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1.0

2.0

SIMMARY
The purpose of this report is to present the method of protecting
Crystal .r Unit No. 3 from the Probable Maximum Hurricane (PMH)
whose parameters were obtained from ESSA Memorandum HUR 7-97 and
described in detail in "Report - Verification Study of Dames and
Moore's Hurricane Storm Surge Model with Application to Crystal
River Unit No. 3 Nuclear Plant - Crystal River Florida - for
Florida Power Corporation"”. Conjunctively, this report responds to
questions asked by the Atomic Energy Commission in their letter

to Florida Power Corporation (FPC) dated March 12, 1973.

CONCLUSIONS

It is concluded without reservation that with the protection
described herein, Crystal River Unit No. 3 will be completely and
conservatively protected against the PMH and that safe shutdown

conditions can and will be effected and maintained during the PMH.

CILBERT ASSOCIATES, INC -



3.0

3.1

3.2

INTRODUCTION

Current Studies

As a result of studies completed in October 1972, Crystal River

No. 3 was designed to safely withstand a PMH which would produce

a surge level of 29.6 feet above the mean low water (MLW) elevation
of 88 feet. A more current study has been completed recently by
Dames and Moore and the results are included in their report
titled, "Report - Verification Study of Dames and Moore's Hurricane

Storm Surge Mcdel with Application to Crystal River Unit No. 3

Nuclear Plant - Crystal River Florida - for Florida Power Corporation"

dated July 13, 1973 hereinafter referred to as the Dames and

Moore Report. The new report includes the PMH parameters along
with substantiation and justification of the results if such a

PMH should occur. Primary information includes a surge level of
29.4 feet above MLW elevation of 88 feet and a resulting "waveless"
surge to elevation 119.5 feet over th. top of the embankment whose
design elevation is 118.5 feet. The hurricane would track from

southwest to northeast.

AEC Questions
On March 12, 1973 the Atomic Energy Commission advised Florida

Power Corporation that additional information was required
regarding the Probable Maximum Hurricane (PMH) surge level and the
associated wave runup. This report therefore also addresses itself
to the following questions which were presented ia Enclosures (1)

and (2) of the AEC letter. Questions 1 through 5(c) of Enclosure

S ——
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(1) are addre.sed in the aforementioned Dames and Moore report
dated July 13, 1973.
Enclosure (1)

5(d) For each safety-related structure, system, and
component identified as necessary for plant
protection (see Request 2.16 in enclosure (2)),
and based on both a stillwater level of 33.4 ft.
MLW and your fully verified stillwater elevation
estimate, provide tabulations of the height of the
mos¢ significant (average of the highest one-third)
and the maximum (1 percent) waves, or the breaking
waves (whichever is the most severe) and the
associated runup for each case.

5(e) Discuss the applicability of your hydraulic model
studies for estimating runup on and over the soil-
cement protected embankment and on interior facilities
for both water levals and wave conditions discussed

b rein.

Enclosu e (2)

2:49:3 Identify those safety-related structures, systems,
and components necessary for safe operation (see
Safety Guide 29). Compare the conditions identified
in Request 2.15.1 above with the design bases and
general adequacy of each facility to perform its
required function, and indicate any action requ’fred
to assure functionability for hurricane conditions

up to those requiring shutdown.

B o rematesiescoree
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2.16

2.17

2.18

For hurricane conditions more severe than those for

which operation would be allowed, up to and including

PMH conditions that both you and the staff have

estimated, identify those safety-related structures,
systems and components necessary to assure maintenance
of shutdown conditions. Discuss the ability of each |
structure, system and component to withstand both the
static and dynamic consequences of hurricanes up to i
and including those of PMH severity for both still-
water level estimates.

Provide the minimum submergence levels for both
circulating and service water pumps.

We understand that the soil-cement protected
embankment is required to maintain the function-
abilicy of safety-related facilities during
hurricane conditions. Substantiate its ability to
withstand the static and dynamic consequences of
water level and frontal wave action for both PMH
estimates. Documentation may consist of reference
to other control facilities which have experienced
conditions similar to those postulated for the
Crystal River site, to full-scale hydraulic model
studies, or its analytical studies of static and
dynamic forces. Also, discuss the ability of the
protection and the embankment to withstand wave

overtopping. If the embankment is not required for

~ GILBERT ASSOCIATES, INQC e



2.13

hurricane protection, provide your assumption of
its failures during such events and the consequences
of failure on required safety-related facilities.
Prov de substantiated assurance of the ability of
=-.ety-related structures, systems, and components
necessary for safe operation, and those required
for cold shutdown and maintenance thereof, to
withstand rainfall and spray; either associated
with severe hurricanes, or independently thereof.
For instance, discuss the ability of site drainage,
including the roofs of safety-related structures
and exterior penetrations, to safely store or

pass runoff without a loss of functionm.

GILBERT ASSOCIATES INC




4.2

‘.2’1

PMH CONDITIONS AT PLANT

Storm Surge Level
The maximum storm tide level provided by Dames and Moore is

elevation 117.4 feet (MLW is at elevation 88.0 feet). This
determination considered the topography of the site along the
approach path and the critical section shown on Figure 1. The
maximum storm tide level also considered z two-foot reduction
due to th: effects of backwater storage resulting from the
extensive flooding of the surrounding countryside some five
hours prior to the peak of the surge hydrograph and runoff into
peripheral areas not directly affected by the hurricane surge.
The site in this extreme circumstance becomes analogous to a
small island in a mountain of water. The storm surge hydrograph
is shown on Figure 4, and includes the combined effects of the

hurricane surge and the astronomical tide.

Wave Action and Runup

Figure 6 summarizes the relationships between the stillwater level,
wind-generated wave height, breaking wave height and wave runup.
The maximum (highest 1 percent of the waves) and significant
(average of the highest one-third) wave heights were determined

by wind vectors normal to the coast along the traverse, and were
calculated using the storm surge computer output. Figure 5
presents a summary of this analysis for wind-generated waves
approaching the site. On Figure 6, the intersection of the
breaking wave curve and the generated wave height curves show

that with the highest 1 percent of the waves breaking, the

CILBERT ASSOCIATES INC
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4.2.2

a.zla

maximum height of the waves that can travel across the fill
approaching the plant is 15.0 feet. With the average of the
highest 33 percent (shown as Hs) of the waves breaking, the maximum
height of the waves that can reach the protective embankment with-

out breaking is 13.9 feet.

Maxiaum tidal setup will be produced by winds blowing onshore
along a traverse normal to the offshore bottom contours.
éonl‘qunntly, the critical approach path for a hurricane was
from the southwest, tracking on a uortheasterly course. However,
the approach path of wave trains that will produce maximum runup
at the site is along a north-south section with the waves
approaching the plant from the south. This critical traverse of
the wave train is across a reach of natural ground about one

mile wide, then over 600 feet of compacted fill (elevation 98),
and against an embankment slope (berm) rising to a top elevation
of 118.5 feet, which protects the plant. This concept of
maximum wave action occurring perpendicular to the hurricane winds
was considered to be a conservative assumption for this already

extremely severe condition.

The effects of breaking waves and wave runup on the embankment
slope were evaluated from the model tests previously conducted at
the University of Florida. Before performing the runup tests,
experiments were conducted to determine the most adverse test
conditions (i.e., the combination of wave period and height which

caused the maximum runup over the tidal range of interest). From

GILBERT ASSOCIATES, INC ———ee
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4.2.4

4.2.5

these pre-test experiments and periodic checks during the tests,
it was found that the maximum runup occurred with a »rototype
wave period of 5.4 seconds, and prototype wave amplitudes of

10 to 15 feet, the specific height depending on the tc;t case.
The wave action testing was conducted at prototype tide levels
from elevation 104 to 120 feet in two-foot increments. Unlike
the spectrum of wind-generated waves, the model t.sts were

conducted with waves essentially uniform in height.

Initial tests were conducted on a ymooth slope embankment. t
Subsequent tests simulated the runup effects against the stepped
embankment. The test results indicated no overtopping of the
smooth slope below tide levels of 110 feet, with occasional ;
overtopping starting at a tide level of 112 feet and becoming }
continuous above elevation 114. Tests on the stepped slope

revealed no overtopping cselow tide elevation 112 feet, slight .
overtopping at 114, and more continuous overtopping above

elevation 116 feet. Pertinent results of the model tests are

shown on Figures 2 and 3 and on Tables 1, 2 and 3.

The applicability of the model tests for the 29.4-foot surge level i
is illustrated by Figure 3 and amplified by two letters from
Dr. R. G. Pean dated April 3, 19/2, and April 11, 1973, contained

in the Attachments. As indicated by Figure 3,-the median and

maximum runup elevations occurring at a tide level of 117.4 feet
are 122.5 and 123.5, respectively on Profile 5, the profile |

corresponding to the stepped slope that will be constructed at i

= GILRERT ASSOCIATES, .NC



P A UL IR L O R AR U TR lr L U M AP LY, % i S

4.2.6

Crystal River Nuclear Station. The actual elevation of th water
overtopping embankment at elevation 118.5 will be somewhat less
than the elevation of the runup on the test slope because with
the limited slope height (the steps above 118.5 used in the model
do not exist im the actual design) the surging water will reach

elevation 118.5 and merely fall over on the embankment.

For a slope of unlimited height, the maximum and median runup
corresponding to the indicated stillwater hydrograph were developed
using Figure 3 and are shown on Figure 6. When the height of the
wind-generated waves reaching the protective embankment becomes

10 to 15 feet (the range of wave heights found from the model

tests to cause the greatest runup), the results of the model

tests become applicable. Until that time, the wind-generated

waves would produce less runup than indicated; the runup from the
test results is therefore shown as a dotted line. Employing the
conservative assumption that the wave height in the model tests was
the "maximum" generated wave height (i.e., assuming that all of

the waves attacking the embankment are "maximum' waves), Figure 6
shows that the model results become applicable at 23.2 hours after
the center of the hurricane crosses the continental shelf. This

is also the time of maximum stillwater level.

It is estimated that overtopping of the embankment by the maximum
runup begins about hour 22.7 and continues until hour 24.2. For
the reasons described, the elevation of the water overtopping the

edge of the actual embankment will be less than the runup

g GILBERT ASSOCIATES, IV e
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elevations shown in Figure 6. 1In this 1.5 hour period, the
maximum depth of stillwater at the safety class structures
nearest the edge of the embankment (a distance of about 100 feet)
due to overtopping, is estimated to be one foot. At locations
along the plant embankment that are not exposed to direct wave
attack, overtopping shou’d not occur. Water that does overtop
the embankment on the windward side of the plant will drain off

the embankment on the lee side.

- CILBRERT ASSOCIATES 1YC —
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5.0 VITAL EQUIPMENT AND ITS PROTECTION

5.1 Continuous Power Generation
5.1.1 Under any conditions, the equipment necessary for power generation

is as follows:

1. On-site diesel power generators, and their support
equipment (fuel systems, cooling systems, switchgear).

2. Reactor decay heat removal equipment
a. Nuclear services closed cycle cooling system.
b. Decay heat removal system.
¢, Decay heat closed cycle cooling system.
d. Decay heat cea water system.
e. Nuclear services sea water system.

3. Circulating water pumps.

4. Electric transmission facilities (switchyard).

- Turbine-generator support equipment.

3:.1.2 Power generation at sea levels above elevation 98 is not possible
since the circulating water rumps, located at the intake canal,
and the transmission facilities in the swi .ayard will begin to

flood.

3:1.3 The circulating water pumps begin to cavitate when the water
level drops below elevation 81 feet; however these pumps do not
serve any equipment necessary to maint~in the reactor in a safe

condition.

GILRERT ASSOCIATES, INC —_—
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5.2

5.2.1

5.2.2

3.2.3

5.2.4

Equipment Necessary for Safe Shutdown

Systems listed under items 1 and 2 Subsection 5.1.1 must remain
functional during storms of any degree of severity up to and
including the PMH. Ability of this equipmeant to remain functional

is assured by the facility design discussed herein.

On-site emergency power generation equipment is located within
the main structure, and is protected from flooding by concrete
barriers. Fuel storage tanks are located underground, and are
restrained against damage from their own bouyancy by hold down
straps and concrete anchor slabs. Tank vents are above postu-
lated wave tops to prevent sea water from entering the tanks via
the vent lines. Diesel engine cooling is provided by a self-

contained air radiator system within the structure.

The nuclear services closed cycle cooling system, decay heat
removal system, and decay heat closed cycle cooling system are
located within the auxiliary building, which is protected from

flooding by water-tight doors where necessary.

Pumps and heat exchangers serving the decay heat sea water and
nuclear services sea water systems are also located within the
protected auxiliary building. Sea water is adm..ted to the
pump sump chambers via two conduits connected to the intake
structure at the intake canal. Although this intake structure
will be inundated at the postulated hurricane sea levels, no
active equipment necessary to maintain the reactor in a safe

condition is located at the structure.

GILTERT ASSOCIATES INC




5.2.5

5.2.6

The sea water pumps located within the auxiliary building, take
suction from a chamber designed for a static sea level of 140 feet,
which is well in excess of the postulated hurricane sea levels.
These pumps require a minimum pump submergence level of elevation
70 feet, 10-1/2 inches (water surface elevation) for satisfactory
operation. The increase in static pressure on pumps, piping,

heat exchangers, and other components in the sea water systems .,

due to the increased pump suction pressure, are less than the

design conditions for these components.

The above equipment is powered by the emergency diesel generators.
In addition, if power should be lost, sump pumps can be operated
from the emergency diesel generators, to dispose of any leakage,

through water-tight door seals.

GILBEART ASSOUCIATES 1NC
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6.0
6.1

6.1.1

6.1.2

6!2

DETAILED FLOOD PROTECTION

Protective Assumptions

Figure 8 indicates the locations of seals, water-tight doors,
concrete barriers and walls which have been included in the
design to protect access openings in the structure which may
be subjected to flooding during the peak of the PMH (about

1.5 hours).

It should be noted that although the anticipated water level
during the peak of the PMH is only to elevation 119.5 on the
south decreasing to elevation 117.4 on the north, protection has
been conservatively provided as though the maximum wave runup

to elevation 123.5 exists over the entire south embankment.

Component Protection

Component protective facilities required for local protection
are shown on Figure 8 and are as follows:

1. Turbine building (already protected to elevation
121'-10" except at door openings whose thresholds are
at elevation 119 feet).

a. Five water-tight doors at door openings will be
provided to elevation 122 feet.

b. Water-tight doors will also be provided for the
two air shafts located on the west and east sides

of the turbine building to elevation 122 feet.

GILBERT ASSOCIATES INC
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2, Auxiliary building (thresholds of door openings are

at elevation 119 feet).

a. Three water-tight doors at dcor openings will be
provided to elevation 122 feet on the east and to
elevation 124 feet on the south.

3. Diesel generator building (thresholds of openings are
at elevation 119 feet). |

a. Two concrete barriers will be constructed at the
outer side of the air intake enclosure walls to
elevation 124 feet.

4, Reactor building

a. A concrete water barrier will be constructed up to
elevation 124 feet, approximately three feet outside
the present reactor building wall between the equip-
ment access hatch and the intermediate building,
and between the equipment hatch and the auxiliary
building. Each wall will have a water-tight seal
at its extremeties.

b. Equipment access hatch will be provided with a
water-tight door ft the entrance to elevation

124 feet.

. F Water-tight seals will be installed on: |
d. Tendon gallery access hatch ‘
b. Heat exchanger room hatch
¢c. At reactor building barrier walls
d. At interfaces between the diesel generator and

auxiliary buildings.

GILBERT ASSOCIATES, INC
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6.3

6.4

6.4.1

6.4.2

e. Underground electrical conduit entering the

building below grade

6. The vent pipes on diesel fuel tanks will be raised to

prevent the entrance of excessive amounts of water.

7. Water-tight door will be provided at the entrance to

the borated water storage tank area to elevation 124 feet.

(Threshold elevation is at 119 feet).

Structural Integrity

All safety-related structures have been checked for both new high
water criteria (surge levels of 117.4 feet and 121.4 feet) and
found to be structurally adequate to sustain the forces, both
static and dynamic, caused by the PMH. The intake structure was
also found to be structurally adequate to sustain the forces

caused by the PMH.

Rainfall Protection

With the exception of the diesel generator, all other components

are protected from rainfall and water spray created from high winds.

In the diesel generator building it is possible for spray to be
driven into the air intake opening; however, this contingency has
been prepared for by providing suitable floor drainage to intercept

the water and conduct it away from the area.

GCILBERT ASSOCIATES, 1NC
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6.4.3

6“.6

6.4.5

6.5

Outside the structure, the site drainage system has been designed
to precl.de ponding, even during the Probable Maximum Precipitation
(PMP), The design utilized the Rational Method with the following
parameters:
Rainfall Intensity - 10 inches per hour
Runoff Coefficients: 0.95 for roof surfaces
0.80 for paved areas

0.40 for scil

The greatest overland distance that runoff must travel to reach a

catch basin is only 200 feet, at a minimum ground slope of 0.5%.

Roof drains discharge directly into the storm drainage system,

and were designed to accommodate a rainfall intemsity of 6 inches
per hour. For this design capacity, no roof ponding will occur up
to a 1000-vear rainfall. In the event of the PMP, ponding could
occur up to a maximum of three inches around the eaves of the
structures, and buildup beyond this would overflow the eaves.

The roof structures have been adequately designed to support the

ponded water.

Sump Pumps

Internal sump pumps are located as follcws:

Pump Locations Quantity Capacity Discharge to: i
Turbine Room 2 500 gpm Industrial Waste
Treatment Pond

Nuclear Service 2 250 gpm Sea Water

Cooler Area Discharge Canal

Condensate Pump Pit 2 50 gpm Turbine Room Sump {
| |
; |
— CILBERT ASSOCIATES, INC J
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e e ey

Pump Locations Quantity Capacity Discharge to:
re ! Tendon Access Gal)ery 2 50 gpm S:a Water

Discharge Canal

Auxiliary Building 2 125 gpm Misc, Waste

) Storage Tank

Reactor Building 2 100 gpm Misc. Waste :
Storage Tank |

Decay Heat Pit 2 30 gpm Misc. Waste
Storage Tank

Laundry and Shower 1 30 gpm Neutralizer or Misc.
Waste Storage Tank |

Turbine Room 2 150 gpm Sewage System

GILBERT ASSOCIATES, INC




7.0

WATER-TIGHT DOORS

With the exception of the large turbine room door where the track

enters and the two large openings on the south in the fuel handling

area, permanent doors will be installed on th: structure ready to
be closed in the event of an emergency. These doors will feature
fail-proof, leak-proof, compression-type seals that are activated
when the door is closed and latched. The remaining three large
openings mentioned above will require mounting of flood panels
when the need arises. These panels will feature expandable seals
that compress against the door casement, In the unlikely event
of a seal failure, these panels will have a compression-type seal
as a backup measure. If the main seal should fail, hydrostatic
pressure will force the panel against the back face of its guide

slot compressing the backup seal.

