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Geological Investigations
of
Soils and the Bedrock Surface
Unit 2 Containment Site
Seabrook Station
Seabrook, New Hampshire

During August and early September, 1974, four trenches 200
in length were excavated to bedrock on an "x" configuration across
the area of the Unit 2 containment site at the Seabrook Station, New
Hampshire.

The bedrock in the floor of these trenches is gneissoid quartz
diorite of the Newburyport pluton, which is commonly fractured at
less than 3’ intervals in this area by an intersecting pattern of high-
angle and low-angle joints. The most prominent and continuous joint
se; within the containment area appears to be one which strikes N8(Q-
90E, dips steeply to the north, and is characterized by smooth chlorite-
coated joint surfaces.

Unconsolidated overburden in the containment area ranges to a
maximum of about 16’ in thickness, and is characterized by a basal
deposit of sand-silt-cobble till locally overlain by a blanket of medium-
fine cutwash sand. Glacial-marine clay lies between the till and out-
wash to the east of the containment. Where covered by cutwash sand,
the upper surface of the till is beveled to a gently undulating, sub-
planar erosion surface upon which rest isolated eratic boulders ranging
to 3' in diameter.

No evidence of Recent fault displacement was observed on the

bedrock surface in the Unit 2 trenches. The sub-planar till/outwash
contact horizon, which occurs in three of the four trenches, shows no
evidence in these areas of static or dynamic deformation.

1. Purpose of Investigations

Bedrock at the site of the proposed Unit 2 containment is largely
obscured by glacial till, glacial-marine clay and outwash sand. Bor-
ing E2-1, drilled in December 1972 to a depth of 159.2° on the vertical
centerline of Unit 2, encountered thin zones of structural weakness in
the diorite bedrock at intervals between elevations -75° and -110'.




These zones are characterized by smooth chlorite-rich surfzces on
high-angle joints, and by closely-jointed zones in chlorite-rich por-
tions of the bedrock. High-angle joints in Boring E2-1 dip from g0®

to 85°, and most commonly dip £5-70°

Trenching investigations over the Unit 2 site were conducted in
August-September 1974 for precautionary purpcses, to ascertain the

structure of the glacizl deposits in the urea and to examine the nature
of jointing in the underlying bedrock surface.

2. Borings Investigations Subsequent to Boring E2-1

During April 1974, Eoring E2-5 was drilled to a depth of 97.8’
at a iocatior, 33’ N13% (True) of the centerline of Unit 2 (see Appen-
dix | for boring log) . This boring encountered jcints with minor
chlorite coatings at various elevaticns, with a zone of smooth chlorite-
coated joints between -64 to -79’ elevations. These joints dip 55° to

759, and frequently show pyrite crystal growths over the chlorite
surfaces.

During Liay-June 1974, four inclined borings, E2-15, E2-16,
E2-17 and E2- 18, were put down around the periphery of the Unit 2
containment site to develop information relative to engineering of the
containment excavation . Logs and orientation data for these borings
are presented in a July 31, 1974 report prepared by Geotechnical
Engineers, Inc., Winchester, Massachusetts (see Appendix II) .

Borings E2-15 and E2-16, along the west and south edges of
the containment, respectively, encountered very few chlorite-coated
joints. A polished joint at 82 depth in E2-15 appears likely to re-
present the projection to depth of a prominent chlorite-coated high-
angle joint which is observed on the bedrock surface to trend east-
west through the centerline of Unit 2. There are no anomalously
polished joints in Boring E2-16.

Boring E2-17, drilled northerly across the east edge of the con-
tainment site, encountered polished chlorite-coated joints intermittently
at depths of 62-67', 82', 87', 98-103', 137’ and 152-156". Some of
these joints appear to correlate with the prominent east-west joint
which trends through the centerline of Unit 2. This prominent joint
appears to split into a number of high-angle branches as it passes
east into the zone of influence of Boring E2-17.



Borirng E2- 18 encountered numerous individual joints which
have minor chlorite coatings. No anomalously polished or chlorite-
rich joints were found, hcwever, in the 168' incilined depth drilled.

When examined in conjunction with joint mapping of the bed-
rock surface (Figure 2), Borings E2-15, E2-16, E2-17 and E2-18
do not indicate the presence of a through-going fault struciure in
the area of Unit 2. These borings do appear, however, t0 sugges:
that the most prominent or continuous high-angie chlorite-coated
joint system in the containment area trends approximately east-west
(True) through the central part of the containment, and dips 70-80°
to the north.

3. Trench Excavations

During August 1974, four trenches were excavated with a back-
hoe to bedrock across the ‘Unit 2 site, to form an "x" whose legs are
each approximately 203 long and intersect at right angles at the
vertical centerline of the Unit. The legs trend approximately True
North, Fast , Scutn and West (see Figure 1) .

Ground surface elevations in the area of the trenches range from
about +10'to +20'. The elevation of the bedrock surface in the floor
of the trenches ranges from about -3' at Station 1+30 in the East trench
to +14' at Station 1+85 in the South trench. Profiles of the bedrock syr-
face along the centerlines of the trenches, as surveyed by Public Service
Company ‘of New Hampshire personnel, are shown on Figures 1 and 3.

4. Bedrock Exposed in the Trenches

Figure 2 shows by half-tone shading the areas of bedrock mapped
by J. R. Rand in the several trenches. Although the trenches were
excavated to bedrock, throughout, the bedrock in the low elevation areas
was t00 obscured by water and mud to permit the observation of joints
or other pertinent structural features. Although much of the bedrock
surface is rough and irregular due to glacial plucking or breaking by
the backhoe, wide areas of the bedrock are locally smooth and show
glacial striations.

Throughout the area exposed by the trenches the bedrock con-
sists predominantly of gneissoid, sometimes quartzitic, quartz diorite

which ranges in grain size from fine- to medium-grained. Coarse



hornblende diorite occurs locally in the West and South trenches.
Gneizsoid banding commonly strikes about NE8OW and dips very steeply
to the north. No diabase dikes were ob"'»z‘ved in the trenchies or in
the several borings in the area. fresn and
rard in the containment arca, with \«thwlmg giiecis limited 10 sur-
face sizining on joints.

.-
i, TFavliing

No cvidence of offiset of the ‘bedrock surface or the overlying
glacial seciments was cghzerved in the trenches. Welded breccia fab-
ric, which is szan locally in drill core both in the Unit 2 area and
cleawhare throughout the site area, €an be scén £xpds2d on a smooth
qlacially-scourcd bedrock surface approximately 5 o the soutnhwest of
Boring E2-1 i n the trench excavation. This breccia is 1-2" wide,
strikes approximately east-west, dips steeply, is annealed and compact,
and shows no oliset of the glaciated bedrock surface.

B. Jointing

Ls shown on Figure 2, jointing in the bedrock is closely spaced
throuchout the Unit 2 containment area, occurring a «mervels which

rarely oyceed §'and commonly occurring at less than 3’ intervals,

High-angle joints (greater than 50° dips) occur in three prominent
orientations:

Strike NG5-70W Dip 65-80N
Strike N05-20W Dip 65-85W
Strike N80-90E Dip 65-90N

At the centerline of Unit 2, the most continuous jcint trend is
N80-SOE with steep dins to t'ne north. This set is seen cammonly to

————

have _chlorite-coated surfaces.  Theé N65-70W joints appear_to converge
and terminate against the N&0- 9(F set, while the ‘\JS 20W joints are .
_Characteristic&v,_short_and discontinuous .. Sl ckenside striations which

ocouUr On many Of the joints exhibit widely di ivergent directions of moverent.

Low-angle joints (less than 50° clips) appear to be somewhat more
common than high-angle joints, and occur generaliy in thrce prominent
orientations:

Strike N25-40E Dip 35-40° nw and SE
Strike ¥ 15-30W Dip 235-40° NE and Sw
Strike 1N80-90E Dip 35-45° North



Low-angle joint surfaces are commonly p 1 a n a r, and occasionally
show slickensicde striations, with no consistent striation orientation
from joint to joint.

From about Siztion 1+15 to 1+50 in the East trench, the bedrock
is subject to closely-spaced jointing, and the upper 1-3' of the bed-
rock was sufficiently fractured to permit excavation by t'ne backhoe.
Joints in this ares are chlorite-coated and smooth, and show some
polishing on conchoidal surfaces. Thin gray clay fillings occur lo-
cally in discontinuous patches between SOmMe joints. Slickensides show

no preferred orientation, and no strike direction could be determined
for this zone.

5. Unconsolidated Glacial Deposits

As shown on trench profiles on Figure 3, brown sand-silt-
cobble till directly overlies the bedrock surface throughout the area
exposed by the four trenches. Till rises to ground surface through-
out the length of the South trench, and rises locally to ground sur-
face in the North trench and in the area of the Unit 2 centerline.
Where the till does not rise to ground surface in the trenches, the
upper surface of the tili is a gently undulating, sub-planar erosion
surface on which was @posited a layer of medium-fine outwash sand.
At the east end of the East trench, a sequence of interbedded, evenly-
layered marine clays and sands lies between the till and the over-
lying outwash sand iayer. At scattered intervals in the West, North
and East trenches, isolated boulders ranging to 2'in diameter lie
enclosed in outwash sand and rest on the upper surface of the till.

Subsequent to backhoe excavation of the trenches, the contact
horizon between the till and overlying outwash sand was exposed and
cleaned by hand throughout the length of its exposure in the West,
North and East trenches. The contact was inspected and photographed
by J. R. Rand throughout its exposed length in these trenches, and
its elevation determined by transit leveling along both walls of each of
these trenches. The extent of the outwash sand deposits in the trench
walls and the elevations of the till/outwash contact from place to place
are shown on Figure 2.

No features ywere observed along this till/outwash contact in any
of the trenches to suggest either static or dynamic deformation sub-
sequent to deposition of the sand on the beveled till surface. Through-
out the zone of close and slippery bedrock jointing between Stations 1+15§
and 1+50 in the East trench, the overlying till/outwash contact horizon
is sub-planar and continuous.



Glaci 2! materials overlying the bedrock surface throughout the
South trcrich are limited to unsorted, non-layered sand-silt-cobble
till.  These materials locally show a crude stratification, and nowhere
exhibit structures suggestive of posi-depositional deformation.

6. Ccnclusions

Examination of the overburden, bedrock surface and bedrock
joints in the Unit 2 trench excavations has revealed several distinc-

tive features which are indicative of the tectonic stability of the bed-
rock at the site:

A. Intermittent crudely-stratified horizons in the glacial till
are not displaced over joints in the underlying bedrock.

B. The undulating, sub-planar erosion surface at the top of

the till is through-going and not subject to structural offsets or other
deformations suggestive of faulting,

C. Local exposures of glacially-scoured bedrock surfaces are
smooth across joints in the bedrock.

D. Slickenside striations on closely-spaced bedrock joints ex-
hibit widely divergent orientations, with no preferred attitude or
orientation.

John R. Rand
Consulting Geologist
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1. | NTRODUCTI ON

1.1 Purpose

The purpose of the laboratory testing program described
herein was to determ ne the engi neeriné; properties of a sand
used as structural backfill and a sand-cement mxture, using
5% cement, which is planned as a possible substitute for
structural backfill-at Seabrook Station.

1.2 Scope

Two bag sanples of soil obtained from Beard Pit No. 5,
Dover, NH were received by Ceotechnical Engineers Inc. from
Pittsburgh Testing Laboratories personnel. The fol | owi ng
tests were perforned by GEl:

Structural Backfill

1 Specific Gavity Test

2 Sieve Anal yses

1 Misture-Density Relation Test

6 Consolidated-Drained Triaxial, S, _Tests

7 Consolidated-Undrained Triaxial, R, Tests

Sand- Cenent

9 Unconfined Conpression Tests on 2-in. Cube
Sanples at 7, 28 and 90 Days

3 Unconfined Conpression Tests on 2.8-in.-dia.
Cylindrical Sanples at 28 Days

6 Confined Conpression Tests on 2.8-in.-dia.
Cylindrical Sanmples at 28 Days

1.3 Schedul e

The schedule of tests is given in Table 1:




2. DESCRIPTION OF STRUCTURAL BACKFI LL

2.1 Description

Beard Pit No. 5 soil is a yellow sh-brown
gravel ly sand containing about two percent fines.

2.2 Gain-Size Distribution Tests

Two sieve analyses were perforned.

tribution of Beard Pit No. 5 soil as received was first

det er m ned.

The entire sanple was subsequently sieved on a

No. 4 (4.75 mm) nesh and a grain-size distribution of soil

passing the No. 4 nesh was deternmined. The nminus No. 4 nat-

erial was used for triaxial testing.
2.2.1 Procedure

To determne the grain-size distribution of
the original soil, a representative sanple
was sel ected, weighed and air-dried. The
sanple was sieved on a 3/8-in. mesh and ag-
gregates retained were renoved, weighed and
separately sieved. A representative sanple
of aggregates passing the 3/8-in. nesh was
wei ghed, oven-dried and washed on a No. 200
(.074 mm) sieve. The soil retained on the
No. 200 sieve was oven-dried, weighed and
mechani cal ly sieved.

The entire quantity of soil was then sieved

on a No. 4 ?4. 75 mm mesh and aggregates re-
tained were renoved. A representative sanple
of soil passing the No. 4 mesh was oven-dried
and washed on a No. 200 (.074 nm) sieve. Soil
retained on the No. 200 sieve was subsequently
oven-dried, weighed and mechanically sieved to
determine the grain-size distribution of the
soil to be used for conpaction and triaxial
testing.

2.2.2 Results

The grain-size distribution curve of Beard
Pit No. 5 soil is presented in Fig. 1.

The grain-size distribution curve of the soil

pasls:i ng éhe No. 4 (4.75 mm) sieve is presented
In Fig. 2.

The grain-size dis-



2.3 Specific Gavity Test

One specific gravity test was perforned on Beard Pit

No. 5 soil.

2.3.1 Procedure

The test was performed in accordance with ASTM
Designation D854 with the follow ng exceptions:

a.

b.

Tenperatures were measured to 0.1°cC.

The pycnoneter was calibrated by actual
measurements over a range of tenperatures,
rather than at one tenperature.

The oven-dried sanple was not soaked in
water prior to testing, rather it was
soaked only during renoval of entrapped
air under a partial vacuum

2.3.2 Results

The specific gravity of the solids was 2.67.



3. MJ STURE-DENSITY RELATION TEST

3.1 Procedure

A nmoisture-density relation test was perforned on Beard
Pit No. 5 soil in accordance wth ASTM Designation D1557,
Method A. Soil passing a No. 4 (4.75 mm) sieve was conpacted
in a 4-in.-diameter nold using the Mdified AASHO conpaction
effort. Twenty-five blows of a 10-1b hammer having a 2-in.-
dianeter ram face were uniformy distributed over each of 5
equal layers. The conpaction was performed using a Soil Test
Mechani cal Conpactor, Mdel CN 4230.

3.2 Results

Results of the nmoisture-density test are plotted in Fig.

Determ nations performed on soil initially adjusted to a
wat er content greater than 13% were observed to have excess
water bleed from the bottom of the nmold as the conpaction pro-
gressed.

The conputed dry unit weight using both the as-nolded
water content and the water content inmediately after conpac-
tion, when the wet weight was neasured, are shown in Fig. 3.
The true maximm dry unit weight achieved was 112.0 pcf.

However, in Fig. 3 is is seen that the maximum dry unit
wei ght would appear to be only 110.3 pcf if the as-nolded water
content had been used.



4, CONSOLI DATED-DRAINED, S, TRIAXIAL TESTS

Six S tests were performed on conpacted specinens of
Beard Pit No. 5 soil. Only soil passing a No. 4 sieve was
used. Speci mens were conpacted to 90% and 95% of the naxi-
num dry unit weight as determned by ASTM Designation D1557,
Method A (Section 3). Tests were performed at effective
consol idation pressures of 0.5 2.0 and 6.0 ksc (7.1, 28.4,
85.3 psi). Test specinens typically had a diameter of 2.9-in.
and a height of 6.6-in.

4.1 Procedure

A predeterm ned quantity of air-dried soil was thoroughly
mxed with distilled water to a water content of 14% The
m xture was divided in seven portions of equal weight and
placed in covered containers.

The conpaction was performed in seven layers within a
split mold. The mold was lined with a rubber nenbrane which
was held tightly to the inside of the nold by a small vacuum
The first soil layer was placed in the nold and |eveled off.

A |-psi surcharge was |lowered onto the soil and vibrated
vertically using an Ingersoll-Rand pneumatic hammer. The
hanmrer provided |ow frequency-high anplitude vibrations. The
| ayer was conpacted to a predetermned height to achieve the
desi red unlt_welght. The surcharge was renmoved and the soil
surface scarified. Subsequent l|ayers were added and conpacted
in the same nmanner to form a test specimen of the desired size
and unit weight.

The nold and specimen assenbly was then mounted on the
bottom platen of a triaxial cell. A vacuum of approximtely
15-in. of Hg was applied to the specimen to provide support "to
the specimen. The nold was renmoved and the dianmeter and height
of the specinmen were neasured. A second menbrane was placed
around the specimen and Orings attached to seal the nenbranes
to the top and bottom platens.

_ The triaxial cell was subseqfuently assenbl ed and fl ooded
with water. A chamber pressure of 0.5 ksc was applied and the
vacuum released to distilled water at atnospheric pressure.
Wien the vacuum had dissipated, distilled water was perneated
through the specinen to inprove saturation by displacing air
voids. A back pressure of approximately 10 ksc was utilized to
conplete saturation. B-values of 0.90 or higher were neasured.
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The specinen was then consolidated to the desired effective
consolidation pressure. Volume changes during consolidation
were measured by nonitoring the flow of pore water through

the drainage system

The test specinmen was subsequentl?/ | oaded axi aIIB/U at a
constant rate of strain of approximately 0.4%/min. ring
shear the specinen was allowed to drain through both ends.
Vol ume changes were neasured by monitoring the flow of pore
water. Axial loads were measured with a proving ring and
deformations were monitored with an axial dial. The test
was termnated at 20% axial strain. The specimen was then
removed and oven-dried to determine the weight of solids.

4.2 Stress-Strain Curves For S Tests

Results of the consolidated-drained triaxial, S, tests
are plotted in terms of

a. normelized shear stress on the 45° plane, q/o,_,
vs. axial strain, and

b. volunetric strain, Av/v, w axial strain.

_ The results of individual S tests are presented in Appen-
dix A and Table 2 contains the details of each S test perforned.

A summary of S tests performed on specinens initially com
pacted to a specific 90% conpaction are plotted in Fig. 4, and
95% conpaction in Fig. 5.

4.3 Moduli and Poisson's Ratios For S Tests

Figs. 6 and 7 are plots of secant modulus and Poisson's
ratio, respectively, as a function of axial strain from the
triaxial S tests.

Fig. 8 (top) is a plot of the initial tangent nodulus and
the secant nodulus at 50% of the conpressive strength versus
the effective consolidation pressure, 03.: Al the bottom in
Fig. 8 is a simlar plot for the values 6f Poisson's ratios.
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5. CONSOLI DATED- UNDRAI NED, R, TRIAXIAL TESTS

Seven R tests were performed on conpacted specinens of
Beard Pit No. 5 soil. Only soil passing a No. 4 sieve was
used. Specimens were conpacted to 90s and 95% of the maxi-
mum dry unit weight as determned by ASTM Designation D1557,
Method A (Section 3). Tests were performed at effective
consol idation pressures of 0.5, 2.0 and 6.0 ksc (7.1, 28.4,
and 85.3 psi). Specinmens were typically 2.9-in. in dianeter
and 6.6-in. high.

