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William G. Counsil

Evecutive Vice Presdent

U.'S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D. C, 20555

SUBJECT: COMANCHE PEAK STEAM ELECTRIC STATION (CPSES)
DOCKET NOS. 50-445 AND 50-446
ADVANCE DRAFT COPY OF FSAR AMENDMENT 68 CHANGES

Gentlemen:

Enclosed are advance copies of CPSES FSAR changes. The changes have been
prepared and approved for the upcoming Amendment 68 to the CPSES FSAR. The
pages which contain technical changes (and adjacent pages where needed to
locate the context of the change) are being provided in order to facilitate
your ongoing review. Although some of the pages may not match your existing
copies (updated through Amendment 66) the section numbers and text are
consistent, continuous and correct. Please note that the enclosed draft FSAR
Amendment 68 changes should not be inserted into your FSAR. Our formal
submittal of Amendment 68 will be forthcoming during early 1988,

Amendinent 68 will provide updates, clarifications, revisions, corrections,
additions and editorial changes to the FSAR as well as a revised Effective
Page Listing for the affected portions of the report. Listed below is a
summary of some of the more significant changes:

1.0 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

The 1A(N)/1A(B) sections have been revised to provide updates to the
TU Electric position for the following Regulatory Guides:

1) Regulatory Guide 1.25
2) Regulatory Guide 1.38
3) Regulatory Guide 1.75

o
S

SITE CHARACTERISTICS

Sections 2.4 and 2.5, specifically relating to hydrology, geology and
seismology, have been clarified or updated to include the information
developed from the validation of civil/«tructural design criteria
parameters (i.¢.  bearing capacity, lateral loads, settlement of
Category 1 structures and all dynamic soil and rock properties).
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3.0

DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Section 3.6B has been revised to: 1) delete reference to arbitrary
intermediate breaks, 2) redefine inside containment break exclusion
area (BEA) piping to eliminate the break exclusion area, and 3) revise
the "stress node and break location" figures to update the redefined
containment break exclusion area piping and incorporate the revised
break locations.

Section 3.7N has been revised to reflect the results of Westinghouse
seismic qualification reports on the reactor internals.

Section 3.7B has been corrected to reflect the new seismic
qualification for the Service Water Intake Structure (SWIS) and
Category I Tanks based on reanalysis performed as part of the design
validation for CPSES. For the SWIS and Category 1 Tanks a revised
Amplified Response Spectra is required. Also included are various
changes to the text, tables, and figures which reflect the reanalysis
performed as part of the design validation for CPSES.

Section 3.8.1 has been revised to include several clarifications,
corrections, and revisions. The applicable codes, standards, and
specificaions were changed to provide the correct applicability dates
and sections for 1) concrete materials, 2) punching shear for
reinforced concrete, 3) thermal stresses, 4) structural steel, and 5)
containment liner and penetrations. Changes for the liner seam welds
allow the use of alternate non-destructive examination methods and
acceptance criteria. The description of the design and analysis
procedures was correrted to reflect the reanalysis performed as part
of the design validation for CPSES. The requirement for ultrasonic
testing of the liner plate in the vicinity of attachments was
deleted.

Section 3.8.2 has been revised to correct ASME Code applicability
dates and sections used for the construction of the cortainment liner
and penetrations and to revise the load equations and acceptance
criteria to be consistent with Reqgulatory Guide 1.57.

Section 3.8.3 has been revised to include several changes. The
discussion of the palar crane derailment in regard to lcad
combinations has been clarified. The description of the design and
analysis procedures was corrected to reflect the reanalysis performed
as part of the design validation for CPSES. The anchorage requirement
for reinforcing steel (90° hook) was changed to allow the required
length to be based on testing.

section 3.8.4 has heen revised to include several changes. The
description of the design and analysis procedures was corrected to
reflect the reanalysis performed as part of the design validation for
CPSES, The anchorage requirement for reinforcing steel (90° hook)
was changed to allow the required length to be based on testing.
Alternative design criteria were added for brackets and corbels when
considering shear stress,
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5.0

6.0

7.0

Section 3.8.5 has been revised to clarify the seismic gap requirements
between the foundation mats of seismic Category ! structures.

Section 3.9N has been revised to correct the acceleration levels for
Westinghouse supplied active valves, and to conservatively revise the
damping used in the seismic analysis of the reactor coolant pump.

Table 3.98-10 has heen revised to expana the list of active valves.

Section 3. 11N has been revised to describe the environmental design of
mechanical and electrical NSSS equipment. Changes reflect 1) the
effects of the revised plant service conditions (i.e. the effects of
temperature, pressure, radiation etc.) on existing eguipment, 2) the
incorporation of the new definition of mild environment into the
qualification program, 3) updates to the section to include the
latest revisions of applicable references and 4) the present <tatus of
the CPSES qualification effort (i.e. work completed).

REACTOR COOLANT SYSTEM

Section 5.4 has been vrevised to reflect the revised RHR cooldown
analysis performed as part of the CPSES design validation program,

ENGINEERED SAFETY FEATURES

Section 6.2 has been revised to: 1) update the NPSH curves for the
containment spray pumps and provide associated text changes, 2)
provide additional descriptions of the functioning of several
containment isolation valves and 3) update the Tables associated with
containment isolation valves to reflect as built conditions.

Section 6.3 has been revised to correct the method by which the
accumulator motor operated isolation valves are locked closed during
plant shutdown. Also revised the list of ECCS motor operated valves,

Section 6.4 has been revised to add a statement that a concurrent
release of toxic gas due to a seismic event and a radiological
release due to a LOCA is not considered in the design basis. Also a
description of the analysis for the release of refrigerant in the
control room has been added,

Table 6.4-6 has been revised based on Westinghouse "Radiation
Analysis Design Manual, Standard Plant Model 412, " Revision 3.

Section 6.5 has been revised to provide a new opening time for the
containment spray pump isolation valve,

INSTRUMENTATION AND_CONTROLS

Chapter 7 has been revised to reflect the current plant design as a
result of the design validation program. Changes also include
updates, corrections and clarifications.
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9.0

10.0

17.0
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ELECTRIC POWER

Section has been issued with various updates, clarifications,
t{pographical and editorial corrections. A major portion of the
clarifications concern the separation of non-Class 1€ and Class 1E
circuits at CPSES based on the design validation program. A new
table identifying non-Class 1E equipment connected to Class 1E power
buses has been provided. The containment electrical penetration
protection description and 125 VDC battery load tables have been
updated. Two additional splice applications have been added to
Appendix 8A.

AUXILIARY SYSTEMS

Chapter 9 has been revised to include; 1) corrections to the design
criteria applicable to spent fuel pool cooling and purification,

2) revisions to the SSW and CCW temperatures ard time to cooldown on
RHR, 3) revisions to the description of the CCW control circuitry,
4) the deletion of the plant vent stack radiation monitor from the
primary vent stack exhaust, and 5 ) revisions to the figures for the
new fire water supply system,

STEAM AND POWER CONVERSION SYSTEM

Section 10.4 has been revised to: 1) provide new guidelines for
chlorination, 2) correct the usable volume of the condensate storage
tank, and 3) clarify and update the Auxiliary Feedwater Pump
operalion description.

RADIOACTIVE WASTE MANAGEMENT

Table 11.5-1 has been revised to correct the principal isotopes
monitored in several process radiation monitoring detectors and to
correct the bases for alarm set points in several other detectors.

CONDUCT OF OPERATIONS and,
INITIAL TEST PROGRAM

Chapters i3 and 14 have been revised to reflect the reorganization of
the Startup organization to form the Test Department which is
responsible for testing and initial startup activities,

QUALITY ASSURANCE
The changes to Table 17A-1 are technical or editorial in nature and

do not affect the programmatic aspects for the establishment and
implementation of the QA/QC programs.
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NRC_QUESTIONS AND RFSPONSES

Changes to the following questions and responses (Section) have been
made for clarification, correction, update, and addition:

1) 032.0 Instrumentation and Control Systems
2) 040.0 Power Systems

3) 130.0 Structural Engineering

4) 212.0 Mechanical Engineering

5) 421.0 Quality Assurance

6) 423.0 Quality Assurance

EDITORIAL
- Several editorial changes have been made which include the reissuance
of Sections, Appendices, Tables and Figures utilizing the format
allowing computerization of the amendment change bars and numbers.
This computerization ensures consistency and accuracy of the FSAR.

A page-hy-page description of the changes that will be included in ﬂendmnt
68 is attached (See Attachment 1). This attachment also serves as a listing
of the pages which contain technical changes in this advance draft copy of
Amendment 68. Pages which have only editorial changes (e.g. typographical
corrections, repagination) are not discussed in the attachment.

In addition to the "upcoming” FSAR changes identified in Amendment 66
advance copy transmittal (TXX-6999 dated December 23, 1987), TU Electric
anticipates further CPSCS FSAR changes resulting from additional modifications
to the CPSES design and/or physical plant. whi?e the details of these changes
are not sufficiently defined to include them in Amendment 68, we would like to
supply the staff with advance notice of the potential for such changes. These
potential changes are noted below with a brief description:

1. LOCA and Main Steam Line Break (MSLB) analysis in containment
The LOLY and MSLB accident analyses and impacts upon the containment
pressur -temperature transient are being revised to correct *he error
found "n the CONTEMPT computer code,

2. Reanalys.s of boron dilution event

The boron ‘'ilution event is being reanalyzed for an increased baron
dilution flow rate from the Volume Control Tank (VCT),

3. Containment spray pH

The containment spray pH control is bein? reanalyzed, Design changes
may be required as a result of the reanalysis,
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If you have any questions concerning this letter or the enclosure, please do
not hesitate to contact me or my staff,

Very truly yours,

W. G. Counsil

By:%‘\’"\/- Z"‘-—
n W. Beck

Vice President,
Nuclear Engineering

BSD/bsd
Attachment

c- Mr. R. D. Martin, Region iV
CPSES Resident Inspectors - 3 copies
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| Pefer to Section 2.3 and the response to Question 372.36 for a
| description of the design and siting of the primary meteorological
| tower.

Regulatory Guide 1.24

Assumptions Used for Evaluating the Potential Radiological
Consequences of a Pressurized Water Reactor Radioactive Gas Storage
Tank Failure

Discussion

The analysis of the radiological consequences of the radioactive gas
storage tdnk failure accident presented in Section 15.7.1 complies
with the requirements of Safety Guide 24 (3/23/72) except that only
gamma radiation contribution is taken into account in the
determination of whole body exposures.

Regulatory Guide 1.25

Assumptions used for Evaluating the Potential Radiological
Consequences of a Fuel Handling Accident in the Fuel Handling and
Storage Facility for Boiling and Pressurized Water Reactors

Discussion
The analysis of the radiological consequences of the fuel handling

accident inside the Fuel Building presented in Section 15.7.4 complies
with the requirements of Safety Guide 25 (3/23/72) except as follows:

| 1. No iodine adsorber efficiency has been considered.

¢. Only gamma radiation contribution 15 taken into account in the
determination of whole body exposures.

1A(8)-10 ADVANCE COPY
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Requlatory Guide 1.73

Qualification Tests of Electric valve Operators Installed Inside the
Containment of Nuclear Power Plants

Discussion

Safety-related motor operated valves inside Containment comply with
the guidance of Regulatory Guide 1.73, dated January 1974, with the
exception that stem mounted limit switches are tested separately to
the requirements of [EEE Standard 382-1972.

For details see Section 3.118B.

Also refer to Appendix 1A(N).

Requlatory Guide 1.74

Quality Assurance Terms and Definitions

Discussion

This guide is not applicable to CPSES design and construction. The
quality assurance provisions for operating phase activities are in
accordance with the guidance of ANSI N45.2.10 - 1973, as endo: sed by
this regulatory guide dated February 1974,

Also refer to Section 17.2.

Regulatory Guide 1,75

Physical Independence of Electric Systems

1A(8) -2 ADVANCE COPY
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Discussion

CPSES design complies with the intent of Revision 1 (1/75) of this | 60
regulatory guide with the following comments: |

Regulatory Position C.1 - The non-Class 1E security lighting circuits | 68
are isolated from their Class 1E power source with two separate Class |
IE feeder breakers connected in series. These breakers are l
coordinated with their supply breaker and will be tested periodically |

l

to ensure that coordination is maintained.

The non-Class 1E AC essential lighting circuits are isolated from | 66
Class 1E power sources with two separate Class 1E breakers (i.e., main |
breaker and feeder breaker within the Class 1E lighting distribution |
panel) connected in series. These breakers are coordinated with |
their supply breaker and will be tested periodically to ensure that |

!

|

coordination is maintained.

The non-Class 1E AC essential lighting circuits use interconnecting | 66
cable (i.e., from the distribution panel feeder breaker to the i
lighting load) routed in conduit. The routing of the circuits in |
conduit ensures the physical and electrical independence from Class 1E |

|

circuits beyond the isolation breaker.

The non-Class 1E DC emergency lighting circuits connected to dedicated |
batteries are routed in conduit. The routing of the circuits in |
conduit ensures physical and electrical independence from Class 1f |
circuits., |

66

The Tighting circuits routed in conduit meet the separation criteria | 66
of FSAR Section 8.3.1.4, |

14(8) -43 ADVANCE COPY
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Fiber optic cables used in non-Class 1E monitoring circuits carry no
electrical energy by themselves and therefore are not required to
maintain physical separation from Class 1€ circuits.

Lesser internal wiring separation is being used between redundant
safety systems and safety and non safety systems in BOP Analog Process
Instrumentation Panels. This analysis is provided in Section

5

The non-Class 1€ diesel generator neutral grounding transformer is
connected to the neutral of the Class 1E diesel generator. An
analysis has been performed which demonstrates that a fault on the
non-Class 1E portion of the circuit will not cause an unacceptable
influence on the Class 1E system. In addition, the interconnecting
cable is routed within the diesel generator room. The cable is
routed in dedicated raceway and is inspected to Class 1f
requirements.

Regulatory Position C.2 - For the purpose of electrical cable
separation, acceptable enclosed raceway includes rigid metal conduit,
electrical metallic tubing (EMT) and flexible metallic conduit.
Ventilated tray covers are considered equivalent to solid non-
ventilated tray covers. Cable bus enclosures are considered the same
as enclosed raceway for separation purposes.

A wrap of woven silicon dioxide is equivalent to a metal enclosed
raceway with respect to protection from electrical failures.

Regulatory Position C.6 - Lesser separations are being used in several
locations between Class 1E wiring and non-Class 1E Area Radiation
Monitoring detector wiring and Public Address System speaker wiring
based on analysis. This analysis is provided in Section R.3.

1A(B)-44 ADVANCE CUPY
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Regulatory Position C.9 - Splice type connections have been used to | 68

terminate field routed cables at equipment where the equipment is |

provided with pigtail cables and on field routed power cables spliced |

in manholes by means of in-line splices located in cable tray. Where |

an enclosure has been provided and space exists, the splices are | 60

located within the equipment enclosure, e.g., field cables for motor |

leads. Where this is not the case, the sp’ices are located in |

raceways nearby. Such splices are utilized in CPSES design at: | 68

a. Electric penetration assemblies (EPAs) and Thermocouple Reference | 68
Junction Boxes |

b. Solenoid valves, limit switches, level switches, etc. (local | 60
mounted devices - LMDs) I

¢. Connection of LMDs to Electric Conductor Seal Assembly (ECSA) | 60
pigtails. |

d. Equipment which can anly accept smaller (than field cable) size | 60
cable. | l

e. Manholes where field routed power cables use in-line splices | 68

located in cable trays.

An analysis to justify cable splices in raceways is provided in | 60
Appendix 8A, |

Regulatory Position C.12 - Power circuits for the following equipment

| 66
located inside the Cable Spreading Room/Control Room complex, are l

|

|

routed in exclusive conduits within the Cable Spreading Room/Control
Room complex:

1A(8) -45 ADVANCE COPY
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Discussion

This regulatory guide is not applicable to CPSES; however, soils
investigations are discussed in Section 2.5,

Regulatory Guide 1.139

Guidance for Residual Heat Removal
Discussion
Refer to Appendix 1A(N).

Regulatory Guide 1.140

Design, ‘esting and Maintenance Criteria for Normal Ventilation
Exhaust ystem Air Filtration and Absorption Units of Light-Water-
Coolea muclear Power Plants

Discussion

The CPSES design, maintenance and testing of the normal HVAC systems
15 in compliance with the requirements of this Regulatory Guide dated
March 1978. ANSI/ASME N509-1980 and AMSI/ASME N510-1980 shall be
used for field testing activities in place of the older versions of
these codes referenced in this Regulatory Guide.

Atmospheric cleanup trains installed at CPSES have two high efficiency
filter banks in series. In-place testing of only one bank will be
performed.

In-place testing of the high efficiency filter banks and adsorber will
not be required for painting five and chemical release de< vibed in
position 5.c and 5.d of this guide. Only laboratory testing will be
performed for carbon efficiencies.

1A(8) 74 ADVANCE COPY
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ATl streams in the SCR basin empty directly into SCR; therefore no
channel routing coefficients were required. The applicability of the
stream course response model to handle the PMF is discussed in Section
2.4.3.3.4. The ability of the SCR dam to withstand the PMF and
coincident wave action is discussed in Section 2.4.3.6.

2.4.3.5 Water Level Determinations

The mass curve, the capacity-area-depth curves, and the spiliway
rating curves (Figure 2.4-9) are used in routing the PMF through the
reservoir to evaluate water level. The resulting peak reservoir level
is Elevation 789.7.

In routing, the reservoir water surface has been assumed to be nearly
horizontal, and the volume of water in the reservoir has been assumed
to be directly related to the reservoir elevation. These are
reasonable assumptions in view of the shape and depth of the SCR.
These assumptions gllow the grinciple of continuity expressed as a
storage equaticn (It -85 = © t, where T and © are the average rates
of inflow and outflow for the time t, and s is the change in water
volume during time t; to be applied directly to the routing problem

(16).

£.4.3.6 Coincident Wind Wave Activity

The magnitude of the wind tide an. wave runup ~re dependent upon the
wind velocity, fetch and reservoir depth. The wind direction must
coincide with the fetch direction. An overland wind velocity of 40
miles per hour has been approved by the USACE for use in determining
freeboard requirements in the Fort Worth District. This 40 mph wind
velocity is the highest that may reasonably be assumed to occur
coincidentally with the probable maximum flood [17].

