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i.O SCOPE

1.1 Introduction

The Quality Class I 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

in'take piping, the remote air intake structure, and the standby service

water pipeline with parallel duct banks, (see Figures 1 and 6 for utility
locations). It was found that the backfill used in these excavations

did not conform to Quality Class I specification requirements for grada-

tion and compaction. These nonconforming items resulted in the writing

of 50.55(e) Condition 146. It is significant to note that none of the

fili in question is beneath Category I buildings; five years of settlement

monitoring of Category I buildings has shown without exception that

structural settlements are very small and well within the range previously

predicted from elastic analysis:

i.2 ~Ob'ective

In order to resolve this nonconforming condition discussed in 1.1,

a testing program was undertaken to determine the pertinent engineering

properties of the insitu backf i I I. This was accompl ished by relating

indirect testing method results (Standard Penetration Tests, downhole

pressuremeter testing and downhole nuclear density testing) to those

engineering properties of the backfill which were used in design. After
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these properties were determined they were used to predict the long-term

performance of the backfill for both static and dynamic conditions.
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2.0 SUMMARY
I

In order to assess the effects of the nonconforming backfill (subject

of 50.55(e) Condition 146) a comprehensive testing and evaluation program

was Initiated. The testing 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 methods. Furthermore, the correlations between test methods

and engineering properties developed during this study agree well with

similar correlations previously reported by others.

Relative densities measured in ihe field near the safety related

utilities were found 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 thai over-stress of these utilities will

not occur.
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3.0 METHODS OF TESTING

3.1 Indirect

3.1.1 Drillin and Testin General

The test program utilized the standard penetration tests

(SPT), downhole pressuremeter tests (PMT), and downhole nuclear density

tests (DNDT) in selected areas beside the standby service water pipeline

and the remote air intake structures and piping.

The borings extended to whichever of the following depths was

greater:

( 1) a minimum of three feet below the Category I

utility, or

(2) the bottom of trenches where backfill was placed

for circulating water and storm sewer Class II 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 boring location an SPT sample was taken

beginning 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 to create a hole extending to a total depth of three feet.

Subsequently, an aluminum casing (2" O.D. and 1.9" I. 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.
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After the nuclear density testing of the upper level soils was

completed, the aluminum casing was removed, the hole was augered to the
I

'epthof three feet (to 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 conti'nuous 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" O.D., 2-3/8" I.D.) was driven to the bottom of ihe

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 indirect testing methods

in more detail.

3.1.2 Standard Penetration Tests

Standard Penetration Tests were performed using an 18 inch

split-barrel sampler in accordance with ASTM D 1586. All borings were

advanced by means of a Mobile B-61 drill rig equipped with hollow stem

augers. Photograph 2. 1 shows the drill rig during the performance of

the Standard Penetration Test. Representative portions of each split-
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1

barrel sample were preserved 'in a glass sample jar clearly labeled with
I

the project title, date, number of boring, sample number, depth between

which sample was taken, soil classification (ASTM D 2487) and SPT values.

The samples are stored at the WP-2 site and are available for examina-

tion. All field testing was monitored by a Geotechnical Engineer, who

maintained detailed boring logs, which are contained in Appendix II.

3.1.3 Pressuremeter Test

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 under the same pressure was
(

forced down the inner part of the coaxial cable. The water under pressure

caused the probe to enlarge and deform the borehole wal I, and the amount

of volume change was measured on the panel board. A separate nitrogen

system kept the water system from expanding 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 followed 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 Densit Tests

The wet density of the relatively undisturbed soil in the

borehole was determined using the DNDT; the nuclear gauge was calibrated
Q

~

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. Generally, 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.

In 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 were excavated adjacent to the boring locations and the insitu

densities at the bottom of these test pits were determined using a

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 density were compared with the

densities determined by nuclear methods at adjacent depths. as shown in

Figure 4.1. In addition, DNDT results were ccmpared 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.
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3.2.2 Washin ton Densometer

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 using the Washington

Denscmeter are included in Appendix Vl.

3.2.3 Sand Cone

In conjunction with the Washington Densometer, the insiiu

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.
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4.0 F I ELD TEST RESULTS

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 ihe 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

fili consist of sand containing varying percentages of silt 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 f200 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 dense, and moisture contents

ranged from 3$ to 10$ . The soils that are the subject of this study are
N

well above the present and expected future groundwater table at Elevation

405; therefore, groundwater will have no.effects on the engineering pro-

perties of the backf i I I.
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The photograph included as Figure 2.2 shows typical backfi I I soil

in the sides of an excavation.