5.1 Procedure

~ Each test specimen was conpacted, saturated and con-
solidated in the same manner as described for S tests, Section

4.1.

Wien consolidation was conplete, the specinen was axially
| oaded at a constant rate of strain of approximately 0.4%/min.
No drainage was permtted. Axial |oads were neasured with a
proving ring. Excess pore water pressures incurred during
shear were nonitored with a Tyco pressure transducer attached
to the pore water system' The transducer calibration was

checked prior to each test. Deformations were nonitored with
an axial dial. Tests were typically ternmnated at 20% axi al
strain.

5.2 Stress-Strain Curves For R Tests

_ The results of individual consolidated-undrained triaxial,
R, tests are presented in Appendix B in terns of

a. normalized shear stress on the 45° plane, q/53 , VS.
axial strain, c

b. nornalized effective minor principal stress, 53/8

vs. axial strain, and 3c’
c. normalized shear stress on the 45° plane, /5. , .
the normalized effective normal stress on tqhe 3c

S A
45° pl ane, p/c3c.

The details of each R test are given in Table 3. A summary
of the R tests Is given in Fig. 9 for 90% conpaction and in Fig.
10 for 95% conpacti on.
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5.3 Mduli and Poisson's Ratio For R Tests

The secant moduli from R tests are plotted as a function
of strain in Fig. 11. In Fig. 12 the initial tangent noduli
and the secant noduli at 50% of the conpressive strength are
plotted as a function of effective consolidation pressure.

The Poisson's ratio for undrained shear nay be taken as
0. 50. In the event that such a value causes singular points
in conmputer prograns used to calculate stresses, then a value
of Poisson's ratio of 0.49 or 0.495 may be used.
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6. TESTS ON SAND- CEMENT

~\% herewith forward results of tests on 2-in. cube
sgemmens of sand-cement, so that the results will be avail-
able early in this prelimnary form

In Fig. 13 are plotted the stress-strain curves for un-
confined tests on three replicate specinmens cured for 7 days,
and in Fig. 14 are the stress-strain curves for unconfined
tests on three replicate specinens cured for 28 days. De-
tails of these tests are given in Table 4.

The sand-cenment specimens were prepared using the same
sand and cenent that were used at the Seabrook Site for test
batches. The mxtures are shown in Figs. 13 and 14.

It may be seen that the strength increased rapidly wth
cure time. A strength increase that is logarithmc with time
would lead to the predition of an average strength of 180

psi for the specimens cured 90 days. Similarly, the average
modul us would increase to 33,800 psi.
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7. COEFFICIENT OF SUBGRADE REACTION

7.1 Structural Backfill

To determ ne reasonable values for the coefficient of
subgrade reaction of buried pipes, the follow ng procedure
may be used:

1.

Determ ne whether the loading condition is
"drained" or "undrained." That is, wll volune
changes take place during |oading (drained), or
wi Il volune changes not occur during |oading
(undrai ned).

Establish the allowable diametral strain of

the pipe. That is, select a dianeter-strain
that the pipe can withstand with an adequate
factor of safety. That strain may be as |ow
as 0.1% for stiff, brittle pipes,to 3% or 4%
for flexible pipes.

Conmpute the vertical effective stress in the
ground at the level of the mddle (springline)

of the pipe.

Choose whether the expected degree of conpaction
of the structural backfill is 90% Mdified or
95% Modi fi ed.

Gven the above data, enter the appropriate
table below, and interpolate to obtain a value
of x D, i.e., the coefficient of subgrade re-
action times the pipe dianeter (in psi).

Divi de kD by the pipe dianeter to obtain the
val ue of- kg In pci (pounds/cubic inch).



Ef fective

Vertical

Stress at

Springline
psi

7.1
28.4
85.3

7.1
28. 4
85. 3
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kSD-VALUES FOR DRAINED LOADI NG

Tabul ated values are in psi

Al'l owabl e Dianeter Strain,

3

0.1 0.5 1.0 2.0

90% MODI FI ED COVPACTI ON

31, 800 11, 800 5,900 2,800

107,500 40,400 22,500 11,000

263,000 93,700 55,500 29,700
95% MODI FI ED COMPACTI ON

50,900 15,900 8,000 3,500

131,400 51,800 28,200 13,700

281, 600 114, 800 68, 800

35,800
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k ,D~VALUES FOR UNDRAI NED LOADI NG

Tabul ated values are in psi

Ef fective Al lowable Diameter Strain, $
Vertical
Stress at 0.1 0.5 1.0 2.0
Springline
psi
90% MODI FI ED COVPACTI ON
7.1 32,700 16,200 13,100 9,100
28.4 97, 500 34,100 22,200 13,500
85.3 267,500 79, 500 45,200 24,700

95% MODI FI ED COVPACTI ON

7.1 54,300 34,000 30,300 23,600
28.4 127,100 51,800 38,700 27,800

85.3 307,200 101,200 65,100 41,300



pct
pci
psi

_13..
NOTATI ONS
Skempton's B-value. Ratio of pore pressure
i ncrease
I nside dianeter
Qut si de dianeter

Initial tangent nodulus, A(g, - 0,)/be

1
Secant modulus from drained triaxial tests
Secant nmodulus from undrained triaxial tests

Secant nodulus at 50% conpression strength
Kilograms/cm? nultiply by 14.22 to obtain psi

Modul us of subgrade reaction
Percent compaction. Dry unit wejght of specinen

divided by maxinum dry unit weight from conpaction
curve

Average principal effective stress, (8l + 53)/2
Pounds/ cubi ¢ foot
Pounds/ cubi ¢ inch

Pounds/ square inch

Shear stress on 45° plane, or nmximm shear stress
I n specinmen, (a1 ~ 04)/2

Vol ume upon conpl etion of consolidation
Vater content

Dry unit weight

Axial strain

Vol ume strain (volunetric strain) = AV/V
C
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Poisson's ratio, initial tangent value
Poi sson's ratio, secant value from drained tests

Poi sson's ratio, secant value at 50% conpressive
strength

Maj or principal total stress
Maj or principal effective stress
Mnor principal total stress
M nor principal effective. stress

Principal stress difference ("deviator stress")

Mnor principal effective stress upon conpletion
consol i dation

of



TABLES
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TABLE 2 ~ CONSOLI DATED-DRAINED (s) TRIAKIAL TESTS
STRUCTURAL BACKFILL ~ BEARD PIT 5 SAND
SEABROOK STATI ON

Test Initial Dy Unit Wights Percent Conpaction, P Effective B At Max. Conpressive Stress Modul i Poi sson's Ratio
No. \\at er In In Triaxial Cell ASTM D1557, A Consol i - Val ue Devi at or Axi al Vol une Initral At 50% Tnitral At 50%
Content cCompac- Initial After n In Triaxial Cell dation Stress Strain Strain E, Max. vy Max.
tion Consoli-  Conpac- Initial After Stress (0, = a,) £, £y Stress Stress
Mol d dation tion Consol i - 53 ESO Veo
Ml d dat i on ¢ _
. LI pcf pcf pcf ksc k s % C 3 psi p s i
S1 13.8 100. 7 100.8 100. 8 89.9 90.0 90.0 0.50 0.97 1.64 1.31 0.41 6, 260 4,050 0.31 0.43
s2 13.8 100.9 101.0 101.5 90.1 90.2 90.6 2.00 0.95 5. 88 2.38 0.08 14, 220 11, 090 0.17 0.23
s3 13.8 101.0 101.3 102.3 90.2 90.4 91.4 6.00 0.95 15. 05 7.28 -0. 66 23,750 18,770 0.22 0.23
s4 13.8 106. 4 106. 4 106. 4 95.0 95.0 95.0 0.50 0.95 2.34 1.31 0.92 13,510 9,600 0.33 0.35
S5 13.5 106. 3 106. 4 106. 8 94.9 95.0 95.3 2.00 0.97 7.96 2.%2 0.92 21, 330 16, 140 0.17 0. 27
S6 13.7 106. 3 106. 4 107. 3 94.9 95.0 95.8 6.00 0.95 19.35 4.00 0.34 29, 150 24,740 0.20 0.27
Geot echni cal  Engineers Inc. Project 77386

January 23, 1978



TABLE 3 - CONSOLI DATED- UNDRAINED (R) TRIAXIAL TESTS
STRUCTURAL BACKFILL =~ BEARD PIT 5 SAND
SEABROOK STATI ON
Test Initial Dry Unit Weights Percent  Conpaction, P Effective B At Maxi num Conpressive Stress Moduli
No. it er I In Triaxial Cell ASTM D1557, A Consol i - Value Deviator Axial Effective Initial At 50%
Content Conpac- Initial After I'n In Triaxial Cell dation Stress Strain M nor E Maximum
tion Consoli-  Conpac- Initial Stress (0, = o,) ¢, Pri nci pal ° Stress
Mol d dation tion Consol i - o, Stress ESO
Mol d dation © 3,
% p pcf ¢ f pcf _ ksc ksc 3 ksc psi psi
Rl 13.7 101.0 101.2 101.2 90.2 90. 4 90. 4 0.50 0.96 6. 86 9.53 2.63 5, 830 3,130
l-'(2 13.5 100. 6 100. 6 100.9 89.8 89. 8 90.1 2.00 0.90 7.94 8.33 3.11 12,730 5,760
i3 13.8 100. 8 101.1 102.2 90.0 90.3 91.2 6.00 0.99 11.32 6.69 . 4.46 38,110 18, 630
R? 13.6 101.0 101.2 102.3 90.2 90. 4 91.3 6. 00 0.95 12.24 5.73 4.77 24. 460 19, 050
R4 13. 8 106. 3 106. 5 106.5 94.9 95.1 95.1 0.50 0.95 19.91 13.83 7.23 11,870 7,180
i 13.6 106. 3 106. 3 106. 6 94.9 94.9 0 95.2 2.00 0.95 21.87 14.53 7.93 19,770 8, 390
R6 13.5 106. 3 106.4 107.2 94.9 95.0 95.7 6. 00 0.96 27.88 11.58 i0.35 44,010 14, 220
CGeot echnical Engineers Inc. Project 77386

January 23,

1978



TABLE 4 = UNCONFI NED TESTS ON 2-I N CUBE SAMPLES
OF SAND- CEMENT, 5% CEMENT

SEABROOK STATI ON

Cure Test Uni t Unconfined Strain Modul us
Ti me No. Wei ght Strength At of
Wet Peak El asticity*
days pct psi % psi
7 7-1 124.0 66.7 0.80 10, 600
7-2 123.9 72.5 0.92 10, 110
7-3 126.2 85.3 0.83 13, 650
Avg 74.8 Avg 11,450
28 28-1 127. 4 141.6 0. 67 33, 330
28-2 126. 2 133.8 0.77 19, 130
28-3 126.8 130.0 0.87 22,760
Avg 135.0 Avg 25,070
90 90-1
90-2
90-3

*Modul us conputed for the straight line portion of the stress-strain
curve, neglecting any curvature at origin, which may be affected by
initial seating strains.

Ceot echnical  Engineers Inc. ‘ Project 77386
January 23, 1978
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GEOTECHNICAL ENGINEERS INC.

1017 MAIN STREET ' WINCHESTER ' MASSACHUSETTS 01890 {617) 729-1625

PRINCIPALS ASSOCIATES

RONSALOEC mnscgﬂ:m + CHARLES E-OSGOQOD
TEVE J.POLLOS BARTLETT w PAULDING, JR
RICHARD 7. MURDOC K February 14, 1978
GONZALO CASTRO Pr Oj ect 77386
File No. 2.0

M. John Herrin

Public Service Co. of New Hanpshire
1000 EEm Street « 11th Fl oor
Manchester, NH 03105

Subj ect : Interim Test Results on Sand-Cenment Backfill
Seabrook Station

Ref er ence: Prelimnary Report, Conpression Tests on
Structural  Backfill —and Sand- Cement
Seabrook Station, GEI, January 24, 1978

Dear M. Herrin:

The purpose of this letter is to present data on nmoduli deter-
m ned on sand-cenent backfill at the request of United Engineers
and Constructors Inc. The data herein supplenents the data in the
reference and will be incorporated in the conpleted version of that
report. The subgrade nodul us val ues were submtted to M. Patel
of UE&C by telephone on February 13, 1978.

The stress strain curves for three unconfined conpression tests
on cylindrical specimens are shown in the enclosed Fig. 15 and the
test data are summarized in the enclosed Table 5.

The foll owi ng values of the coefficient of subgrade reaction
were conputed for the cube and cylindrical specinmens cured for 28
days.




M. John Herrin -2- February 14, 1978

ksD-VALUES FOR SAND- CEMENT BACKFI LL
28-DAY CURE

Tabul at ed val ues are in psi

Effective Al lowabl e D aneter Strain, s
Vertical
Stress at
Springline
psi 0.02 0.1 0.3 0.5

CUBE SPECI MENS
0 100, 000
CYLI NDRI CAL  SPECI MENS
0 200, 000 89, 000 60, 000 36, 000
The stress strain curves for the cylindrical specinens show an

initial straight line portion with a very high nodulus of elasticity.
At axial strains of about 0.03%there is a break in the curves and a

second straight line is followed up to near the peak strength. The
tangent nodul us of this second straight line portion of the curves is
about one-third of the initial nodulus. Fig. 16 shows the variation of

the secant nodulus with axial strain for the unconfined tests on cylin-
drical  specinens.

Seating problens occurred in the tests on the cube speci nens, as
seen in Figs. 13 and 14 of the above reference, and thus the high initial
nodul us observed for the cylindrical sanples was not observed for the
cubes. However, the second straight line slope for the cylindrical
specinens in Fig. 15 is in good agreenent with the straight line portion
of the curves for the cube specinens. The conpressive strength of the
cube specinens is sonewhat higher than that of the cylindrical specinens,
probably as a result of the nore significant end restraint of the cube
speci mens. For these two reasons we feel that the results of tests on
cubes and cylinders are consistent with each other, but that the results
for tests on cylinders are nore reliable and should be used to establish
nodul i of subgrade reaction.

CI) GLROTECHNICAL ENGINERINS INC.




M. John Herrin -3- February 14, 1978

W have al so provi ded by tel ephone various friction coefficients
and estimates of shear wave velocities in the conpacted soil. These
data will be confirmed in witing at a later date.

Sincerely yours,

GEOTECHNIC NEERS 'INC.

Steve J. PouI 0S

Pri nci pal
SJP:ms
Encl .
cc: R pPizzuti, YAEC w/| encl.
D. Rhoads, UE&C W | encl.
A. Desai, UE&C W/ encl.
D. Potel . UQ(DC-) TU O, /| emel,

q) GUEOTECHNICAL ENGINERHRS INC.




a—

TABLE 5 ~ COVPRESSI ON TESTS ON 2. 8-1 N - DIl AMETER
SAND- CEMENT SPECI MENS, 5% CEMENT
SEABROCK STATI ON

Cure Test Uni t Confi ning Conpressi ve Strain Initia
Ti me No. Wei ght Stress Strength At Modul us of
Wet Peak El asticity
days pcf ksc psi % pSi
28 28-0 | 126.2 0.00 ' 91.0 0.65 75, 000
28 28-0-2 124. 8 0.00 88. 8 . 0.58 52,200
28 28-0-3 124.1 0.00 106. 1 0.80 34,300
Avg 95.3 Avg 50, 500
Geotechnical  Engineers Inc. Project 77386

February 7, 1978




120

%
100 TN\
\(/TEST 28-0-3

80 _-TC37 26-02
%) / N TEST 28-0-1 |
a
N
w60
LJ Test No Unit Weight After
o Cure (pcft)
= 28-0-1 126.2
2 28-0-2 124.8

40 28-0-3 124.1
-
<
X
a

20

O |
0 04 0.8 1.2 1.6 20
AXIAL STRAIN , %
Sand- Cenent M xture: Speci mens  Test ed:
1 part cement 2.8-in.-diameter speci nens
16.18 parts sand (oven-dry) 28-day cure
Unconfined tests

2.79 parts water

Strain contro
1.1 mm/min.

| oadi ng at

Public Service Conpany of

New Hampshire

Triaxia
Sand- Cenent

Geotechnical Engineers Inc.
W nchest er, Massachusetts

Seabrook Station

Tests
Backfil |

COVPRESSI ON TESTS |

2.8-1N -D AMETER SPECI MEN
5% CEMENT, 28- DAY CURE

Proj ect

77386

February

1978 Fig.

15




75

AVERAGE  E, = 5l ks

70
60
f STRAIN AT PEAK
50
e}
a.
"o
40
(7]
W {
il
o 30
od
= |
Qa
O \
b
_~28{0-2
< N
S \\( — 2810
l
n
© \j:;;:i\\\\4
ol
0O 0.2 0.4 06 08 10

AXIAL STRAIN, &4, %

1.2

Public Service Conpany of

) Triaxial Tests
New Hanpshire Sand- Cenent Backfill
Geotechnical  Engineers I nc. Seabrook Station
W nchester, Massachusetts

SECANT MODULUS VS STRAIN
2.8-IN.~DIA. SPEC MENS
5% CEMENT, 28~paY CURE

Proj ect 77386

February 1978

Fig. 16




)

P

75 ou
70
60
’ PEAK STRENGTH
4
50
7]
Q.
"©
40
o)
(7]
'”. y
Nwl 30|
-
-
(&)
o
s
_—28f0-2
EZO 1 _—28t0-3
3 N 2810~
7] \(
L
10
0
0 02 0.4 086 08 10

AXIAL STRAIN, Ea, %

S —

AVERAGE — E; = 5l ks

1
I



GEOTECHNICAL ENGINEERS INC.

1017 MAIN STREET. WINCHESTER ' MASSACHUSETTS 01890 (617) 729-(1625

PRINCIPALS ASSQCIATES

RONALD € HIRSCHFELD CHARLES £ OSGOOD
STEVE J.POULDS February 27, 1978 BARTLET! W PAULDING, JR
DANIEL P. LA GATTA ) N

RICHARD F. MURDOCK
GONZALO CASTRO Project 77386

File No. 2.0

M. John Herrin

Public Service Co. of New Hanpshire
1000 EIm Street-11th floor
Manchester, NH 03105

Subj ect : Interim Test Results on Sand-Cenent' Backfill
Seabrook Station

Ref erence: Prelimnary Report, Conpression Tests On
Structural Backfill and Sand- Cement
Seabrook Station, CEl, January 24, 1978

Bear M. Herrin:

The purpose of this letter is to present additional data on
nmoduli determined on sand-cenment backfill. These data suppl enent
the data in the reference and in our letter of February 14.

These triaxial tests were perforned on cylindrical specinmens
of sand-cenent. The speci nens were cured for 33 days instead of
the intended 28 days because of the February 6, 1978 blizzard here
in Boston. The test data are sunmarized in a revised Table 5 and
the stress strain curves are presented in Fig 17.

The modul us and strength data were estimated for 28-day curing
on the basis of the rate of change of mbdulus and strength with
tinme as measured using the cube specimens (see referenced report).
The estimated val ues of strength and nodul us for 28-day cure al so
are shown in Table 5.

The val ues of the coefficient of subgrade reaction were com
puted for several strain levels in the same nmanner as those shown
inthe prelimnary report of January 24 and the letter of February
14, The following table lists all values obtained to date for the
sand- cenent speci mens.