== GILBERT ASSOCIATES, INC
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8.0
8.1

8.1.1

PROTECTIVE EMBANKMENT

General Description

The plant structure is protected by a surrounding embankment

constructed to elevation 118.5, which will be placed upon in-situ

material at elevation 98. (See Figure 7). Because it is vital
to the protection of the plant, the embankment along the south
and west sides of the plant has been designed to withstand the
dynamic forces of the maximur ¢ and ensuing runup for the

"robable Maximum Hurricane. The usual type of protection for

this condition would be an adequate thickness of large size

dumped riprap. Because of the absence of suitable riprap material

in the area, soil-cement was originally considered as an effective
means of preventing erosion of the slopes of the protective
embankment. The original selection of soil-cement as the means
for providing protection for the embankment was predicated on

four basic considerations:

1. The absence of rock or other suitable similar material in
the area.

2. The availability of native limerock with a very high calcium
carbonate content, which will permit the soil base to react
chemically in a soil-cement mixture, developing an extremely
coherent internal structure. (The results of tests on this
limerock material are contained in the Attachments.)

A The results of scil-cement design mixes and tests conducted
by Pittsbureh Testing Laboratory utilizing local native
limerock and cement. (The tests results are contained in

three reports included in the Attachments.)

CILBERT ASSOCIATES, INC
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8.1.2

8.1.3

4, Documentation of its successful use in Bonny and Merritt Dams

by the Bureau of Reclamation.

Due to revised hurricane criteria and analyses, the surge level has
been changed from an original elevation 112.6 to elevation 117.4.
Wave heights have correspondingly increased from an initial height
of 11.4 feet to 15.0 feet. To provide greater resistance against
the increased wave fcrces, an armor covering of 3000 psi reinforced
concrete over 1500 psi soil-cement is planned. The reinforced
concrete will provide ...istance to erosion and ¢ namic impact

and the 1500 psi soil-cement will provide a stiff backing and act
as a rigid material that the concrete covering will be keyed into.
"he criterion of 1500 psi for the soil-cement ic based on a 90-day
compressive strength. Thus, referring to Figure 7, i% can be seen
that the current design employes a layered system of in-situ lime-

rock, compacted Zone III fill, soil-cement and reinforced concrete.

Stability analyses were undertaken for the embankment in order to
establish the degree of stability the embankment possesses against
a hypothetical failure along a circular arc passing through both
the foundation and the embankment. Using the following parameters,

the minimum factor of safety against failure is 4.3.

Friction Angle (4) Cohesion (c)
Embankement 45.5° 0 tsf
Overburden 37.0° 0 tsf
Upper Foundation 47.0° 5 tsf
Lower Foundation 49.0° 5 tsf

GILBERT ASSOCIATES, INC
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8.2.2

22

Foundation Material

The foundation material upon which the embankment will be constructed

was placed in 1964 from construction excavations on-site  This
material has had nine years to consolidate, with considerable
construction activity surcharge. No significant settlement is
anticipated from this material or from the Zone III material placed
in the embankment under 95 percent of Maximum Modified Proctor
density compaction criteria required by GAI Specification SP-5901.
Any potential settlement will occur prior to the placement of the
concrete cover since the full weight of the embankment will be

imposed on the foundation first during construction.

The characteristics of the limerock material existing as foundation
material, and proposed for the embankment, are documented in the
FSAR and in the Attachments of this report. The material is a
friable limerock with a high magnesium carbonate and calcium

carbonate content and the following general characteristics:

Specific Gravity 2.57-2.72

Liquid Limit 26

Plasticity Index NP

Absorption 29,5%

Compacted Void Ratio 0.38

Compacted Coeff. Permeability 10"5 cm/sec
Maximum Dry Density 112.8-121,6 pcf
Optimum Moisture 11.1-14.1%
Triaxial Shear Strength =455 c=0
Average Compaction during 98.47% Maximum Modified
Placement on Site Proctor

GILBERT ASSOCIATES INC
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8.3

8.3.1

8.3.2

8.3.3

8.4

8.4.1

Zone III Fill

The general characteristics of Zone III fill were mentioned in
Subsection 8.2.2. When compacted to 95% of Modified Proctor density,
as required by Specification SP-5901, Zone III becomes a very dense

and stable material.

The gradation of the material is shown on Figure 9 as a range
covering samples tested during placement in the embankment and

in soil-cement design mix tests. It should be noted that in

40 tests of field density, the compaction averaged over 98 percent

of maximum Modified Proctor density.

The compacted Zone III material has a low permeability of 1 x 1073
cm/sec and it was noted in conducting triaxial shear tests that
difficulty was experienced in attempting to saturate the samples.
This characteristic will be beneficial in preventing potential
uplift forces from developing beneath the surface materials. e
embankment mass will not respond quickly to saturation from
increasing tide levels that have a duration of only 10 hours since

several weeks would be required to totally saturate the mass.

Soil-Cement

The design of the soil-cement section was based upon the results
of its use and documentation in Bonny and Merritt Dams by the
Bureau of Reclamation, and also on the results of three design-mix
programs conducted by Pittsburgh Testing Laboratory, which are
included in the Attachments to th‘s report. The use of scil-

cement in these cases was for the actual armor protection,

S ————
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8.4.2

whereas now it is being used only as the backing for the concrete
armor. However, soil-cement has been successfully used on the

following dams:

Dam Location Date enc
Bonny Dam Colorado 1951 Bureau of Reclamation
Merritt Dam Nebraska 1961 Bureau of Reclamation
Cheney Dam Kansas 1962 Bureau of Reclamation
Ute Dam New Mexico 1963 N.M. Interstate Stream Commission |

Holiday Dam Pennsylvania 1963 Holiday-Pocono Land Inc.
Okay Levee Arkansas 1964 Corps of Engineers

Glen Elder Dam Kansas Bureau of Reclamation

The results of the three test programs conducted using Crystal
River materials are contained in the Attachments., Mixes A and B
were tested in October of 1969 utilizing Zone III material and
Type II cement in proportions of 9 and 10 percent by weight.
Average 28-day compressive strengths for Mixes A and B were

1140 and 1420 psi, respectively. The second program in November
1969 used also Zone III Material and Type II cement in three
mixes containing 3, 4 and 4.5 bags/cu. yd. These mixes developed
average 90-day compressive strengths of 1850, 2150, and 2960 psi,
respectively. The third program in July 1970 used Type I cement
in proportions of 7, 8 and 9 percent by weight with Zone III
material. Average 90-day compressive stremngths for Mixes 1, 2
and 3 were 930, 1100 and 1240 psi, respectively. The test results
for all three programs are summarized in Tables 4, 5, 6 and 7 and

on Figures 10, 11 and 12.

!
|

S ——
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8.4.3

8.5

8.5'1

8.5.2

8.5.3

Placement of soil-cement shall be in accordance with GAI
Specification SP-5901 and will yield a 90-day compressive strength

of 1500 psi.

Reinforced Concrete Armor

The use of concrete as protection is quite common. Concrete has
been used to pave dams and levee slopes, used as shore protections
along coast lines, used as dams to contain lakes and reservoirs,

and used as spillways which are su’ jected to a degree of abuse

which could never be equaled in its use as the embankment protection

at Crystal River 3.

During a PMH, the concrete armor would be subjected to a maximum
dynamic load of 32 psi. Although the probability of a washout
ever occurring beneath the armor is nearly zero, for design pur-
posed it was assumed that the individual concrete panels, whose
maximum size will be 20 feet square, had a washout occur beneath
them. It was alsc assumed that the washout left a 15-foot square
area unsupported, thus introducing bending stresses. Based on
working stress design, the concrete reinforcement was designed to
resist the bending stresses in this unsupported condition. Both
the concrete and reinforcing stresses are within th. allowable

tolerences provided by ACI-318-63, based on working stress design.

Since the chances of a washout are unlikely, the armor will
always be continuously supported. The only induced stresses,
therefore, will be purely compressional. This, then, indicates

that the armor is very conservatively designed.

GILBERT ASSOCIATES, INC



8.5.4 The mixing and placement of concrete shall be in accordance with

GAI Specifications SP-5569 and SP-5618.
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9.0
9.1

9.2

PROTECTION AGAINST A SURGE LEVEL OF 33.4 FEET

Design Conditions

If it is required to use the 33.4 foot surge .evel, the stillwater
level hydrograph, generated wave height, breaking wave height and
wave runup would be approximately as shown on Figure 15. As can
be seen from Figure 15, the intersection of the breaking wave
curve and the generated wave height curves shows that with the
highest 1 percent of the waves breaking, the maximum height of

the waves that can travel across the fill approaching the plant

is 18.0 feet. With the average of the highest 33 percent (shown
as Hs) of the waves breaking, the maximum height of the waves that

can reach the protective embankment without breaking is 15.5 feet.

Alterations to Plant Protection

If one must consider protection against a surge level of 121.4 feet,

the following changes would need to be made to the existing

protection scheme:

1. The embankment on the south and west sides would be increased
in height to elevation 127 feet (Refer to Figure 14). This
would be necessary in order to intercep: waves and floating
debris such as an oil barge before the structurs is struck.

2. Barriers and water-tight doors with a top elevation of 124
feet would increase in height to elevation 127 feet.

3. Water-tight doors with a top elevation of 122 feet would
increase in height to elevation 127 feet except openings on
the east side of structure which would increase to elevation

124 feet.

»
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4. A concrete barrier with a top elevation of 127 feet must be

built at a distance of about 2 feet outside the present

turbine room wall (See Figure 13). This barrier would extend ;

frow the main transformers toward the west and around to the

air shaft located on the west side of the turbine room. |
. 1 Prior to high water, the neutralizer tank, condensate storage

tank and fire water storage tanks must be filled for stability.

9.3 Likelihood of Surge to Elevation 121.4 |
l
9.3.1 The unlikelyhood of the surge reaching a level of 121.4 feet is |

|
is verified in the Dames and Moore Report dated July 13, 1973. |
!
Because of this confidence, Section 9.0 of this report has been
included only to answer quiestion 5(d) of Enclosure 1 of the AEC

letter to Florida Power Corporation dated March 12, 1973.

9.3.2 It is concluded that the protection described above for a surge
level of 121.4 feet represents the same assurance of safe pro-
tection as described for the 117.4 foot surge level. However,
it is further concluded that a lesser but safe level of protection
could be accomplished, based on AEC requirements, by elimination
of protection item 1 above and increasing the height of water-
tight doors and concrete barriers to elevation 129 feet, thus
¢ liminating a significant cost penalty in protection schemes

between surge levels of 117.4 and 121.4 feet.

CILBERT ASSOCIATES, INC
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WAVE RUNUP AND OVERTOPPING FOR PROFILE 3 TESTS
(Stepped Slopes, Maximum Elevation 118.5 Feat)

Depth Depth
Elevation Elevation of Max. of Median Median
Tide of Max of Median Over- Over- Wave
Level Runup Runup topping topping Height
Run No. (Ft.) (Ft.) (Ft.) (In.) (In.) (Ft.)
29 118 118. 5% 118.5 66 45 13.4
30 118 -118.5 118.5 56 45 13.4
31 116 118.5 118.5 25 20 12.9
32 116 118.5 118.5 31 21 12.9
33 114 118.5 118.5 8 1 12.6
34 114 118.5 118.4 6 0 12.6
35 112 117.8 116.4 0 0 13.1
36 112 117.3 116.3 0 0 13.0
37 110 115.4 114.3 0 0 12,4
38 110 115.6 114.7 0 0 1.2
39 108 114.0 112.1 0 0 12.4
40 108 113.3 112.1 0 0 12.%
41 106 110.0 109.2 0 0 12.5
42 106 110.0 209.6 0 0 12.6
43 104 106.2 105.4 0 0 12.1
44 104 106.2 105.4 0 0 12,1

* Runup in excess of 118.5', shown as overtopping in Columns 5 and 6

TABLE 1
CRYSTAL RIVER UNIT 3
WAVE RUNUP MODEL TESTS
PROFILE 3
TEST RESULTS
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RUNUP AND OVERTOPPING FOR PROFILE &4 TESTS
(Stepped Slopes, Maximum Elevation 124 Feet)

Depth Depth

Elevation Elevation of Max. of Median Median
Tide of Max of Median Over- Over- Wave
Level Runup Runup topping topping Height |
Run No. (Ft.) (Ft.) (Fe.) (In.) (In.) (Fe.)
45 120 124 .,0% 124.0 40 31 16.2
46 120 124.0 124.0 40 30 16.2
47 118 124.0 124.0 11 3 15.4
48 118 124.0 124.0 7 0 14.5
49 116 122.8 121.8 0 0 14.8 ,
50 116 122.9 121.8 0 0 14.8 |
51 114 120.1 118.6 0 0 14.8 |
52 114 119.5 118.6 0 0 ~15.0 f
53 112 117.9 116.6 0 0 14.5 |
54 112 117.6 116.6 0 0 14.8

* Runup in excess of 124.0' shown as overtopping, in Columns 5 and 6

LILBERT ASSOCIATES, INC

TABLE 2
CRYSTAL RIVER UNIT 3
WAVE RUNUP MODEL TESTS
PROFILE 4
TEST RES™.TS
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RUNUP FOR PROFILES 5 TESTS
(Layout No. 3, Section B by GAI)

Elevation Elevation
of Max of Median
Runup Runup
(Fs.) (Ft.)

124.2 123.1
123.8 123.1

122.1 121.0

58 116 122.2 121.0 11.6

59 114 119.8 119.1 12.9
60 114 119.5 118.9 12.9
61 112 117.1 116.1 11.9
62 112 116.1 115.1 11.2 :
63 110 114.4 113.3 10.5 E
64 110 113.9 113.0 11.0

TABLE 3 '

CRYSTAL RIVER UNIT 3
WAVE RUNUP MODEL TESTS
PROFILF 5 :
TEST RESULTS !

CILBERT ASSOCIATES, INC J
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Note:

Design "A" 286 1b. Type II cement @ Max.
Design "B" 312 1b. Type II cement @ Max.

Max. Dry Optimum Compressive
Design Mix Density, PCF Moisture, % Strength, psi
m "Ai'
7-Day Cylinders 113.1 14.9 865
112.6 14.5 955
112.6 14.5 845
l4-Day Cylinders 113.3 14.9 1070
113.3 14.9 1030
113.5 14.7 1040
28-Day Cylinders 1150
1095
1180
Mix "B"

7-Day Cylinders 113.0 14,7 885
1131 14.7 1040
112.8 14.8 960
l4-Day Cylinders 113.1 14.8 1250
110.9 15.2 1170
111.4 15.6 1230
28-Day Cylinders 1420
1360
1475

Density with OW/C + 1-2%
Density with OW/C + 1-2%

TABLE 4
CRYSTAL RIVER UNIT 3
SOIL-CEMENT DESIGN MIXES
OCTOBER, 1969

.
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Specimen

1500 psi Concrete

1500 psi Concrete

Soil-Cement Mix A

Soil-Cement Mix B

Soil-Cement Mix A

Soil-Cement Mix B

14

14

28

28

Size Strength - psi

6" X 12" 155

i 12" 175

4" x 4.6" 185

4" % &.6" 215 :
- 210 ‘
- 235

TABLE 5

COMPARISON OF SOIL-CEMENT
WITH 1500 PSI CONCRETE IN
SPLITTING TENSION
(ASTM C-496)

GILRERT ASSOCIATES. (NG - - o J



Mix No. 1 Mix No. 2 Mix No. 3
Property 3.0 Bags/cu yd 4.0 Bags/cu yd 4.5 Bags/cu yd
Compressive Strength
7-Day cylinders (Av) 1025 psi 1800 psi -
l4-Day cylinders (Av) 1060 psi 1600 psi -
28-Day cylinders (Av) 1460 psi 1935 psi 2800 psi
90-Day cylinders (Av) 1850 psi 2122 psi 2960 psi
Moisture Content
7-Day cylinders (Av) 11.2% 11.5% -
l4-Day cylinders (Av) 10.9% 11.8% -
28-Day cylinders (Av) 11.1% 11.1% 10.5%
90-Day cylinders (Av) 10.8% 11.4% 11.2%
Molded Weight
7-Day cylinders (Av) 117.5 pet 120.6 pcf -
l4-Day cylinders (Av) 116.3 pcf 120.0 pef -
28-Day cylinders (Av) 117.8 pcf 120.3 pcf 120.0 pef
90-Day cylinders (Av) 118.6 pcf 120.3 pef 120.1 pcf
TABLE 6

GILBERT ASSCCIATES INC —

CRYSTAL RIVER UNIT 3
SOIL-CEMENT DESIGN MIXES
NOVEMBER, 1969




Prgg.rgz

Cement Content

Cement Content

Density (ASTM D558)
Optimum Moisture

Vol. Change (ASTM D559)

Wt. Loss (ASTM D559)

Compressive Strengths

7-Days
28-Days
90-Days

Unit Mix No. i
lbs/cu yd 219
Z by Wt. 7
PCF 117.3
% 13.5
4 1.2
% 1.5
490
720
930

CILBERT ASSOCIATES INC

Mix No. 2 Mix No.

