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1.0 SyfMARY

" The purpose of this report is to present the method of protecting

Crys tal est Unit No. 3 from the Probable Maximum Hurricane (PMH)
r

[
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
r-

.

_| questions asked by the Atomic Energy Comission in their letter *

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

(

2.0 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.

.
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I 3.0 INTRODUCTION

3.1 Ciarrent Studies'

As a result of , studies completed in October 1972, Crystal River
(
) No. 3 was designed to safely withstand a PMH which would produce
s

. a surge level of 29.6 feet above the mean low water (MLW) elevation

I. 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 - Verifiqation Study of Dames and Moore's Hurricane
s

} Storm Surge Model with Application to Crystal River Unit No. 3 *

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

\ dated July 13, 1973 hereinaf ter 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 "wavelsss",

)
' surge to elevation 119.5 feet over ths top of the embankment whose

design elevation is 118.5 feet. The hurricane would track from

southwest to northeast.
.

3.2 AEC Questions'

{ On March 12, 1973 the Atomic Energy Commission advised Florida

Power Corporation that additional information was required

t 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 in Enclosures (1)'

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

l.

!

s .

-
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(1) are addrecaed in the aforementioned Dames and Moore report

dated July 13, 1973.

Enclosure (1)
{

( 5(d) For each safety-related structure, system, and

r 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

r most 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.

I
| 5(e) Discuss the applicability of your hydraulic model

J

! studies for estimating runup on and over the soil--

I ! |
j cement protected embankment and on interior facilities

for both water levals and wave conditions discussed

b-rein.
.

3

Enclosu>:e (2)
f
'

2.15.3 Identify those safety-related structures, systems,

and components necessary for safe operation (see

t Safety Guide 29). Compare the conditions identified

' in Request 2.15.1 above with the design bases and .i
i

general adequacy of each facility to perform its

required function, mad indicate any action requf red

to assure functionability for hurricane conditions
7

i- up to those requiring shutdown.

GIL R E R T A S SOCl 4 7 E s, INC
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! 2.16 For hurricane conditions more severe dran those for

f' which operation would be allowed, up to and including

EKH conditions that both you and the staff have
i

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
r

static and dynamic consequences of hurricanes up to

and including those of PMH severity for both still-

water level estimates.
I'

{ 2.17 Provide the minimum submergence levels for both

circulating and service water pumps.
'

2.18 We understand that the soil-cement protected

] embankment is required to maintain the function-

j ability of safety-related facilities during
,

i
I

[ hurricane conditions. Substantiate its dbility to
i

withstand the static and dynamic consequences of
,-

water level and frontal wave action for both PMH

P| es timates . Documentation may consist of reference
i

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

l
protection and the embankment to withstand wave

i

L. overtopping. If the embankment is not required for

!

t-

68LRERT ASSOCIATE $.INC

t

-- -
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1

hurricane protection, provida your assumption of

its failures during such events and the consequences
,

of failure on required safety-related facilities.
P

2.19 Prov".de substantiated assurance of the ability of

; m 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
i

pass runoff without a loss of function.

;

I

,

i

,

4

k

.

I

. . .

C I L s E R T A S S O C I A T E 4, f 4 C.*

..

, . . , n.. _ , . . . -



a

- . . . -. . . . _ - . .-- ~ ~ ..

-

6
i

.

4.0 PMH CONDITIONS AT PLANT
.

4.1 Storm Surae Level

; ne 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
i

approach path and the critical section shown on Figure 1. The

f' maximum storm tide level also considered a two-foot reduction

due to tb effects of backwater storage resulting from the
i

.

i 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 rountain of water. The storm surge hydrograph

is shown on Figure 4, and includes the combined effects of the'
,

hurricane surge and the astronomical tide.

4.2 Wave Action and Runup
! t

L 4.2.1 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
t

(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 5i<

( presents a summary of this analysis for wind-generated waves
L. .

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

s.

i
'

G I L B E R T A 5 5 0 C l 4 F t s. I N C.
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marinann 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-

r out breaking is 13.9 feet.

s.

. 4.2.2 Maxi:num tidal setup will be produced by winds blowing onshore

! along a traverse normal to the offshore bottom contours.

i Consequently, the critical approach path for a hurricane was
!

,

from the southwest, tracking on a aortheasterly course. However,

f 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-

i 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 elevationi

of 118.5 feet, which protects the plant. This concept of
i

! maximum wave action occurring perpendicular to the hurricane winds

i was considered to be a conservative assumption for this already

extremely severe condition.

i

4.2.3 The effects of breaking waves and wave runup on the embankment
I

slope were evaluated from the model tests previously conducted at
- |,4

the University of Florida. Before performing the runup tests,
!

e 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

(
L

[ c a t a r a r a s s oc A T E S, I N C,

L
-~ ' -
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these pre-test experiments and periodic checks during the tests,
*

it was found that the maximum runup occurred with a 7rototype

wave period of 5.4 seconds, and prototype wave amplitudes of

10 to 15 feet, the specific height depending on the test 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.
.

4.2.4 Initial tests were conducted on a smooth slope embankment.
,

Subsequent tests simulated the runup effects against the stepped

embankment. The test results indicated no overtopping of the

j smooth slope below tide levels of 110 feet, with occasional,

overtopping starting at a tide level of 112 feet and becoming
J

continuous above elevation 114. Tests on the stepped slope
.

, revealed no -overtopping below tide elevation 112 feet, slight
I

i . overtopping at 114, and more continuous overtopping above
i

t elevation 116 feet. Pertinent results of the model tests are

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

4.2.5 The applicability of the model tests for the 29.4-foot surge level
.t

is illustrated by Figure 3 and amplified by two letters from
'

Dr. R. G. Dean dated April 3,1972, 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
s

are 122.5 and' 123.5, respectively on Profile 5, the profile

i. corresponding to the stepped slope that will be constructed at

i

i.

* GILRERT 46 SOC 4.tTES..MC
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Crystal River Nuclear Station. The actual elevation of th i 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 I

l

do not exist in the actual design) the surging water will reach -,

elevation 118.5 and merely fall over on the embankment,r

r

6

4.2.6 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
1

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~
s

conservative assumption that the wave height in the model tests was

( the " maximum" generated wave height (i.e. , assucing that all of

the waves attacking the embankment are " maximum" waves), Figure 6
'

shows that the model results become applicable at 23.2 hours af ter

the center of the hurricane crosses the continental shelf. This
1

.

is also the time of maximum stillwater level.
I

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

i
i.

6ttataf pasocI4TEs,INr.

. 1..

'
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elevations shown in Figure 6. In 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 th'at does overtopt.

the embankment on the windward side of the plant will drain off

the embankment on the lee side.

-

a

!
,

I

f

!
I

f

;

i
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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:

r- 1. On-site diesel power generators, and their support
'

equipment (fuel systems, cooling systems, switchgear).
'

2. Reactor decay heat removal equipment

Nuclear services closed cycle cooling system.a.
(

b. Decay heat removal system.

c. Decay heat closed cycle cooling system.<

d. Decay heat ces water system.

; e. Nuclear services sea water system.
,

3. Circulating water pumps.

4. Electric transmission facilities (switchyard).,

5. Turbine-generator support equipment.
.

5.1.2 Power generation at sea levels above elevation 98 is not possible

since the circulating water ramps, located at the intake canal,

and the transmission facilities in the sw1; ayard will begin to

flood.

5.1.3 The circulating water pumps begin to cavitate when the water

level drops below elevation 81 feet; however these pumps do not
m.

serve any equipment necessary to maintain the reactor in a safe

condition.,

l.

!

l.

G I L R E R T A S S O C I A T E S, I N C. -
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5.2 Equipment Necessary for Safe Shutdown

5.2.1 Systems listed under items 1 and 2 Subaection 5.1.1 must remain
s.

functional during storms of any degree of severity up to and
,

including the PMH. Ability of this equipment to remain functional

is assured by the facility design discussed herein.i

t

5.2.2 On-site emergency power generation equipment is located within,

the main structure, and is protected from flooding by concrete

i 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-

laced wave tops to prevent sea water from entering the tanks via,

the vent lines. Diesel engine cooling is provided by a self-s

'

j contained air radiator system within the structure.
t ,

4

| 5.2.3 The nuclear services closed cycle cooling system, decay heatr

removal system, and decay heat closed cycle cooling system are

located within the auxiliary building, which is protected from
'

i

flooding by water-tight doors where necessary.

i5.2.4 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 admitted to the

pump sump chambers via two conduits connected to the intakes.

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.,

1. r -
c i t. c a n t A s s o C 0 A T E $. I N C.

'..
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5.2.5 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. ia 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
,

i 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. '

s

' 5.2.6 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.

!
I
i

j

i

i

\,

.

f.

L.,

7 G I L B E S T A D S oC i t r L S. INC
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6.0 DETAILED FLOOD PROTECTION

6,1 Protective Assumptions
,

I6.1.1 Figure 8 indicates the locations of seals, water-tight doors, j,

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).

6.1.2 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
i

to elevation 123.5 exists over the entire south embankment.

6.2 Component Protection
!

Component protective facilities required for local protection,
"

l

| are shown on Figure 8 and are as fullows :
i I

1. Turbine building (already protected to elevation
,

!
' 121'-10" except at door openings whose thresholds are

,

at elevation '119 feet) .

Five water-tight doors at door openings will bea.

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.

|

*

G IL R E A T A S SOCI A T E S. INC
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2. Auxiliary building (thresholds of door openings are

at elevation 119 feet) .

a. Three water-tight doors at door openings will be
i

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 -

I.
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 at the entrance to elevation

124 feet.
!
I

5. Water-tight seals will be installed on:

a. Tendon gallery access hatch
t

b. Heat exchanger room hatch

c. At reactor building barrier walls

d. At interfaces between the diesel generator and
F

auxiliary buildings.
-

GIL BE A T A S 3 0CI A T E S. INC
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e. Underground electrical conduit entering the

building below grade

6. The v'ent 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) .,

.