M. John Herrin

-2~ February 27, 1978

k_D-VALUES FCR SAND- CEMENT BACKFI LL

Tabul ated values are

28-DAY CURE, 5% CEMENT

in psi

Ef fective Al lowable D aneter Strain, %
Vertical
Stress at
Springline
psi 0.02 0.1 0.3 0.5
CUBE SPECI MENS
0 100, 000
CYLI NDRI CAL  SPECI MENS
0 200,000 89,000 60,000 36,000
42.7 138,000 163,000 129,600
Sincerely yours,
CEOTECHNI CAL  ENGINEERS |NC.
/ /"7.& - (( ’7"
Steve J.  Poul os
Princi pal
GC:ms
Encl .
cc: R Pizzuti, YAEC w/! encl
D. Rhoads, UE&C W /| encl.
A Desai, UE&C w! encl.
D.. Patel, uUesaCc, 7u0, W! encl

(D GEOTECHNICAL ENGINERRS INC.




TABLE 5 = COVPRESSI ON TESTS ON 2.8-IN.-DIAMETER
SAND- CEMENT SPECI MENS, 5% CEMENT!)
SEABROOK STATI ON

Cure Test Uni t Confining Conpressive Strain Initial
Ti me No. Wei ght Stress Strength at Modul us of
Wet Peak El asticity
days pef ksc pSi % pSi
28 28-0 | 126.2 0.00 91 0.65 75, 000
28 28-02 124. 8 0.00 89 0.58 52, 200
28 28-0-3 124.1 0.00 106 0. 80 34,300
33 33-3-12) 124. 4 42.7 372 . 2.10 35, 000
28 Estimated 365 33, 600
33 33-3-22) 124.1 42.7 376 2.40 33, 300
28 Esti mat ed 369 31,700
33 33-3-3,  124.8 42.7 364 1. 40 40, 000
28 Estimated 357 38, 400
NOTE: 1) The percentage of cenent is conmputed as the ratio of the
wei ght of cenent to the total weight of sand, cenent, and
water, and then multiplying that ratio by 100.
2) The strengths and nmoduli for 28-day cure was estinated
based on the rates of change neasured for the cube
speci mens.
Geot echnical  Engineers Inc. Project 77386

* February 7, 1978
Revised February 24, 1978



400

300

200

AXIAL STRESS, psi

o
o

c.2

333
/ 33-32

VOLUME STRAIN, E€,, %

0.8 | I ) I I ] I
0 05 1.0 .5 2.0 2.5 3.0 3.5 4 .0

AXIAL STRAIN, %

SAND. CEMENT SPEQI MENS 1
2.8 IN-DIA, 5% CENENT
33- DAY CURE, 63 = 42.7p

Public Service Conmpany of Triaxial Tests
New Hanpshire Structural Backfill

Geotechnical Engi neers Inc.

W nchester, Massachusetts Project 77386 Feb. 23, 1978 Fig. 17




GEOTIEECHNICAL ENGINELERS INC.
1017 MAIN STREET. WINCHESTER. MASSACHUSETTS 01890 (6|7) 729-1625

PIINCIBALS AT NLEIRTE

ROBATD € Hileso mf{ LD CHARLES £ O5G000

SIEvE J.POULON BARILETT W PAULDING, JR
WEARD | MURDOCK March 10, 1978 ’
. GONIALO CASTRO Pr Oj ect 77386
File No. 2.0

M. John Herrin

Public Service Co. of New Hanpshire
1000 EIm Street - 11th Fl oor
Manchest er, NH 03105

Subject: Interim Test Results on Sand- Cenent Backfill
Seabrook Station

Ref erence: Prelimnary Report, Conpression Tests On
Structural Backfill and Sand- Cement
Seabrook Station, GE, January 24, 1978

Dear M. Herrin:

The purpose of this letter is to present additional data on

moduli  determined on sand-cement backfill. These data suppl erment
the data in the reference and in our letters of February 14 and
27.

Three triaxial tests were perforned on cylindrical specinens
of sand-cenment. The specinmens were cured for 28 days and were
tested under a confining stress of 7.1 psi. The test data are
summarized in a revised Table 5.

The val ues of the coefficient of subgrade reaction were com-
puted for several strain levels in the sane manner as those shown
inthe prelimnary report of January 24 and the letters of February
14 and 27. The following table lists all values obtained to date
for the sand-cement specinens:



M. John Herrin -2~ March 10, 1978

k D-VALUES FOR SAND- CEMENT BACKFI LL
28- DAY CURE, 5% CEMENT

Tabul ated val ues are in ps

Ef fective Al owabl e D aneter Strain, %
Vertical
Stress at
Springline
pSi _ 0.02 0.1 0.3 0.5

CUBE SPECI MENS

0 100,000

CYLI NDRI CAL SPECI MENS

0 200, 000 89, 000 60, 000 36,000
7.1 115, 000 106, 000 79, 600 50,600%
42.7 138, 000 163, 000 129, 600

*Modul us val ue deternmined at strains greater than the strain at peak
conpressive  strength

Geotechnical  Engineers Inc. Project 77386
Revi sed March 6, 1978

(l) GEOTHECHNICAL ENGINEERS INC



M.

GC/ SJP: s

Encl .

cc. R
D.
A
D.

John Herrin

-3~ March 10, 1978,

Three unconfined tests were perfornmed on cube speci nens of

sand-cement cured for 90 days. The test data are summarized in
a revised Table 4.

The stress-strain curves for the additional tests will be
transmtted as soon as

Pi zzuti, YAEC
Rhoads, UEs&C
Desai, UE&C

Pat el , UE&C 7UO

they have been drafted.
Sincerely vyours,
GECTECHNI CAL  ENGINEERS |INC.
{

/ /- (\\ ';; -'")
>/. T on- ‘)1 [FA%E ( ¢ I~

Steve J. Poul os
Pri nci pal

(D GEOTECHNICAL ENGINEERS INC,




TABLE 4 - UNCONFI NED TESTS ON2-IN. CUBE SAMPLES
OF SAND- CEMENT, 5% CEMENT
SEABROOK STATI ON

Qure ~Test Uni t Unconfi ned Strain Modul us
Time No. Wei ght Strength At o f
Wet Peak El asticity*
days pcf psSi % ps
7 7-1 124.0 66.7 0.80 10, 600
7-2 123.9 72.5 0.92 10, 110
7-3 126.2 85.3 0.83 13, 650
Avg 74.8 Avg 11,450
28 28-1 127. 4 141. 6 0.67 - 33,330
28-2 126.2 133.8 0.77 19, 130
28-3 126.8 130.0 0.87 22,760
Avg 135.0 Avg 25,070
90 90-1 124. 4 117.9 0.95 26, 320
90-2 124.5 139.4 1.08 27,030
90-3 125.0 133.7 0.84 31, 250
Avg 130.3 Avg 28,200

*Modul us conputed for the straight line portion of the stress-strain
curve, neglecting any curvature at origin, which nay be affected by

initial seating strains.

Ceot echnical  Engineers Inc. Project 77386
January 23, 1978

Revi sed March 6, 1978




TABLE 5 ~ CQVWPRESSI ON TESTS ON 2.8-IN.-DIAMETER
SAND- CEMENT SPECI MENS, 5% CEMENT1)
SEABROOK STATION

Cure Test Uni t Confining Conmpressive Strain. Initial
Ti me No. Wei ght Stress Strength at Modul us of
Wet Peak Elasticity
days pcf ksc psi % pSi
28 28-0O | 126.2 0.0 91 0. 65 75, 000
28 28-0-2 124.8 0.0 89 0.58 52, 200
28 28-03 124. 1 0.0 . 106 0.80 34,300
33 33-3-12) 124. 4 42.7 372 2.10 35,000
28 Estimated 372 . 34, 600
33 33-3-22) 124.1 42.7 376 2.40 33, 300
28 Estimated 376 32,900
33 33—3-32) 124.8 42 ,7 364 1.40 40, 000
28 Estimated 364 39, 600
28 28-,5-1 124.6 7.1 119 0. 60 32, 600
2 8 28-.5-2 123.9 7.1 134 0.90 22,900

28 28-.5-3 124.3 7.1 122 0. 97 17, 400
NOTE: 1) The percentage of cement is computed as the ratio of the

wei ght of cerment to the total weight of sand, cenent, and
water, and then nultiplying that ratio by 100

2) The strengths and nmoduli for 28-day cure was estimated
based on the rates of change nmeasured for the cube
speci mens.

Geot echni cal  Engineers Inc. Proj ect 77386
February 7, 1978

Revi sed- February 24, 1978

Revi sed March 6, 1978
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APPENDI X 2N

GEOTECHNI CAL  REPORT TEST FILL STUDY OF QUARTZITE MOLE CUTTI NGS

The information contained in this appendi x was not revised, but has been
extracted from the original FSAR and is provided for historical information.
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1. | NTRODUCTI ON

1.1 Purpose

The intake and discharge tunnels at Seabrook Station are
bei ng excavated using a tunnel boring machine, nore commonly
terned a nole. The excavated material from the nole is a
wi del y-graded crushed stone commonly termed tunnel nuck, which,
for this report, shall be terned "nolecuttings."

The purpose of the test fill study was to determne if the
quartzite nolecuttings obtained fromthe tunnel excavations
could be used for Safety and Nonsafety-Related Structural Fill.
Construction of the test fills provided the opportunity to ob-
serve the behavior of the nolecuttings during placenent and
obtain data necessary to develop procedures to control the com
paction of the nolecuttings during placenent.

1.2 Background

The nolecuttings from the quartzite bedrock in the tunnels
are w dely-graded crushed stone containing up to 13% passing
the No. 200 sieve. The grain size curve of the nolecuttings
plots below the lower Iimt of the Safety and Nonsafety-Rel ated
Structural Backfill specification. The resistivity of the mole-
cuttings is generally below the specified mnimm value of
10,000 ohms-cm3. Thus, although the nolecuttings appeared
superior to the gravelly sand structural fill as a backfill
material, it was rejected because the gradation and resistivity
requirenents did not conply with the specifications. Use of
the nolecuttings for Safety and Nonsafety-Related Structural
Fill required that selected tests be performed which would denon-
strate that the nolecuttings were as good or better than the
presently used gravelly sand when both naterials were placed at
the same percent conpaction. I nvestigation of the resistivity
probl em was addressed by UEsC.

The Safety and Nonsafety-Related Structural Fill is used
for backfill around pipes and conduits, under floor slabs, roads,
etc. For these applications the deformation characteristics of
the backfill wll control the soil support of the pipes and
settlements of structures. One nethod of determining the defor-
mation properties of a soil is by determning the soil nodulus
by the use of a plate load test. Plate load tests were perforned
on carefully constructed test fills consisting of (a) gravelly
sand, (b) molecuttings, and (c) a test fill of essentially alter-

nating layers of gravelly sand and nolecuttings which herein wll

be referred to as the stratified gravelly sand and nolecuttings test

fill
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The nodulus from each test fill was used as a neans of conparing
the desirability of the nolecuttings versus the gravelly sand for
use as Safety and Nonsafety-Related Backfill.

The nolecuttings are wdely graded and contain
hi gh percentages of stone retained on the 3/4-in. sieve. In many
cases the percent retained on the 3/4-in. sieve exceeds the
allowable limts for the Mdified AASHO conpaction test (D1557).
Thus, it was necessary to determne by means of field and |abora-
tory tests performed during construction of the test fill how

construction control of the placenent of the nolecuttings should
be handl ed.

1.3 Summary

~The results of the plate |oad tests indicate that the mole-
cuttings wll provide superior support for pipes and structures
than the gravelly sand currently accepted for Safety and Non-

safety-Related Structural Fill when both materials are placed at
the same percent conpaction. The nolecuttings and gravelly sand
wi Il provide about equivalent defornmation properties when the

ercent conpaction of the molecuttings is as much as 2 to 3% .
ower than the gravelly sand. Therefore, the use of nolecuttings

for Safety and Nonsafety-Related Structural Fill is reconmrended.
Further, it is reconmended that the percent conpaction of the
mol ecuttings for Safety and Nonsafety-Related Structural Fill be

95% and 93%, respectively.

The nolecuttings used in constructing these test fills were
wi dely graded crushed stone with up to 7% passing the No. 200
Si eve. The water content of the material varied from 3 to 4% up

to 10% during placenment. Because of the grain-size distribution
conpaction of the nmolecuttings was sensitive to fluctuations in
the water content of the material. Based on data obtained from
tests performed during construction of the test fills, limtations

on the grain-size distribution and water content'of the mole-
cuttings during placenent have been recomended in Section 5.

Construction of the test fills indicated that placement of
the nol ecuttin%s can be controlled by nodifying standard testing
procedur es. The in-place dry density can be neasured using the
nucl ear density meter and the laboratory reference dry density
determined by modifying the currently specified conpaction tests.

Details of the construction of the test fills, performance
and results of the plate load tests, and procedures for control

of placement and conpaction of nolecuttings are presented in the
foll owi ng sections.



2. CONSTRUCTION OF TEST FILLS

Four test fills were constructed for this study. The
orientation of the test fills is shown in Fig. 1. The soils
and details of placenent for each test fill 1s presented bel ow

2.1 Gavelly Sand

Gravelly sand satisfying the requirenments for Safety and
Nonsafety-Rel ated Structural Fill Specifications 9763-8-5 and
9763-8-4 was placed in 8-in. -thick loose lifts and conpacted
to a mninmum of 95% of the maxinmum dry density as determ ned by
ASTM D1557, Method D. Satisfactory conpaction was generally
achieved by applying water to the surface of the loose lift and
conpacting wth six coverages with the Mkasa double drum roller.
Eight lifts of gravelly sand were placed and conpacted, result-
ing in a total height of about 4 ft.

2.2 Mlecuttings (Controlled Placenent)

The construction of this test fill was controlled to achieve
the conpaction requirenents of Safety and Nonsafety-Rel ated
Structural Fill (i.e., 95% of the maximum dry density as deter-

m ned by ASTM D1557).

Mol ecuttings were placed in 8-in. loose lifts and conpacted
to 95% conpaction. To achieve 95% conpaction, control of the
water content to within a few percent of the optinmm water con-
tent, and nunerous coverages wWth the Mkasa double drum roller
was required. Attenpts at controlling the water content included
m xing of wet and dry nolecuttings and adding water to mole~
cuttings with water contents 2 to 3% below optinmum Mol ecuttings
placed at water contents several percent higher than optinmm
could not achieve 95% conpaction until sufficient drainage had
reduced the water content to near the optinmm val ue. Eight lifts
of nolecuttings were placed and conpacted resulting in a total
hei ght of about 4 ft.

2.3 Mlecuttings (No Special Controls)

Construction of this test fill involved the placenment of the
nol ecuttings with limted control of water content and a specified
compactive effort. The nolecuttings were generally placed in
Gin. loose lifts and conpacted by six coverages wth the M kasa
double drum roller. In sone instances, water content control was
limted to permtting drainage of a conpacted |ayer overnight be-
fore placement of the succeeding |ayer. Eight lifts of mole-

cuttings were placed and conpact ed.
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2.4 Stratified Mlecuttings and Gavelly Sand

The first three lifts of this test fill were constructed
the same way as the test fill of Mlecuttings (No Special Con-
trols). The water content of the nolecuttings placed for the

third Iift was about 3% higher than optimm The surface of
the third lift was saturated and becane severely rutted during
conpact i on. Sandwi ching l|ayers of gravelly sand between |ayers
of molecuttings was done to determne (1) if the gravelly sand
provi ded drainage of sandw ched |ayers of nolecuttings and (2)
the feasibility of constructing a backfill of stratified
gravelly sand and nolecuttings (which may be required in the
zone of frost penetration). Therefore, lifts 4 and 6 were con-
structed using gravelly sand. Lift 4 was conpacted with six
coverages of the Mkasa double drum roller and lift 6 was com
pacted to at |east 95% conpaction. Mol ecuttings for lifts 5, 7
and 8 were generally placed in 8-in. loose lifts with limted
wat er content control and conpacted with six coverages of the
M kasa double drum roller.
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3. PERCENT COWPACTI ON OF TEST FILLS

3.1 Gavelly Sand

The percent conpaction of each lift was determ ned by per-
formng in-place density tests and |aboratory conpaction tests.
The average percent conpaction of the gravelly sand test fill
was 97.4%

The in-place density for each lift, after conpaction, was
determined by performng two 6-in. -diameter Sand Cone (SC)
tests and three Nuclear Density Meter (NDM) tests. The in-
place density determined by the NDM was generally perforned at
probe depths of 4 in. and 8 in. The two SC tests were perforned
adj acent to two of the NDM tests to provide a conparison of the
wat er content and dry density measured by each 'nmethod. The SC
and NDM tests were generally performed within a 5-ft radius of
the plate load test |ocation.

One-point conpaction sanples were obtained adjacent to the
SC and NDM test |ocations. The one-point sanples were conpacted
in accordance with ASTM D1557, Method D. The maxi mum dry density
for the one-point sanple was determned by plotting the one-point
dry density on a famly of curves for the gravelly sand and in-
terpolating the maxinum dry density. The percent conpaction was
computed by dividing the in-place dry density by the correspondi ng

one-poi nt conpaction determned maxinmum dry density. Table 1
presents the summary of the percent conpaction achieved in the
test fill. A profile of the test fill and the average percent

conpaction for each lift is showm on Fig. 2.

Three conpaction tests were performed in accordance wth
ASTM D1557, Method D, on bag sanples of gravelly sand obtained
from material placed in lifts 2, 4 and 7. The conpaction curves
and related grain-size curves perforned by Pittsburgh Testing Labs
are shown on Figs. 4 and 5, respectively.

3.2 Mdlecuttings (Controlled Placenent)

The average percent conpaction achieved for this test fill
was 96.7%  The in-place density of each lift after conpaction
was determned by performng several NDM tests and, when the
soil conditions were acceptable, one 1l2-in.-diameter SC test.
The SC test was perfornmed adjacent to a NDM test to provide a
conparison of the water content and dry density measured by each
met hod. Observations in the field and data from tests indicated
that the hole excavated for the SC test tended to squeeze in or
reduce in volune when the nolecuttings were placed and conpacted
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at water contents above or near optinmm Results from the SC
tests when these conditions existed gave unreasonably high dry
densities, and, as a result, SC tests were considered valid only
when they were performed in areas where the water content of the
mol ecuttings was less than 5% A nore conplete discussion of
this problem is presented in Section 5. The SC and NDM tests
were generally perforned wthin about a 5-ft radius of the plate
| oad test.

Generally, several NDM tests were required before a lift of
the nolecuttings was conpacted to a dry density that was esti-

mated to provide 95% conpaction. One-poi nt  conpacti on sanpl es
were obtained adjacent to the series of NDM and SC tests that

i ndi cated about 95% conpaction had been achieved. The one-point
sanpl es were conpacted in accordance with ASTM D1557, Method C,
except the mnus 1%-in. material was included for conpaction.

The maxi mum dry density for the one-point sanple was determ ned
by plotting the one-point dry density on a famly of conpaction
curves for nolecuttings and interpolating the maximum dry density.

Correction of the in-place dry density to account for the
plus 1%-in. material, which was renoved for the |aboratory test,
was necessary in order to determne the percent conpaction. De-

tails of the correction procedure are presented in Appendix A
The percent conpaction was conputed by dividing the corrected

in-place dry density by the corresponding maxi mum dry density

determ ned by the one-point conpaction technique. Table 2 pre-
sents the summary of the percent conpaction achieved in the
test fill. A profile of the test fill and the average percent

conpaction for each lift is presented in Fig. 2.