The effective feteh lenath +iv wave generation was determined fin the
center of Squaw (reek Dam (fetch of 1.28 miles) and for the exposed
side of the CPSES plant location (fetch of 1.25 miles). It was also

2.4-17 | O
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2.4.5.2  Surge and Seiche History

There are no existing large bodies of water near the site that would
allow development of either surge or seiche: therefore, there is no
history of surge and seiches in the site vicinity.

2.4.5.3 Surge and Seiche

The smail size, relatively shallow depth and irregular shape of Squaw
Creek Reservoir indicates that there is a minimum probability of
either surges or seiches occurring in the reservoir. Therefore, surge
and seiche should not be considered significant at this site.

2.4.5.4 Wave Action

The effect of the maximum sustained wind on the reservoir surface has
been evaluated in Section 2.4.5.1. This wind is considered coincident
with a 10 year return period flood elevation in Squaw Creek (778.1
feet). Results of the wind wave activity calculation are presented in
Table 2.4-14. With an effective fetch of 1.28 miles, computations
indicate that the significant wave height will be approximately five
feet with a period of 3.9 seconds. The maximum wave height will be
about eight feet with a setup of 0.2 feet and runup of 6.8 feet [10.

This will occur at Squaw Creek dam as illustrated in Table 2.4-14
The wind penetrated waves on the SSI are less than those on SCR due to
the much shorter fetch available around the SSI area (see Figure 2.4.

14, Figure 2.4-15 and Table 2.4-14).

2.4.5.5 Resonance

Oue to the irregular shape and sloping sides of SCR and 551, wave
resonance wil) not have any oy ficant fogr_t on the ma. ymym vater
elevation,

‘t:. LR

2.4.28
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2.4.5.6 Runup

The maximum water elevation reached due to wave runup and setup at the | 68
plant site, Squaw Creek dam and SSI dam are 794.7 feet, 793.7 and |
791.3 feet, respectively. All plant facilities will be above the |
maximum wave runup elevation of 794.7 feet. |

The Service Water Intake Structure will be the only safety-related
structure subject to wave action or wave runup., The operating deck
will be approximately elevation 796', well above the maximum expected
wave runup.

2.4.6 PROBABLE MAXIMUM TSUNAMI FLOODING

This site is nearly 300 miles from the Gulf of Mexico and the plant

will be over 800 feet above sea level. Therefore, tsunami flooding
will not occur.

2.4.7 ICE FLOODING

The Texas climate is too warm to allow the development of significant
fce on any lake. Certainly there are no records of any major river in
Texas freezing over at any time, so the possibility of ice flooding
can be discounted.

2.4.8 COOLING WATER CANALS AND RESERVOIRS

2.4.8.1 Canals

No canals are involved.

2.4.8.2 Reservoirs

2.4-29
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The reservoir side of the dam is protected by rip-rap and gravel
blanket from the top of the embankment to elevation 760.0, which is
ten feet below the minimum operating level. The top width of the
embankment is 20 feet, exclusive of the gravei blanket and rip-rap.
Design for the rip-rap was based on an average over-water wind of 81
mph (Probable maximum wind - 200 year frequency) over the effective
fetch distance. The method of computing the effective fetch distance
set forth in Department of the Army Office of the Chief of Engineers
ETL 1110-2-8, 1 August 1968, was adopted. Minimum layer thicknesses
were determined .sing the requirements set forth in EM 1110-2-2300
(April 1959) and EM 1110-2-1601 (July 1970). The specific gravity of
the rock was assumed to be 2.3. The result are as follows:

Effective Fetch - 1.28 miles
Significant Wave Hgt. - 5.0 ft,
Layer Thickness - 33 Inches
Average Rock Size - 22 Inches

a N o o

2. Spillways

The service spillway is an uncontrolled structure (i.e., without
gates), 100 ft wide, with a standard ogee crest at elevation 775.0.
Additional discharge capacity for protection from extreme floods is
provided by a broad-crest emergency spillway, 2,200 ft wide, excavated
through the rock of the north abutment at elevation 783.0. A 12-inch
diameter makeup water pipeline crosses the emargency spillway along
its crest. This line is placed in a trench cut in limestone and is
covered with a concrete cap. The top of this cap is at elevation
783.0. Locations of the spillways are indicated on Figure 2.1-2., A
profile of the service spillway appears on Figure 2.4-18.

Design bases for the service spillway at Squaw Creek Dam are as
follows:

a. Spillway width: 100.0 ft
b. Design Head: 14.2 ft



68

CPSES/FSAR

70,000 acre-feet per year by utilizing only the upper 51 percent of
the available conservation storage volume.

2.4.11.2 Low Water Resulting From Surges, Seiches or Tsunamis

Not applicable (See Sections 2.4.5 and 2.4.6).

2.4.11.3 Historical Low Water

The extreme variability of flow in the Brazos River is depicted
through a flow probability curve (Figure 2.4-24), which shows that the
average discharge of 1,555 cfs at gaging station 8-0910 is equalled or
exceeded only about 17 percent of the time [27]. This flow is
modified by regulation of water by upstream reservoirs which tend to
decrease the variability. The impact that upstream control has had
upen flow extremes is indicated from data which show that the Brazos
River was known to dry up completely before construction of Possum
Kingdom Reservoir and from Figure 2.4-25 which shows the lessening of
annual flood events subsequent to Possum Kingdom Reservoir.

Squaw Creek has not been gaged long enough to allow a direct measure
of flow variability, but indirect generalization of variability is
gained by comparison with the Paluxy River. A flow probability curve
for the Paluxy River is illustrated in Figure 2.4-25, which shows that
the average discharge of 70.8 cfs was exceeded only about 11 percent
of the time. Since the SCR catchment size is only about 16 percent
that of the Paluxy watershed at gaging station 8-0915, this
variability will be much more pronounced. Thus, inflow from Squaw
Creek will be extremely variable.

Lake Granbury and SCR will serve to requlate the naturally variable
flows and provide suitable minimum water levels on a dependable basis,

.4-42 /

no
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to the site. The postulated release was assumed to occur due to an
accidental rupture of the waste holdup tank which is located in the
Auxiliary Building near the Containment Building.

The volume of the tank 15 30,000 gallons and at the time of rupture it
was assumed that the tank was 80 percent full. The assumed quantities
of radionuclides in the tank at the time of rupture are given in Table
2.4-20.

It was conservatively assumed that all the liquid radwaste (24,000
gallons, or 7.36 x 1072 acre-feet; is spilled into Squaw Creek
Reservoir. Minimum dilution in Squaw Creek Reservoir would occur at
minimum pool elevation 770.00 feet (msl), corresponding to a storage
volume of 135,062 acre-feet. Assuming complete mixing, the minimum
dilution factor is 135,062/(7.36 x 10°2) or 1.84 x 106,

The instantaneous concentrations in Squaw Creek Reservoir are
calculated by dividing the concentrations in the tank by the dilution
factor. Due to the decay characteristics of the radionuclides, the
concentrations will decrease with time., The equation used to define
the concentration of any radionuclide for certain pariods of time is:

. O R (Reference 42)
Ct 2 (: t;) x Co
where

Co = Concentration in time zero

t = Time interval considered

t1/2 = Half life of radionuclide

Ct = Concentration at time t

The concentration of each radionuclide in Squaw Creek Reservoir at the
end of the first day and at the end of the first month iz ~hown in
Table 2.4-21.

2.4-48
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It also receives water from water-bearing units under greater
hydraulic head which adjoin the Paluxy Formation, Figure 2.4-30 shows
the outcrop area of the Paluxy Formation. South of the CPSES site,
across the Paluxy River, the formation is confined by overlying fine-
grained becrock strata. These strata are not of significance to
CPSES.

Groundwater discharges from the Paluxy Formation as springs and seeps
in some outcrop areas. Where the formation is confined, there is
limited water movement into overlying confining units if those units
are at lower hydraulic head.

2.4.13.1.5 Onsite water Tabile

Following the subsurface exploration program, a number of the borings
were used to determine water levels. Of these borings, P-10 was
completed in the Twin Mountains aquifer; the piezometric water level
in that bering is elevation 670. The remainder of the borings
monitored far groundwater were completed in the Glen Rose Formation.
Static water levels observed in these borings are presented in Figure
2.5.5-77 and range from elevation 749 to 830,

Water levels in the Glen Rose Formation are expected to show some
variation in response to seasonal climatic changes; those in the Twin
Mountains Formation will be much less influenced by seasonal
conditions because of the distance from the recharge area. A
permanent system of piezometors will be installed in order to monitor
ground water levels at the site. This program is described in
Section 2.5.4.13.

2.5.4,13.

2.4.13.1.6 water Qualit,

Potable groundwater occurs in the Twin Mountains, Glen Rose and Paluxy
formations. The results of chemical analyses of groundwater obtained

from wells drawing from these formations are summarized in Table 2.4-
22, (Well locations are shown on Figure 2.4-33),
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| throughout the limestone as a function of time. This conservative

| analysis calculates the maximum concentration of any radionuclide

| anywhere in the groundwater to be 4.8 x 10°12 u Ci/m) as a result of
| the postulated accident.

2.4.13.4  Monitoring or Safequard Requirements
No planned releases to the ground water environment will take place at
the plantsite; therefore, no monitoring is required. Pertinent

intormation is provided in Section 6.1 of the Environmental Report,

2.4.13.5  Design Bases for Subsurface Hydrostatic Loading

The lateral pressure (9 ) caused by the groundwater at a given point
s equal to the unit weight of water (v ) times the vertical distance
from the water table to the point at which the pressure is computed
(H):

7= yH

Uplift pressures are similarly computed as yH, where H is the vertical
distance from the water table to the surface on which the uplift is
computed.

The design basis groundwater table is at elevation 775 ft (see Section
2.4.13.3.1), which is below the plant grade of 810 ft. The
determination of the design basis groundwater table is consistent with

the provisions of Section 2.5.. 6.

Safety-related plant structures located below this level are designed
for the hydrostatic loads.

There 1s no dewatering at the site du, g or after construction,
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UNIT HYDROGRAPH CHARACTERISTICS

CPSES 'FSAR
TABLE 2.4-13

1. A (Sq. Mi.)

2. L (Mi.)

3. Leca (Mi,)

4. (Lica)-3

5. C¢

6. tp=Ce(Llca)-3
(hours)

7. t‘-tp/sas
(hours)

8. ty (hours)

9. tpr'tp‘-zstrﬂt’)
(hours)

10, tpr’-str (hours)

11. Cp640

12. 0pr'Cp640!A
tpr (cfs)

Upper SCR Upper SCR
Catchment Catchment
Lower SCR (Except Maximum (During Maximum
Catchment Six Hours) Six Hours)
20.3 38.0 38.0
4,42 13.1 13.1
2.72 6.0 6.0
2.12 3.7 3.7
.6 33 | |
1.26 4.07 4.07
.23 .74 .74
3.00 3.00 3.00
1.95 4.64 4.64 | 68
3.45 6.14 6.14
420 440 440 x 1.3b
4,370 3,600 4,680

& Typical values for adjoining areas.
 For the most intense 6-hour rainfall period, the unitgraph
ordinate is increased by 30 percent of the Upper SCR Catchment .

| 68
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WAVE
CHARNCTERISTICS

Effect jve Fatch
Aversge Dwpth
¥ind Ratio
Set-p
Significant Wave
Maxinum darw
Wave Feriod
Vave Length
Wave Lleepress
Selarive Funap

Purnap
Runup + Setup
Elevat son Reached

CPSES. FSAR
CPSES, FSAR

TABLE 2. 4-14

COINCIDENT WIMD WAVE ACTIVITIES

P (elev. 789.7) and 40 mph Overland Wind

SITE

1.9 m
aa e
1193
0.04 1t
2.2% &.
.76 Mt
T4 sec
3 13 fr.
3. 998

L} (Secoth
L3 Slope
49
5.0 gr,

7e3.7 ge.

1.28 mi
L &
118

0.0 e,
2.9 fe.
4.17 e,
1.0 sec.
6.1 fr.
a.ce

0.9% (rip-rap
1:2 Slape)
3.96 fr.
4.0 fe.
763.7 £t

0.3 mi

68 re.

1.0%

Q.01 fx.

2.8 #R.

1.84 .

1.9 sec.
19.48 v,
0.1

0.85 (rip-tap
1:2 1/2 Siope)
1.9 (.

1.6 fr.
7913 fr.

10 Tear Return Period Flood (elev.

1.75 mi
RLE £
1A%
0.29 .
4.7 fe.
T.8% re.
3.8 sed.
T4.7L fr.
0.108

1.3 (Smooth
1:3 Slope)

10.20 ft.
10.40 ft.
’88.5 fr.

TI8. 1) and MW

(21 mph Overland Wind)

SQUAS
CREEK
Dam

1.28 sy
% .
1.1%8
0.21 fr.
4.8 e,
8.01 €.
31.8% sec,
75.9 fx.
9. 106
0.8% (rip-rap
1:2 Slope)
.81 fc.
7.0 fr.
5.1 fe.

0.36 =1

S8 e

1.0%

0.06 rv.

2.3 fx.

1.89 rx.

2.6 sec.

346 fr.

o.1

0.85 (rip-rap
1:2 1/2 Slope)
3.26 re.

3.3 .

781.4 fr.

MV

priotee
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CONCENTRATIONS OF RADIONUCLIDES IN POSTULATED

T
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ABLE 2.4-20

ACCIDENTAL RELEASE*

Floor Drain
Tank Activity Half Life
Isotope Ci (Year) sot
Br-83 8.63+0 2.73-4 Y-90
Br-84 4.27+0 6.05-3 Y-91m
Br-85 5.45-1 1.14-3 Y-91
1-130 1.91+0 1.41-3 ¥-92
[-131 2.54+2 2.20-2 Y-93
1-132 2.54+2 2.63-4 Ir-95
1-133 3.82+2 2.37.3 Nb-95
1-134 5.18+1 1.00-4 Mb-99
1-135 2.09+2 7.55-4 Tc-99m
RL-86 2.00+0 5.11-2 Ru-103
Rb-88 4.36+2 3.32.5 Ru-106
Rb-B89 1.91+1 2.89-3 Rh-103m
Cs«134 2.09+2 2.06+0 Rh-106
Cs-136 2.63+2 3.59+2 Ag-110m
Cs-137 1.36+2 3.02+1 Te-125m
(s-138 8.72+41 6.13-5 Te<127m
Ba-137m 1.2742 4.85-6 Te-127
H3 3.18+2 1,23+] Te-129m
Cre51 5.00-1 7.59-2 Te-129
Mn-54 4.00-2 8.55-1 Te-131m
Mn-56 1.82+0 2.94-4 Te-131
Fv-55 1.82-1 2.70+0 Te-132
Fe-59 4.72.2 1.22-1 Te-134
Co-5¢ 1.36+0 1.94.] Ba-140
Co-60 1.73-1 §.27+0 La-140
Sr-89 3.91-) 1.38.1 Ce«(d)
Sr-90 1.09.2 o . Bfs e-144
Sr-9] 5.63-1 1.09-3 Pr-143
Sr-92 1.18-1 3.09-4 Pr-144
Ce-143
"E-5 =+ 1075

Floor Drain |
Tank Activty Half Life |
Ci (vear) |
3.09-3 7.32-3 |
3.00-1 3.64-4 |
5.18-2 6.68-3 |
1.09-1 4.08.4 |
3.45-2 1.16-3 [
5.90-2 1.75-1 |
5.90.2 4.00-3 I
6.81+1 7.54-3 |
6.27+1 6.87-4 |
5.18-2 4.50-3 |
1.27-2 1.01+0 |
5.18-2 1.07-4 |
1.27-2 3.39-7 |
1.27-1 6.90-1 |
2.54-2 1.59-1 I
2.63-1 2.59-1 |
1.09+0 1.07-3 |
1.73+0 3.82-3 |
1.64+0 1.31-4 |
2.36+0 3.42.3 |
1.09+0 L4.76-5 l
2.63+1 8.90-3 |
2.73+0 8.00-5 |
3.81-1 3.50-2 |
1.27-1 4.60-3 |
§.72+2 R.90.7 !
3.54.2 7.78-1 l
3.72-2 3.72-2 I
3.54.2 3.29-5 |
4.54.2 3.77.3 l
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TABLE 2.4-21
(Sheet 1 of 4)

MAXIMUM CONCENTRATIONS IN SURFACE WATER DUE TO
POSTULATED RELEASES FROM THE LIQUID RADIOACTIV WASTE STORAGE TANK

Loncentration in Squaw Creek Concentration in Concentration in

Reservoir (uCi/cc) Lake Granbury Whitney Reservoir

Isotope Instantaneous One Day One Month  Conc. (uCi/cc) Time (Hrs.) (uCi/cc)
Br83 5.18-8* 4.90-11 0.0 6.57-12 1 i
Br84 2.56-8 6.13-22 0.0 7.55-13 1 o
Brés 3.22-9 0.0 0.0 2.20-20 1 —
1129 6.0 5.44-19 1.0i-17 1.08-17 2 Yr -
1130 1.15-8 2.99-9 3.16-26 7.66-12 24 "
1131 | .52-6 1.40-6 1.15-7 1.84-19 168 e
1132 1.52-6 1.33-7 2.77-10 1.90-10 1 "
il33 2.24-6 1.03-6 8.63-17 3.31-9 24 e
i134 3. 1-7 2.08-15 .0 2.00-11 1 -
1135 1.25-6 1.01-7 2.18-39 2.09-10 1 -~
Rb86H 1.20-8 1.16-8 3.94-9 4.06-11 1/4 Yr -
#h83 2.62-6 1.16-30 0.0 1.61-11 i e
LU R 1.15-7 3.49-36 0.0 4.97-13 1 -
Sr89 " 359 2.34-9 1.57-9 1.60-10 720 -
5r90 | 13-106 1.14-10 1.14-10 5.42-11 2 Ir s
Sr91 » 8-9 5.85-10 4.76-32 1 29-12 24 .
$r92 7.08-10 1.52-12 0.0 9.43-14 1 i
Y90 1.85-11 4.04-11 1.14-10 5.43-11 2 Yr -
Notes: * 5.18-2 - 5,13 x 10-8

** Less than | x 10 -3 times 10CFR20 MPC



Isotope
91lm
Y91

Y92

Y93
Ir95
NLI5m
H695
Mo59
Te99m
Rul03
Qul06
Rh103m
Rh106
Tel25m
Tei2im
Tel27
Tel29m
Telz9
Notes: * 5. [R-8

o o

MAXIMUM CONCENTRATIONS IN SURFACE WATER DUE TO

CPSES/FSAR
TABLE 2.8-21
(Sheet 2)

POSTULATED RELEASES FROM THE LIQUID RADIOACTIV WASTE STORAGE TANK

Concentration in Squaw Creek

Reservoir (uCi/cc)

[nstanianeous One Day

.80-9
3.
.54-10
.07-10

11-10

54-10
0

.54-10
09-7
.76-7
A1-10
62-11
A1-10

61-11
53-10
58-9
54-9

04-8

84-9

- 5.18 x 10-8
** Less than 1 x 10 -3 times 19CFR20 MPC

3.72-10
3.27-10
2.20-11
3.97-11
3.50-10
4.30-13
3.54-10
3.18-7
3.05-7
3.06-10
7.60-11
2.76-10
7.61-11
1.51-10
1.57-9
2.41-9
1.02-8
6.63-9

Lake Granbury
One Month Conc. (uCi/cc) Time (Hrs.)
3.02-32 8.19-13 24
2.29-10 2.45-11 720
1.71-70 1.24-13 1
6.54-32 9.09-14 24
2.56-10 2.70-11 720
1.89-12 2.00-13 720
3.29-10 1.66-11 1/4
2.11-10 1.31-9 24
2.08-10 1.26-9 24
1.83-10 1.77-1i ?
7.20-11 1.97-11 1/2
1.65-10 1.59-11 720
7.20-11 1.97-11 1/2
1.07-10 1.11-11 720
1.31-9 2.01-1¢ 1/4
1.31-9 2.02-10 1/4
5.60-9 5.19-10 720
3.64-9 3.38-10 720

Concentration in

Concentration in

Whitney Reservoir | 68

(uCi/cc)

Yr

Yr

Yr

r
r
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-
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TABLE 2.4-21
(Sheet 3)

MAXIMUM CONCENTRATIONS IN SURFACE WATER DUE TO

POSTULATED RELEASES FROM THE LIQUID RADIOACTIV WASTE STORAGE TANK

Concentration in Squaw Creek
Reservoir (uCi/cc)

Concentration in

Lake Granbury

. (uCi/cc) Time (Hrs.)

