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1.1 Infroducfionv

~

The Quality Class | fill at the WNP-2 site that was placed prior to
May 1976 was installed in accordance with FSAR_requiremenTs to approxi-
mately elevation 438 (see appendix of FSAR for report by Shannon and
Wilson accepting all fill placed prior to May 1976). Subsequent to May
1976, excavations were made in this fill for placement of the remote air
intake piping, the remote air intake structure, and the standby service
water pipeline with parallel duct banks, (see Figures 1 and 6 for utility
locations). |t was found that the backfill used in these excavations
did not conform to Quality Class | specification requirements for grada-
t+ion and compaction. These nonconforming items resulfted in the writing
of 50.55(e) Condition 146. It is significant to note that none of the
fill in quesTf&n is beneath Category | buildings; five years of settlement
monitoring of Category | buildings has shown w{fhouf exception that
structural settlements are very small and well within the range previously

predicted from elastic analysis.

1.2 Objective : e
in order Tq resolve this nonconforming condition discussed in 1.1,
a testing program was undertaken to determine the pertinent engineering
properties of the insitu backfill. This was accomplished by relating
indirect testing method results (Standard Penetration Tests, downhole
pressuremeter Te;Ting and downhole nuclear density testing) to those

engineerihg properties of the backfill which were used in design. After

-1-
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(ib these properties were determined they were used to predict the long-term

berformaﬁpe of the backfill for both static and dynamic conditions.

N
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) 2.0 SUMMARY ¥

in order fs'a;sess the effects of the nonconforming backfill (subject
of 50.55(e) Condition 146) a comprehensive testing and evaluation program
was initiated. The Tgéfing program consisted of measuring various pro-
perties of the backfill using primarily the Standard Penetration Test,
the downhole nuclear density test, and the downhole pressuremeter test.
The results of this program indicate a good correlation between the
various test meTthg. Furthermore, the correlations between test methods
and engineering properties developed during this study agree well with

A

simi lar correlations previously reported by others.

Relative densities measured in the field near the safety related
utilities were founa to be lower than those required in the Specification.
Nevertheless, both dynamic and static settlement analysis performed to
determine the effects of these lower relative density values on safety

related utilities have shown that over-stress of these utilities will

not occur.

i W tewmremmme——tey 2D a - T wmm PN cams 1 e spepeam
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3.0 METHODS OF TESTING

3.1 lIndirect . N

3.1.1 Drilling and Testing, General - -

The test program utilized the standard penefration tests
(SPT)Y, downhol e preésuremefer tests (PMT), and downhole nuclear density
tests (DNDT) in selected areas beside the standby service water pipeline

and the remote alr intake structures and piping.

The boring§ extended to whichever of the following depths was
greater:

(1) a minimum of three feet below the Category |
utility, or

(2) the bottom of trenches where backfill was placed
for circulating water and storm sewer Class Il systems
that cross under the area of investigation, or

(3) until two consecutive SPT values were each equal

to or greater ‘than 15. .

Initially, at each bsring location an SPT sample was taken
begié;ing from the surface and extending to a depth of 18 inches. The
split-barrel sampler was then removed to obtain the sample and the
sampler was relowered to the bottom of that hole. A second SPT sample
was taken tTo create a hole extending to a total depth of three feet.
Subsequently, an aluminum casing (2" 0.D. and 1.9" |.D.) was inserted in
the open hole created during the SPT sampling in preparation for the

downhole nuclear density testing. The nuclear probe was then lowered

down the casing in order to determine the wet density of the soil.



YT

BURNS AND ROE

After the nuclear density testing of the upper level soils was

completed, the alum%ﬁﬁﬁrcasing was removed, the hole was augered to the
depth of three feet kig the bottom of the zone previously tested), and
two consecutive SPT samples were taken below the augers, (creating’a
hole with a bottom depth of six feet beneath the surface). As before,
the aluminum casing was placed in the open hole created beneath the
augers so that the nuclear density testing could again be performed.
This procedure of continuous SPT sampling and nuclear density testing

was followed throughout the borings.

.At selected intervals within each borehole, the aluminum
casing was removed after the density testing was completed, and BX-Size
Steel casing (2-7/8" 0.D., 2-3/8" 1.D.) was driven to the bottom of the
hole and then removed. The BX casing was used to enlarge the hole three
feet beneath the augers to allow insertion of the pressuremeter probe

and subsequent pressuremeter testing.

The following paragraphs discuss the indireéf testing methods

in more detail.

3.1.2 Standard Penetration Tésfs

Standard Penetration Tests were performed using an 18 inch
split-barrel éampler in accordance with ASTM D 1586. All bérings viere
advanced by means of a Mobile B-61 drill rig equipped with hollow stem
augers. Photograph 2.1 shows the arill rig during the performance of

the Standard Penetration Test. Representative portions of each split-
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barrel sample were preserVedtia a glass sample jar clearly labeled wifh
the project title, date, number of boring, sample‘humber, depth between
which sample was taken, soil classification (ASTM D 2487) and SPT values.
The samples are stored at the WNP-2 éffe and are available for examina-
tion. All field testing was monitored by a Geotechnical Engineer, who

maintained detfailed boring logs, which are contained in Appendix Il.

3.1.3 -Pressuremefer Tésf

A Menard pressuremeter was ‘'used to measure the insitu defor-
mation modulus of the soil. Generally, a downhole probe which consisted
of inner and outer expanding tubes was lowered to the desired depth; a
coaxial cable connected the probe to the volume measuring panel board
(see Photograph 2.3). Nitrogen gas was forced under pressure in the
outer part of the coaxial cable while water und?r the same pressure was
forced down the inner part of the coaxial cable. The water under pressure
caused the probe o enlarge and def;rm the borehole wall, and the amount
of volume change was measured oﬁ ‘the panel board. A separate nitrogen
system kept the water system from expand!ng beyond the test limits so

that a controlled interval 210 mm long could be tested. Photograph 2.4

shows a pressuremeter test being performed.

