabulation of laboratory test data. Appendix
B coutains laboratory data worksheets.

Moisture determinations were made according to AST™ Designaticn e
D 2216, density determination according to Chapter 1, page 17 of

Earth Manual, U.S. Department of Interior,

Figures 2 and 3 show plots of percent Bechtal modified compaction

(BMC) versus depih for the borings vherein pescent compaction

below 95 percent vere encountered. Test results which vere Judged

unacceptable by the soils engineer on the job vere not included

in these plots. These vare results from samples which came from "
the sand drain (Zone ) material), contained stones, or vere

disturbed. In the case of sand drain or excessive rock, it vas

Judged that samples volume measurements vers inaccurate. ) em
remarks, column, Appendix A. K GE&WE
< |

» L’
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FTigure 2 contains data where the percent compaction helow 95
percent wvas either above 94 percent or the sasples taken were
near the surface (T8 24, 21, and 4, NPD). Data between 9
percent and 95 percent, when occurring in the infrequent manner

e

;4 s e S Shown in Figure 2, is considered acceptable. . JThe differeace, . -

“between 94 percent and 75 perceat is not significant wvhen con-
sidering the accurs'y iange inherent in sampling and testing
procedures used in practical soil mechanics. Furchermore, these
data were not a part of a trend of reducing density within the
£411, as can be seen from Figure 2. This is substanciated
further the lines of average percent compaction (Figure 2),
which shows that the degree of compaction was above the 95
percemt valwe. Averaging of sofl properties, vithin a reasonable
depth range which does not contain significant .scatter is a
commonly accepted tool exercised by soils engineers. Therefore,
all data between 95 percent and 94 percent are considered within

the inteant of 95 percent BMC compaction and will not be further
discussed.

Data near the surface fell within the zone where removal and
Teconditioning will be required before placemaat of new £411
(only 3 cases: T8 24, T3 21, and TB 2, NPD). The degree of
compaction should increase after reconditioning and passage of
the 50-ten roller equipment.

Figure 3 shows plots where occasional percent compaction less
than 94 percent were encountered. The piots also show the 95
perceat compaction line and the average percent compaction line.

These same borings are indicated with a hexagon on Figure 1 and
amount to 10 borings.

All the above 10 cases in Figure J vere between 90 percent and

95 percent compaction. The values below 95 percent occurred in

the form of spikes in the percent compaction versus depth correlation.
Further, they represent one value between 90 percent and 95 percent
per 5000 cubic yards for northeast dike, 3200 cubic yards for west
plant dike, 6350 cubiec vards in north plant dike. These occurred

4t scattered locations as can be seen from hexagons in Figure 1.

Furthermore, lines of AvVerage percent compaction for the holes show
parcent compaction above 95 percnet (Figure 1). Except vhen soil
properties vary within a large range, the soil behavior is more

determined by the average pertinent property than by the absolute
maximum or the absolute minimm,

It can, therefore, be concluded that the in-place f4{l1 tested
meets the intent of a 95 percent degree of compaction by the
Modified Bechtel Mathod. :

<
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This memo transmits a memo from J. 0. Wanzeck to me regarding
a4 correction required in the text of NCR 88. This correction
was given verbally by J. 0. Wanzeck to field persomnel.

Don Horn of Consumers Power Company QA requested today that

_this correction be tramsmitted officially to the field.

S$SA:lab
Attachment
s |
|
_ Vo ;oo 1
i B
¢ i S e, b vr eed
e e €
3 : S il e |
}“ e Tl
S @) sy s
& &N L"I e i ".‘
L.-;. - !. L ———— - —
AR 140 DS - - — s -..:'
N v
Ve bt e i bl
i- ‘ e ——— -
R - T
L, e :
ry e —— e i
[r— e— .t - —
. - S e s ._,'
L 0R44, 055 Tl




,,1~vA'v‘ A 2 e W ® S asd P o e D T A Bre . S,
‘m”-OA T rrevt Ze ”’)‘3(”1‘:; L4 "\‘;-'u O G RS e T g TR, s ST gy A e m‘\

TRy - -——
- @ Lon -

’

a ¢
-
.

inter-otlice Memorg: 14um
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The following wmemo is to document Ry response to a question raised
by Midland QC and Consumers OC on June 19, 1974, as noted in my
trip report dated June 21, 1974.

On Report NCR 88 (attached), see Paragraph 1, second page which
should read ", . . (Tle.NPD & 21, 4 NED)."

Paragraph 2 of the second page should read ". « « (TD24 NPD & T321,2
NED)." 5

This information vas given to the field verbally; therefore, this

meno is intended for documentation.

' )z O L armgai
J. 0. Wanzeck
JOW: lab
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RLIORY Frn sk 84

‘ 'N Margh 20, 1774, a u.anp!lnn and teatton propram for additionny -

molatere aml denalty eheeka wan astarced under Lhe mipervinion of
a Centech Fep enentative an requented hy enploarering to renpond
tO KCR 26. weilling and Aanp) Lo wan searted areh L, 1974 and
comrleted on et G 1974, laboratory tentine wan complated
April N, 1974, e tente ware eomplled mul ninee 3 pereent
compactlon valuen full helow 23 pereent, NCR 04 wan Intetated.,
!
The data pertinens to NCR 80 1in connectieon vith the exf<ting
T e the weat plant dike, nerch plane dike, and nerthease
rlant dike are dineunsed herein, The Intent of thig rerort (s
fo asnlst enninesrlng ia evalvating and documanting HCR 88,

A teeal of 50 harions vare drilled in the vast plant dike,
north plant dike, and nertheast plant dike. These borings
penctrated Zone | materizl and Zone 2 matertal as indicated
on Figure 1 by mnlld symbels and open symiols, respectively,

Boring gronnd surfase elevacion, eoordinates and de~th are
shown 1a Tahle 1.

Fren thene horines, a total of
taken, The memples vere eut in
sbout 6§ inchea resalting ln a tetal of apreen, lamtel y 431
specinena sultable feor teasting (230 {n she sersl rlant dike,

53 1n the went plant dike, and GO in the nertheast plant dike),
Another 84 apesteeny vers net considered wultable for tessing
because of tube dasame or excessiva stone content, as indicated
in the remarks columu. ol the tables in the attached Appendix

A, vhieh econtainn a tabulation of lnboratory tost data, Appand Lx
B contains laboratory daca vorksheots,

356 Shelhe tube ramples were
the laseratary to lensths of

todsture determinations wees made aceording ta AR Desinnation
D 22186, derniey determination aetordisg to Chapter 1, rage 37 of
Eargh Mawnal, U.S. Department of Interter,

Jest Resulta

Flgures 2 and 1 show plots of pereent Peehitel mod !
(M) vermun deapeh for the borinnn where!n nerennt asmpaction
below 95 pevecnt ware ancauntored,  Tert reaalin whieh vere Jwiged
unaceertalle by the rella enineer on Lhe Jnh wipes net ineluded

In thene yletu, These vere tasnlens feem sasplen whish cane (rom
the san! deain (Fone ) paterial), ssntalned nLtennu, eor vere
dincurhed, 1o (e eane of mand dentn op Cutenalve roek, 1t wan

JUdred Phat cmpln wa) i neamrenents vere linnegveate, ,fGee
remathn, eoliowr, Appomlie AL '

Ird eomprction

() ©

®
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Floure 2 n-ntncvl.i:n wherg thv rereent eompact lo

n helow 9%
perzent wvan et her Ahove 94

Pere ot or Lthe sarp | ey taken were o
near (e warfave 6&2-3Lp-3;‘-ap4-4,~aua§, Data hetween 94 (TR24, 1nry & 2
rercent apd 97 Pereent,

) bt
when Accurcine in the Infrequent DANner
shown g Fipvre s In

conalderesd arceptable., The dirr
betvern o4 Fereent and 93 percent (s pee elpnifl leant wvhen cone-
slderineg the Anruracy Fanfe fnherent 44 sampliug and tenting
Procedures nangd In prastieal Wil mechanjng, Furthurmore, these
data vere A A pare of & Leend of redug g denstliy within the
FUll, an can he "een from I'ipgure ¢ This ln mbstant lated
lurther the lines of averanre pereent cempacgtion (Fipure 2),
viileh slouvs that the depree o compaction vas alove the 95§
percent valuya. Averan lng of snil rrepertlien, within d reasonab. e
depth canpe wiich dors nne centain sinnilicans SCACRAr is »
cormon | v CCrpLedl Loe) emereisced by sofla enpincers, Therelore,
all data & twenn 0% 94 percent are considered vithin
cent BIC compaction and will net bLe (urther

erence

Data near the surfaen Fall wieh

in the zone where removal and
rccondi:!on;rc v

Ll he Tequired belore placement of new £4111
(only 3 na:cx:4&1-%¥r43¥—}}r-9+-§8-§7-49°§H T1

ne danree of (TR24
Compaction shouly Inereag g :ccondi:ioninc and passage of
the J0-ton roller equipment.

Flpure 3 shown plots vhere eccanional Fercent compaction less

also show the 95
and the Average pereent compaction line.

than 94 percent wvere encountered. The rlogs
percent compaction line

These same ho=lnpa are indicated with a heaxagon on Flgure 1 and
amount to 10 borings. '

All the above 10 enmes 4n Figure J wvero dutween 90 percant and

25 perecent comprantion, The values below 95 parcent Qccurred in

the form of Pikes in the Percent Compaction veraus depth corraeletion.,
F‘thhcr. Lhey Cepranent one value hetween 90 percent and 9% percent _~
per 5000 euble yards lar nertheans dike, 3200 cubie yards for wese -~
plant dike, Hh130 cubte yards ¢

A noerth plane tlkn, These oscur
At scatterod loentions as can }

red
Ve seen '

[rom hexagons in Figure 1,
Furlhcr~9r~. Lines of a erane percent compaction for the heles show
pPereent compact tan thove 95 perenet (Fip.re J), Exeept when roil
propert P vary vithin a larpe ranne, the neil bubavior {a rore

determined byt e average pertinent Property than by the absolute
Raxilesum or the ahaolyte min lowum,

Tt can, theeefare, be coneluded
mootn the '!v'q‘”'_ nf ) ‘\S

Modif {ed Reehte] Huthed,

that the in=plares 111 tented
Pereent Jdorree of compaction by the
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The following pecple were in zttendance at the subject exit interview which was
conducted at the end of G. J. Gallagiier's inspection of Ocrober 24-27, 1978:

CPCo Bechtel NRC
RCBauman Wl3azclay RJCook
TCCooka ABoos GJCGallagher
JLlCorley RLCastleberry
CEHomn LADreisbach
GSKeeley PAMartinez
DBMiller
BHPeck
RMWheeler -

Mr. Gallagher stated thar the visic was o follow-up on 50.55(e) report of the
diesel generator settlemert and that it was also a fact finding visit. The in-
spection consisted of a review of past data, activitiegs in progress and planned
activities for future work. Inspection was performed by review of the FSAR com=-
mitments; Specification C-210; Specification C-211; PACI/IR C-1.02* Dames and
Moore Report of Foundacion Investigation and Prelimirary Exploracfens for Borrowed
Materials dated Junme 28, 1578 and supplement to this report dated March 15, 1969;
preliminary data on diesel penerator set.lement problem including boring plan,
cross sections of fill, blow count versuy the elevation graphs, lab data, settle-
ment data, boring logs, dutch cone logs, weather data and penetrimeter rezdings

in test pits; design drawings C-45, C-109, C-117 and C-1001; ;oil tests taken

in the diaesel gemerator building area during constrvetion compiled by 3. T. Cheek,
Bechtel QC; obsarvetion of soil testing ar the test lab and {a the field; and
discussions 7ith Bechtel Geo-Tech, Project Engizeering, Fiels Eagineering, (uality
Control Engineering, U.S. Testing, Consumers Pove: Company, PMO and QA personnel.
Mr. Gallagher stated that he would not handle the findings as njncompliances,
however, they could become items of noncempliance when they are ceviewed by his
management.