Concentration in
Whitney Reservoir
(uCi/cc)

Isotope Instantaneous One Day One Month  Cor:
Tel2’m 1.58-9 1.57-9 1.31-9 s
Tel2? 6.54-9 2.41-9 1.31-9 2
Tel29m 1.04-8 1.02-8 5.60-9 5
Tel29 7.84-9 6.63-9 3.64-9 3
Tel3lm 1.42-8 8.15-9 8.42-10 2
Tel3l h.54-9 1.82-9 1.88-16 6
Tel32 1.58-7 1.28-7 2.69-10 5
Tel3d 1.64-8 7.22-19 0.0 7
Cs134 1.25-6 1.25-6 1.22-6 3
Cs136 1.58-6 1.50-6 3.23-7 2
Cs137 8.16-7 8.1€-7 8.15-7 3
Cs138 5.23-7 1.77-20 0.0 1
Bal37m 7.62-7 7.72-7 7.71-7 3
Baldo *.29-9 2.17-9 4.51-10 1
Lal40 7.62-10 1.26-9 5.19-10 1
Celdl '.43-10 3.36-10 1.81-10 1

Notes: * 5.18-8 - 5.18 x 10-8
** ess than 1 x 10 -3 times 10CFR20 MPC

01-10
.02-10
-19-10
-38-10
.92-11
.52-12
-94-12
.51-13
.99-7

.90-8

.89-7

.57-11
.68-7

-38-11
.58-11
.66-11

1/4 Yr
1/4 Yr
720
720

24

24

168

1

1 Yr
168

2 Yr

< Yr
168
168
720

L

&

L

*

*

LR

LR

* &

*

*

* &

*

L]

*

-k

LR

&

&8 8222882888

| 68
| 68
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TABLE 2.4-21
(Sheet 4)

MAXIMUM CONCENTRATIONS IN SURFACE WATER DUE TO | 68

POSTULATED RELEASES FROM THE LIQUID RADIOACTIV WASTE STORAGE TANK | 68
Concentration in Squaw Creek Concentration in Concentration in | 68
Reservoir (uCi/cc) Lake Granbury Whitney Reservoir | 68
[sotope [nstantaneous One Day One Month Conc. (uCi/cc) Time (Hrs.) (uCi/cc) | 68
Celd3 2.73-10 1.65-10 7.28-17 6.04-13 24 - | 68
Celdq 2.13-10 2.13-10 1.98-10 4.47-11 1/4 Yr o | 68
Pr143 3.43-10 3.37-10 8.08-11 6.99-12 168 - | 68
Prl44 7 13-10 2.13-10 i.98-10 9.47-11 i/4 Yr i | 68
H3 L.91-6 1.91-6 1.99-6 8.65-7 1 yr it | 68
Cr51 3.00-9 2.93-9 1.42-9 1.24-10 720 - | 68
H4 ?.40-190 2.40-10 2.25-10 5.18-11 1/8 Yr i | 68
Mn56 1.09-8 1.72-11 0.0 1.43-12 1 - | 68
Fe55 1.09-9 1.09-9 1.07-9 3.80-10 1 Yr e | 68
FeS9 2.83-10 2.79-10 1.78-10 1.77-11 720 r - | 68
Ce58 8.16-9 8.08-9 6.09-9 6.79-10 1/4 Yr - | 68
Co60 1.04-9 1.04-9 1.03-9 4.29-10 I Yr - | 68
Agl10m 7.62-10 7.60-10 7.01-10 1.58-10 1/2 Yr o | 68
Agil0 0.0 9.88-12 9.12-12 2.06-12 172 Y4 e | 68

Notes: * 5.18-8 - 5.18 x 16-8 | 68

** Less than 1 x 10 -3 times 10CFR20 MPC | 68
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2.5 GEQLOGY AND SEISMOLOGY

2.5.1 BASIC GEOLOGICAL AND SEISMIC INFORMATION

The site of the Comanche Peak Steam Electric Station (CPSES) is
located on the Comanche plateau, a subdivision of the Central Texas
section of the Great Plains physiographic province (F2.5.1-1).
Gently dipping Lower Cre:aceous limestone and sandstone directly
underlie the site.

Structurally, the site is located on the southern flank of the Fort
Worth Basin (F2.5.1-3), a sedimentary depositional trough formed in
mid-Pennsylvanian time. The trough is filled with Pennsylvanian and
Permian sediments. A regional unconformity separates these Paleozoic
sediments from the Lower Cretaceous sediments underlying the site
(F2.5.1-3).

Two major fault systems, the Balcones and the Luling-Mexia-Talco fault
zones, occur within 200 miles of the site (F2.5.1-3 a7d F2.5.1-4).
Both of these fault systems can be observed on the surface.

Subsurface faults have been identified within seven miles of the site.
These faults appear to die out in sediments over 270 million years
old. (See Section 2.5.1.2.4.)

Seventeen seismic events have been reported with epicenters within 200
miles of the site (F2.5.2-2). The closest large event was in
Intensity VII and occurr:d in 1882 near Paris, Texas, 155 miles
northeast of the CPSES (F2.5.2-3). The nearest event was the
Wortham-Mexia Intensity V-VI shock of 1932, occurring 90 miles
southeast of the site (F2.5.2-6). The region within 200 miles of the
CPSES site has been divided, based on geologic structure, into
tectonic provinces and subprovinces (F2.5.2-8). There have been no
reported epicenters within the subprovince in which the sita i«

located. An evaluation of th etsmic history of the ~umiounding
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| Topographic elevations in the site region range from about 550 feet to
| 1000 feet above sea level.

2:9:.1:1.2 Geologic History

Figure 2.5.1-3 shows the regional tectonic structures within a two
hundred mile radius of the CPSES site. The major features shown on
this figure are discussed in this section. Each of the major
structural features has undergone a distinct geologic history. By
far, the greatest tectonic activity on a regional scale occurred prior
to Mesozoic time.

Seven tectonic provinces have been delineated within a two hundrea
mile radius of the CPSES site. These provincial boundaries are shown
on Figure 2.5.2-2 and their use in developing the Safe Shutdown
Earthquake is discussed in Section 2.5.2.6.

1. Central Texas

The Llano Uplift (Figure 2.5.1-3} is post-Early Ordovician and
pre Late Pennsylvanian in age. In late Pennsylvanian time, the
Precambrian surface was 10,000 feet higher in th2 western part of
the Llano uplift than beneath the flanking tort Worth Basin,
Erosional losses indicate that uplift accounted for one-third and
basinal subsidence for two-thirds of the vertical movement in
these structural adjustments [2].

The northeast trending horsts (Figure 2.5.1-4) of the region
developed at the close of the mid-Pennsylvanian contemporaneously
with tihe Quachita Orogeny which intensely folded the equivalent
and older beds in Oklahoma and Arkansas.

2.5-6 B cavvd
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West of the Station site and beneath the veneer of Lower Cretaceous
formations (Figure 2.5.1-5) lies a succession of Permian,
Pennsylvanian, Mississippian and Cambro-Ordovician strata consisting
predominantly of resistant limestone and shale with some sandstone.
Basement granite likely underlies this Paleozoic section.

North of the Station site, in southern Oklahoma, the Cretaceous
section is similarly composed of the Gulf and Comanchean series
(Figure 2.5.1-6). However, the Gulf series here is thinner. In
Oklahoma, the Comanchean is comprised of the same three groups as in
Texas: the Washita, Fredericksburg and Trinity groups. The Washita
is thicker and contains more sand in this region. The Paleozoic
section in southern Oklahoma consists mainly of limestone, dolomite,
marl and shale dating from the Cambrian through the Permian. One
sandstone unit appears in the lower Cambrian. The Precambrian
basement (over 570 million years in age) consists mainly of quartzite,
granite, and gabbro.

£.3.4.1.4 Structure

1. General

A large number of varied regional geologic structures are present
within 200 miles of the site. These are described in the following
paragraphs, subsection 2.5.2.3 and shown on Figures 2.5.1-3, -4, -da,
=5 and -6. Tables 2.5.1-1 through 2.5.1-4 list the principal fecld

and fault structures in Texas and in the adjoining states of Oklahoma,
Arkansas and Louisiana.

1.1 North Central Texas (Great Plains Physiographic Province)

The Llano Uplift, located apjn-imately 100 miles southwes! of the
site, 1s structurally a large dome. Precambrian rocks dating more

2.5-12 ADVY....



CPSES/FSAR

than 570 million years in age are exposed in the center of the dome
over an area roughly 40 to 70 miles and are surrounded by formations
of Paleozoic age (225 to 570 million years old) and Cretaceous rocks
deposited 65 to 136 million years ago. The Precambian of the uplift
consists of metamorphic rocks (schist gneiss and marble), batholithic

intrusions (granite) and late dike intrusions (felsite). Extensive 7
faulting is associated with the Llano Uplift (Figures 2.5.1-3, -4, -4a

and -6) and extends to the northeast and southwest under a covering of
late Pennsylvanian and Cretaceous sediments. Evidence for extension

of this faulting into the site vicinity could not be found in the 2

field through stereoscopic study of areal photographs, however, data
from recent hydrocarbon exploration in the site vicinity has indicated
this faulting is present in the subsurface to the west of the site.
(See Section 2.5.1.2.4.) Several major structural arches also
originate in the Llano Uplift, and they, too, extend under the
Cretaceous and Upper Pennsylvania formations [8]. One of these
features, the San Marcos arch, plunges southeastward into the Coastal
Plain and coincides in position and trend with known Precambrian
folding. Other structures, namely the Lampasas Arch trending
northeast, the Edwards Arch trending southwest and the Bend Arch
trending north, possess an axial orientation approximately at right
angles to the lines of Precambrian folding.

North of the Llano Uplift, differential warping and uplift associated
with faulting and subsidence in Pennsylvanian time formed the Fort
Worth Basin and associated structurally high areas. The structural
highs include: the Bend Arch to the west, the Red River Uplift and
its continuation, the Muenster Arch to the north, and the Lampasas
Arch to the south.

The Forth Worth Basin or Syncline has a northwest-southeast axis and
extends as far to the northwest as southern Clay County. Because most
of the strata in the basin wer o deposited during the Strawn time of

the Pennsylvanian Period, the basin is commonly referr.d to as the

ADVAL. ... .
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“Strawn Basin", the full thickness of Pennsylvanian sediments in the
Forth Horth Syncline is not known. No faults are known or suggested
in the Basin. The Pennsylvanian section is comparatively thinner over
the Bend Arch, Red River Uplift, and Muenster Arch structural highs,

The Bend Arch is a northward plunging anticline and is the most
pronounced of the arches originating from the Llano Uplift. Because
it originates from the north side of the uplift, there is a
possibility that its scuthern extension may be connected with the
southwest trending Edwards Arch. The Bend Arch has probably resulted
from two earth movements: a homoclinal tilt to the southwest in upper
Pennsylvanian time, and a Post-Permian tilt of the entire iregion to
the northwest, resulting in the northwest dip of the Pennsylvanian and
Permian sediments.

The Muenster Arch, together with the Wichita Mountains Uplift comprise
an uplift some 350 miles long. The trend has a Precambrian core and
is flanked with truncated lower and middle Paleozoic strata.
Geophysical evidence indicates a structural relationship between the
Muenster Arch and the Wichita Mountain Uplift (Figure 2.5.1-8). The
arch is completely blanketed by Cretaceous sediments and is shown in
Figure 2.5.1-6.

The Lampasas Arch is a broad arch originating in the northeast portion
of the Llano Uplift and is shown on Figure 2.5.1-6.

The Hardeman Basin is a depression at the western end of the Red River
Uplift, filled with Pennsylvanian and Permian sediments.

1.2 Southern Oklahoma (Wichita-Arbuckle-Quachita Mts.)

North of the Red River Uplift, in Oklahoma, are several major uplifts,
From west to east, they are the ilichita Mountains, the Avbuckle
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The final Coastal Plain structure to be considered is the San Marcos
Arch. It is a broad, gentle, structural nose extending southeast from
the Llano Uplift. It separates the East Texas and Rio Grande
embayments and plunges southeast along its trend.

2. Geophysical Surveys

Two types of geophysical investigation have been utilii. to examine
regional geologic structure and assist the identification of tectonic
provinces. These methods include gravity and natural gamma
aeroradioactivity surveys.

2.1 Gravity Survey

The regional Bouguer gravity map (Figure 2.5.1-8) depicts large
gravity anomlies, providing an indication of the rock densities
associated with the known regional tectonic features and some insight
into less well known basement features. The Bouguer reduction
commonly yields negative values for areas which are located in
continental interiors. Positive Bouguer anomaly valves (observed
Bouguer gravity minum regional Bouguer gravity) generally indicate
emplacement of high-density rocks near the surface [68] such as Llars
Uplift.

Major lithologic-structural divisions of the basement agree well with
the regional Bouguer gravity trends and regional gravity configuration
is controlled largely by basement phenomena. In Texas, the general
westward decrease in Bouguer values is caused by the isostatic effect
of the High Plains.

The site, as shown on the regional Bouguer gravity map is located
within the Fort Worth (Strawn) Basin and west of the Ouachita tectonic
belt [18]. The features are ~hnwn on Figqure 2.5.2-2. Ra=i: data for

construction of the map came from field measurement of the total
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gravitational force (commonly called absolute gravity), using the
pendulum, and from conventional gravity-meter surveys which have been
correlated with the absolute gravity determinations.

The updip limit of the Quachita facies coincides with a series of
gravitational maxima trending in the same general direction and also
with both the Luling-Mexia-Talco fault system and the Choctaw fault
system farther north (Figure 2.5.1-8, 19).

Conspicuous positive Bouguer gravity anomalies are apparent from a
series of maxima which coincide with the Muenster and Wichita uplifts
and the Amarillo Uplift (Figure 2.5.2-2). These maxima begin rather
abruptly 1n northwest Collin County, Texas, (immediately north of
Dallas) and extend northwest through Oklahoma. The maximum of +35
milligals on the Wichita trend in Kiowa and Greer counties of Oklahoma
(approximately 200 miles north-northwest of the site) is contrasted to
a -8l milligal minimum to the south in Wilbarger County, Texas
(approximatelv 150 miles northwest of the site). The amount of
basement uplift and the density contrast between granite and flanking
sedimentary rocks is inadequate to account for the magnitude of the
anomaly. FEither there is a greater amount of gabbroic rock in the
Precambrian of the Wichita-Amarillo trend than is apparent from
examination of surface exposures and drilling records, or the answer
lies in the distribution of mafic material in the subcrust.

A crustal model for Central Texas (65, 66] is shown on Figure 2.5.1-8.
Calculated and observed Bouguer gravity anomalies show good
correlation and agreement is also found with crustal seismic models
proposed by others for Texas. Crustal thickness in the site vicinity
is between 40 and 50 km. (25 and 31 miles) according to the model,

A1l of the major structural uplifts of the southern Mid-Continent
correspond to regmnal 1505t5% 12 maxima and the basins with gravity
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minima [67]. The overall isostatic anomaly pattern (see Figure 2.5.1-
8, inset) is broadly coincidental with basement structure; however,
some broad-wavelength anomalies, one of which is also of high
amplitude, apparently result from density variations deep within the
crust rather than from structural relief. The most prominent of these
anomalies is a 200-mile-long minimum which is aligned east-west across
Central Texas from near the New Mexico border to near the Quachita
tectonic belt [67].

The structural grain of the Marathon-Ouachita orogenic belt (stabie
Ouachita, see Figure 2.5.2-2) is represented by a series of
disconnected gravity minima and a parallel nearly continuous, lineal
gravity maximum. This elongated gravity maximum can be traced for
about 500 miles as a continuous feature from the Quachita Mountains to
near the Marathon area and corresponds closely with the axis of
greatest metamorphism in the Quachita trend.

A major 90 milligal Hayford-Bowie isostatic gravity minimum is
centered in the Quachita Mountains and includes the adjacent Arkoma
basin,

Isostatic and Bouguer gravity anomalies produced by the Waco Uplift
are superimposed on the broader rimming gravity maximum. This
structure has been shown to be faulted and anticlinal, and it probably
represents a crustal block partially involved in late Paleozoic
orogenic thrusting related to the Quachita belt [67].