6.3 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.

|6.4 Rainfall Protection'

16.4.1 With the exception of the diesel generator, all other components |

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

|6.4.2 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.,

'
,

.

1

|
!

|
i
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6.4.3 Outside the structure, the site drainage system has been designed
,

to preclude ponding, even during the Probable Maximum Precipitation

(PMP). The design utilized the Rational Method with the following i

-f parameters:,,

Rainfall Intensity - 10 inches per hour-

Runoff Coefficients: 0.95 for roof surfaces

0.80 for paved areas

0.40 for soil

-r .

i
6.4.4 The greatest overland distance that runoff must travel to reach a

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

6.4.5 Roof drains discharge directly into the storm drainage system,
:

and were designed to accommodate a rainfall intensity of 6 inches

per hour. For this design capac'.ty, no roof ponding will occur up

to a 1000-year rainfall. In the event of the PMP, ponding could,
i i

! 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
f

ponded water.

i
6.5 Sump Pumps

,

t-

Internal sump pumps are located as follcws:

Pump Locations Quantity Capacity Discharge to:
. _ ,

Turbine Room 2 500 gpm Industrial Wastej
Treatment Pondi

'- Nuclear Service 2 250 gpm Sea Water
Cooler Area Discharge Canal

,,

i. Condensate Pump Pit 2 50 gpm Turbine Room Sump
i

i
;

l
_.

'

,
G I L B E R T A S $ O C I A T E S, I N C
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I Pump Locations Quantitiy Capacity Discharge to:

p Tendon Access Gallery 2 50 gpa Saa Water
j Discharge Canal
'

Auxiliary Building 2 125 gpm Misc. Waste
I. .

Storage Tank'

Reactor Building 2 100 gpm Misc. Waste
Storage Tank

Decay Heat Pit 2 30 gpm Misc. Waste
J' Storage Tank
i Laundry and Shower 1 30 gpm Neutralizer or Misc.

Waste Storage Tank
Turbine Room 2 150 gpm . Sewage System -

,

e

a

k

I t

1

|

!

| I

,

2 f

k

i *

.l
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i
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7.0 WATER-TIGHT DOORS.

-|-- With the exception of the large turbine room door where the track
6

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

area, permanent doors will be installed on thi structure ready to

be closed in the event of an emergency. These doors will feature
,

.

i 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
I

when the need arises. These panels will feature expandable seals

that compress against the door casement. In the unlikely event
,

f
of a seal failure, these panels will have a compressi6n-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

j slot compressing the backup seal.

I

!

!

\

|
|

's
,

,

i

b

i
,

ka

1
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8.0 PROTECTIVE EMBANKMENT,

8.1 General Description

8.1.1 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 ther-

Ic

'
dynamic forces of the maximun met and ensuing runup for the

f

Probable Maximum Hurricane. The usual type of protection for>

this condition would be an adequate thickness of large size.

e

; dumped riprap. Because of the absence of suitable riprap material

in the area, soil-cement was originally considered as an effective,

i

means of preventing erosion of the slopes of the protective

{ embankment. The original selection of soil-cament as the means
l

for providing protection for the embankment was predicated on
I
( four basic considerations:

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

r

' the area.

{ 2. The availability of native limerock with a very high calcium

carbonate content, which will permit the soil base to react
5
| chemically in a soil-cement mixture, developing an extremely

; coherent internal structure. (The results of tests on this
l-

limerock material are contained in the Attachments.)
f 3. The results of scil-cement design mixes and tests conducted
t

by Pittsburgh Testing Laboratory utilizing local native

limerock and cement. (The tests results are contained in

three reports included in the Attachments.) '

1

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

by the Bureau of Reclamation.r-

8.1.2 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. forces, an armor covering of 3000 psi reinforced

concrete over 1500 psi soil-cement is planned. The reinforced,

concrete will provide .c.istance to erosion and dynamic 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.

7he criterion of 1500 psi for the soil-cement is based on a 90-day

compressive strength. Thus, referring to Figure 7, it 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.

8.1.3 Stability analyses were undertaken for the enbankment in order to

establish the degree of stability the embankment possesses against

a hypothetical failure along a circular are passing through both

the foundation and the embankment. Using the following parameters,

the minimum factor of safety against failure is 4.3.
I

Friction Angle (d) Cohesion (c).

1 Embankement 45.5 0 tsf

Overburden 37.0 0 tsf.

Upper Foundation 47.0 5 tsf
'

Lower Foundation 49.0 5 tsf

a

GIL R E R T A S S OCI A T E S, IN C
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8.2 Foundation Material

[' 8.2.1 The foundation material upon which the embankment will be constructed

was placed in 1964 from construction excavations on-site. This
(

j material has had nine years to consolidate, with considerable,

!

construction activity surcharge. No significant settlement isr-

}
\ anticipated from this material or from the Zone III material placed

j' in the embankment under 95 percent of Maximum Modified Proctor
;<

density compaction criteria required by GAI Specification SP-5901.
( -

i Any potential settlement will occur prior to the placement of the

concrete cover since the full weight of the embankment will be.

I
imposed on the foundation first during construction.*

8.2.2 The characteristics of the limerock material existing as foundation

j material, and proposed for the embankment, are documented in the
.

FSAR and in the Attachments of this report. The material is a

l f friable limerock with a high magnesium carbonate and calcium

carbonate content and the following general characteristics:
,

I.- Specific Gravity 2.57-2.72

,( Liquid Limit 26
!

Plasticity Index NP

I

i Absorption 29.5%

Compacted Void Ratio 0.38

-5
{ Compacted Coeff. Permeability 10 cm/sec

( Maximum Dry Density 112.8-121.6 pcf
> s

Optimum Moisture 11.1-14.1%

$ Triaxial Shear Strength 0 = 45.5 c=0L. *

Average Compaction during 98.4% Maximum Modified,

j : Placement on Site Proctor,

L

i G I L B E R 7 A S S OCI A T E S,14C
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8.3 Zone III Ffil,

p 8.3.1 The general characteristics of Zone III fill were mentioned in

Subsection 8.2.2. When compacted to 95% of Modified Proctor density,

I as required by Specification SP-5901, "one III becomes a very dense

and stable material.,,

8.3.2 The gradation of the material is shown on Figure 9 as a range
..(

f 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.

-5t 8.3.3 The compacted Zone III material has a low permeability of 1 x 10
I

cm/sec and it was noted in conducting triaxial shear tests that

I 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. ae

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.
4

I 8.4 Soil-Cement
I -

.

8.4.1 'Ihe design of the soil-cement section was based upon the results
f

| 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 ares

( included in the Attachments to thf.s report. The use of soil-
'("

cement in these cases was for the actual armor protection,

t

s t L a E n T A S $ 0 C I A T E S, I N c.
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l

r ,

$ whereas now it is being used only as' the backing for the concrete

However, soil-cement has been successfully used on the- armor.

following dams:

Dam Location Date Agency;

Bonny Dam Colorado 1951 Bureau of Reclamation,_

6

; Merritt Dam Nebraska 1961 Bureau of Reclamation

Cheney Dam Kansas 1962 Bureau of Reclamation;

|
~

Ute Dam New Mexico 1963 N.M. Interstate Stream Commission

f Holiday Dam Pennsylvania 1963 Holiday-Pocono Land Inc. -

Okay Levee Arkansas 1964 Corps of Engineers

Glen Elder Dam Kansas Bureau of Reclamation

(

) 8.4.2 The results of the three test programs conducted using Crystal

River materials are contained in the Attachments. Mixes A and B
f

were tested in October of 1969 utilizing Zone III material and

3 Type II cement in proportions of 9 and 10 percent by weight.

Average 28-day compressive strengths for Mixes A and B were

f 1140 and 1420 psi, respectively. The second program in November

1969 used also Zone III Material and Type II cement in three,

t
'

mixes containing 3, 4 and 4.5 bags /cu. yd. These mixes developed

i average 90-day compressive strengths of 1850, 2150, and 2960 psi,
I

respectively. The third program in July 1970 used Type I cement

f in proportions of 7, 8 and 9 percent by weight with Zone III
N-

material. Average 90-day compressive strengths 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.

)
.. .

*
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l'
' 8.4.3 Placement of soil-cement shall be in accordance with GAI

'' Specification SP-5901 and will yield a 90-day compressive strength

of 1500 psi.
.

i
' 8.5 Reinforced Concrete Armor
.

8.5.1 The use of concrete as protection is quite common. Concrete has
'

t

been used to pave dans and levee slopes , used as shore protections

f 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.

8.5.2 During a PMH, the concrete armor would be subjected to a maximum>

I

dynamic load of 32 psi. Although the probability of a washout

f ever occurring beneath the armor is nearly zero, for design pur-

posed it was assumed that the individual concrete panels, whose

f maximum size will be 20 feet square, had a washout occur beneath

them. It was also assumed that the washout lef t 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 thu allowable

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

8.5.3 Since the chances of a washout are unlikely, the armor will,.

\
i always be continuously supported. The only induced stresses,

therefore, will be purely compressional. This , then, indicates
'

that the armor is very conservatively designed.
>

. :
1
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i 8.5.41 - The =4ving and place ===t of concrete shall be in accordance with.

' GAI Specifications SP-5569 and SP-5618...
'l
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9.0 PROTECTION AGAINST A SURGE LEVEL OF 33.4 FEET'

' ' 9.1 Desian Conditions
;

If it is required to use the 33.4 foot surge level, 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 "

a

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.

9.2 Alterations to Plant Protection> <

|
'

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

f the following changes would need to be made to the existing

protection scheme: |,

),
'

q 1. The embankment on the south and west sides would be increased I

l
in height to elevation 127 feet (Refer to Figure 14). This

would be necessary in order to intercept waves and floating )

{ debris such as an oil barge before the structure is struck.
s

2. Barriers and water-tight doors with a top elevation of 124

f 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

I - - - the east side of structure which would increase to elevation
L.