His findings/observaticns were as follows:
1. The FSAR states that during operation, settlement readings w.ll be taken every

90 days. Because of the diesel generator rettlaament preblem, this frequency
should be re-evaluarted fo. adequacy.




6.

© ©

FSAR Table 2.5-14 "Summary of Foundation Supporting Seismic Category I Struc-
tures” identifies the supporting soil materials under the diesel generator
building as being controiled, compacted cohesive soils. However, constructicn
drawing C-109, Rev. 9 and C-117, Rev. 6 identifies the material in this area
as Zone 2 material. Zone 2 material is identified as random £ill described

as any material free of organic or other deletarious materials. In the fiald
a variety of materials have been used for the diesel generator foundation
material, in particular, sands, clay, and lean concrete, silty sands and clayey
sands. The apparent confiict is that Teble 2.5-14 identifies cohasive soils
where, in actuality, cohesionless sands have heen utilized. A review of the
records indicate that sands have been usad between elevation 594'-608', areas
of elevation 611'-613' and areas between 616'-268'. This indicates the ex-
tent of the variability of the material placed under the diesel generator
building foundation. Mr. Gallagher did not feel it was good judgement to use
random material under the suppert of a structure.

FSAR Table 2.5-21 "Summary of Compacticn Requirements” identify random fill

to require a compaction effort of a minimum of 4 passes with the specified
equipment in this table. This requirement has not been an imposed requirement
of Bechtel Specification C-210 nor an inspection requirement of Bechtel Quality
Control Instruction C-1.02 for backfill.

FSAR section 3.8.5.5 states that settlements of shallow spread footings founded
on compacted fill are estimated to be on the order of %" or less. Site Survey
Program has identified settlements in the diesel generator building foundaticn
on spread footings to range from 0.55 inches to 2.30 inches and in excess

of 3.0 inches for the diesel generator pedestal.

FSAR figure 2.5-47 indicates the foundation of the diesel generator building
to be at elevaticm 634', according to design drawings C-1001, Rev. 5 it is
indicated for the diesel generator spread footings and pedestal foundation
to be ac 628'.

A. Specification C-210, section 13.7.1 requires all cohesive backfill in the
plant area to be compacted to not less than 957 maximum density as deter-
mined by ASTM{ D1557 method D which requires an effective compactive effort
of 56,000 foot-pounds of enmergy per cubic foot of soil. However, section
13.4 Testing requires testing of the materials placed in the pdans area
to be performed in accordance with tests listed in sectionm 12.4. This
section, in particular section 12.4.5.1, "Cohesive Soils," requires maxi-
mum lab densities to te determined using ASTM D1557 Method D provided
a compactive energy equal to 20,000 foot-pounds per cubmic foot is applied
(Bechtel Modified Proctor Demsity). To date, the Bechtel Modified Proctor
Density for determining maximum proctor density versus optimum moisture
content has been utilized. This conflict results in an unconservative
method of determining the maximum proctor density and method of assuring
that the required percent compaction is achieved, In particular, the
actual in-place compaction would be less using the Bechtel Modified Proc~
tor Density as a reference than using the standard ASTM D1557 method D.
This is due to the fact that the compactive energy exerted using the Bechtal
Modified Method is less than t»- .ffort exerted by the standard method D =~
example: 20,000 foot-pounds ve-.us 56,000 foot-pounds.

‘\-
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10.

11.

13.

8. Bechtel Quality Control Instruction C~
the applicable inspection ecriteria and
tion 13.7 and 12.4 which includes the
detail in Part A above.

C. A further raview of the original subsu
Dames and Moore and documentaed in repo
page 16 indicates that the recommended

1.02 section 2.4 testing identifies
includes Specification C-210, sec~-
apparent conflict as described in

rface investigation performed by
rt supplement dated March 15, 1969
minimum compaction criteria for

support of structures be 100Z of maximum density using a compactive effore:

of 20,000 fowt-pounds (resulting from
tion). However, this 1U0Z of Bechtel

Bechtel Modified Proctor determina-
Modified Proctor corresponds to 95%

compaction according to the standard ASTM D1557 method D and not 957 com-

paction according to Bechtel Modified
for the entire plant fill area to date

Proctor method which has been utilized
. Furthermore, Dames and Mcore

Report, page 15 states that all fill and backfill material should be placed

at or near the optimum moisture conten
mately 6-83" in loose thickness. Becht

€ in near horizeontal lifts approxi-
el specification permits a maximum

of 12 inches which affects the compactability of the naterial.

Piping, condensa lines, duct banks, and other utilities under the diesel gen~
erator building hay also be affected and must be evaluated.

Mr. Gallagher stated he was leaving not having seen design calculations and
will be discussing design calculations, assumptions made, and conflicts with

the FSAR with Licensing.

The inspector observed the structural conec

rete crack that has developed in

the east exterior wall. The crack was observed with members from Bechtel

Geo-Tech and Consumers Power Company. The
wall and continued down through the spread

crack extended full height of the
footing as seen from the inside of

the building. The crack is expected to have been induced flexurally caused

by differential settleuent. Discussion wi
that this crack i{s under study and is curr
in the commentary section 10.6.4 limits f1
to 0.013". Corrective action may be requi

th Bechtel design staff has indicated
ently being evaluated. ACI-318-71
exural crack exposed to the ocutside
red if this limit is exceeded.

The following tests were observed to be performed in accordance with the applic-

able tests standards by U.S, Testing:
A. Lab Test ASTM D1557-70
B. Field Test ASTM D/1556-64

Calculations should be evaluated on the increase and the rate of increase

of the pond fill and the effects of the wa

Mr. Gallagher stated that the NRC does not
to be a fix or resolution of the problem a

Seismic loading calculations should be det
existing in i{rs present condition.

ter in other areas.

view preloading of the structure
t this time.

ermined for the type of material



Question 6

You pPropos

e to £fill the borated water storage tanks and measure

the resulting structure settlements.

(a)

(8)

(e)

On what basis do you conclude a surcharge no
greater than tae tank loading will achieve
compaction to the extent intended by the
criteria stated in the PSAR? What assurance is
provided by the technique that residual settle~-
ment for the life of the plant will nct be

axcessive?

A similar procedure is proposed for cther
tanks, including the diesel fuel oil

storage tanks, and shculd also be addressed.

The borated water storage tanks have not yet
been constructed and are tc be lccated upon
questionable plant £ill of varying quality.
Provide justification why these safety-related
tanks should be censtructed prior to assuring
the foundation material is suitable for
supperting these tanks for the life of the
plant. For example, can the tanks be removed
with reascnable effort without significant

impact?



Response (to 6a)

e
pf

-

The results of field explorations in the borated water ™\ L?ﬁrvf
J LR
storage tanks area generally indicate satisfactory £ill. To ! {§
A\
date, 18 borings have been taken in this area. Three of ?//f\
ViR
AL

these borings indicate some soft materials. Hcwever, based ) \/

cn three berings per tank, there has been no identified F
/

#

unsatisfactory material directly beneath the borated water 7
tanks. :

v Rl A -

// 1 /

/‘ VW a7 . /‘

To”.fusther~evaluate=dE. the fill in the area is satisfactory,

Fts ~ AT T T

an earthen preloa@jon the west borated water storage tank

arza wili~bewperformed prior to censtruction of the t%?k.

The existing tank ring and valve pit will be monitoredﬂto s N
o gl

predict future settlement, and to allow remedial action, if ”
any, before the tank is constructed. For the east boratad
water storage tank, a preload (either using earthen materials
or filling the tank after construction) will be performed.
The selection of the method chosen will be based on the
results from the preload of the first tank.
77
It is expected that the preloads, together with the majority
of the boring results, will confirn the adequacy of the

— —— .

foundation materials in this area. The preloads will also

allow prediction of the residual settlements expected for

the life of tha plant.

v



Response (to 6b)

The diesel fuel oil storage tanks have been filled and are
being monitored for sattlement to predict future settlement
and assess the need for remedial work required to ensure
limited residual settlement. These tanks are supported on
medium tg very stiff sandy clay and clean sand £i1l. These
tanks are surrounded with backfill consisting of very loose
to dense clean sands and very soft to stiff clays. These
adjacent materials do not meet PSAR requirements. Locatioas
of borings made in this area are shown in Figure 9-1. A
cross secticn summarizing the results of these borings is
shown in Figure 6-7. If results of the evaluation made on
these tanks cannct enusre limited residual settlements, the
tanks will be surcharged or removed and reconstructed.l The

) ; C 2~
loose snad £ill will be grouted. . b
=
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P : = ot (e ST, (~—\-" —
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Response (to 6¢) ol e
—_— " - oo 5 - i
Nl 7 r<set € ~ e Arre® S TpiT= L, <
— .
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As descrilbed in the response tec Part a, one or both borated
water stcrage tank areas will now be prelcaded before the
tanks are constructed, using an earthen surcharge load. No
significant foundation problems are anticipated, and the
preload on the west tank is expected to confirm this. If
necessary, an earthen prelcad will also be performed on the
east tank. Although removal of the tanks after construction

would be both costly and require a schedule defﬁy, the tanks



are accessible and removal remains a viable alternate if
unexpected future foundation problems in this area necessiate

remedial actions.
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Question 2

Discuss the consideration given to, and estimate the cost
of, grouting any natural lacustrine deposits (sands) upon

which safety-related structures are founded.

7
.’/r-, » /4 ,f;al"‘f .'
f
Response o f“",.,-/’v
/ J’) S d e ' Vel & b"/'
T PR P VL |
4 Lo Jre &
‘,//’ 7
_Considerattcn'wiII‘pe-g:V°n~to-grou&&nq—en y-natural lacustrine
Copfr ol Bl & CATIN A= P e
- 5 o e :‘ e A A
sand deposxts/thet—wcuid—be-susceptxble to ligquefaction. /i< /2T 7
e
;A rr

y o L : ey o7 :
o e Borings made to date indicate—that—these—materials-are-

ﬁse&aeed—arAmbeve-onru—*eer"tﬁenb‘ﬁred—1" one” boring at the
' atlia. M Son Lt A
Service water pump structure”, Borings will be made to

AIH, Wit 8 Ja WY )'/ F L e e

identify the extent of this material. A grouting program
would cost an estimatad $250,000 for the cantileverad portion

of the structure.
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Question 5

To what extent will additional Sorings and measurements be
taken after completion of preloading programs to ascertain
that the material has been compacted to the original require-

wents set forth in the PSAR.