The site is situated on the central stable continental land mass and
exhibits a Bouguer gravity value averaging -48 miligals [19] with low
lateral gradients. These gravitational trends indicate that the site
is far removed from tectonic boundaries and confirm the regiona)
tectonic provinces developed in Section 2.5.2.2.
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The Glen Rose Limestone (Kgr) constitutes the bedrozk of the Station
site and reservoir area. The outcrop of this formation, its general
topography and location of principal station facilities are shown on
Figure 2.5.1-12. The Glen Rose Limestone was originally called the
"Alternating Beds" because the outcrop pattern is characterized by
stair-step topography resulting from differential weathering of
impure, nodular limestones, softer claystone beds, and resistant,
sparry-cemented, medium-to-thick bedded, hard limestones. The local
order of occurrence or dominance of these 1ithologic types, plus other
physical or paleontologic aspects, permits locally useful zonation as
shown on Figure 2.5.1-13 and on the lithologic cross section of the
station vicinity shown on Figure 2.5.1-14,

The graphic lithologic log and the gamma-ray/resistivity log of boring
P10 (Figure 2.5.1-13) illustrate a zonation of strata based on cores
of all site boring logs, and related field information in the site
vicinity.

Zone I, about 80-90 feet thick, is the bench-and-slope, uppermost
outcrop unit indicative of major soft claystone beds alternating
with hard, ledge-forming limestones. The basal claystone in
contact with the underlying massive-bedded limestone of Zone 11
1s the most prominent field contact visible throughout the
reservoir area.

Zone II, 60-70 feet thick, is a massive unit of mostly nodular
limestone with thin claystone partings best developed in the
basal portion.

Zone III, 60-65 feet thick, is the most consistent unit
recognizable in electric logs in the region. The upper part,
I1Ta, is an alternating claystone-limestone section transitional
with the more massive wnit- above and below; the lowe: part,
[11b, is the massive-bedded, bluff-forming Thorp Spring Member
which is well exposed in the Paluxy River Bed at Glen Rose and
further upstream.
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Zone 1V, at the base of the Glen Rose is about 30-40 feet thick;
and consists of an alternation of claystone and limestone, both
sandy or with thin sand lenses. The unit is transitional with
the fine grained, calcareous, silty sandstone of the underlying
Twin Mountains Formation.

The regional persistence of the Glen Rose zonation is indicated on the
25-mile correlation cross section (Figure 2.5.1-14) from the plant
site east to Cleburne, Texas.

Where the Glen Rose beds are not exposed at the surface, data obtained
from borings indicate that it is generally manteled bv a few feet
(range of a few inches to 15 feet) of surficial soils. These soils
consist of mixtures of clay, silt and sand with some gravel and
cobbie-size rock fragments. In valley bottoms, the Glen Rose beds are
overlain by alluvial sediments and residual soils which range to
approximately 10 to 15 feet in thickness. As evidenced in many of the
boring locations, weathering processes have produced a weathering zone
on the Glen Rose up to several feet in thickness. This zone has been
chemically altered, partially oxidized, and in some areas over 40 top
60 percent of the interval decomposed to a soil consistency.

The upper limit of bedrock, below which no soil-1ike inclusions were
encountered in borings, is indicated on the vicinity Bedrock Contour
Map, Figure 2.5.1-15. Bedrock contours in the immediate plant site
are shown on Figure 2.5.1-16. Borings logs are presented in Section
$:.5.5.3.

The conditions encountered at Category | facilities including the
overburden and top of rock and moderately to severely weathered rock
zone where it overlie: the better rock are shown on geologic cross
sections in Figures 2.5.4-40, 2.5.4-41, and 2.5.6-10. The section
locations are shown on Figure 7.5,5-5, Pertinent informatinn
regarding foundation grades, existing groundwater conditions and

) ngh
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characteristics of subsurface materials are summarized on these
figures. The surficial rock generally is of a tan to orange-tan
limestone which is occasionally dolomitic and fossiliferous. The
remainder of the Glen Rose in this area consists of light to dark gray
argillaceous limestone with lenses and/or zones of gray to greenish-
gray calcareous claystone. It is sporadically fossiliferous,
dolomitic, pyritic and chrystalline. The unweathered Glen Rose is
consolidated rock, medium hard to soft and thin-bedded to massive,
becoming generally massive with fewer claystone zones below at
approximately 770 feet in elevation. QOolitic zones are common in the
massive portion of the formation. There are occasional zones which
concist of limestone fragments enclosed in a claystone matrix,
indicative of slump brecciation during deposition. In outcrops, the
claystone lenses weather out to produce a thin-bedded appearance,

The Twin Mountains Formation underiies the Glen Rose Formation with a
gradational contact. It was encountered in borings in the Station
area at approximately elevation 610 to 615 feet. The sandstone beds
of the Twin Mountains Formation constitute the aquifer for domestic
water supplies and are collectively referred to in the region as the
"Trinity Sand" [20].

In the postconstruction S/L cluster borings (Fig. 2.5.1-16), drilled
for seismic crosshole survey, the Twin Mountain Formation was found to
be about 250-ft thick and unconformably overlying the Mineral Wells
Formation of the Strawn Series (Pennsylvanian age) at elevation 366 t
(Figure 2.5.4-30A). The Twin Mountains Formation is composed of
sandstone and claystone, with occasional limestoune layers [131]. The
upper portion of this formation (above elevation 495 ft), as
encountered in the borings, consists of interbedded sandstone,
claystone, and argillaceous
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limestone. The sandstone is the dominant lithology. It is very
soft to hard, friable in places, poorly cemented, light brown to ligt*
gray, and fine to medium-grained. The claystone and argillaceous
limestone are medium hard to hard, dark gray to greenish-gray,
occasionally green or maroon, and silty or sandy in places. The
middle portion of the Twin Mountains formation (between elevation 495
and 458 ft) consists primarily of generally hard and brittle, reddish-
brown, and highly slickensided claystone. The lower portion (below
elevation 458 ft) is composed of interbedded sandstone and claystone,
The sandstone is generally coarse-grained and occasionally
conglomeratic, with infrequent fractures and comor. clay-rich
intervals. Hard sandstone and claystone with up to 3-ft thick beds
comprise the lowermost 20 ft of the formation. The presence of
relatively unconsolidated sandstone and soft claystone in the middle
and lower portions of the formation was indicated by the caliper logs
of the S/L clusterly at elevation 489 ft (middle portion) and
elevation 428 ft (lower portion). Poorly cemen.ed sandstone was also
encountered in borings P-9 and P-10 in which the drill rods rapidly
penetrated some sandy zones due to easy cutting and/or Jjetting erosion
by high-velocity drilling fluid.

The Mineral wells Formation [130] was encountered in the S/L cluster
dorings at elevation 366 ft, and was penetrated for 65 ft, exposing
predominantly claystone beds. These beds, being of Paleozoic age,
are distinguished from the similar overlying Lower Cretaceous beds by
a higher degree of induration manifested in greater hardness and
slickenside frequency, and by the occasional presence of vertical
fractures filled with limestone. They are also characterized by
their massive nature, dark color, and intercollated limestone seams
and layers [131].

Figure 2.5.1-14 illustrates the approximate relationship of
stratigraphy at the site to the stratigraphy found in borings within

approximately five to 25 miles of the site,

The extensive limestone strata which are present at the site and
vicinity are not subject to solutioning because of argillaceous

2.5-31



Q361.6
Q361.7

CPSES/FSAR

impurities. There is no evidence of soluticning observed in the core
obtained from the : 'merous borings. Fractures or joints occur
infrequently.

A more detailed description of subsurface conditicns is presented in
Section 2.5.4.

2.5.1.2.4 Structure

Dip of the sediments in the site vicinity is to the east at
approximately 25 feet per mile. Slight, gently warping of the
sediments is occasionally evidenced in road cuts and natural exposures
in the area surrounding the site, These are minor local features
which are very limited in a real extent and degree of flexure. The
infrequent slicken sides encountered in the Glen Rose Formation appear
to be the result of differential settlement which occurred during
compaction and diagenesis of the formation. The extensive
investigations conducted at the site vicinity revealed no evidence of
faults, shear zones or other anomalies.

Examinations of electric iogs from recent gas exploration wells in the
site vicinity suggests the presence of subsurface fault, The
locations of these wells are presented on Figure 2.5.1-17. The

faults locations are presented on Figure 2.5.1-23. Larger scale maps
of the fault nearest the site are presented in Figures 2.5.1-23A, 24
and 26. This fault has no well cuts and is inferred from trends in
subsurface data. The fault exhibits normal movement and is
approximately 65 miles long (Figure 2.5.1-23). The throw on the

fault appears to decrease upward until normal conditions are reached
at a subsea datum of approximately 2,000 feet.

The faulting is associated with basement faulting. The <tincture
mode! which accommodates this faulting is one of older fauiting from
basement movement which faulted the Ellenburger (see Section
2.5.1.1.4),
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Later movement renewed the fault to cut the Marble Falls and Big
Saline formations and continued upward into the Strawn but died out as
the Strawn formation was deposited. There is no evidence of renewed
movements after middle to late Strawn time (over 270 million years
ago) .

Figures 2.5.1-23A, 24A and 26 are the revised structure maps of the
Ellenburger, Marble Falls and Big Saline formations. They are based
on more data than was available for the maps filed with the initia)
FSAR. The current information does not indicate any faulting witlin
five miles of the site. A structural nose trending southwest to
northeast is present on the Ellenburger, Marble Falls and Big Saline
horizons. No faulting is interpreted with this nose nor is any
anticipated within five miles of the plant site. [f by further
hydrocarbon exploration any faulting is found within the five-mile
radius, it is not expected that it will extend above a datum of
approximately 2,000 feet subsea (approximately the middle or upper
portion of the Strawn formation) _.24]. On the Strawn marker
structural map (Figure 2.5.1-28), no faulting is depicted within five
miles of the plant site. Where a fault is mapped on older beds to
the northwest of the .lant (approximately seven or eight miles from
the site) there is no faulting at the level of the Strawn marker.
This indicates the faulting has died out in the Strawn Formation
between the Big Saline Formation and the Strawn marker. Cross
section A-A' (Figure 2.5.1-30) illustrates this upward limitation of
the faulting. Cross section B-B' (Figure 2.5.1-31) illustrates the
absence of faulting near the site,

Figure 2.5.1-32 (Cretaceous Structural Map) presents the structural
contours on the Paluxy Sand-Glen Rose Limestone contact over the 5-
mile radius area and, over a smaller area, on the prominent marker hed
about 75 feet below the top ~f the Glen Rose. Contouring on the
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marker bed is confined to the central portion of the site area in a 2-
to 3-mile strip adjacent to the NW-SE trending valley of Squaw Creek.
Elevations for datum control of contouring were taken from

published USGS topographic quadrangles. The principal points of the
Paluxy-Glen Rose contact were established in the field through road
traverses; the upper Glen Rose marker bed points were in large part
transferred directly from areal photographs to the topographic base
(Figure 2.5.1-10, Vicinity Geologic Map).

Figure 2.5.1-32 shows a consistent north-south regional strike and
constant dip to the east at a rate of about 25 feet per mile for both
of these horizons. The mappable continuity of the Paluxy-Glen Rose
contact and of the upper Glen Rose marker bed plus the structural
contouring indicate no surface anomaly in the site area.

Structural cross sections C<C' and D-D' (Figures 2.5.1-34 and -35)
supplement the structural maps and likewise indicate no evidence of
post-Paleozoic faulting, known or inferred, west or northwest of the
5-mile radius area. The most significant subsurface Glen Rose datum
is the massive Thorp Spring Limestone Member. The top of this high
resistivity unit marks the boundary between Glen Rose zones IIla and
I1Ib of the Tithologic section at the plan site (Figure 2.5.1-13).
ATl correlation lines extended from well to well, based on gamma-ray
logs updip and self-potential/resistivity logs downdip, are
essentially paraliel to the Zone Illa - Zone I1Ib boundary (= top of
Thorp spring Member). No faulting is indicated in either of the
cross sections within the Cretaceous rocks.

2.5.1.2.5 Groundwater

Detailed information regarding site groundwater is described in
Section 2.4.13.
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permeability. In addition, there was no evidence of styolites,
pressure solution of grains, or collapse structures of any scale noted
in the thin section analysis. The rarity of dolomite as reported from
petrographic and X-ray analysis suggests that collapse structures have
not occurred from the effect of volume change in the transformation of
Mg-calcite to dolomite and calcite. The low amount of magnesium shown
in the chemical analysis indicates that the magnesium is already in
the dolomite phase and that future dolomitization as an isochemical
reaction is impossible.

These laboratory tests indicate that the Glen Rose Limestone should
have a very low permeability, an indication which is confirmed by the
packer test data presented in Table 2.5.6-1. The laboratory data also
indicates that future solutioning of the limestone should not occur.

Considering the various material types, chemistry, distribution and
site environment, it is concluded that solutioning activity in the
limestones beneath the site does not exist. Results of detailed
petrographic and chemical analysis of the limestone below the site
indicate that the potential for solutioning is very low. Detailed
results of these tests are given in Section 2.5.4.2.3.

At a considerable distance east of the site vicinity, anhydrite and
gypsum and present in Glen Rose Formation [10]. Under certain
conditions such material could be subject to solutioning. However,
these conditions are not known to occur near the site.

J3:1:2.8 011 and Gas Wells | 68

The Paluxy and Glen Rose formations are major lower Cretaceous | 68
hydrocarbon producing reservoirs in the East Texas Embayment. These |
reservoirs are mostly east and south of the Luling-Mexia-Talco Fault

cone [44] and are nearly 100 miles east of the site. Fryatir sands in

the Pennsylvanian Strawn, and the Ordovocian Ellenburger limestone
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are major producing zones in the Bend Arch area 25 to 50 miles or more
to the west.

No exploratory or producing oil or gas wells existed within five miles
of CPSES prior to 1974. At that time, three exploratory weils have
peen drilled in that area and all three were reported as dry and
abandoned. The first area production was reported early in 1977. In
light of new data, a study of mineral potential was performed by H. J.
Gruy and Associates, Inc. and is presented here.

Using the subsurface geologic terminology established by Gulf Energy
and Minerals Co. -U. S. No. 1 Otis Rollins well in the Louis
Boatwright Survey A-33, Hood County, there are four Paleozoic
formations having the potential for hydrocarbon production in the area
of the CPSES. In ascending order, these are the Ellenburger
Formation, the Marble Falls Formation, the Big Saline sandstone and
the Strawn sandstones. The size of a possible blowout from the above
listed formations is in the order they are listed (i.e., maximum in
the Ellenburger and minimum in the Strawn sandstones). The
probability of finding nydrocarbons is in the reverse order as listed.
In the following discussion, wells which fall within a five-mile
radius of the plant site are listed with a well identification number
keyed to Tables 2.5.1-5 through 2.5.1-10 and to Figure 2.5.1-17
entitled "Natural Gas and Cil Pipelines and Wells Within Five Miles of
CPSES". As noted on this Table, all hydrocarbons produced within five
(5) miles of the site are believed to be from stratigraphic traps not
structural traps [124]. The outline on the net hydrocarbon

isopachous (Figures 2.5.1-25, 27 and 29) maps which represent the size
of the hydrocarbon accumulations do not appear to be structurally
controlled.

A structure map (Figure 2.5.1-23) on the top of the Ellenburger
formation was constructed for “omervell, Erath, Hood, Johnion, Hill
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overburden, permitting groundwater to reach the anhydrite and convert
it to gypsum. Mean annual precipitation is less than 30 inches where
outcrops of gypsum and gypsiferous material occur. The site is
distantly removed from all historic uplifts of this type.

The areal distribution of expansive soils in the region is illustrated | 68
on Figure 2.5.1-20. It is not anticipated that materials of a |
swelling character will have any adverse effect upon structures at the

site whose foundations are constructed below the soil zone.

3.6 Effects of Man's Activities

Except for the removal of minor quantities of sand, gravel and
dimension stone in the site vicinity, no mining has occurred. In
connection with plant operation, it is anticipated that a water supply
will be developed within wells on the order of 600 gallons per minute
from the Twin Mountains Fermation. This pumpage may eventually reduce
the artesian pressure in the area, but withdrawal of groundwater will
have no deleterious effect on rock deformation or stability.
Extraction of subsurface fluids is discussed in Section 2.5.1.2.6.

4. Physical Properties of Geologic Materials

The results of onsite geophysical surveys and laboratory testing are
provided in Section 2.5.4.4.

5. Safety Criteria
Safety criteria are discussed in detail in Sections 2.5.4.10 and . By
98 VIBRATORY GROUND MOTION

Vibratory ground motion and th- design earthquake (Safe hut down
Earthquake) are evaluated in consideration of:
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The most recent intensity assigned to this earthquake is MM V-V by | 68
Coffman and Von Hake [70]. The felt area given is 1,000 square miles |
in agreement with the area contained within Sellards' "limit of felt
area” of radius 17 miles. A higher intensity of MM VII is given to
this earthquake by Docekal [69]. It apprears that the Docekal value

is based on chimney damage alone (see previous description of chimney
damage). The felt area giver by Docekal is "2,000 sq. mi." [69].
According to Brazee's [88] (Figure 2.5.2-7), and Nuttli and Zollweq's
[117] recent work on felt areas for earthquakes in the eastern and
central U.S., both of these assigned intensities are too large for the
Wortham-Mexia Earthquake. Even a MM V maximum intensity for this
earthquak: yields a felt area five times that given by Sellards.

The possibility exists that this event may be related to petroleum
withdrawal in the a~ea. The first major Texas oil discovery occurred
in June, 1894, when the city of Corsicana was drilling a water well,
The Mexia Fieid was discovered in 1920, and the Wortham Field in 1924-
25. The Mexia field is shown in Figure 2.5.2-6. The Mexia Field
covers an area of about 3800 acres. Figure 2.5.2-7 shows the annual
amounts of crude oil taken from the Mexia field from 1970 up to and
including 1932 (data for the years 1927-1929 could not be obtained).
For each barrel of crude oil taken out, there are roughly two anc one-
half barrel: of saltwater removed [89].

Two years earlier, Sellards [90] had studied subsidence in the Goose
Creek 0il Field in Harris County, Texas. Sellards writes that, uvnlike
the Goose Creek Field where “"the grological section includes only
relatively incoherent strata, unde conditions as at Mexia where the
section includes resistant strata, as the limestone of the Midway and
Austin format 'ons, subsidence, if such occurs might result in a jar
locally producing a tremor of considerable force.” Sellards then
calculates the total volume of fluid withdrawn from the Mexia and

Wortham Fields. This amounte! tn some four Gillion cubhic feet .
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Sellards concludes by saying: “Whether this tremor therefore proves
continued activity in the Mexia-Wortham line of faulting or records
merely local subsidence in these ¢il fields incident to the removal of
oil is at present undetermined."