The pressuremeter used in the testing was manufactured by
Menard, Inc., and procedures generally fol lowed were those described by
Louis Menard in the equipment operation manual. Testing was performed

in 210 mm segments at locations shown on the Profiles, Figure 5.
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3.1.4 Down=Hole Nuclear ﬁénslfy Tests

~

The wet density of the relatively undisturbed soil in the

borehole was determined using the DNDT; The&huclear gauge was callbrated
for use in thin-walled aluminum casing. The nuclear gauge and probe |
used in the density testing is a Campbell Pacific Nuclear Model 501
calibrated and operated as described in the CPN Operator's Manual dated
1980. General ly, wet and dry densities were determined at three foot
intervals. The density determined at each three foot interval is that
which is contained in the volume of influence of a sphere having a

diameter of 10 inches. Figures 2.5 and 2.6 show a DNDT being performed.

'Id‘order to convert the wet density determined by nuclear
methods to dry density, the moisture contents of SPT samples were deter-
mined in accordance with ASTM D 2216. Further, at selected locations,
test pits wére excavated adjacent to the boring locations and the insitu
densities at the bottom of these test pits were determined using ah
Washington Densometer and/or the sand cone. The corresponding relative
densities are included in Figure 4.4 and the insitu densities are included
in Appendix IV. These values of "inplace densify’were compared with the
densities determined by nuclear methods at adjacent depths.as shown in
Figure 4.1. In addition, DNDT resul+ts were compared to other test

results (see Section 7.0).

3.2 Direct Methods

3.2.1 General
In conjunction with the indirect test methods the direct

methods discussed below were used to determine insitu densities.

-7-
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3.2.2 Washington Densometer

s

o

The insitu density was determined <in accordance with ASTM D

2167, Standard Test Method for Density of Soil in Place by the Rubber-

Balloon Method. Density test results obtained usjng the Washington

Densometer are included in Appendix VI.

3.2.3 Sand Cone

In conjunction with the Washington Densometer, the insitu
density was also determined at selected locations in accordance with

ASTM D 1556, Density of Soil in Place by Sand-Cone Method. Results of

these tests are included in Appendix VI.



4.0 FIELD TEST RESULTS e

4.1 Subsurface Conditions

Subsurface conditions at the. WNP-2 site generally consist of a
layer of dense, pre-1976 sand fill overlying the very dense Ringold
Formation. As mentioned, the soils that are the subject of this study
are the backfill for trenches excavated into the pre-1976 fill. At the
locations drilled, the deepest extent of the backfill was found to be
elevation 413 feet (MSL). Both the post-1976 backfill and the pre-1976
fill consiéf of sand containing varying peféénTages of s%lf and gravel.
This sand is known to be glacial outwash in origin and was found to
range in description (Unified Soil Classification System, USCS) from a
poorly graded clean sand (SP) to a well graded silty, gravelly sand (SW-
SM). The majority of the backfill encountered by this testing program
was found to be poorly graded (SP), and was found to contain from four
to ten percent fines (i.e. material passing a #200 sieve) and from 10%
to 20% gravel. The density of the sand backfill under investigation was
found to be erratic and varied from loose to very dense. However, most
of the backfill ranged from medium dense to denée, and moisture contents
ranged from 3%‘+o 104. The soils that are the subject of this study are
" wel | above the présenf and expected future groundwater table at Elevation
405; therefore, groundwater will have no effects on the engineering pro-

perties of the backfill.
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The photograph included as Figure 2.2 shows typical backfill sol |

in the sides of an excavation. N

4.2 Standard Penetration Tests

The results of the Standard Penetration Tests are reported in the
form of an N value (i.e. the number of blows required to drive the
sampler the final 12 inches); Thé N values measured during the con-
tinuous SPT are shown on Tée Profiles (Figure 5). Further, the soil
recovered from the split-barrel samplers during the SPT was classified
in the field by a Geotechnical Engineer and these descriptions are
contained in boring logs included in Appendix Il, which is includedain

Volume 2 of this report.

The N values for the sand backfill are erratic and range from
extremes of 3 to 100 blows per foot, which indicates that the relative
compactness of the sand backfill varies from very loose to very dense.
However, most of the N values are in the range of 20 to 40 blows per
foot indicating that the relative compactness ranges from medium dense
1o dense for most of the soil. At boriqgs where loose fill was en-
countered, additional borings were drilled on approximately 20 foot
centers on either side of the initial boring until the extent of the
loose zone had been defined in both horizontal and vertical extent. It
was found that, at those locations examined, the loose sand fill is
contained in discrete and discontinuous zones which are surrounded by
denser fill. The predicted effects of these loose zones of fill on the

respective utilities are described in detail in Section 8.

-10-
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. 4.3 Pressuremeter Tests

Graphs of pressure versus volume change were\developed during the
pressuremeter testing and these graphs are included in Appendix I1l. The
deformation modulus, which is proportional to the modulus of elasticity
(Young's modulus), was caluclated from the pressure-volume change data
for each pressuremeter test. The calculations for the deformation
moduli are included on the pressuremeter plots; these values are -

summarized on the Profiles included as Figure 5.

The deférmafion modulus measured for the WNP-2 backfill ranged from
extremes of 8 Kg/cm2 to approximately 800 Kg/cmz; however, most values
were in the range of 150 Kg/cm2 to 250 Kg/cmz. Specifically, in the area
of influence, the deformation modulus values were above 50 Kg/cmz, and
conservatively this value was used to calculate the static settlements
of the various utilities as discussed in Section 8. Further, the data
from the pressuremeter tests were used to evaluate the at-rest pressure

«

coefficient (Ko) of the soil.

-

4.4 Down-Hole Nuclear Density Tests

Appendix IV contains a summary of the wet (moist) densities determined
in the borgholes using nuclear density methods; the corresponding dry
densities are also included in Appendix 1V. Dry densities were calcu-
lated after determining moisture contents in the laboratory according to
ASTM D 2216. The relative densities of the soll at these specific
locations are summarized on the profiles included in Figuré 5. These

relative densities were determined by comparing down-hole nuclear density

-11-
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test results o maximum densities determined in the laboratory, and by

using the correlations shown in Figure 4.2.