251 282
8 9
118.5 1X7.9
13.4 13.7
1.1 1.1
1.8 0.6
560 650
960 1080
1100 1240
TABLE 7

CRYSTAL RIVER UNIT

3

3

SOIL-CEMENT DESIGN MIXES

JULY 29, 1970
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PROFILE TESTED

RESULTS OF INTEREST

37.5° 35" 60" TIDE % % MAXIMUM
> e Jf > LEVEL OVERTOPPING
, LEPTH (IN.)
EL.118.5 1
2 etz 0 i
® ¢ ew EL.I00
8
ERODABLE SOIL SURFACE, PRIOR TO HEAVY WAVE ATTACK
37.5" 3 I 60" MAXIMUM
LEVEL . OVERTOPPING
EL.124 : DEPTH (IN.)
2
Tz 'z‘ I 2
@ EL.98 EL.100
7
ERODABLE SOIL SURFACE, PRIOR TO HEAVY WAVE ATTACK
c 37.5" | | 38" | 60" MAXIMUM
i LEVEL OVERTOPPING
TEL s . DEPTH (IN.)
EL.110
66
@ TR EL.100
6
STEPPED SLOPES, AFTER SOIL SURFACE ERODED
ADDITIONAL STEPS NECESSARY TO ELIMINATE OVERTOPPING
SR NG K. .3
L1 I V] DEPTH (IN.)
® l .
™ EL.100
7
STEPPED SLOPES, AFTER SOIL SURFACE ERODED
STEPS CONTINUE ABOVE 118.5 TO OBTAIN ACTUAL PUNUP PEAKS
42.5" [ 30" 120" TIDE ELEV. OF
o s i - LEVEL MAX. RUNUP
o, ™ (FT.) (FT.)
EL.118.5
EL.112.5
LL - 16 122.2
@ EL.100
T 14 119.8

LAYOUT NO. 3, SECTION B, WITH STEPPED SLOPES

12 17

* X PROTOTYPE DIMENSIONS

* TIDE LEVEL AT WHICH OVERTOPPING STARTED

CRYSTAL RIVER UNIT 3

MODEL PROFILES TESTED,
RESULTS OF INTEREST

FIGURE 2
SHEET 1




PROFILE 1 ~ SMOOTH SLOPES WITH MAXIMUM BERM ELEVATION 118.5 FT.:

NO OVERTOPPING OCCURRED FOR TIDE LEVELS RANGING FROM 104 TO 110 FT.
OCCASIONAL OVERTOPPING STARTED WHEN THE TIDE LEVEL WAS 112 FT., BECOMING
CONTINUOUS FOR TIDE LEVELS FROM 114 TO 118 FT. MAXIMUM OVERTOPPING DEPTH
DEPTH NOTED WAS 88 INCHES.

PROFILE 2 ~ SMOOTH SLOPES WITH MAXIMUM BERM ELEVATION 124.0 FT.:

NO OVERTOPPING OCCURRED FOR TIDE LEVELS UP TO 112 FT. SLIGHT OVERTOPPING
WAS RECORDED WITH A 114 FT. TIDE LEVEL. CONTINUOUS OVERTOPPING OCCURRED
+OR TIDES OF 116 TO 120 FT., WITH A MAXIMUM DEPTH OF 40 INCHES.

PROFILE 3 - STEPPED SLOPES WITH MAXIMUM BERM ELEVATION 118.5 FT.:

NO OVERTOPPING OCCURRED FOR TIDE LEVELS FROM 104 TO 112 FT. SLIGHT OVER-
TOPPING HAPPENED WITH A TIDE LEVEL OF 114 FT., BECOMING CONTINUOUS AT TIDES
OF 116 AND 118 FT. MAXIMUM OVERTOPPING DEPTH RECORDED WAS 66 INCHES.

PROFILE 4 .. STEPPED SLOPES WITH MAXIMUM BERM ELEVATION 124.0 FT.:

SLIGHT OVERTOPPING BEGAN WHEN THE TIDE LEVEL WAS 118 FT. AT A 120 FT. TIDE,
THE MAXIMUM OVERTOPPING DEPTH WAS 40 INCHES. IN ORDER TO ELIMINATE ALL
OVERTOPFING (NEGLECTING SPLASH-UP), IT WAS NECESSARY TO INCREASE THE 124 FT.
ELEVATION WITH STEPS UP TO AN ELEVATION OF 132.4 FT.

PROFILE 5 - STEPPED SLOPES, SLIGHTLY DIFFERENT DESIGN THAN PREVIOUSLY
TESTED (LABELED LAYOUT NO. 3, SECTION B BY GAl):

STEPS WERE CONTINUED ABOVE THE BASE ELEVATION OF 118.5 FT. IN ORDER TO

PREVENT OVERTOPPING FOR THIS SERIES OF TESTS. MAXIMUM RUNUP PEAKS WERE

SLIGHTLY LESS FOR THIS PROFILE THAN FOR OTHERS TESTED.

CRYSTAL RIVER UNIT 3

RESULTS OF MODEL TESTS

FIGURE 2
SHEET 2



m (*14) 13A31 3012
,*.

_ 0zl 8l 91 141 41} (1Y} 901 vol

: : T ; ™ ¥01
S80S 1
4 4 2
H . R8s 4
o L4444 4 : .
44 H
. .
- 4 w. 4 ‘4 2 RR = 44
2 144 'y
- v 44 oy
445 441 4 b4 4 4444 .
v ;
s - . b4 4 S IH H
2R - : 2ERRS
eadh ¢ DR e e . .. ’ 1]
: + e 4 301
- 2 4 SRSSs
: T ] [ 43 Y
+ s e g 4 g S=28 - . e s =
.
. 4 R . . -
288 2 11 4 L4 44 4 4
b4 44 28 4 . * 44 byt
i HiiH :
T ssupeass : S H -
4 4 41 SReses b4 b+ o
pase thrtaid s . e 4444
44 44 L34 sseses 41 1
2202228 SeERee 414 s e +4+4 44
B + 414 4+ 4 b4 4 ESSRRRE R H 1 v + . 8 4
4 x,u ¢ 8
22 4444 ea b b dre it - 44 b 4 2 2
T : : Zil
' o EEES s - v 4 444 - 4 ' 4 IF! 4
444 SESE MaNSR R 4 - 4 S 8888 1 TLX..}
8 . : 4 444 4 + . + . 4
. p 88 4 -1 u + 20
e SRS =
4 HiHH i T i H HHH
- b4+t by 4] . 44 4 . L fee 4 9 4
P - b+ 4 . 4 b4 44 4 v =
' 44 = ' vx “ w +W ' X b+ EXRRRS 2
88 & v IJ be s ERSERR S EREEE B 4 “ 1 b - ‘4 by
28 2 4 - 440 . 1 SPE88
. 14+ 20e 1443 43 . 44443 SEgRaNERS S # + IR 191 e see 8 . by 333
e 8 . . iy SeRgee
e 41 44 444 + 111 , 2
S8 SREE o s v b 2 4 4 44 + +444 ITI. e S ‘
e + 4 44 SEsasssssasa e A MA it m_ w uuw. 2888 1 —-
b4 4 4 t 44 4 R - SRR RS RRRR 2 A + 4 ¢ﬂ + r boe . S ERERE B
. 444 4 e v ® - . ISR R R 44 . : H
+ 4 4 b . + LSeEs PESH a8
! g 13 v ry -
' 4 ' 4 ’- ‘rh
' I . + 2 Lr 444
228 222 s 4 = 4 4 14 1 + 44+ } . 44
4 pe . b4+ 4+ ++433] IR 20 i + S8 8 e H
i 1 iiges H ’ t R HHBHIH H
LT 4 ' 4 ,_X 4 1 4 ‘4 + e . 4 4 oy 4
. 2 s ® Janue i e - e 314 i
R eSS 44 4 pe w 4 |8 RS 1 p 28 R :
v H Leea B4 . 133 141 4 ' - 4ads 44434
ra 411 e 2 1% 4 IR * 444 -
4 z 44 : 44+ i .o ee 43 . 4444 GN-
: 5 ww - n Mw . e S
: . See s « 4 . 4
! vl g 4 L Lr 3. r 2 “ b a4 4 e S S8S2008e
+ 4 4 + +4 4t
. IS8 4 ! ' 44 +
v 2 ‘v n +1 ’ “ 4 B8 B “ w -
2 4 R +
7 44 ‘M > ‘- ' + 4y + B8
b+ 444 b4 v ' + - 4 4+
i : ifasssas Hitiths i3s BRI 11
= lmw LJ R . » = e . R 1
- > . » 8 - & - 3 588885 Prideay
- ’
e - -4 e . seess 4 8 m‘ T
S8ses 2 o b4 44 8% 88 .
PN 8 - 3 (331 ] H 133 e
+ b 4y e -4 rrdd ’N
b4 .MYA -+ “ 2 i v e 4 44 4
g 4 v e e RS 4 2 2 b
.| -4 4441 + + + -4 t4ges -+ .y 444444 -4
-m 2 . d . SRE P b+ 4+ ‘4
Ny . e v d e b st fiasggea b44 4 . i qw -
- -+ 44 44
r 4 44 . + -
-4+ 4 . * s SR . . - R . . .o
SRS b 44 4 44 %A +44 H 3 paRes . 26 SRees =
- p
184 e b4 44 - ‘4 - - 44
4 b4+ ’ + 4 +4 4 S BB & B u 444
+ 4 .44 e - + 11 Aw + + 44+ “ +41
14 88881 » L T AM & e 3 1
jesass! 1 sess3le 1itits 2itifity 1 1 .N—

vs§
TIDE LEVEL
FIGURE 3

CRYSTAL RIVER UNIT 3
RUNUP AND OVERTOPPING

RUNUP & OVERTOPPING ELEVATION (FT.)



STILLWATER FLEVATION (FEET ABOVE MLW)
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REPORT OF TEST ON CONCRETE CYLINDERS
6" DIAMETER BY 12" LENGTH

!EPCRTED TO:  FLORIDA POWER ZORP.

~ROJECT: CRYSTAL RIVER PLANT UNIT NO. 3
Concrete Supplier: West Coast Concrete, Inc.
weh-Engincer: Gilbert Assoc., Inc.

senecal Contractor: J, A, Jones

oration of Concrete Placme’nt
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FLORIDA POWER CORP.

CRYSTAL RIVER UNIT 3

SOIL-CEMENT TESTS

NOVEMBER, 1969

= 3 Bags Cement/CY
- &4 Bags Cement/CY
- 4.5 Bags Cement/CY




FLORIDA TESTING LABORATORIES. INC.

Phone 531.1446 —~ P.O. Box 17064
$t. Petersburg, Florida 33733

Client _Elorida Power Corpaoration Submitted By ___EELC

Project o Sampled By FPC
mmsa%m:‘__ Sampled From _On Site material
identification Marks As Shown Date Sampled

Quantity Represented Date Received .
Contractor Date Tested .

Source of Supply__Native Limerock on Site  Date Reported

e RS D LS ——— " ___ ]

Lab. Ne. 3425 TEST RESULTS
Tested By '
3.0 Bags/cu.Yd. 4.0 bags/cu. Yd. 4.5 Bag/Cu. Yd
Molded Psi @ Molded Psi @ Mo lded Psi
Weight Moisture 7 day Weight Moisture 7 day Weight ° Moisture 7 Da
118.1 11.7 . 972 121.0 11.1 2369 i 1 TR
118.1 11.2 1007 120.5 11.9 17386 - -
116.8 10.7 1098 119.5 11.5 1821 - -
Psi @ Psi @ Psi @
14 days 13 days 14 da
116 .0 11.1 1131 120.6 11.6 1687 * - -
117.2 10.7 1202 119.4 11.9 1379 - -
116.2 11.0 843 . 119.7 11.9 1732 - B
Psi @ Psi @ _ Psi @
28 days 28 days 28 da
116.2 12.3 990 120.7 11.2 2758 121.0 10.7 3129
118.9 10.3 1520 120.3 1%:.1 1962 119.8 .10.9 2440
118.6 10.6 1856 120.1 11.0 1909 119.4 10.1 2829
Psi @ Psi @ Psi @
90 days 90 days 90 da:
118.8 10.7 1839 121.8 11.0 2298 120.2 it & 3041
118.8 10.6 1927 119.3 3.7 2033 120.1 112 2846
118.2 11.1 1786 119.9 11.5 2122 120.0 11.2 2988

|ywz¢./'

~ FLORIDA TESTING LABORATORIES, INC.

¢¢: FPC/Edw Froats (3)
T4 mav

roas



SITY — PCF

DRY DENS

21 !

FLORIDA TESTING LABORATURIES, Inc.
ST. PETERSBURG. FLORIDA
SOIL. COMPACTION CURVE SHEET
Laboratory No.: ___3425 Tested By: Date:
Ciient: __Florida Power Corporation
Project: Crystal River, Unit #3
R Soil Cement Berm
Maserial: Soil Cement
Method of Compaction: AASHO T-180 Mod.
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FLORIDA TESTING LABORATORIES, INC.
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. AN A N A s e

DEC111c69
coaica povis o FLORIDA TESTING LABORATORIES. INC.

CRYSTAL RIVER COiidinvus 'Ol Phone 531-1446 — P.O. Box 11064
S1. Petersburg, Florida 33733
—_ W
Client __Florida Power Corporation _ Submitted By FPC
Project ___Crystal River, Unit #3 Sampled By FPC
Material ___Qn _Site Limerock Sampled From
Identification Marks Date Sampled
Quantity Represented Date Received
Contractor Date Tested
Source of Supply On Site Date Reported
Lab. Ne. 3425 TEST RESULTS
Tested By
GRADATION
Sieve % Passing
3/4" 100.0
LIMEROCK ANALYSIS
1/2" 99.8
3/8" 99.1 ‘
#4 97.0
#10 92.9 ABSORPTION
#40 713.7 29.5%
#60 61.1
#140 25.9
#200 22.2
#270 20.4
Material run through crusher
prior to delivery to Laboratory. .

cc: Florida Power Corp. (3) By

FLORIDA TESTING LABORATORIES, INC.

FORM FYL.A4 RAY.
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FLORIDA POWER CORP.

CRYSTAL RIVER UNIT 3

SOIL-CEMENT DESIGN MIX TESTS

JULY 29, 1970

MIX 1 - 219 #/cY
MIX 2 - 251 #/CY
MIX 3 - 282 #/CY

B -



PITTSBURGH TESTING LABORATORY

CRATABLISMED 1081
PITTSBURGH, PA.
AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES. ALL REPOATS
ARE SUBMITTED AS THE CONFIDENTIAL PROSEATY OF CLIENTS. AND AUTHORIZATION

POR PUBLICATION OF STATEMENTS. CONCLUSIONS OR CATRACTS FROM OR AECARDING
OUN REFOATSE IS RESERVED FENDING OUR WRITTEN AFFROVaL.

REPORT

SOIL-CEMENT DESIGN
FOR
WAVE PROTECTION BERM

Florida Power Corporation
Crystal River Unit #3

Index:
p. 1-3 Discussion and Recommendations
p. 4-5 Summary of Tests
p. 6 Wetting and Drying Test
p. 7 Compressive Strength Test
p. 8 Gradations

p. 9-10 Maximum Density Determinations
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PITTSBwRGH TESTING LAB_-RATORY

CSTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELYES. ALL REPOaTy

ARE SUBMITTED AS THE CONFIDENTIAL PROPEATY OF CLIENTS. AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS CONCLUSIONS UR EXTRACTS FAOM OR REGARDING
OUR REPORTS I8 RESERVED FENDING OUR WRITTEN APPROVAL.

CLIENTS No. P.0. No. PR3-1106 REPORT ORDER No. TA-7732
REPORT FOR: FLORIDA POWER CORPORATION
P.0. Box 276
Crystal River, Florida 32629
REPORT OF: Soil Cement Design Mix.
DATE: 7-29-70

At the request of Florida Power Corporation, a series of tests
were performed to develop a soil-cement design acceptable for
the wave protection berm on Crystal River Unit #3.

The PSAR section on soil-cement berm construction references

the Bonny Dam project of the US Bureau of Reclamation on which

a test section of soil-cement was constructed for wave erosion
protection in 1951. (Report EM-630) Thecefore it was felt

that research into the design and testing methods used by BUREC
on that project should provide guidance for the berm construction
on Unit #3.

An in-depth look at the BUREC reports on the Bonny Dam and a
subsequent project, the Merritt Dam, revealed a basically differ-
ent approach from that detailed in the PSAR. The PSAR establishes
compressive strengkb of the soil cement mixture as the basic de-
sign criteria while BUREC on the above projects follows basically
the Portland Cement Association recommendations for design of
soil-cement mixtures subject to erosive action. This involves a
series of wetting and drying and/or freezing and thawing tests to
establish minimum acceptable cement content. The Merritt Dam
report, written in 1961, states, "Compressive strength is generally
considered supplementary to the freeze-thaw and wet-dry soil-
cement tests." (EM 611, p.7)

One very basic difference between the Bonny Dam project and
Crystal River Unit #3 {s the nature of the soil from which the
soil cement will be manufactured. On the Bonny Dam job ,soil
used was quartz sand with 20%-35% silt. This basically forms a
matrix type structure with the cement and develops its coherence
through an internal physical type bond between the individual
soil particles and the hydrated cement gel. Conversely, the
material to be used on this project as a soil base is native
excavated ,well weathered limestone with a very high calcium
carbonate content. This composition permits the soil base it-
self to react chemically in the soil-cement mixture, forming

Page 1.



Foew AU/ REV.

PITTSE.RGH TESTING LAE_RATORY

CSTABLISHED 1801
PITTSBURGH, PA.
AS A MUTUAL PROTECTION TO CLIENTSE, THE PUBLIC AND OURSELVES. ALL REPORTS
ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS. AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REFPORTS IS RESEAVED PENDING OUR WRITTEN APPROVAL.

REPORT

cement-like bonds between individual particles and, along with
the cement gel, developing an extremely coherent internal struct-
ure. Results of the wetting and drying tescs which were performed
verify this point quite graphically.

One further point concerning the compressive strength criteria of
the PSAR section should be made. Reference is made in that section
to the 2,000 PSI strength of cores taken from the Bonny Dam test
section. It should be clearly understood that these cores were
taken some 10 years after construction of the test section and
that normal PCA procedures require only that compressive strength
of a soil-cement mix be at least 450 PSI and increasing at age 7
days. 28 day strength at Bonny Dam were in the range of 900-1100
PSI, which is roughly comparable to 28 day strengths obtained here
at Crystal River.

In consideration of the above, it was decided that the PCA recom-
mendations for soil-cement wave protection design would produce
an acceptable structure with a more economical mix than the orig-
i{nal PSAR recommendations.

Portland Cement Associacion design criteria as followed by BUREC
on the Bonny Dam project are as follows:

1. Soil-cement losses during either 12 cycles of wet-dry or
of freeze-thaw tests shall not exceed 14 percent.

2. The maximum volume change during either the wet-dry or
freeze-thaw tests shall not exceed 2 percent of the volume
at the time of molding.

3. The maximum moisture content during the wet-dry or freeze-
thaw test shall not exceed that quantity which will completely
fill the voids of the specimen at the time of molding.

4. Compressive strengths shall increase with age and with
increases in cement content.

5. The cement content, as indicated by the criteria of 1

through 4 above which were formulated for highway purposes,
shall be increased 2 percent by volume to provide a surface

resistant to water erosion.

Test methods for mix design were as follows:

Page 2.
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Soil samples were taken from excavated native limerock material
stockpiled at the site. No attempt was made to sclectively grade
the samples, other than to screen all material over a 3/4" sieve
for purposes of laboratory testing.