In addition to the Corsicana and Mexia-Wortham Fields, there are a
number of other oil fields along the Mexia-Talcc Fault System. Some
of these fields still producing are listed below:

Cumulative 0il Withdrawn
From Discovery to 1/73
by Counties

Discovery Area

Date Field County (Acres) {106 ggys)

1894 Corsicana Navarro 4000 192
Darst Creek Guadalupe 1900 157

1925 Lytton Springs Caldwell 2000

1928 Salt Flat Caldwell 7000 227

1936 Talco Titus & 9500 296

Franklin

The combined total area of these fields is about 25,000 acres. The
countizs in which the above and smaller Mexia-Talco Fault Zone fields
are located have prouuced about 875 million barrels of oil to date
compared with the 110 million barrels withdrawn from the Mexia-Wortham
Fields as of January 1932, as calculate. by Sellards [33]. If the
Wortham-Mexia event of 1932 was caused by petroleum withdrawal, it was
certainly anomalous in light of the far greater volumes withdrawn from
other fields along the fault zone (underlain by essentially similar
geological conditions) without any recorded or reported seismic
activity,
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Sellards [33] states that as of January 1, 1932, 704 x 106 cubic

feet of gas had been taken out of the Mexia and Wortham Fields. While
the report in the Houston Chronicle [19] states that no blasting
operations were in progress at the time of the earthquake, the
possibility of an underground gas explosion cannot be ruled out as a
possible cause of the disturbance. If faulting were the cause,
according to Brazee [88], an area within a radius of some 35 miles
should have felt the earthquake at intensity V level if the maximum
intensity of the Mexia quake is assigned an MM V rating.

2 5:.2/1.8 1952, April § - E) Reno, Oklahoma Earthquake

The E1 Reno, Oklahoma event in one ot the largest historic earthquakes
in Oklahoma. Cloud and Murphy [27] indicate that the event was felt
over Oklahoma (except for the panhandle), eastern Kansas, central and
northern Texas, western lowa, Missouri, Arkansas and the southern tip
of Nebraska. Slippage along the Nemaha fault about five miles
southwest of Oklahoma City is credited by Cloud and Murphy as the
source of the event and the felt data conforms to the known trace of
the fault. Figure 2.5.2-8 outlines the areas in which th~ various
intensity levels were observed. Maximum intensity was VIl although
damage was not extensive. Portions of c.iimneys fell in E1 Reno and
Ponca City and bricks loosened from a building wall and tile facing of
commercial buildings bulged at Oklahoma City.

Intensity 1-111 was reported from Dallas and Fort Worth, Texas for
this event. Aftershocks were ubserved on April 11, 16; July 16, and
August 14,

2.5.2.1.7 1959, June 17 - Lawton, Oklahoma Earthquake

Eppley and Cloud [93] report that this shock was felt over an area of
about 12,000 square miles in 1l lahoma and Texas. Maximum intensity
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The Stuart City Reef marked the Comanchean shelf edge, separating the
lagoonai depositional environments of the Mesozoic Shelf from the deep
water environment of the ancestral Gulf of Mexico.

In Texas, this reef trend is now buried under more than 10,000 feet of
younger sediments but its younger equivalent in Mexico (E1 Abra) is
exposed in outcrop.

7. Gulf Coast Tectonic Province

The Gulf Coast Tectonic Province is divided into an east and west
division by the Sabine Arch similar to the Mesozoic Shelf Province.
This division separates the two major depocenters of the Gulf Coast
Tertiary geosyncline. ODuring the Eocene and Oligocene, the area of
maximum deposition (over 50,000 feet) was central and southern Texas
but, during the Miocene and Pliocene-Pleistocene, the depocenter (over
40,000 feet) had shifted to a position off southern Louisiana (61].

8:.9.8.,2:2 Geologic Structures and Faults

In this section the locations of geologic structures and descriptions
of the significant faulting in each tectonic province are presented.

The significant geologic structures and faults are shown in relation

to the tectonic provinces on Figure 2.5.2-2.

i West Central Texas Tectonic Province

The West Central Texas province is part of the central stable region
of the United States founded upon Precambrian crystalline rock and
mantied by a thin veneer of sedimentary rock. The crystalline
basement is comprised of both igneous and metamorphic rocks similar to
rocks of the Canadian Shield.

s |
]
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4. Quachita Tectonic Province

Four independent thrust sheets form the principal tectonic structures
of the Quachita Tectonic Province. From northwest to southeast these
are the Choctau, the Pine Mountain, the Ti Valley fault and the
Windingstair faults. Each of these sheets has been thrust from south
to north and has been broken by numerous smaller high-angle reverse
faults that probably join the main thrusts at depth. Larger cross
faults are occasionally present with numerous minor cross faults. The
major thrusts of the Quachita system have been identified in eastern
Oklahoma but appear to die out to the east in the shale sequences.
None of these thrust faults are presently known to be active. A zone
of open folds lies to the north and comprises the Arkoma Valley basin.

8. Balcones-Mexia-Talco Province

The Balcones-Mexia-Talco faults are a complex assembly of faults that
follow approximately the border of the Tertiary and Cretaceous
formations of the Gulf Coastal Plain and are probably renlated to
collapse of the continental margin on the seaward side of Paleozoic
orogenic belts (47, 113].

It is believed that the fault systems, generally categorized as the
Balcones, Luling-Mexia-Talco, and Charlotte-Fashing fault zones, have
basement control or deep tectonic involvement, and that thege fault
systems are formed over the original zone of weakness that allowed the
Ouachita Geosyncline to form along the edge of the Texas Craton [112].

Wells drilled in the general area of the Balccnes fault system
encountered beneath the Cretaceous a sequence of steeply-dipping
clastic sedimentary rocks showing varying degrees of weak metamorphism

-

(3]. Near the beginning of the Miocene period (about 22.5 million
years ago) the Coastal Plain frata faulted and slumped f(owards the

Gulf at an increased rate of speed [15]. This was due to a

S
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readjustment of the earth's crust caused by sinking of the Gulf Coast
region under the heavy load of Cretaceous and Tertiary sediments. The
Balcones fault acted as the hinge over which the sediments attempted
to stretch [63]. The movement on the Luling-Mexia-Talco fault system
was likely due to readjustment incidental to the Balcones faulting and
the consequent dip towards the Balcones zone.

The Balcones fault zone forms a great arc, convex gulfward. Its
strike is easterly in Kinney, Uvalde and Medina Counties and changes
to northeasterly and then north-northeasterly across Bexar, Comal,
Hays, Travis, Williamson, Bell, and McLennan Counties.

Faults in the zone are al! normal and trend mostly down to the coast,
with antihetic faults that form grabens. Distinct faults within the
zone are partially an echelon. The average dip of the fault is 45
degrees which generally decreases with depth [15, 47]. It is believed
that these normal faults penetrate the basement, beneath Cretaceous
and Tertiary sediments. A typical cross section through the Balcones
Fault Zone is shown on Figure 2.5.2-11.

Displacements of up to 1,500 to 1,700 feet occur across the Balcones
fault zone. The latter figures are for Bexar County in which maximum
displacement has been reported. Northeast and southwest of Bexar
County the displacement diminshes in magnitude. Individual faults may
have any amount of displacement up to 700 feet. Topographic relief
along the fault also varies from extensive to none. A prominent
escarpment exists throughout most of the area where more resistant
Lower Cretaceous strata have been uplifted [47].

The Luling-Mexia-Talco Fault Zone probably represents complimentary
(antithetic) up-and-down-to-the-coast movements that developed in
response to the down-to-the-coast movement along the Balcones Fault
lone [64]. A typical rrass-=e tinn through the fault “one iz shown in
Figure 2.5.2-12. The Balcones and Luling-Mexia-Talco fault zones,
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although related to the action of the Gulf Coast Geosyncline, are not
considered growth faults as are the younger more .dastward faults.
Although they exhibit sone of the same characteristics as growth
fauits (i.e., decreasing dip with depth) they are believed to have
basement control as opposed to the more shallow and younger faults in
the thicker sediments of the Gulf Coast Geosyncline [47].

Both the Balcones and the Lulirg-Mexia-Talco fault systems pass within
200 miles of the site. The Balcones system, the nearest, passes
within 50 miles of th2 site and is situated just east of the Quachita
Tectonic front. The Luiing-Mexia-Talco Fault system passes within 80
miies of the site to the east and generally is parallel to the trend
of the Balcones system; both fault systems are snown on Figure 2.5.2-
13.

The possibility of the Balcones and the Luling-Mexia-Talco fault
systems being active according to 10CFRI00, Appendix A, has been
carefully considered. Details in the literature, field observations
by prominent earth scientists, the opinions of other experts and our
own assessment of field conditions have all lent appropriate weight in
making a judgement. Insufficient evidence exists to warrant
classification of these fault systems as active along any portion of
their known limits,

The 300-mile-lone Balcones fault zone passes closest to the site in
Hill County at which location it is 50 miles southeast of the site.

An examination both of areal photographs and rield conditions was
conducted in order to evaluate the possibility of activity along the
nearest portion of the fault zone. These efforts revealed no sound
evidence indicating any degree of activity. In many cases, faults
within the zone have brought earth materials of contrasting physical
properties into juxtaposition Problems of civil structures stem from
this cause or others, rather than from displacement along the failure
(fault) plane.
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Consideration also has been given to on-site ground motion related to
larger historical events originating beyond 200 miles and extrapolated
to the site. The largest known events would not have shaken the site
at intensities higher chan II1 or IV. This would be the level of the
historical events of a New Madrid shock [115, 116] migrated closer
along related structures southward, or a Valentine event migrated
closer southeastward along related structure.

In summary, the maximum ground motion which conservatively should be
postulated for a Maximum Potential Earthquake would result from the
occurrence of an earthquake equal to the 1882 Intensity VII shock near
Bonham, Texas. Ground motion from this event, minor local events, or
large distant shocks would produce horizontal ground motion at the
site less than or equal to 0.10 g.

2.5.2.5 Seismic Wave Transmission Properties of the Site

68 | To determine seismic wave transmission and other physical properties
| of the subsurface material, the following geophysical studies were
| conducted at the Station and Safe Shutdown Impoundment Dam Areas:

1. Seismic refraction surveys to evaluate the compressional
waver velocities of bedrock and the materials overlying
bedrock ana to evaluate the depti to bedreck:

r Uphole velocity surveys to provide additional data
regarding compressional wave velocities of bedrock and
materials overlying bedrock;

A surface wave survey to evaluate types of surface waves
and their characteristics;
68 | 4. Preexcavation crosshole shear wave surveys to evaluate

I shear and compressional wave velocities of bedrock and the
l materials overlying bedrock;




CPSES/FSAR

5. Postconstruction ¢ ~osshole seismic wave survey to evaluate
shear and compressional wave velocities of a 500-ft thick
bedrock interval below plant grade, with a particular
emphasis on claystone interbeds;

6. Ambient noise studies to evaluate .he predominant
characteristics of groundmotion ue to background noise
level; and,

7. Gamma ray and electrical resistivity logs in the Squaw
Creek Dam site borings, and gema-ray, gamma-gamma
(density), electrical resistivity, and caliper logs in
borings S-1A, L-1, and L-2 at the Station site to evaluate
strategicgraphic features and obtain rock physical
properties at various depths.

Details of the geophysical surveys and results are tabulated and
discussed in Section 2.5.4.4,

The properties of the materials underlying the site are described in
Section 2.5.4.2. A1l major structures will be founded on sound
bedrock. The low level of anlicipated as well as past seismic
activity at the site is further improved by the conservative
assumptions applied to identify the maximum potential earthquake for
design purposes. Therefore, detailed analysis of the seismic wave
transmission characteristics of the site is not consideed necessary.

2.5.2.6 Safe Shutdown Earthquake (SSE)

A conservative Safe Shutdown Earthquake having a peak horizontal
ground acceleration at the top of bedrock of 0.12 g has been selected
for design.

sign response spectra and artificial time-history records ars
'scribed in Section 3.7.1. £ selection has been bazed «n a
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2.5.4..  Geologic Features

Geologic considerations relating to stability of subsurface materials
are described in Section 2.5.1.2.6.3. In support of the discussion
presented in fection £.5.1.2.6.3, ndo evidence of solutioning or past
solution activity has been observed in any excavations made in the
unweathered Glen Rose Limestoie,

Tne geological history of the site area ‘s presented in Section
&.9.1.2.2,

The information pertaining to the site foundation medium, particularly |
the data generated from the postconstruction S/L cluster borings (S-1, |
S-1A, L-1, and L-2) by a detailed seismic crosshole survey, |
geophysical logging, continuous coring, and dynamic testing of |
representative core samples [131, 132], was used to divide the |
subsurface materials underlying the site to a depth of 500 ft into 10 |
intervals on the basis of their lithologic characteristics and, |
consequently, engineering ,vorZ,ties. These intervals are identified |
in Table 2.5.4-5E by stratigraphic units, prevalent lithologies, and |
ranges of thickness, depth and elevation. The depths and elevations |
shown off Table 2.5.4-5E aprly to the vicinity of the power block area. |
Due to the slight eastward dip of the strata (Section 2.5.1.2.4), I
these depths and elevations differ slightly for other locations, |

2.5.4.2 Properties of Subsurface M "erials

The subsurface materials of Cretaceous age, which underlie the site to | 68
a depth of apporximately 444 ft (elevation 366 ft) have been sampled |
and laboratory tested for a wiue range of physical and chemical i
properties. The materials of the Glen Rose Formation, extend from |
elevation 810 ft (plant grade) to elevation 610 ft and consist of
light-to-dark gray argillacecn limestone with lenses and ~nnes nf

gray to greenish-gray calcareous claystone, The materials of the

Twin Mountains Formation, |
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extend from elevation 610 ft to elevation 366 ft and consist of
interbedded claystone and sandstone sequences.

68 | The static engineering properties of the subsurface materials
| underlying the site to a depth of about 50 ft (from plant grade at
| elevation 810 ft to elevation 760 ft) were determined in the
| preexcavation stage of the site geotechnical investigations. These
| properties are discussed in Section 2,5.4.2.1. The dynamic
| engineering properties of the subsurface materials underlying tne site
| were studied in both the preexcavation and the postconstruction stages
| of the site geotechnical investigations. The preexcavation
| investigations were conducted at a number of locations, and were
| effectively limited to a depth of 200 ft (although some boreholes were
| drilled to a maximum depth of 400 ft), The postconstruction
| investigations reached a depth of 500 ft at the location represented
| by the S/L cluster borings. The dynamic engineering properties are
| discussed in Section 2.5.4.2.2.
2. 5.4.2.1 Static Engineering Properties
68 The static strength and other physical properties of the upper portion

of the Glen Rose Formation (Zone | and the top of Zone 1) were
determined in the laboratory by means of the following types of
tests:

1.  Unconfined compression tests.
2. Bulk modulus of elasticity determination.

3. Double ring shear test.
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consolidation and reduce permeability. A typical stress-strain curve
(Lab Number 4) is shown on Figure 2.5.4-2 and a Mohr Diagram for each
of the samples tested is shown as Figure 2.5.4-3,

The ratio of lateral strain to vertical strain, Poisson's Ratio, was
determined on two selected typical samples of claystone and three
selected typical samples of limestone. Both directions of strain were
measured using SR-4 Resistant Wire Strain Gauges attached to the
surface of the sample by means of appropriate adhesives. As many as
four cycles of axial load application were made in order to fully
investigate stress-strain characteristics of the typical materials,
The results, in graphical form, of these determinations are shown by
Figures 2.5.4-4 through 2.5.4-13, inclusive.

The double ring shear stre-jth of selected typical rock samples was
determined in pre-chosen direction essentially parallel to the bedding
planes. The double ring shear test apparatus consists of three
parallel steel plates with openings of a size very slight'y greater
than the sample dianeter. Two of these steel plates are supported on
horizontal nase and, in turn, support the rock specimen. The third
plate or ring, which is sandwiched between the outer plates, acts as a
loading device and is allowed to react wit® the specimen, The results
of these determinations are shcwn on Table 2.5.4-2.

The tensile strength of selected anu typical rock mat~rials were
determined by the Brazil tension test., These tests are accomplished
by placing a rock specimen horizontally hetween two bearing plates and
loading in compression until failure occurs | tension. The results
of these determinations are shown in summary form on rable 2.5.4.-3

| Table 2.5.4-4 is a summary of the static rock properties for the upper
| portion of ihe Flen Rose Formation on whi~h the major plant structures
| were found.
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2.5.4.2.2 Dynamic Properties of Subsurface Materials

The dynamic properties of the subsurface materials were determined by |
field geophysical surveys conducted in both the preexcavation and the |
postconstruction stages of the site geotechnical investigations, and |
by laboratory testing of rock core samples obtained from deep |
postconstruction borings S-1, S<1A, and L-2 which were drilled |
together with boring L-1 for a detailed crosshole seismic survey. |
The scope and the results of the geophysical surveys are presented in |
section 2.5.4.4. Discussion of the laboratory testing is included in |
this section, |

The laboratory testing program included measurement of unit weights |
and performance of resonant column testing (which provided shear |
moduli and damping properties). Out of 79 core pieces delivered to |
the laboratory, 64 were tested; all of them for unit weight, and 17 |
were subjected to resonant column testing. These samples were taken |
from the S/L cluster borirgs between elevation 809 ft and elevation |
428 ft. Within this depth interval of 381 ft, 30 samples were |
obtained from the Glen Rose Formation (17 claystone, 12 limestone, and |
1 sandstone sample), und 34 samples were obtained from the Twin [
Mountains Formation ('1 claystone, 3 limestone, and 20 sandstone |
samples). A summary of the laboratory test results [132] is shown on |
Table 2.5.4-5G. Reference 132 discusses the details of the test

program and presents data on the variation of shear modulus and

critical damping with strain levels. l

Considering the range of stiffness indicated by Tables 3.78-24 through
29, and by inspection of the sensitivity of the elastic expressions
listed in Tables 3.7B-5 and 6 to variation in shear moduius (G) and
Poissun's ratio ( ), it is evident that the profile stiffness
represented on Table 2.5.4-5H lies within the ranges of stiffness
indicated by Tables 3.7B-25 thiough 29. On this basis, the

additional information provided by the postconstruction geophysical w

68

survey l
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68 | generally confirms the validity of tha profile stiffness represented
| on Table 2.5.4-5.