4.2 Standard Penetration Tests

The results of the Standard Penetration Tests are reported in the

form of an N value (i.e. ihe number of blows required to drive the

sampler the final 12 inches); the N values measured during the con-

tinuous SPT are .shown on the Profiles (Figure 5). Further, the
soli'ecovered

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 II, which is included in

Volume 2 of this report.

The N values for the sand backfi i I are erratic and range from

extremes of 5 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

to dense for most of the soil. At borings 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 ls

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-



BURNS AND ROE

/AD,
RCSDR
%tlCIN

4.5 Pressuremeter Tests

Graphs of pressure versus volume change were developed during the

pressuremeter testing and these graphs are included in Appendix III. 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

'ummarizedon the Prof iles included as Figure 5.

The deformation modulus measured for the WNP-2 backfill ranged from

extremes of 8 Kg/cm to approximately 800 Kg/cm ; however, most values
2 2.

were in the range'of 150 Kg/cm to 250 Kg/cm . Specif ical ly, in the area
2 2

of influence, the deformation modulus values were above 50 Kg/cm, and
2

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 (K ) of the soil.0

4.4 Down-Hole Nuclear Densit Tests

Appendix IV contains a summary of the wet (moist) densities determined

in the boreholes using nuclear density methods; the corresponding dry

densities are also included in Appendix IV. Dry densities were calcu-

lated after determining moisture contents in the laboratory according to

ASTM D 2216. The relative densities of The soil at these specific

locations are summarized on the profiles included in Figure 5. These

relative densities were determined by comparing down-hole nuclear density

-11-
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test results to 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 to relative densities

from approximately 30$ to 100$ .

4.5. Direct Method Tests
I.*'

Near surface (0-10 feet) density test results obtained by using the

Washington Densometer and sand cone are included in Appendix VI. Generally,

these dry densities ranged from 100 pcf to 135 pcf; these values correspond

to relative densities of 30$ to 1004.

-12-
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5.0 LABORATORY TESTS
'

5.1 Grain Size Anal sis

In order to classify the soi I according to the Unified Soi I Classi-ficationn

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.

5.2 . Natural Moisture Content Determinations

In order to convert wet densities into dry densities the natural

moisture content of the SPT samples were determined 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

10$ , and accordingly these low values of moisture content have no

significant effect on the engineering pro'perties of the backfill.

5.3 Triaxial Com ression '.Tests

The shear strength and modulus of elasticity of selected soil

samples were determined by unconsolidated undrained triaxial compression

tests (similar to ASTM D 2850). The modulus of elasticity and angle of

internal friction, determined from these triaxial compression stress-

strain curves, are shown in Appendix V and are further summarized In

Table 2.
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The modul i of elasticity determined in the laboratory ranged from

150 Kg/cm to 250 Kg/cm . 'The angles of internal friction were 31 and2 2- 0

34 for soils remolded to 25$ and 40$ relative density respectively.

These values were used to verify the correlations of field'est results

to engineering properties as described in Section 7.0.

5.4 Maximum and Minimum Densit Determinations

In order to calculate relative density, in the test sections, the

maximum and minimum densities were determined in accordance with ASTM D

2049. The maximum density varies from 111 pcf to 135 pcf, and the minimum
I

density ranged from 87 pcf to 105 pcf; a summary of The maximum and

minimum density results are .included in Table 2.

-14-
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6.0 FACTORS AFFECTING TEST RESULTS

'.1

Gravel Size 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 subsequently not included in the development of

correlations or in the evaluation of ihe backfill.

The following list contains the general criteria which were

used to define SPT's which were judged to yield erroneously high N

values:

(1) Greater than 10$ coarse gravel size material was

found in the split-barrel sampler,

(2) A loss of split-spoon sample occurred, indicating

that a coarse particle may have been lodged in the end

of ihe sampler,

(5) Angular gravel fragments were '„found in the split-spoon,

indicating to the geotechnical engineer that a particle

had been broken during 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

Test .Results

Coarse gravel size material was judged not to have a signifi-
Pt

cant effect on evaluation of pressuremter testing 'data 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 vertically);, Therefore, In the vast
P

majority of cases, the effect of the gravel particles was smal I relative

to the larger size of the area being tested. In addition, these methods

tend to "average" The soil properties in the area being tested, 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. 1.5 Effects on Com arison of Indi rect Tests to Direct Tests

In areas where gravelly soils are present, it is believed that

the PMT and DNDT measure soil properties at least as accurately as

those obtained from insitu tests such as the sand cone or the Washington

densometer. This results because metho'ds measure average properties

within ihe influence zone of the probe without removal and disturbance

of The soil in ihe area being tested. I
&

6.2 Percent Passin No. 200 Sieve

Occasionally, local„ized zones of appreciable fines (material with

greater than 104 passing the No. 200 sieve) were encountered in the
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borings. However, th'e percentage of material passing the U.S. No. 200

sieve was not a factor in evaluating the test results.