Cement contents of 7%, 8%, and 9% by weight were used in prepar-
ation of the test specimens. These mixes were designated respect-
ively for test purposes as Mix #1 containing 219 lbs. of cement
per. cu. yd. of soil-cement mixture, Mix#2 containing 251 lbs.
per.cu. yd., and Mix#3 containing 282 lbs. per. cu. yd.

Maximum density and optimum moisture of soil-cement mixtures
were determined in accordance with ASTM D558, except compactive
effort was modified to 5 layers, 25 blows with N 1lb. rammer
falling 18", 5.5

Test specimens were prepared at moisture contents slightly above
optimum and compacted in 4" diameter molds in the above described
manner. These samples were then removed from the mold and cured
for 7 days in a temperature and humidity controlled curing room,
after which they were used for wetting and drying and compressive
strength tests.

Results of the wetting and drying tests show extremely low weight
losses for all specimens, indicating a very coherert and durable
structure, Compressive strengths at 90 days were in the range of
1000 PSI or higher and steadlly increasing. Several specimens of
Mix #3 were were arbitrarily tested for splitting tensile strength
in accordance with ASTM C-496 and developed a range of 200 PSI,
which is higher than concrete of comparable quality. As all speci-

~-—mens easily met the PCA requirements, the one with lowest cement
factor,i.e. Mix #1, was selectec s a base for design. This them -~
was ad justed for cement content on che bases of 2% by volume in
accordance with recommended procedure.

In consideration of the-above, it is recommended -that the soil-ce-
ment design mix consist of 270 lbs of type I cement per cu. yd.

of native limerock material excavated on-site. This corresponds
to a cement content -of 10.6% by volume and 8.5% by weight.- This
mixture would be placed and compacted to at lesst Y987 of meximum
density as dc*~rmined-by ASTM method -B-558-as modified in this

report. - s - T el e i
Report prepared by: 70; Respectfully submitted
¥.2. WmsT, PRL- - €4 ﬁ"”"“‘-‘*— PI H TESTING LABORATORY

P.E. Kornman,P.E.

A N o o 4 W ot LM R i R R v . /ﬁ;/' kc/é/z. ;'

T - 2 o e~ H ¥/ McGillivray, Manager
i - o b st o it e s ot sk o D RN
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ESTABLISHED 108
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CLIENTS No. P.0O., No. PR3-1106 REPORT ORDER NO, TA-7732
REPORT FOR: FLORIDA POWER CORPORATION
P.0. Box 276
Crystal River, Florida 32629
REPORT OF: Soil Cement Design Mix
DATE: 7-29-70

SUMMARY OF SOIL TESTS

Gradation #4 79.6% PASSING
#40 47.4% PASSING
#200 4.7% PASSING

ATTERBERG LIMITS L.L. 26
P.I. NP
SPECIFIC GRAVITY 2.57
MAXIMUM DENSITY 116.2 PCF
OPTIMUM MOISTURE 13.0 %
VOID RATIO (COMPACTED) 0.380
~&4
COEFFICIENT OF PERMEABILITY 8 X 10 CM/ SEC.
(COMPACTED) or 2.4 Ft./YR
SOIL TYPE AASHO A-1-b
cc: 1 Client, Mr. Bennett Respectfully submitted,
2 Client, Mr. Froats PITTSBURGH TESTING LABORATORY
1 Wn, T. Hurst
TN Pl S M g R
P.E. Kornman,P.E. H.J/MeC 1 1ivray, Managér—~ .
3 Taspa Discrict /

Page 4,
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F_."  PITTSBwRGH TESTING LABwRATORY

ESTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES. ALL REPORTS

ARE SUBMITTED AS THME CONFIDENTIAL PROPEATY OF CLIENTS. AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING
DUR REPONRTS (S RESERVED PENODING OQUR WRITTEN APPROVAL.

Clients No. P.0, No. PR3-1106 REPORT ORDER No. TA-7732
REPORT FOR: FLORIDA POWER CORPORATION
P.0. Box 276
Crystal River, Florida 32629
REPORT OF: Soil Cement Design Mix.
DATE: 7-29-70

SUMMARY OF TESTS ON SOIL-CEMENT

MIX #1. MIX #2.  MIX #3.
PERCENT CEMENT BY VOLUME 8.6 9.9 11.1
PERCENT CEMENT BY WEIGHT 7 8 9
MAXIMUM DENSITY PCF 117.3 118.5 117.9
OPTIMUM } (STURE % 13.5 13.4 13.7
WET-DRY TEST
MAXIMUM MOISTURE CONTENT % eene S 14.2
SATURATION MOISTURE % cnse cons 14.8
MAXIMUM VOLUME CHANGE % 1.2 1.1 1.1
WEIGHT LOSS % 1.53 1.18 0.61

COMPRESSIVE STRENGTH

7 DAY (PSI-Avg.) 430 560 650
28 DAY (PSI-Avg.) 720 960 1080

- 90 DAY (PSI-Avg.) - 930 1100 . 1240

Respectfully submitted,

44%;;580!6“ TESTING LABORATORY
/ 'f/ﬁbw P ///’-// (_Ll—u}r_ﬂu 7
cc: 1 Client Mr. Lennett P.E, Kornman,P.E. u. McGillivray, Manager

2 Client, Mr. Froats - - - - Tampa District C;V

1 Wm, T. Hurst

Page 5.
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ESTABLISHED 1801
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES, ALL REPORTS
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FORM PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REFORTS IS RESERVED PINDING OUR WRITTEN AFPROVAL.

CLIENTS No. P.0O. No. PR3-1106 REPORT ORDER No. TA-7732

REPORT FOR: FLORIDA POWER CORPORATION
P.0, Box 276
Crystal River, Florida 32629

REPORT OF: - Wetting and Drying Test (ASTM-D559)
DATE: 7-29-70

CYCLE 1. 2. 3. 4. 5. 6.

MIX #1

VOLUME CHANGE 0.8% 1.0% 0.9% 0.7% 0.6% 1.2%

WEIGHI LOSS 0.272% 0.347% 0.45% 0.5€% 0.67% 0.84%

MIX #2

VOLUME CHANGE 0.9% 0.%% 0.6% 1.1% 0.7% 1.0%

WEIGHT LOSS 0.39% 0.627% 0.84% 0.84% 0.90% 0.96%

MIX #3

VOLUME CHANGE 1.0% 0.8% 0.7% 0.9% 0.5% 1.1%

WEIGHT LOSS 0.17% 0.39% 0.50% 0.56% 0.56% 0.56%

CYCLE 7. 8. 9. 10, 11. 12.

MIX #1

VOLUME CHANGE 0.9% 0.7% 0.9% 0.3% 0.5% 0.7%

WEIGHT LOSS 0.95% 0.99% 1.35% 1.40% 1.467% 1.53%

MIX #2 |

VOLUME CHANGE 0.9% 0.5% 0.3% 0.5% 0.5% 0.3%

WEIGHT LOSS 1.07% 1.07% 1.12% 1.12% 1.18% 1.18%

MIX #3

VOLUME CHANGE 1.12 0.5% 0.7% 0.3% 0.4% 0.6%

WEIGHT LOSS 0.61% 0.61% 0.61% 0.61% 0.61% 0.61%

~ Respectfully submitted,
ce: 1 Client, Mr, Bennett }558 H TESTING'}ABOR9TORY
2 Client, Mr. Froatz szy,
1 Wo. T. Hurst ff//l AATF -

€[]0 cthlivray, Mnnnger

P.E. Kornman,P.E. Tlmpl District

Page 6.
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PITTSBL_'GH TESTING LABO ATORY

ESTABLISHED 188}

PITTSBURGH, PA. Order No. TA-7732

AD A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES. ALL REPORTS

ARE SUBSMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS. AND AHTHORIZATION

FOR PUBLICATION OF STATEMENTS, CONCLUSIONT OR EXTRACTS FROM OR REGARDING Rem N
QUA REPORTS IS RESERVED PENDING OQUR WRITTEN AFPROVAL. 0.

REPORT Date 3-27-70

REPORT OF TEST ON CONCRETE CYLINDERS
6" DIAMETER BY 12 LENGTH

' REPORTED TO: FLORIDA POWER CORP.

. PROJECT: CRYSTAL RIVER “LANT UNIT NO. 3
{ Concrete Supplier: West Coast Concrete, Inc.
Arch-Engineer: Gilbert Assoc., Inc.

_ General Contractor: J. A. Jones

<ocation of Concrete Placement ____SOIL CEMENT DESIGN MIX

!

|

Date Cast 3-27-70 Concrete Class_===vcvaeca === PS.L AruMSq. In.
i -’m‘ F&C!Of ............. Bfand ------------- T))e - - X XN Aggfegate s'zew
PR | it | oatiiace | cnns | m | SN | oamerumo | 3%, [T | SQRT | S
Mix #1 f 44 | 7 | 6400 510 |
R ; | . | 2 | s900 | 470 |
Mix #2 ! 5 - R N D R RN S
" | ‘ l | " 7 . 7300 | S80 :
Mix #3 : I | . yi 2600 | 605 ‘
- : I | " 7 8800 | 700
! : : ‘ | {
Mix ¢#1 ; - ‘ __4-25 28 8600 | 685
L | % e 28 9500 155
L Mix #2 | ! | r SR | 28 | 11500 | 915
s . L j i ol | 28 | 13720 | 1010
' | Mix #3 | | . L 28 | 12600 | 1000
' BTh.. | L .28 | 14500 1155
| 1 .‘ |
- _Mix #1 - Loeaaad | 6-26 | 90 _ 12300 . 980
i ! -+ - » |90 | 11100 . 885
_Mix #2 L 2 " L 90 | 12900 1030
L | | f | 90 14809 1180
Mix £3 . | f" 8 90 16200 1290
e ZEnRE, | | | 90 _ 15000 | 1195
\ | IL ! I : T
[ T 1 !
{ | o | |
1 i TR S TN S i ]
| TEMARKS:
; - :;":ﬁ: !P’oww gm., IEI g Bennett PITTSBYRGH TESTING LABORATORY
1 & = Flori ower Corp., E. E. Froats f I
! = PTL - Tampa ""/ﬁ”*"‘“‘ %/ ///h//ﬂ//' R
1= PTL = W. T. Hurst i P.E. Kornman,P.E. - e A
I - PTL - Pgh. Page 7. Hﬂ. McGillivray, Manager/;



Forwm 407 Rev.

PITTSEwRGH TESTING LAB«RATORY

ESTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES., ALL REFPORTS

ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS. AND AUTHORIZIATION

FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR RECARDING
OUR REFORTS I8 RESEAVED PENDING OUR WRITTEN APPROVAL

CLIENTS No. P.O. No. PR3-1106 REPORT ORDER No. TA-7732
REPORT FOR: FLORIDA POWER CORPORATION
P.0. Box 276
Crystal River, Florida 32629
REPORT OF: Maximum Density Tests on Soil-Cement Mixtures.
DATE: 7-29-70

Test for maximum density and optimum moisture on Mixes #1,
#2, #3 were performed in accordance with ASTM D-558 modi-
fied as follows: Compactive effort was increased to 5

layers, 25 blows per layer with 10 1b. rammer falling 18",

Results were as follzws:

Mix #l cccccccmccccea. 117.3 PCF @ 13.5%

Mix #2-cceeca- cee=e---118.5 PCF @ 13.4%
Mix #3-cecccccccannan. 117.9 PCF @ 13.7%
~: 1 Client, Mr. Bennett ¥, aet”
2 Client, Mr. Froats —ﬁf/n’”
1 Wm, T, Hurst P.E. Kornman,P.E.

/% & / ;
/ Wit/ A 2y
B.J. chillivny, Manager /

District, Tampa

Page 9,
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PITTSBURGH TESTING LABORATORY

PROCTOR DENSITY TESTS

I8N ~———ELORIDA POVER CORPORATION

Lab No,:

TA No.: 7732

REPORT OF: * OBEUAIXENY Proctor Density Test of__ Limerock for soil-cement

(Modified) *Mark out one

PROJECT: Crystal River, lnit #3

SAMPLED BY: W, T, Hurst

DATE: 7-29-70

SPECIFICATION: *#(See below)__ AST™ D1557

Method: C

RESULTS:
Wet Density Moisture Dry Density
Lbs/Cu, Ft, Per Cent Lbs/Cu, Ft.
1, 12%.% e o R T | 5 T
2, 130, 5 12.3 116.1
3. 122 .9 14.6 1158
4. 128.0 15.0 ¢ 10 . S
n7 T T T T
Jdiidack CLLLLEERE ELEEL ES L L] INERAENN
Ll IBRRERI LLLLE] bbbl
il 5 0 i " i i
1Ll L] 11 11 i L
& i rrxf—\ T T 1 2 !
- WS SAWE, =
INERF 40 I T 0
1;']11 )I B 4 \\I 4 i + 1‘71:
VS Tt 1 ) W LT
. b 1 e L \! 4 3 - -
- 7. l 1T RISV D S
(9 LA ! H NS H B [ i1
o T 011 | T LI T L] 1.4 s
- { A‘LV
2 0 1T T
' ’ : ettt I W e
" = —
e T e T Se e T
a b A $ - - L dode LAl VL
z . T B B .
a | i T I
- 1 0 0 0
o 0 0 00 300 0 .00 00 0 0 0
O." 1 ' 1 I R A i o
o V2 - 14 : I 1Y
MOISTURE CONTENT %
OPTIMUM MOISTURE __13.0 MAXIMUM DENSITY 116.2

" Page 10.



PrrsprrenTesamnye LABDRNTODRY
ESTABLISHED 1881
INSPECTING ENGINEERS AND CIIEMISTS
S12 NORTH DELAWARE AVE.

TAMPA, FLORIDA 33606

AREA CODE 813
PHONE: 253.3485

AS A MUTUAL PROTECYION TO CLIENTS TWE PUBLIC AND OURSELVES ALL REPORTS ARL SUBMITTED As
THE CONFIDENTIAL PROPERTY OF CLIENTS AND AU THORITATION FOR PUBLICATION OF STATEMENTS CON
CLUSIONS OR ERTRACTS FROM OR REGARDING QUR REPORTS 15 RESEAYED PENDING OUR WRITTEN APPFROVAL

November 22, 1972 PTL Ref: TA-7732

Mr. James Harris

Gilbert Associates

525 Lancaster Avenue
Reading, Pennsylvania 19602

Re: Compaction Data
Florida Power Corporation

Dear Mr. Harris:

Enclosed you will find data on laboratory compaction and
field density testing of the limerock fill compacted as Zone III
material. Figure I summarizes compaction to date.

The figure #2 entitled Compaction Characteristics was made
up for J. A. Jones Company at the request of Gus Packos when the
compaction difficulties arose with the only available limerock
material. After consideration of the data on this figure, we ad-
vised J. A. Jones to use a tamping foot roller for initial com=-
paction followed by the 30 ton rubber tyne roller. The field
results have borne out the conclusions drawn from the laboratory
testing: in other words, that high stress kneeding type compaction
would be required to achieve the required density. All of the
field data indicates that the compaction water contents are well
wet of optimum for the high energy com.action now being used,

but drying the material has not be practical.

BITTSAURGH NIW YORK BOSTON PHILADELPHMIA  CLEVELAND DETAOIT $7T LOUWIS BUFFALD GREENSBOARD LOUISVILLE MEMPHIS SALT LAKE CITY  SAN FRANCISCO
NEW ORLEANS SEATTLE POATLAND BIAMINGHAM BATON ROUGE LAFAYETTE MILWAUREE INDIANAPOLIS ATLANTA HOUSTON DALLAS JACKSONVILLE TAMPA  wiam
CHICAGO SYRACUSE TALLAMASSEE EUGCENE DUNHAM NASHVILLE ROANOKE CHATTANOOGA DAYTONA GAINSVILLE ROCHEISTER SPORKANE MORGAN CITY WINSTON SALEM

ASSOCIATLS AY LOS ANGELES TORONTO MONTREAL LONDON. ENGLAND



Mr. James Harris
November 22, 1972
Page 2 TA-7732

The laboratory study indicates that the controlling perameter
in the moisture-density relationship for any limerock sample appears
to be the specific gravity of particles. This factor seems to be a
highly variable gquantity and determines the maximum density to which
that sample can be compacted. We also found that the specific gravity
of the particles scalped according to ASTM D-1557, Method C, was higher
than the specific gravity of particles for the remaining material. The
reduced field average specific gravity leﬁds to the need for increased
compaction effort in order to reach the requirements established in terms
of Method C.

The results of triaxial testing are being sent under seperate
cover. We apologize for the delay, but the requirement for the measure-
ment of pore pressures in compacted samples made our own equipment
inadequate for accurate testing. Due to the necessity for high back
pressures in order to prevent pore water cavitation due to dialation,
none of our usual sources were adequate either. Since we were in the
process of up-grading our own equipment, we decided to rush the re-
building rather than try to squeeze in on someone else's time schedule
for tests in which little faith could be put in the results. The test
series is now complete and will follow this data immediately.

We appreciate the opportunity of handling this testing for you
and shall be glad to discuss the results with you at any time.

Respectfully submitted,
PITTSBURGH TESTING LABORATORY

%‘?‘/’//4

/lr’\
Ross T. McGillf@r S
Tampa District Engzneer
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Compacrion CHAR CTEIRISTICS

Z2ONE III MATERIAL

FLORIDA POWER CORPF.

CRYSTAL RIVER, FLOR!LA
SAMPLE 8
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CLIENT'S No.

CLIENT:

REPORT OF:

TESTED BY:

Foam . ' Rev.

PITTSBURGH TESTING LABORATORY

EETABLISHED 1881
PITTSBURGH, PA.

AB A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES, ALL REPORTS

ARE BUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION

PFOR PUBLICATION OF STATEMENTS CONCLUSIONS OF EXTRACTS FROM OR REGARDING

OUR REFORTS I8 RESERVED PENDING OUR WRITTEN APPROVAL.