Two conpaction tests were perforned in accordance with ASTM
D1557, Method C, except the mnus 1%-in. material was included
and there was no limt on the percent retained on |&in. sieve
on bag samples of nolecuttings fromlifts 4 and 6. The_ conpac-
tion curves and related grain-size curves are shown on Figs.
and 7, respectively.

3.3 Modlecuttings (No Special Controls)

The average percent conpaction of this test fill was 93.0%
The water content of the nolecuttings during placement was gen-
erally above optinum and was not controlled during conpaction.
Sand Cone tests to determne the in-place dry density were not
performed because of the inaccuracy in performng the test in
nol ecuttings conpacted at water contents near or above optinmum
The in-place dry density was determned by performng at |east
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two and nost usually three to five NDM tests at probe depths
of 4 and 8 in. The NDM tests were generally performed wthin
a 5-ft radius of the plate |load test |ocation.

One-point conpaction sanples were obtained adjacent'to the
series of NDM tests that indicated the next lift of nolecuttings
could be placed. In some cases after a lift had been conpacted,
NDM tests perforned, and one-point sanples obtained, the lift
was permtted to drain overnight and additional NDM tests taken
in the norning. One-point conpaction sanples generally were not
obtained for the NDM tests perfornmed after drainage. The pro-
cedure to conpute the percent conpaction for each in-place den-
sity test was the sanme as described in the previous section.

Table 3 presents the sunmmary of the percent conpaction

achieved in the test fill. A profile of the test fill and the
average percent conpaction for each lift is presented in Fig. 3.

Two conpaction tests were performed in accordance with ASTM
D1557, Method C, except the mnus 1%-in. material was included
and there was no limt on the percent retained on the 1%-in.
sieve on bag sanples obtained from lifts 2A and 7A The com
paction curves and the grain-size curve for |ift 2A are shown
on Figs. 6 and 7, respectively.

3.4 Stratified Mlecuttings and Gavelly Sand

The average percent conpaction of the gravelly sand and
mol ecuttings test fill was 92.8% Mol ecutti ngs were used for
lifts 1, 2, 3, 5 7, and 8 for this test fill. The in-place
dry density and percent conpaction of the nolecuttings was deter-
mned in accordance wth the procedure described in the previous
section. Lifts 4 and 6 of the test fill were constructed using
gravelly sand. The in-place density for lift 4 was determ ned
by four NDM tests. One SC test and 3 NDM tests were perforned
inlift 6. The maxinmum dry density and conputation of the per-
cent conpaction at each in-place density test l|ocation was as

described in the section for gravelly sand. Table 4 presents
the summary of the percent conpaction in the test fill. A pro-
file of the test fill and the average percent conpaction of each

lift is presented in Fig. 3.
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4. PLATE LOAD TESTS

. Five plate load tests were perforned on the four test
fills. The plate load test nunber, test fill and date of the
test is presented bel ow

Plate Load Test No. Test Fill Date of Test
1 G avelly Sand June 7, 1979
2 Mol ecut ti ngs June 14, 1979
(No Speci al
Control)
3 Stratified Mole- June 15, 1979

cuttings and
G avelly Sand

4 Mol ecut ti ngs June 18, 1979
(Controlled
Pl acenent)
5 Mol ecut ti ngs June 27, 1979
(No Speci al
Control)
The locations of the tests are indicated on Fig. 1 and de-
tails of the procedure are presented in Appendix B. In brief
the procedure was as follows: an 18-in.-dianeter steel plate

was generally placed 12 in. below the surface of the test fill
and | oaded to produce contact stresses to 4 tsf and then to 12
tsf. Deflections of the plate were neasured and recorded.

The results of the plate load tests are presented in Figs.
B2 through BG6. Val ues of Young's Mdulus, E, were calculated
from the results of the plate [oad tests using elastic theory.
A description of the analysis is presented in Appendix B. A
sunmary of the nodulus calculated for each test is presented in
Table 5. The percent conpaction indicated in Table 5 represents
the average percent conpaction of lifts within the zone of signi-
ficant stress increase due to the load on the plate. For an 18-
in. -diameter plate this zone is about 18- to 36-in.-thick.

The soil nmodulus determned by the plate |oad test vs per-
cent conpaction is plotted on Fig. 8. The results indicate that
the nol ecuttingshave a nuch higher nodulus than the gravelly sand
when both materials are conpacted to the same percent conpaction.
In fact, the nodulus of the nolecuttings conpacted to 93% conpac-
tion is approximately equivalent to the nodulus of the gravelly
sand placed at 97% conpacti on. Plate Load Test No. 5 (PLT-5) was
performed 13 days after and about 4 ft away from Plate Load Test
No. 2 (PLT-2). The soil nmodulus for PLT-5 was about two tinmes



the nodulus for PLT-2. The increase in nodulus may have been
caused by densification of the nolecuttings as a result of
drainage over the 13 day period between the performance of the
two tests. Assumng that the nolecuttings were saturated after
PLT-2 and the water content reduced by 1% during a period of 13
days, the in-place dry density would have increased by 2 to 3 pcf
or about a 1 to 2% increase in the percent conpaction. The
nmodulus for PLT-5, as a result of the densification, nearly plots
on the line from PLT-2 to PLT-4.

Test PLT-3 was perfornmed on the stratified nolecuttings and
gravelly sand test fill. The average percent conpaction of the
nol ecuttings and gravelly sand was 92.5 and 96.1%, respectively.
Plate |load tests, PLT-2 and PLT-1, were performed on separate
test fills of nolecuttings and gravelly sands conpacted to about
the same percent conpaction and the noduli were 7,300 psi and 10,100

psi, respectively. The noduli determined for the stratified test
fill, however, was 17,000 psi. Based on the results of PLT-1 and
PLT-2 the anticipated nmodulus determned by FLT-3 was between 8

and 10,000 psi. The high nodulus measured by PLT-3 may have been

caused by one or nore of the follow ng factors:

L. Distribution of the load may have been nore rapid for
the layered fill than in a honogeneous fill, and

2. Drai nage of the nolecuttings and related increases in
dry density and nodulus may have accelerated faster in
the stratified test fill than in the honbgeneous mole-
cuttings (No Special Controls) test fill due to drainage
t hrough the gravelly sand |ayers.
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5. PLACEMENT AND FIELD CONTROL OF MOLECUTTI NGS

The purpose of this section is to present reconmendations
for the placement and field control of nolecuttings based on

field and |aboratory data obtained during construction of the
test fills.

Review of the data obtained provided the information neces-
sary to mmke recommendations on the limts for grain size, [Iift
thi ckness, determ nation of in-place density and percent conpac-
tion, and control of water contents of the nolecuttings. A
di scussion of each of the itenms is presented bel ow.

5.1 Gain-Size Limts

G ain-size analyses were performed on thre'e sanples of the

mol ecuttings used for the test fills. The grain-size curves
are presented on Fig. 7. The nolecuttings were generally wdely
graded with uniformty coefficients of 45 to 100. The naxi mum

particle size was generally less than 3-in.-dianmeter and the
percent by weight passing the No. 200 sieve was from5 to 7%
Based on these and other grain-size analyses recomendations for
gradation requirements were developed and are presented in
Appendi x A

5.2 Lift Thickness

The nolecuttings were placed in 8-in.-thick loose lifts
during construction of the test fills. Cbservations made during
pl acenent of the nolecuttings indicated that the ability to
achieve a specific percent conpaction was nostly affected by the
water content of the material rather than the thickness of the
lift. When the nolecuttings were placed at water contents above
optimum a specific degree of conmpaction generally was not
achieved until the water content was reduced to' or below the

opti num water content as a result of drainage. The tinme required
for drainage is a function of the Ilift thickness and, therefore,
where 95% and 93% conpaction is required, lift thicknesses of

8-in. and 12-in. are reconmended. The 12-in.~-thick loose |ift in

areas where 93% conpaction is required was recomended based on
the fact that the average percent conpaction of 93.0% was achieved
for the nolecuttings (No Special Controls) test fill wthout the
benefit of extensive conpactive efforts.
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5.3 Determ nation of In-Place Dry Density

The nuclear density neter (NDM) provides a much faster
determination of the field in-place dry density and water con-
tent than the sand cone (SC). The accuracy of the NDM tests
performed in the gravelly sand and nolecuttings was verified
by conparing the results of adjacent NDM and SC tests.

5.3.1 Gavelly Sand

CGenerally, two SC tests were perfornmed adjacent to
two NDM tests on each lift of the test fill to com
pare the in-place dry density and water content
nmeasured by each nmethod.. The in-place water con-
tent determined by the sand cone versus nuclear den-
sity meter is plotted on Fig. 9. The data indicate
that both methods neasure essentially the sane water
content at values less than 8% and, as the water con-
tent increases, the NDM neasures a |ower value than
the SC  As a result, a correction was applied to
the water content neasured by the NDM to conpute the
in-place dry density... A plot of sand cone versus
nucl ear density meter determned in-place dry density
is shown on Fig. 10. The correlation of the densi-
ties determned by each method was considered to be
poor . The correlation may have been inproved if
nore frequent noisture checks had been performed dur-
ing construction of the test fill.

5.3.2 Mol ecuttings

Twel ve-inch-di ameter sand cone tests were perforned

in the nmolecuttings to reduce the effects that the

maxi mum particle size and percentage of naterial

larger than the 1k%-in. sieve would have on in-place dry
density determ nation. The in-place dry density and
water content determned by the SC test was conpared
to the results from adjacent 8-in.-deep NDM tests.
Comparison of the results indicated the water content
determined by the NDM averaged 1.7% higher than that
determ ned by the sand cone. The 1.7% difference in
wat er contents was confirmed by performng water con-
tent checks at random NDM test |ocations. A 1.7% bias
correction was applied to the water contents determ ned
by the NDM A plot of sand cone determ ned water con-
tent versus nuclear density nmeter water content (wth a
1.7% bias correction) is presented on Fig. 11.
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The plot shows there is a good correlation between
the sand cone and nuclear density neter (after bias

correction) water content determ nations. A second
water content check was nmade on nolecuttings.after
the test fill was conpleted which indicated that

the bias had increased to 2.5%  Because the water
content bias changed significantly within a period
of two weeks periodic checks of the bias are
recomrended.

The in-place dry density determned by the sand cone
test and the 8-in. NDM test after correction for the
water content bias is plotted on Fig. 12. The solid
dots and dashed circles represent in-place dry den-
sity measurenents at water contents less than 5% and
greater than 5%, respectively. The data indicate
that there is good correlation of dry densities deter-
mned by both nethods at water contents |less than 5%
and that the SC measured higher dry densities than
the NDM at water contents above 5% For this test
fill the SC tests perforned in nolecuttings conpacted
at water contents above 5% are not considered valid
for the reasons presented in the follow ng discussion.

When the nolecuttings were placed at water contents
above about 5%, the conpacted surface would exhibit a
spongy behavior when one wal ked across the surface.
The degree of sponginess increased as the noisture

I ncreased above the optinmum water content. The
sponginess is believed to be caused by water and air
pore pressures. The net effect was that as the sand
cone hole was excavated the pore pressures at the
walls of the hole were relieved by the walls noving
laterally into the hole until an equilibrium of the
pore pressure at the walls of the hole was reached.
Thus, by the time the volume of the hole was neasured
a significant decrease in the volunme of the hole had
occurred but the quantity of soil excavated was from
the original volune. The result was that the dry soil
excavated was divided by a reduced . volume which re-
sulted in an inaccurately high conputed dry density.

The SC and NDM test results indicate that the NDM can
be used to determne the in-place dry density and water
content of nolecuttings. The water content bias should
be checked periodically to account for changes that
occur in the nolecuttings. Details of a recomended

pl acenent procedure arepresented in Appendix A
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5.4 Determnation of Percent Conpaction

The field and |aboratory data indicated the nuclear density
nmeter could be used to determne the in-place dry density after
the appropriate water content bias had been determned for the
mol ecuttings being tested.

The preferred field procedure for determng the percent com
paction of conpacted soil is as follows:

1. CGbtain a one-point sanple of the soil before conpaction.

2. Perform the' one-point conpaction test in the |ab and
determne the maxinum dry density from a famly of

curves.

3. Perform the in-place dry density of the conpacted |ift
using the nuclear density neter at or near the
| ocation of where the one-point sanple was taken.

This procedure can be used for the nolecuttings if at |[east
three nuclear density neter determnations of the in-place dry
density are made. The average of the three tests should be used
to represent the in-place density for conputation of the percent
conpacti on. The above procedure wll reduce the effect that m nor
variations in the character of the molecuttings will have on the
in-place dry density determnation.

The use of a standard |aboratory conpaction test or one which
was slightly nodified was considered the best nethod of deter-
mning the maximum dry density of the nolecuttings. The Modified
AASHG Conpaction Test, ASTM D1557, permts the use of mnus 3/4-in.
material to be conpacted in 6-in. nmolds. Gain-size analyses
performed on nolecuttings indicate that nearly 50% of the sanple
is retained on the 3/4-in. sieve, and, as a result, the material
passing the 3/4-in. sieve would behave much differently than the
total sanple during conpaction. A sanple of the nolecuttings that
woul d represent the conpaction behavior of the naterial was con-
sidered possible if the amount of coarse naterial renoved was
limted to about 20% by weight of the total sanple. This coul d
generally be achieved by removing material retained on the 1k%-in,
Si eve. For the test fill the laboratory conpaction used was ASTM
D1557, Method C, except the plus 1%-in. material was renoved.
Because this conpaction test, as nodified above, was used for the
test fill and gave reasonable results its use is recommended for
performng |aboratory conpaction tests on the nolecuttings.
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5.5 Water Content Control

The laboratory conpaction curves for compaction tests per-
formed on sanples of nolecuttings show a sharp peak in dry density
at the optinum water content, Fig. 6. The dfy ensity drops as
the water increases or decreases from the opti mum val ue. The
| aboratory data show that small variations In water content sig-
nificantly affect the degree of conpaction that can be achieved
in the molecuttings. This behavior was also observed during
pl acement and conpaction of the nolecuttings in the test fills.

In the test fill where placenent of the nolecuttings was con-
trolled, the required percent conpaction generally could only be
achi eved by controlling the water content, by either wetting or
drying, of the nolecuttings. The nost efficient conpaction of the
nol ecuttings was when the water content was from about 4 to 6%
Therefore, the water content of the nolecuttings should not

differ from optinum by nore than + 1%, for nost efficient compac~
tion.
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TABLE 1 - SumMMARY OF FIELD DENSITY TESTS

GRAVELLY SAND TEST FI LL

QUARTZI TE MOLECUTTI NGS STUDY

SEABROOK STATI ON

Page 1 of 2
Lift Sanpl e One-Point Compaction Laboratory In-Place Dry Density, pcf Per cent
No. No. Percent Water Dry Maximum Total Corrected Compaction
+3/4-in. Material Content Density Dry Density Sample For +3/4-in.
Material
% N Yqr Pef] Yqr Pef N
1 ND- 1 One- poi nt 122,11 120. 9 This col um 99.0'3)
ND- 2 sanmpl es  not 123.7 does not ap- 101.3<3)
ND- 3 obt ai ned 121.1 ply for compac- 99.2‘3)
SC-1 118.1 tion test per- 96.7(3)
formed using
2 SCG 1 11.1 9.7 120.9 123.0 115.0 ASTM D1557, 93.5
ND- 2 4.8 10.0 116.8 120.5 117.1 Met hod D 97.2
SG 3 9.4 9.0 120.1 123.0 120. 3 97.8
ND—4(1) 8.1 9.2 117.9 122.0 119.5 97.2(3)
ND-5 N. A 13.0 122.3 122. 3 119.2 97.4
3 ND- 1 One- poi nt 123.0 100.6¢3)
SC-2 sanmpl es not 126.0 103.2(3)
ND- 3 obt ai ned 121. 4 99.4 %)
SC—4(1) 122.5 100.3E§;
ND-5 N. A 5.2 115.5 122.1 121.5 99.4
4 ND—lfgi 8.5 4.9 117.8 125.5 119.1 94.9
SC—2(2) 8.5 4.9 117.8 125.5 120.5 96.0
ND—3(2) 5.0 7.4 119.1 124.0 124.1 100.0
Sc-4 5.0. 7.4 119.1 124.0 118. 8 95.8
ND- 5 5.8 \ 7.0 121.5 126.0 119.0 94. 4
NOTES: (1) One-point conpaction sanple perforned by Pittsburgh Testing Labs.

Geot echni cal

(2) One one- poi nt
adj acent

(3) Percent

Engi neers

conpacti on sanpl e obtained for
to each other.

sand cone and nucl ear

density test performed

conmpacti on conputed using maximumdry density determ ned by Pittsburgh Testing Lab

I nc.

Pr oj ect
July 12,

76301
1979



TABLE 1 - su:rArRy OF FIELD DENSITY TESTS
GRAVELLY SAND TEST FI LL
QUARTZI TE MOLECQUTTI NGS STUDY
SEABROQK STATI ON

Page 2 of 2
Lift Sanpl e One- Poi nt Compaction Laborat ory In-Place Dry Density, peT Per cent
NO. No. Per cent Vit er Dry Maxi mum Total Corrected Compaction
+3/4-in. Materi al Cont ent Density Dry Density Sample For +3/4-in.
‘ Materiiall
3 % Yqr Pcl Vg Pef 3
5 ND-1 8; 4.8 9.7 124.5 125.0 125.5 100. 4
sc-2 4.8 9.7 124.5 125. 0 123. 8 99.0
ND-3 5.8 10. 3 123.1 124. 0 120. 9 97.5
sc-4 ;) 13.0 9.3 126. 4 127.0 124. 9 98. 0
ND-5 13.0 9.3 126. 4 127.0 121. 3 95. 5
6 ND-1 3.9 10. 0 122.3 123.2 117. 8 95. 6
ND- 2 13.2 8. 4 126. 0 127.0 118.7 93.5
sc-3(2) 13.2 8.4 126.0 127.0 125. 7 99. 0
sc-4¢2) 9.1 7.6 123.3 126.5 123.0 97.2
np-5 (2 9.1 7.6 123.3 126.5 126. 6 99. 7
7 np-1 (2) 5.9 6.8 120.5 126. 5 122.5 96. 8
sc-2 (2) 5.9 6.8 120.5 126.5 123.8 97. 9
Np-3 (2) 10.7 7.8 121.0 124.8 121. 6 97. 4
sc-4 (2 10.7 7.8 121.0 124. 8 123.2 98. 7
ND-5 11.3 7.6 121.5 125. 8 121.9 96. 9
8 ND- | One- poi nt 119. 6 98.9522
SG- 2 sampl es not 118.9 98. 3(‘“
ND- 3 obt ai ned 120.2 99.4(;1
sC4. 118. 8 98.3
ND-5' 1) | N A 13.8 117.9 120.9 116. 2 96.1

NOTES: (1) One-point compaction sanple performed by Fittsburgh Testing Lab.
(2) One one-point conpaction sanpl e obtained for sand cone and nucl ear density test perforned
adj acent to each other.
(3) Percent conpaction conputed using nmaxi numdry density determ ned by Pittsburgh Testing Lab.