-17-
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7.0 CORRELATIONS OF TEST RESULTS

7. I 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-

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

being constructed, numerous Washington Densometer and/or sand-'one

inplace" density tests were performed 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-

('inedusing 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 I utility
areas in Class II piping backfill to furnish additional data for correla'-

tions. This testing consisted of continuous SPT, DNDT, and PMT. In

addition, during the drilling and the testing of the Class I 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 test methods.

7.2 Indirect Methods Correlated to Relative Densi

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 results of this correlation are presented in Figure .4.4,
k

where a wel I defined, correlation between the N values and relative

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. Scme of

the most widely accepted of these are the studies by Gibbs and Holtz

(1960), Peck and Bazaraa (1969), and Marcuson and Bieganousky (1977)

which are referenced in Section I1.0. The data developed at the WNP-2

site closely approximate 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 Figure 4.6 a correlation was developed between the

deformation modulus and relative density of the soil at the WNP-2 site.

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

.- -19-
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In Figure 4.4 and Figure 4.7, we elected noi to use this correlation

in the analysis.

7.2.3 Down-hole Nuclear Densit Tests

The relative density of the backfill was determined using the

downhole nuclear density device and at selected locations, test pits

were excavated adjacent to the boring locations and the insitu wet and

dry densities at. the bottom of these pits were determined using a

Washington Densometer and/or 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. I, and as can be seen a good correlation was developed.

7.3 Correlations to En ineerin Pro erties

7.3. 1 Standard Penetration Tests
I

In addition to developing correlations to relative density,

ihe field testing program was developed such that correlations could be

developed between N, relative density, and actual engineering properties

reported in the literature. For example, Schmertmann (1970) published

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) developed 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 during 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 boih 25$ and 40$ relative density. Results of the trlaxial

tests are plotted on Figure 4.5 and in both cases, the actual angles of

internal friction were slightly higher than predicted in the corrhlation.

Thus, based on these two cases, there is a def Inite correlation between

N values, relative density and ihe angle of internal friction 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 conJu'nction with the SPT N values in developing 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). Further, Martin (1977) used the pressuremeter in predict-

ing settlements of structures founded on silty sand and sandy silt in

residual soils. Martin reported in his studies thai the deformation

modulus obtained from the pressuremeter was equal to Young's modulus

based on comparisons of predicted and actual settlements. The Schmertmann

correlation and the results reported by Martin both substantiate the
'f

correlation shown on Figure 4.7 between N and the deformation modulus.

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

-21-
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others indicate that the deformation modulus is equal to Young's modulus
'or

the WNP-2 soils.

7.3.3 Down-hole Nuclear Densit

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.ITEST RESULTS AS RELATED TO DESIGN FUNCTION

It has been found that liquefaction 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 ihe dry to moist soil conditions. (Note: elevation 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 pipi ng, low relative

densities ranged from 45K to'0$ in Boring CT-43;

(2) at I ine WOA 51B of the remote air intake piping, low relative

densities ranged from 30$ to 40$ in Borings CT-3 and CT-40.

Boring CT-40, however, reflects the condition of the.backfii.l

around the manhole;
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(5) at the standby service water pipeline, the lowest relative

density was 45$ in Boring CT-11.

None of these low relative density zones were found to be continuous

from one boring to'another. Moreover, observation of excavations made

in these safety related 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 (refer to Section 4.2). This distance is consistent with

the requirement in the testing procedure to add an additional 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-
f

half-space theory employing Young's modulus determined from actual field

measurements, made during the backfill testing program (after Schmertmann,

1970). Figures 7.1 and 7.2 show the settlement plots resulting from

thi s ana I ys i s. Conservative I y, these p lots were deve loped us ing the

lowest deformation modulus found at each utility; the respective values

used are shown on Figures 7.1 and 7.2.

It has been conservatively estimated that the net contact pressure

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

intake structures, and the standby service water pipeline is less than

0.2 KSF. For this value (0.2 KSF) of net stress, total settlements of

less than 0. I inches are estimated. For purposes of calculating piping

stresses this total static settlement was conservatively selected to
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reprBsBnt ihe differential settlement that may occur ai the center of
/

any 20:foot. section of safety related piping.

Using this value of settlement, it has been determined that negligible

stress increase in the piping will occur; it is therefore concluded that

for the static case, soil conditions near the safety related piping will

have no detrimental effect on the integrity of these systems.

8.4 D namic Conditions

For the dynamic case (SSE conditions), two determinations were

made: first, the potential for less dense backfill near the pipe to

cause an overstress in those safety related systems; and second, the

adequacy of the safety related piping to accommodate seismic settlements

in less dense backfill.