LABORATORY No. 11-66
ORDER No. TA=7732

REPORT

Floridz Power Corporation
P. O. Box 276
Crystal River, Florida 32629

Sieve Analysis of Zone III LimecPock Fill

Sample "B"
J. Byrnc, PITTSBURGII TEESTING LABORATORY

DLTE TESTED: March 22, 1972

Sieve Analysic:

cc:

sa:

Sieve Cize Cumulative ¢ Passing
3/4" 97.0
1/2" - 91.8
3/8" 84.4
Mo. 4 73.5
No. 10 65.0
No. 20 55.3
No. 40 49.8
No. 60 44.8
No. 80 40.7
No. 140 34.7
No. 200 30.8
Pan 0

Respectfully submitted,
PI"TSBURGH TESTING LZEOR,TORY

R. T. McGillivray,
Tampa District ENglneer

l Client ATTN: H. L. Bennett
l Client ATIN: E. F. Froats
l G. B. Browne

11-13-72
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REPORT OF:

TESTED BY:

Foam 407 Rev,

PITTSBURGH TESTING LABORATORY

EATABLISHED 1881
PITTSBURGH, PA.
AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS
ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS CONCLUSIONS OR EXTRACTS FROM OR REGARDING

OUR REFORTS I8 RESEAVED PENDING OQUR WRITIEN APPROVAL.
LABORATORY No. 11-65

ORDER No. Ta=-7732
REPORT

Florida Porer Corporation
P. O. Box 276
Crystal River, Florida 32629

Sieve Inylsis of Zone III Lime Rock Fill
Sample "A"
J. Byrne, PITTSBURGH TES"ING LABORATORY

DATE TESTED: March 22, 1972
Sieve Znalvsis:
ieve Size Cumu 2 Pegsing
3/4" 98.4
1/2" 87.5
3/8" 80.7
No. 4 V2.4
No. 10 65.2
No. 20 55.8
No. 40 50.4
No. 60 46.3
No. 80 42.2
No. 140 36.3
No. 200 33.2
Pan 0
Respectfully submitted,
PI”TSBURCH TESTING .PORuTORY
Ao WY /
R. T. McGillivrzy, P. E.
Tampa District Engineer
cc: 1 Client ATIN: H. L. Bennett

1l Cli
1l G.

ent A”TR. E. F. Proats
B. Browmne

sa: 1l1ll-13-72
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Foaw 407 Riv.

PITTSBURGH TESTING LABORATORY

ERTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES, ALL REFORTS
ARE BUBMITTED AS THE CONFIDINTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REPORTE IS RESEAVED PENDING OUR WRITTEN APPROVAL.
LABORATORY No. 11-60

ORDER No. TA=7732

CLIENT'S No. REPORT

CLIENT: Florida Power Corporation
P. O. Boc 276
Crystal River, Florida 32629

REPORT OF: Modified Proctor Density Test of Lime Pock
Smple IIA "
PROJECT: Florida Power
SAMPLED BY: R. McGillivray, PITTSBURGH TESTING LABORPATORY
SPECIFICATIONS: ASTM D-1557-70 Method "C"
DATE: March 21, 1972
RESULTS:
Wet Density Moisture Dry Density
Lbs/Cu. Ft, Per Cent Lb u., Ft
122.7 9.7 111.9
129.6 12.0 115.7
122.0 15.2 111.9

Maximum Dry Density 115.8 pounds per cubic foot.

Optimum Moisture 12.5 per cent.

Respectfully submitted,

PITTSBURGH TESTING LABORATORY

R. T. McGillivray, Pp. E.
Tampa District Engincer

ces 1 Client ATTN: H. L. Bennett
l Client ATTN: E. F. Froats
1l G. B. Browne

sa: 1ll1-13-72



Foam 407 Rev.

PITTSBURGH TESTING LABORATORY

ESTABLISHMED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS
ARE BUBMITTED AS THE CONFIDENTIAL PROFPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REFORTS I8 RESEAVED PENDING OUR WRITTEN APPROVAL.
LABCRATORY No. 11-64

ORDER No. TA-7732
CLIENT'S No. REPORT
%5 CLIENT: Floride Power Corporatioh
P. 0. Box 276
Crystal River, Florida 32629
REPORT OF: Double Energy Modified Proctor Density
Test of Lime Rock Sample "A"
PROJECT: Florida Power
SAMPLED BY: R. McGillivray, PITTSBURGH TESTING LMBORATORY
SPECIFICATIONS: 2X ASTM 1557-70 Method "C"
DATE: March 21, 1972
RESULTS:
Vet Dens’ty Moisture Dry Density
bs/Cu. Ft. Per Cent Lbs/Cuv, Ft.
132.6 11.4 119.0

Respectfully submitted,
PITTSEURGH TEE"ING LMBORATORY

3o V1 4/' %

s R. T. McGillivray, P. E.
Tampa District Fngincer

ccs 1 Client ATN: H. L. Bennett
l Clietit AXMIN: E. F. Proats
l G. B. Browne

sa: 1ll-12-72



T s o

Foam 407 Riv,

PITTSBURGH TESTING LABORATORY

ESTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION YO CLIENTS, THE PUBLIC AND OURSELVES, ALL REPORTS
ARE SUBMITIED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REPORTS I8 RESERVED PENDING OUR WRITTEN APPROVAL.
LABORATORY No. 11-62

CLIENT'S N ORDER No. Ta=~7732
" REPORT
CLIEXT: Florida “ower Corporzation
P. O. Dox 276
Crystal River, Florida 32629
REPORT OF: etandard Proctor Density Test of Lime Rock
Sample "A"
PROJECT: Florida Power
SAMPLED DY: R. McGillivray, PITTSBURGH TESTING LABORATORY
SPECIFICATIONES: ASTM D-698-58T Method "C"
DATE: March 21, 1972
RESULTS:
Vet Density Moisture Dry Density
Lbs/Cu. F+, Per Cent Lbs/Cu. Ft
118.8 13.6 104.6

Respectfully submitted,

PI'MTEBULGH TESTING LATZORLTORY

o ¥, 4g7:/f2%Q¢-,

R. T. McCGillivray, P, E.
Tampa District Enginecr

ce: 1 Client ATTW: E. L. Bennett
l Client Xx7T™: E. P, Proats
l G. B. Browne

sa: 1ll-13-72



REPORT OF:

PROJECT:

SAMPLED BY:

SPECIFICATION:

DATE :

R. McGillivray,

ESTABLISHED 1881

PITTSBURGH, PA.

REPORT

Florida Power Corporation
0. Box 276
Crystal River, Florida

Florida Power

March 21, 1972

PITTSBURGH TESTING LABORATORY

AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES. ALL REFORTS

ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS., AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FRAOM OR REGARDING
OUR REPONTS I8 RESEAVED PENDING OUR WRITTEN APFROVAL.

LABORATORY No.
ORDER No.

32629

ASTM D-1557-70 Method "C"

Form 407 Rev.

11-59
TA=7732

Modified Proctor Density Test of Lime Rock
Sample "B"

PITTSBURGH TESTING LABORATORY

RESULTS:

Maximum Dry Density 116.7 pounds pcr cubic foot.

Vet Dcnsity

b Co. Ft.

123.3
132.6
130.8

Moisture
Per Cecnt

12.0
13.6
15.7

Optimum Moisture 13.7 per cent,

cc:

sa:

l Client ATIN:
l Client ATIN:
l G. B. Browne
11-13-72

Dry Density
Lbs./Cu, F

110.1
116.7
113.1

Respectfully submitted,

PITTSBURCII

TESVING LABORATORY

R. T. McGillivray, P, E.

Tampa Distri¢t Engineer

Bennett
Froats



Form 407 Rev.

PITTSBURGH TESTING LABORATORY

EATABLISKED 1881
PITTSBURGH, PA.
AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES. ALL REPORTS
ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS. AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REFORTS I8 RESERAVED PENDING OUR WRITTEN APFROVAL.

LABORATORY No. 11-62

ORDER No. TA=7732
REPORT

Florids Power Corporation
P. O. Box 276
Crystal River, Florida 32629

REPORT OF: Double Energy Modified Proctor Density
Test of Lime Rock Sample "B"

PROJECT: Florida Power
SAMPLED BY: R. McGillivray, PITTSBUKRGH TESTING LABORATORY
SPECIFICATIONS: 2X=1557-70 Method "C"
DAZTE: March 21, 1972
RESULTS:

Vet Density Moisture Drv Density

Lbs/Cu, Ft. Pexr Cent Lbs/Cu., Ft.

133.2 12.4 ll8.5

Respectfully submitted,

PI'Z‘TSB”PC’P TESTIIG LIABORLTORY

" Y fbline,

R. T. McCillivrayv, P, .
Tampa District Engineer

cc: 1 Client J97TN: H. L. Eennctt
1l Client XTT™': E. P. Proats
e ] G. L. Browhe
ga: 1ll1=-13-72



Form 407 Rev,

PITTSBURGH TESTING LABORATORY

PITTSBURGH, PA.

A A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES. ALL REFORTS
ARE SUBMITIED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FCR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR REGARDING
R REFORTS I8 RESERVED PENDING OUR WRITTEN APPROVAL.

LABORATORY No. 11=-61
ORDER No. TA=-7732
NPT v REPORT
CLIENT: Florida Power Corporation
P. O. Dox 276
Crystal River, Florida 32629
REPORT OF: Standard Proctor Density Test of Lime Rock
Sample " B"
- PROJECT: Florida Power
SAMPLTD BY: R. McGillivray, PITTSBURGH TESTING LABORATORY
SPECIFICATIONS: ASTM D698-58T
DATE: March 21, 1972
RESULTS:
2 Wwet Density Moisture Dry Density
Lbs/Cu. Ft. Per Cent Lbs/Cu, Ft.
- 119.4 14.4 104.4
Respectfully submitted,
PI'M'SBURGH '"ESTIN .BORATORY
>V Y
R. T. McGillivray, P. E.
Tampa District Engineer
cc: 1 Client 2ATTN: H. L. Bennett
l Client ATTN: L[. F. Froats
l G. B. Browvne
sa: 1l-13-72



Form 407 Rev.

PITTSBURGH TESTING LABORATORY

ESTABLISHED 1084

PITTSBURGH, PA.
AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES. ALL REPORTS
ARE SUBMITTED AS THE CONFIDENTIAL PROFERTY OF CLIENTS. ANO AUTHORIZATION

FOR PUBLICATION OF STATEMENTS CONCLUSIONS OR EXTRACTS FROM OR RESARDING
OUR REFORTSE IS RESEAVAD PENDING OUR WRITTEN APPROVAL.
s -~
ORDER NO. h=7732

LAB NO. 11-101
REPORT

CLIENT: Florida Pover Corporation

P. O. Box 276
Crystal River, [lorida 32629

REPORT OF: Unit VWeight by Static Compaction
PROJECT: Florida Power
DATE: March 23, 1972

SAMPLE A
5 Layers at 500 PSI 3 Layers at 500 PSI

Vleight of Materials 8.09 8.09

Vleicht of l}Mold 4.04 4.04

Veight of Soil 4.05 4.05

Vet Unit Vieight 121.5 121.5

Percent Moisture 13.0 13.0

Dry Unit Vieight 107.5 107.5

cc
8

Respectfully submitted,
PITTSBURGH TESTING LABORAYORY

7%07: %’/{ZZ,

Ross T. MecGillivray, P. Ej
Tampa District Engineer

3 Client
11=21-72



Form 407 Rev.

PITTSBURGH TESTING LABORATORY

KSTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES. ALL REPORTS

ARE BUBMITTED AS THE CONFIDENTIAL PROFERTY OF CLIENTS, AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REFPORTS 18 REBEAVED PENDING OUR WRITTEN APPROVAL.

OFDER NO. TA=7732
LAB NO. 11-102

REPORT

CLIEMT: Floridz Pover Corporation
P. O. Box 276
Crystzl River, Florida 32629

REPORT OF: Unit Weight by Static Compaction
PROJECT: Florida Power

DATE: March 25, 1972

SAMPLE A

5 Layexrs at 500 PSI

Vet Unit Weight Moisture Percent Dry Unit Veight
124.8 14.6 108.9

3 Layers at 750 PS1

Wet Unit Veight Moisture Percent Dry Unit ‘/eight

127.2 14.6 111.1

Respectfully submitted,
PITTSBURGH TEST ING LABORATORY

7(2;77 &’/J/‘

Ross T. McGillivray, P. E
Tampa District Engineer

¢cect 3 Client
sa: 1l1ll-21-72



Fome 407 Riv,

PITTSBURGH TESTING LABORATORY

CSTABLISHED 1881
PITTSBURGH, PA.

AS A M TUAL PROTECTION TO CLIENTS. THE FUBLIC AND OURSELYES. ALL REFOATS

ARE SLANITTED AS THE CONFIDENTIAL PROFERTY OF CLIENTS. AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FAOM OR REGARDING
OUR REFORTS I8 RESERVED PENDING OUR WRITTEN APPROVAL.

ORDER NO. TA=7732
LAB NO. 11-104

REPORT

CLIENT: Florida Power Corporation
P. 0. Box 276
X" Crystal River, Florida 32629

REPORT OF': Kneeding Compaction
~ 10 Layers
350 PSI1 Tamper
30 Tamps/layer

SPECIFICMATIONS: ASTM D-1557 Method C

RESULTS: SAMPLE B

Vet Density Moisture Dry Density

Lbs/Cu. Ft. Per Cent sS4
116.9 1.2 115.1
122.8 5.4 116.2
128.5 9.3 117.3
135.0 11.6 121.0
130.9 14.0 114.6

Respectfully submitted,
PITTSBURGII TESTING LAEORATORY

20—»'77 W 'ﬂz)’*my

Ross T. McCillivray, P. E.
Tampa District Engineer



PITTSBURGH TESTING LABORATORY

EETABLISHED 1880
PITTSBURGH, PA.
AS A MUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELYES, ALL REPORTS
ARE SUBMITTIED AS THE CONFIDENTIAL PROFPERTY OF CLIENTS, AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS CONCLUSIONS OR EXTRACTS FROM OR REGARDING
OUR REFORTS I8 RESERVED PENDING OUR WRITTEN APPROVAL.
ORDER NO.

LAB NO.
REPORT

Forwm 407 Rev.

TA=7732
11-103

CLIENT: Florida Power Corporation
P.O. Box 276
Crystal River, Florida 32629
REPORT OF: Kneeding Compaction
5 Layers .
350 PSI Tamper
30 Tamps/layer
SPECIFICATIONS: ASTM D-1557 Method C
RESULTS:
Wet Density Moisture Dry Density
Lbs/ Cu. Ft. Per Cent b F
113.5 1.4 111.8
118.4 S$.7 112.0
126.7 9.7 115.5
132.4 12,4 117.9
128.5 14.3 113.3

Respectfully submitted,

PITTSBURGH TESTING LABORATORY

Ross T. McGillivray, P. E!

Tampa District Enginecer

cc: 3 Client
sa: 1ll=-21-72



PITTSBURGH TESTING LABORATORY

ERTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLICNTS, THE PUBSLIC AND OURSLLYES. ALL REPORTS
ARE SUBMITTED AS THE CONFIDENTIAL PROFERTY OF CLIENTS. AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING

SouUR RE ™ . VED PENDING OUR WRITTEN APPROVAL.
CLIENTS No. P,0. NO, PR3-1106 REPORT ORDER No. TA-7732

REPORT FOR: FLORIDA POWER CORFURATION

P.0. Box 276

Crystal River, Florida 32629
REPORT OF: Modified Proctor Density Test of ZONE IIIL.
PROJECT: Crystal River Unit #3, Nuclear Generating Plant.
SAMPLED BY: G.B. Browne, PITTSBURGH TESTING LABORATORY

SPECIFICATION: ASTM D 1557, Method C.

DATE: 10-24-70
RESULTS:
i

WET DENSITY MOISTURE DRY DENSITY

1bs/ Cu, Ft. Per Cent 1bs/ Cu, Ft.
128.9 10.5 | 116.3
130.0 1.3 116.6
132.1 12.6 117.2
132.0 13.2 116.5
132.1 14.3 ) § + 5

Maximum Dry Density 117.2 Pounds per cubic foot.
Optimum Moisture 12.6%

Respectfully submitted,

ce: 1 Client, Mr. Bennett ITTSSURGH TESTING LABORATORY
2 Client, Mr. Froats /28 py R P s 2 2 P T TY

-

/
“43{ McGillivray, Manageré?
Tampa District

P i

P.E, Kornman,P.E,

1 Wm, T. Hurst

(“) ‘(F‘\ Foaw 407 Rrv.
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e, Fomw 407 Rrv.

PITTSBURGH TESTING LABORATORY

EITABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECYION TO CLIENTS. THE PUBLIC AND QURSE, VES, ALL REFOATS

ARE SUSHITIED AS THE CONFIDENTIAL PROFERTY OF CLIENTS ‘A9 AUTHORIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS 7 G W OR RECARDING
OUN AEFORTS I8 RESERVED FPENDING OUR WRITTEN Af AOVAL.

CLIENTS No, P,O, NO PR3-1106 REPORT ORDER NO: TA-7732
REPORT FOR: FLORIDA - ER CORPORATION
P.O, Box 276
Crystal River, Florida 32629
REPORT OF: Modified Proctor Density Test of ZONE III
PROJECT: Crystal River Unit #3, Nuclear Generating Plant.
SAMPLED BY: G.B. Browne
SPECIFICATION: ASTM D 1557, Method C.
DATE: 3-1-71
>
RESULTS:
WET DENSITY MOISTURE DRY DENSITY
1bs/ Cu. Ft. Per Cent 1be/ Cu. Ft.
132.6 10.4 : 120.0
133.0 10.6 s 120.2
134.6 10.8 121.2
136.9 11.4 121.6
136.5 12.8 121.0

Maximum Dry Density 121.6 PCF
Optimum Moisture 11,47
3

cc: 1 Client: Mr. Bennett
2 Client: Mr, Froats Respectfully submitted,

- 1 Wm, T. Hurst
%)n URGH rt:sr/x&c LABORATORY
| K e S
: \ ff/ﬁ H.J, McGillivray, Nar::.-?

P.E. Kornman,P.E, ' Tampa District



£ P
PITTSBURGH TESTING LABORATORY

ESTABLISMED 1881 '

PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIS AND OUARCLYES, ALL REFORTS

ARE SUBMITIED AS THE CONFIDENTIAL PROPEATY OF CLIENTS. AND AUTHORITATION

FOR PUBLICATION OF STATEMENTS, CONCLUBSIONS OR EXTRACTS FROM OR REGARDING
OUR REFORTS I8 RESERVED PENDING OUR WRITTEN APFROVAL.

LABORATORY No.