68 | 2.5.4.2.3 Rock Core Compositional Analyses

Petrographic, solubility, x-ray and chemical analyses were performed
on ten cores of Glen Rose and Twin Mountains formations. These tests
indicate that both the Glen Rose and Twin Mountains formations are not
susceptible to solutioning which verifies field observations and
experience.

1. Petrographic Analysis

The cores were slabbed lengthwise and one slice was kept intact and
prepared for observation. It was ground on 220, 400, and 600 grit
grinding powder, washed, then etched for 3 seconds in 10% HCl
solution, washed, and dried. The procedure was completed for all
cores as well as for the rock chips remaining from the thin sections
that were prepared. The etched slabs were examined under binocular
microscope.

Thin sections were made for each core and were ground to a thickness
of approximately 18 microns, after which petrographic modal analyses
were completed for each thin section. All work was done on Leitz
Dialux-Pol polarizing research microscopes. The description
terminology is standard Fold Carbonate Classification with the
textural packing classification of R, Dunham added as a supplement.
Both classifications are described in detail in American Association
of Petroleum Geologists Memoir | on the Classification of Carbonate
Rocks (ca 1962). Three thin sections were prepared from the cores
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The locations of the borings, wells and piezometers are shown on
Figures 2.5.5-5 and 2.5.5-6. The methods used in drilling the borings
are discussed in Section 2.5.5.3. The description of the geophysical
surveys is presented in Section 2.5.4.4.

Geological cross sections are presented in Figures 2.5.4-40, 2.5.4-41, | 68
and 2.5.6-7 through 2.5.6-11. The limits of excavations are shown in |
Figure 2.5.4-27.

2.5.4.4 Geophysical Surveys

In the preexcavation period, the following geophysical surveys were | 68
conducted at the Station and Safe Shutdown Impoundment Dam areas, |
providing data to depths of 200-ft and 100-ft, respectively: |
1. Seismic refraction surveys to evaluate the compressional
wave velocities of bedrock and the materials overlying
bedrock and to evaluate the depth to bedrock;
g Uphole velocity surveys to provide additional data
regarding compressional wave velocities of bedrock and
materials overlying bedrock;
3. A surface wave survey to evaluate types of surface waves
and their characteristics;
4. Crosshole shear wave surveys to evaluate compressional and 68

l
shear wave velocities of bedrock and the materiais I
overlying bedrock; |

S Ambient noise studies to evaluate the predominant
characteristics of around motion due to backaround noise
level: and,
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6. Gamma ray and resistivity logs (at Squaw Creek Dam also) to
evaluate stratigraphic features,

| The locations of surveys 1 through 5 are shown on Figure 2.5.4-14,

| Locations of borings P-10, M-1, D1-2, D1-8A and D1-9 in which survey 6

| was performed ars shown on Figures 2.5.5-5 and 2.5.5-6. In the
postconstruction period, two methods of geophysical exploration were
conducted in the deep S/L cluster borings. Both provided detailed
information on rock properties from a 500-ft-thick sedimentary
section. These methods were:

| - Crosshold measurement of seismic wave velocities on which
| rock shear modulus and Poisson's ratio were based; and

- Complex borehole logging including gamma-ray, electrical
resistivity, gam - gamma, and caliper surveys. The
geophysical logs contributed to the straitigraphic
refinement of the drilled column. The gamma-gamma logs
also provided in situ densities.

| The geophysical explorations are discussed in detail in the foliowing
| sections.
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2.5.4.4,1 Seismic Refraction Survey

A seismic refraction survey, 4,000 1ineal feet in length, was

conducted at the Station location along two seismic profiles. A
seismic refraction survey (1,500 lineal feet) also was performed at

the Safe Shutdown Impoundment (SSI) Dam site. Adjustments were made | 68
to seismic line locations where pipelines were present. Seismic |
energy was produced by detonation of explosive charges (five to 15
pounds of Nitromon-S; a Du Pont product) placed in driiled holes.

These hnles ranged in depth from five to 15 feet. The energy released
by the charges was detached by vertically-oriented ceophones spaced at
50-foot intervals along the seismic profiles. The geophones,
manufactured by Electro-Tech Labs, have a natural frequency of 14

Hertz (cy~'os per second) and are fitted with a spike or wetal plate

to obtain proper coupling with the site materials. The energy impulse
received by the geophones was recorded by a Dresser SIE seismic
amplifier system coupled with a Dresser SIE R6 recording oscillograph.

The compressional wave velocities and the curresponding depths to
bedrock were evaluated by plotting first arrival times of seismic
energy at each geophone against the dists ce of each geophone from the
seismic energy source. The time-distance data for each profile and

the corresponding subsurface cross sections of the profiles are shown
on Figures 2.5.4-15 through 2.5.4-18. Representative compressional |
wave velocity data determined from the seismic refraction survey (and |
the uphole survey) are summarized on Tables 2.5.4-58 and 2.5.4.5C. |
The accuracy of the calculated depths to the bedrock surface is
considered to be 10 to 20 percent. This estimate is based on a number
of factors. The velocity and characteristics of the near surface
materials can introduce some error into interpreted depths. Uphole
surveys, an examination of soil and core samples, and an examination

of the boring iogs were used to reduce this type or erio The timing
accuracies of the equipment wnf the saigmic caps also lewd 1o the
selection of tolerance which acts as a guide in determining the
accuracy of the estimate,
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2.5.4.4.2 Uphole Velocity Survey

Uphole velocity surveys were performed at the station and SSI dam
locations. These provided a comparison with compressional wave
velocities obtained by the seismic refraction surveys at each
location. Borings P-1 at the Station location and M-5 on the SSI dam
were selected for these surveys. A geophone array was placed on the
ground surface around each boring. Small explosive charges were fired
at 10-foot intervals from the bottom to the top in each boring. The
seismic energy released by the explosives was detected by the
geophones in each array. Tfhis energy was recorded by the same system
that was used in the seismic refraction surveys. The results of the
uphole velocity surveys are presented on Figures 2.5.4-19 and 2.5.4-
20, as well as on Tables 2.5.4-58 and 2.5.4-5C.

2.5.4.4.3 Surface Wave Survey

A surface wave survey was conducted at the station and SSI dam
locations to evaluate the types and characteristics of any observable
surface waves,

Two Sprengnether Engineering Seismograph VS-1200, three-component
geophones were placed 300 to 350 feet apart on the ground. The output
of these geophones was fed into a vS-1100 amplifier with a gain
characteristic of 100, and from the amplifier into & special
attenuator circuit. The resultant output was recorded on the Dresser
SIE R6 recording oscillograph.

Explosive charges were placed in drill holes at varying distances

from, but in-line to, the geophones. Explosive charges used in this
survey varied from five to 40 pounds of Nitromon.S.
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In addition to this procedure, recordings were made of the energy
produced by horizontal impacts of an eight-pound sledgehammer. This
energy was detected by six one-component (horizontal) geophones spaced
five to 20 feet apart.

The compressional and shear wave velocities developed from the surface | 68
wave survey are presented on Tables 2.5.4-58 and 2.5.4-5C. l
2.5.4.4.4 Crosshole Shear Wave Surveys
Crosshole shear wave surveys were performed at two plant locations and | 68
at the 551 dam site utilizing borings drilled into bedrock. These l
surveys were conducted in two separate time periods; initially, prior |
to excavation, and subsequently, after construction was essentially |
completed. The preexcavation survey was made in somewhat different |
manner than the postconstruction survey. The difference included: |
l
l

the scope and the location of the survey, the techniques applied, and
the thickness of the stratigraphic column involved.

During the preexcavation crosshole survey, stationary subsurface shots |
were used as a source of the seismic energy. Wave propagation from |
two shot points was recorded in borings P-1 and P-2 at distances l
ranging from 370 ft to 1,175 ft, and from a single shot point in two |
preconstruction SSI dam borings M-5 and M-6 at distances of 400 ft and l
700 ft, respectively. Compressional and shear wave arrival times |
were recorded in each of these borings by using 4 to 6 geophones j
vertically arranged within the upper three zones of the Glen Rose |
Formation between elevation 650 ft and elevation 818 ft. |

For the preexcavation survey, two three-component, low=frequency | 68
geophones (Mark Products L-1-30S) were placed at corresponding |
clevations deep in each recording borehole. Explosive charqges were ?
detonated in drilled hnles a1 1ived distances from earh f (he
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borings. The resultant seismic energy was recorded by the Dresser SIE
system. After each shot (energy detonation), each geophone was raised
2ii feet. Details of the crosshole shear wave survey at both the plant
site and the Safe Shutdown Impoundment Dam are presented in Table
2.5.4-5A. In addition to this data, seismic energy developed by a
technique of producing horizontally-generated waves was also recorded
by each of the geophones at 25-foot intervals. The technique for
producing horizontally-generated waves was developed by the Dames &
Moore geophysical staff. It involves the use of explosives
(Primacord) placed in trenches at the ground surface adjacent to a
boring. Two trenches are used, one on either side of a boring.
Depending on the site conditions, the trenches vary in length from
three to eight feet iong, and in depth from six inches to two feet
deep. The trenches used on this site were five feet long, and one
foot deep. The trenches are "v" shaped with one face cut vertical and
the other sloped at some angle to the vertical. This angle will vary
for different conditions, but for this survey, an angle cf 60 degrees
was usad, The vertical face of the trenches on either side of a
boring are opposed to each other as shown in Figure 2.5.4.21.
Primacord is placed in the bottom of each trench and fired
simultaneously by the use of seismic caps. The trenches are not
backfilled, allowing for a backblast. The resultant detonations
produce a horizontal torque, centered around the boring, which is
recorded in the boring by use of a three-component geophone.

The results of this survey are plotted as an uphole shear survey, with
proper calculations for the shot offset and depth, Primary and
secondary arrivals are plotted on a time-depth plot. The plot for the
survey at boring M-5 is shown on Figure 2.5.4.21.

Shear wave arrivals often are found to be masked by relatively large-
amplitude motions caused by multiple reflected and refracted
compressional waves and the tace waves. To overcome th
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difficulty high-energy and low-energy recordings were made at
corresponding depths in each of the borings.

The compressional and shear wave velocities, determined in the initial | 68
survey by the crosshole techniques and by the surface wave surveys, |
are presented on Tahles 2.5.4-58 and 2.5.4-5C. |

During the postconstruction crosshole survey [131] conducted in four
closely spaced, up to 500-ft-deep S/L cluster borings (Figure 2.5.4-
14), seismic waves were generated by a vertically mobile hammer
inserted in "source" boring S-1A, and these waves were detected by
three horizontally separated geophones installed at the sawme elevation
in each of the three “listening" borings: S-1, L-1, and L-2. These
three “listening" borings were 5 ft, 8 ft, and 9.5 ft, respectively,
away from the “source” boring. The measuring points were located
within the interval from elevation 797 ft (12 ft below plant grade),
which is within Zone | of the Glen Rose Formation, to elevation 317 ft
(492 ft below plant grade), which is beneath the unconformity
separating the Cretaceous Twin Mountains Formation from the underlying
Paleozoic Mineral Wells Formation.

The postconstruction survey was performed at a location immediately 68
west of the Unit 2 turbine building area (Figure 2.5.4-14A). The
survey equipment consisted of a four-channel Nicolet Oscilloscope
(Mode) 4094-2), a Bison shear-wave hammer (Model 1465-1), and three
Geospace Geophones (Mode! HS-J-LP3D). The Bison downhole shear-wave
hammer was the energy source. This hammer consists of a stationary
body with a sliding mass, and is hydraulically locked in the "source"
boring. Using a hoist cable, the mass is lifted or dropped to
produce impacts against the stationary hammer body. The hammer,
designed to permit either upward or downward impacts, generates
vertically polarized shear waves ot opposing polarities. These
polarities allow identificati m af the shear wave arvivals in the

presence of refracted or reflected seismic arrivals in layered
formations. Crosshole

2.5-129 ADVANCE CO%Y



68

68

68

68

68

CPSES/FSAR

measurements were normally taken at 3-ft intervals from 0 to 45 ft, at
5-ft intervals from 45 to 300 ft, and at 10-ft intervals thereafter,
Additional measurements were performed to determine the seismic wave
velocities in claystone layers at depths of approximately 20 to 30 ft
and 100 ft. Crosshole measurements were taken at a total of 90
elevations, resulting in a total of about 440 individual records.

The survey procedures are described below:

B The Bison hammer was suspended in boring S-1A (“source
boring”) at the desired depth. The hammer shoes were
hydraulically extended to clamp the hammer in-place at the
elevation.

- Geophones were suspended in borings S-1, L-1, and L-2
("listening” borings) at the same elevation, and the
pneumatic tubes were inflated to couple the geophones to the
casing wall,

- Typically, 10 impacts (upward or downward) were performed
with the shear-wave hammer,

- The wave motion produced with each individual impact was
stored in the Nicolet Model 4094-2 oscilloscope. The
motions produced by 10 impacts were averaged to yeild one
record for that combination of depth, impact direction, and
“listening” boring.

- Upon completion of each series of impacts, the data were
written onto a floppy disk as a permanent record and labeled
to indicate depth, impact direction, and "listening”
boring.

. This procedure wa® 1« peatad such that two records for upward
1mpacts and two records for downward impacts were obtained
for each “listening " boring at each elevation.
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- Upon completion of the recording sequence, the hammer and |
geophones were released and advanced to the next recording |
elevation where the procedure was repeated. |

68

The borings used for the postconstruction crosshole geophysical | 68
surveys were cored either continuously (S-1, and S-1A below 325 ft) or |
partially (L-1 and L-2). They were logged geophysically (except for |
§-1), cased by PVC pipe which was grouted (except for S-1), and I
subjected to a verticality survey to aliow accurate determination of |
interhole separation at all depth levels where crosshole seismic |
velocity measurement: were made. |

Generalized subsurface conditions at the location of the S/L cluster | 68
borings are shown in Figure 2.5.4-30A which includes a generalized |
geologic column, the geophysical logs of boring S-1A, and a profile of |
seismic wave velocities. The mean compressional and shear wave |
velocities, was well as the Poisson's ratio for various depth |
intervals between plant grade and the bottom of the S/L cluster |

l

boreholes |(at a depth of 503 ft), are listed on Table 2.5.4-5F,

2.5.4.4.5 Ambient Vibration Measurement

Measurements of gr.und motion due to background (ambient) vibrations
were made at each site when drilling rigs or other equipment were not
operating.

The three-component VS-1200 Sprengnether Engineering seismograph was
used to record ambient ground motions. This seismograph has gain
characteristics of 20 inches per inch per second in the velocity mode,
12 inches per inch per second in the acceleration mode and 200 inches
per inch in the displacement mode. A VS-1100 amplifier with a gain

characier iztic nf 100 was vsel for all recordings. The re-ultant
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maximum gain level is 2,000 for the velocity mode, 1,200 for the
acceleracion mode and 20,000 for the displacement mode.

The three components of ground motion measured were radial, vertical
and transverse. The seismometer was oriented facing either north or
east. Table 2.5.4-50 presents the results of the ambient ground
motion measurements.

2.5.4.4.6 Borehole Geophysical

Gamma ray and resistivity surveys were made in preexcavation borings
P-10, 0I-2, DI-9, M-1 and DI-8A to aid in evaluating the correlating
on-site stratigraphy. These boring locations are shown on Figures

2.5.5-5 and 2.5.5-6. The survey results are illustrated on Figures

2.5.4-22 through 2.5.4-26.

Gamma-ray, electrical resistivity, gamma-gamma, and caliper surveys
were made in postconstruction boreholes S-1A, L-1, and L-2 as an aid
to correlation of the borings and for refinement of the site
stratigraphy. The gamma-gamma survey also provided a continuous
record of in situ densities. The location of the borings are shown
in Figures 2.5.4-14A and 2.5.5-5. The geophysical logs of these
borings are almost identical due to closeness of the boreholes: the
survey results are well represented by the logs of boreholes 3-1A,
which are shown in Figure 2.5.4-30A.

2.5.4.4.7 Interpretation of Geophysica® Data

The refraction survey data indicated slight variations in the
compressional wave velocity of the bedrock at the Station location.
This variation in compressional wave velocities is most prevalent at
shallow depth near the edges of the peninsula on which the Station is
located,
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The compressional wave velocities from the uphole velocity survey are
different from the compressional wave velocities from the refraction
survey. This is because a refraction survey develops an average
compressional wave velocity over a large lateral distance, whereas the
uphole velocity survey records the compressional wave velocity around
the isolated point (i.e., the boring)., It is felt that the
compressional wave velocities obtained by the seismic refraction
Survey are a more appropriate measure of the actual dynamic properties
of the site materials,

In the preexcavation stage of the site geophysical investigation, the
geophysical surveys did not penetrate into the Twin Mountains
Formation. However, indirect geophysical information from the
surface and shear wave su~veys indicates that both the compressional
and shear wave velocities of the Twin Mountains Formation are lower
than the correspending velocities of the Glen Rose Formation. This
was supported by the geologic borings which obtained basically 10
percent core recovery within the G'en Rose Formation and a much lower
percentage recovery and Rock Quality Determination (RQD) in the
underlying Twin Mountains Formation. The velocity inversion between
the Glen Rose and Twin Mountains Formations was assumed to result in a
seismic energy response characterized by the Glen Rose Formation
acting as a seismic energy channel, or in essence, a plate of
limestone, All these conclusions and assumptions have been
substantiated by the detailed postconstruction crosshole seismic
survey that penetrated through the Twin Mountains Formation into the
uppermost part of the underlying Mineral Wells Formation.

Surface waves at this site have unusual characteristics because of the
seismic velocity inversion. The uppermost higher velocity Glen Rose
Formation which acts as a plate or seismic channel, produces several
discrete, but overlapping Rayleigh wave trains., These wa/e traing
vary from 15 to 25 hertz, ant! fvom 5,000 to 2,500 feet per “ecnnd

(respectively) apparent velocity. The wave trains are essentially

Xl
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trapped waves within the plate of limestone and indicate an average
shear wave velocity greater than 5,000 feet per second in the
limestone. These waves are apparently second of fiigher mode
vibrations within the plate. The maximum amplitudes and longest wave
train have a frequency of 25 hertz. The maximum amplification of
seismic energy, from an explosive source detonated at shallow depth
is, therefore, at 25 hertz.