124 feet.
.

9

\ , #
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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

from the main transformers toward the west and around to the,

air shaf t located on the west side of the turbine room.
(
[ 5. Prior to high water, the neutralizar tank, condensate storage

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

9.3 Likelihood of Surge to Elevation 121.44

.

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, Shetion 9.0 of this report has been

i included only to answer question 5(d) of Enclosure 1 of the AEC

letter to Florida Power Corporation dated March 12, 1973.,

,I

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

j 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

i

< liminating a significant cost penalty in protection schemes,

i
5 - between surge levels of 117.4 and 121.4 feet.

!

4

I
1
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WAVE RUNUP AND OVERTOPPING FOR PROFILE 3 TESTS4

(Stepped Slopes , Maximum Elevation 118.5 Feat)
f

Depth Depth
'

Elevation Elevation- lof Max. of Median Median
Tide of Max of Median Over- Over- Wave

5' Level Runup Runup topping. topping Height
t Run No. (Ft.) (Ft.) (Ft.) (In.) (In.) (Ft.)'

i
-

,
29 118 118.5* 118.5 66 45 13.4

30 118 118.5 118.5 56 '45 13.4.

j 31 116 118.5 118.5 25 20 12.9 e

32 116 118.5 118.5 31 21 12.9,

i; 33 114 118.5 118.5 8 1 12.6

34 114 118.5 118.4 6 0 12.6 :
'

I ! l-

35 112 117.8 116.4 0 0 13.1 |
|

i 36 112 117.3 116.3 0 0 13.0
'

|'

37 110 115.4 114.3 0 0 12.4'
i

t 38 110 115.6 114.7 0 0 12.2

1 39 108 114.0 112.1 0 0 12.4
(.

40 108 113.3 112.1 0 0 12.3
t

| 41 106 110.0 - 109.2 0 0 12.5

42 106 110.0 209.6 0 0 12.6
f

! 43 104 106.2 105.4 0 0 12.1,

' '
44 104 106.2 105.4 0 0 12.1

i
I
:-

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

j TABLE 1
CRYSTAL RIVER UNIT 34

! WAVE RUNUP MODEL TESTS-

| PROFILE 3
| TEST RESULTS<

i !
.

!
I

WLRERT AS40014tte. 91t -d

..

.ey www- ** - - . _ g- 1- . p. , * nTe ,, =,c _, .. . .g37
-

p y , ,; . gg,e.

,



. - . ~ . . - - . - . . _ . . . . - - . - - . - - . . . - - . . ..

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- WaveI
t]
f Level Runup- Runup topping topping Height

Run No. (Ft.) (Ft.) (Ft.) (In.) (In.) (Ft.)

; - 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
, .

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

'

(
:

\

TABLE 2s

CRYSTAL RIVER UNIT 3-
WAVE RUNUP MODEL TESTS

PROFILE 4,

L TEST REF'"TS

4 t

a

C i t h E R T A S $ 0 C I A T E S, I N C

.

. , f",WT - , 1.P' . . . *fI '"$ T.{Q IWKP @#
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RUNUP FOR PROFILES 5 TESTS
(Layout No. 3, Section B.by GAI)

!

.

Elevation Elevation Median
Tide of Max of Median Wave

Level Runup Runup Heighty*] Run No. (Ft.) (Pt.) (Ft.) (Ft.).

|4 4

55 118 124.2 123.1 12.2

56 118 123.8 123.1 12.2

57 116 122.1 121.0 11.6
.

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 10.5i

' 64 110 113.9 113.0 11.0
t

,

i

f

(

i

TABLE 3,

CRYSTAL RIVER UNIT 3
WAVE RUNUP MODEL TESTS, ,

'
PROFILE 5

*~
TEST RESULTS

i

CitaE RT AS$0Ci tTE$ INC
,

% 6
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t

,

i Max. Dry Optimum Compressive
Design Mix Density, PCF Mois ture , % Strength, psi

gg,ngu

; 7-Day Cylinders' 113.1 14.9 865,

5 112.6 14.5 955
'< 112.6 14.5 845

1 I' 14-Day Cylinders 113.3 14.9 1070
113.3 14.9 1030. _ .

113.5 14.7 1040
;,

j 28-Day Cylinders 1150
1095
1180

i -

Mix "B".

f' 7-Day Cylinders 113.0 14.7 885;

t i 113.1 14.7 1040
112.8 14.8 960,

<

14-Day Cylinders 111.1 14.8 1250
110.9 15.2 1170
111.4 15.6 1230

28-Day Cylinders 1420
-

| 1360'
i 1475

<
1 ,

I
j. Note: Design "A" 286 lb. Type II cement @ Max. Density with OW/C + 1-2%
' Design "B" 312 lb. Type II cement @ Max. Density with OW/C + 1-2%

.

a

!

s

h

6

i

TABLE 4
CRYSTAL RIVER UNIT 3

SOIL-CEMENT DESIGN MIXESi
'L-

OCTOBER, 1969
>

I.

G IL R E R T A 5 8 0CI A T E S, INC '

'
L

. .. ., . . .. , . - , - - - . , - - - - --
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y 4

4

(c Specimen Age (Days) Size Strength - psi

| .

i <
'

1500; psi concrete 7 .6" x 12" 155. ,

?. .

; 1500~ psi concrete- 7 -6" x'12"' 175,

9

'' Soil-Cement Mix A 14 4" x 4.6" .185
r:

. Soil-Cement Mix B. 14' 4" x 4.6'- 215
.I'

Soil-Cement Mix A 28 210-

1

f Soil-Cement Mix B 28'; -235 *-

.i
,

f

4
'

4

!
'

I I

k ,

|
;,

i

s

'i ,

'$ n
1 e

'

r
s

1

.
'

.\.

.

, a

I
. . i

TABLE 5 i

COMPARISON OF. SOIL-CEMENT
t' WITH 1500 PSI CONCRETE ~IN

SPLITTING. TENSION
'

.

(ASTM C-496)
'$

Gainer T 458081 ATE 4 I N C.

k |

|
i

1
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Mix No. 1 Mix No. 2 Mix-No. 3
i 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 -
.

14-Day cylinders (Av) 1060 psi 1600 psi -,

28-Day cy11nders (Av) 1460 psi .1935 psi 2800 psi
' 90-Day cylinders (Av) 1850 psi- 2122 psi 2960 psi
f

i
Moisture Content

' #7
; 7-Day cylinders (Av) 11.2% 11.5% -

~

14-Day' cylinders (Av) 10.9%- 11,8% -

7 28-Day cylinders (Av) 11.1% 11.1% 10.5%
} 90-Day cylinders (Av) 10.8% 11.4% 11.2%

~

$

f

| Molded Weight

i
7-Day cylinders (Av) 117.5 per 120.6 pcf -

,

14-Day cylinders (Av) 116.3 pcf. 120.0 pcf -
i

t 28-Day cylinders (Av) 117.8 pcf 120.3 pcf 120.0 pcf
90-Day cylinders (Av) 118.6 pcf- 120.3 pcf 120.1 pcf,

,

i

.

,

,

- i

(
; l.

f

(.
!

I

a

(

!
!

'

i
V. :

.{ TABLE 6
CRYSTAL RIVER UNIT 3

SOIL-CEMENT DESIGN MIXESt

NOVEMBER, 1969

t

C I L B F R T A S $ c c l 4 T E s, I M r.

U k

4
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.(?
-(

( n. .
-

'
Property Unit Mix No. 1. Mix'No. 2 Mix No. 3

'

Cement Content lbs/cu yd 219- .251 282-
1-

Cement Content % by Wt. 7 8 9

Density (ASTM D558) PCF 117.3 118.5 117.9

Optimum Moisture % 13.5 13.4 13.7,,

Vol. Change-(ASTM D559) % 1.2 1.1 1.1.s

(' Wt. Loss (ASTM D559) '% .1.5 .1.8~ 0.6
i
(.

Compressive Strengths
r

I' ' ,
.

,
- 7-Days 490 560 650

'28-Days 720 960 1080
! 90-Days 930 1100 1240
I.

.

i

i
i

f

4

.

r

i

.

,

.
'I. TABLE 7

CRYSTAL RIVER UNIT 3
i' SOIL-CEMENT DESIGN MIXES

(- JULY 29, 1970
:
i ,-

'

g.

{ l.

f. I t a E R T A S $ 0 C I A T E 9, I N C.

{
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PROFILE TESTED RESULTS OF INTEREST
. -

37.5' 35' 608 TID E * * MAXIMUM
I " " ! I T LEVEL OVERTOPPING

.- E L.118.5 1A (FT.) LEPTH (IN.)

k..112
118 88

EL.98 E L.100

112 8,

ERODABLE SOIL SURFACE, PRIOR TO HEAVY WAVE ATTACK

-

|

37.5'
' '

, 35' . , 60s
_

TID E MAXIMUM
' ' '

LEVEL OVERTOPPING 1
E L.124,.

(F T.) DEPTH (IN.)
2 E L.112,

1

E L.98 E L.100' #
114 7

.

ERODABLE SOIL SURFACE, PRIOR TO HEAVY WAVE ATTACK
,,

?
,i 37.5' 35' 60' TIDE MAXIMUM

LEVEL OVERTOPPING
E L.118.5 % (FT.) DEPTH (IN.)

h 118 66,

E L.100E L.95
*

114 6

STEPPED SLOPES, AFTER SOIL SURFACE ERODED

ADDITIONAL STEPS NECESSARY TO ELIMINATE OVERTOPPING
* 35' 60' TIDE MA M ME L.132.4 % - - m

- - LEVEL OVERTOPPING
' - '

*

[ (FT.) DEPTH (IN.)