The dry densities of the soils at the site ranged from approximately
98 pcf to 138 pcf. These dry densities correspond fo relative densities

from approximately 30% to 100%.

4.5. Dlrecf Method Tests

Near surface (0-10 feet) density test results obfained by using The
Washington Densometer and sand cone are included in Appendix VI. Generally,
these dry densities ranged from 100 pcf 1o 135 pcf; these values correspond

to relative densities of 30% to 100%.

-12-
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5.0 LABORATORY TESTS

5.1 Grain Size Analysis N

In order to classify the soil according to the Unified Soil Classi-
fication System (USCS) the particle size distribution of representative
soil samples were determined in accordance with ASTM D 422. Table:2
contains a summary of the USCS classification and Appendix V contains

the grain size distribution curves. i

i

5.2 .Natural Moisture Content Determinations

In order to convert wet densities into dry densities the natural
moisture content of the SPT samples were defermined according to ASTM D

2216. Table 2 contains a summary of the moisture contents for the site.

As stated, the moisture contents of the backfill ranged from 3% to

104, and accordingly these low values of moisture content have no

significant effect on the engineering properties of the backfill.

5.3 Triaxial Compression Tests

The shear strength and modulus of elasflciff of selected soil
samples were determined by unconsol idated undrained friaxial compression
tests (similar to ASTM D 2850). The modulus of elasticity and angle of
internal friction, determined from Theée Triéxial.eshgresslon stress- "
strain curves, are shown in Appendix V and are further summarized In

Table 2.

cag

-13-
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The moduli of elasficnfy defermlned in the laboratory ranged from
150 Kg/cm to 250 Kg/cm ; The angles of internal friction were 31° and
34° for soils reméf&éa to 25% and 40% relative denslfy respectively.
These values were used to verify the correlations of field test results

to engineering properties as described in Section 7.0.

5.4 Maximum and Minimum Density Determinations

In order‘fo ?alculafe relative density. in the test sections, the
maximum and ﬁinihum densities Wé?e”déferéine; inwéccordance with ASTM D
2049. The maxnmum densify varies from 111 pcf To 135 pcf, and the minimum
density ranged from 87 pcf to 105 pcf a summary of The maximum and

minimum density results are .included in Table 2.

. i > N w? "

14~
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6.0 FACTORS AFFECTING TEST RESULTS
l"

- u

6.1 Gravel Slize Material

~

6.1.1 Effects on Standard Penetration Tests

The coarse gravel and cobble size particles contained in the
subject backfill locally affected the results of the Standard Penetration
Test. However, because these coarser particles were found to be isolated

throughout the backfill, the majority of the SPT results were not affected.

. For those SPT results which were judged to be affected by coarse gravel

particles, appropriate notes were made on the field boring logs and
those values were suésequenfly not included in the development of

correlations or in the evaluation of the backfili.

The following list contains the general criteria which were
used to define SPT's which were judged to yield erronecusly high N
values: |
(1) Greater than 10% coarse gravel size material was
found in the split-barrel sampler,
(2) A loss of splifispoon sample occurred, indicating
that a coarse particle may have béen lodged in the end
of the sampler,
(3)  Angular gravel fragments werefound in the split-spoon, |
_indicating to the geotechnical engineer that a particle
had been broken 9uring driving, and/or
*(4) Comparison of SPT values with other borehole test
methods, indicating that SPT values were unusually high

due to the presence of gravel.

~15~
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6.1.2 Effect on Pressuremeter Test and Downhole Nuclear

LI Y

§ [

-

Test Results .

Coarse gravel size material was judged not to have a signifl—
cant effect on evaluation of pressuremter Tes+!ng;ga+a or on the downhole
nuclear density testing data. This results because the “length of the
area of influence along the borehole wall for both of these devices was
approximately 10 inches (measured verfically)., Therefore, In the vast
majority of cases, the effect of +he gravel ﬁg:;;éle;uwas small relative
To The Iarger suze of The area being tested. In addifion, these methods
tend to "average" The soil properfles in the area being Tesfed thus
permitting the PMT and DNDT to approach a truer value of the insitu

properties than the SPT value which only measures the resistance in the

area of the spoon tip.

6.1.3 Effects on Comparison of Indirect Tests to Direct Tests

i In areas where gravelly soils are present, it is believed that
the PMT and DNDT measure soil properfies at least as accurately as
t+hose obtained from insitu tests such as the sand cone or the Washington
densometer. This results because methods measure average properties

within the influence zone of the probe without removal and disturbance

of the soil in the area being tested. - R ‘ .

6.2 Percent Passing No. 200 Sieve

Occasionally, localized zones of appreciable fines (material with |

greater than 10% passing the No. 200 sieve) were encountered in the

-16-
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borings. However, the percentage of material passing the U.S. No. 200

sieve was not a factor in evaluating the fest results.

X

-17-
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7.0 CORRELATIONS OF TEST RESULTS

7.1 General . .
In order to develop a correlation between the various indirect

methods and relative density, three test fills were constructed using

soils typical of those used for trench backfill. One fill was con-

structed by placing the soil in a loose condition, one by placing and

compacting the soil to a dense condition, and one by placing and com-

4

pacting the soil to a very dense condition. As these test fills were

being éonsfruqfeg, numerous Was?ingfon Densometer and/or sand=cone
inplace"denéify Teéfs were pérformed concurrent with the fill placement.
After the test fills were completed, borings were drilled and SPT, PMT,
and DNDT tests were performed. Further, after the drilling was com-
pleted, test pits were machine excavated into the test fills so that
insitu densities and subsequent relative densities could again be deter-

¢

mined using Washington Densometer and/or sand-cone devices.

After preliminary test method correlations were developed from the
test fill data, several borings were drilled outside the Class | utility
areas in Class |l piping backfill to furnish additional data for correla-
tions. This testing consisted of continuous SPT, DNDT, and PMT. In
addition, during the drilling and thé testing of the Class | utility - '
backfill, additional results of SPT, PMT, and DNDT were compiled and

compared against each other to further enhance these correlations.