CGeo technical Engineers Inc. Project 76301
July 12, 1979



TABLE 2 = SUMMARY OF FIELD DENSITY TESTS

MOLECUTTINGS (CONTROLLED PLACEMENT) TEST FILL
QUARTZI TE MOLECUTTI NGS STUDY

SEABROOK STATI ON

Page 1 of 2
Lift Sanpl e One- Poi nt Conpacti on Laboratory In-Place Dry Density, pcf Per cent
No. No. Percent Wat er Dry Maxi mum Tot al Corrected Compactior
+1%-in. Material Cont ent Density Dry Density Sample For +1%-in.
of of Mat eri al
3 % Yq' P Yq' P %
1 ND- 12 One- poi nt N. A 145.5 N A N A
ND- 13 sanpl es not N A 144.0 N. A N. A
ND- 14 obt ai ned N. A 142.6 N. A N. A
ND- 15 N. A 146.9 144.5 N. A
2 RIIB— 10. 8 5.1 145. 4 151.0 150. 0 146.9 97.3
24.9 5.1 146.0 151.5 149.5 140.9 93.0
ND-107: 143.3 TTITT(2)
SC_ll(l) (1) 1(2) 3.7 143, 3(2) 153.0 153, 1615 1824 150.5 1584 %.43)
3 ND- 10 11. 4 4.6 145.9 152.0 : 143.1 139.0 91.4
""" (1) ————
ND-12 4.4 144.9 (2) , ,
| T8l
SC_lzmm 0. (2) 4144 144144 _(ﬂ2) 152.0 152.5 L 165 1L ‘ TG 144 $285%2
4 ND- | 7.3 5.0 151.2 154.0 149. 4 147. 4 95.7
ND-2 (1) 8.2 4.6 148. 3 154.0 148. 3 145.9 94.7
ND—B(l) 6.8 4.3 147.5 2) 154.0(2) 144.9 142.7 92.6
5C-4 (2) 147. 5( 154.0 149.7 149.7 97.2
NOTES: (1) One one-point conpaction sanple obtained for sand cone and nuclear density test perforned
adjacent to each other.
(2) Laboratory one-point conpaction test results and interpolated maximumdry density are from
adjacent nuclear density nmeter one-point conpaction sanples and test results.
(3) In-place dry density neasured is in error for reasons discussed in the text.
Ceot echnical  Engineers Inc. Project 76301

July 12, 1979




TABLE 2 - SuMMARY OF FIELD DENSITY TESTS
MOLECUTTI NGS (CONTROLLED PLACEMENT) TEST FILL
QUARTZI TE MOLECUTTI NGS STUDY
SEABROOK STATI ON

Page 2 of 2
Lift Sampl e One- Poi r Compact i n Laboratory In-Place Dry Density, pcf Per cent
No. No. Percent Water Dry Maximum Total Corrected Compaction
+1%-in, Materi al Cont ent Density yry Density Sample For +1%-in,
£ £ Mat eri al
3 % Ydl pcr Yd' pC s
5 ND- 8 5.6 4.9 148. 7 155.0 150. 6 149.1 96. 2
ND-9 1) 7.7 4.1 146.5 155.0 148.0 145.7 94.0
ND—losl) 14.5 4.7 1a0 | 1530, 149. 4 145.0 94.8
SC-11 (2) 146.0 153.0 162.3 160. 6 (3)
6 ND- 4 16.9 4.0 146.0 155.0 152. 6 146.0 95.5
ND- 5 (1) 7.8 4.5 147.9 153.0 150. 2 148.1 96. 8
ND-6 (1) 7.5 4.2 148. 3 154.0 152.3 150. 4 97.7
sc-7 (2) 148. 3 154.0
7 ND- 4 12.5 4.9 145. 2 151.0 147.1 143.1 94.8
ND- 5 12.2 5.0 147.5 152.0 149.5 145.9 96.0
ND- 6 10. 4 4.6 146. 3 152.0 147.6 144. 4 95.0
8 ND- | One- poi nt 146.0 N. A N. A
ND- 2 sanpl es not 146.5 N A N A
ND- 3 obt ai ned 146.1 N A N A

NOTES: (1) One one-point conpaction sanple obtained for sand cone and nucl ear density test perforned
adjacent to each other
(2) Laboratory one-point conpaction test results and interpol ated maxi mumdry density are from
adj acent nucl ear density neter one-point compaction sanples and test results
{3) In-place dry density measured is in error for reasons discussed in the text.

Geot echnical  Engineers Inc. Project 76301
July 12, 1979




TABLE 3 - SUMMARY OF FIELD DENSITY TESTS
MOLECUTTI NGS (NO SPECI AL CONTROLS) TEST FILL
QUARTZI TE MOLECUTTI NGS STUDY
SEABROOK STATI ON

Page ] of 2
Lift Sampl e One- Poi nt Conpacti on Laboratory In-Place Dry Density, pcf Per cent
No. No. Per cent Wat er Dry Maxi mum Total Corrected Compaction
+1%-1in. Material Cont ent Density Dry Density Sample For + 1%-in.
£ £ Mat eri al
5 % Yq' P€ Yq' PC 3
1 ND- 4 One- poi nt 146.3 N. A
ND- 5 sanpl es not 142. 4 N. A
ND- 6 obt ai ned 145.5 N. A
ND- 7 149.1 149.1 N A
2 ND- 4 12.3 4.6 147.7 155.0 149. 4 145.7 94.0
ND- 5 10. 6 5.8 149.0 152.0 145. 8 144.5 95.1
ND- 6 14.5 5.5 149.6 152.0 145.8 142.3 93.6
SC-7 12.3 4.6 147.7 155.0 157. 8 154.5 91.0
3 ND- 5 6.0 6.7 147.0 151.0 143.7 141.7 93.38
ND- 6 9.2 6.2 147.8 151.0 141.9 138.5 91.7
4 ND- | 10. 6 6.5 148. 8 151.1 144.7 141.1 93.3
ND- 2 15.5 6.6 146.0 151.0 143.0 137.1 90. 8
5 ND- | 12.3 4.9 148.9 153.0 150. 9 147.5 96.4
ND- 2 12.3 5.0 148.1 152.0 152. 2 149.0 98.0
ND- 3 24.8 4.7 147.7 153.0 140.5 129.0 84.3
6 ND- 5 23.5 4.3 153.3 156.0 154. 2 147.7 94.7
ND- 6 8.5 3.6 145.1 153.0 145.1 142.3 93.0
ND- 7 9.4 5.6 153. 6 155.0 143.3 140.0 90.3
CGeot echni cal  Engineers Inc. Project 76301

July 12, 1979




TARLE 3 - SUMMARY OF FIELD DENSI TY TESTS
MOLECUTTINGS (NO SPECI AL CONTROLS) TEST FILL
QUARTZI TE MOLECUTTI NGS STUDY
SEABROOK STATI ON

Page 2 of 2
1
Lift | Sample One-Poin Conpaction Laboratory | In-Place Dry Density, pcf Per cent
No. No. Percent Vit er Dry Maxi num Total Corrected Compaction
+1%-in. Material | Content Density Dry Density Sample For +1%~in,
of ¢ Mat eri al
s Yd’ P Yd' pc %
7 ND- 7 5.1 3.1 141.2 149.0 140.0 138.1 92.7
ND- 8 4.0 3.4 140.1 148.0 139.2 137.7 93.0
ND- 9 7.5 3.9 143. 6 151.0 148. 8 146. 6 97.1
8 ND- 1 One- poi nt 144. 4 N A N. A
ND- 2 sanpl es not 125.0 N. A N. A
ND- 3 obt ai ned 144.3 N A N. A
Ceot cchnical  Engineers Inc. Project 76301

July 12, 1979




TABLE 4

- SUMMARY OF FIELD DENSITY TESTS

STRATI FI ED MOLECUTTI NG5S AND GF\’AVEL‘LY sanD TEST FILL

QLJARTZITE MOLECUTTINGS  STUDY

SEABROOK STATI ON

Page 1 of 1
Lift Sampl e One- Pai r Compacti|n Laboratory In-Tlace -y Density, pcf Per cent
No. No. Per cent WAt er Dry Maxi mum TOY-11 Corrected Compactior
+ 14-in, Material Cont ent Density Dry Density Sarnle For +1%-in.
£ Mat eri al
% 3 Yq' P€ Yq' pcf %
3 ND- 7 15.0 5.7 149.3 153.0 148. 8 144.1 94,2
ND- 8 12.2 6.0 148.8 152.0 145.9 141.8 93.3
a M| np-3 11.3¢2 5.6 118.3 125.0 114.3 N A 91. 4
ND- 4 11. 5(§; 2.7 122.2 124.0 108. 1 N A 87. 2
ND- 5 3.3%2) 3.0 115.1 123.0 108. 2 N. A 88.0
ND- 6 7.4 4.9 116.9 124.5 110.6 N A 88.8
5 ND- 4 10. 4 4.3 145.7 151.0 151.3 148. 5 98.4(3)
ND- 5 16.3 3.8 144.8 153.0 138.1 130.8 85.5
6D sc-1 ¥ NA. N A 123.3 1.27.5 123.8 N A 97.1
np-2 (4 14.1%) 7.2 123.3 127.5 121. 1 N A 95. 0
ND- 3 2.1 (2) 6.8 118.8 124.5 119.3 N. A 95.8
ND- 4 12.4 8.3 120.3 124.0 119.6 N. A 96.5
l ND- 10 4.8 2.7 137.5 148.0 140. 2 138.4 93.5
8 ND- 4 One point 147.3 N A N. A
ND- 5 sanpl es not 140. 8 N. A N. A
obt ai ned
NoTEs : (1) Gavelly sand used for tne construction or Lift.
(2) Values represent percent +3/4-in. material.
(3) Nuclear density probe may have penetrated gravelly sand |ayer below.
(4) One one-point conpaction sanple obtained for SC-1 and ND 2.
Geot echnical  Engineers Inc. Project 76301

July 12,

1979




TABLE 5

- SUWARY COF PLATE LOAD TESTS RESULTS

QUARTZI TE MOLECUTTI NGS STUDY

SEABROOK STATI ON

Plate Load Soil At Soil Modulus, psi Average Remar ks
Test No. Test Location Virgin Rel oad Per cent
Conpaction
1 Gavelly Sand 10,100-10,500 |20,000-29,700 97.1
2 Mol e Cuttings 7,300-7,700 25,200-40,300 92.6
(No Speci al
Control)
3 Stratified 17,000-26,100 |41,200-45,300 | M.C..=92.5 | Ave. Percent
Mle Cuttings G.5.=96.1 | Conpaction
and Gavelly 93.7
Sand
4 Mol e Cuttings 28,300~-35,900 | 54,300-66,600 95.3
(Controlled
Pl acenent)
5 Mle Cuttings 13,200-21,200 | 43,100-49,200 Performed 13
(No Speci al days after
Control) PLT- 2
Geot echnical  Engineers Inc. Project 76301
July 11, 1979
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PRCFI LE OF GRAVELLY SAND

L

TEST FILL
18~in.~dia. Steel Plate (pPLT-1)
\\ Z:;ift 8 Ave. % Comp. = 98.2(1)
\ / Lift 7 Ave. 3 Conp. = 97.5
Lift 6 Ave. % Conp. = 97.0
Lift 5 Ave. & Conp. = 98.1
Lift 4 Ave. % Comp. = 96. 2 1
Lift 3 Ave. % Conp. = 100.6( )
. Lift 2 Ave. % Comp. = 97.4
Lift 1 Ave. ¢ Corns. = 99.0 (1)
Scal e: 1" = 2.%

One-point  conpaction sanmples not obtained. Aver age percent
conpaction is based on maximum dry density provided by PTL.

PROFILE OF MOLECUTTI NGS
(CONTROLLED PLACEMENT) TEST FILL

18-in.~dia. Steel Plate (PLT-4)

\ /Lift 8 Ave. % Comp. = N.A.

\—%—/ 1Lift 7 Ave. s Conp. = 95.3
Lift 6 Ave. % Comp. = 96.7
Lift 5 Ave. % Conp. = 95.0
Lift 4 Ave. % Conp. = 95.1
Lift 3 Ave. % Comp._= 95.7
Lift 2 Ave. % Comp. = 96.2
Lift 1 Ave. % Conp. = NA

Scal e: 1" = 2.5

Public Scrvice Company of
New Hampshire

i

Study

Quartzite Mol ecuttings |

GEOTECIH INICAL ENGINELRS INC
WINCHESTE H . MASSACHESLTTS

Project 76301

July 11, 19./n
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PROFILE OF MOLECUTTI NGS

(NO SPECIAL CONTROLS) TEST FILL
18-in.~dia. Steel Plate (PLT-2
and 5)
\ / Lift 8 Ave. % comp. = N.A.
\ /f‘ Lift 7 Ave. % Comp. = 94.3
Lift 6 Ave. % Conp. = 92.7
Lift 5 Ave. % Conp. = 92.9
Lift 4 Ave. % Conp. = 92.1
Lift 3 Ave. % Conp. = 92.8
Lift 2 Ave. % Conp. = 94.7
Lift 1 Ave. & Conp. = N A
Scal e: 1" = 2.5
PROFILE OF STRATIFIED MOLECUTTI NGS
AND GRAVELLY SAND TEST FI LL
18-in.-dia. Steel Plate (PLT-3)
\ / Lift 8 Ave. %Comp. = NA
Lift 7 Ave. % Comp. = 93.5
Gravelly Sand Lift 6 Ave. % Comp. = 96.1
. » Lift 5 Ave. % Comp. = 92.0
iGravelly Sand Lift 4 Ave. % Comp. = 88.9
Lift 3 Ave. % Comp. = 93.8
Lift 2 Ave. % Comp. = N.A.
Lift 1 Ave. % Comp. = N A

Scal e: 1"

2.5

Public Service Company of
Mew Hampsh ire

GEOTECHNICAL ENGINEERS INC

| Quartzite Mol ecuttings
St udy

PROFI LE OF TEST FILLS

O

WINCHESTER ¢ MASSACIHILSETTS

Project 76301
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In-place dry density includes plus 3/4-in. material.

In-place dry density based on 8-in. deep nuclear test. Densi ties

have been corrected for water content bias according to plot of
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cone devi ce
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APPENDI X A
SAFETY- RELATED STRUCTURAL FILL

MATERI AL
1. Gadation for nolecuttings should neet the follow ng
criteria:
3in. 100
1% in. 100- 70
3/4 in. 100- 35
3/8 in. 100-17
No. 4 75-10
No. 20 32-0
No. 40 22-0
No. 200 10-0O

2. The uniformty coefficient, D60/D10’ should be not
| ess than 5.

PLACEMENT

1. Mlecuttings should be placed in 8-in.-thick |oose
lifts and conpacted to 95% of maximum dry density
as determned by ASTM D1557 with exceptions for
testing noted in Section C. 2.

2. The water content of the nolecuttings should be at
opti mum + 1% during placement. The water content
during placement of quartzite nolecuttings should
be stockpiled or otherwise treated to reduce the
wat er content to less than 6% If the water content
is less than 4%, the addition of water during com
paction will be necessary if satisfactory conpaction
Is to be achieved.

3. Mdlecuttings should not be placed in direct contact
Wi th pipes, culverts, or other structures sensitive
to abrasion and/or high point |oads.

4.  The pore fluid of the nolecuttings is brackish and,
as a result, the resistivity of the nuck is likely
to be below the minimum limt of 10,000 ohms-cm3.
United Engineers is to develop recomendations for
pl acenment of the nolecuttings in areas when high
resistivity of backfill material is required.
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TESTING AND FI ELD CONTROL

1.

Due to anticipated variations in rock type the mole-
cuttings should be nonitored daily by determning the
grain-size distribution, water content, and rock type
for at |east one typical sanple. The grain-size

anal ysis should be perforned by using a wet sieving
technique and every tenth test should be perforned
by using the elutriation nethod, wthout pre-drying
of the sanple. The frequency of testing nmay be re-
duced in time after those testing becone famliar wth
the material and thus capable of judging when the
material is or is not acceptable.

a. If the percent passing the #200 sieve material
is greater than 103, the material should not be
used.

b. If the water content is greater than 1% above

optimum the nolecuttings should be stockpiled
or treated to reduce the water content to optinmm

A famly of at least three conpaction curves should bc
devel oped using ASTM D1557, Method C, except that the
mnus 1%-inch material shall be used. Each conpaction
curve should be acconpanied by a grain-size analysis.

Addi tional conpaction curves should be performed once
every 7,500 yards or earlier if visual changes in the

nmol ecuttings grain size is observed.

A bag sanple of the nolecuttings should be obtained
after the loose lift has been placed and before com
paction begins. The sanple should be |arge enough to
perform a |aboratory one-point conpaction test and to
neasure the percent material retained on the |& nch
si eve.

Separate the plus 1%-in. material and calculate its
percentage by weight of the entire sanple.

A one-point compaction test should be' perfornmed on the
bag sanple of nolecuttings in accordance with ASTM
D1557, Method C, except that the minus 1%-in. sieve
material shall be used. The maxi mum dry density for
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this sanple,., V,C(i] .. 1s determned by plotting the one-
point dry densﬁé_y on the famly of curves and inter-
polating the maximum dry density for the mnus 1%-in.
material .

The in-place dry density should be determ ned by per-
formng at least three nuclear density meter tests.
The average dry density should be used to conpute

t he percent conpaction. This method should reduce the
effects of sharp variations in the nolecuttings on the
in-place dry density determ nations.

a. The water content bias for the nuclear density
nmeter should be corrected for use in nolecuttings.
The water content bias should be checked weekly.

The percent conpaction is determned by dividing the
corrected in-place dry density by the |aboratory maxi-
mum dry density as determned in 6. above. A formula
to conpute the corrected in-place dry density, to
correct for the quantity of plus 1k-in. material, is
presented bel ow.

y YND - RG“IW
dc = 1I-R
wher e Yae = corrected in-place dry density for the
v m nus l%-in. sieve naterial _
ND - average in- place dry density determ ned
by using nuclear density neter
Y unit weight of water

specific gravity of nolecuttings
percent, by weight of the total sanple
retained on the 1l%-in. sieve

&
R

The percent conpaction is conputed as follows:

y
Percent Conpaction P(% = _dc x 100
Yax

= Maximum dry density of mnus 1%-in. material
determned in Step 5. from the famly of
curves and the one-point conpaction.

de
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NONSAFETY- RELATED STRUCTURAL FI LL

A. MATERI AL

L.

2.

G adation for nolecuttings should neet the follow ng
criteria:

3 in. 100
1% in. 100-70
3/4 in. 100- 35
3/8 in. 100- 17
No. 4 75-10
No. 20 " 32-0
No. 40 22-0
No. 200 10-0O

The wuniformty coefficient (DGO/DIO) should not be |ess
than 5.

B. PLACEMENT

1.

Mol ecuttings should be placed in 12-in.-thick | oose
lifts and conpacted to 93% of maxinmum dry density as
determ ned by ASTM D1557 with exceptions noted in
Section C. 2 for Safety-Related Structural Fill.

Mol ecuttings can be sandwi ched between presently ac-
cepted gravelly sand structural fill. en mole-
cuttings and gravelly sand are alternated in the back-
fill, the followng limts are recomended.

a. Mlecuttings should be placed in 8-in.-thick |oose
lifts and conpacted to 93% of maximum dry density
as determned by ASTM D1557.

b. Gavelly sand should be placed in accordance wth
the present specification for structural fill (i.e.,
8-in. loose lifts conpacted to 95% of ASTM D1557).