~
Resgonse /?34*(/

iad

¥ Vel

v
"‘l\f"

It is not expected that material properties of the surcharged

£ills will reach those properties associated with compaction
requirements set Sor+th in the PSAR. Material properties

will b2 evaluated based on settlement-rebound measurements

made during and after removal of surcharge loads¢{’§gb these

reasons, it is not planned to make borings or associated

- - el O ’.,‘;
measurements after surcharge removal. ¥ive 7o =% sorvd
CR TR LGS mbirry o it E IR R
—
W i

A AFTER  REIEWD wimm 7w M
STAFF, 7THE FISAR Wil BE

CHAMGETD — (ST

-
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Question 4

Specify and justify the acceptance criteria which you will
use to judge the acceptability of the fill, structures, and
utilities upon conclusion of the preload program. Compare
these criteria with that to which the material was to have
been compacted by the orijinal requirements set forth in the
PSAR. The response should consider all areas where prelcading
is either planned or in progress (i.e., diesel generator
building, borated water storage tanks, diesel fuel oil
Storage tanks, Unit 1 transformer, condensate storage

tanks, and others still under evaluation). Describe how
conformance to these criteria will result in assurance that
unacceptidle residual settlements canncot reasonably be
expected to occur over the life of the Plant. For each such
area, state the extent of residual settlement which will be

permittad and the basis for each limit. ﬁ's “

i Response FS ”Tﬂou

Fres £ g
Acceotance 074each surcharge prcgram will require that the

.. structures and utilities withstand the dynamic design criteria

established in the PSAR'/pd’E7IEE\§he predicted long-term

. ——— —

total and d;ffetentza’ settlemen

\__.-—P‘
of foundations and/or other remedial work. The resulting

This may require redesign

loeng-term settlement and bearing capacity predictions will

after
e

be compared to the requirements set for-th in the PSaRr
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are not expected to compress the £fills to the densities

associated with the compaction critesria set forth in the

PSAR. FOWEVER. SinCE THE FSAR 'S THE CowrrROLLIAG
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programs will be based on their behavior during preloading. T
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This behavior will be monitored by measuring movement of the

structures and/f¢xr borros ancho* set“l=~e.t reds and settlement
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plates placed in the lel and/h?~ buildup and dissipation of < N
(At 1

\
/
8XCesS3 pore water pressure measured-by-piczemeters-placed-

/ —throughcut_the—£ill. Movements of selected piping will be

N mcnitored before, during, and after reloading to ascertain
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Rate nf settlement will be evaluatad based on consolidation-

/ rebound curves to predict additicnal settlement that will

! occur efter-surcharge-removal under final loading conditions
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{ Expected dynamic soil-s:iructure behavior will be evaluated \F:/'

based on stress-strain moduli at low strain levels mgasured
during rebound and shear wave velocity measurements from
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’add therzfore cannot be established at this time. This

{

information will be forwarded to the NRC by & .
/ ‘LJ“-‘"::‘ 7 ey
/' The surcharge program for the diesel generator building is -~ 1 (o€
J o ———— g - Y
! in progress. Sands susceptible to liguefaction will be S

N R c— ——

grouted, dernsified by other means, removed, and replaced, or Lo ko
. - o 2l - > . ad?
gravel drains will be installed to prevent pore pressure BT RN
,/‘fb:--‘. s VEca

buildup after suscharge removal. The location of surcharge (Crm}

/s

instrumentation is shown in Figure 4-1. Soil ané building
response data from the measurements performed to date are
sumnarized in Figures 4-2 through . Results of

monitoring selected utilities are shown in Figure .

G~ (See question F. \)

A preload program is planned for one or both of the borateij?‘ 71

I;/' 2’ &~

water storage tanksVQ,The condensate storage tanks will be -.aj;f,:«’“-'
e - /

constructed, filled, and monitored for settlement.  The i

Unit 1 transformer area will be surcharged prior to completion
cf construction. The diesel fuel 0il tanks have been f£illed
and are currently being menitored to determine any need for
surcharging or other remedial action. Acceptance of these
diesel fuel oil tanks will be based on a design to withstand
those settlements experiencad, plus double the ﬁuture predicted

.

settlement. If designs cannot allow for thi settlemenﬁ?‘—'”““\
\'¥ -

- i
the tanks will be surcharged pricr to making rsiping connections ;
i
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ggestion 4

Specify and justify the acceptance criteria which you will
use to judge the acceptability of the fill, structures, and
utilities upon conclusion of the prelcad program. Compare
these criteria with that to which the material was to have
been compacted by the original requirements set forth in the
PSAR. The response should consider all areas where
prelocading is either planned or in progress (i.e., diesel
generator building, borated water storage tanks, diesel fuel
oil storage tanks, Unit 1 transformer, condensate storage
tanks, ané others still under evaluation). Cescribe how
conformance to these criteria will result in assurance that
unacceptable residual settlements cannot reasonably be
expected to occur over the life of the plant. For each such
area, state the extent of residual settlement which will be
permitted and the basis for each limit.

Resgonse

Acceptance Criteria

a. Fill - The acceptance criteria for the fill are based on
predicted residual settlements and differential settle-
ments after final connections are made. These predicted
values are listed in Table 4-l.

b. Structures - A structure is acceptable if it withstands
specific lcad cocmbinations without exceeding allowable ccde
stresses:

1. Load combinations specified in FSAR Secticn 3.8

2. Special load combinations due to the variable
stifigess of the support media (refer to Cuestions 14
and )

Ce Utilities - Systems and components subject to the
prelocad program will be aeceptable if proven by test or
analysis to perform their intended function with
sufficient margins of safety for all lcading conditicns.

1. Buried Piping - Buried piping must withstand

specific load combinations compared to the
following allowable code stresses:

a) Applicable ASME criteria ., Q s\ o

b) Special(E;;;;;:;:zI§§§>due te the variable
settlement of the £ (refer to Cuestion 17)

Revision 5
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2. Blectrical Duct Banks - Electrical duct banks must
meet the seismic design conditions of the response
to Question 13.

Justification and Comparison to PSAR

a. Fill - The compaction requirements set forth in the
PSAR were based on the premise that significant
engineering properties, strength, and compressibility
are related to the degree of compaction. The relevant
engineering properties have been established by more
direct means during the preload program.

The surcharge and the completed portion of the diesel
generator building produced stresses in the f£fill that
exceeded those that will prevail when the structure is
operaticnal. The surcharge was maintained until the
rate of residual settlement became sufficiently small
toc allow a conservative prediction of residual
settlement by extrapolation. It can then be concluded
wi.h assurance that the rate of settlement will be
considerably less than the prediction. Because of the
initial variability of the degree of compaction of the
£ill, it is unlikely that the compaction requirements
of the PSAR will be satisfied at all points; however,
because of the ensured favorable settlement characteristics
due to the surcharge, the design intent of the PSAR has
been met.

s

Rebound measurements of the diesel generator building were
made during surcharge removal to allow estimates of the
dynamic stiffness of the supporting medium. Following
removal of the surcharge, shear wave velocity measurements
were also taken to provide further supporting information on
dynamic stiffness of the fill. Shear wave velocity
measurements were also made in the service water structure
area, condensate tank area, and borated water storage tank
area (BWST). These data show the shear wave velocity of the
fill material exceeds the 500 fps used as the lower bound
design basis.

The analysis of the sand £fill indicated a potential for
liquefaction in limited areas. A permanent dewatering
system has been selected as a positive solution to
eliminate the liquefaction potential. o~

b. Structures - The jhsti!ication of technigques used to
evaluate the diesel generator building has been
described in the responses to Questions 14 and 1S.

Revision §
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. Ce Utilities = The justification of techniques used
to evaluate the Buried utilities is described in
the responses to Cuestions 13 and 17.

Extent of Residual Settlement

a. Diesel Generator Building - The intent.ot the preload

achieved, ang remeval of the surcharge was started en
August 15, 1979, and complete: on August 30, 1979,
Luring the July 18, 1979, meeting with the NRC,

R.B. Peck summarized the adequacy of the surcharge
Program as follows:

The results of the preload procedure
have been convincing. The ocbserved pore

becaire linear shortly after the completion
of pla~ement of the £ill. Therefore, it
is possible to forecast the settlement
that would occur at any future time by
simple extrapolation, on the assumption
that the Surcharge will remain in place.
Even this amount of settlement would be
acceptable. However, the Projected

ill 2
will certainly be smaller. .

Settlements cana:i::boccur 4s a result of densification
of sand £ill.\ These settlements were(f aluated using the
approach described by Seed ang Silver ¢ nd recommendations
on n?iiidirectional shaking given 1n_a£2=f Seed, and
Chan + These were based Cn a safe shutdown earthqualke
(SSc) acceleraticon of »12 g and soil borings made
through the f£il) in the diesel gencerator Suilding area
Prior to the pPreload pProgram.

The upper bound settlements and differential settlements
which are the design basis for the diesel generator
building area are tabulated below. These are based en
an evaluation of the settlement magnitudes and pPatterns
Predicted on the basis of: a) the Surcharge Program

for static loading and b) shakedown calculations for
earthquake conditions,

Revision §
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Differential
Settlement Settlement (inches)

Contribution (inches) N=S E-W
Building
Static, 40 years 1-1/2 - 3/4 1724
Earthquake shakedown 1/2 1/2 1/2
Pedestals
Static, 40 years 1-1/2 1/2 1/2
Earthquake shakedown 1/2 1/2 1/4
Diesel engine 1/2 1/2 1/4

foundation vibrations

(1ya

\\‘yadc.

also occur along the northeast part of the building

///E:::If;:;zg:im!‘tu'aiaizz;ing from elevation SE;T_€3_3ES;;;;;:::I;)

| 600' will be small (approximately 1/2 inch), essentially elastic

\ and uniform, and will take place before final connections are

The above
following

1.

2.

3.

In summary, the future settlement of the diesel generator
building and pedestals will be a combination of the above

values.

values are acceptable upper bound values for the
reasons.

The 40-year contribution of 1.5 inches is based on
stresses in the fill during the surcharge program
which are greater than the magnitudes which will
be experienced during operatiocn.

The 40-year contribution of 1.5 inches is the
highest value among 32 predicted values in which
30 values ranged detween 0.4 and 1.1 inches and 2
values were approximately 1.3 and 1.4 inches,
respectively. The larger values were predicted
along the south wall wherz more clay was
encountered in the borings. '

The shakedown contribution of 0.5 inch is based on
the assumption that the sand is dry, which ignors
the benefit from capillary action due to moisture.

Revision 5
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Borated Water Storage Tanks - Soil berings within and

around the BWSTs show the conditions are satisfactory

for support of the tanks. A comparison between standard

penetration test results for the borings within and

around the tanks and the borings taken at the diesel

generator building before surcharge shows the conditions

at the tanks are better than those at the diesel generator

building before surcharge. Based on the size of the

loaded areas occupied by the tanks and the more favorable

conditions at the tanks, it is estimated that the residual

settlement of the BWSTs will be less than the 40-year

prediction for the diesel generator building. It is

estimated that the residual settlements—Of the BWSPs——

will be on the o i / The actual value will
//bo—determzned based on the full-scale test to be performed,

by filling & ta Heh-water-and _monitoring them—

e rate of movement becomes small, thus allowing

predicticn of residual settlement by extrapolation.

The minimum duration of the test will be 4 months. No

significant sand £ill was encountered in the borings

below and arocund the tank and therefore settlement due

to earthquakes is not applicable in this case.

Emergency Diesel Fuel Oil Storage Tanks - The emergency
diesel fuel oil storage tanks are buried structures
that have already been subjected to a full-scale
loading by filling with water for 8 months. The test

was terminated because settlements under these test
conditions were minimal. Purthermore, based on the
preload program at the diesel generator building, it
was observed that primary consolidation for plant
backfill material was accomplished in 3 to 4 weeks
after the surcharge load was applied. The test for the
tanks lasted 8 months and has been judged sufficient

to achieve the desired primary consclidation of the
backfill under the full weight of the tanks and to
obtain sufficient settlement data which can be extrapolated
to the 40-year life of the tanks. Based on these
measurements, the residual settlement of these tanks is
expected to be less than 1 inch. To confirm this
estimate, measurements will be continued. Based on the
borings within and around the tanks, no significant
sand fill was encountered below the tank foundation
elevation and therefore settlement due to earthquakes
is not applicable in this case.

Unit 1 Transformers and Condensate Tanks - The Unit 1
transformer is non-Seismic Category I, but has been
preloaded with 5 feet of sand and monitored. The non-
Seismic Category I condensate storage tanks will also

Revision
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be monitored. In addition, the design includes a -
flexible connection detail which will allow relative
movement between the tanks and the attached piping.
Estimated settlements for these structures are given in
Table 4-1.