E L.110,
120 40,

00E L.95
118 7

STEPPED SLOPES, AFTER SOIL SURFACE ERODED

STEPS CONTINUE ABOVE 118.5 TO OBTAIN ACTUAL RUNUP PEAKS
42.5' 30' 120 ' TIDE ELEY.OF,

' ' ' ' "
_

'

LEVEL MAX.RUNUP

E L.118.5 N (FT.) (FT.)

.e 116 122.2

h
,

EL.96.5 E L.100
114 119.8

LAYOUT NO. 3, SECTION B, WITH STEPPED SLOPES 112 117.1

* * PROTOTYPE DIMENSIONS,

CRYSTAL RIVER UNIT 3

| * TIDE LEVEL AT WHICH OVERTOPPING STARTED MODEL PROFILES TESTED,6

RESULTS OF INTEREST
FIGURE 2
5HEET 1

!

n,_----
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PROFILE 1 - SMOOTH SLOPES WITH MAXIMUM BERM ELEVATION 118.5 FT.:

i 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 ELEYATION 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--

I

I FOR TfDES 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

OVERTOPPING (NEGLECTING SPLASH-UP), IT WAS NECESSARY TO INCREASE THE 124 FT.

ELEVATION WITH STEPS UP TO AN ELEVATION OF 132.4 FT.

PROFILE S - STEPPED SLOPES, SLIGHTLY DIFFERENT DESIGH 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.

,

!
t

t

,.

CRYSTAL RIVER UNIT 3
_

RESULTS OF MODEL TESTS
i FIGURE 2
,_

SHEET 2

-___________- __- -_ _ I_ T _ _ -__ T -
"'" "--~ ~ " ~ ~ ^ ~
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<>ROJECT: CRYSTAL RIVER PLANT UNIT NO 3
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iicle Engineer: Gilbert Assoc., Inc.

J:neral Contractor: J. A. Jones - -
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FLORIDA POWER CORP.

CRYSTAL RIVER UNIT 3
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SOIL-CEMENT TESTS

'
NOVEMBER, 1969

L

(
.

I

t
,

I MIX 1 - 3 Bags Cement /CY
l MIX 2 - 4 Bags Cement /CY
,

MIX 3 - 4.5 Bags Cement /CY
:
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FLORIDA TESTING LABORATORIES. INC.
Pbme 531 1446 - P. O. Box 11064

st. Petersburg, Florida 33733

r_z

_
Client F 1 o ri da pnwee Cnennratinn Submitted By FPC

_ Pre [ect Crystal River. Unit #3 Sampled 8y FPC
_ Material 5 of 1 Cement. Sp eci me n 6"x12 " Sampled From On Site material

Identification Marks As Shown Date Sampled
Quantity Represented Date Received-

,_.

. Centractor Date. Tested .

Source of Supply Na ti ve Li me roek on Site - Date Reported
or

Lab. No. 3425 Tust aEsutis .

Tested By
~ ~

-

_

.-
- 1

,

_
3.0 Bags /cu.Yd. 4.0 bags /cu. Yd. 4.5 8ag/Cu. Yd

Molded Psi 9 Molded Psi 9 Ho l de-d Psi t

_
Weight Moi s t u re 7 day Wei gh t Moi s tu re 7 day Wei ght - Moisture' 7 Da-

'

118.1 11.7 972 12 1.0 11.1' 2369 - - -
. .

g|
118.1 11.2 1007 120 .5 11.9 1786 -- - -

116 .8 10 .7 1098 -119.5 11.5 1821 -- - -

1

Psi 9 ' Ps i 9 Psi 9- '
4

14 days .I4 diys 14 da l,

116 .0 11.1 1131 120 .6 11.6 1697 - - - -

117.2 10 .7 1202 1 19 .4 11.9 1379
*

- - -

,116 .2 11.0 843 119 . 7 11.9 1732 - - -.

,

Psi 9
'

'

Psi 9 Psi 9 .

28 days 28 days' 28 da

116.2 12 .3 990 120 .7 11.2 2758 12 1.0 10 .7 3129 |118.9 10 .3 1520- 120 .3 11.1 1962 119.8 .10.9 2440 -

118.6 10 6 1856 120 .1 11.0 1909 119.4 10.1 2829

Ps'i 9 Psi 9 Psi 9
90 days 90 days 90 da-4

.

118.8 10.7. 1839 121.8 11.0 2298 120.2 11.2 3041
118.8 10.6' 1927' 119.3 11.7 2033 120 .1 1112 2846.

118.2 11.1- 1786 119.9 11.5 2122 120.0 11.2 2988
1 . .

u. * *

.. .

'

By _ h- - -

,
, FLORIDA TESTING LABORATORIES, INC.

cc: FPC/Edw Fr' oats (3) '

Peses PTL.4 aty. *

-- . . - , _ , - . |
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FLORIDA TESTING LABORALRIES, INC.
'

( .

ST. PETERSBURG. FLORIDA
|

SOIL COMPACTION CURVE SHEET,

.

,

Laboratory No.: 3425 Tested By: Date:
.

Client: Florida Power Corooration
Crystal River, Unit #3p,,;,cc.

Soil Cement Be rm'

Location:
# Soil CementMaterial- .

AASHO T-180 Mod.Method of Compaction:
,

122 , , ,,, , , ,, ,, ,

*

! * I i! !
. 4 i j i =

I i i it I
e a e

8 s
6 i

I ! i ,I a \/ .
I

t !! l
' eie

1 ! ri I " V-. ! 'N ' I i.,

120 . .i i i - >> i i m . .

' I i / i A i
1 i
a i I ( / 6 T, e

i i r N |s

I[| % --*

: g

' / \<_
t . '/ R

e .\i i t IA
' ! I i Al e , IX

t 'g q .n
i 3 i 6 i i '/i eI i a i6- .&10

* I e1 i / t i i e i .
g,

!I ef 8 ,/ i i * g

. 6 / , , ;

i
l i

{
p

I I a 8 in

).- !l ! /
, f 6

L & * ' t *

' "" i e i f. i
g

l ! 3 / i IZ
E 116 I!'. | ! ' ' ,'' e

* *,e e f e ..

>= t I f I6

*
. / ,

i
{ i i i f

! i i f , .

!. ! / t
~"

*
I ! If , , t

6 i /! 1 I i
;.

114 . . f. > e i i

I I I t/r e i , .

iI ! i/ I I
si+.i !t .

'
-K ' | ! ,

-

,t . . , ,

' i 4 i , , i

-
! 1 ,

112 I!! t - ----

,

7 8 9 10 11 12 13i r .
,

L

MOISTURE CONTENT */.
.

t

i-- Maximum Dry Density: 120.4 #/ f t3 11.4%Optimum Moisture Content:

e

cc: FPC/Edw.Froats (3) FLORIDA TESTING LABORATORIES. INC.
*

[_ -

$-
By 5 5 _.$____ ___ _____________

-

L. -
'

.

.ma- m s. e. .*--n- ..-ee . - ,y ., e 9
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DEC 111969

FLORICA POV.IR CC3P. FLORIDA TESTING LABORATORIES. INC.
CRYSTAL RIVER C0iisin 10:1 Phone 531 1446 - P. O. Box 11064 ,

St. Petersburg, Florida 33733*

.

Clien, F 1 o ri da Power Corooration submitted By FPC

Project C r_ys t a 1 Ri ve r. Uni t #3 s.mpt.d ay FPC

Material On Site Limerock sampled From

Identification Marks Date sampled
Date ReceivedQuantity Represented'

Contractor Date Tested
,

Source of supply On Site Date Reported
'

! Lab. No. 3425 Test REsutis
'

Tested By
,

k

! .

,

'
GRA DAT ION

. .

Sieve % Passing

3/4" 100.0
{ LIMEROCK ANALYSIS

1/2 " 99.8'

Carb. of Ca & Mg = 98.55
*

,- 3/8" 99.1
' #4 97.0

.' #10 92.9 ABSORPTION
ii

#40 73.7 29.5%
.

| : !
''

#60 61.1
.

#140 25.9

' #200 22.2
.

' #270 20.4
.

. .

'

I'' Mate rial run through crusher
| *

prior to delivery to Laboratory.o ,

!
-

t

A_ //cc: Florida Power Corp. (3) sy.
-
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CLIENTS No. P.O. No. PR3-1106 REPORT ORDER No. TA-7732
,

REPORT FOR: FLORIDA POWER CORPORATION
P.O. Box 276'

Crystal River, Florida 32629
,

i

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) Thuefore 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
j subsequent project, the Merritt Dam, revealed a basically differ-

ent approach from that detailed in the PSAR. The PSAR establishes
compressive stren8th of the soil cement mixture as the basic de-
sign criteria while BUREC on the above projects follows basically

L- 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 16 196'1," stat s', " 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 is the nature of the soil from which the

soil cement will be manufactured. On the Bonny Dam job , soil
used was quartz sand with 207.-357. sile. 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,vell 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..
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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 af ter 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-
inal PSAR recommendations.

1

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 vet-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 volumef

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.'

I'

4 Compressive strengths shall increase with age and with .

increases in cement content.
1

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-.co provide a surface .

resistant to water erosion.
. . . - . _. .

* Test methods for mix design were as follows:

Page 2.'

.:_==___-___-__--,= -- - -

-
_ _ _.

_ __.



- - .. . - . . - . . _ -- - -.

.

FoMe Et1 Rts.

8." ~*4 PITTSBeRGH TESTING LAEhs/RATORY
f/ g .....u.... ....

* *

5. PITTSBURGH PA.,

A. A feufU AL P.OT.CTION TO CLI.MT., TM. PU .LIC A.e 5 OU ...L. ... ALL ..PO.T.

,'J 'O 20",'R',*. ".!".'L*f."'.'#'."'r' A"3!.'.".'.' o*l .*,'/J.".',*o ,'."J '"'"#,"#3'*",
.U. .. ..... .... ... ....... .U. .....P...L.