The water content of the molecuttings should be .at
optimum + 1% during placenent if no gravelly sand |ayers
are present. Wien the nolecuttings and gravelly sand
are placed in alternating layers, the water content of
the nolecuttings may be permitted to be as high as 2%
above optinum If the water content of the nolecuttings
exceeds the suggested limts of water content, the mole-
cuttings should be stockpiled or otherwise treated to
alter the water content. If the water content is |ow,
say 2 to 4%, the addition of water during conpaction
may be necessary to achieve satisfactory conpaction.
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Molecuttings should not be placed in direct contact
with pipes, culverts, or other structures sensitive
to abrasion and high point loads.

The pore fluid of the molecuttings 1s brackish ang,
as a result, the resistivity is likely to be below
the minimum limit of 10,000 ohms-cm®. United Engi-
neers is to develop recommendations for placement of
the molecuttings in areas when high resistivity of
backfill material is required.

C. TESTING AND FIELD CONTROL

Testing and field control for use of molecuttings in non-
safety-related areas is the same as for safety-related areas
except for Section C.1.b, which should read as follows:

b.

When the water content of the molecuttings 1s outside

of the range of optimum + 1%, the material should be
stockpiled or treated to reduce the water content to

within the suggested limit before placement.
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RANDOM FI LL

A. MATERI AL

The nolecuttings to be used as Randon Fill should conply
with the present specification as described in Specification No.

9763- 8- 4,

Section 3.2.2 dated Septenber 27, 1974.

B. PLACEMENT

1.

Mol ecuttings should be placed in 12-in.-thick | oose
l[ifts and conpacted to 90% of maxinmum dry density as
determ ned by ASTM DI 557 with exceptions noted in
Section C. 2 for Safety-Related Structural Fill.

Al though limts on the water content of the mole-
cuttings are not necessary, the nost efficient com
paction will occur at optinum water content +_ 1%

C. TESTING AND FI ELD CONTROL

Testing and field control for use of nolecuttings as Ran-

dom Fill

should be the same as outlined for Safety-Related areas

wth the follow ng exceptions:

C.

.a The gradation of the nolecuttings should conply wth

present specifications for Random Fill.

C.1.b No limt on the water content of the nolecuttings is

recomended. The maxi num perm ssible water content
in the field wll be dictated by the ability to
achieve the required percent conpaction.
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APPENDI X B
PLATE LOAD TEST

B-1 Purpose

The plate load tests were performed to determne the de-
formation characteristics of gravelly sand and nol ecuttings.
The results of the plate load tests provided the basis for
conparison of the two materials and to determne the effect
that percent conpaction has on their deformation characteristics.

B-2 Procedure

For each test a 24-in. -dianmeter hole was excavated to a
depth of 12 in., except for test PLT-3 which was 6 in. deep.
An 18-in.-diameter, 1l-in.-thick steel plate was placed on a
thin layer of liquid hydrous stone which was placed directly
on the bottom surface of the test hole. Additional 1-in.-thick
steel plates 14-in. and 10-in. in dianeter were placed in a
pyram d arrangenent on top of the 18-in. plate.

After the hydrous stone and plates were in place, the
plate was |oaded by a hydraulic jack reacting against the under-
side of a loaded, flat-bed trailer, as illustrated in Fig. B-I.

The | oads were neasured using a calibrate pressure gage.
Deformations of the plate were neasured using three dial
indicators attached to a reference beam as illustrated in Fig.
B-1. The dial indicators were graduated to .001 mm  The ref-
erence beam supports were separated from the center of the plate
by about 72 in., which was a sufficient distance for deflections
under the supports to be negligible during |loading of the plate.
The |oading sequence for each test was as follows:

1. Applied load to develop contact stress of 4 tons
per square foot (tsf) in four equal increnents.

2. Unload to zero load in two equal increnments.
3. Repeat |oad-unload cycle to 4 tsf.

4. Load to develop contact stress of 12 tsf in six
equal increments.
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5. Unload to zero load in three equal increnents.
6. Repeat | oad-unload cycle to 12 tsf two nore tinmes.

Each loading or unloading increment was held constant

until the rate of deformation of the plate was |less than
, 001 mm/min.

The air tenperature when the plate load tests were per-
formed was about 80° F.

B-3 Results

‘ The load versus displacenent curves for the tljve PI at e }oad
tests are illustrated in Figs. B-2 through B-6. he sTope o

the virgin load curve was generally straight except for test]
PLT-2 and PLT-3 where slight curvature was observed. The slope
of the reload curves were much flatter than the virgin curve

and the slopes of the repeated reload-unload cycles were parallel
as woul d be expected.

Val ues of Young's Mdulus, E, were calculated from the re-
sults of the plate load tests using elastic theory. The solution

for the settlenent of a loaded, rigid circular plate on an
elastic half space is as follows:

2

s = -qD(é'V)I- (From Poul os and Davis, p. 166)
where s = settlenent 4P

q = average stress on the plate = -g2

P = load on the plate

D = dianeter of the plate

v = Poisson's ratio

| = influence factor = 7/4

E = Young's Modul us

Assunming a value v = 0.3 and rearranging to conpute E, vyields:

The nodulus calculated is the average mobdulus within the zone
of significant stress which for an 18-in. Plate would extend between
18 to 36 inches beneath the plate.

The noduli calculated using this method are presented in Table
Bl. For each test tangent noduli were calculated using the straight
segnents of the load and reload curves.
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PRINCIBALS ASSUCIATES

" " CHARLLES £ O5GOOD
e %ﬂ‘;’iff?&ﬁ'&'s“" Mar ch 221 1978 GARTLETT W PAULDING, JR
' 3 ATY, .
RICHARD F. MURDOCK Project 77386
GONZALO CASTRO .
File No. 2.0

M. John Herrin

Public Service Co. of New Hanpshire
1000 EEm Street - 11th Fl oor
Manchester, NH 03105

Subj ect : Di scussion of Derivation
of Coefficients of Subgrade Reaction

Dear M. Herrin:

In the following we describe sone techniques that we have
devel oped to convert the noduli obtained fromtriaxial tests to
nmodul i of subgrade reaction for various |oading conditions. W
present this information to conpl enent various tel ephone con-
versations with D. Patel of UEsC.

Conput ati on of Coefficients of Subgrade Reaction

The coefficient of subgrade reaction, ks, represents soi
deformation, due to pressure acting along a boundary surface
as if the soil were conposed of independent springs, each repre-
senting a unit of area with a spring constant kg. The spring
constant is defined as a pressure divided by a displacenent.
Such a representation is convenient for analytical purposes but
negl ects the influence of adjacent |oaded surface areas on the
displacement of any given point on the boundary surface. Thus,
the coefficient of subgrade reaction is not a uni que nunber for
an elastic material but is a function of the size of the |oaded
area, the pressure distribution, and the geometry of the material
For a soil, the nodulus of subgrade reaction is al so dependent on
the method or sequence of loading, i.e., the stress path

On the basis of the theory of elasticity, we have conputed
coefficients of subgrade reaction for the structural backfill and
the sand cenment for three geometries of | oadi ng using the nodul us
of elasticity and Poisson's ratio data obtained in the triaxial
test results. The geometries of |oading studied are illustrated
in Figs. 1 through 9 and are as follows:
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1. Grcular or square footing subjected to vertical |oad

2. Pressure inside a cylindrical cavity in the soil nass
assuming a plane strain condition. This is representa-
tive, for exanple, for the loading produced by thernal
expansion of the cross section of a buried pipe.

3. Pressure inside a cylindrical cavity with sinmultaneous
application of a vertical surcharge, p, and a hori zon-
tal pressure, k p. This loading is an approximte re-
presentation of the placenent of fill over a buried
pipe, which defornms to produce an increased |atera
stress around the pipe. A plane strain condition was
assumed. ‘

The nodul us of elasticity and Poisson's ratio used in the conpu-
tations are strain dependent and were selected for the average strain
in the region of the soil mass that contributes nmost to the displace-
ments, nanmely, W thin a distance of one diameter fromthe pipe and one
footing width below the footing base. These strains were correl ated
with the displacements which, in turn, were expressed in terns of
footing settlenent divided by footing width, 6/B, or in terms of the
dianeter strain of the pipe, €5. In Figs. 1 through 9, the values of
the coefficient of subgrade reaction are plotted as a function of (T/B
or €5 and confining pressure. Confining pressure is to be taken as
the effective overburden pressure conputed at the el evati ons shown in
the figures. An exception to the above procedure is that for the sur-
charge type loading, a constant Poisson's ratio of 0.3 was used

The elastic nmodulus E and Poisson's ratio v used as a basis for
the coefficient of subgrade reaction conputations were obtained from
triaxial conpression tests in which the mnor principal stresses were
kept constant and the nmj or principal stress was increased nonotoni -
cally wuntil the specimen failed. Such a stress path woul d be sufficient
to determine E and v for an elastic mterial. However, soil is not
elastic and E and v are dependent on the stress path or stress history.
In particular, higher values of E would be obtained for repeated or
cyclic |oading. For the static load conditions, we feel that the val ues
of subgrade reaction presented are reasonable estinates for the in-situ
| oading conditions. As shown in the next section, the values conpare
well with values given in published literature. W reconmend, however
that when these values are used, sensitivity analyses should be made to
assure that the designs are safe for a range 25% above and bel ow t he
given values.

Conpari son Wth Published Coefficients of Subgrade Reaction

The coefficients of subgrade reaction obtained fromthe GEI tests
were conpared with data presented by K  Terzaghi in the paper entitled

(I) GEOTECHNICAL ENGINERERS INC.
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"Evaluation of Coefficients of Subgrade Reaction ," Geotechnique,
vol. 5, 1955, pp. 297-326.

For shallow footings the vertical coefficient of subgrade re-
action for a one square foot plate, Koyo is estimated by Terzaghi
to range between 300 and 1,000 ton/cu F’t for dense sands, i.e., a
range for ks x B of 4,000 to 14,000 psi. These val ues are intended
for shallow %ootings, e.g., a typical depth of enbednent, Df, af 4
ft, and for a wdth, B, of one foot. Thus, they are representative
of confining pressures equivalent to a depth of 4.5 ft or about 4 psi.

The coefficient of horizontal subgrade reaction is given by
Terzaghi for a 1 sq ft vertical area at a given depth, and it is
assumed to be proportional to the effective stress at that depth.
For example, for dense sands at a confining pressure of 10 psi, a
range of k.D of 7,000 to 14,000 psi is indicated.

The GEI data for structural backfill, for strains of about 1%,
Figs. 1, 2, 4 and 5, agree with Terzaghi's data. No specific infor-
mati on on strain level is given by Terzaghi for his data, but he
indicates that the data are applicable to a factor of safety agai nst

bearing capacity failure that is larger than two. It is also inplicit
that the factor of safety would not be nuch nore than 2. Perhaps it
lies in the range of 2 to 4. For such factors of safety, the results
of plate load tests on sands (1 sq ft plate) would indicate typical

settlements of 0.1 in. to 0.3 in., which would be equivalent to a
vertical strain on the order of 1%in the soil adjacent to the plate.
Thus, the data for the structural backfill obtained fromthe triaxial
tests correspond to coefficients of subgrade reaction within the
range given by Terzaghi.

Sincerely yours,

GEOTECHNI CAL  ENG NEERS | NC.
‘ s o
droile( gl
' Gonzai Castro /
Pri rlci pal ~ ‘
P A <. )

Steve J. Poul os

Princi pal
GC/ SJP: ns
Encl .
cc w/encl.: R Pizzuti, YAEC
D. Rhoads, UE&C
A. Desai, UE&C
D. Patel, uescC

(l) GEOTECHNICALL ENGINERIRS INC,
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ABSTRACT
Results are presented which verify the adequacy of the Seabrook
containment to resist the inpact of an FB-111 type aircraft. I'ncl uded
is a description of the dynam c forcing function, the elastic-dynamic
analysis, the elastic-plastic analysis, an estimate of reinforcenent
and liner strain and a verification of the punching shear capability

of the containment.

It is shown that there exists no credible nechani sm by which spilled
fuel fromthe inpacting aircraft can access the annulus. The ensuing
fire is, therefore, postulated to start in the immediate vicinity
external to che enclosure and it is denonstrated that these externa
fires do not, in any way, inhibit or handicap the safe shutdown cap-

ability of the plant following the postulated crash

It is concluded, that under the aircraft inpact, the containment
structure is able to withstand postulated inpact and that the consequences

of the aforenentioned fire hazard is mtigated by the inherent design

features of Seabrook Station

ii
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1.0 STRUCTURAL ANALYSI S OF SEABROOK STATI ON CONTAINMENT

FOR Al RCRAFT | MPACT

1.1

[ ntroduction

The Seabrook Station containment has been anal yzed for the effects of
a-postul ated inpact by an FB-111 type aircraft with a speed at

inpact of 200 nph.  Based on the anal yses performed;-the adequacy

of the containment to wthstand the postulated inpact is verified.

The Seabrook Station containment and enclosure building is described

in Section 3.8.1 of the Seabrook PSAR. The FB-111 aircraft, the mssile
in the postul ated impact,is 73.5 feet long, has a wi ngspan (spread

oosition) of 70.0 feet and weighs 81.800 Dounds (See Reference 1).

In order to perform the analyses, a force-time relationship is

devel oped from the mechanical properties of the inpacting aircraft.

An el astic dynanmi c analysis indicates that an elastic-plastic
dynam ¢ analysis is required to predict the flexural response of the
structure. Fromthis analysis of the structure, an estimate i S nmade
of the strains experienced by the reinforcing bars and [iner
Subsequently, an analysis is performed to verify the adequacy of the

containment against punching shear and penetration

1.2 FORCI NG FUNCTI ON FOR | MPACTI NG Al RCRAFT

The tinme variation of the load on a rigid surface due to an inpacting
aircraft my be developed using the mnomentum principle. The governi ng
equations which are used to determne the time variation of the force
experienced by the target are (Reference 2):
R a2 L
-r o =L T e d
2
at”
§ (o

fn.2
R(e) = P_(£(0) + &2 1ydn;e)
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wher e
R(t) is the force acting on the target (positive for conpression),
fn(t) is the extent of crushing at any tine t as measured fromthe
| eading edge of nose of the mssile,
Pc(gn) is the load required to crush the cross section of the mssile
at any distance {n from the nose, (positive for conpression)
w(En) is the mass density per unit length of the misieas a function

of the distance from the nose.

These equations are used to determne the two unknowns, the crushing
| engt h, ’in(t),and the reaction, R(t), as functions of tine. The
information required to determ ne these variables consists of the

initial inpact velocity, Weight or mass distribution and crushing

load distribution of the aircraft.

The first equation is integrated nunerically to obtain the velocity

tme hi story. The reaction force is then determned fromthe second

equat i on.

Figure 1 shows three views of the FB-111 aircraft. Figure 2aahows
the one dinensional idealized model of the sane aircraft. Figure 2b
describes the weight distribution for an FB-111 with a total weight

of 81,800 pounds. The sketch and the weight distribution are obtained
from Reference 1.  The particular configuration used is essentially
the sane as that summarized on P. 1.3.3 of Reference 1 with the wing

stores and wing useful load renoved.

This configuration is consistent withthenormaloperatior (9nY of the
time) of the FB-111 at Pease AFB. The val ue of 81,800 pounds is the

|-2
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wei ght before the airplane has warmed up and taken off. In normal
flights the aircraft would fly a mssion and return to Pease AFB with
approxi mtely 10,000 pounds of fuel. On this basis, the |anding

wei ght would be approximtely 59,000 pounds. For those mssions

when the aircraft is flown with wing tanks the maxi num take-of f

wei ght is 100,000 pounds. The FB-111is not allowed to land with

fuel in these wing tanks; therefore in all cases the maxi mum | anding

weight is 81,800 pounds.

Thus, the 81,800 | bs weight of the FB-111 used in the inpact analysis
was the fully loaded FB-111 without wng tanks. This weight is
conservatively large for any configuration of the aircraft flying

out of Pease AFB, but it was used because it represented a maxi mum
upper bound on the weight of the FB-111 in the landing pattern.

The exact crushing load distribution for an PB-111 is not available.
The crushing load distribution shown on Figure2c is arrived at by
scaling the known val ues for a Boeing-720(Ref.2).It i S denonstrated
inthis report that the peak value of the reaction is relatively

insensitive to reasonable variations of  the crushing [oad.

Figure 3shows the reaction-time relationship for the FB-111 striKking
arigid wall at aninpact velocity of 200nph. The peak value of the
reaction is 8.2 x 1o6 pounds.  This peak val ue occurs when the wing

structure is in the process of collapsing. This peak reflects the



SB1l &2
FSAR

corcentratior cf massinthewi Ng Structure and the fuel that is

stored in the fuselage in the Vi cinity of the wing locatior. It js
noted that the cross-sectional area over whichthepeakoccurswill
be considerably larger than the area of fusel age cross-section. The

secondary peak Of 4.2 x 10% pounds (at 0.21 sec.) occurs when the

airplane is arushing in the vicinity of the engines.

The determnation of the sensitivity of the reacticn to the magnitude
of the crushing load is investigated by determinirg the rcaction for
val ues of one-fifth and five times this crushing load. These

results are shown in Figure 4. From Figure 4, +the peak values of the

reactions are

6
Pc/5 8.5 X 10 poundn
PC 8.2 X 106 pounds
5xP, : 7.1 x 108 pounds

The peak val ue of the reaction is relativelv insensitive to variations
in" the nmagnitude of the crushing | oad, and the scal ed val ue of Pc is
judged to give accurate results

1.3 Flexural Behavi or of Contai nment

1.3.1 Elastic Dynam c Analysis

Forthe elastic dynamc analysis, the finite elenent method
was chosen as the analytical nethod, and a conputer program
for axisymretric structures subjected to arbitrary static and
dynam ¢ |oads was used. (See Reference 3 for the basis of the
mechanics of the program) Danpi ng was not considered.  Thus,
the predicted structural response is slightly larger than that

whi ch does occur
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To acconplish the analysis, several assunptions were made.

They are as follows:

i) The containment i S fixed at the base of the cylinder.

ii) Inpact |oads are uniformy distributed over the |oading
zones.

iii) In the axisymetric analysis (inpact at apex of dome), the
| oading zone is a circle with a radius of 52.77 inches and
an area of 8748.3 square inches.

iv) In the asymretric analysis (inpact at springline), the
loading zone is a square, 93.53 inches on a side and
8748.3 square inches in area.

v) The stiffness of the reinforcing steel is neglected; only
the gross concrete volume is considered. The modul us of
elasticity was taken as 3.0 x 106 1bs/sq. in., Poisson's
ratio was taken as 0.15, and the weight density was
taken as 150 pcf.

vi) The effect of the enclosure building is neglected. It
can be shown that the enclosure absorbs approxi mately 4%
of the energy of the inpacting aircraft.

The containnent structure is nodeled with axisymretric conical

shell elements, a plot of this nodel is shown in Figure 5.

Two inpact positions, the apex of the done and the springline,
are considered. The inpact at the dome is uniformy
distributed over the first seven (7) elenents, and the inpact
at the springline is uniformy distributed over the six (6)

el ements nearest to the springline. By means of a hal f-range

cosine series, the load at the springline is confined to a
|-5
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6.18' arc. Thirty (30) terns were used to represent this
Fourier series which is shown, normalized to 1.0, in Figure 6.
Experience with loadings simlar to the | oadings here, has
demonstrated that twenty (20) ternms of the series were found
to be too few and ninety (90) terns were found to vield results

very close to those generated by thirty (Z0) terns.

Sel ected maxi numresults for the axi symetric and asymretric

anal yses are given in Tables 1-1 and |-2, respectively. These

moments will cause cracking of the concrete and yielding of
the rebar. Therefore, an elastic-plastic dynamc analysis is

required.