Assurance that Unexrected Residual Settlement will Mot Cccur

The prelcading at any structure serves the following purposes.

a. A primary benefit of prelcading a building is that
most of the settlement and differential settlement
occurs before the building is put into service.
Connecticns to the building can then be made after
most of the differential settlement has already taken
place, which will ensure a reliable design for the
connecti_ans affected by differential settlement.

be. The preload is also a full-scale load test of the
foundation scils. Cata obtained during preloading will
provide a reliable relationship between settlement and
load, which will be used to predict residual settlements
of the structure.

C. The preload consolidates soft areas of clay f£fill,

resulting in improved engineering properties of the
f£ill.

As a result of the improved properties of the fill andé based
on the full-scale load test characteristic of the preloaded
£ill, a reliable prediction of upper limits of static residuel
settlement can be made. This will provide the assurance
needed that unacceptable scttlements will not occur during

the life of the plant.

These settlements are conservative because they are based on
stress levels in the fill beneath the building which are
greater than the actual stresses imposed by the dead weight
of the building alone.

The carthquake shakedown settlement estimates are conservative
because the calculations assume that the sand is dry.

Because the sand will never be dry, the presence of capillary
forces in the partially saturated soil will reduce actual
settlements below those predicted.

/
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(1)5.9. Seed and L Silver,

Earthquakes," Journal of th

"Settlements of Cry Sands Curing

¢ Soil lYechanics and Foundations
Division, Pro€eedings of tha A.S.C.T. (April I372) pp 301-397

(Z)R. Pyke, H.B. Seed, and C.I. Chan, "Settlement of Sands Under
Hultidirectional Shaking," Journal

of the Geotechnical Fngineering
Division, Proccedings of the A.S. «.C., Vo

G.‘. 4
(Ap=il 1975) pp 379-401 - :
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RESIDUAL SETTLEMENT (S) AND DIFFERENTIAL
SETTLEMENT (AS) CRITERIA

Contribution to 3 ang 1% (inches) |

Pacility Static 40-year ~carthquake |
Consolidation Shakedown__f l

AS AS
’ s ESTER s NS ESWC !

Diesel generator

Building 1-172) 3,4 1,2 17203 172 1200
Pedestals(®) 1.1,5(1) 1,5 1,5 17203) 1,2 14
Borated water 1(2) /2 172 N/A N/A N/A
storage tanks ‘
Diesel fuel tanks  1(1) 172 172 N/A N/A  N/A |
Condensate tanks l=1/2 3/4 3/4 N/A N/A N/A

Transformer pads B 172 172 1/2 172 1/2 ]

. TR v
(ligased on full scale test measurements. “So—be—ensumed by 7f
(27Sebaduiet e Trenenta  CoA K ateimand )

Based on evaluation of settlement measurements at the diesel
generator building. Teo be verified by lirect measurements on
the tanks.

Calculated

Could also occur along the northwest part of the building
These pedestals will settle an estimated 1/2 inch because of
foundation vibrations during operation of the diesels. ;

(3)
(4)
(S

i | Revision $§
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To

Subject

Copies to

Bechtel Associates Professional Corporation

TELECOPY

Inter-otfice Memaourandum
BEDBC- 2835

J.F. Newgen Date April 4, 1979
Midland Plant Units 1 & 2 From R.L. Castleberry
Job 7220

Moisture Requirements Of Engineer

for Plant Area Backfill

File: 0274, C-210-PR, C-2645 At

W. Barclay D."Himmelberger
L. Basinskdi L. Stormetta

S. Blue K. Wiedner

L. Dreisbach Com Log

Reference: BEBC-2694 datad 2/5/79

This memo clarifies the instructions found in the referenced memo and
calls your attention to Specification Change Notices 7220-C-211-5001,
7220-C-210-9001, and 7220-C-208-9003. This will also rasolve CPCo's
commitnent made to the NRC regarding moisture content and proctor tast-
ing.

The following is a brief description of the requirements for controlling

backfill and moisture content in the plant area as identified in the
SCNs.

< ver

1) The moisture conteat of #27 of optimum is the controlling
value tc be implementad only at the time of density tastcing.

Information moisturs tests are to be taken prior to and during
compaction at sufficient intervals to ensure that the moisture
content will be within the specifiad range when density tests
ara taken,

Density tests are to be taken immediately after an area has

been compacted unless otherwise directed by the onsite soil
engineer.

An area is to be reworked/rejected at the time of density
testing if the muistura requirement is outside the +2% of

optimum range, even if the fill has obtained acceptzble
density, —

All cohesive soils ara to be compacted to not less than 95% of
maxizum dry density as determined only by ASTM D 1557, Method D.




Bechtel Associates Professional Corporation

TELECCOPY

IOM to J.F. Newgen

BERC~- 2835
Page 2

6)

The actual uncompacted lift thickaess of the backfill material
shall be determined by field personnel after evaluation of the
pProposed compaction equipment. BHowever, in no case shall the
uncompacted lift thickness exceed 8 inches for heavy selfi-

propelled aquipment, and 4 inches for hand-operated aquipment.

Cohesionless material shall be compacted to not less than 832
relative density as determined oy ASTM D 2049.

‘(_m_'uu:é-

R.L. Castleberry
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t>g§qstion 2

Discuss the consideration given to, and estimate the cost
of, grouting any natural lacustrine derosits (sands) upon

which safety-related structures are founded.

Resmnse

Consideration will be given to grouting any natural lacustrine
sand deposits that would be susceptible to liguefacticn.
Borings made to date indicate that these materials are
isolated and have only been iden;i:ied in one boring at the
service water pump st:ucture.A Borings will be made to
identify the extent of this material. A grouting program
would cost an estimated $250,000 for the cantilevered portion

of the structure.




During the meeting on March 5, 1979, you stated that on

August 21, 1978, construction survey data indicatad a settlement
approaching the maximum value given in FSAR Figure 2.5-48.
However, your response to staff request 362.12 by FSAR

Revision 18 states, "In July 1978, the settlement of the

diesel generator building exceeded the anéicipated values

shown in FSAR Figure 2.5-48." Clarify this apparant incon=-

sistency.

Resoonse Mogl.“ﬂf @;&B«,?‘F Mﬁfr@’\—

An error has been ncted in the response to Questiocn 362.12
in FSAR Revision 18 dated February 1979. This respcnse
derived from the MCAR 24 interim report dated September 27,
1978, states that "the diesel generator building settlements
were noticed to exceed anticipated values in July 1378."
The "anticipated values” roge:red to in this report were not
the "estimated ultimate settlement” values given in FSAR
Figure 2,5-48. Instead, these "anticipated values" were ;
merely values of settlement that were greater than the :
amount of settlement which would have been expected under
usual condi;icqs.tor the elapsed time. The preparer of the
ABeprmae lﬁ& 263 . | %
FSAR\revision,erroneously ccmbined these two unrelated

values.



The actual course of events of the diesel generator building

sattlement are as follows.

On July 7, 1978, censtruction survey personnel noted difficulty
in closing a level circuit when lafrgﬁt survey control
markers for continued construction of the diesel genera«or

building. A survey check was made against existing survey

,
contrel marks in the bullding on July 10, 1978, wica a ‘;Z 7//
settlement c£ 1.7/inches being the largest noted. On July 22,

N

1378, the first formal 60-day settlement reacing required by
Specification 7220-C-76 for the digsel generator pedastal
was taken. This survey indjcates that the diesel generater
Number 4 marker has settled 0.135 foot as the worst case.

In processing this data, Bechtel surveyors noticed a larger
settlement than anticipatad. The processed survey data was
transmitted te project engineering on July 26, 1978. The
combined results of the July 10, 1978, and July\é?..IQ:S.
readings prompted construction survey parsonnal to monitor
the building settlement in excess of Specificaticon 7220-C-76
frequency requirements. On Acgust 21, 1978, a construction
survey check of the elevation of the northeast anchor bolt
top on the eastern diesel generator pedastal showed a settle-

ment of 3.25 inches, which is in the range &f the estimated
ultimate value in FSAR Figure 2.5-48.

i

FSAR Figure 2.5-48 shows estimated ultimate settlement in
the interior of the diesel generatur to be 3.2 inches. The

north ¢orners of the diesel generator building have an



estimated ultimate settlement of 3.0 inches, while the south

corners have an estimated ultimate settlement of 2.8 inches.

Based on the survey results of August 21, 1978, Bechtel
nonconformance report NCR 1482 was issued on the same day.

The NRC resident engineer was immediately advised of this
settlement conditicn on an informal basis. An exploratory
boring program was initiated on August 25, 1978. An evaluation
of the preliminary boring data was made by Bechtel engineering
on September 6, 1978. This evaluation indicated that the
settlement condition was reportable under the requirements

cf 10 CFR 50.55(e). On September 7, 1978, C2Co made an oral
10 CFR 50.55(e) report to the NRC, followed bg/fz;:~§rittcn
interim reports submitted to date.

Sattlement of the diesel generator building and pedestalsare
being monitored by using preset markers and not using ancher
bolts whose elevation may have been dislodged during the
placing of concrete. Therefore, we do not consider the
settlement readings based on the anchor bolts a true indication
of the settlament. This was the data used on August 21,

1978, and identified on NCR 1482.



Question 4

Specify and justify ths acceptance criteria which you will
use to judge the acceptability of the £fill, structures, and
utilities upon conclusion of the preload program. Compare
these criteria with that to which :he material was to have
Deen compacted by the original requiremants set fo’th in the
PSAR. The response should consider all areas where preloading
is either planned or in progress (i.e., diesel generator
building, borated water storage tanks, diesel fuel oil
storage tanks, Unit ] transformer, <ondensate storage

tanks, and others still under evaluaticn) Describe how
conformance to these criteria will wesult in assurance that
unacceptable residual settlements cajnot rzasonably Le
expected to occur over the life of the plant. For each such
area, state the extent of residual settlement which will "e

permitted and the basis for each limis.

Resporise

p.etf."« a«uﬂa-uq cale o .ai'('/ .

Acceptance of each surcharge program will require that the
structures and utilitiss withstand ths 4~ "¢ design cr’teria
established in the PSAR and *wisze t% -~ « ‘ted loag-tarm
total and differential settlements. .nis .1/ reguire radesign
of foundations znd/or other remedial work. The xesultine
long-term settlement and bearing capacity predictions will

be compared to the requirements set forth in the PSAR afeoar



completion of the surcharge programs. Surcharge programs
are not expected to compress the fills to the densities

associated with the compaction criteria set forth in the

PSAR. ’ﬁL"“/‘”*zL? GH § apond F5AR

Criteria to be used to determine the acceptability of the
£ills, structures, and utilities upon conclusion of preload
programs will be based on their behavior during preloading.
This behavior will be monitored by measuring movement of the
Structures and/or borros anchor settlement rods and settlement
plates placed in the £ill and the buildup and dissipation of
eXCcess pore water pressure measured by piezometers placed
throughout the £ill. Movements of selected Piping will be
monitored before, 3uring, and after praloading to ascertain
the effects of loading. Duct banks will be evaluated based ?E
on verification that they are functicnal by field testing.
Rates of sett.ument will be evalﬁated based con consolidation-
rebound curves to predict additional settlement that will
occur after surcharge removal under final loading conditions.
Expected dynamic scil-structure behavior will be evaluated
based on stress-strain moduli at low strain levels measured
during rebound and shear wave velocity measurements from

cross hole tests to be conducted in the fill material.

The extent of residual settlement that will be allowed for
each structure to be surcharged will depend on the extent of

settlement each structure experiences during surcharging,

"y

-



and therefore cannot be established at this time. This

information will be forwarded to the NRC by

The surcharge program for the diesel generator building is
N

in prograss. ( Sands susceptible %o ligquefaction will be
p—

grouted, densified by other means, removed, and replaced,. or

gravel drains will be installed to

buildup after surcharge removal. The location of
instrumentation is shown in Figure 4-1. Soil and building
response data from the measurements performed to date are
summarized in Figures 4-2 through . Results of

monitoring selected utilities are shown in Figure

A preload program is planned for one or both of the borated

water storage tanks. The ndensate storage tanks)will be

constructed, filled, and monitored for settlament. The

Unit 1 transformer area will be surcharged priocr to completion
of construction. The diesel fuel o0il tanks have been filled

and are currently being monitored to determine any need for
surcharging or other remedial action. Acceptance of these .

diesel fuel oil tanks wi.l be based on a design to withstand

those settlements experienced, plus double the future predicted

/
N~
/s
(
\
N

settlement. If designs cannot allow for this settlement,

the tanks will be surcharged prior to making piping connections /

g

or removed and replaced.