¢+ ORDER No.

e REPORT
Page 1 of 2
REPORT FOR: FLORIDA POWER CORPORATION
P.0, Box 276
Crystal River, Fla., 32629
REPORT OF: Mod{fied Proctor Density Test of ZONE III
PROJECT: CRYSTAL RIVER UNIT #3, Generating Plant
SAMPLED BY: C.B. BROWNE
SPECIPICATION:  ASTM D 1557, Method €
DATE : 8-8-72 . . -
LA R R R R A R R R R R R R R R R EE
RESULTS:
WET DENSITY MOISTURE DRY DENSITY
1bs/Cu Ft. Per Cent 1be/ Cu.Ft.
118.6 7.6 110.2
123.4 8.3 114.0
127.8 9.4 116.8
133.1 12.4 118. &
133.4 12.9 118.2
132.6 15.0 115.3
Maximum Dry Density: 118.4 PCP > ' .
Optimum Moisture 12,4%
ec; 1 Client: Mr, I, L.Bennett Respectfully submitted,
I Client;: Mr< E,E. Proats
vI L /L. &, ' PI SB)IRGH TESTING LABOPATORY
/ / {4/4t.%Z / {"/ ﬂ / '{/ ’/ 4 "‘—7
2.J su-:v P.E / : HcGILLTVRAY MAKACER
e e (/

|

Form 407 Rev.

-



Foaw 407 Rev.,

PITTSBURGH TESTING LABORATORY

EITARLISHED 1881
PITTSBURGH, PA.

AR A MUTUAL PROTECTION TO CLIENTS, THE PUBSLIC AND OURSELVES, ALL REFPORTS
ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS, CONCLUS. ONS OR EXTRACTS FROM OR REGARDING
OUR REFORTS I8 RESERYED FENDING CUR WRITTEN APPFROVAL.
LABORATORY No.

CLIENT'S No. ORDER No.

) REPORT FOR: FLORIDA POWER CORPORATION
P.0, Box 276
¥ Crystal River, Fla., 32629
-REPORT OF: Modified Proctor Density Test of ZONE III
PROJECT: CRYSTAL RIVER UNIT #3, Generating Plant
SAMPLED BY: G.B, Browne, P,T.L.

SPECIFICATION: ASTM D 1557, Mathod C
DATE: 4-3-72

LA R E R R R EEEEREEEREEEEEREREEEREEEREEEEEEREEEEEENESESE}E]

RESULTS:

WET DENSITY MOISTURE DRY DENSITY

!bo[Cu re. Per Cent Lbo[ Cu,.Ft.
120.5 8.4 111.2
126.2 9.7 115.0
129.8 11.4 116.5
131.3 12.4 116.8
132.5 14.2 116.0

Maximum Dry Desnity: 116.,8 PCF

Optimum Moisture: 12.4

cc: 1 Client: Mr., H.L, Bennett Respectfully submitted,
1 Client: Mr., E,E, Froats
1.P.7T5L, % - PITTSBURGH TESTING LABORATORY
i ) el ’”

F i
/ // ‘/[ bl ?-1"2(1«,'/
E.J, WAMSLEY,K P.E, u,é McGILLIVRAY, MANAGER .~

/ v



ERTABLISHED 1881

PITTSBURGH, PA.

REPORT

REPORT FOR: FLORIDA POWER CORPORATION
P.0, Box 276
Crystal River, Ela. 32629

PITTSBURGH TESTING LABORATORY

AS A MUTUAL PROTECTION TO CLIENTE, THE PUBLIC AND OURSELYES, ALL REPORTS

ARE SUBMITIED AS THE CONFIDENTIAL PROFPERTY OF CLIENTS, AND AUTHORIZATION

FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM OR RESARDING
OUR REFORTS I8 RESERVED FENDING OUR WHRITTEN APPROVAL.

LABORATORY No.
ORDER No.

REPORT FOR: Muodified Proctor Density Test of ZONE III

PROJECT: CRYSTAL RIVER UNIT #3, Generating Plant

SAMPLED BY: G.B. BROWNE
SPECIFICATION: ASTM D 1557, Method C

DRY DENSITY

lb.lcu Pco
117.8
118.8
114.9
113.3

DATE: 9-28-72
2R R R R R R T T T T TS
REDVLTS:
‘WET DENSITY MOISTULZ
1bs/Cu Ft, Per Cent
129.6 10.0
132.0 11,1
132.3 15.1
132.9 17.3
133.1 12.8

Maximum Dry Demsity: 118.8 PCF

Optimum Moisture: 11.1%

ccj 1 Client: Mr, H.L., Bennett
1 Client' M: .E. 7roats

f /A

HAHSIEY P !

118.0
-

Form 407 Rev,

Respectfully submitted,

PITTSBURGH TESTING LABORA'!’ORY

4/% S Ll ipra /

H,5, McGILLIVRAY, MANAGEZR

b



il - Gt i 1' ] Sl Foau 407 Rev.
PITTSBURGH TESTING LABORATORY '

PITTSBURGH, PA. :

AS A MUTUAL PROTECTION TO CLITMTS, THE PUBLIC AND OURSELVES. ALL REFONTS . l
ARE SUBMITIED AS THE CONFIDENTIAL FROPCATY OF CLIENTS, AND AUTHORIZATION
POR PUBLICATION OF STATIEMINTS, CONILUSIONS OR CXTRACTS FAOM OR RECARDING

OUR REPORTS IS RCSEAVED PINDING OUR WRITTEN APPROVAL.

. : ; e

REPORT ' . . S lO-% 22

= -

Material: ' -2, :/:7

*. . Sampled by: M/X/L’.";/.? “4" ) . i ..; |
" Dbate: /& ‘:Ti ;7) _ a\ i Ll g .

‘Specification: 98% of Maximum Dry Denmsity ( Nuclear Guage)
1 (Sand Cone) .

Test No. 1 QZQ-/-ft. Lk, of Column Line 3%‘/, essee-ft, === of Column Line Z..

z[evg.z4.'£:é." 7 ided % An ' Mﬂlw—u/ oo .7o'o.7<-ct’~’.

PARRLRI /2 s L PO . 00 57F
: z’_/ / ‘ . .‘5
 Pest Ko, 2 edceeeft 27 of Column Line =/, _— ft. _—— of Column Line F -
: 74° i - : :
Elevi 27 6° Fudd oLxZ ol b it % Copppn T
.I/c."s. %, .25 forys, & Sfyon

| L 0 ; i
s = - .
Test No. 3 55 'ft. sedlof Column Line _30/ , - ft. — of Column Line 77

' Elev: ‘c“ /e E ?.‘."&‘ d"a claas . 7--‘4, ,:u"""f ‘70 fo'vl.k\‘-r' .-
s v o1 PR AR E c,;/,,,
o3 . v
‘Test No. 4 ft of Column Line ____, ft. of Column Line
tlcvz |

All above test meect specification requirement.

Test No. &= s and meet specification requirement after recan;;actlon.
Maximen Dry Demsity: ( I2¥%8) ( 111.2) PCF
//J’f "
i - PARMD MDA A
- u ! h U - UU UU‘U
) ! . s
1



PITTSBURGH TESTING LABORATORY

‘PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTE, THE FUBLIC AND OUMSCLYES, ALL ALPORTS

ARE SUSMITIED AS THE CONFIDENTIAL PROPENTY OF CLIENTS, AND AUTHORIZTAYION

FOR PUCLICAYION OF STATEMENTS. CONTLUSITNG UR CXTRACTS FAOM OR REGARDING
OUR REFORTS I8 RESEAVED PENDING OUR WRITTEN APPROVAL.

Foru 407 m'.v.

33 . REPORT
ﬁtgrinl: | k"-’ LZZ
© Sampled by: O jg,;,z?/,; /ﬁ//y

4

Date ,/0. - 72_

Date: -7~ 72 e o R ' N
Specification: 98% of Maximum Dry Density ( Nuclear Guage)
- . (Sand Cone) .

/ s
> : . A o ~
Test No, 1 -f-ft./-’-'a-z(- of Column Line -’-f-, wessneft, ===- of éolumn Line ?f-?-'

Ele z--.{.qf.- 7“}0’"&7"6" Z}éixkx;/ _ | 20,"'/-4:’-«“
) ¥ ‘Bor . 55. 5

-

- . b - . g
' Test No., 2 “4./_.(”“ DT éof Column Line 2 , - ft. " of Column Line =/,

Elev: 7=/ 7-..4&“4 (éx Zly P e “ c”/""" LT
7% 7o 0§D ¥ 00, 73
~Test No. 3 iy of Column Line g ft, of Colunn Line . ra
" Elev: ‘ .
""Test No, &4 ft of Column Line 5 fe. of Column Line
Elev: edah) - -

All above test meet specification requirement,

-

Test No, and meet speci cation requirement after recompaction.
Maximun Dry Density: ( Y21:90) (11 2) pcr : "
.. ~ POOR ORIGTAD
d YUN URNIGUNALL

s

Y
‘



Fomu 407 Rev.

PITTSBURGH TES TING LA BORATORY

CSTABLISHMED 1801

PITTSBURGH, PA. ;

AS A NUTUAL PAOTECTION YO CLIENTS, THE PUDLIC AND OURSELVES, ALL REFPOATS

ARE SUBSMITIED AS THE CONTIDENTIAL PROPCRTY OF CLIENTSE, AND AUTHORITATION

FOR PUBLICAYION OF STATLMEINTS. CONCLUSIONS OR EXTRACTS FAOM OR ALGARDING
OUR REFPORTS I8 RESEAVED PINDINT OUR WRITTEN APPROVAL.

Q

. v
R . REPORT Date_/B /072
- Material: ' Mﬁ; : '
Sampled by: (,,»'% ).'Z-LA'S i |
Date: (0 J0— 23 J o AEL b : e
- - Specification: 98% of Maximum Dry Density | ( Nucl;ar Guage)
(Sand Cone) %y
Test No, 1 Zoo--fr, ~od-. of Column Line -{:{, ecTTeeft, oe- of Column Lil:/?----
Blevieadlivese Pk adﬂ R 7 ,.,.,.'_/ Ty ¥ 7,‘,',,7:-,.2:,
L MR L %7

" Test No. 2 -g-p-’---ft .'mi of Column Line 2/ , Jo7 ft. Mf Column Line _/7 .

Elev:_ //2 | .A,, y 57 PR | %(,,M
~ ‘//? SRR PX T R | 955

Test No. 3 (% ft. gudfof Colum Line B/ , /o’ ft, o~ &E Column Line __ /3 s

- mevi__ /) Fill o rﬁ/ hn. ¢ 3 ,?1':4/ ol . "2;‘:;&;’;7

zx /3-25

‘Test No. 4 ft of Column Line ’ fc. of Column Line

{
>~y

ilcv: | » . e

All above test mect specification requirement.

Test ﬂo. and meet specification requirement after recompaction.
Maximun Dry Demsity: ( T2¥5%6) ( 111.2) PCF 4 -~
//J',‘? @A C;\'h ( *\I\ﬁ{, ‘\1\3 \L '
4 AR \\ ;
. . \%@MU U U&Uu i\ i
,f
»
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PITTSEURGH TES TING LABORATORY

CLTABLISHED 1801
PITTSBURGH, PA.

AS A MUIUAL PROTECTION TO CLITNTS, THE PUDLIC AND OURSELYES, ALL REPORTS

ARE BUSMITIED AS THE CONFIDINTIAL PROPIMTY OF CLIENTS, AND AUTHORIZATION

FOR PUCLICATION OF STATEMINTS, CONCLUSIONG UR CXTRACTS FRAOM OR REGARDING
OUR REPORTS IS RESEAVED PENDING OUR wRITIEN APPROVAL.

foru 407 Rev.

. .REPORT .  1are 0-/o0-72

Material: Zone S

Sampled by: /5;,:.:‘7731, 4,/7

Date: /é’gf’°2f-z : '
Specification: 98% of Maximum Dry Density ( Nucléar Guage)
’ ' (Sand Cone) .
v . e — 3 ‘av.
Test No. ?-Q-q-ft. ~€X¥L0f Column Line -?--', emeeeeft, ===- of Column Line 2o
!lev.--(-ﬂ-é--- Fecll oes. : MM = S s
RO UL o, Lot R I, - . 5553
.t 2 / b 3 - . .
Test No. 2 -a-{?--ft c‘--‘..'/ of Column Line _?o/, 3_{(:. a,n.-?{ Column Line S,
Elev: zﬂd ?_4;// %7/%.\ 7-«:/1/’7'1"0/ A’«mﬂ
| 276 - ‘ .3 ) 2
~ Test No. 3 270 _ft.g:.70f Column Line 22/ , 470 "ft. .o $f Column Line £ i
-5 ] . 2 . & —
Blevi___/0f Fod ,.,/7,6,\ A R e
L , S8 | s Mro s
‘Test No. 4 ft of Column Line > ft. of Column Line
Elev: ' - :
All above test meet specification requirement, i
Test l;o. and meet specification requirement after recompaction.
Maximun Dry Demsity: ( 12158) ( 111.2) PCF : : e
. E", Ul .J'Jl"\ ‘ ‘I
: AJUL . Wi GG UL
~
'
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PITTSBURGH TESTING LABORATORY

. CSTABLISHED 1881
PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLIENTS, THE PUDLIC AND OURSELYES, ALL REPORTS

ARE SUBHITIED A% TH CONFIDINTIAL PROPLATY OF CLIENTS, AND AUTHONIZATION

FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR LATRACTS FROM OR RLCARDING
. OUR REPORTS IS AESEAVED PENDING OUR WRITTEN APPROVAL.

..y v s%e

Foru 407 Ruv,

Material: %mﬂ e e e &

. Sampled by: P PO [I Mg

_ REPORT .. Dpate__/0-/0-29

~ Date: /0-%—— b o 1 ¢
Specification: 98% of Maximun Dry Density ( Nuclear Guage)
 (Send=Gane) .

/ e e

.3-‘ ' b ' .
Test No, 1 ~==--ft, ,A},pt cf Column Line '-"5/-, -/R’--ft."a‘ftof Column Line --%-«
o St R .. 7,«13:! qﬁ~ C Pkl mest. .70(0‘: SR
’ -.//6*7 ' E :.! . .Ia‘>: : . | 932

e

. P - ) ' - . ) - . . s
" Test Ko, 2 AQ—--fwnf of Column Line 30/, — ft. — of Column Line & .

| Elev: //O Tkl < chan e Piel) et _. Do 7C9(7‘*\17;n

s /2. 00 - P
" . >
5 ’ M . > b o : :b
Test No. 3 ft. of Column Line s ft. of Column Line o
Elev: A o
: ‘Test No, & ft of Column Line o ft. cf Column Line
Elev: ' _ | ; .-
| ’
All above test neet specification requirement.
Test ﬁo. and meet specification requirement after recompaction.
Maximun Dry Demsity: ( 129:0) ( 111.2) PCF A > o

’r8% DA 7~
[Pid'@:“) MR
L YN W6 g

'-' [ ]
N d U ‘I‘(jUL::

T
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“ % > Foru 407 Riv.

PITTSBURGH TESTING LABORATORY

CEOTABLISHMED 1880 ¢
PITTSBURGH, PA. : ’

AR A NMUTUAL PROTECTION TO CLIENTS. THE PUDLIC AND OUASELYES, ALL RETOATS

ARE SUBMITIED 43 THE CONFIDENTIAL PROPCATY OF CLIENTS, AND AUTHORIZATION

FOR PUBLICATION OF BTATEMENTS. CONCLUSIONG OR CITHACTS FACM OR RLCARDING
OUR REFORTS IS RISIAVED PENDING OUR WRITIAN APPROVAL.

REPORT . Date /4.' L0~ 22

V .
Sampled by: ,{Z) urths bl

% Date: '/o—/nf/?l
- : Specification: 38% of Maximum Dry Density | ( Nur ear Guage)
. (Sand—GCene) P
Test No, 1 ﬁ--ft. <24l {(of Columa Line «<0n -(p---ft "s’v/of Column un: :--'.’3‘2/
Blev:---.l04. ;4/4;: 'L . /J’”‘W‘/ EE 706"7'“'@
, RO (L o } 4D @7.8%
Ay, o~
- Test No, 2 --{1--& 2i0% ‘fof Coluum Line &, .- ft. — of Column Line 2> .,
| Elev:__ /r/ ; Pl cloy, . Comm Pl orsid ' | 79:«:704,4:..
115 00 2950 T . 70%
: . N »
" _'l'eo't No. 3 ___ fe, of Columnvl.ine y f¢. __of Column Line
" Elev: . _ s »
) .._"tut No. &4 ft of Column Line ’ fe. of Column Line ____
Elev: oa s 0
All sbove test meet specification requirement,
.r'tcat ﬁo. and meet specification re;;uircment after recompaction.

Maximun Dry Demsity: ( T2130) ( 111.2) PCF

//d"é;
" 3 POOD ARIRIN
Rt UU' Uil RINA
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PITTS BURGH TESTING LABORATORY

ESTARLISHED 1881
PITTSBURGH, PA.

A% A MUTUAL PROTECTION TO CLIENTS, THE PUDLIC AND OURSELVES, ALL REFPOATS

ARE BUBMITIID AS THE CONFIDENTIAL PROFPENTY OF CLIENTS, AND AUTHORIZATION

FOR PUELICATION OF STATEMINTS, CONTLUSITNG UR CXTRACTS FrAOM OR RECARDING
OUR REFORTS I8 MESEAVED FINDING OUR WRITTEN APPROYAL,

Foau 407 PRiv,

-

, n ’ VREPORT ' Date /0‘9’JJ

Material: ;(;u B v A 4L

Sampled by: .«aﬁ ,&J«’wy
Dste: /V/o B C&
- Speclflcntio-\. 98% of Maximum Dry Density (\,\'pﬂuclelr vage)

A ,? . e il 3(\
Test No. 1 -----ft. D2l of Colmm Ltne wdde, meveen’l, wem= of Column Line --2C¢
tlev:---(oo/--- l/s d; olinn ' 7-«—@‘»‘94/' ; .% Cinpanadan,.
/] 6 o 9’ 66 %
y i »
" Test No. 2 --‘é--ft m.-vz of Column Line 7 b ft. — of Column Line _J57 2
i " % W‘WQ
Elevi__ /oy 7«.5/,&? olim Pl it ‘ 99
) 115 Ss J2.50 e ¢
_ >
Test No. 3 ft. of Column Line ) fe. of Column Line .
Elev: : . ’
‘Test No. & ft of Column Line " fe. of Column Line
Elev: ) o2 } e !

All above test meet specification requirement.

Test flo. and meet specification requirement after recompaction.
Moximen Dry D-nsity: ( $2350) ( 111.2) PCF | . -
//"-,.37
. 'jr ,,*‘;.,: ,"z'\"\ﬂf\
- PUUR. CRIGIVAL
i YINUWGJUIN A
o
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PITTSBURGH TESTING LABORATORY

Foru 407

) CHTABLISHED 1881
PITTSBURGH, PA.