, ,

REPORT

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

'

(- Cement contents of 77., 87., and 97. 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, Mixf2 containing 251 lbs.,

per.cu. yd., and Mixf3 containing 282 lbs. per cu. yd. .

Maximum density and optimum moisture of soil-cement mixtures
,

i were determined in accordance with ASTM D558, except compactive'

l effort was modified to 5 layers, 25 blows with 19 lb. ranuner
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 coherent and durable
structure. Compressive strengths at 90 days were in the range of
1000 PSI or higher and steadily 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,

7 ,

which is higher than concrete of comparable quality. As all speci-
- -- ---mens easi-ly met -the PCA requirements,- the .one..with lowest -cement - -

-- factor,i.e. Mix #1, was selected ~ s a base for design. This-then ----
was adjusted for cement content on the bases of 27. by volume in
accordance with recommended procedure.

;

(

In consideration-of--the-above,--it-is-recommended _that the . soil-ce- I'

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. 67. -by volune -and-6.-57.--by weight.- This
mixture would--be p-laced -and compacted-to- at-least--987. -of- maximtsu

- density as- ddwmined-by-ASTM method -B-558vas -modified- in this
report. c_- . __, _ _ --__.,__,,2,2,_. ._ ,

.

W.T. HURST, PTL- -[~~ G ' " " Respectfully submitted, |Report prepared by:
- -FITT B H TESTING LABORATORY {

-- P.E.'Kornman,P.E.
.. .._. _ . N' ////4/,

'~~~

,
.
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CLIENIS No. P.O. No. PR3-1106' REPORT ORDER NO. TA-7732

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

,

REPORT OF: Soil Cement Design Mix

DATE: 7-29-70>

,

?

' ~ ~

SUMMARY OF SOIL TESTS

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

ATIERBERG 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

COEFFICIENT OF PERMEABILITY 8 X 10 CM/SEC.
(COMPACTED) or 2.4 Ft./YR .

|
|f SOIL TYPE AASHO A-1-b

6..,... . . . . . _ _ . . _. . . . . . . . . . _ . . _ . _ _ . . . . ._.._..._ _ _. . . _ . . . _ _ ...

. . . -. . . . . . . . . . . . . . . .. . . . . ... . . . . . _ .

,
.

.

b

.

ec: 1 Client, Mr. Bennett Respectfully submitted,
2 Client, Mr. Froats PITISBURGH TESTING LABORATORY
1 Ma. T. Hurst'

. .
. . . . . . . . - - - . . . . hisswuv .,. rf; ,k f'/)/.*

.
. . . . . _ gm

, . . _ . _ , . . .. .

Ta pa District
.

-- - - _ . _ . _ .. . .

.

.
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,
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B

REPORT FOR: FLORIDA POWER CORPORATION
P.O. Box 276-

Crystal River, Florida 32629

REPORT OF: Soil Cement Design Mix.
i

DATE: 7-29-70 -

,

'
i.

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 ?DISTURE 7. 13.5 13.4 13.7

I

WET-DRY TESTi

MAXIMUM MOISTURE CONTENT 7. 14.2---- ----

SATURATION MOISTURE 7. 14.8---- ----

MAXIMUM VOLUME CHANGE 7. 1.2 1.1 1.1
WEIGHT LOSS 7. 1.53 1.18 0.61

COMPRESSIVE STRENGTH

r 7 DAY (PSI-Avg. ) 490 560 650l' 28 DAY (PSI-Avg. ) 720 960 1080
__ . . . - . __

.
90.. DAY -(PSI-Avg..) . ._ _ . _ . . . _

. . . . _.- ._. . _ _ _ _ .

. . . . .. ._ _ 93 0 1100.. 1240
. . . . _ ._

Respectfully submitted,,

t- PITT BURGH TESTING LABORATORY

bh%uw $|!W! Pwy*

[ cc: 1 Client Mr. Lennett P.E. Kornman,P.E. H. McGillivray, Manager f/t

2 Client , - Mr. -Froa t s - ---.--- - ---: . _ . - - . - - _ . Tampa District _ (/
1 Mn. T. Hurst

{ _ .. . . _ . .
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CLIENTS No. P.O. No. PR3-1106 REPORT OEER No. TA-7732
.

I REPORT FOR: FLORIDA POWER CORPORATION
P.O. 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.
1 -

MIX #1
;. VOLUME CHANGE 0.87. 1.07. 0.9% 0.7% 0.6% 1.2%

{I WEIGHI LOSS 0.21% 0.347. 0.45% 0.567. 0.67% 0.84%

MIX #2
f

i VOLUME CHANGE 0. 97. 0. 97. 0. 67. 1. 17. 0.7% 1.0%

WEIGHT LOSS 0. 3 97. O. e27. O.84% 0.847. O.90% 0.96%'

I MIX #3
{ VOLUME CHANGE 1.07. 0.8% 0.7% 0.9% 0.5% 1.17.

WEIGHT LOSS 0.177. 0. 397. 0.50% 0.56% 0.56% 0.56%
*

<
4

i

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

MIX #1
VOLUME CHANGE 0.9% 0.7% 0. 97. O 3% 0.57. O.77.

' WEIGHT leSS 0.957. 0. 907. 1.35% 1.40% 1.467. 1.537.

_. g . . .. . ._ . . .. . _

,' V'OLUME CHANGE 0. 97. 0. 5f. ~
~

0.37. 0.57. 0.5% 0.3%
~

'

! WEIGHT LOSS 1.07% 1.07% 1.12% 1.127. 1.18% 1.18%

; MIX #3
VOLUME CHANGE 1.17. 0.57. 0.77. 0.37. 0.47. 0.6%

'
WEIGHT LOSS 0. 617. 0.617. 0.61% 0.617. 0. 617. 0.617.

.. . _ _. . _ . . . . . _ _ _ . . . . . .
. ._ ... Respectfully submitted,'

cc: 1 Client, Mr. Bennett PI H TESTING I, ABO TORY
'~~ '~ 2 Client', Mr. Frosta ' / ' #/

-
. #'

1 W. T. Hurst '

#1' "##
-

H.J cGillivray, Manager* *

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

' - Page 6.

_ _ ._
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'. PITTSBl. 'GH TESTING LABO~ % TORY.

v v..r..u.... ...,s
r- % PITTSBURGH. PA. Order No. TA-7732
\*, /' i' ".UTJr'Al".7'f' c"o0,o'e','.'"l'*J."Jifr7*,'2" 0".*?'o**L,'#a,"'lr"J'

' $8 *# ' " "'*"#Z "..,'o *J"','.".'a".'*iivco"|No,'U'o " "l,"tr'*l.'J" .g,f" "'**""'"* Report No.*

a.0
'

REPORT Date 3-27-70
.

t
REPORT OF TEST ON CONCRETE CYLlHDERS

6d DIAMETER BY 12" LENGTH-

(
CEPORTED TO: FLORIDA POWER CORP.

. *ROJECT: CRYSTAL RIVER !'LANT UNIT NO. 3

| Arcle. Engineer:
~

oncrete Supplier: West Coast Concrete, Inc.
Gilbert Assoc., Inc.

, General Contractor: J. A. Jones

I
.oC tion of Concrete Placement SOIL CEMENT DESIGN MIX

f

D:t3 Cast 3-27-70 C.oncrete Class - - - - - - - - - - - - - P.S . I . Area bSq. In.

f :ement Factor Brand Tve Aggregate Size ---- - - -- -- ---- --------------- ------------- --------------

'. DEL. CVLINOEA W/C SLU MP CONCRETE AGE TOTAL LOAD COMP. ST. SPECIFIC
'" I O

S/N. IDENT. GAL. SACK INCHES TEMP. 'F. DAYS LSS. P.S.I . LOCATION

I Mtv #1 4-4 7 6400 510
i " 7 5900 470"

'f~'
Miw #2 " 7 6700 535

I " | " 7 7300 580
i Mtv #1 I " 7 7600 605 i

,- I " i i " 7 8800 l 700 t

i I i l i'

I Mix #1 I i 4-25 28 I 8600 | 685 I

|I " 28 9500 1 755" '
.

Mix #2 I 28 11500 | 915 !"

! 28 13700 l 1010 !" "

Mix #3 " 28 12600 1000 i
/ " " 28 14500 1155 !

l ! I
'

-- - Mt v #1 - - - ---) _ 6-26 90 i 12100 '980 I

,

. - n. . _ _ }. _ . . . - _ n. 90 | 11100- I 885 I

Mtv #2 " 90 1 12900 1 1030 I
,

' - " " 90 i 14800 1 1180 !

! Mix #3 " 90 i 16200 | 1290 I

I " " 90 l 15000 l 1195 l
*

, '

i, i

,

1

!
, . - . . . -. . . . _ _ _ _ . . .._...|.__-.,_._._. . _ . _ . . ._

_

!
'

, \ .TEMARKS: '
' '

.

I. .
I - Florida Power Corp., H. C. Bennett PITTSB RGH TESTING LABORATORY.

2 - Florida Power Corp., E. E. Froats
- g,y} (M*U,1 - PTL - Tampa

' ''*
. ,i - PTL - W. T. Hurst _

P.E. Kornraan,P.E. # * '

I - PTL - Pgli. Pare 7. __._ _H[[. MCGillivray, Manager / _ _
_ ___ __ __
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/<g $2 PITTSLRGH TESTING LA LRATORY'
. pi ,3 ..... ..E. ....

5 ," PITTSBURGH, PA.

7'- ."p ..A WTU AL P40TECTtOM TO CLIENTS. TME POSLIC .NO OVitSELVES. ALL REPORTS

*/hJ Ele'' iou 0r" vavtEE=v's". c'O=e"Lus" ds' E Es'e'=."II. [."Ou'0n [Eo'IRo'. ."
"* '* ** " ' * '" * ' " * " '
Ogg OW4 REPORTS IS RESERVED PEND 4NG Ouft was??EN APPitOV AL.