Moreover, at selected locations, additional test excavations were made

-18-
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to again allow correlations between relative density determined by both

indirect and direct fest methods. N

7.2 Indirect Methods Correlated to Relative Density

7.2.1 Standard Penetration Tests

A correlation between Standard Penetration Test N values

(corrected for overburden pressure as described in reference 13) and
relative density. was developed based on the data obtained during this
study.. The resulfs‘of this correlation are presented in Figure-4.4,
Qhefe a well defined, correla}ion between the N values and relatlive
density is shown (using both the Washington densometer and the DNDT to

measure densities).

The results of many studies have been published which corre-
late Standard Penetration Test results with relative density. Some of
the most widely accepted of these are the studies by Gibbs and Holtz
(1960); Peck and Bazaraa (1969), and Marcuson and Bieganou§k§ (1977)
which are referenced in Secfionzll.o. The data developed at the WNP-2
site closely approxima;e the correlations reported by Peck and Bazaraa
and primarily for that reason, their work was selected for comparison

with this study.

7.2.2 Pressuremeter Tests

As shown on Flgure 4.6 a correlafion was developed between the
deformation modulus ‘and relaflve density of +he soil a+ +he WNP-2 site.

However, because this correlation was not as well defined as those shown

o =19-1



in the analysis. N

7.2.3 Down-hole Nuclear Density Tests

The relative density of the backfill was determined using the

downhole nuclear density device and at selected locations, test pits

|
|
In Figure 4.4 and Figure 4.7, we elected not to use this correlation i
|
|
|
|
l

were excavated adjacent to the boring locations and the insitu wet and
: ; dry densities at the bottom of these plits were determined using a
Washington Densometer and/ér a sand cone. These values of in-place
density and calculated relative density were used to compare with the
densities determined by nuclear methods at adjacent depths as shown in

Figure 4.1, and as can be seen a good correlation was developed.

. 7.3 Correlations to Engineering Properties

7.3.1 Standard Penetration Tests , |

’ In addition to developing correlations to relative density, |
the field +es+ing program was developed such that correlations could be |
! developed between N, relative J;nsify, and actual engineering properties !
5 reported in the l|iterature. ?or example, Schmertmann (1970) publ ished

a correlation between N and Young's modulus. Figure 4.7 shows Schmert-
' mann's correlation between N and Young's modulus as compared to the N

and deformation modulus correlation developed at the WNP-2 site.

Further, Peck (1974) develéped a correlation between N (corrected

| for overburden pressure) and the angle of internal friction for cohesionless

<

-20~-
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soils. This correlation is shown on Figure 4.5 which also shows the

relative density and N correlation developed durirg this study. In
order to substantiate this correlation, the.:angle of internal friction
was calculated from data obtained in the triaxial testing of WNP-2 soils
remolded to both 25% and 40% relative density. Results of the %riaxial
tests are plotted on Figure 4.5 and in both cases, the actual angles of
|n+ernal frlcfion were slightly higher than predicted in the corrélaflon.
Thus, based on These Two cases, there is a definite correlafion befween
N values, relafive density and‘fhe angle of internal fricflon for the

WNP-2 soils.

7.3.2 Pressuremeter

The pressuremeter was used to determine the deformation modulus
at different locations within the backfill., The deformation modulus was
used in conjunction with the SPT N values in déveloping correlations
with Young's modulus,. and as described in the previous section, this was
compared with Schmertmann's correlation between N and Young's modulus
(Figure 4.7). Furfher; Marffn (1977)- used the pressuremefer in predict-
ing sefflemenTs of structures founded on silty sand and sandy silt in
residual soils. Martin reported in his studies that the deformation
modulus obtained from the pressuremefen'Was equal to Young's modulus
based on combarisons of predicted and acfual settlements. The Schmertmann
correlafion and +he resulfs reported by Marfin both subsfanflafe the

correlation shown on Figure 4.7 beTween N and the deformaflon modulus.

Finally, the data developed during this study and the data reporfed by

-21-



others indicate that the deformation modulus is equal to Young's modulus’

A S

for the WNP-2 soidls.

7.3.3 Down-hole Nuclear Density

The nuclear density gauge was used to determine insitu densities
from which relative densities could be calculated. The relative densities

determined in this manner were used in conjunction with the SPT N values

" in developing correlations with the angle of internal friction as described

in Section 7.3.1.

-22-
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-8.0,;TEST RESULTS AS RELATED TO DESIGN FUNCTION

’:8.1 Liquefaction ' .

I+ has been found that quuefacfioﬁ is not possible in The soil
placed after May 1976, because the present and future position of the
water table is well below all of the backfill. The highest predicted
elevation of the water table is elevation 405 and since the lowest
extent of the backfill in question is elevation 413, liquefaction cannot
occur in the dry-fo moist soil conditions. (Note: eiévafion 405 has been

predicted conservatively as the maximum future elevation of the water

table at the WNP-2 site if the Ben Franklin Dam is constructed).

8.2 General

Determination of the adequacy of insitu conditions relative to the
design function of the standby service water pipeline, and the remote
air intake structure and piping has been accomplished by considering
stress conditions that may result from potential static and dynamic

settlement in the lowest relative density zones found.

Zones of low relative density were found in the following areas:
(1) at line WOA 51A of the remote air intake piping, low relative
densities ranged from 45% to'50% in Boring CT-43; ~ ' .. A e
(2) at line WOA 51B of the remote air intake piping,hlow relative
densities ranged from 30% to 40% in Borings CT-3 and CT-40.
. Boring CT-40, however, reflects the condition of-the backfil|

around the manhole;

-23-
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(3) at the standby service water pipeline, the lowest relative
/

den;ify was 45% in Boring CT-11.

N

None of these low relative density zones were found to be continuous
from one boring Tdﬁénofher. Moreover, observation of excavations made
in these safefy relgfed areas indicate that the loose zones are limited
from 5 to 10 feet in extent. However, for design purposes a horizontal
extent of 20 feet was conservatively selected for the length of any
loose zones (ref;r to Secflo; 4.2). This distance is consistent with
the reéuiremenf in the testing procedure to add an adaifional boring

offset 20 feet from any boring where a loose zone (N value less than 15)

was found.