Some of the seismic records show a low-frequency wave train of about
five to seven hertz. This wave is not well defined, but is probably
the first mode Rayleigh wave vibration in the limestone plate.

The refraction and surface wave surveys are considered to give
reasonably accurate aata for the determination of compressional wave
velocities while equally reliable date for the determination of the
shear wave velocities was obtained by the Primacord technique. The
surface wave surveys also produced a set of plausible values, with the
initial crosshole surveys producing the least reliable set of values.

However, the postconstruction crosshole survey produced more
detailed measurements of both compressional and shear wave velocities.

In comparision, the preexcavation geophysical explorations were not
so detailed, systematic, and deeply penetrating. The
postconstruction velocity measurements, together with the jamma-gamma
log-derived densities, were the basis for the final design values of
shear modulus and Peisson's ratio for the generalized profile (Table
2.5.4-5E). The initially selected values of the parameters based on
the preexcavation geophysical surveys, are shown on Table 2.4,

The dynamic rock properties based on both the preexcavation and
postconstruction geophysical surveys are presented in Table 2.5.4-5H,
It should be noted that in the final determinations of compressional
and shear wave velocities the information from al) the techniques are
integrated and used, with an wderstanding of the reliahilities to
produce the reported results,
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2.5.4.5 Excavations and Backfill

The Timits of required excavation for the power plant is shown on | 68
Figure 2.5.4-27. Figure 2.5.4-28 shows the lccation of the plant |
site and all cut and fill areas that occur adjacent to the plant site.

Figure 2.5.4-30 shows a 43-ft thick geologic section of the rock
encountered in the excavations for Category I structures. This
section is typical for the Category I portion of the power plant and
related adjacent Category I support facility excavations. The
limestone bed identified as bed "R" in Figure 2.5.4-30 is a reference
bed in the plant site. The eievation of the top of bed “R" in Unit 1
roactor excavation was 782 feet 7 inches and 780 feet 9 inches in the
Service Water Intake Structure excavetion. This difference is due to
the undulating nature of the beds and also because the Service Water
Intake is downdip of Unit 1 Containment. Figure 2.5.4-30A is a
generul subsurface profile which includes a 500-ft thick geologic
sect ’n of the materials constitutino the foundation base of all plant
structures.

Structural backfill was required on the north side of the Service | 68
Water Intake Structure. Figure 2.5.4-31 is a cross section of this |
area,

All Seismic Category 1 Electrical Duct Banks and the Service Water | 63
Pipe Trench require Category I backfill and bedding and are delineated |
in Figure 2.5.4-27. Figure 2.5.4-32 shows typical sections of the |
Service Water Pipe Trench and a Seismic Category | Electrical Duct |

|

Bank .,
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| Geologic sections and blast-fracture msps were constricted as each

| excavation was completed for  tegory I structures. Figures Z.5.4-
33, 2.5.4-34 and 2.5.4-35 are the fracture maps developed for the Unit

| 1 Containment and reactor excavation. Figure 2.5.4-36 is the photo

| grid for photographs taken of the Unit I Containment and Reactor

| excavation walls and Figure 2.5.4-37 (21 sheets' are the photographs

| depicted in Figure 2.5.4-36.

Excavation methods consisted of blasting, utilizing the presplit,
primacord method, or heavy equipment demolition tccls where blasting
was not an acceptable method. Removal of the broken rock was
accomplished by heavy equipment.

Protection of the exposed rock against weathering was cecquired due to
the argillaceous nature of some of the limestone beds and the
claystone beds which are present. The wall portion of the excavations
was protected by the application of shotcrete. The floor portion was
protected by a minimum three inch thick concrete seal slab,

No groundwater was encountered in the primary Glen Rose Limestone, and
therefore only normal pumping equipment and procedures were required
to remove storm runoff and concrete curing water which collected in
the open excavations.

Upon completion of removal of material from an excavation, a
preliminary inspection was performed by the site geologist. After the
final cleanup, just prior to placement of shotcrete or seal slab,
photographs were taken and blast fracture maps were developed by the
site geologist. At the time the geologist approved an excavation, the
QA/QC proyram became involved, assuring cleanliness prior to
application, curing and testing of protective coatings, and *he
inspection of these protective coatings prior to .2ing covered by
structural concrete.
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To measure tie rebound of the foundation rcck due to the excavation on | 68
the plant site, two extensometers were installed. Figure 2.5.4-28 |
shows the locations of the extensometers. Monitoring results are |
presented in section 2.5.4.13. i

The source for Category I backfill material is on site. Figure | 68
2.5.4-29 shows the location of the quarries. |

Ouring the preliminary grading and excavation of the plant site area,
down to elevation 810', a bed of very hard, tan, fossiliferous.
crystalline limestone, was intersected at an elevation of 825'. This
particular bed is present throughout the site area and an initial
quarry site northwest of the plant (Pit "A", Figure 2.5.4-29) was

sand which 1s being used as a bedding material around the pipe in the
Service Water Pipe Trerch and under the Seismic Category I Electrical
Manholes. A complete discussion of this testing is covered in
Section 2.5.4.7,

selected for sampling and testing. Material was quarried from Pit "A" | 2
and processed through the crusher plant o- site, a sample pulled and |
graded to the proper gradation, and then subjected to cyclic |
laboratory testing to verify that the materia) met specification |
requirements. Also sampled for testing was the concrete ayregate | 68

!

I

|

The compaction requirement for the backfill materials, placed against

the Service Water Intake Structure, is a minimum of 95% of the maximum

dry density as determined in accordance with AASHTO Designation T-99,
Merhod D. In-place density was determined in accordance with ASTM

D1556 (Sand Cone), ASTM D2167 (Balloon), or ASTM D3017 and D2922

(Nuclear). These density requirements apply to all Category | | 68
backfill material. Figure 2.5.4-38 shows the gradation requirements |
for the backfill material.
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Based on the results of in-place density .ests for Category |
backfill, the following average backfill densities were obtained:

yOry = 130 pcf
YWet = 135 pcf
yYSat = 140 pcf

The compaction requirement for the bedding material placed in both the
Seismic Category | Electrical Duct Banks and Service Water Pipe
Trench, is a minimum density of not less than 80% of the relative
density as determined by ASTM Test Designation D2049, latest revision
effective prior to September 4, 1975. In-place density was

determined in accordance with ASTM D1556 (Sand Cone), ASTM D2167
(Balloon), or ASTM 02922 (Nuclear). Figure 2.5.4-38 shows the
gradation requirements for the bedding material. The gradation,
relative density, and percent compaction summaries are presentec in
Figures 2.5.4-44 thry 53.

Based on the results of in-place density tests for Category 1 bedding,
the following average densities were obtained:

y Ory = 120 pcf
y Wet = 130 pcf
y Sat = 135 pef

2.5.4.6 Groundweter Conditions

A detailed description of groundwater is presented in Section 2.4.13.
No groundwater was encountered during excavation for the plant
foundation. Greundwater observations from piezumeters installed at
the site are provided on Figure 2.5.5-77.
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2.5.4.7 Response of Soil to Dynamic Loading | 68

The plant structures are founded on rock, however, granular material
was required as backfill, pipe bedding and for the dam filters. The
response of these materials to dynamic loading was assumed during the
initial design phase. Later, an investigation of the actual dynamic
strengths of these materiils was performed by means of a cyclic
triaxial testing program,

68

During design, adopted values for the cyclic shear strength for
Category I backfill and bedding material were based on the published
data for granular soils. A discussion of the published data is
presented in Section 2.5.4.3.4. Since the Dgy of the bedding
material was approximately the same as for Filter "A" for the $SI Dam,
the material was assumed to have essentially the same cyclic shear
strength characteristics. Category I backfill material has a D50

of approximately 15mm and since this material is coarser than the
published data utilized, the cyclic shear strength characteristics of
this material should be greater. For design, the cyclic shear
strength criteria was assumed based on the data presented on Figure
2.5.6-48. The specific criteria was that the material with the
gradation limits as shown on Figure 2.5.4-38 shall not allow
development of double amplitude strain larger than 5% under specific
corresponding stress conditions shown on Table No. 2.5.4-11.

68

In order to verify the adopted cyclic shear strength criteria for | 68
Category I bedding, backfill and filter materials, a test program |
utilizing cyclic triaxial tests was developed. A minimum of four |
cyclic triaxial tests were performed for each type of material !
utilized; one at each confining pressure as listed on Table 2.5.4-11. |
The applied stress given for the development of 5% double amplitude |

strain in five cycles was utilized since this st=ess is more critical |

L

than the stress combination 1 ified for ten cycles of
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loading. Thus any specimen that developed 5% strain at ten cycles of
load under a higher stress leve) automatically meets the criteria
specified at ten cycles.

Four (4) different materials have been tested to determine if they
meet the cyclic shear strength criteria as described above. The
materials which have been tested are as follows:

Sample No. Material
1 Filter A Material
2 ASTM C-33, Fine Aggregate
3 Glen Rose "Gray" Limestone
Crushed Stone
4 Glen Rose Limestone "Crowder

Quarry” Crushed Stone

The gradation limits of these materials, as well as the actual
gradation curve of the tested materials, are shown are Figures 2.5.4.
38A through 2.5.4-380, respectively. The densities of the four (4)
materials tested are summarized on Table 2.5.4-12.

For conventional laboratory triaxial testing of soils, it is generally
recognized that the diameter of the test speciman should be at least
Six times the maximum particle size to avoid possible effects of
sample geometry on test data. For Samples 3 and 4, the maxiwum size
for the crushed stone was on the order of 2 inches, which would
require triaxial cells capable of taking 12-inch test specimens,

Such large cells, especially for dynamic testing, are not available
for cyclic triaxial testing; therefore, modeling techniques have been
utilized to model the field gradation of Samples 3 and 4,
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One technique recommended by John Lowe [134] describes a technique of
preparing & model soil with a grain size distribution curve paralle)
to the field material. Research on laboratory modeling of soils
utilizing the parallel grading curve method has shown that the method
can be used to predict the static and dynamic strength and deformation
characteristics of scils. For Samplz, 3 and 4, a laboratory
gradation range parallel to the field gradation requirements of the
material has been drawn and an artificially blended material has been
prepared (within these limits) and utilized for the cyclic triaxial
testing. (See Figyures 2.5.4-38 C &4 D). For Samples 1 and 2,

samples falling within the field gradation curves were obtained and
were utilized for the cyclic triaxial testing. The test prcgram
followed guidelines set up in Report No. NUREG-31 entitled
"Laboratory Triaxial Testing Procedures to Determine the Cyclic
Strength of Soils", which was prepared under Contract No. NRC-F (11-
1) 2433 for the U.S. Nuclear Regulatory Commission.

68

68

— — — —— — — — — — — — — — —— — —

The results of the initial tests are summarized in Table 2.5.4-13.
One plot for each material tested at various confining pressures,
relating double amplitude axial stra’ to the number of cycles of
constant cyclic shear stress, are shown on Figures 2.5.4-39, Sheets |
through 4. A1l cf the materials tested were of sufficient strength
to meet the cyclic strain criteria at 5 cycles of load. The ASTM C-
33, Fine Aggregate material (Sample 2) and the "Crowder Quarry"
Crushed Stone (Sample 4) also met the strain criteria at 10 cycles of
applied load the Glen Rose L = estone Crushed Stone (Sample 3) met
the strain criteria at 10 cycles for confining pressures of 2000 and
4000 pounds per square foot. However, the test results showed that |
the Glen Rose crushed limestone at 600C and 8000 psf confining |
pressure, (Sample 3) and Filte: "A" (Sample 1) did not meet the strain |
criteria in 10 cycles at the stress ratios 1

~n

68
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| utilized in the test program. Therefore, additional tests were run
on Sample 1 and Sample 3 at reduced stress levels corresponding to
stress ratius required to develop 5 percent strain in 10 cycles of

load. The results of these tests are summarized in Table 2.5.4-13A.

For Sample 3, additional tests at reduced stress levels showed that
the material did not meet the cyclic strain criteria at effective
normal pressure of 6000 and 8000 psf in 10 cycles of load. The
figures relating double ampiitude strain to number of cycles for
Sample 3 show that the cyclic strains were relatively low until about
b to 8 cycles, after which large strains developed quite rapidly in
only a few additional cycles and failure developed due to necking of

the specimen,

For Sample 1, Filter "A" material, additiona)l tests at reduced stress
levels showed that the material did not meet the specification
requirements at 10 cycles of loading. Utilizing all the test results
for Filter "A" material, a liquefaction curve has been developed for
Filter "A" material and is shown on Figure 2.5-16. From this
liquefaction curve, a new curve has been developed relating the cyclic
shear stress required to cause 5 percent strain to normal effective

stress and is presented as Figure 2,5A-17,

shear strength criteria of Filter

load shov'd be as follows:

Effective Normal
Pressure

Kips per Sq.
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In summary, the following points should be made: | 2

1) Filter "A" material met the cyclic shear criteria for §
cycles of load. The criteria for 10 cycles of load
described in the previous paragraph has been adopted for
design of pipe bedding material, where Filter “A" material
is utilized in construction as a bedding material. How
these results affect the stability of the SSI Dam is
discussed in Appendix 2.5A,

2) ASTM C-33, Fine Aggrcyate met all of the cyclic shear | 68
strength criteria as shown in Table 2.5.4-11. |

3) Glen Rose Limestone Crushed Stone met all the cyclic shear | 68
strength criteria as shown in Table 2.5.4-11 except at |
normal effective stresses of 6 and 8 KSF at 10 cycles of |
load. This material can be utilized as backfill material |
up to a corfining pressure of 4 KSY (i.e., backfill to |

I

approximately 33 feet in depth.).

a) “Crowder Quarry” Crushed Stone met all the cyclic shear | 68
strength criteria as shown in Table 2.5.4-11. |

To date, all Category I backfill has been "Crowder Quarry" crushed | 68
stone which meets all specifications for cyclic testing when compacted |

to the required density and the gradation of the materials meets the |
gradation requirements. Bedding material for Category | pipe has |
been ASTM C-33 fine aggregate sand which also meets all cyclic shear |
strength criteria. As stated previously the effect of the cyclic |
strength tests results on the stability of the SSI Dam are discussed | 2

in Appendix 2.5A, I
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2.5.4.8 Liquefaction Potential

The entire Nuclear Power Plant foundation consists of firm,
unweathered, Glen Rose Limestone with no Viquefaction susceptible
soils present.

The cyclic shear strength of all Category i backfill and bedding
materials used show that there is no liquefaction potential; all
materials used meet or exceed the design criteria for cyclic strain
for the ground acceleration of 0.12 g adopted for the Safe Shutdown
Earthquake.

2.5.4.9 Earthquake Design Basis

4 conservative Safe Shutdown Earthquake (SSE) having a peak herizontal
ground acceleration at the top of bedrock of 0.12 g has been selected
for design (Section 2.5.2.6). The Operating Basis Earthquake (0BE)

1s equal to 1/2 the SSE. Design response spectra and artificial
time-history records are described in Section 3.78B.

2.5.4.10 Static Stability

2.5.4.10.1 Bearing Capacity

The major structures at the plant have been constructed on individual
mat foundations (except individual spread footings under the Turbine
Building columns) founded in the Glen Rose Limestone Formation,
Properties of the limestone as well as the claystone material were
determined and are presented in Section 2.5.4.2.

ADVANCE CCPY
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The ultimate bearing capacity of the Glen Rose Formation located under | 68
each structure has been determined from equations derived for local |
shear failure from the theory of elasticity [133] as follows: |

q (ultimate) = (shear strength) x (3.14)

The shear strength has been taken as one-half of the unconfined
compressive strength. The above equation does not take into account |
the effects of overburden or the size of the foundation which would |
increase the safety factor against a bearing capacity failure. A !
study of the founding elevations indicated that some upper structures
are founded on the claystone. However, when considering the
anticipated pressure bulbs due to the applied loads, it is unrealistic
to assume that claystone alone is subject to the applies stress. In
fact, any shear failure occurring in the claystone zones would also
have to pass through the thick underlying limestone layers.

s &

From the results of the unconfined compression tests presented in
Table 2.5.4-1, a reasonable average value of unconfined compressive
strength for the claystone below elevation 810 is 40 ksf, This
results in a very conservative value of 60 ksf for the ultimate
bearing capacity of rock beneath Category I structures. The factor
of safety against a local bearing capacity failure is the ultimate
bearing capacity divided by the maximum foundation edge pressure.
Table 2.5.4-6 summarizes the static bearing capacity factors of safety
for the Category I structures. The safety factors against local
shear failure exceed the minimum allowable of higher than the values
presented in Table 2.5.4-6 due to the effec's of embedment and
foundation size.
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The dynamic bearing capacity factors of safety were calculated for the
maximum loads caused by the SSE. Table 2.5.4-6a presents the results
of this analysis. The safety factors exceed the minimum allowable of

N
o

The maximum edge pressure resulting from the overturning effeccs of
earthquake or tornado loadings is 24.9 Kips per square foot under the
Containment structure. The safety factor against overturning of the
Containment is 2.0. It is calculated by taking moments about the
lower edge of the foundation mat using the overturning forces
generated by the safe shutdown earthquake. Vertical pressure
distribution under the Containment during the SSE is shown in Figure
2.5.4-42.

2.5.4,10.2 Settiement of Foundations

The foundations of all structures in the plant area are founded on the
Glen Rose formation. The removal of the overburden to elevation 810
resulted in a slight elastic rebound measured by extensometers to be
0.02 inches (Section 2.5.4.13). Due to the nature of the supporting
rock and plant loads, a very small elastic settlement of the
structures i1s anticipateu. Time-dependent consolidation sett)ement

of the claystone layers will not be considered due to the fact that
these layers are heavily overconsolidated and are minor in proportion
to the limestone over an approximate 200 feet thick depth of
influence.

The settiements of the Category | structures were calculated using the
theory of elasticity for a uniformly loaded area on an elastic half-
space. The following equation [138] was utilized:

Y -
SICBDBL_I_—)‘
£
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where: s = elastic settlement

C _ = shape and rigidity factor

p = uniform foundation pressure

3 = width of rectangular footing or diameter of a
circular footing

vy = static Poisson's ratio, 0.25

E = static elastic modulus, 4.8 x 105 psi.