Elastic-Plastic Dynamic Analysis

The procedure followed for the elastic-plastic analysis of

the response of the containment under aircraft inpact follows
that of Biggs (Reference 4). In this procedure, knowing the
load-time relationship, the first natural frequency of that

part of the structure participating in the energy absorption
and the allowable ductility ratio (defined as the ratio of the
maxi num defl ection to the deflection at yield), the ratio (F/Rm)
of the maxinmumvalue of the |oad-tinme relatjonship to the

maxi mum val ue of the resistance function can be determ ned. This

1-6
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can then be conpared with the actual estimated maximum val ues

of the load-tinme relationship and resistance function.

The force-time relationship, given in Figure 3 is approxinated
by a triangular load-tinme curve with the sanme total inpulse

and peak force. This ideal and the actual force-time relation-
ships are conpared in Figure 7 . It is assumed that a circular
region of radius "a" wll participate in the energy absorption,
The natural frequency, associated with this participating
region, is estimted on the basis of the first natural

frequency of a flat circular plate of radius "a" clanped at

the edges. The assunption of clanped edges, in that it gives

a smaller period for the first natural frequency than in the
actual case, is a conservative sinplification. This follows
because, in general the value of the maximum allowable forcing
function decreases as the first natural period decreases (Ref. 4,
p. 78, Figure 2.26). Conversely, ignoring the curvature is
non-conservative in that it gives an estimate'of the period
which is larger than the actual case. For small val ues of the

radius "a", the curvature effect is mniml.

All calculations are based upon the 3'-6" done section
configuration, The first natural frequency of a flat circular

plate, clamped at the edge is:

]
1
P 'JM a?_ X. 17

where D is the flexural rigidity and Mis the mass density per unit
surface area (See, for exanple, Ref. 5).

|-7
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For the 3'-6" thick concrete plate with a Young's nodul us of

3 X 106 psi and a unit weight of 150 pounds per cubic foot,

the period is:
uncracked Section cracked section
T = a2 "a" in feet T < a ]
15.94 x 10 12.86 x 10

Using Fig, 2.26 of Reference 4 (p. 78), the ratio F/Rm, as a
function of the radius of the participating material of the
containment, can be determined for various values of

ductility ratio.

For the purpose of this investigation, two (2) ductility
ratios, 3 and 10 are used. For plates and shells, the |ower
value is conservative, the larger value reasonable. The
results of the calculations are shown in Table |-3 and Figure
8. Al'though the range of Fig. 2.26 of Reference 4 is
limted to a td/T of 20, it can be observed that for a
ductility ratio greater than two and td/T of 20, F/Rm is
greater than unity. Therefore, the allowable peak force,

F, can be larger than the maxi mum val ue of the resistance, Rm

1.3.3 Resistance Function

In the vicinity of the inpact region, the response of the
structure is assumed to have the characteristics shown in

Figure 9Ya.

For values of the force less than Rm the displacements are
limted in magnitude even though the response may be inelastic.

As the | oad reaches the value Rm, the defornations are able
[-8
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to become arbitrarily large, i.e., the collapse load has been
reached.  The collapse load for a concentrated load on a
curved shell is not readily accessible. As a conservative
estimate, the collapse load for a flat plate wth reinforcenment
the same as the dome is used to estimate the coll apse | oad

for the shell..

Expecting the yield [ine formation shown in Figure 9b observation
suggests that the clanped boundary condition case should be

used. The value of the collapse load, Rm is then (Reference 6)

e+ -
R,M=277(Mu +Mu)
wher e M is the ultimate nonent capacity and the notation + and =

refers to the outside and inside reinforcement respectively.

The ultimate monent capacities and collapse loads of the

contai nment are:

done MY = 643 k-ft./ft.
M = 651 k-ft./ft.
Rm = 8,131k

springline M = 1,235 k-ft./ft
M 643 k-ft./ft
11,800k

Rm
At the done, the collapse |oad and peak | oad are approxi mately
equal . However, from Figure 8 , the dynanmic effect allows
the structure to wthstand loads in excess of the capacity.
FromFigure 8 the allowable load is 10% larger than the

resistance or collapse |oad. Therefore, the apex will not
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collapse.  Since the maximum | oad, 8,200k is | ess than the

capacity of the done in the springline, 11,800k, collapse wll

not occur at the springline.

The donme will not collapse, under the applied |oad.

1.3.4 Estimation of Rebar and Liner Strains

Wiile plastic analysis techniques are useful for finding collapse
| oads, they cannot be directly used to find the strains and

di splacenents corresponding to collapse |oads.

However, a procedure making use of the ductility ratio can be
used to approxi mate the maximumstrains in the structure
subj ect to dynam c | oadi ng when nonlinear material behavior

Is encountered. This procedure is described bel ow

A typical |oad-displacement curve for reinforced concrete
section is shown in Figure 10.  This curve is linear up to the
| oad causing cracking (Pcr) after which a straight line of
somewhat flatter slope is obtained until the |oad (Py) I'S

reached which causes vyielding of the steel.

Any increase in |oad beyond (Py) causes the displacenent to
increase  disproportionately. Further increase in |oad causes
extensive displacenents to occur, resulting in eventual collapse.
This actual behavior of the structure was idealized as shown in
Fi gure 9a, and was used for the elastic-plastic dynam c analysis
previously discussed. This 1dealized curve represents the

resistance function of the structure.

[-10
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The ductility ratio, u, referred to in the elastic-plastic
dynamic analysis represents the ratio of the maxinum displacement
of the structure to the deflection established as yield (Yel) for

the structure.

Wiile it is recognized thatthe ductility ratio is not an exact
neasure of the nmaximumstrain at a particular point of the
structure, it can be used as an approxi mati on because the strain
at yield in the actual structure is very nearly thestrain

corresponding to yield for theidealized structure.

The procedure used herein is based on the peak of the actual
forcing function resulting fromthe-aircraft inpact, theduration
of loading, the idealized resistance function for the structure
and the first natural period of the responding part of the
structure. By using the above known quantities, the correspondi ng

ductility ratio for the structure may be determ ned.

For a peak in the forcing function of 8,200k and a maximum force
in the resistance function of 8,130 k, the maxi numductility ratio
for all ratios of td/T is approximately],5(See Fig. 2-26, Ref. 2).
Thus, regardless of the natural period of the responding part of
the structure, the largest displacenent that will occur under the
aircraft inpact loading is the sameasthat correspending to yield

for the idealized structure.
The yield strain for thereinforcing steel is
Y 30 % 10% - 0.002 in/in

1-11
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[f it is assuned that the strain corresponding to yield (Yel) for
the i deal i zed structure is 50% |arger than this (actually is much
less than this),, then an upper bound for thestrain in the
reinforcing steel will be:

e=1.5 X 1.5 x 0.002 in/in = 0,005 in/in

Since the liner and the tension reinforcing steel are only several

inches apart in a 42" thick containment done, they will be
strained to nearly the sanme values. Hence, there will be no

possibility of inpairing the leak tight integrity of the Iliner.

1.4 Response of the Enclosure Building

During the early stages of the inpact process, the enclosure building
will deformuntil it comesinto contact with the containnent. The
encl osure building must deflect five feet in order to come into
contact with the containnent done. Such a deformation will involve
an inelastic response.  This inelastic response will involve both

flexure and shear.

The 15" thick enclosure building is reinforced with #10's @ 12",

both ways and both faces. The collapse load is 635k.

The all owabl e shear load will depend upon theshear area over which
the transverse shear stress acts. This shear area is determned by
mul tiplying the average shear periphery by the effective depth of
the shell.  The average shear periphery is determned by a contour
which is at a distance of one-half theeffective depth away from the
contour of the contact area (Figure 11). Figures 12 to 21 show the

i npact area and shear periphery associated with various |ocations

1-12
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along the aircraft and for the effective depths of the enclosure

building (9") and containnment (37").

The reaction as a function of the cross section being crushed is
determined from the reaction-tinme and crushing distance relationship

and is shown in Figure 22.

From this information, it is possible to examne the effect of the
aircraft inpact on the enclosure building as a function of the
distance being crushed.  Figure 23shows the average shear stress

on the enclosure as a function of distance being crushed. For

exanple, using a shear strength of 4.25 ff"—c', the encl osure building
will fail by shear when the aircraft is crushing at 7.25 feet. Al'so
shown on Figure 23is the reaction as a function of the distance being
crushed.  For a collapse |oad of 635k, the enclosure building wll

col lapse when the aircraft is crushing at 9.75 feet. It would

appear that, using 4.25/f't as a shear strength,the enclosure tvilding
woul d fail by shear before collapse, however, the two events

woul d occur at a tine difference of 00086 sec. Any increase in
actual shear strength above 4.25ff'_c woul d increase the possibility
of punch through and col | apse happening sinultaneously. As will be
dononstrated in Section 1.5, the actual shear strength can vary

consi derably above a value of 4.25/f—':. No cl ear conclusion can

be drawn as to whether punch through or collapse occurs first. Based
on the above discussion, the failure of the enclosure building wll

i nvol ve both extensive shear and flexure damage and it will deform

until it conmes into contact with the containment.

1-13
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1.5 Shear Capability of the Containnent

The enclosure building will deformuntil it cones into contact with
the containnent dome. The dome will then resist the inpact force
and experience transverse shear stress in the vicinity of the inpact
area.  The maxi mum average shear stress is determned by defining a
shear perineter and thickness over which the inpact force is acting.
Figure 24 describes the procedure by which the shear perineter for
the maxinmum average shear stress acting on the containment done is

det er mi ned. The shear perinmeter for the containment is at a

di stance

(effective depth of enclosure) + (effeCtlve dept? of contallwwent)

away fromthe perimeter of the inpact area.

The val ues of the shear perineter for various cross sections of the
aircraft are given in Table |-4. Al'so shown are the shear area,

inpact force and average shear stress for the containnment building.

The val ues of average shear stress as a function of the cross section
being crushed is shown in Figure 25. The shear stress is given in
terns of psi and /?7:. The maxi mum val ue of the average shear stress
occurs when the aircraft is crushing at a distance of 35 feet from
the nose. The value of this maxi num average shear stress is 229 ps

or 4.18Jf'c.

Various shear strengths have been proposed. A tabul ation of these
shear strengths, for parameters simlar to the aircraft and structure
under discussion is shown in Table [-5. It is seen that the maxi mum
nom nal shear stress of 4.18/?7; is less than all the other

proposed val ues except the conservative value of 4vE'. as proposed by the

1-14
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Xl -Committee 326. Hence, it is concluded the the containment

will not fail by punch through.

1.6 Requirements to Prevent Perforation

The velocity of the engines as they inpact on the enclosure building

and containnent is 250 fps.

The FB-111 has two Pratt & Witney JTF10A-270 (Mlitary designation
TF30-P-7) jet turbo fan engines with an outside dianeter of 50.22
inches.  Each engine has a dry weight of 4,121 pounds (Ref. 1).

The thickness of the dome required for no performation was determned

using procedures reported in Reference 7.

The pertinent nomenclature is :

X penetration thickness for infinitely thick slab (inches)
e perforation thickness for reinforced concrete (inches)
dm dianmeter of missile (inches)

% velocity of inpact (feet per second)

w weight of mssile

180
Vf'c

f'c ultimate conpression strength of concrete (psi)

.8

. W 0.2(v
G = K(.72)(.50)=5 dm (100

1-15
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Since a jet engine is not conpletely solid (thin shells for torque
transm ssion, blades for fan, conpressor and turbine, burner cans for
combustion) the engine was assuned to behave simlarly to a hollow

pipe mssile.

For a fan-jet, the outside dianeter is slightly larger than the gas

generator.  Two values of dm (the dianmeter of the gas generator)

were used, SO 23 inches and 40 inches. The results are:

dm (inches) e(inches)
50. 22 21.8
40.00 22.8

These val ues can be conpared with the done thickness of 42 inches.

From these cal cul ations, itcan be concluded that there will be no

perforation.

Concl usi ons

Fromthe above results of the analysis of the Seabrook Station
Containment, the following conclusions can be made:

1. The enclosure building will fail and will come into contact with

the containment building. The nmode of failure will not be by

shear or flexure alone, but will involve both types of
damage.
2. The containment building will not fail. The flexural strength wll

prevent collapse.  The shear strength will prevent.punch r.hfough.
There will be permanent damage tothe structure, but the extent
of this damage will not be sufficient to cause loss of the
integrity of the building.

| -16
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3. The liner strains,although inelastic, wll be sufficiently smal

so that tearing of the liner wll not occur.

4. The engines wll not perforate the containment.

These conclusions can be made even though the above analysis was

performed with considerabl e conservatisms. The conservative aspects

of the analysis are:

1. The reaction-time relationship was determned for inpact on a rigid
target. A realistic, flexible target would reduce the peak val ue
of the reaction.

2. Normal inpact was assuned.  Any inpact angle other than 90° reduces
the inpact force and increase the area over which the inpact
force acts.

3. The arcing effect of the doubly-curved done was ignored. Arching

i ncreases thecollapse and punching |oad capacities.

4. The shear stresses can be conputed nore accurately using the
effective force occuring during the tine necessary for the
structure to respond rather than the peak instantaneous force.

The peak instantaneous force will give |arger shear stresses than
the effective force

5. The actual concrete conpression strength will be larger than the
specified strength of 3,000 psi. This would result in a larger

value for the shear strength.

6. A conservative estimate of the shear periphery used to calculate

shear areas and shear strengths wasghosen. Tphe

1-17
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failure cone was assunmed to be through the containment only and
not through the conbined thicknesses of the containnment and

enclosure building, The latter would be nore accurate.

The integrity of the containnent building wi.l not be inpaired in the

occurrence of the postulated aircraft inpact.
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TABLE | -I

MUM RESPONSE

AXISYMMETRICANALYS| S

(1NPACT AT DOVE)

@ Meridional -1006 Ft-K/Ft
=1

% Circumferential -1005 FT-K/FT
g .

@ Mer i di onal -478 X/Ft

Q

E Circunferential -478 F/Ft
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TABLE 1-2

MAXIMUM RESPONSE
ASYMVETRI C  ANALYSI S
(IMPACT AT SPRINGLI NE)

g | Meridional -1139 Ft-KI Ft
Q -
§ Circunferential -1309 Ft-K/Ft
=\D
o
E| o Meri di onal 383 K/Ft
(4]
% E Circunferential 442 ¥/Ft
=] <7
m Meri di onal -1148. Ft-K/Ft
: =
@ § G rcunferential 1350 Ft-K/Ft
% 2 Mer i di onal * 378 K/Ft
5]
E ;5 O rcunferential 431 K/Ft

* El enent 36

El ement 37 is elenment imediately bel ow springline.

is elenment immediately above springline.
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TABLE -3

ALLOMBLE MAXIMUM FORCE, MAXI M?? RESI STANCE RATI O FOR VARI QUS
DUCTILITY RATIOS AND PARTICI PATING TARGET MATERIAL RADI |

A* T td/T Y F/Em
(ft) (_sec)

Uncracked Section

4 1.00 x 10 170.0 ok

3 401 x 10°° 42.4 1

12 9.03 x 10 3 18.8

16 1.61 X 10'2 10. 6

20 2.51 x 1072 6.8 3 1.12
L 10 1.23

24 3.61 x 10 4.8 3 1.15
_2 10 1.12

28 4.92 x 10 3.5 3 1.20
S 10 1.33

32 6.42 x 10 2.6 3 125

10 1.47

Cracked Section

4 1.24 x 10 137.1
a 4.92 x 1073 34.2 |
12 1,12 x 1072 15.2
16 1.99 x 1072 a.5 3 1.10
22 10 1.20
20 3.11 x 10 5.4 3 1.10
22 10 1.30
24 4.48 X 10 3.8 3 1.17
_ 10 1.36
28 6.09 x 10 2.8 3 1.23
) 10 1.47
32 7.96 x 10 2.1 3 1.25
10 1.70
* Participating Radius; since this is not well defined, a range of values is

i ncl uded.

** By observation, Pigure 2.26, "Introduction to Structural Dynamics"Ri ggs



TABLE 1-4
AVERAGE SHEAR STRESS « CONTAINMENT

Location Shear Perinmeter Shear Area Reaction Average Shear
2 Stress
ft. ft. in pounds psi
15 32.6 14,474 1,284,000 89
19 37.0 16, 428 1,625,000 99
27 41.8 18, 559 3,298,000 178
35 50.2 22,288 5,105,000 229
41 99. 8 44,311 8,200,000 185%
50 45.5 20, 202 2,765,000 137
58 49.2 21,844 4,200,000 19¢*,+
65 ' 49.2 21, 844 686, 000 32

*If the wings were assuned to have sheared-off at the time that the aircraft were crushing at this |ocation
the shear perimeter and reaction woul d-be reduced to 64.6 ft. and 6,070k respectively. The average shear

stress then becomes 198 psi.

k*xIf the horizontal and vertical stabilizers were assumed to have sheared-off at the tine that the aircraft
were crushing at this location the shear perineter and reaction woul d be reduced to 42.1 ft. and 3,900k
respectively. The average shear stress then becomes 209 psi.

+The average shear stressfor the case were the crushing strength is reduced by 5 is 245 psi

qvsd

c® 1 4gs
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TABLE |-5
COVPARI SON  COF ULTI MATE SHEAR STRENGTH CAPACI TY*

Utimte Shear Strength Utimate Shear Strength Comment
psi Jfc
717 13.1 equation 5-2, #y = .5
655 11.9 equation 5-1, @, = .5
607 11.08 equation S-10, P, = .5
527 9.62 equation 5-5, @, = .5
525 9.58 equation 5-2, g, =1
523 9.55 equation 5-3, By = .5
445 8.1 equation 5-1, g, =1
391 7.14 equation S 10, @, =1
383 6.99 equation 5-5, ¢° =1
363 6.62 equation 5-12%%
351 6.41 equation 5-4a
292 5.33 equation 5-6
219 4.00 equation 5-9, Committee 326

shear stress at distance
d/2 fromperiphery 8 =1

*"The Shear Strength of Reinforced Concrete Menber-Slabs", Joint ASCE-ACI Task Commttee
426, Journal of the Structural Division, ASCE Aug., 1974.

c = 93" £f'c = 3,000 psi p = 0.0099

d = 37" £y 60, 000 psi

**Adjusted for circular region, evaluated at d/2 away from periphery.
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P denotes the scale crushing load used in the calculation.
P¢/5and P x 5 denotes that one-fifth and five tine the crushing |oad
weére used, 'respectively.
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Reaction-Time Relationship for FB-111 with inpact velocities of 200 nph.
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FIGURE 5
FINITE ELEMENT MODEL
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2.0 FIRE HAZARD ANALYSI S OF SEABROOK STATI ON CONTAI NVENT
FOR Al RCRAFT | MPACT

A highly unlikely chain of adverse events is postulated in the
followng manner:
An FB-111 with a weight of 81,800 Ibs and initial speed of 200
nph inpacts on one of the two doubl e containment conpl exes of the Sea-
brook plant.  The enclosure building deforms locally under the initia
i npact, and the | ocal deformation continues with little to no perforation
until the enclosure building comes into contact with the containment
bui I di ng. This fact, plus the fact that if any penetration should occur
it would be only the nose of the aircraft, wll preclude the spilling
of significant amounts of fuel into the annulus space. The annulus space
contains no equi pment,and all penetrations both mechanical and electrica
are isolated from missiles and fuel by reinforced concrete slabs, The
encl osure building acts as a barrier and directs the spilled fuel to the
exterior area near the enclosure building. The following effects were
then studied
(1) Possible production of conbustible vapor, its pronpt
ignition and the ensuing pressure pulse, and the
possibility that the conbustible vapor may be sucked
into the plant areas and be cause for delayed ignition
or toxic atnosphere in habitability systens.
(2) The fuel spilled and its transport to various areas of
the plant. An ignition is then postulated, and the

effect of the ensuing fire studied in order to eval uate

2-1
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the safe shutdown capability of the plant.