8.3 Static.Conditions

For the static case, settlements were determined using elastic-
half-space theory employing Young's modulus deférmined from actual field
measurements, made during the backfill testing program (after Schmerimann,
1970). Figures 7.1 and 7.2 show the settlement plots resulting from
this analysis. Conservatively, these plots were aeveloped-using the
lowest deformation modulus found at each.ufilify; the respective values
used are shown on Figures 7.1 and 7.2.

I+ has been conservatively estimated that the net contact pressure

under the foundation of the remote air intake lines, the remote air

LR

0.2 KSF. For this value (0.2 KSF) of net stress, total settlements of
lesé than 0.1 inches are estimated. For purposes of calculating piping

stresses this total static settlement was conservatively selected to

-24-
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represent the differential settiement that may occur at the center of

“

. 7z -
any 20:footséction of safety related piping.

~

Using this value of settlement, it has been determined that negliglble
stress increase in the p[bing will occur; it is therefore concluded that
for the static case, soil”EondiTions near the safety related piping will

have no detrimental effect on the integrity of these systems.

8.4 Dynamic Conditions

For the dynamic case (SSE conditions), fwo determinations were
made: first, the potential for less dense backfill neaH the pipe to
cause an overstress in those safety related systems; and second, the
adequacy of the safety related piping to accommodate selsmic settlements

in less dense backfill.

Fér t+he first condition, the effect of Ie§§ dense backfill adjacent
+o buried piping has been found to not affect the seismic wave passage
(particle velocity) for the total plant. On the contrary, less stringent
compaction will result in the pgfenfial for slippage (between the pipe
and The-backfill) which is beneficial as seen from the equation bf

Newmark in the FSAR reference 3.7-12.

For the second cond}fion; seismic settlements of the fill were com-"
puted using the cyclic shear strain method. This is generally similar
to the cyclic strain approach to Ifquefacfion of saturated sand proposed

by Dobry, et al (see Référénce No. 2).
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Utilizing this ﬁé}hoéiin representative zones of lowest relative
density, and using the corresponding lowest values of Ko’ calculations
were performed to determine "best estimate" settlement for the remote
air intake piping line WOA 51A:I;nd WOA 51B, of 1.1 inches and 1.5

inches, respectively. Similarly, for the standby service water pipeline

Dr. Dobry has calculated settlements of 0.3 inches (see Table 3).

For purposes of calculating piping stress, these total seismic
settlements were increased to three inches and were conservaTively
assumed to represent the differential settlements that may occur at the
contour of any 20 feet section of safe;y related piping. Imposing these
conditions on all buried safety related utilities has shown that pipe ‘
stresses are well within the allowable limit. It is therefore concluded,
that insitu soil conditions near the piping have no defrimental effect

€

during SSE conditions.
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9.0 ,CONCLUSIONS AND RECOMMENDAT IONS
fn the previous discussion, it has been shown that stress con-

ditions resulting from potential static and dynamic settlements in loose

soil zones will have no detrimental effects on buried safety related

piping.
Based on the conclusions made during the backfill testing program
it is our recommendation to accept the backfill placed after May 1976

around these safety related utilities.

| -27-
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WPPSS Hanford No., 2

50.55(e) Condition No. 146

TABLE I --BORING LOCATION AND TESTING TAéULATION

Burns ahd-Roe, Inc.
See page ____for notes

Hanford Area

Type, Depth & Humber of Tests

Corre]atioﬁ Coordinates Subject of Testiﬂg
Tests SPT PHT DNDT "
(1) North  West Depth of Number of
Tests Tests
1 11,098 = 488 Continuous -z - , Class G Light Pole
2 11,086 493 Continuous == ~ - ! Class G Light Pole
3 11,565 1,020 Continuous -- - Air Intake Structure’
4 12,281 1,596 Continuous - -- Air Intake Structuré
Nearly .

5 12,072 1,560 Continuous -- -- Air Intake Line WOA 51A
6 11,713 1,560 Continuous = -- - Radwaste - Control Bldg.

. Nearly . ) ]
7 11,679 1,191 Continuous - -- Service Water and Class II Storm Sewer

Nearly .
8 12,134 1,128 Continuous . -- -- Class II Circulqting Water (2) -1
i Nearly ]
9 11,802 1,077 Continuous -- - Class II Circulating Water (1) -1
and (2) - 1.
10 11,916 1,043 Continuous -- -- Class II Storm Sewer-and Sanitary Sewer
1 .11,485 1,075 Continuous . o Service Water and Class II Circulatory
Water (2) -1

12 11,317 861 | Continuous -- -

Service Water and Class II Circulation
Blow-Down. .
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WPPSS Hanford No. 2 Burns and -Roe, Inc.

50.55(e)_Condition No. 146 TABLE I - -BORING LOCATION AND TESTING TABULATION See page for notes
Hanford Area ) :
Correlation | Coordinates Type, Depth & Humber of Tests . Subject of Testing
ests . .
SPT PMT DNDT :
(€T) North  West Depth of Number of
’ Tests Tests
; Nearly )
13 11,132 1,012 Continuous . -~ -- - * Spray Pond 1B
Nearly } ’ :
14 10,956 813 Continuous -- -- Class G Ligh§~P01e
1.4 ‘ e
15 11,021 1,012 Continuous 18.5 17 Spray Pond 1B _
16 1,218 1,087 Continuous ]g'ﬁ 7 Class II Circulating Water (2) - 1
‘ 18.6
6.4 ’
17 110,887 1,502 Continuous 12.6 9 . Class II Circulating Water
- Nearly .
18 10,884 1,406 Continuous 9.1 - Class II Circulating Water
i 10.6° - .
19 110,967 1,406 Continuous 12.0 6 . Class II Circulating Water Drain from
o : 17.0 : Cooling Tower 1B
20 ' ]0;837 1,384 Continuous 10.8 13 - Class II Circulating Water Drain from
14.0 : Cooling Tower 1C
11.0 -
21 10,913 1,270} . Continuous 14.0 9 Class II Circulating Water Drain from
Cooling Tower 1A
A Nearly 9.0 :
22 10,996 1,258 Continuous 15.6 10 Class II Circulating Water (2) - 1
21.6




WPPSS Hanford No. 2

50.55(e) Condition No. 146

TABLE I - -BORING LOCATION AND TESTING TABULATION

Burns ahd-Roe, Inc.