Question 5

To what extent will additicnal borings and measurements be
taken after completion of preloading programs to ascertain
that the material has been compacted to the original require-

ments set forth in the PSAR.
Response

It is not expected that material properties of the surcharged
£ills will reach those properties associated with compaction

requirements set forth in the PSAR. Material properties ]hul 1

will be evaluated based on settlﬂ'ncnt-rcbound me &e‘ﬁ [ *MAM

ad
made during and after remcval o charge loads /A For these F'S ﬁ&

reasons, it is not planned to make borings or associated

measurements after surcharge removal.

—
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Question 6

You propose to f£ill the borated water storage tanks and

the resulting structure settlements.

(a)

(b)

(e)

On what basis do you conclude a surcharge no
greater than the tank loading will achieve
compaction to the extent intended by the
criteria stated in the PSAR? What assurance is
provided by the technigu= that residual settle-
ment for the life of the plant will not be

excessive?

A similar procedure is proposed for other
tanks, including the diesel fuel oil

storage tanks, and should also be addressed.

The borated water storage tanks have nut yet
been constructed and are to be located upcn
questionable plant £ill of varying quality.
Provide justificaticn why these safety-related
tanks should be constructed priqr t2 assuring
the foundation material is suitable for
supporting these tanks for the life of the

r ant. For example, can the tanks be removed
with reascnable effort without significant

impact?

measure



Response (to 6a)

fhoor o i affand. i
pEH

The results of field explorations in the borated watesr

storage tanks area generally indicate satisfactory fill. 7o

date, 18 Dorings have been taken in this area. Three ofi:::>
ese borings indicate some soft matox%:igﬁ(/gg;.ver, based

on three borings per tank, there has been no ideatified
ursatisfactory material directly beneath the borated water
tanks.

To further evaluate if the fill in the area is satisfactory,
an earthen prelcad on the west borated water storage tank
area will be performed prior to construction of the tank.

The existing tank ring and valve pit will be monitored to
predict future settlement, and to allow remedial action, if
any, befora the tank is constructed. For the east borated
water storage tank, a prelcad (either using earthen materials
or filling the tank after constructica) will be performed.
The selection of the methed chosen will be based on the

rasults from the preload of the first tank.

It is expected that the preloads, together with the majority
of the boring results, will confirm the adequacy of the
foundation materials in this area. The prelcads will also
allow prediction of the residual settlements expected for
the life of the plant.



Response (to 6b)

The diesel fuel oil storage tanks have been filled and ara
being monitored for settlement to predict future settlement
and assess the need for remedial work required to ensure
limited residual settlament. These tanks are supported on
ﬁndium to very stiff sandy clay and clean sand £fill. These
tanks are surrounded with backfill consi:ring of very lcose
to dense clean sands and very soft to stiff clays. These
adjacent materials do not meet PSAR requirements. Locations
of borings made in this area are shown in Figure 9-1. A
cross section summarizing the results of these borings is
shown in Figure 6-7. If results of the evaluation made on
these tanks cannot enurre limited residual settlements, the
tanks will be surcharged or removed and reconstructed. The

loose snad £ill will be grouted.
Response (to 6¢)

As described in the response to Part a, one or both borated
water storage tank areas will now be preloaded before the
tanks are constructed, using an earthen surcharge load. No
significant foundation problems are anticipated, and the
preload on the west tank is expected to confirm this. If
necessary, an earthen prelocad will also be performed on the
east tank. Although removal of the taq}s after construction

would be both costly and require a schedule delay, the tan'.
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are accessible and removal remains a viable alternate if
unexpected future foundation problems in this area necessiate

remedial actions.



Question 8

What tolerance is placed upon the alignment of the diescl
generators and upon what is this limit based? How will the
present differential settlement of the diesel generator
pedestals be corrected? Discuss the extent and rate of
residual settlement of the diesel generator pedestals predictad
over the life of the plant. In view of the variability of
the foundation material indicated by Bechtel's Interim
Report 4 to MCAR 24 which was forwarded by your letter of
February 23, 13979, how can long-term differential settlement
be predicted with sufficient confidence to assure reliable
start-up and operation of the dissel generators when needed?
What surveillance program (and inspecticn f£requency) for the
pedestals do you intend to conduct to assure detection of
misalignment before these limits can be reached? What
corrective action, and the basis therefore, do you propose

if these limits should be approached?

Re nse

The tolerances of the shaft alignment of the diesel generators
are based on the manufacturer's recommendations. According

to Delaval Turbine, Inc. of OQakland, California (the manufacturer
of the four identical diesel generators), a 5-degree combined

tilt and roll will have no effect on th:) performance of the



engine and generators (confirmation awaiting). The present

tilt and roll i3 less than 0.2 degrees. The diesel generators
at Midland are similar in design to marine engines designed
and manufactured by Delaval Turbine, Inc. which are subjected
to tilt and roll larger than 5 degrees at more frequent

cycles.

The effects of the differential settlement of the pedestal ;;7
on the fuel oil drip return line could cause oil to leak ;37
around the fuel oil injectors. This is a housekeeping ///’

problem and not a safety problem.

The established nozzle allcwables (force and moments or

displacement) for the piping system at tle interface of the

diesel generator are within acceptable limits and are not |
expected to exceed these allowables based on a maximum tilt
and roll of S5 degrees. Instrument tubing and electrical
wiring have sufficient flexibility to not be a problem

for the specified tilt and roll.

Figure 8-1 is a graphical representation of the time settlement

rate of the diesel generator pedestal corners. Weekly

settlement values are indicated on the chart. As of

March 16, 1979, pedestal 2 had the greatest tilt at 0.089 -
and 0.087 feet and the greatest combination of tilt and rcll

at 0.078 and 0.089 feet. Pedestal 4 had the greatest roll at



0.058 and 0.034 feet and the greatest settlement of 0.449
feet. Figure 8-2 identifies settlement values at their respective

corners along with tilt and roll.

The engine and generator are located on one conti=ous
independent foundation. The dimensions of the four identical
foundations are shown in Figure 3. The foundaticn fcor the
diesel generator is a reinforced concrete structure having a
minimum compressive strength of 4,000 psi. The dimensions
and composition of the pedestal are such that it has enormous
bending and torsicnal stiffness. Therefore, the pedestal
will act as a rigid bedy, with the top of the pedestal

within one plane and not a warped surface. As evident from
Figure 8-3, all four corners of the pedestal lie on one plane

within the survey accuracy of .01 foot.

Pollowing is a list of options available to correct the

differential settlement of the diesel generator pedestals.

1) Use as is. The shaft alignment between the engine and
generator can be maintained with no adverse effect on
safety because the engine and generator are in the

same plane.

2) Add a layer of grout to provide a horizontal drive
shaft pcsition. This coption is limited by the maximum

grout thickness.



3) Remove the first few inches of concrete from the pedestal
block and replace it with a top layer of concrete to
provide a horizoutal surface. This opticon may be used

when the grout limit in Item 2 is exceeded.

4) Pressure grouting uncder the pedestal to bring the

pedestal up to a horizontal position.

The actual method of modification will be determined when
the settlement data are evaluated after the preload is

removed.

The weight of the pedestal and the surcharge locad now being
applied on top of the pedestal area is at least two times the
total weight of the operating diesel generator and pedestal.
The purpose of the surcharge operation is Lo consclidate the
£fill material in and around the diesel generatcr building

and reduce the residual settlement during the plant life.
Based on the settlement data recorded during preload, the
maximum differential settlement is expected to be within the

original design requirements.

The points presently being monitored for settlment on the
pedestal corners are the sare points to be used for the
foundation settlement data survey. It is required that

these points be monitored on a 60-day cycle throughout



Fpution Tuel Ppac.

the construction phase and for the first year of operation. >,
After 1 year of operation, the fregquency will be reviewed

and possibly modifed. If the actual settlement exceeds the
estimated settlement, realignment of the diesel generator

may be necessary.
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Question 9

Based on the information provided in your Interim Report Number &,
it appears that the tests performed on the exploratory borings
indicate sbil Properties that do not meet the original compaction
criteria set forth in the PSAR and specification for soils

work. Provide assurance that the soil under other Class I
Structures not accessible to exploratory borings meets the control

compaction requirements.

Response

Soil properties of £ill beneath Class ! structiures not addressed
in Interim Rerort 4 have been evaluated by making additional
borings in selected areas. Results of these borings indicate
that backfill beneath a portion of the service water

building and portions of the auxiliary building do no: meet

compaction requirements set forth in the PSAR. Ia the auxiliary

I ot pi AFfWA/;?

building area, borings beneath thq:clcct:ical penetracion :ooms:;:)

and railway bay indicate that remedial work as discussed in the
response to Question 12 will be required. Other portions of the
auxiliary buildinq are curzonely being seudiod.

Shorwr Loen cone  whara '4L£2 W

r:{?nsTti' o< . 4~4-ao—uJLA-



Question 10

You have stated that the fill is settling under its own weight.
What assurance is provided that the £ill has not and will not
settle locally under structures with rigid mat foundations, such
48 portions of the auxiliary buildiny or service water pump
structure.

Response

If the potential for settlement of the £ill under its own

weight exists, remedial measures will be taken to provide

adequate support. The service water pPump structure and f::D

C Egég_l_‘ng;;;ggé_gggot:ation roa-<!$LL_§g_gpd‘:PinnO;Tj:>

Other portions of the auxiliary building on £fill are still
under investigation.

how




Question 11

In view of the variations indicated by present borings, what
assurance exists that vertical borings taken adjacent to
Structures are sufficiently representative of £fill conditions

under the structure?

Response

The ini:ial borings were intended for an early evaluation of
the overall plant fill. These borings were generally in
more accessible locations (i.e., Lﬁﬁ.diatoly'hdjacont to,
rather than within, the structures). During the last 6 weeks,
additional borings were made through the structural slabs,
which allows an evaluation of foundation materials directly
beneath the structure (e.g., borings taken were within the
ln:viqai;:::r p:ﬁp strga:?ro, electrical penetration areas,
contxo;mazna, and railrocad bay of the auxiliary building).
These additional borings, correlated with the previous
borings taken from the structure periphery, will be used to
define the fill conditions.



Question 12 |

Document the condition of soils under all safety-related
Structures and utilities founded on Plant area fill or

natural lacustrine deposits. Based on the results of investi-
gations, compare the properties and performance of existing
foundation materials under all expected loading conditions
with those which would have been attained using the criteria
Stated in the PSAR. If the foundation materials are found

to be deficient, discuss measures that will be taken to

upgrade them to cirteria stated in the PSAR.

S

Response o C‘

Soil conditions beneath safety-related structures and utili

are surmarized on Table 12-1.5 This table refers to evaluations

and/or remedial work to be done in each area. Remedial
measures may not necessarily cause PSAR compaction criteria
to be achieved, but will provide adequate support for the
Structures and utilities.

Table 12-1 references which borings were made in each area
and cross soctiéa;'lu-nnrizinq these borings that are attached
in Pigures through .