(3) The effect of snoke and/or toxic gases as may be generated
by the fire, with particular reference to control room
habi tability.

(4) The effects as detailed in (1) and (3) for all smaller air-

craft.

2.1 COMBUSTI BLE VAPOR PRODUCTI ON

The FB-111 carries approximtely 32,000 [ bs of type JP-4 fuel. As
indicated in Reference 1, the process of conbustible vapor production is
as follows: the crashing aircraft drags along the ground in a relatively
sl ow decel eration (0.4 g) which lasts for a "long'" tine (20 secs), and the
fuel issuing fromthe wing after some postul ated | eakage mechani smis
atom zed to mst by the air as a result of its velocity relative to air
For the direct inpact considered here,the decelerations are very high
(peak value of 29 g) and of very 'short' duration (0.3 sec.). The atom
i zing process under these conditions is not significant. It is, there-
fore, concluded that the conbustible vapor production and the associ ated

hazards can be considered to be nitigated

2.2 FIRE ANALYSI S

Various spill mechanisns are postulated either on the roofs or on
the ground adjacent to the containment structure
(a) The various roof areas adjacent to the containment enclosure
with their elevation approximte areas, etc., are detailed
in Table 2-1. As stated in PSAR Section 2.4, nost of these
roofs have parapets, and the roof drainage systens are

designed to drain at |east 3 inches per hour rain. It is

2-2
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noted further that 1 inch of fuel takes 10 minutes to
bum.(Z) Using the minimumarea in Table 2-1, and a
catastrophic instantaneous node of fuel release, the

maxi num expected duration of the fire is 17.9 mnutes.

(b)  For ground areas adjacent to the containment, there is
approximately 1.5 acres of land, the total drainage of
which is approximtely 6 cfs. The spreading of the fuel
over this area and the adequate drainage would result in
a filmfire with width conparable to the roughness of the
pavenent, e.g., 1/16 inch. The resulting fire would [ast
only for 1 mnute at the nost.

(¢) The mechanismof fire propagation was examned. No flamm
able mterial is normally expected to be present next to
the containment which can serve as the propagator of the
fire. The range of the fire has very conservatively
estimted to be 200 ft. from its point of origin.

(d) Snoke is postulated to be traveling fromthis centre fire
location carried by the wind. Its effect on the habitability
systems was then studied.

(e) The possible hazard of fuel getting into the PAB Buil ding
through the vent stack is considered renote due to the fol | ow
ing reasons:

a) The mechani smis inprobable.
b) The entering fuel will be drained off at the base of
the vertical stack, just as rainwater would be.

(£) The possible hazard of fuel getting into the main steamline
tunnel s through the side vent openings is considered not

probable since the vent openings are above grade.
2-3
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2.3  EVALUATION OF VARI QUS SAFETY RELATED AREAS

The various intake points to the safety related areas and their

description8

are detailed in Table 2-2, including the mssile shields

when applicable, under the accident conditions detailed in Subsection

2.3. Al buildings other than the control roomand the PAB residua

heat renova

area are either not needed for safe shutdown or are redun-

dant.  However, the conservative analysis below includes the reaction

of these areas to the postulated fire.

(a)

(b)

Control Room

There is no mechanismfor the fire to endanger the habitability
of the control room since the split intake vents are at a
distance of at least 300 ft. fromthe containment; therefore,

it is beyond the reach of the direct fire. However, in the
renmote event that the fire finds its way into the intake
structure, the tenperature and snoke sensors will sense it

aud the intake opening will be closed. Under these

conditions, the other intake will be used for ventilating the
control  roons.

Primary Auxiliary Building (PAB)

The air intake is located on the east wall of the prinary
auxiliary building at an elevation of 56'-0". The area in
front of the intake has the contai nment enclosure roof

el evation of 53'-0" and the east wall of the PAB faces the
containment and the fuel storage building. There may be a
small fire lasting 12.5 mnutes at nost on the roof of the
containment enclosure area, a part of which may be injected
into the PAB air intake, as its height is 3 ft. above the

2-4
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roof of containment enclosure area. The inside of the

PAB has roll-type filters after the intake and heating

coil panels after the filter. Therefore, the flame and

the hot gases would have to penetrate the filter and the
coils before reaching the fans

As indicated in Subsection 2.2, the roof surface of the
containment enclosure area wll be finished snooth and

with proper drainage to drain off the spilled fuel quickly
Snoke and heat sensors will be |ocated at the air inlet so
that on a signal from them the operator can stop the fans.

Di esel CGenerator Buil ding

The diesel generator building intakes are on opposite sides
of the building and are located at |least 180 ft. fromthe
contai nment  structures. It is considered inprobable that
the spilled fuel wll find its way underneath one of these
intakes.  Furthernore, the intakes are 28.5' above grade
level, and it is unlikely that the fire will rise to that
height. In addition, one of the intakes is shielded by

the diesel generator building and it is thus not considered
credible that the fire could reach that intake. Al though
it may be postul ated that the hot gas fromthe direct intake
poi nt may cause nonentary oxygen starvation of one diesel
generator, the shielded intake will ensure the integrity of
other diesel generator and of one train.

Service Water Building

The intake for the service water building is approxi mtely
280 ft. fromthe contai nnent' and should be out of reach of

the postulated fire.  Furthermore, the air intake is located
2-5
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in the east wall of the building. Consequently, the
building serves as a shield for the spilled fuel flow
Additionally, there is a mssile shield in front of the
structure, which should inhibit any possible fuel flow
and subsequent fire. The fire effects are, therefore
considered ninimal. However, a mnute amount of hot gas
my enter the facility, but since the punps are |ocated
at the west end of the building, it will not critically
threaten their operation due to rise of tenperature.

(e) Vent Stack
The vent stack is not a safety related itemand, as in-
dicated in Subsection 2.2, it does not furnish a significant
pathway for the fuel to get into the prinmary auxiliary build-
ing. This mechanismof fire propagation is, therefore, con-
sidered incredible.

(f) Cable Spreading, Battery Room Switch Gear Room and Cable Tunne

The air intake for cable spreading, battery room swtch gear
room and cable tunnel areas is through the mechanical equip-
ment room of the diesel generator building, and the various
saf ety aspects discussed for the diesel generator room hold
for this case

2.4  HAZARDS FROM SMALLER Al RCRAFT

The smal | er plane crashes were exam ned for the various areas, as
detailed in Subsections 2.2 and 2.3. The fuel in general may be JP-1
kerosene and JP-4.  Since the fuel carrying capacity for all these planes
is smaller than that of FB-111, and their burning tenperatures are of the
same order of magnitude, it was concluded that the effect woul d be envel oped

by those in the case of FB-111.
2-6
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2.5  CONCLUSI ONS

In view of the results in Subsections 2.2and 2.3,it was con-
cluded that the hazard to Seabrook Station fromdirect fire after the
postulated crash of an FB-111 or snaller aircrafts on the containnent
represents only very mniml potential hazard to the plant. The present
design of the plant has inherent safety features so that the consequence
of this mnimal hazard is mitigated.

2.6  REFERENCES FOR SECTION 2

L Appraisal of Fire Effects FromAircraft Crash at Zion Power
Reactor Facility, |. Irving Pinkel, Consultant, Atom c Energy
Commission, July 17, 1972

2. Flammability Characteristics of Conbustible Gases and Vapors,

Bulletin 627, U S. Bureau of Mnes, 1965 M chael Zabetakis.
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TABLE 2-|
ROOF  DESCRI PTI ONS

BU LDI NGS ROOF AREA (SQ_ FT.) ELEVATI ON REMARKS
CONTAI NVENT ENCLOSURE AREA 4,100 53" - 0" W TH PARAPET
EMERGENCY FEED \WATER PUMP BLDG 3,000 47" - 0" W TH PARAPET
FUEL STORACE BUI LDI NG 9,200 84' - Q" W TH PARAPET
PRI MARY  AUXI LI ARY  BUI LDI NG 8, 144 8l . Q" W TH PARAPET

PAB Filter Room 2,856 108" - Q" W TH PARAPET

NOTE:  GRADE ELEVATION 20'

- Oll

qvsd
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TABLE 2-2

VENTI LATION SYSTEM DESCRIPTIONS OF THE BUILDING SURROUNDING THE CONTAI NVENT

SHEET 1 COF 2
BUI LDI NG BUI LDI NG SURFACE LOCATI ONS OF THE | NTAKES TYPE COF REMARKS
FACI NG THE CONT. SURFACE PATHMY FROM ELEVATI ON SHI ELDI NG
CONT.  WALL
Di esel South wal | South 200 ft. 285 ft. O her Bl dg. Ventilation & Com-
Gen. Vil | above gr. at 40' dist. bustion air; not
necessary for safe
Nor t h 240 ft . 28.5 ft. Qcher Bl dg. shut down.
val | (thru above gr. at 40 dist.,
roof)
PAB East wal | East 20 ft. 3 ft. Shi el ded by Normal ventilation
Val | above the Cont. & air; only RHR
adj acent F. Stg. Bldg. | pump area safe
roof. shut down rel at ed.
Nort h 95 ft. 29 ft. 2" thick Ventilation air to
Wl | (thru above gr. conc. safety related pri-
roof) missile mary conponent cool,
shi el d. ing water punp area
and Boron injection
punp area.
Ener gency South \all Nor t h 30 ft. 18 ft. 2" thick Ventilation air to
Feedwat er Vel | (thru above gr. concrete the energency feed-
Punp Bl dg. roof) mssile water punp area.
shield

qvsd
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TABLE 2-2

( CONT. )

SHEET 1

OF 2

BU LDI NG BU LDING SURFACE LOCATI ON OF THE | NTAKES TYPE OF REMARKS
FACI NG THE CONT. SURFACE PATHMY FROM ELEVATI ON SHI ELDI NG
CONT.  WALL
Service Vest  \al | East 290 ft. 45 ft. 2' thick Ventilation air to
Vater Punp Val | ('t hru above conc. the service water
House roof) 8r. mssile punp house.
shi el d.
Vst 180 ft. 13.5 ft, 2" thick Air intake to the
Vil | above conc, el ectrical areas.
gr. mssile
shi el d.
Control South 6 Renot e 300 ft. At gr. Covered Ventilation air to
Room & East I nt ake (at | evel with the habitable areas
Conput er Val | s Ports | east) grating. of the control and
Room conputer room

Jvsd
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APPENDIX 2Q EAB AND LPZ SHORT TERM ACCIDENT DIFFUSION
ESTIMATES FOR AST

2Q.1 OBJECTIVE

Conservative values of atmospheric diffusion at the site boundary (EAB) and the low population
zone (LPZ) were calculated for appropriate time periods using meteorological data collected
onsite during the time period 1998 through 2002.

2Q.2 METHODOLOGY

The methodology used for this calculation is consistent with Regulatory Guide 1.145 as
implemented by the PAVAN computer code (Reference 2). Using joint frequency distributions
of wind direction and wind speed by atmospheric stability, the PAVAN computer code provides
relative air concentration (CHI/Q) values as functions of direction for various time periods at the
site boundary and LPZ. Three procedures for calculation of CHI/Qs are utilized for the site
boundary and LPZ; a direction-dependent approach, a direction-independent approach, and an
overall site CHI/Q approach. The CHI/Q calculations are based on the theory that material
released to the atmosphere will be normally distributed (Gaussian) about the plume centerline.
A straight-line trajectory is assumed between the point of release and all distances for which
CHI/Q values are calculated.

The theory and implementing equations employed by the PAVAN computer code are
documented in Reference 2.

2Q.3 CALCULATIONS/PAVAN COMPUTER CODE INPUT DATA

The boundary distance used in each of the 16 downwind directions from the site was set to
914 m. The LPZ boundary distance was set to 2,011 m.

All of the releases were considered ground level releases because the highest possible release
elevation is from the plant stack at 185 ft above plant grade. From Section 1.3.2 to Reference 1,
a release is only considered a stack release if the release point is at a level higher than two and
one-half times the height of adjacent solid structures. For the Seabrook plant, the elevation of
the top of the containment is 199.25 ft. Therefore, the highest possible release point is not 2.5
times higher than the adjacent containment buildings, and thus all releases were considered
ground level releases. As such, the release height was set equal to 10.0 meters as required by
Table 3.1 of Reference 2. The building area used for the building wake term was 2,416 m”.
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The tower height at which the wind speeds were measured is 10.05 m above plant grade. The
windspeed units are given in miles per hour, therefore the PAVAN variable UCOR was set equal
to 101 to convert the windspeeds to meters per second as described in Table 3.1 of Reference 2.
The maximum windspeed in each windspeed category was chosen to match the raw joint
frequency distribution data, which conforms to the windspeed bins in Table 1 of Reference 3.

2Q.4 RESULTS

PAVAN computer runs for the EAB and LPZ boundary distances were performed using the data
discussed previously. Per Section 4 of Reference 1, the maximum CHI/Q for each distance was
determined and compared to the 5% overall site value for the boundary under consideration. For
dose calculations, the most limiting 2 hour CHI/Qs were combined with the worst 2 hour EAB
doses to maximize calculated EAB doses (conservative approach).

The maximum EAB and LPZ CHI/Qs that resulted from this comparison are provided in the
table below:

Offsite Boundarv y/O Factors for Analvsis Events
Time Period EAB v/O (sec/m>) LPZ /O (sec/m>)

0-2 hours 3.17E-04 1.54E-04

0-8 hours 2.08E-04 8.63E-05
8-24 hours 1.68E-04 6.46E-05

1-4 davs 1.06E-04 3.45E-05
4-30 davs 5.51E-05 1.40E-05

2Q.5 REFERENCES

1. USNRC Regulatory Guide 1.145, "Atmospheric Dispersion Models for Potential
Accident Consequence Assessments at Nuclear Power Plants," Revision 1, November
1982, (Reissued February 1983 to correct page 1.145-7).

2. NUREG/CR-2858, "PAVAN: An Atmospheric Dispersion Program for Evaluating
Design Basis Accidental Releases of Radioactive Materials from Nuclear Power
Stations," November 1982.

3. Safety Guide 23, "Onside Meteorological Programs," February 17, 1972.
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APPENDIX 2R SHORT-TERM (ACCIDENT) DIFFUSION FOR THE CONTROL
ROOM

2R.1 OBJECTIVE

Conservative values of atmospheric diffusion to the Control Room were calculated for
appropriate time periods using meteorological data collected onsite during the time period 1998
through 2002.

2R.2 METHODOLOGY

The ARCONO96 computer code is used by the USNRC staff to review licensee submittals relating
to control room habitability (Reference 1). Therefore, the ARCON96 computer code was used
to determine the relative concentrations (CHI/Qs) for the control room air intakes and inleakage
locations.

The ARCON96 computer code uses hourly meteorological data for estimating dispersion in the
vicinity of buildings to calculate relative concentrations at control room air intakes that would be
exceeded no more than five percent of the time. These concentrations are calculated for
averaging periods ranging from one hour to 30 days in duration.

The theory and implementing equations employed by the ARCONO96 computer code are
documented in Reference 1.

2R3 CALCULATIONS/ARCON COMPUTER CODE INPUT DATA

Five years of meteorological data (1998-2002) were used for the ARCON96 computer code runs.
The percentage of valid data over this time period was 98.8% which exceeds the minimum value
of 90% data recovery specified in Reference 2.

A number of various release-receptor combinations were considered for the control room
CHI/Qs. These different cases were considered to determine the limiting release-receptor
combinations for the various events. The case matrix for these combinations is provided in
Table 2R-2.

The distance and direction inputs for the ARCON96 runs may be found in Table 2R-1. The
distances were converted from feet to meters with a factor of 0.3048 m/ft. The distances in
meters were then rounded down to the nearest tenth for conservatism. The elevation difference
term was set equal to zero for each case since all elevation points are taken with respect to the
same datum.
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The lower and upper measurement heights for the meteorological data were entered as 10.05 m
and 60.66 m, respectively, for each case. The mph option was selected for the windspeed units.

A ground level release was chosen for each scenario since none of the release points are 2.5
times taller than the closest solid structure as called out in Section 3.2.2 of Reference 3 for stack
releases. The top of the containment structure is at an elevation of 199.25 ft. The highest release
point is from the top of the plant stack at an elevation of 185 ft., which is not 2.5 times higher
than the nearby containment structure. The vertical velocity, stack flow, and stack radius terms
were all set equal to zero since each case is a ground level release. The vent release option was
not selected for any of the scenarios.

The actual release height was used in the cases. No credit was taken for effective release height
due to plume rise; therefore, for the releases from the stacks, the release elevations were set
equal to the stack top elevation. The release heights were taken as the release elevations less the
plant grade elevation of 19 ft.

The only cases in this analysis that take credit for the building wake effect are the scenarios
where the release is from the containment building, the tank farm, or the waste processing
building. Some of the other scenarios have buildings between the release and receptor points,
but for these cases the building wake was not credited for the sake of conservatism. Not
crediting wakes was accomplished by setting the building area term equal to 0.01 m? as stated in
Table A-2 of Reference 3. The first building area used is a conservatively determined
containment cross sectional area. The area is calculated as the sum of the cross sectional areas
created by the cylindrical portion of the containment structure above the highest nearby roof and
the hemispherical area of the dome. The width used is equal to the diameter of the containment
structure. The height of the cylindrical portion is taken as the distance between the top of the
cylinder portion of the containment structure (represented by the spring line elevation) and the
primary auxiliary building roof elevation. The radius of the hemispherical dome is taken as one
half of the calculated diameter. The containment area was determined to be 1,506 m?. The
second building area is calculated as the product of the minimum roof height of the waste
processing building and tank farm and one half the width of the waste processing building and
tank farm. The minimum roof height and one half of the width are used for conservatism. This
building area was determined to be 337 m”.

All of the default values in the ARCON96 code were unchanged from the code default values
with the following exceptions. Table A-2 of Reference 3 suggests use of a value of 0.2 for the
Surface Roughness Length, and use of a value of 4.3 for the Averaging Sector Width Constant.
These two changes were made for each case. The minimum wind speed was left at 0.5 m/s per
the guidance instruction in Table A-2 of Reference 3.




SEABROOK ACCIDENT ANALYSIS Revision 10

STATION Control Room Short-Term (Accident) Diffusion Estimates for | Appendix 2R
UFSAR A Page 2R-3
2R.4 RESULTS

ARCON96 computer runs for the various release points and control room intake locations were
performed using the data discussed previously. Per Reference 3, the 95™ percentile CHI/Q
values were determined. The resulting CHI/Qs are listed in Table 2R-2.

2R.5 REFERENCES

1. NUREG/CR-6331 PNL-10521, "Atmospheric Relative Concentrations in Building
Wakes," May 1995, with Errata dated July 1997.

2. Safety Guide 23, "Onside Meteorological Programs," February 17, 1972.

3. USNRC Regulatory Guide 1.194, "Atmospheric Relative Concentrations for Control
Room Radiological Habitability Assessments at Nuclear Power Plants," June 2003.
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