See page . for notes
Hanford Area . i
Co;re]ation Coordinates Type,” Depth & Humber of Tests Subject of Testing
ests
SPT PMT DNDT
(cT) North  West Depth of Number of
Tests Tests
: Nearly .
23 11,128 1,500 Continuous 12.4 10 Class II Circulating Water (1) - 1
24 - 1,081 1,576 Continuous 9.4 7 " Class II Circulating Water (1) - 1
25 - 111,385 661 Continuous 13.2 9 Class II Tower-Make}Up and Circulation
' -Blow-Down -
- Nearly : . ) .
26 1115399 538 Continuous “11.1 6 Class II Tower-Make-Up and Circulation
' : Blow-Down.
27 12,155 1,060 Continuous 9.6 12 - Class II Circulating Water (2) - 1 and
Class G Light Pole
Nearly
28 11,687 1,178 Continuous -- 9 Service Water and Class II Storm Sewer
29 P57 1,182  continuous 6.2 3 Service Water and Class I Duct Banks
30 11,676 1,328 Continuous -- - . Class II Fire Protection (7) - 1
Nearly ]
31 .- 11,645 1,421 Continuous -- - Class II Fire Protection (6) - 1
32 - 2,017 1,565 Continuous - 4 Air Intake Line 51A
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WPPSS Hanford No. 2

50.55(e) Condition No. 146

TABLE 1 - -BORING LOCATION AND TESTING TABULATIO&

Burns and Roe, Inc.

See page for notes
Hanford Area . ‘

Co;re]ation Coordinates Type, Depth & Humber of Tests Subject of Testing
ests
(cT) North . West > Deggg.of umbar of

. - Tests Tests
33 12,121 1,565 Continuous 4.7 - Air Intake Line WOA 51A
34 ]i,377" 1,354 Continuous ]g'g - Class II Fire Protection (1) - 1
35" f12,286 1,565|  Continuous . 4.8 .- Air Intake Line WA 51A
36 12,244 1,025 Continuous 5.0 5 Class II Fire Protection (4) -1 and
- ' Storm Sewer
© 7.7
37 11,292 956 Continuous 14.0 - Service Water
38 11,319 769 Continuous 4.9 - Service Water
39 11,623 1,031 Continugus 4.4 6 Air Intake Line WOA 51B
40 . - 11,698 1,031 Continuous 1?‘5 14 Air Intake Line WOA 51B and Class II
26'0 Storm Sewer
Neariy
41 11,771 1,031 Continuous 6.6 7 Air Intake Line WOA 51B and Class 11
Storm Sewer, ;
. . Nearly ' .
42 11,681 1,264 Continuous 9.2 6 Service Water Class I Duct Banks
/
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WPPSS Hanford No. 2

Burns and Roe, Inc.

50.55(e)_C0ndiﬁion No. 146 TABLE I - -BORING LOCATION AND TESTING TABULATION See page for notes
Hanford Area : ) .
Correlation | Coordinates Type, Depth & Humber of Tests Subject of Testing
Tests
SPT PMT DNDT :
(CT) "°rtﬁ West Depth of Number of
. Tests Tests
’ H : . 7.6 .7
43 2,200 1,565 Continuous 19.4 13 Air Intake Line WOA 51A
Nearly 9.1 . - )
44 11,509 1,057 . P 11 Service Water, and Class I Duct Banks
s Continuous 19.? and Class II Circulating Water (2) - 1
P :
' 7.8 )
45 11.563 1,120 Continuous 16.6 14 Service Water, Class I Duct Banks and
1 Class II Circulating Water (1) - 1
4 J1,591 1,031|  Continuous 7.7 4 Air Intake Line WOA 518
7.7
47 1,678 1,031 Continuous ~ 9.4 13 Air Intake Line VWOA 51B
48 1,717 1,031 Continuous 6.5 5 Air Intake Line WOA 51B and Class 1l
) , Storm Sewer ’
49 .1],657 1,029 Continuous 6.1 5 Air Intake Line'W0A 518
50 11,694 1,050 Continuous 17.0 13 Air Intake Line WOA 51B and Class II
_Storm Sewer
51 11,700 1,015 Nearly 16.8 14 Air Intake Line WOA 51B and Class II
Continuous Storm Sewer
52 11,744 957 Continuous 8.0 14 Air Intake Line WOA S1B and Class II
16.7 Storm Sewer







TABLE 2

SUMMARY OF LABORATORY TEST RESULTS

Relative TRIAXIAL OTHER Project \;l‘;l:gs
Density Modified SHEAR TESTS Project No.
Standards Proctor TEsT Date
. - -U)
Q) o] c —~
£ e 15 > E L = . S 0NN
o 59 g g |2 £|E2 S|62z| 2z |82 5 , -
5 | = 23 = S =S al=w |g =] 238 9_ |75 Soil Description
2lEs|32| & |Eig| B | S |8ES|5% |E2%|cE5| 2 |83 Y
22| 82| 2F 8 228 = | £ |=co|os |zg3|%zg| oo |2
CTS 8 | 3.0-4.0 SP-SM - See Logs-
CT6 B | 3.0-4i0 |122.5| 87.7}123.4| 10.2 | SP
CT7 8 | 3.0-4.0 132.4| 6.7 | spP
:CT10 8 | 3.0-4.0 SP
CTi5 B | 3.0-4.0 128.7 | 106.4]131.9| 7.1 |sw-sM| 31° | 350 | 140
OT15A B 130.2 | 99.0 SP-SM
CT17 B | 3.0-4.0 | 5.1 [120.9 | 101.5{112.9] - |sp | 39° | 300 | 160
cti7al {8 | 3.0 5.1 |116.4 | 97.8| sp
CT19 B | 3.0-4.0 | 4.7 SW
cT21 8 | 3.0-4.0 | 4.5 [111.1 | 94.4 SW
CT22 8 | 3.0-4.0 | 5.1 [133.9| 92.6 SP-SM
CT43 B | 3.0-4.0 | 4.0 M