T —————— . —



TABLE 12-1

Auxlliar! Building

Control Tower

Unit 1 Penetration Room

Unit 2 Penetration Room

Uit ) Access shatt>
<:jﬁ;1272 Access Sbaggg::::)

North End (Railway Bay)
Service Water Building

Portion Adjacent to Pond
Cantilever Portion

Diesel Fuel 0il Storage Tanks

Service Water Pipes

Retaining Wall

Diesel Generator Buildi and
Associated Utilities

. Tank Farm (Borated Water Tanks)

Supporting
Material

Clay
sand

and/or
£fill and

concrete

Clay
fill
Clay
sand
Clay
fill
Clay
fill
Sand

and sand
and/or
£ill

and sand
and sand

£ill

Natural soil

Clay
£ill

Clay
£ill

Clay
Clay

Clay
fill

and sand
and sand

fill
fill

and sahd
and

concrete

Clay
fill

and sand

Remedial
Measures Planned

Being studied

Underpinning
None

Underpinning
Underpinning

Grouting

None
Underpinning

Surcharging

None

None

Surcharge fill grout

loose sands

Being studied

Other Remedial
Work Under
Consideration

Underpinning and/or
grouting

Grouting
Underpinning and/or
grouting

None

None

None

None
Grouting

Removal of tanks

Removal

None

Connecting building
and pedestals into
a mat foundation

Surcharging




Question 13

How ﬁ} the lack of compaction and the increase in soil
compressibility affected soil-structure interaction during
gseismic loading and, therefore, the seismic response spectra
in design?

Response

Seismic Category I st:ucturos}/ﬁhich where founded fully or
partially on compacted fill were reexamined to determine the
impact of lack of compaction and Lﬂéroalc in"soil compressi-
bility on the scil-structure interaction and the seismic

responses. The results of this evualation for each building

e
and the underground &21’.:.3* follows:

1) Diesel Generator Building

The diesel generator building foundation rests entirely
on compacted fill. A seismic reanalysis was conducted
€0 account for the effect on soil-structure interaction
due to both the degree of compaction and increase in
soil compressibility. .

The technique of analyr.s, as well as the computer
pPrograms utilized, are the same as thcse specified in



2)

the FSAR. The structural and soil properties are alsc the
same, with the exception of shear wave velocity (Vg) and
soil density gp).

The analysis considered £ill ranging from scil with
Vg = 400 fr/s ud'p = 120 pef to soil with Vg = 1,359
ft/s and/o- 135 pef (natural soil).

Floor response Spectra were generated and response
Spectra envelopes were developed for soil with a shear
wave velocity in the range of 3500 to 1,359 fe/s.
Typical response spectra cnvci;p.l a:o’?%tachnd in

Figures to .

Review ¢f equipment qualification and diesel generator
bu.ldirg lesign will be undertaken to the enveloped

seismic responses.

Service Water Pump Structure

The service water pump structure foundation consists of
two portions. At the lower elevation, a foundation mat
(73'=11" by 90'=0") is founded on natural soil. At the
higher elevation, a foundation mat (36'-1" by 86'-0")
is founded on sturctural backfill.



A seismic reanalysis was conducted, taking cnly the
foundation founded on the natural soil for soile
structure interaction computation. For the purposes of
this analysis, the soil structure interaction effect
from the higher elevation foundation media has been

ignored.

The portion of structure founded on the structural
backfill was assumed to be unsupported and as an

extension of the major structured system founded on

natural soil. A nominal soil dynamic modulus of

o
elasticity of 22,000 ksf and a Pfisscn's ration of 0.42

were used as uniform foundation media properties to
Compute the soil impedance functions for this foundation.
The seismic analysis technique, criteria, and programs
used follow those specified in the Midland

Torsional response due to the eccentricity presented

was estimated to be small in comparison to the response
contributed by rocking and translational aotions.
Torsional lcading will be considered in the design of
the structure by the application of the design horizontal
seismic loadings obtained form the decoupled seismic
Systam at its eccentricity. A 15% increase in both
magnitude and spectrum widening at the calculated
torsional frequency was used to generate the floor

response spectra,




3)

4)

Comparison of the seismic loading and typical floor

response spectra between the modified foundation seismic
analysis and those used in the original equipment
qualification and structural design are shown in

Figures to .

Auxiliary Building

The structural backfill is only situated under a portion
of the auxiliary building foundation, under the control
tower and its adjacent wings. The rest of the auxiliary
building foundation is founded ' on a natural foundation
media, w: :h a nominal shear wave velocity of 1,359 fps
used in the analysis. A composite foundation lumped
Parameters, taking account of both compact and natural
soil, was used for the soil-structure interaction
analysis. An evaluation of the compacted scil properties
which varied from V. = 850 fps used in the original
analysis to 500 £ps, indicated tha% the impact to the
overall lumped soil parameter is insignificant because
its effec: would be enveloped by the spectra vidoginq.

Underground Utilities o

(Later)
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being made to obtain estimates of total settlement from the
initial building construction stage based cn construction

records of scribes and/or anchor bolts.

As evident from the data presented in Table 14-1, except for
the diesel generator building, the recorded settlements of

other structures do not approach the ultimate settlement

values.

The ability of these structures to withstand differential
settlement is discussed in respconse to Question 15. Yo

formal evaluation has been ptrformdé for differential settlement
within a structure. All Class 1 structures except the

——4diesel generator buildingere—vomstaared—ts e rigid and

will therefore undergo rigid bedy motion without evidencing

ceritical stresses. The differential settlement within a
building as shown on FSAR Figure 2.5-48 does not include the
effect of building structure stiffness, and therefore is not

relied upon for building stress evaluation.

The diesel generator building, serv ater building, and

w wings,)and Qontrol

ﬁmon uup have been examined fcr cracks in the main structural

S —

elements. (The identified cracks have been mapped.) They are
presented in Figures 14-2, 14=-3, and 14-4. Also shown on

parts of the auxiliary building

these figures are the possible location of the anticipated
Structural cracks and their cause.



The structural cracks in the diesel generator building are

in the areas around the vertical electrical duct banks.

They were caused by the estimated 1,007 kips of load transmitted
to the duct bank. Since then, the concentrated load has

been eliminated by cutting the duct bank and providing a 12-
inch slip joint. For details, refer to the response to

Question 7.

In the service water structure, the =racks are probably
Ccaused by the cantilever action of the northern part of the
structure as shown in Figure 14-5. It is theorized that the
cracks on the roof slab are due to the bending tension and

on the walls are due to principal tension caused by shear.

No significant cracking has been noticed in the auxiliary
building

A crack in concrete indicates that the tensile strength
capacity of concrete has been exceeded. Because no reliance
is placed on concrete tensile strength in design for bending
and axial tensile and calculations, the strength of the
structure is not affected by the crack to resist these
forces. The compressive forces can be transmitted through
the crack by bearing and shear force by aggregate interlock
og‘!Ponr friction. Mor.ovc;, the stresses in these walls
are liall and only a fraction of the permissible stress is
summarized in Table 14=2. Therefore, the cracks do not
adversely affect the safety of the structure. -



A large crack, especially when exposed to weather, can cause

corrosion to rebar and consequent damage to the structure.
To prevent damage, cracks larger than __ in exterior walls
exposed to weather and - inside the building will be
repaired uszing approved material and procedures per project
specifications. The limiting widths of the cracks chosen
for repair are based on ACI __ recommendation and industry

practice.

A preliminary analysis has been performed based on the

present deflected shape of the diesel building taking into
account the different stages of construction when settlement

was recorded. The stresses are summarized in Figure 14-6.

A detailed analysis will be performed upon completion of the
preload program to determine the stresses due to the differential

settlement.

ror the l’:vicc water pumphouse and the auxiliary building,

p\u4ﬁ«« ng significant differcntial settlement has been noticed. It

is therefore assumed that the structues on inadequately
compacted fill are cantilevering from the part located on
original soil or properly compacted fill. The loads and

14=8. However, the foundations of these structures will need
repair to provide adequate supports. The details are discussed

in response to Question __.

structural capacities are summarized in Figures 14-7 and f? é;’



For all seismic Category 1 structures which are partially
locatel on fill and partially located on glacial £ill or
original soils, provide a detailed evaluation of :he ability
of these structures to withstand the differential settlement.
The possibility of not having a contact surface between the
structures and the fill 4ue to settlement ocurring prior to
or during a seismic event should be considered over the lifs
of the plant.

™

Pewmewee Response

An investigation is presently underway to verify the foundation
condition of all Seismic Category I structures which are
partially or fully supported by £ill material. This investi-
gation, which is summarized in Answers —' Da® shown that
some areas (other than the diesel generator building) do net

have sufficient bearing strangth.

These areas will be modified to meet the required vearing
strength by one of the following techniques.

1) Grouting of the foundation material to cause compaction
of the material and increased bearing capacity



—— -

2). Removal of existing material and replacement by a lean

concrete mix.

3) Piling is being considered, but only for use as a vertical
sSupport member (it will not be relied upon to supply
horizontal resistance)

For structures which have sufficient bearing capacity, but a
difference in foundation stiffness under various portions,
analysis will be performed to determine the strains which
may exist. Additional load combinations will be used which
include settlement effects. These load combinations will be
used with higher allowables because settlement is a self
limited secondary effect. It is common to use higher allow=-
ables when self-linited effects are combined with real
(mechanical) loads. This is illustrated in the ASME Code,
Section III, Division 2 when self-limited thermal lcads are
combined with real loads.

For normal cperating loads, which includes dead and live

load, the structures will be checked to verify that the
calculated strains do not exceed ng 90% of yield when real
loads are combined with settlement effects. For this condition,
all load factors will be 1.0. This requirement will ensure
serviceability throughout the life of the structure.

Z
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For extreme factored conditions such as earthquike and

tornado, the steel cginforcement strains will be limited to(fwice
5 Poieol et
o @ en settlement effects are combined with factored real

loads. This cricerion is applied to gross structural behavior
and is not applicable to local areas subjected to tornado

impact and pipe rupture effects.

For fill material that has been verified as acceptable by
the boring investigation program, there is no expectation that
it should settle during a seismic event for “uao
following reasons. » &
. ac {ﬁ;glébﬁé,
e C;;Ek:
1) The fill was properly placed as verified by the blowcouat

measurement.

2) It was lcaded by the construction he structure with

géH’ no unexpected settlement AT)

3) It was saturated with water after #£i ling of tha pond.
For clays with poor compaction this wculd have creaced

compaction and sattlement.

4) The ground motion is small (0.06g CBE and (.12g SSE)
and the resulting strains frem an earthquaks will be

small.

S) The increase in bearing pressure due *“o structural

rocking and vertical seismic response will be small

\



compared to
tion.

the compaction pressure used during construc-

-



Question 16

Since the plant area £ill is apparently settling under its

own weight, what assurance exists that the fill has not and
will not settle locally under piping in the £ill, resulting
in lack of continuous support and causing additional stress

not accounted for in design?

Response M 4/-2 W

The effect of fill settlement will be accounted for by
evaluating the deflectad shape of the pipes reing profiled.

Stresses will be evaluated asldcsbribed_in the response to

Question 17. The local settlement due to lack of suppor<:

from the plant f£ill will beccme apparent in the pipc profile

and the profile will actually define the pize responses to

these local settlements, if any. Thus, the stresses developed

from the deflected shape will represent the acutal straesses

caused by loaad from local settlement and/or from lack of

suppert. _ ; - "
e Lo doms, B WIS RAEE &k b
The deflected shapes are being measured before the pipes are

placed into service. Therefore, to account for the extra

dead load stresses induced by £illing the lines wi%h liquid,

the deflected shape stresses will q, amplified )to account

for this ligquid or the deflected shape will be verified when

g § pigo s el doadhd
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ggcstion 17

Identify ando current condition of all seismic

Category I piping founded in the plant area fill. Include

all piping founded in the plant area fill whose failure

could adversely impact safety-related structures, foundations,
and/or cqu;pmcnt. Also, discuss how code-allowable conditions
will be assured throughout plant life. If any essential
Piping has now or should later approach code-allowable

stress criteria or cannot be determined, what measures will

you take to alleviate these conditions?