For the first condition, the effect of less dense backfill adjacent

to 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 potential for slippage (between the pipe

and the backfill) which is beneficial as sBBn from the equation by

Newmark in the FSAR reference 3.7-12.

For the second condition, seismic settlements of the fill were com-

puted using the cyclic shear strain method. This is generally similar

to the cyclic strain approach to liquefaction of saturated sand proposed

by Dobry, et al (see Reference No. 2 ).
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Util izing this method .in representative zones of lowest relative
I

density, and using the corresponding lowest values of K , calculations

were performed to determine "best estimate" settlement for the remote
It't,1

air intake piping I ine WOA 51A, and WOA 51B, of 1.1 inches and 1.5

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

Dr. Dobry has calculated settlements of OL3 inches (see Table 3).
I

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 safety related piping. Imposing these

conditions on all buried safety related utilities has shown that pipe

stresses are well within the allowable IImii. It is therefore concluded,

that insitu soil conditions near the piping have no detrimental effect
4

during SSE conditions.
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9.0 „CONCLUSIONS AND RECOMMENOATIONS

In 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 ihe conclusions made during the backfill testing program

ii is our recommendation to accept the backfill placed after May 1976

around these safety related utilities.
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TABLE 2

SUMMARY OF LABORATORY TEST RESULTS

Relative
Density

Standards
Modified
Proctor

TRIAXIAL
SHEAR

TEST

OTHER
TESTS

Project

Pro ect No

Date

o 0xz

0
0

o o o
O

E

C

X
Q
K

E
D
E
C

K

E +
p o

IIIXO c
ct L 8ZOO

I
E+

~— lA
+ ~

c5. OOZ

z
0
C
lJ

O
ill

~a. ~ lh
zan
D vl D

~4 ~O~zmzo
gg

Q Ill~z z ac

z
0

U~ VlZ a
0VV

O)
c:
D Ul (V
0 > E
>- — cI

I
Cl CD

ID 0 hC~ ~

Soil Description

TS 3.0-4.0 126.8 99.7 130.7 5.8 SM — See Lo s-

TS 6 4.0 SP-SM

TS 5

TS 4

TS

B ~ 5.0

B 6.0

B 7.0

SP-SM

SP-SM

SP

TS ..2- B 8.0 SM

D-DIRECT SHEAR TEST
T-TRIAXIALTEST

'T-SHELBY TUBE SAMPLE, SS-SPLI'T SPOON SAMPLE, B-BAG SAMPLE
"TEST RESULTS REPORTED ON OTHER SHEETS>

C-CONSOLIDATION
S-SIEVE OR GRAIN SIZE ANALYSIS
U-UNCONFINED COMPRESSION TEST

GEOLOGIC ASSOCIATES, INC.



TABLE 3

ESTIMATED SEISMIC SETTLEMENTS OF

UALITY CLASS I UTILITIES

Seismic Settlement, S

M = 6-1/2

Area Boring Zf (x) Z (x) Estimated
Range

. Best
Estimate

Best
Estimate

Air Intake—
Line WQA 51A

I

Air Intake
Line WQA 51B

CT-43

CT-40

CT-3

6'

6'2
I

30'5'

8II 2ll

1
II 31I

0-0.5"

1.1"

1 5

0

1. 4"

8ll

0-0.5"

Standby Service
Water Pipeline CT-11 8'2' 1

II Q BII 0 3I I 0.4"

'(x) Z = Depth of faci I ity
f

Z = Maximum depth of boring

M = Richter Magnitude
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PHOTOGRAPH 2.1 (at left).
Drilling crew performing
Standard Penetration Test
using Mobile 8-61 drill rig.
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PHOTOGRAPH 2.2 (at right). Typical
sand fill at sides of trench.
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BURNS AND ROE cD

PHOTOGRAPH 2.3 (at right).
Pressuremeter testing equipment.
Expanding probe (on right) and
volume measuring panel (on left)
connected with coaxial cable. %a

\ ~—

S

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.

ggp 1

PHOTOGRAPH 2.6 (above right).
Downhole nuclear density test
being performed.
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Figure 3.1
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Figure 3.2
Plots of Laboratory Data
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LEGEND

0 FIELD CHECK DATA (WNP-2)
FACTORY CALIBRATIONCURVE
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FIGURE 4.l.. —FIELD VERIFICATION OF FACTORY
CALIBRATION CURVE FOR DOWNHOLE NUCLEAR
DENSITY GAUGE
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FIGURE 42.—RELATIONSHIP BETWEEN RELATIVE DENSITY
AND PERCENT COMPACTION
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