* ST—SHELBY TUBE SAMPLE, S5~SPLIT SPOON SAMPLE, 8B—~BAG SAMPLE
¢¢ TEST RESULTS REPORTED ON OTHER SHEETS:

C—CONSOLIDATION

S—SIEVE OR GRAIN SIZE ANALYSIS
U—~UNCONFINED COMPRESSION TEST

D--DIRECT SHEAR TEST
T—=TRIAXIAL TEST







SUMMARY OF LABORATORY TEST RESULTS

Relative . OTHER Project WNP-2
Density | Modified TSI | Project No. 817902
. Standards Proctor Date
z @
[+)) o [ ~
1 £ £ > E L E - S 0N
) -9 = =] 2 +1237 < | ow_ . z O 3 E
© ) £ 22 £ = s a|lEh a E Sz'z% B LN Soil Description
Q9 > E Q 5. 2.‘2’\ X c X > + - :_.3 6&:‘: ns—) O O
ss| 3|85 § |3%g| 2 |z |258|82 |i33|%ER| 5t |=2l
TZ| 2 |~ o zZzZ| = 530 | <%k Sv |@W=
TS B 3.0-4.0 126.8] 99.7|130.7| 5.8 | SM - See Logs-
TS 6 B 4.0
TS B -] 5.0
TS B 6.0
TS B 7.0
TS B 8.0

* ST—SHELBY TUBE SAMPLE, SS—SPLIT SPOON SAMPLE, B—BAG SAMPLE
** TEST RESULTS REPORTED ON OTHER SHEETS:
C—~CONSOLIDATION
S—SIEYE OR GRAIN SIZE ANALYSIS
U—~UNCONFINED COMPRESSION TEST

.

D—DIRECT SHEAR TEST
T—TRIAXIAL TEST

GEOLOGIC ASSOCIATES, INC,




ESTIMATED SEISMIC SETTLEMENTS OF

QUALITY CLASS | UTILITIES

Seismic Settlement, S+

M =6 M = 6-1/2
: 7 (%) 7 (x) Estimated - Best Best
. - Area Boring f m Range Estimate Esflmafe_

Air Intake -

Line WOA 51A CT-43 6! 22! 0.8M-2" p71m 1.4"

" I
Air Intake CT-40 6! 30! ju-3n 1.5" 1.8"
ice W )

Line HOA 518 cT-3 6! 25! 0-0.5" 0.1" 0-0.5"

Standby Service

Water Pipeline CT=11 8 22! 0.1"-0.8" 0.3" 0.4"

”~~
X
N N
n fl

=
n

Depth of facility

Richter Magnitude

Maximum depth of boring
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A REMOTE AIR
INTAKE STRUCTURE
CT-4 .
CcT-36
oCT-27
AR %T-8
CT-5
INTAKE TURBINE
WOA 51A CT-32 GENERATOR
. L’ BLDG.
= oCT-10 AR INTAKE N
L’ REACT. >B LINE 5iB
RADW. LDG.
CONT. B oCT-9
BLDG. CT-4l
CT-6 ¢ .
d CT-28 |e SEE DETAIL |
— CT-30 .\ K 4zk'c7- —_——
. cT-31° NN - :
WOA 5B CT-39
o CT-45 PCT-46 STANDBY
CT-45 CT-29 N'® ™\ fecT-3 SERVICE WATER
" m%ng?é!: AIR e ‘> B TRENCH
182 T-4
CT4Q  ocT5! STRUCTURE 01 " N5
sy N .
|L 4CT-34 I N .—CT-25, CT-26
CT"|4|7 | cT-12 CTésglz
cra9e DETAIL | | ecr37” \#
- - SPRAY
CT-16¢ P?XD
COOLING TOWERS
, NCT_23W SPRAY
CT-13¢ P?ND CT-)
B
. cT-2
CT-04 CT-15
LT-22 |
| CT-19@ oCT-14
CT-2I
oCT-IB
oCT-20 _
GRAPHIC SCALE
i J——
0 100 200 300 43)0'
"= 200'
FIGURE | BORING LOCAT!ON PLAN
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PHOTOGRAPH 2.2 (at right).
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PHOTOGRAPH 2.3 (at right).
Pressuremeter testing equipment.
Expanding probe (on right) and
volume measuring panel (on left)
connected with coaxial cable.

PHOTOGRAPH 2.4 (below).
Pressuremeter test being
performed.
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PHOTOGRAPH 2.5 (at left).
Downhole nuclear density
test probe being lowered
down aluminum casing.

PHOTOGRAPH 2.6 (above right).
Downhole nuclear density test
being performed.







Shearing Stress (KSF)

Deviator Stress (KSF)

W

N
\\~

WATER CONTENT, % 11.0

SPECIFIC GRAVITY

YOID RATIO

Figure 3.1

> Normc::él> Stress 7(KSF) 9 10 H
MOHR DIAGRAMS — ¢
8
6 .
41— pE=
/ /’//
/2
0 ! 2 3 4 A;ial Straﬁm (%) 7 8 9 10 h
STRESS — STRAIN CURVES
TRIAXIAL SHEAR TEST
SOIL DESCRIPTION See loas CLIENT
PROJECT WNZ"'E 05
COHESION (¢) 350 PSF " PROJECT NO.:
ANGLE OF INTERNAL FRICTION ($) 31 BORING NO.: __CT’1 >
UNIT weiGHT, pcr__110.4 SAMPLE NO.: BAG

ELEV. OR DEPTH

DATE: November 16, 1981

Plots of Laboratory Data e i061c ASSOCIATES, INC.
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Plots of Laboratory Data

SOIL DESCRIPTION See logs
COHESION () 300 PSF- 5
ANGLE OF INTERNAL FRICTION (%) 39
,@r;. UNIT WEIGHT, PCF 2
WATER CONTENT, % 13.3
SPECIFIC GRAVITY
VOID RATIO
Figure 3.2

GEOLOGIC ASSOCIATES, INC,

CLIENT

prosect_WNP=2
PROJECT NO.; 81605

BORING NO.: __CT=17
SAMPLE NO.: BAG

ELEV. OR DEPTH

DATE:

November 16, 1981
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WET DENSITY, PCF

LEGEND
©® FIELD CHECK DATA (WNP-2)
— FACTORY CALIBRATION CURVE ;
4
&/

135 . ‘ 7o T
130/ — 3,/ .
/

/

125 /
/ FACTORY CALIBRATION
120 CURVE

/
115 /
(o
/
/
105 ﬁ
10 ‘9 8 7
COUNT RATIO

FIGURE 4.l.— FIELD VERIFICATION OF FACTORY

" CALIBRATION CURVE FOR DOWNHOLE NUCLEAR

DENSITY GAUGE
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LEGEND
A WNP-2 TEST SECTION (AVERAGE 10 DETERMINATIONS)

® WNP-2 BORINGS
—- CORRELATION BY LEE & SINGH (1971)

o /
%o COMP: = 80+02 D —
P,. (LEE & SINGH, 1971) R / =
5=
- 80
w
<
® -
' (& ]
Y 60
'—
<
m
oz / ® .
40 /(- :
20
o}
80 . 80 , 100

COMPACTION %70

FIGURE 4.2.— RELATIONSHIP BETWEEN RELATIVE DENSITY
e ‘ ' AND PERCENT COMPACTION
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LEGEND .
©® WNP-2 TEST SECTION DATA POINT (WASHINGTON DENSOMETER DENSITY)

WNP—2 TEST EXCAVATION DATA POINT (WASHINGTON DENSOMETER)
' -

— BEST FIT CORRELATION

CORRECTED "N" BLOWS/FOQT

-~
®
60 . ®
@ |@© @/ ®
S ale, ] =
40 5 ~ 8.0 g/ oo}
Lo g Mle ®“
®
20 A o
%)// o BE o
n
% 20 40 60 80 | 400, 120 .~ -

D

RELATIVE DENSITY, %

FIGURE 4.3.— RELATIONSHIP BETWEEN RELATIVE
DENSITY & CORRECTED "N"(FOR DENSITIES DETERMINED

WITH WASHINGTON DENSOMETER)
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LEGEND .
®  WNP-2 BORING (NUCLEAR GAUGE)
A WNP-2 TEST SECTION(WASHINGTON DENSOMETER)
———— BEST FIT CORRELATION (WNP~-2)
———  CORRELATION BY BAZARAA (1969 }{AT | KSF ]
OVERBURDEN PRESSURE) 1
IS 100 ©OO@® ©-O-0-®
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FIGURE 4.4.— RELATIONSHIP BETWEEN RELATIVE *
DENSITY & CORRECTED"N"(FOR DENSITIES DETERMINED
WITH WASHINGTON DENSOMETER 8 DNDT)
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LEGEND .
WNP-2 FIELD CORRELATION BETWEEN N & Dg ( SEE FIGURE 4.4)
—-@-— WNP-2 LABORATORY DETERMINATION OF & & DR
) NOTE: N VS @ CORRELATION BY PECK ET AL (I974) .
[
5 too
O
T
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= - o
g e S
‘B Z
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-
:z 2
a [
w 60 —H43 w
/ -
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® , “E
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/ . Ve 35 w
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20 v - —133 E
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0 .20 40 ' 60 80 100 - 120

RELATIVE DENSITY, %%

FIGURE 45.— CORRELATION BETWEEN N, RELATIVE S ﬁ
DENSITY, AND 0. ' 4
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DEFORMATION MODULUS, K9/cm?

LEGEND
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NOTE: :
" YOUNG'S MODULUS VALUES USED IN SETTLEMENT CALCULATIONS
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FIGURE 7.1 ESTIMATED STATIC SETTLEMENT- LOAD CURVES
FOR" RESPECTIVE STRUCTURES %-'* I

.

e e tae s a7

~
Y13 Q‘




»
v
= - -
% .
. .
- .
* =
f
' .
.
- - «
» . s
s
»
* *
Ptadal oL LTI . ‘ mem ow oy s Y O Y
" - -
v .
- 4 .1l ‘
LR AT ¢ . DR ) K [ « ¥
4 A (AR} )
ORI+ E RV « - * v *. . "
.
’ w v 1
'frovy #itami oW 3 mida ev s AN miesses e
. .
4 r i .
: ,, . . , D
v 1 ‘ ’
it R .
.
i f Y aia .
s 4 = 0
* *
.
5
% . .
t- . .
N
s
H - '
{1
ot .
P LI BT = encam -~ vemwr e -
s * "
S B .
’i
: .
' »
.
> -
H ' )
B ¢
¥ N s sswnimii e o Pl I L L T X Lo “wrp e
a.
Ti N
Iy . H
i H L
: Y
$ : i ' .
4 e B
I3 . « .
; g - 3
z - H
i v 9]
: : L ;
oy e wems ciwmn -t mea - . s cwm. g
H .
¢ .
) N «
3 - wa A\
$ N AT 1 - . B
H b Pl - -
i T P ,
. an 3 .
.
5 oy A - * - .
3 - .
.
*
5
'y 3 * + ks
o
L’\\m-n: AR ABEANIL A A A G ELW 31 ER P S LAARITT iewer A SAASS T e LS A A -~ 4 v-e ya
X M
.
“srsw » -
FUNAL g M
as & [ .
. p
. 2y
* L -
-
¥ P . D
L] et
Y )
~
B [N (.:;
N S 1 ¢,

- was

LR

B .
«
. 3
»
P
e
e
-~ -
!
.
[y
”
1] ~
¥ .
Ve
egw
!
as
ae ’
.
.
-a
5
v
z
o o " g
. - . .,4!‘ >
. s




BURNS AND ROE -
T Ak -
, e . ) L :‘s , f/x}‘

\

l “
A
\ L]
L

NOTE:
YOUNG'S MODULUS VALUES USED IN SETTLEMENT CALCULATIONS
ARE: ]
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FIGURE 7.2 ESTIMATED STATIC SETTLEMENT - LOAD CURVES
.,  FOR RESPECTIVE STRUCTURES
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