27

Response

Pigure identifies the Seismic Category I piping

founded in £fill, as well as non-Seismic Category I piping
founded in £ill, if the failure of such piping cculd adversely
impact safety-related structures, foundations, or equipment.
Table ______ lists the current construction status and the

current status of the profiling program for these lines.

Several possible modes of failure were considered for
Seismic Category I structures, electrical duct banks, and
piip« bccauu of a failure in non-Seismic Category I
Piping. Jet impingement and pipe whip are not considered to

be crodiblo failure mechanisms hecause of generally low



Piping pressures, separation criteria, and the restraining
effect of the soil. Hydrostatic forces due to flooding are
effectively considered by designing Seismic Category I
structures for the probable maximum flood. The mechanism
which remains and was considered in our analyses is that of
ercsion or "washout" of the founding soil for Seismic Categery I

gtructures, pipes, or duct banks.

To determine which buried non-Seismic Category I piping
could have a potential adverse impact upen safety-related

structures, foundations, or equipment, the following procedure

-

was used.

Zones were established t~ encompass each Seismic Category
I structure, buried pipe, and duct bank. These zones

are shcwn in Figure

The non-Seismic Category I pipes founded in

within each zone were identified and tabula

A "zone of influence"” was arbitrarily established for

each non-Seismic Category I pipe so identifiad. This

zone of influence was determined by a subtended angle

of 90 degrees (45 degrees on each side of the pipe)
extending from the pipe centerline upward to the surface

and downward for three pipe diameters, with a minimum




4)

5)

distance of 1 foot below the pipe. Where there are

buried elbows in the non-Seismic Category I line, the
extent of the zone of influence was increased to subtend

an angle of 60 degrees on the ocutside of the bend.

Each zone of influence thus escablished was then
examined to determine the extent of its containment cof
Seismic Category I structures, foundations, pipes, and

electrical duct banks. K\\\~

Each Seismic Category I structure, foundation, pipe,
and duct bank was evaluated assuming that the portion
which is in the zone of influence is unsupported (i.e.,
the supporting soil has been erocded sufficiently sc
that it no longer provides an¥‘suppOtt).

The drove Was c,u'wm

If this evaluation shows\ that no Seismic Categery I

structure, foundation, or equipment is adversely

impacted by the failure of a non-Seismic Category I

pipe or portion of pipe (as avidenced by not exceeding
those stresses allowed by the governing code when the
coincidence of the Seismic Category I structure, foundation,
or equipment with the zone of influence of the aon-

Seismic Category I pipe is considered to be unsupported),
the failure of non-Seismic Category I pipe or a portion

of the pipe is adjudged to have no adverse impact on

safety-related structures, foundations, or equipment.



panS—

Z) If a finding of "no impact on safety” cannot be made,
then the affected non-Seismic Category I pipe is included
in the pipe settlement evaluation and monitoring program

and is shown in Figure 5

The pipe settlement evaluation and monitoring grogram...
(Detailed description to be provided by civil, including

pPipes to be profiled, pipes not profiled and justification
therefore, application of the preload program to pipe monitoring,

and basis for prediction of ultimate settlement.)

' 4
# -

When the extent of final settlement is predicted (following
the preload program) for each Seismic Category I pipe and
other pipes wiose failure could adver;ely impact safety-
related structures, foundations, or equipment, a stress

analysis evaluation will be performed for that pipe.

The stress analysis evaluation for each pipe will be performed

in the following manner.

1) Por pipes which have profiles available, an analysis

will be performed using the observed displacements.

2) For pipes which are subjected to the prelcading program
and which will be reprofiled following the removal of
the preload, a second analysis will be performed using



3)

4)

the observed displacements from the second profiling of

the pipes.

Settlement data from the pipes which have been profiled
twice will be used to predict the ultimate settlement
of all of the piping founded in fill which is Seismic
Category I or for which failure could adversely impact
safety-related structures, foundations, or components.
The method for predicting the ultimate settlement has
not been chesen and will depend on the results of the
preload program. e < gk
wall
we use the allowable stress criteria in the
1977 version of the ASME Boiler and Pressure Vesse.
Code, Secticn III, Articles NC-3611.2(f) and NC-3652.3(b)
to determine the acceptability of piping analyzed for

ultimate settlement.

Basad on our preliminary examination of the most severely

deflected pipe identified to date, we do not believe that

any piping has been overstressed when compared with the

proposed allowable stress. If the results of our detailed

Stress evaluation show that portions of the piping have been

Overstressed, then those porticns (probably elbows) will

Jave to be removed and replaced.



If it is determined that the predicted ultimate settlement
will lead to an overstressed conditio.:, other corrective
measures may also be considered (e.g., pressure grouting to

return the line to a less deformed stata).



Question 18

For all seismic Category 1 piping and all piping whose

failure could advu;soly impact safety-related structures

and/or systems, whether buried or not, describe what evaluations
you plan to conduct to assure that such piping can withstand

the increased differential settlement between buildings,

within the same building, or within the piping system itself
without exceeding code-allowable stress criteria. The

potential influence due to differential seismic anchor

movement should also be considered. Discuss what plans you

have to assure ccmpliance with code-allowable stress criteria

throughout the life of the plant.

ggsggnsc

Treatment of buried non-Seismic Category I piping, whose
failure could adversely impact satcty-rclat;d structures or
Systems, is presented in the response to Question 17 of chis
requast. Failure of other non-Sesimic Category I lines

which could adversely impact safety-related structures or
systems is addressed in Chapter 3 of the FSAR, and includes
high energey line break analysis, jet impingement and flooding

studies, and design criteria for pipe whip and separation.



Therefore, only Seismic Category I, nonburied piping is
addressed in this response. However, the evaluations described
may also be applied to certain non-Seismic Category I

Piping as a matter of guod engineering practice and in the
interests of operational reliability.

Differential settlement between buildincs has not been
considered in the normal stress analysis performed for
Piping which traverses between the containments and the
auxiliary building. However, it should be noted that most
of these lines have not been connected at both ends yet, and
are not neormally connected until late in the construction
sequence of the plant. Thus, most of t&;'anticipatcd
differential settlement takes place at the time of connection.
Provisions are incorporated in the Piping installaticn
specifications which require engineering resoclution of any
excessive misalignments so that these ccaditions do not go

unnoticed.

A differential seismic allowance of 1/4 inch has been consid-
ered in the piping stress analysis. A reevaluation of the
expected differential seismic movement is under consideration
to determine whether the variance in soil properties will
affect the seismic response of the structures.



A reexamination of the stresses in all of the Seismic Category I
connecting piping between the auxiliary building and the
containments is planred. This analysis will consider stresses
induced in the piping by differential settlements between

the buildings after connection of the piping, and will also
cousider the additional induced stresses due to the maximum
expected differential settlement. Por this evaluation, we
Propose to use the stress criteria discussed in the response

to Question 17 to determine acceptability. Any piping shown

by this evaluation to have already been overstressed will be
replaced. Any piping which appears likely to be overstressed

by the predicted maximum differential settlement will be
modified by redesigning the pipe supports and/or the pipe itself.
Pipes will be rerouted for increased flexibility if necessary to

meet the stress criteria. S;}uunﬁ?oﬂzﬁ ‘/1;7

Differential settlement between the feedwater isclation

valve structures and the containments is currently being

P —

monitored./ The feedwater piping in these structures has a

flexibility loop, so that exceeding the 3.0 S, criteria
because of differential settlement is extremely unlikely.
However, a verification analysis similar to that performed

for piping connecting the containments with the auxiliary
building will be performed.



Except for the piping discussed above, Seismic Category I ;;D

Pipin~ between structures is bu:;:g,/’gzz; of this piping ‘—_~i::>
ures

e

gMNas not been installed yet, and much of it enters the struct

through sleeves which have clearances around the pipe. After
connection, these gaps will be monitored to ensure that no
excessive stresses are introduced into the piping systems.
To relieve lcads which are developed by differential settlement
between buried piping and structures, pipe supports will be
adjusted to relieve and distribute the loads. Any analysis

of piping within the structures will be limited to the

portion of piping between the first anchor inside the building

and the buried pipe, and will be a part of the analysis ) ' é

discussed in the res;onse to Question 17. ;p[ﬂuxk¢'dfT’ ﬁkﬁ;im1%/:7

Within Seismic Category I buildings, only the emergency
diesel generators are founded independently from the building
structure. Because this structure is currently in the midst
of the surcharge program, no Piping connections will be made
between the diesel generator pedestals and the building
structures in the near future. Most of this piping will be
falatively small and will incorporate encugh flexibility to

accommodate more than the expected differential settlement. 7
The air intake and exhaust ducts have expansion joints which CD

serve to isolate the ducts from the diesel generator pedestals.



(CIVIL TO ADDRESS THE PLEXISILITY OF STRUCTURES)

Structure deflections due to settlement variations under the
structure are not expected to be of significance to piping
systems within the structure. No reanalysis of'tho stresses
in piping systems within a structure is anticipated due to

these deflections.

The programs discussed are being initiated with the objective
of ensuring that if settlements remain within the predicted
range no further analysis, modifications, or monitoring will
be required to maintain the settlement induced stresses
within the limits imposed by the ASME Code. Only normal
surveillance of piping and Pipe supports is expected to be

necessary.

No additional piping stress analysis has been performed yet.
CPCc will give the NRC details of the plans when they have
been dzvelors2, and will also provide summaries of the

results of the analyses.



Question 19

The piping in £ill under and in the vicinity of the diesel
generator building could have deformations induced either
prior to or during the preload program. What is the presant
status of any deformation in the piping, and what ultimate
deformations & @ predicted. If any deformations are or will
be excessive, what actions are being or will be taken to

correct the condition?

Response

M o et

Thoﬁgipos which are located in ths fill subjected to the
influence of prelcading the diesel generator building

are listed in Table 19-1. Methods used to assaess the condition
of these pipes and the effects of the prelcad are profiling
pipes with pressure devices, gap measurements, elevation

survey, and analysis.
Following are discussions of each of these four categories.
1) Profiling Pipes with Pressure Devices

The pipes shown in Figure 19-1, SK-C-650, were profiled

using a pressure registering device tu determine the
invert elevation of the deflected pipe.




2)

A detailed discussion of the prbfili&g technigue ;}n be

found in the response to Question 17. The profile data
from these pipes will alsoc be used to evaliats other
pipes in close physical proximity. The profiles taksn
to date were analyzed, and the stresses wers low. The
maximum bending stress was _ ksi. These pipes will be

profiled again after the preload is removed.

The second profile will provide information to allow a
correlation between additional overall settlement and
additional deflection in the pipe. Any additional
stress due to change in curvature will be calculated.
This information will provide a relationship between
additional stress and additicnal settlement. This
relationship will allow for the prediction of stresses

for future predictad settlements.
Gap Measuraments

The gaps between penetrations and pipe entaring the
diesel generator building were measured at the top,
bottom, and each side. The measurements were taken
before the preload was applied and during the isolation
of the electrical duct banks. These measurements did
not change sijnificantly, indicating that the pipes
moved with the building during the building settlement
subsequent to isolating the ducts. At present, none of

il



3)

4)

Che gap measurements indicate that the pipes are being
deformed by the settlement of the diesel generator
building because there are no cases where the gap
between the top of the penetration and the pipe is
Zero. Additional measurements will be taken when the
preload is removed. This information will be presented

after the preload program is completed.

zlovaﬁion Survey @ g‘%&u‘e/

By standard survey methods (i.e., level and transit),

an elevation survey is being made of the condensata

line, concrete encasement, and the line itself. Readings
are being taken at the north ard south end of the
encasement, A time versus settlement curve and lccation

are shown in Figqurc 13-2.
Analysis

Several lines which appeared gecmetrically sensitive to
settlement and/or the prelcad were znalvzed for an
assumed settlement of 12 inches by the diesel generator
building. The lines analyzed were *“he condensate lines
entering into the turbine building, the circulating
water lines, and the nonsafety-related service water

line entering the turbine building.