A% A MUTUAL PROTECTION YO CLICMTS, THE PUBLIC AND OURSE €%, ALL REPORTS

ARE SUDMITIED AS THE CONFIDINTIAL PHOPLMTY OF CLIENYS, . ) AVTHORIZATION

POR PUCLICATION OF STATTMINTS, CONCLUSITNG OR CAXTRACTS | #OM OR REGCARDING
OUR RCFORTS IS RESEAVED PENDING OUR WRITTEN APPFROVAL.

. REPORT pate_ - G- 2
ﬁaterhl’:

Sarmpled by:

Date:

Specification: 98% of mximu:l Dry Density . ( Nuclear Guage)
¥y ’ : (sand—Cone) .

> 2 ’ s ’ ' Y-
Test No. 1 A5 ge, ~aels of Column Line 0L, ---/-("--ft/‘?-‘-¢of Column Line «&2e-

llev:---y-'??--- 7-4‘-@ Ct? C'll-\ » v Fakol M . % 7 .
: /8.8 .78 - 79.¢%
. ".' : . ‘ : »-
" Test No, 2 -égq--ft ¢ rs? _of Column Line J0/ , 5”7 ¢, menZof Column Line z .
Elev: ///@” 74‘,4" ()Ll' C((‘-\ 7.41:[0/ /"WO/ 70 = Lo LV oy
//8’»¢ L Y ' $¢.79,
. ) *. n‘
] ' >
Test No. 3 A ’ . ¢ tof Column Line o/, — ft. T of Column Line ol
. e —_— _— o
A y Z‘ad alia o Pk et ' % Fr';/)"(zC\.
. Y //(Z'o ora ‘ 9% 7
“Test No. & ft of Column Line 5 ft. of Column Line
Elevi__ | R : - !
All sbove test neet specification requirement.
» Test No, and meet specification requircment after recompaction,
.~ Maximun Dry Demsity: ( r%8) (111.2) PCF : -
i 8
. ' : (G Y AmiARINI AN
13/_ Liling Ilpk>“Q$’”W'f ;
. U S Ud L‘)u 4-.4‘_‘&';'.’\\.4'[1!_4
-
— -
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~ ‘ ol vk ¥ J 3 Form 407 Re Y.
PITTSBL_JRG_H TESTING LABORATORY

PITTSBURGH, PA.

]
AS A MUTUAL PROTECTION YO CLIENTS, THE PUBLIC AND OURSEILYES, ALL RCPORTS . ] :
ARE SUSHITIED AS THE CONFIDENTIAL PROPCATY OF CLIENTS, AND AUTHORIZTATION
FOR PUEBLICATION OF STATEMENTS CONCLUSIONSG OR CATHACTS FROM OR RECARDING
. OUR REPORTS IS RESEAVED PENDING OUR WRITTEN APPROVAL.

REPORT  Date_ 10/8/72
- Material: ' Zone 111 : sk, ok
- Sampled by: Timothy Gibboney = -
Date: 10/9/72 ~ s SR S 3
Specification: 987% of Maximum Dry Density { Nuclear Guage)
(Samsx Loxe) .
Test No, 1 23---ft, --688%. of Column Line s, 40, ge motth of Column Line -&-.
., 100 Field Dry Den. * Pield Moisture % Compaction
Blevicecses i 119.10 : 10.50 _ 100.1%
ks . v .‘ ’ 1 ‘. .-
. 5 . e

est Wo. 2 *18---.fr Vest of Column Line 301 , 45 g, Northog column Line e
-+ Elev: 100 Rield Dry Den. Fééld Moisture % Compaction
T s A 119.95 14,25 . 100.9%
: 5 ~ |
© Test No. 3 . of Column Line ,. ft.  of Column Line
" Elev: ‘ BT IE 5 oA

£€. of Colunn Line

‘Test No. &4 ft of Column Line >
’ [
Elev:
All sbove test meet specification requirement.
Test No. : and 1 meet specification requirement aftqr‘rccompiction.

Maximvn Dry Density: (1 gl) ( 111.2) PCF

/J:;/ [‘r@r\,f\ 52 yt
| . - H:'!'Q MRNRINA
i 3 U0 GRIGINA

{ {
J ils
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Form 407 Rev,

PlTTq BU RGH TESTING LABORATORY

CETABLISHED 1081
PITTSBURGH, PA.

AS A MUTUAL PAOTECTION TO CLIENTS, THME PUBLIC AND OURSELVES, ALL RLPORTS . ‘
ARE BUBRMITIED 45 THE CONFIDENTIAL PROFLATY OF CLICNTS, AND AUTHORITATION
POR PUBLICATION OF STATEMEINTS CONCLUSIONS UR CXTRACTS FROM OR RLGARDING

. OUR REFORTS I8 RESIAVED FENDING OUR WRITTEN APPROVAL.

REPORT . Date_'2-9- 72

Material: v I Ak o
_ Sampled by: ZZ”./?/ ﬁ/%»‘ O v P A ‘
Tl A 9¢2L i e - :
“ - Specification: 98% of Maximum Dry Density . ( Nucl;ar Guage)
/ - 8pag-Gone) e
Test Yo, 1 /g--ft .,_Q_q,,q[‘ of Column Line '?-- ALllge, UsTEE Column Line -<Z--

llev:-J/ﬂ-.. 7—‘—‘4‘/? a&u 3 7 é/"’ﬂt«a/ ; A Do Com /"“4
T : - //6 o ADOO | a 9¢ =,

Test No, 2 «==%--ft L&/ of Colcnm Line Fo,, —ft. of Column Line éz .

| Blev:_ /04 %" Pl a alan, Feld meict % <o o
| //6 9.> T 7 .43

" Test No. 3 ’/f,ft,u,/of Column Line 3Zo/ , — ft, -of Column Line _ 7

i Elev: /C gz 7—\4’/ “52 a(‘n . Pl Preet .,7" o 07%‘-1,}_
% T : 7.8 94,7,

: ‘Test No. &4 ft of Column Line __, , ft. of Column Line

Elev:

All nbove test mect specification requirement,

. . .) .
- Test No. and meet specification requirement after recompaction,

Maximun Dry Density: ( M‘§0) ( 111.2) PCF

‘78 Y ’.“.-"}'." VA |
- . POOR ORIGINAL
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Foru 407 Riv,

PITTSBURGH TESTING LABORATORY

EETARLISHED 1881
PITTSBURGH, PA, l

!
AS A MUTUAL PROTECTION YO CLIUNTS, THE PUDLIC AND OURSILYES, ALL REPONTS . ‘
ARE SUBMITIIU AS THE CONFIDENTIAL PRUFLNTY ©OF CLIENTS, AND AUTHORIZATION
FOR PUCLICATION OF STATEMENTS. CONCLUSIONS UR EATHACTS I ROM OR RLGARDING
T OUR REFORTE IS RELERAVED PENDING OUR WRITTEN APPROVAL.

. * ' REPORT U St A= 2a
Material: '
‘ _ Barpled by: i v
Date: ;
b Specification: 98% of Maximum Dry Density : ( Nucl#nr Guage)
~(&and=Cope) "
Test No, 1 el ge, 2 of Column Line.--CZ, TTs--ft. === of Column Line <LC-%
:l’v:--/a;:-. 7414/ oé-.\ i 7“244-..-.4/ 5D ; A Do :.-7‘)«%:‘
o . 109. . _ L. 68 " ' 7:_3%

. 1 A x _ 2,
~ Test No. 2 fil---ft _525:32§nf Colunn Line /7 , — ft, — of Column Line T 4

Elev :._A'—’-fi—- 7-«1&[ Sk '7«-&/——,,.,...4',{_ . 9;:""'/‘*:—2: .
o oz /6 e . 7 S
| 3 | . '
Test No. 3 _ ft. of Column Line . ft.  of Column Line
" Elev: : ' b A * -

e

~ ‘Test No. & £r of Column Line _. , ____ft. of Column Line
Elev: ‘
All above test meet specification requircment.
Test ﬁo. and meet specification requircment after recompiciion.
Maximun Dry Demsity: ( %) (111.2) PCF
//J,g X - Yoo ne
[ A CBNEMN A N
[@@ﬁlm U)[« ﬂ;(}’w.\\"";d\?:
UINJELINALS

-
"
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PITTSBURGH TESTING LABORATORY

COTABLISHED 1801
PITTSEURGH, PA.

AS A MUTUAL PROTECTION YO CLIENTS, THE PUDLIC AND OURSELYES, ALL RIFORTS . ,
ARE SUBMITIED A8 THE CONFINENTIAL PROFPIRTY OF €I JENTS, AND AUTHORIZATION
FOR PUCLICATION OF ST4 LMINTS CONTLUS ONS OR X INACTS FROM OR RLGARDING

OUR RIPORTS (8§ AISEAVAD TENLING OUR wRITTEN APPROVAL.

Foru 407 Rev,

.REPORT pate A2-4-72

Material: %’M 7/7 -
. . '%1

Bapled Mt - onbanilhe llasy T ATk F
- e T2 / : Al g '

Date:
Specification: 98% of )uxlmu;n Dry Density ( Nucleer Guage)
. . ' (Sand Cone) 2
’ ‘
Test No, 1 -qz'éft.—;ﬂ-‘{t-- of Column Line :3-"-0./. .'./.y.:-fg. 4‘.“:{@[ E:olunm Line &
!lev:-/-@z:{-' ?*."24/ iy L Y ik meik T compar T
- oy Sl . > il 9T o
N ¥ "y B »
. 7 ) -
" Test No, 2 -5,‘2--(: Lot of Column Line e/, — ft, ~—_of Column Line .)i’ .
Elev: /22 74"""-5/ elea. { Za/mww'/f % *‘"‘z’hl
//"7.5" J T3 i 5.2 )c _

Test No, 3 _“i)__/_ft. ;p.;Z%f Coiumn Line 3t/ , . ft,— of Column Line & l
Elev: 72 7 7‘;4/ Ay Ao, . . 7"‘0/»&“«1/ > A ‘5"?740.7?-.‘,‘
' oL b b /2 3o - 707D,

‘Test No. &4 fe of Column Line _» , ft. of Column Line

tlev:

Ail above test meet specification requirement,

Test ﬁo. and meet specification requirement after rccomprtction.

Maximen Dry Demsity: ( T2178) ( 111.2) PCF

|
|

4 A AT aaan AN
o ~ U@”"‘*U’Lﬂ lli\\’<'néi-u—"*!m;.f_,‘.lgb
: VU CUINUELING :




FON PUEBLICATION OF STAY

2 L //L—

Material: ' |

PITTSBURGH TESTING LABORATORY
| " PITTSBURGH, PA. |

CMENTS, CONILUSITONS
OUR REPORTS 18 RISERVED FENDING OUR WRITTEN APPROVAL.

~

l

CETABLISHEID 1800

OF CLIENTS, AND AUTHORIZATION
QR CETHACTS FROM OA RLCANDING

Foau 407 li.v.

"'REPORT

w .
Ve NP ; '

Date "'9"’6 B 77

Sampled by:
Date: //r/'u7;1 (/ v
‘Specification: 98% of Maximum Dry Density ( Kucleer Guage)
(Sand Cone) .
{ i w . 3 o Lo '
Test No. 1 g—”--ft. -i"-(-”-/- of Column Line &2c=, ==cee-ft, ==== of Column Line
» & g . 2 . . .
!lcv:—((é-- - ?—J’@‘/“&« olm Z"d/’ /M«/ot/'
B WL LR SRRV - Ry 4 a8 ZE >
X s A
. Test No. 2 -zg--ft -Ilfof Column line .27, — ft. __— of Column Line ;? .

Elev: /2% e | "Z&(f;"ﬂ[ﬁ/ alin DS " e
-G >® ’5.350
£ ki . o4
Test No. 3 } b ge, ,‘A:‘; Column Line F</, ~— ft, ’."of Column Line

glev: /09 )2._.229'///9 e, ” ,:(,;%’n, .,..}/ :
L, Reoo Se
. 'Test No. & . ft of Column Line ___, ___ft. of Column Line :
Elev:

e e e

All above test meet specification

.Test ﬁo. and

( T2170)
/85

Maximun Dry Density:

./’

requirement.

meet specification requirement after recompaction.

( 111.2) PCF

V24 | st

M //":‘/
i \

%C’y}. o

2es Cein
/4'

To R

% b © ey



PITTSBURGH TESTING LABORATORY

PITTSBURGH, PA.

AS A MUTUAL PROTECTION TO CLICNTS, THE PUDLIC AND OURSELYES, ALL REPORTS . ‘
ARE SUBHITIED AS THE CONFIOTNTIAL PROPERTY OF CLIENTS, ANU AUTHORIZATION
FOR PULLICATION OF STATEMINIS CONCLUSINNG UR CETHACTS FHOM OR REGARDING

OUK RCPORTS 18 RESEAVED PENDING OUR WRITTEN APPROVAL.

Foru 407 Rev.

i, .. . REPORT . Date o~ &R
Material: ;fgq;-' .EEZZT’. ' g i 3 :
e - . ~Fhy fem e :
Sampled by: ,~:;Z:~4222f{ _/czﬂifé:;;L;;__ S .
Date: A0~ -115;2 V4 ) ; S BT ' t

~

Specification: 98% of Maximum Dry Density ( Nuclear Guage)
' . : : {Sand Cone) .

el

© Test No. 1 SPElfe. st of Column Llne.éeaf; oz==e-ft. —o-- of Column Line £...
. s ' ’ - . : . ¥'s €2 ot
R (e o SR i o 3 <z
i R o B ¥ V7 - . SO CL y & 1
| L e R4, S :
. * Test No. 2 'Jg;t°ft -_:Effi:f Column Line T2/, _— ft. _— of Column Line < .

mevi [ Tl oy SRl i % cropni 25

287 P T ae . P92
. , _ G | | ‘
Test No. 3 ____ft. of Column Line : ft, of Column Line
Elev: A8 Yo LSt : s
‘Test No, & ft of Column Line ____, ft. of Column Line
~ Elev:
All above test meet specification requirement,
Test ﬁo. and meet specification requirement a(tqr‘rccomyhction.

Maximen Dry Demsity: ( 12178) ( 111.2) PCF
‘78

POOR ORIGHAL

{4
va

. . < G S———



1-. ¥ Vol Fomu 407 Rcv.

PITTSBURGH TESTING LABORATORY

CSTABLISHID 188}
PITTSBURGH, PA. :

L
A% A MUTUAL PHROTECTION TO CLIENTS, ITHE PUDLIC AND OUASELVES, ALY REPOATS . )
ARE SUBMITIED AS THE CONFIDINTIAL PROPINTY OF CLIENTS, AND AUTHORIZATION
FOR PUELICATION OF STATCMENTS CONTLULITNG ON CETNACTS | AOM OR ALGARDING

OUR REFORTS 15 RESEAVED PENDING OUR WRITTEN APPROVAL.

ARCP P GER BRI O L Sel

'

A

Meterial: ' . FN Y. A
. _ _ sampled by: ot foby - e .
Date: /D- /A,Z: >} / : 5
. specification: 987 of Maximum Dry Density | ( Nucl#nr Guage)
" (and—Cone) ¢

’ . ’

Test No. 1 -‘-{-{--ft. szl of Column Line Zel, -/Q:-ft."?'ﬁ‘f%f Column Line s
zmg../LZZ-- Z'tél ‘L‘y &é" : ; ﬂié'/ rrocat ' T .(17@1
REAET N Y Cho4zee’ . Jo06%

»-

. . ‘ / ' “I " ’ 4
" Test No. 2 == et “‘jéf Column Line -2 , = ft. _—— of Coluan Line w4

Elev: é&f 7"“:/‘(2 b, Rl et Ly Ze (0»71'74:;“
: ’ . Me”7 . - /6. 30 . i qggc’/o

| i

Test No. 3 R fe. r.‘ag#f column Line .22/ , “— ft. —_of Column Line _ /5

e

- H6.O0 :/ 7. 90 ‘- 2 20
‘Test No. & ft of Column Line ____, ft. of Column Line

>

All above test mect specification requirement.

Test ﬁo. and meet specification requirement aft.cf recompaction.

Max{mun Dry Density: ( =) ( 111.2) PCF
//J’g ey

. " POOR ORIGHUAL

| oy i

“« ne

" amee e

. e -
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PITTS BU RGH TESTING LABORATORY

¥ o

Fomu 407 REv.

’

EATARLISHED 1830

PITTSBURGH, PA. E :

AL PROPERTY OF CLIENTS, A

ONCLUSIONS UR EXTRACT
HITTEN APPROVAL.

Date '/(9.- y-73

-

REPORT

~ Material:

Sampled by:
Date: - J07Y- 72

| ( Nucl;ar Guage)
(sand Cone)
P

-3-9-’, -/R.oft, Mf E:ol\nn Line <<==-

.

specification: 98% of mximu; Dry Density

/
' L ’
.2.9..(:, .Mﬂj'— of Column Line

Test No, 1
zlcv:--z-o-?--- 7“1@ 'LZ d'“.‘ : 7‘:‘1‘1 e . ' % ;4»—7:)‘.'.1}:.
) vl L 699 - . e Y R 799.
Test Ko, 2 ==---ft 1ot of Column Line 35/, - ft. — of Column Line T
! :
Elev: /07 Wl { s - N
& i ap— 7‘.‘-04 d? Ao, 7‘_‘1(’ /N-WJ' : /S ‘,7“2‘ L
: 19.00 N 40 '
/ | | e Y od Prfre
Test No, 2? ft. of Column Line , ft. of Column Line
Elev: : , : gl
‘Test No. & ft of Column Line ____ _, ft. of Column Line

Elev:

All sbove test meet specification requirement.

meet specification requirement afth: recompaction.

Test No., and

( T21%50) ( 111.2) PCF
//‘;}6;

e ~ POOR ORIGRIAL

Maximun Dry Density:

o



PITIABUAGH
NEwW ONLTaNS

CHICAGO BYRACUSLE TALLAMASSEE (UGENE DURNAM  NASGHVILLE ROANONE

Prrrsprren’lesrnys LABDRANTODRY

ESTABLISHED 1881

INSPECTING ENGINEERS AND CIIEMISTS
512 NORTH DELAWARE AVE.

TAMPA, FLORIDA 33606
AREA CODE 813
PHONE: 253.3485

AS A BUTVAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELYES. ALL REPORTS ARE SUBWITIED as
IHE CORFIDINTIAL PROPEATY OF CLIENTS ARD AUTHORIZATION FOR PUBLICATION OF STATERENTS CON-
CLUBIONS OR LATRACTS FRON O REGARDING OUR ACPORTS IS RESEAVED PENDING OUR WRITIEN APFROVAL

December 7, 1972 PIL Ref: TA-7732

Mr. James llarris

Gilbert Associates

525 Lancaster Avenue
Reading, Pennsylvania 19602

Re: Triaxial Testing
Florida Power Corporation

Dear Mr. Harris:

Cnclosed please find the results of triaxial testing con-
ducted by us on Zone III compacted limerock.fill. The triaxial
sample size was 1.40" ¢ x 2,985". Due to the small sample size,
the air dried limerock was scalped on a #8 sieve and compacted by
a 1/2" ¢ kneading tamper in 5 layers. We believe that this will
result in a conservative estimate of insitu strength since greater
particle interlocking could be expected insitu.