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

REPORT FOR: FLORIDA POWER CORPORATION
P.O. 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-
fled as follows: Compactive effort was increased to 5
layers, 25 blows per layer with 10 lb. rammer falling 18".

Results were as folicis:
.

Mix #1 ---------------117.3 PCF @ 13.5%

Mix #2---------------- 118.'S PCF @ 13. 47.

Mix #3----------------117.9 PCF @ 13.7%

.

. . . . . .. . .-.. -

ca: 1 Client, Mr. Bennett ,nguy
2 Client, Mr. Froats
1 W. T. Hurst P.E. Kornman,P.E.

- /. , //jf,& 49
!

H.J. McGillivray, Manager
District, Tampa

. . .. . . . .. .. ... - .

& gmus.- e

.

Page 9.
_ . ~ . _ _ _ _ . _ _ _ _ _ _
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PITTSBURGH TESTING LABORATORY

PROCTOR DENSITY TESTS

Lab No.:,

TA No.: 7732

CLIENT: F1.0ttTDA POWER CORPORATION

REPORT OF: *(W""WM Proctor Density Test of 1.imerock for soil-cement

(Modified) * Mark out one

PROJECT: crvsest Rfver. Unie A3

SAMPLED BY: th. T. Hurst DATE: 7-29-70

SPECIFICATION: **(See below) ASTM D1557
'

Method: C

|

RESULTS:

Wet Density Moisture Dry Density
_Lb s/Cu . F t . Per Cent Lbs/Cu. Pt.

'

l. 123.5 10.1 112.3

2 130.5 12.3 116.1

3. 11?_2 14.6 115.5

4 17R_O 15.0 111.3 ,

l
1

1 1 * i li i
'

i ti l L __ __

i 4

. i *
. . ! I

-. . _ ... .. f'e; ,.
' 'K . , - ,.,, , ..

. /t i ! N * t ! i e I _ . . . . . . . . .

/ i i it i 1 I i ? ! I it

/ e . . iN 4 i 4 eie i .

E i /t ii ! t i 6 ! a , t i\r i i i i ! ' I *I t

1/ t I !1 i e 6 i \ i ' i ii,

a /i ii i i ! i e i - ! T1 i.

U /I!! I' i 6 i i r i i \ 8 * 6

g /4. s i 1 .i i 6.J Li . 1 .. 4 4 Ii i I
* . -1 ! * e i ! t i. t re i\. t . . e i.

+ j I: 1 i ' I ! I i !I i i l| IF t t iiii I

f. . * *t i , i e ii . . 4 . 1: i ,. . .j
fiI i i i i ! 6 Ii I! ' i ii i1 i t i 4 1

'

pii . . ii ie --,6 + i . . ii . ...
i

311 3 . ,

1 . ! t !t
--

t , , ,

_ !
, . _

,

>- niI , , . i r F
3 _

e i i i . . , i _ i#i
il r . * i |_, i i i ! r. I t

' i iz
i i . . I . , I e i r i ! ig

i i I't i 6 ! I i ti*

- .- g. .--
e ! I i i 4 . .

'

J

>- , , , .; i t i i - , i , , , !

D: 4 ,I J| | t j | | | i 1t i ! | |

o gg; - - . r

go . . _.t2-.- -- . 44 . ..--.---h.- .

-. MOISTURE CONTENT % i
1

. .. . I

_ . . . . . . _ . . _ _ _ . . _ . _ _ . _ _ _ . . . .. . .. _. . . .

- OPTIMUM MOISTURE itn ~

MAXIMUM DENSITY 116.2 i.

. . . _ . . . . . -_ ._
. . .

._
. .. .

,, , ,

._ - . . . . . , . . e. . . . - .. .. ,

_
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T' '3 INSI'ECTING ENGINEEltS AND CIIEMISTS
~

[~ 512 NORTH DELAWARE AVE.r,
'~ TAMPA, FLORIDA 33606'

## AREA CODE 813
PHONE: 253.3485

.

48 A BUTUAL Pe0TECTien 10 CLithTS. Tet PWOLet Ast3 099$f LVf $, ALL REPORTS ARE $UteITTED AS
tnt CoupestufiAL reerteTT OF CLeg=TS. ano AirtsscalTAfton FOR FUSUCaff0m 0F sf af tsthTS. CDe-

3 CLUS40nl Os BataaCT5 FROW Os RE6antl#4 OUR Rf Potts is stStartp Ptm0ame OWS W81TTEm APPh0v4L

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- k

paction followed by the 30 ton rubber tyne roller. The field
)

results have borne out the conclusions drawn from the laboratory
.

1
i

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 j

wet of optimum for the high energy comgaction now being used,
.

but drying the material has not be practical.

#1TTISUNSM NRW TORE SOSTON PMsL AD E LPui A CLEvtLANO OttmCi? ST. Lout $ SUFFALO CRttNSSONO LOUISv8LLE M t MPMts SALT LAKE CITY SAN F RANCtSCO

ttw G4 LEANS SE ATTL E POSTL ANO DenMINGwAM DATON ROUGE LAFAvtTTE McLWAU At t 6NDI AN APOLIS ATLANTA HOUSTON DALL AS JAC K SONVILL t TAMPA FI A MO

CMtCA80 97#4CU$t TALLAMassit EUSINE DU4MAM NASHylLLE ROANOut CH ATT ANOOO A DAVTONA canNsytLL t 20Cutsfra SPotANE MORCAN CeTY WINSTON SattM

ASSOCIATLS AT s LOS ANGELES TORONTO MONT a t AL LONDON.ENGLANO
. _ _ . , _ .
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. 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 quantity 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 leads 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

We apologize for the delay, but the requirement for the measure-cover.

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 witih you at any time.
Respectfully submitted,

PITTSBURGH TESTING LABORATORY

c-
- )1 -

IRoss T cG 11 r y,
Tampa District Engineer

-

_ _ . . ..
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. PITTSBURGH TESTING LABORATORY'

y, '% ,. .L, . E. ...,

i. ,I PITTSBURGH, PA.
**, As A MWTWAL PaoTECTtoM To CLIENTS. THE PUBLIC AND ouRSELwas. ALL stEPORTs

R REe$R$sN
* * Ro(*3ARO R se som o eTATEu tmTs. oncLus one on EXTRACTS

OWR REPORTS as RESERVED PENDING OWR WR877EM APPROVAL.
LABORATORY No. 11-66

' cucNrs No. REPORT
'

CLIENT: Florida Powcr Corporation
P. O. Box 276

.

Crystal River, Florida 32629

REPORT OF: Sieve Analysis of Zone III LimcBock Fill
Sample "B"

TESTED BY: J. Byrno, PITTSBURGII TESTING LABORATORY

DATE TESTED: March 22, 1972

Sieve Analysic:
Sieve Si m Cumule.tive % Passina

3/4" 97.0
1/2" 91.8
3/8" 84.4
No. 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 O

Respectfully submitted,

PITTSBURGH TESTING LABORI. TORY
r

'%T
R. T. McGillivray, P
Tampa District Engineer

. .

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

sa: 11-13-72
.

.w- +m,
_ - ,w . _ - -s.._
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. g*5 ' PITTSBURGH TESTING LABORATORY-

,
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5. ,i PITTSBURGH. PA.

. %;;*sn..f$ ::.=.; :::=. ,:= =:=':,'=:."::: z===-

oc = =uc';*;;;,,;;^';",,=;'; =a"||;;|;;* a",,';";c;* ;;;;,;;Ja'aa'"*,

LABORATORY No. 11-65

-- CUENTS No.
REPORT

_
CLIENT: Florida Pouer Corporation

P. O. Box 276
Crystal River, Florida 32629

REPORT OF: Sieve 7.nylsis of Zone III Lime Rock Fill
-

:

Samplo "A"
TESTED BY: J. Byrne, PITTSBURGH TESTING LABORATORY

DATE TESTED: March 22, 1972

Sieve Analvsis:

Sieve Size Cumulative *? Passinc

3/4" 98.4
1/2" 87.5
3/8" 80.7
No. 4 72.4
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 O
-

Respectfully submitted,
N

PITTSBURGH TESTING APORT. TORY
,t 1

o->oT '

.,

_ R. T. McGillivrey, P. . E .
Tampa District Engineer

~

.

cc: 1 Client ATTN: H. L. Dennett
1 Client ATTU: E. F. Froats
1 G. B. Browne.

11-13-72sa:
,
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LABORATORY No, 11-60

- CUENTS No. REPORT

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

-

REPORT OP: Modified Proctor Density Test of Lime Rock
Sample "A"

PROJECT: Florida Power

SAMPLED BY: R. McGillivray, PITTSBURGH TESTING LABORATORY

SPECIFICATIONS: ASTM D-1557-70 Method "C"

DATE: March 21, 1972

RESULTS:

_
Uet Density Moisture Dry Density
Lbs/Cu. Pt. Por Cent Lbs/Cu. Ft.

122.7 9.7 111.9
-

129.6 12.0 115.7
129.0 15.2 111.9

- Maximum Dry Density 115.8 pounds per cubic foot.

Optimum Moisture 12.5 per cent.
_

Respectfully submitted,

*

PITTSBURGH TESTING LABORATORY

o-sot s'f4
R. T. McGillivray, P. E.
Tampa District Enginccr

_

'

_

,

cc; 1 Client ATTN: H. L. Dennett
~

1 Client ATTN: E. F. Froats
l G. D. Browne

,

sa: 11-13-72
-.
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4 ABCRATORY No. 11-64
_

cuENTS No. REPORT

. CLIENT: Florida Power Corporation
-

P. O. Eox 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 L'.3 ORATORY
_

SPECIFICATIONS: 2X ASTM 1557-70 Method "C"

- DATE: March 21, 1972

.