After studying the results of this analysis, the follewing »

changes were made.

a) The condensate lines were disconnected at the
turbine building to relieve the stress buildup
cause by the differential settlement between the

diesel generator building and the turbine building.

b) The roundness of cne of the circulating water
lines was measured to see if internal reinforcement

is needed during the prelocad.

c) Profiling of the service water lines was extended
to provide deflection information along this

secticn of the line.

The roundness measurements taken to dats on the circulitinq
water line indicate that the pipe is generally tallsr than

it ig wide, giving ne indication that reinforcing is needed.

Depending upon the performance of the backfill material
during the preload program, the predicted settlement for
these pipes appears to be small. The stress due to this
settlement will be calculated as described in response to
Question 17. The additional stress induced by the settlement
which can be accepted before exceeding code allowables will
be compared to the stress caused by the existing def.ections,
thereby predicting the total acceptable settlement.



Excessive deformations will not be acceptable for any safety~-
related pipe. Safety-related pipes must satisfy the procedurae
dascribed in Question l7. For example, deformaticon cvalling

in piping will be evaluated to determine if the ability of

the pipe Lo perform its intended function or its structural
integrity is imparied. Normally, ovalling of 2 to 5% is
accepted for buried pipe. If a pipe cannot meet the applicable
criteria, the pipe will be abandoned and relocated or rsinforced
to comply with the criteria.

A complete evaluation of all safety-related piping, including
the completion of Table 19-1, will be presented aftar computing
the prelocad program. It is estimated that this information
will be presented to the NRC in June 1979.



Pipe Identification

Pipes entering diesel
generator building.

’rﬁ’~ 1EBC81, 82
Cor'y W% 2mucsl, 82
18B2-310, 311

2HBC-310, 311

| 1HBC-497

| 2EBC-

| 1HBC-

| 2HEC-

2GBF-341

L7BD-437

1J8D-537, 538

208D-537, 538

XHG

0YBJ-13

2YBJ-8

Pipes in vicinity

OHBC-27, 28

OHBC-53, 54, S5,
; 56
\ 1HCD-169

2BCD-169
1HCD-513
2HCD-513
lJBp~-1, 2
m-lp 2
1JBD-437
0YBS~13
2YBS~-8

em—

CcIP
Circulating water
Circulating water
Qily waste

\J Sanitary sewer

8"g
8"g

TABLE 19-1

Safety-Related

4
&)

55588 &



Question 20

provide assurance that the stress levels of all components
'(e.g., pumps, valves, vessels, supports) associated with
soisnic Category I piping systems that have been or will be
exposed to increased settlement will be within their code-
allowable stress limits. Also, provide assurance that
deformations of active pumps and valves installed in such
systems will be kept within limits for which component
operability has been established.

Response

The analysis of Seismic Category I piping systems which have
been or are expected to be affected by sogtlcmnnt will
encompass the total extent of the settlement eflact on the, oj -
piping. Affected pump and nozzle 10adin§$ will be analytically
checked to verify that they are within specified or vendor-
accepted limits. Flanged joints may be disassumbled if
necessary, and the nature of the resulting separation may be

used to evaluate the loads transmitted by the joint.

Equipméent supports are nor.aally designed to accept the
allowable piping reaction loads, and therefore will be
unaffected by settlement as long as the nozzle allowables

are not exceeded.



(]
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Por piping systems which have peen exposed to additional

loads induced by settlement, piping support loads will be
verified to be in accordance with the design loads by analysis.
The expected maximum differential settlement will be used to
verify that pipe support loads will not become excessive, or

alternately, to establish a requirement for future support

(Foenimiioy v dene gt .

For flanged pumps and valves which may have been exposed to
settlement-induced effects, flanges will be disassembled +o
determine the magnitude of the reaction load. After verifying
that this load is acceptable, the piping system will be
recalibrated [if necessary) to minimize the loads, and the
flanged joint will be reassembled. Using the expected

raximum differential settlement, the system will be analytically
examined to determine whethor the potonfial induced loads

are acceptable or whether to establish a requirement for

future recalibration.

For the few systems with installed, welded-in valves which

may have been subjected to high loadings induced by settlement,
an analytical evaluation will be used to demonstrate that

the valves have not been subjected to deforming locads. If
this cannot be determined, the valve will be physically
examined to determine if it has been unacceptably deformed.
However, the valves are generally stronger than the piping

to which they are welded, and deformation will cccur first

in the piping system at areas of stress concentraticn, such

as elbows.



Question 21

Your letter of December 17, 1978, on the settlement of the
diesel generator foundations and building advised us that the
use of a preload to densify the existing fill material in
place had been selected as the major corrective action plan.
Bechtel's Interim Report 3 to MCAR 24 forwarded by your
letter of January 5, 1979, identifies six alternative plans
for corrective action, from which your soil consultants have
advised that only two suitable options exist at that time
(i.e., the preload option or the opgion to remove and replace
the building and £ill material). We require the following
additional information regarding the basis for selection of

these two options:

(c) Discuss for each option the probability of achieving
the degree of compaction intended by the original

requirements stated in the PSAR.

(d) What other significant factors influenced your selection?

Response (to Part 21¢)

The preload option may not produce densities uniformily
meeting the PSAR compaction criteria, but will produce
foundation conditions suitable for supporting the diesel

generator building as discussed in the response to Question 4.



Removal and replacement of the diesel generator building
and/or £fill would have allowed achievement of the PSAR

compaction criteria.

Response (to 214)

Listed below are other factors that influenced the choice of

the preload over the replacement option.

1) Defining the Limits of Soil (e.g. influencing the diesel

generator building foundation)

' 4
¢ -

It might be necessary to remove soil from beneath

adjacent tures (turbine building transformer pads,

and steam water valve pitsy. Removal of this soil

could pose safety problems for the structures and the
personnel working the the area. Even if it were not
necessary to remove this soil, the excavation would be
close encugh to these Structures, requiring extensive

pProtective measures.

2) Construction Ease

The large excavation required for the replacement
option would interfere with other construction. 1In
addition, it would be difficult to do the earthwork
because of the high water table in the area.



3)
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interface Problems

Problems would be encountered with compacting the new
£fill in the deep excavation. The high water table and
constant dewatering would make it diffisult to control
the excavation slopes and fill moisture content required
for compaction. The building and utilities would still
experience settlement (originally predicted at 3.2
inches), whereas at the cempletion of the preload
Program, the building and utilities will attain mest of
the total lifetime scttlementt. Utilit%gf running £rom
the fill which is left in place to the new £fill could
experience more deformations than those already experienced
because there would be no gradual transition between

the two zones.



Question 22e

For those activities identified in response to Item d above,
identify each which is significant in te'ms of weight addition
to structures founded totally or partly on or in fill.

Response (to 22e)

The construction activities within the various safety-
related structures scheduled to be completed during the next
24 months are identified in response to 22d above. The
estimated weight in place and w.ighés to be ‘added during
this construction period are compiled in Table 22e~1. The
weights to be added to the borated water storage tanks are
signficant. However, for the other structures, the weight
to be added to complete the construction is found to be

minimal.



TABLE 22(e) =1

“Estimated
Estimated Total
Total Weight Percent
Weight To be Weight
In Place Added To be
Structure/Comgoncnt (kips) (kips) Added
1. BWST 17-50 860 4,340 500%
2. BWST 27-60 760 4,340 570%
3. Auxiliary building
wings
Unit 1 7,700 350 S%
Unit 2 -do=- -do=- -do=-
4. Auxiliary building
railroad bay
between column A and a -
AA
Between
columns 4.53 a2nd 5.1 3,800 80 2%
Between
columns ~.1 and 7.4 5,700 ' 100 2%
3. Main fgeedwater
isolation valve
chamber 650 6 15
6. Service water
pump structure 5,770 200 4
7. Emergency diesel
0il storage tanks* 3,770 486 13%

“The tankas are currently filled with water.



Question 22f

Identify all alternative solutions associated with the plant
area fill settlement which would be foreclosed by continuation

of any of the above activities.

Rolggnso

P~y
As noted in the above responses, elght.Seismic Category I
Structural areas, as well as the yard piping/utilities, have
been identified as safety-related structures or systems
founded on plant area fill where additional constructi%z .
work is necessary to complete the facility. These structural
areas include:
5 A
1,2) Electrical penetration areas (both Units 1 and 2) of
the auxiliary building

\

3) Control tower of the auxiliary building

4) Railroad bay of the auxiliary building



Service wacer pump structure
6) Diesel generator building

7) Borated water storage tanks

8) Emergency diesel fuel oil tank

Q) ‘FAM 348' U.’.‘LW

With the exception of the borated water storage tanks, all
structural work for the above items is corplete. Howevar,
there is significant work remainingy in <he mechanical and
electrical areas, including the in;;allatiod-sf piping,
electrical “rays and cables, cabinets, other mechanical

equipment, HVAC, etec. In ‘he service watar pump structure,

the large service water Pumps must still be installed.

A review of the alternative solutioas which might be foreclosed

by continued construction activities in these areas ‘r~lude
the following.

1) Portions of the Auxiliary Building, Irzluding the

Electrical Penetration, Control Tower, and Rallroad Bay
Areas



B —— -

Any required corrective m‘asufos for these several

areas will likely be performed using underpinning or
other repair methods installed from outside of the
structure (i.e., sink an access shaft down from plant
grade, and then tunnelling beneath the existing structural
foundations slab). Because the added weight resulting
from the remaining construction work to go is minimal
(i.e., 5% or less, electrical and mechanical items, see
Table 22e~1), there is no risk that continued construction

activity would foreclose on this option.

-
s -

An alternative solution to provide coréQEtive repairs

to these auxiliary building areas would be o initiate
repairs from within the structure. Continued construction
activity would add congesticn in the repair areas, and
make this alternative more difficult to implement.
However, much of the congestion already exists. Also,

if necessary, portions of the installed electrical and
mechanical services could be later femoved, albeit at

4 cost and schedule penzlty.

In summary, continuing construction activities in these

—

several areas of the auxiliary building does not foreclose



2)

3)

4)

any corrective actions.

Service Water Jump Structure

The north and east sides of the service water pump
structure are accessible for underpinning from outside

of the structure. The continued installation of electrical
and mechanical items, including several large pumps,

would add to the congestion inside the building and

make repairs “rom within the structure less desirable.
However, similar to the auxiliary building areas, it is
possible to remove such items if necessary. Again,
continued construction activity in this structure does

not forecleose on any future repair methods.
Diesel Generator Building

This area is currently surcharged, and no construction
activities are underway. No construction work in this
area will be resumed unitl MCAX 24 is satisfactorily

resolved.
Borated Water Storage Tanks

A prelcad program will be implemented in this area as
described in Question 6 above. At least one and possibly
both tank areas will be prelcaded before the tanks are
erected. Upon completion of the tanks, the water loads

will represent a five-fold increase on soils loading.



If the taak areas require corrective measures, the
installed tnaks will not preclude grouting or similar
repair methods. If complete soils replacement is
required, the tanks are accessible for removal, although

at significant cost and schedule penalties.

5) Emergency Diesel Fuel 0il Tanks

Similar to the above comments for the borated water

t:gﬁi_ storage tnaks, the emergency diesel fuel oil tnak ——

(2'
e

/15552;;ion areas may be grouted, or, if scils replacement
under the tanks is required, the tanks could be removed.

6) Yard Piping/Utilities (Later)

Based on the above considerations, there is no risk in
allowing current construction activities in these areas to
continue which might later foreclose on any anticipated

alternative corrective measures.