Both drained and undraiﬁed tests with pore pressure measurc-
ments were run to assure the determination of the proper effective
stress failure envelope. Difficulties were experienced with the
undrained tests due to the extreme sample rigidity and negative
pore pressure change generated by the shear stress.

The tests were run in a Wykeham-Farrance triaxial cell with
a dead load lever apparatus used to apply the deviator stress.

Pressure measurements were made using a Tyco 200 PSI piezoslectric

pressure transducer.

‘E’ f;’ N R A S e o
“

NEW YORK SOSTON PHILADCLPMIA CLEVELAND DETROIT ST LOUIS DUFFALO GRECNSHORD LOUSVILLE MIMPRIS  BALY LAKE CITY  SAN PRANCIECO

TEATILE  POATLAND MEAINGHAM BATON ROUGE LAFAVETYE AMILWAUR f  INDIANAPOLIG ATLANTA HOUSTON OALLAS JACKSONVILLE  TAMPA Ml

ASSOCIATLS AY LOS ANGILES TORONTO MONTRIAL LONDON. ENGLAND

CHATIANGOGA DAYTONA GCAINSVILLE AOCHESTER SPOKANE MORAGAN CITY WINSTON.SALEM



Mr. James Harris
December 7, 1972
Page 2 TA-7732

The cell pressure and back pressure were applied through
air-water intercliange system with the pressure control supplied
by Bellofram having a sensitivity of one part in 5000 air regu-
lators, The minimum back pressure was 40 PSI.

Data reduction was done by programs written by PTL for
the Wang 600 programmable calculator.

Figure 1 shows the triaxial test densities and their re-
lationship to field density and compaction characteristics of
the Zone III limerock. Figure 2 is the stress path results from
the drained triaxial tests and Figure 3 the stress path results
of undrained triaxial testing. Figures 4 and 5 are the stress-
strain data.

The following is a sumnmary by sample number of test con-
ditions and results.

LR-1 Undrained triaxial test with pore pressure measurements

?d = 118.9 pcr
Wn = 10,38%
We = 14.9 %

O = 60 PSI
up = 40 psT
(6j-4) = 12,73 TSF

Z = 45,5°

'J = 0
€g = 2.4%

LR-2 Drained triaxial test

% = 113.08 PCF
wm = 1102%

O = 37.3 psI
o) = 2.65 TSF

(Glﬁ ’)F - 45.50

c = 0

= «82%



Mr. James Harris
December 7, 1972
Page 3 TA-7732

LR=3 Drained Triaxial Test

Y4 = 11..4 PCF
wWm = 110“
WE = 17.6%
dc = 62.8 psSI
Ug = 30.4 PSI
(6;-5); = 10.56 TsF
5 = 45,50
3 pi o
eF = 1.74%
LR-4 Undrained Triaxial Test with Pore Pressure Measurements
Y4 = 115.9 pcF
We = 13,9%
w; = 17.1%
T¢ = 61.17 PSI
( Uga = 38.25 psI
0 -G)s = 15.22 TSF
= 52.0 Pore water cavitation
a = 0 results too iiigh
€f = 2.48%
LR-5 Uncenfined Compression Test
Y4 = 114.6 PCF
u.; U.Jr = 10.1%
g = o
. 2.568 TSF
6,-0) = .
U w107

&¢

Where Y4 is the dry unit weight of sample

UMm is the moding water content

W¢ is the final water content

Oc is the cell pressure

Ug is the back pressure

(0;-G) is the maximum deviator stress
is the effective stress angle of internal friction

@ is the effective stress cohesion intercept

€g is the strain at failure

The angle -~ from the stress path drawing is related to @ by
the following relationship tanc< = sin # where @ is the Mohr-Coulomb

argle of internal friction used to define shear strength, i.e.

ff A r & o Z



Mr. James Harris

Decenber 7, . 72
Page 4 TA-7732

Where J is the normal stress on any shear plane.
‘The test results can be summarized as follows:
Y4 = 113 to 119 PCF
C =0
g = 45.5°
The soil will generate negative pore pressure drops except
under very high consolidation stresses whén sheared undrained.
Test LR-4 shows pore pressure drops less than should have
occurred due to incomplete saturation and should be corrected
back to & = 35.5°,
e appreciate the oéportunity of handling this testing for
you ar . shall be glad to discus; the results with you at any time.
; Respectfully submitted, :
PITTSDURGH TESTING LABORATORY
v 1 CZ/:chQZkaﬁf

*Ross T. McGillivray, P.E.
Tampa District Enginecer

RTM/jhv



FAAIFA | FLoRI10A

R -

hu%wc« Cerm C(’yn:l«. -’?wb‘% , FloRrla 5

RANGE OF IIODIFIED

130
PROCYOR DLATH
Sone T MATER ! AL
&
g -
W 20 AVERAGE OF Yo FIELO
S TESrS oF mweivy c:fusny
9
v
¢
v
Q
2
g L10
I AAWGE o LowimiGS  Fosl S *2.70
d ASTAT D 1§57 ~C /
‘\ '
3
2 F 5.6+ 2.6o
w : .
¢ . X\
! ]
> | ‘ : L 2ERD AR viits
% i | 5,6. %253
Q !x —— ——_— — - - ¢ — - aa—— ...-T._.--——--.— .
: : i
' | |
! ; !
"
| |
% : '
o 10 20
MOISTURE CONTENT
Yo OF DRy weioHTr
LV ITS QURG H TESTING LAGQQQ'FQQ)I - FIGURE 4

————

- -



é.o

- -

IN TS

4o

= V2 (o-Ty)

<

G
) S
o

0

-

TYNISI0 Mnog -

& H = e o e ' )
' B B A J YW, : : ! ..
- - - - - . - -..—; - — ..7-_... SRR i A ;-,,,__?__- ,._-T‘_i__“_r__‘_ . . - .
i i ! ' ¢
® Lr-2 DRANNED W s fis1 , Cipg = £2.2%, " . ;- : . ST TRI I g ’ -t
O wr-3 neamnep - ¥t II5F ) GacId0% , W L1764 : ' ! : ) :
T-o ‘ SRR e I aboolt Sl e
A= ¥5.5 -4 : ; ! ; I
- ! 1 :
| ' ! : L | 1
T “; ' : e
z ] ' . |
. : ‘ : ! LT
' % ; ' i - :. ‘ | R '
: | S BT IS T
A ’ " : L] ; 'O
. | £ ; ! :
. : , : & : Dy o
! ; oy B SRR Rl AL
; ' ; ’ g i ! :
o R = ' Thee I B8 ozt B
? gl Pl A e PG Tt IR BT MEEY Ry T
' ; ' ! ' : i g el ] H | s .-. '-. e e
i i e =i 5 :
_ ‘ i b s | 14 i ];
| " . ) a : 3 PR A : i K
, e T SRR o 1ot d P PR RS 5
; SRERT , £ g0 -3 el :
v s , : 0 e A |
- o A  ORAINED ' rQ/Ax/AL:..-...l
£ 2l : . TEST . RESULTS | .| . ~
i Ly ' . ZONE I COIPACTEL . LIMES,
: ' g Floec s tower Cuyirer Rrrer Keasr
: : ’ | > . ! !
' | ' i i Tl NN
. * 5 & 3 1 Jd
' . ! ’ - M ;
' L : ; !
f:’Pl 1 L 1 I ; 1 i :
Oo éo 8.0 : Jo.0 |
/= = I/Z(E’;'*\:-"s) IN TSF
> . FIGURE 2.

s y——

-



T 3aNoL T

i - ¥ s ohy o
[ . o Al : m gl et : i 2/ i
RS gy Sl ' i . | - SIIWE IV
! § % _ Wy I .0 | :
i ST ] G | ) i ey ¢ gnp =
A% 5 _ P Tyt o m b .
“. el . o gL 4 A i = o T .
T S A P N RS I TR WA ) m
. _ Ol e e B S R — st 8 o+ o 3
e P : ¢ foooam peiilala aigie 2 i L : :
o 7 e ¥Wgax7 mmaneg e T ; J e ot
= A_ 3 ‘ ¥ . NO . KTS ‘w | m T R nwb“b!ﬂ(u: : ”.. H
: ...,..Awkwus IXVISL TSN IV S3TND “. R TR 'y _
. i e i oy ... w R : > . .. i 3
RS B ' w il m I-—.. ... _.. u,m. .-“ m- ..,f..._-.r....w'.._...v.n. .m s 3 :
LU TR Mt SR S i ok gt il et ¥ P8 e i
: R AT _ - bty Vg 1
T _ : _ ” ~ A R m : e i
WATE PN R SRS S P 1 e :
B e TR T “_ A 8 3 :
“ b e e s ‘e o td
R W SN I R , ay OF : :
_ i - - ' 0 ; .
. : Bl T ' : S/, : . :
. B i L] . 3
. o P 3 bt g - : ' '
b= , | O R
' .“ .. ' H ' _ : 1
. N.!ﬂ .E TERNG %vl\\i Qpdrvay .
: e
R s Bt s .
£ 1 S Y
' T
U .. '
Senpara canived -
oy /ﬁ )
1 i bt = o -
_ w . $ * . WK 2OF « w9 .kv\ VR s \\N G&7 C
S it ” ‘ su PR p-u7 D
;i X § e o 2 : 7 o, L&6'Sr U—)\ﬂno 1\{ ﬁ sn /4
i e  powiaese \A e BT b s ‘,»_-t Noh\%\\--.?“a ¢ \...v.uc OMU - won oS b9 = u\m ¥y A




- - s vt o areionn

L4 . u T ' QJ-»OO?.‘—.,-—‘- -—.-; e —— --_-.F--:.'

e e sa e w st o0 8 8 WPP ua 4o o
g i, s i : |

i ' ) . .
sepe B . ~ .

) : i
34 PP o A ag! > 34
: i : . I e o5 ‘ L |

= O LR-2 = = --r---‘:-‘—'--fv--‘-.--j-‘- —--}--,..r Tailes et et e Eaat's o g
B LR-3 ':_ pe eeee eiat tlfily o . o F

vt @ . - @ . o rse cmem - b s SEBE “he. @iE e ev & B sineEEes O ..2..........7 e SN SN, i e » Sm -
[T . -
f ; s .
. a.o L. > S RS e AT T TP TR o e L TR . L S LD Y P |
3 T

i e ats foien sttt e s AMDAINED - TWIAKIAL . TEEPS . v criinies vsisepnnn
b .. . TONE TI COMPACTED UIMERILK i
Lome s, - s -4 [ st o oty peirnbab oy Da POWER .. . SRYSTAL RIvER v e amme

- . .
» ' . .
. ‘ i .
- —— - e - - . - - e e e e —— o = .- - - -
" - i
0 b '
' ' . v : & iw weran . 5 - L by | -
R - - R - P, -l o LSS T LS - v -
. ¢
. »
o 3
A
.. Go o a2l 5 o e e SR IR B S el ¥
~ .
- - . .
e i A
- . - - - > — P—— PR - - - - —
r i "
L .

Y CG=O3) m rs& -

o

BN
]
i
]

o

-
I -

.|

& :
- 'S Poih e kol s Xoradl
I Cl , : :
' [ - - SIS, A . o - » o » s
: ;
- 20 p. - -..‘.'...‘-.... -..:....J. -._..i.- ve .-.. -
‘ M .
i H
f o cem
5 ’ el
! - - .'.'.
'
: o 1 ol 1 ‘. 2 2 4 1

) Lo E B { T 3.0

; L ARIAL STRAIN
w Y

P@@R @ﬁﬂ@ﬁwﬁﬁ, ETR ern ._ S muac 4

i



.o

L AR

.Y )

" -
.

LIMIAY A e

A LR- 4 (adsra)
t @ te-5 - -ee

8
|

N -y ———— —— @
S

R TS

e e aw e

13
0
K |
|
W
4
-t

'
5%
———— - -
!
. . ‘
PR S g
e P s aieliuniinints, St Sk i i 4 .
! 5
: . .
- — - P - - - - ——— —— -— -——
} - -
!
}
 E— P e s e o il d e Lo e
’ - H
’ H
2 A
p— s - e . o - e e e ot e ess ssnnume ) S o o .

IN' TSF

V2 (- o, )

o]

cee N D, /\//‘: D TR/A.’(IA 2
FEONVE X COMPACTED LINIEAICK
. FeRDA. [oWLR

v
) }
-4

— — - ( Cwe e mes o w we o

™~ » e

.
- - [}
'

‘

i

'

'

- - i

- aime -
- - '
i
,
1
- - -

TESTS

CRysrasr ~ora

f.0

6'

R ORIBHAL

AX/

STRAMY
7o

,4/

S e S ——— - —

. .
S s - . —

F,G(/\ - b,




)

COASTAL AND OCEANOGRAPHIC
ENGINEERING DEPARTMENT

3921436

AFTER 5:00 P .M. 3725259
LABORATORY 2392-089"

i o o il it 3

UNIVERSITY OF FLORIDA

GAINESVILLE, FLORIDA 32801
AREA CODE 904 PHONE 392-1426

April 3, 1972

Mr. Joel Caves

Gilhert Associates, Inc.
525 Lancaster Avenue
Reading, Pennsylvania

Dear Joel:

In our recent telephone conversation you requested that I comment
on and clarify the types of waves generated in our study for Gilbert Associates,
Inc. (GAI) as contrasted to a spectrum of waves. These comments pertain to
results presented in our document “Repurt of Model Tests to Determine Extreme
Runup at Florida Power Corporaticn Crystal River Site*, dated April 1969.*%

The motion of the wave generator in these tests was essentially periodic,
with very small variations due to changes in line voltage, etc. The intent
therefore was to generate a wave and runup system which, ideally, would have
the same heights and elevations respectively, from one wave to the next. No
attempt was made to generate a wave spectrum in which the wave system would
comprise more than one fundamental period.

The variations indicated in our reporv, e.g. in Figure 1 and Table 1
(as indicated by the differences between median and maximum) are primarily due
to the nonlinear effects in the runup processes; i.e. even if the waves were
exactly repeated, the runup would vary from wave to wave. A secondary component
of the variation in runup is due to the variation in the characteristics of the

wave generated.

If I' can provide any further information relative to our testing program,
please let me know.

Sincerely yours,

(% b Dear—

R. G. Dean, Chairman
Department of Coastal and
Oceanographic Engineering

RGD :mam .

® FSAR Section 2, Reference (13), Report of Model Tests to Determine Extreme Run-up et
Florida Pover Corvoration, Crystal River Site, Department of Coastal and Oceanogrearhic

Engineering, Florida rngineering and Industrial Experiment Station, Univ i lorida
April, 1969: FLORIDA'S CENTER FOR ENGINEERING ECUCATION AND RESEARCH ,{f? v e Al

endix 2C e
BenGar. %S, ShiRFe



UNIVERSITY OF FLORIDA

GAINESVILLE, FLORIDA 3260!
AREA CODE 904 PHONE 392-1436

ENGINEERING

COASTAL AND OCEANOGRAPHIC
ENGINEERING LABORATORY
392-1436

WAVE TANK - 392-089 1 April 11, 1973

Mr. Heber Newton
Gilbert Associates, Inc.
P. 0. Box 1498

Reading, Pennslyvania

Dear Mr. Newton,

This letter is in response to your request that I re-examine the
results of our runup test programs carried out in 1967-1969 for the
Crystal River site under the sponsorship of Gilbert Associates, Inc.
These results are available in Project Reports (*) (2). Specifically,
you requested that, on the basis of the available model data, I make
a "best judgement" estimate of the median and maximum runup elevations
that would result for the following conditions for Profile 5:

TABLE 1

Condition Storm Tide Level* (ft.) Wave Height (ft.)

1 120.1 17.2

2 121.4 18.2

*Corresponds to a Mean Low Water Datum of 88 ft.

Although the maximum storm tide modeled in our test program was
118 ft. and the maximum corresponding wave height was 12.2 ft., it is
possible to make estimates of the maximum runup for the higher storm
tides and wave heights as discussed below. It is noted that our Pro-

FLORIDA'S CENTER FOR ENGINEERING EDUCATION AND RESEARCH



file 5 was extended above elevation 118.5 to prevent overtopping (see
inset in Figure 1).

Discussion

The maximum storm tide elevation tested in our studies for Pro-
file 5 was 118' as shown in the attached Figure 1 (Figure 5 of Refer-
ence 2). In this figure the maximum runup curve obtained by the ex-
periments has a convex upward curvature. It therefore appears conser-
vative (i.e. giving too large a runup) to extrapolate to the 120.1 and
121.4 ft. storm tide levels usingstraight line approximations (dashed lines,
Figure 1) of the same slope as those occurring at a storm tide of 118 ft.
For the storm tide levels of interest, the resulting runup values are
presented in the table below.

TABLE II

Storm Tide Level (ft.) Median Runup (ft.) Maximum Runup (ft.) l

120.1 124.9 125.9 I

121.4 126.0 127.1 J

It may be worthwhile to discuss the wave periods and heights used in
the testing program by quoting from Reference 2, page 5: "The wave per-
iod (prototype) was selected by first running tests at several tide lev-
els with the estimated most frequent wave period (prototype), 7.7 sec-
onds, and then varying the period in 10% intervals above and below the
estimated most frequent velue. The period with which the most runup oc-
curred was 70% of the estimated most frequent period or 5.4 seconds. The
wave height was chosen by testing wave generator amplitude settings at
several tide levels with a period (prototype) of 5.4 seconds. The ampli-
tude setting which resulted in the most runup produced waves in the
10-15 ft. (prototype) height range prior to breaking over the south bank..



It is concluded therefore that the runup curves in Figure 1 apply for
the wave height and period resulting in the highest runup.

Conclusion

The median and maximum runup values corresponding to tide levels
of 120.1 and 121.4 ft. are presented in Table II. These values repre-
sent my "best judgement" estimates (although believed to be slightly
conservative) on the basis of the available model test uata.

If you have any questions regarding the basis for obtaining these
estimates, please advise me.

Sincerely yours,

R AuX A Ko

Robert G. Dean
Profescn» fivil and

Coastal Engineeriny

RGD/ rw