PISULTS:

Wet Dens.ity Moisture Dry Density
Lbs/Cu. Ft. Per Cent Lbs/Co. Ft.

132.6 11.4 119.0

Respectfully submitted,

PITTSEURGH TES" JING L'iEORATORY

WY '/1

- R. T. McGillivray, P. E.
Tampa District Engincer

_

_

cc: 1 Client A'F2N : H. L. Bennett
'1 Client ATTN: E. F. Froats

- 1 G. B. Browne
sa: 11-13-72

__

-
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L.ABORATORY No. 11-63
-

curNT s No. REPORT

CLIENT: Florida ?ower Corporction,-
P. O. Eo:c 276
Crystal River, Florida 32629

~

REPORT OF: Standard Proctor Density Test of Lime Rock
Samplc "A"

T PROJECT: Florida Powcr
.

.

SAMPLED DY: R. McGillivray, PITTSBURGH TESTING LABORATORY

SPECIFICATIONS: ASTM D-698-58T Method "C"

DATE: March 21, 1972

RESULTS:

Wet Density Moisture Dry Density
Lbs/Cu. Pt. Per Cent Lbc/Cu, Pt.

118.8 13.6 104.6
.

Respectfully subnitted,
.

PITTSBUhGH TESTING LAEORI. TORY
r

~r 9' di
R. T. McGillivray, P. E.

~

Tampa District Engineer

_

-

cc: 1 Client ATTN: H. L. Dennett
1 Client . WPM : E. F. Froats

e, - 1 G. B. Browne
~'

sa: 11-13-72

_
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1.ABORATORY No. 11-59

ORDER No. TA-7732'

CUENT'S No.

CLIENT: Florida Power Corporation--

P. O. Box 276
Crystal River, Florida 32629

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

~ PROJECT: Florida Power
.

SAMPLED BY: R. McGillivray, PITTSBURGH TESTING LABORATORY

SPECIFICATION: ASTM D-1557-70 Method "C"

DATE: March 21, 1972

RESULTS:

Wet Density Moisture Dry Density
Lbs./Cu. Pt. Per Cent Lbs./Cu. Pt.

123.3 12.0 110.1
132.6 13.6 116.7
130.8 15.7 113.1

l

,

Maximum Dry Density 116.7 pounds per cubic foot. |
1

optimum Moisture 13.7 per cent,

Respectfully submitted,

PITTSBURCII TESTING LABORATORY
r

NT /.b7 |

,

R. T. McGillivray, P. E.
Tampa Distritt Engineer

,

cc: 1 Client ATTN: H. L. Dennett
1 Client ATTN: E. F. Froats-

1 G. B. Browne
sa: 11-13-72

_ . _ . _ _ _ _ _ . - _ _ _ _..
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9% PITTSBURGH TESTING LABORATORY-
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'. ,f PITTSBURGH, PA.'
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LABORATORY No. 11-62

._

cuswrs No.
REPORT

"- CLIENT: Floridt Power Corporation
P. O. Box 276
Crystal River, Florida 32629

._

REPORT OF: Double Energy Modified Procti3r Density
. Test of Lime Rock Sample "B"

-

._

PROJECT: Florida Power

SAMPLED BY:
-

R. McGillivray, PITTSBURGH TESTING LABORATORY

SPECIFICATIONS: 2X-1557-70 Method "C"

_ DATE: March 21, 1972

-.

RESULTS:

-

1.'et Density Moisture Dry Density
Lbs/Cu. Pt. Per Cent 'Lbs/Cu. Ft.

_.

133.2 12.4 118.5,

__

Respectfully submitted,

-.
PITTSBUEGH TE.cTING LABOPJ. TORY
r

t

W T f ''t)/y
_ R. T. McGillivrcly, P. E. /

Tampa District Engineer
.

r
h-

.

.

._

cc: 1 Client J.TTN: H. L. Dennett
1 Client .'.TTS: E. E. Fronts
J G. D. Browhe -_

ca: 11-13-72
|

|
~

~
!

-_._ .,_- - - .
._
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l.ABoRATORY No. 11-61
*

CUENT'S Nt,. p
,

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

-

REPORT OF: Standard Proctor Density Test of Lime Rock
Sample " B"

PROJECT: Florida Power-

SAMPLED BY: R. McGillivray, PITTSBURGH TESTING LABORATORY
_

SPECIFICATIONS: ASTM D698-58T

DATE: March 21, 1972

.

RESULTS:

Wet Density Moisture Dry Density
_

Lbs/Cu. Ft. Per Cent Lbs/Cu, Ft.

119.4 14.4 104.4-

.

. Respectfully submitted,

PI'm iRGH TESTING 'BORATORY.
_

o-po T f **Y
'

R. T. McGillivray, P. E.~

Tampa District Engineer

.-

-
-

cc: 1 Client I.TTN: H. L. Bennett
1 Client ATTN: E. F. Froats

~ l G. B. Browne
sa: 11-13-72

_.

*
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ORDER NO. TA-7732
-

LAB NO. 11-101 ;

REPORT I

i.

CLIENT: Florida Pos.er ~ Corporation-

P.~O. Box 276
Crystal River, Florida 32629

_

REPORT OF: Unit Ueight by Static Compaction

PROJECT:
__

Florida Power .

DATE: March 23, 1972

_

_
SAMPLE A -

5 Layers at 500 PSI 3 Layers at 500 PSI
Ueight of Materials 8.09 8.09

- Ueight of Mold 4.04 4.04
reight of soil 4.05 4.05
Uet Unit V7eight 121.5 121.5

- Percent Moisture 13.0 13.0
Dry Unit Ueight 107,3 107.5

_.

Respectfully submitted,

_.
PITTSBURGH TESTING LABORATORY
r

e-jot '

Ross T. McGillivray, P. E
Tampa District Engineer

cc: 3 Client
" sa: 11-21-72

-.
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' PITTSBURGH TESTING LABORATORY' ''
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_ 5; ,7 PITTSBURGH PA.
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e AS A esWTUAL PROTECTaON TO CLIENTS. tnt PWSLIC AND OURSELVES, ALL REPOctTS#
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OWS REPOeft IS AstteTED PENDING Ove welf?tN APPeovAL,

_. ORDER NO. TA-7732_

LAB NO. 11-102
REPORT

~
~ CLIEUT: Florida Dover Corporation

P. O. Box 276
Crystal River, Florida 32629

-

REPORT OF: Unit Weight by Static Compaction

PROJECT: Florida PowerW

DATE: March 25, 1972

._

SAMPLE A i
-

1
'

5 Layers at 500 PSI
<

!

Wet Unit Weight Moisture Percent Dry Unit Ueight
|

_
124.8 14.6 108.9

3 Layers at 750 PSI

Wet Unit Weight Moisture Percent Dry Unit Ueight
-

127.2 14.6 111.1
._

~

Respectfully submitted,
~

MITTSBURGH TESTING LABORATORY
r

*e '

_
7 .

Mg
Ross T. McGillivray, P. E/
Tampa District Engineer

._

cc: 3 Client
sa: 11-21-72

-

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

REPORT
_.

CLIENT: Florida Pouer Corporation
P. O. Box 276
Crystal River, Florida 32629-

REPORT OF: Kneeding Compaction
_ 10 Layers
'

350 PSI Tamper
30 Tamps / layer

-~

SPECIFIC?.TIONS : ASTM D-1557 Method C

__

.-

RESULTS: SAMPLE B

^-

1.*et Density Moisture Dry Density
Lbs/Cu. Pt. Per Cent Lbe/Cu. Ft.

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,

PITTSDURGII TESTING LAEORATORY

WT h^w
Ross T. McGillivray, P. F
Tampa District Engineer

~

cc: 3 Client
sa: 11-21-72

*

W.S
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ORDER No. TA-7732
LAB NO. 11-103-

REPORT
.

.

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 /Cu. DensityLbs/ Cu. Ft. Por Cent Lbs Pt.

113.5 1.4 111.8
118.4 5.7 112.0
126.7 9.9 115.5
132.4 12.3 117.9
128.5 14.3 113.3

_

l.

Respectfully submitted,
- |

PITTSBURGH TESTING t.ABORATORY j
r

d4,!trWT
Ross T. McGillivray, P. E.
Tampa District Engineer

cc: 3 Client
_ sa: 11-21-72

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

.

,,-

REPORT FOR: FLORIDA POWER 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.

PITTSBURGH TESTING LABORA'iORYSAMPLED BY: G.B. Browne,

SPECIFICATION: ASIM D 1557, Method C.

- DATE: 10-24-70
.

.

_. RESULTS: I

WET DENSITY ' MOISTURE DRY DENSITY-
~ lbs/ Cu. Ft. Per Cent 1bs/ Cu. Ft.

.

128.9 10.5 i 116.3
.

130.0 11.5 116.6

132.1 12.6 117.2

132.0 13.2 116.5 '
- 132.1 14.3 115.3

.

o
__.

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

Respectfully submitted,

PITTSdiJRGH TESTING LABOKATORYcc: 1 Client, Mr. Bennett
2 Client, Mr. Froats .h)'s ,,k ,,'i;.,9|} Qh,*..y.:az.a.

p/"',/
*

1 En. T. Hurst-

H .McGillivray,Managerg
Tampa District

fmw.4 y
I

P.E. Kornman,P.E.
.

e.up

.
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_ . CLIENTS No. P.O. NO PR3-1106 REPORT ORDER NO: TA-7732

REPORT FOR: FLORIDA F :''ER CORPORATION
P.O. Box 276

~ Crystal River, Florida 32629.

.

REPORT OF: Modified Proctor Density Test of ZONE III

PROJECI: Crystal River Unit #3, Nuclear Cencrating Plant.
.

SAMPLED BY: G.B. Browne

SPECIFICATION: ASTM D 1557, Method C.
~

DATE: 3-(-71 _

>

_

i.
,

RESULTS:

WET DENSITY MOISTURE DRY DENSITY

-
lbs/ Cu. Ft. Per Cent 1bs/ Cu. Ft.*

.
.

i
.

132.6 10.4 120.0
P' 120.2"- 133.0 10.6 .

134.6 10.8 121.2-

136.9 11.4 121.6
136.5 12.8 121.0

\

I5' Jr |

.\

Maximum Dry Density 121.6 PCF

~ Optimum Moisture 11.47.

._
'

a

cc: 1 Client: Mr. Bennett-

2 Client: Mr. Froats Respectfully submitted,
, _- 1 Mn. T. Hurst
'

T U CH TESTING IABORATORY
. .i ,

l
I .

-

i&M" H.J.'McCt111vray, Manage.

.
1

.i P.E. Kornman,P.E. Tampa District.

_

- - - _ _____ -- .-.
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._F.r a .... .... ...,

i. PITTSBURGH. PA.
*

,

)%,.,#[ ill."v"dWi.|"L"#'*e".'",,E',"" 4"!,T."#%'."t,. .U."N!'1/#."la"J.".+ '' * *-

= *=.'yJ,;*;;;gg A;;;;~=;;;*ga, ;;;g,;;;;;,,;ca^aa'a*
LABORATORY No.

_

curwrs No.
PORT

Page 1 of 2.

._

REPORT FOR: FIARIDA POWER CORPORATION
*

P.O. Box 276 '

Crystal River, Fla. , 32629

REPORT oft Modified Proctor Density Test of ZONE III
~

PROJECI: CRYSTAL RIVER UNIT #3, Generating Plant
.

SAMPLED BY! C.B. BROWNE
'

>
SPECIFICATION: ASTM D,1557, Hethod C

DATE: 8-8-72 '' * --

**************************************
RESUi.TS:

i
,

WET DENSITY MOISTURE DRY DENSITY
Ibs/Cu Ft. Per Cent Ibs/ Cu.Ft.

.

118.6 7.6 i 110.2
123.4 8.3 114.0
127.8 9.4 116.8
133.1 12.4 118.4*-

. 133.4 12.9 118.2
132.6 15.0 115.3

.

*~

Maximum Dry Density: 118.4 PCF > ,.

lOptimum Hoisture 12.47.

cet 1 Client: Mr. II.L.Bennett Respectfully submitted,
_ 1 C1.ientV fr ( ',E. Proats'

' Td'' 4
PI SBPGH TESTING IABORATORY

s-

19
- /s ,/ -

. ,/,
-

'
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. .
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E.J. AMSLEY. P.E. _H licCILLTVRAY. MAIMCER / |
.
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..
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LABORATORY No.

.- cumfrs No. ORDER No.
REPORT Page 1 of 2

-

REPORT FCE FIARIDA P0vER CORPORATION
F.O. Box 276

_
Crystal River, Fla., 32629

.3EPORT OF Modified Proctor Density Test of ZONE III

- FRQJECT: CRYSTAL RIVER UNIT #3, Generating Plant

SAMPLED BY: G.B. Browne, F.T.L. ,

.

3FECIFICATION: ASTM D 1557, Nethod C

_
DATE: 4-3-72

*************************************'**

RESULTS:
,

WET DENSITT MOISTURE DRY DENSITY
lbs/Cu Ft. Per Cent Lbs/ 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
-

,

Dptimum Moisture 12.4
,

.

.

1 Client: Mr. H.L. Bennett Respectfully submitted,cc
1 C,lient:.Mr/ E.E. Froats

-

.T.L'. / 4 PITTSBURGH TESTING LABORATORY

- //s%r s a..j 7,, W,0s

$,f' bj'A$'k 9 N? k au,2?t
,

MecILLIVRAT MANAGER [- x. . vinsttT. 1.E. N..

/ U

. . .. . . _
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p,,,,It PITTSBURGH TESTING LABORATORY
.. .
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. i. ,5 PITTSDURGH, PA.
-

,% /n' .. . . . ...,..... . . .. ... , . ... .. . . ..... .... . .. ...
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December 7, 1972 PTL Ref: TA-7732
.

Mr. James Harris
Gilbert Associates
525 Lancaster Avenue
Reading, Pennsylvania 19602

Re: Triaxial Testing
Florida Power Corporation

Dear Mr. Harris:
.

Enclosed please find the results of triaxial testing con-

ducted by us on Zone III compacted limerock. fill. The triaxial

sample size was 1.40" p 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" Gf kneading tamper in 5 layers. We believe that this will

result in, a conservative estimate of insitu strength since greater

particle interlocking c.ould be expected insitu.

Both drained and undrained tests with pore pressure measure-

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-Parrance triaxial cell with

a dead load lever apparatus used to apply the deviator stress.

Pressure measurements were made using a Tyco 200 PSI piezoelectric

j pressure transducer.
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The cell pressure and back pressure were applied through

air-water interchange 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 sunanary by sample number of test con-
'

ditions and results. .

.

LR-1 Undrained triaxial test with pore pressure measurements
Vd = 118.9 PCP.

** 10.38%=

W- =/ 14.9 %
60 PSIr, =e

40 PSI11g =

(07 eJ)p = 12.73 TSF-

0
- $ 45.5=

E = 0 .

6p 2.4%=

LR-2. Drained triaxial test

Yd 113.08 PCF=

(Dm 11.2%= >

'

| &c 37.3 PSI=
,

29.6 PSI

( cg -g -g ,); =
,/;- = ;.

c 2.65 TSF
45.5=

e = 0

67 .82%=
,

|
'

|
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LR-3 Drained Triaxial Test ,

,

}

/d
''

11i'.4 PCF=

We = 11.0%
WF 17.6%; =

Cc 62.8 PSI=

u# 30.4 PSI=

(&-Bi)p = 10.56 TSF-

f

g 45.50=
.

- c = 0 .

6p 1.74%=

LR-4 Undrained Triaxial Test with Pore Pressure Measurements
Yd 115.9 PCF=

We 13.9%=

Wf 17.1%=

O~ 61.17 PSI=

4,e 38.25 PSI=

I 6 .-@6 ).f =15.2gTSF
52.0 Pore water cavitation

C_
=

0 results too high= '

6F 2.48%=

.

LR-5 Unconfined compression Test .

Yd 114.6 PCF=

ltl = d4- = 10.1%
0q =

= 0lig
( q-q)g 2.568 TSF=

*

1.07%=e, p

Where Fd is the dry unit weight of sample
4th is the moding water content '

lor is the final water content *

Oh is the cell pressure
Ug is the back pressure

(o;- r,)f is the maximum deviator stress
f is the effective stress angle of internal friction'
F is the effective stress cohesion intercept

6p is the strain at failure

The angle E' from the stress path drawing is related to 7 by
the following relationship tanc< = sin F where 7 is the Mohr-coulomb~

.

; angle of internal friction used to define shcar strength, i.e.
|

\ T = Er r 5'~ dnN y
|
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Where 8 is the normal stress ori any shear plane.
I .

The test results can be summarized as follows:

[d = 113 to 119 PCF
~

.

G = 0

K = 45.50
,

'The soil will generate negative pore pressure drops except
.

'under very high consolidation stresses when sheared undrained.

Test LR-4 shows pore pressure drops less than should have

occurred due to incomplete saturation and should be corrected
,

back to -d , = 35'. 5 .
,

We appreciate the opportunity of handling this testing for

ypu and shall b'e glad to discuss the results with you at any time.
.

Respectfully submitted,,
-

.

PITTSDURGH T"ESTING LADORATORY
r

/~7 f' JA
RossT.MgGillivray,P.E.y
Tampa District Engineer
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Mr.'Joel Caves
Gilbert 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 " Report of Model Tests to Determine Extreme
Runup at Florida Power Corporation Crystal River Site", dated April 1969.*-

IThe motion of the wave generator in thes'e tests was essentially periodic,'

with very small variations due to changes in line voltage, etc. The intent j

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 report, e.g. in Figure 1 and Table 1
(as indicated by the differences between median and maximum) are primarily due .I

ito 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
I

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 testir.g program,
please let me know.

Sincerely yours.

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

RGD:mam
- !

O FSAR Section 2, Reference (13), Renort of Model Tests to Determine Extreme Run-up et
Florida Power Cortoration, Crystal River Site, Department of Coastal and Oceanographic i

!, Engineering, Florida F.ngineering and Industrial Exteriment Station, University of Florida,|
RORlDA*5 CENTER FOR ENclNEERING EWCAflON AND RESEARCH (A 2C Crve+al| April, 1969 RikpendiXer Unit 3,' PSARI

- . . - - . . - . - . . __



___ _

- - n_ # ,.m .--w-.~a-.-------- -
..

~

COLLEGE UNIVERSITY OF FLORIDA
-

G AIN ESVIL LE, FLORID A 32601

ARE A CODE 904 PHONE 392-1436

COAST AL AND OCE ANOGRAPHIC
ENGIN EERING L ABOR ATORY_

392 1436

WAVE T ANK -392-0091

-

Mr. Heber Newton
Gilbert Associates, Inc.
P. O. 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 ( ) ( ). 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 I

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 *5 CENTER FOR ENGINEERING EDUCATION AND RESEARCN
..,n._..,--- - --
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f file 5 was extended above elevation 118.5 to prevent overtopping (see

inset in Figure 1).
r

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.)

120.1 124.9 125.9

121.4 126.0 127.1

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 vary ing the period in 10% intervals above and below the

|
estimated most frequent value. 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. ..".

.

O
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t 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 data.

If you have any questions regarding the basis for obtaining these,

~

- estimates, please advise me.

Sincerely yours,
,

h h k'
Robert G. Dean;

Profenene. Nvil and
Coastal Engineering

1
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