The rock mass deformation modulus was estimated based on site seismic
surveys (Table 2.5.4-5) with & correction for rock mass quality (RQD)
[139]. The modulus was also checked using the results of moduli
determined by laboratory methods (Table 2.5.4-4). Uncertainty of the
effect of blasting and construction activities on the in-situ modulus
was considered when evaluating an appropriate modulus for the use in
the analysis. The modulus used for the settlement analysis was 4.8 «x
109 psi.

A summary of the settlement of the Category I structures is presented
in Table 2.5.4-7. The maximum predicted settlement is 0.26 inches at
the center of the reactor containment., Since the settlement is
elastic, it should occur immediately after final load application.

Expansive characteristics of the claystone were measured by conducting
an absorption-pressure-swell test. The results of the test indicate
that introduction of water to the sample could generate a pressure of
1140 pounds per square foot in the upward direction when swell is
prevented. Therefore, is the applied load equals or exceeds this
value, no swell should be anticipated. However, if the loads on the
claystone layer are less than 1140 pounds per square foot, some
swelling will take place. Figure 2.5.4-43 relates the tota)

potential swell to the thickness of a claystone layer. The
interpretation of this graph '~ zhown by use of a hypotheti 11 example
on the same sheet. The small amjunt of swell calculated indicates no
problems are anticipated due to the swell potential of the claystone.

— — — — — — — —

|
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During construction, additional samples of the claystone layers were
obtained and tested to evaluate the swell potential of the claystone

beneath (Category | Pipe Structure,

The tests showed a maximum of free-swell of 3.0 percent and ranged
from 0.7 to 3.0 percent. The maximum pressure to restrain swelling
was 1940 pounds per square foot and ranged from 517 to 1940 pounds per
square foot. These values are directly comparable with values
reported during design (3.0 percent free-swell and 1875 pounds per

square 1nch absorption pressure).

Aiong the alignment of the Category | Piping, an analysis shows the
swell potential to be in the range of 0.01 inches, which is considered
negligible. Therefore, in areas where intact rock has been exposed
above the 15 toot line, the ramova! of claystone beds was not
warranted. In areas where pre-splitting of the rock had already been
arried down to the 15 foot depth, all fractured rock has been removed
to reach the intact sound Glen Rose Limestor2 and Category I backfil)
material has been placed. Figure 2.5.4-37A is a plan view of the
Surface Water Intake and Discharge pipe trench excavation showing the

intact rock elevation d‘?ﬂg the al|gnmenz,

Lateral Forces

The magnitude and distribution of lateral earth pressures is a
function of the allowable yielding of the wall, the backfill or roc
Characteristics, water pressure, surcharge loads from adjacent
structures, and, for seismically designed stru:tures, the earthquake

Is were conservatively assumed

loading. The concrete foundation wal
to be rigid, unyielding walls. Therefore, the coefficient of eartt
pressure at rest, K,, has been used in evaluating latera

pressures

Al - men
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It was conservatively assumed that t'ie groundwater table is at plant
grade (elevation 810) except at the service water intake structure
where plantside water level was taken as elevation 780. The actual
groundwater level condivions will be verified by piezometric data
(Section 2.5.4.13).

For structures cast w.gainst excavated rock wall, lateral pressure
against the walls has been taken as:

Oh * Oy (1;%) = 0.33 gy

Where: coh = horizontal stress or pressure, psf
gv = vertical stress or pressure. psf
v = Poisson's Ratio - 0.25

The vertical stress used for the individual structures should also
include any surcharge load which exists.

This is an estimate of rock pressure which does not take into account
the relative stiffness of the wall and the rock mass. 1y some cases,
a more detailed evaluation of rock pressures based on the unique
geological discontinuities v.as performed.

Dynamic loadings include pressu-es due to the soil or rock mass,
water, and surcharge, accelerated in the vertical .nd horizontal
directions. Figure 2.5.4-54 craphically depicts tha static and
dynamic lateral earth pressures.

Q362.4

Q362.4
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2.5.4.1) Design Criteria

Methods used to evaluate bearing capacity, settlement and lateral
earth pressures are discussed in Section 2.5.4.10. Soi)l and rock
properties used in the analyses are provided in Sections 2.5.4.4 and
2.5.4.5. The slope stability of the SSI and Squaw Creek dams is
discussed in Section 2.5.6.

The minimum acceptable design factor of safety for bearing capacity is
3.0 under static loading conditions and 2.0 for dynamic conditions.
The minimum allowable factor of safety for the SSI dam slope stability
is 1.5 for static conditions and 1.1 for dynamic conditions.

2.5.4.12 Techniques to Improve Subsurface Conditions

No special techniques were required to improve foundation conditions
except where blasting shattered or fractured the rock adjacent to or
within the plant foundation,

In order to improve these areas of exception, dental concrete was used
to replace fractured rock and to fill overexcavated areas. In areas
where fractures not requiring removal were encountered, grout pipes
were installed. Grouting operations are to be performed at the
appropriate time, i.e., when the foundation af‘ected was completed to
the point that the grout was confined.

2.5-150
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2.5.4.13 Subsurface Instrumentation
2:.5.4,.13:1 Extensometers | 68

Two extensometers were installed in locations shown on Figure 2.5.4-
28. Extensometers were installed during removal of common material
from the plant site to measure the rebound of the foundation material
and were monitored during the excavation phase of plant construction.
At the end of the excavation phase the extensometers were terminated
and the data evaluated. The measured rebound was 0.02 inches which is
well within the anticipated amount of rebound.

2.5.4.13.2 Post-construction Groundwater Monitoring | 68
A system of 15 piezometers will be installed in the plant area in | 68
order to monitor groundwater conditions. The location of the |
piezometers is shown in Fig. 2.5.4-55 and the typical piezometer |
detail is shown in Fig. 2.5.4.56. I
Design of plant structures initially assumed groundwater at elevation 68

l
775 ft. (Section 2.4.13). Installation and observation of these |
piezometers will verify the actual groundwater condition at the site. |
The piezometer boreholes will be completed at test borings, with |
continuous NX rock core and water pressure tests throughout the cored |
interval. Upon completion of piezometer installation, groundwater |
data will be collected to determine seasonal variations. The |
groundwater level will also be carrelated with weekly rainfall, |

2.5.4.14 Construction Notes

Required excavation operations, including blasting, at times resulted
in fracturing or shattering of the foundation rock adjacent to or
within the plant foundation
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Section 2.5.4.12 describes the treatment of shattered or fractured
foundation rock.

Frequent changes in construction techniques were made in the early
stages of excavation in the plant area. All such changes were within
specification requirements, were made to reduce fracturing of rock,
and included the following techniques:

1. Line drilling to isolate the proposed excavation area
2. Pre-splitting

3. Rock sawing (isolation)

4. Blast hole spacing

5. Amount and type of explosives

6. Time-delay of multiple blasts

No significant construction problems, c'her than rock fracturing, have
been encountered.

During construction small volumes of water in-leakage at various
structures was observed. The in-leakage problem exists at the
turbine building and various Category I structures. This condition
was solved at the turbine building by installing a permanent drainage
System,

The in-leakage is caused by perched water collected at the foundation
exteriors. The perched water source is mainly the result of surface
water, such as rainfall runoff or construction and maintenance
runoff. The water migrates t- 'he foundation exterior =urt. e-
through the utility trenches, filled with permeable bedding and
backfill material, that intersect the structures.
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Fifteen piezometers (Section 2.5.4.13.2) will be installed and will be | 68
monitored as permanent piezometers. The perched water condition |
around the plant structures will be evaluated and remedial aciions |
implemented. |

2.5.5 STABILITY OF SLOPES

2.5.5.1 Slupe Characteristics

There are no slopes, either natural or man-made, in the vicinity of | 68
the plant, whose failure could adversely effect the plant. |

The existing siopes along the creek bed that form the reservoir behind
the Safe Shutdown Impoundment Dam are comparatively gently slopes and
are characterized by a very thin mantle of soil underlain by limestone
of the Glen Rose Formation. In many areas, all soil cover has been
eroded and the rock outcrops. The steepest slope present along the
reservoir boundary occurs on the south side of the Safe Shutdown
Impoundment and approximately 600 feet upstream from the axis of the
SSI Dam (Figure 2.5.5-2). Current topoyraphic data indicates that at
this location, the ground elevation increases from elevation 750 to
elevation 800 ove: a horizontal distance of approximately 150 feet, or
a slope of approximately 3 horizontal to 1 vertical. All other slopes
along the total impoundment shoreline are in the range of 4 horizontal
to 1 vertical, or flatter.

Topography of a part of the reservoir in the plant site vicinity, | 68
shown on a 10 foot contour interval is presented on Figure 2.5.5-5 l
together with the location of Sections Numbered 1-1, 2-2, 3-3, and 4-

4. These sections include the steepest slope condition along the |
shoreline of the SSI reservoir.
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Subsurface profiles at each location were obtained by trench
excavation. A wedge-type stability analysis using moist, saturated
and submerged unit weights, appropriate st:-ength properties for the
materials present, and a seismic coefficient of 0.12 g was made for
sections 1-1, 2-2, 3-3 and 4-4. The results indicate a minimum safety
factor against a slope slide of greater than 3. The Sections,
including the results of the wedge-type stability analysis, are shown
on Figures 2.5.5-1, 2.5.5-2, 2.5.5-3, and 2.5.5-4.

Some degree of weathering of the rock outcrops has occurred, and if
one assumes that the weathering has extended to such a degree as to be
the equivalent of a granular material with a 0 angle of 35 degrees,
the existing slope will have a safety factor against a shallow near-
surface slide greater than 2.0, a value considered entirely adequate.
Any slide deeper than that of the weathered rock will have a larger
safety factor,

2.5.5.2 Design Criteria and Analyses

The method of dynamic analysis of the SSI Dam is described in Section
3.78.2.13 and the details of the analysis are presented in Section
2.9.6.8.

2.5.8.) Log of Borings

The locations of borings made for the plant and dam explorations are
shown in Figures 2.5.5-S and 2.5.5-6. The logs of these borings are
presented in Figures 2.5.5-7 through 2.5.5-76.

Borings were drilled with truck-mounted rotary-wash or auger drilling
2quipment. Overburden soil samples suitable for testing were obtained
from some of the borings, and the underlying rock has been
continuously cored utilizing ‘andard NX coring equipment The soilsg

encountered have been classified 1n accordance with the Unified Soil
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Classification System. Geologic rock classifications have been based
on macroscopic and hand lens examination of cores. Percent core
recovery and R.Q.D. (Rock Quality Designation) information are
presented on the boring logs.

The borings were drilled in the overburden soils by advancing a 3 or 4
inch diameter hole to the desired sampling depth. Undisturbed soil
samples were obtained by hydraulically pressing a 2-inch Shelby tube
or a 2.5-inch diameter thinwall sampler. Some disturbed samples were
obtained from the auger flight, and disturbed Standard Penetration
Test samples were also taken.

Drilling mud and casing were used when necessary during the drilling
of overburden soils. Prior to coring the underlying rock, each boring
was flushed thoroughly with water.

Two-inch diameter plastic pipes were installed in severa) borings to
enable observation of groundwater levels (Figure 2.5.5-5). Because
the Glen Rose formation is essentially impermeable, water levels reach
static equilibrium slowly. Therefore, observations were continued for
an extended period to confirm static levels. The observations made in
borings at Category | facilities are summarized in Figure 2.5.5.77,

The static water level i1n the Twin Mountains formation was observed in
Boring P-10, one of two borings penetrating the stratum. The

piezometric level is indicated to be Elevation 670.

2.5.5.4 Compacted Fill

A detailed discussion of the areas requiring fill and the sources of | 68
fill materials required is given in Section 2.5.4.5. The extent of |
these fill areas are shown on Figure 2,5.4.28, | 4
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2.5.6 EMBANKMENTS AND DAMS

2.5.6.1 General
2.5.6.1.1 Squaw Creek Dam

The purpose of Squaw Creek Dam (SCD) is to impound a cooling lake for
CPSES. The location and configuration of the reservoir are shown in
Figures 2.5.6-1 and 2.4-1. Under normal conditions, the reservoir
will remain in the five-ft range between a normal minimum operating
level at elevation 770.0 and the crest of the service spillway at
elevation 775.0

The layout of Squaw Creek Dam is shown in Figure 2.4-16. A typical
cross-section of the embankment is shown in Figure 2.4-17. The dam is
designed to pass the Probable Maximum Flood with sufficient freeboard
to prevent overtopping by wave action generated by a sustained 40 mph
overland wind. The top of the dam is a elevation 796.0 with overbuild
to elevation 798.4 to compensate for est mated settlement. The
central section is constructed of select, impervious material, with a
cutoff extending down to impervious foundation material. The outer
zones of the embankment are of less select material with the outer
portion of the downstream shel)l being rock fill, A filter system
separates the impervious central zone from the less select outer zone
on the downstream side and extends outward to the downstream toe to
provide drainage and piping protection for the core.

The reservoir side of the dam is protected by rock riprap and a gravel
blanket from the top of the embankment to elevation 760.0, which is
10.0 ft. below the minimum operating level. The top width of the
embankment is 20 ft., exclusive of riprap and blanket. Design of the
riprap was based on an average over-water wind of 95 mph
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The service spillway is an uncontrolled structure 100 ft wide, with an
ogee crest at elevation 775.0 Additional discharge capacity vor
protection from extreme floods is provided by a broadcrest emergency
spillway, 2,200 ft, wide, excavated in rock of the east abutment at
elevation 783.0. The sides of the discharge channel from the stilling
basin to Squaw Creek are protected with rock riprap and blanket. The
floor of the channel is native limestone. A 12-inch makeup water
pipeline crcsses the emergency spillway along its crest. This line is
placed in a trench cut in limestone and is covered with a concrete
cap. The top of this cap is at elevation 783.0.

Service outlet facilities are located near the right abutment of the
dam and consist of an intake tower and outlet conduit., The tower has
a 6 ft. by 6 ft. control gate at its base leading to a 6 ft. diameter
conduit through the dam that discharges to Squaw Creek, The tower has
ports at various levels to allow selective taking of water from the
reservoir. Backup closure facilities are provided to protect against
loss of storage due to inability to close a valve or gate.

2.5.6.1.2 Safe Shutdown Impoundment Dam

A portion of the arm of the reservoir that is formed by the channel of
Panther Branch is utilized as a Safe Shutdown Impoundment, which holds
water ftor emergency cooling use, The secondary reservoir is .eparated
from the main body of the reservoir by a rock fill dam. An open
spillway channel was excavatcd through the narrow ridge to the
southwest of the SSI Dam, to connect the SSI with the main body of the
reservoir, The floor of the channe! is at elevation 769.5, six in.
below the normal minimum operating level, and water will pass back and
forth to keep the large and smal! reservoir surfaces at the same
elevation under normal operating conditions, 1f the level in the main
reservoir should drop due to some emergency, the SS! Dam will hold
back 367 acre-ft of reserve tor ta allow continued conling and safe

shutdown of the plant,
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The location and layout of the SSI Dam are shown in Figures 2.5.6-1
and 2.4-23. Details of the SSI Dam embankment are shown in Figure
2.4-21. The middle zone is of select, impervious material, wetted and
rolled, and carried down to impervious foundation material for
effective cut-off. The outer zones are rock fill. Two-stage filters
were placed between the core and the rock fill sections. The
embankment crest is 40 feet wide at elevation 796.0. The spillway
channel is 40 feet wide, with side s'opes of l1-on-3 and a channe)
slope of 0.003 upstream and downstream from a concrete wall
approximately flush with the channe) bottom.

The SSI1 Dam is designed to pass the Probable Maximum Flood with o
without the presence of SCR, with sufficient freeboard to prevent
overtopping by waves generated in either direction, i.e. from the $S1
or SCR, by a sustained 40 wph overland wind.

The embankment is designed to be stable during the rapid drawdown
caused by the sudden and total loss of the SCR.

Seismic Design Criteria for the SSI are discussed in Section 3.7.

The ability of the SSI to meet the criteria of Regulatory Guide 1.27
is discussed in Section 9.2.5,

2.5.6.2 Exploration

The subsurface investigation conducted for Squaw Creek Dam and S5 Dam
during design consisted of the undisturbed sampling of alluvial
overburden materials as well as the undisturbed sampling of the
primary sediments present,

| The cohesive soils present along the centerline of the dam site were
I SQHD,CG at Vert\(ﬂ] interval f 5.0 't Oy At A Chanr]& i mateyial
| type, whichever was the lesser distance. These samples of cohesive
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materials were obtained by means of a thin-walled, seamless, Shelby
tube sampler forced into the soil by means of a rapid thrust from two
balanced hydraulic rams. The samples were then field extracted
preserved in moisture-proof polyethylene plastic and sealed to prevent
changes 1n moisture content and accompanying chariges in physical
characteristics, 1Jentified as to boring number and depth, and
packaged for transport to the 1at0!dtor, in Dallas Texas, for further

tests and

Primary sediments encountered were sampled continuously utilizing a
double tube, bot scharge, conventional coring tool fitted with an

appropriate cutting bit, using water as a drilling fluid

Field infiltration tests were conducted in selected zones of the
| material in order to establish the permeability of the soi
on, pressure testing of the primary sediments was
plished by the insertion of an expandable packer at the location
ed while water pressure inside the boring, between 'he packer
bottom of the boring, was regulated by a water pump at the
surface The depth of the tests pressure 1n pounds per square
the quantity of water consumed during the tests are recorded
individual field boring logs
In addition selected samg
penetrated at the site were preserved 1in

in the manner described above, and

or further evaluyat

descriptions of materials penetra?
conducted I1n mijunction with this
Yw where ;:L‘r“{\rwafp n the r~,4‘.-:

$
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2.5.6.2.1 Squaw Creek Dam

A series of NX-size vertical core borings were drilled in connection
with the exploration for the foundations of the Squaw Creek Dam and
appurtenances. Figure 2.5.5-6 shows the location of core borings in
relationship to the centerline of the dam,

Borings identified as the D-I series and the D-11 series, a total of
28 NX-size core borings, represent the foundation expleration along
the centerline of the dam. A total of nine NX-size core borings,
identified as Series ES borings, have been utilized to explore the
emergency spillway location. Borings identified as $SO-1 through $0-11
were drilled for the purpose of expluring two potential alignments for
the service outlet works to be located in the valley section of the
proposed construction. The service spiliway, located on the right
abutment of the proposed dam site, has been explored by a series of 16
NX-size core borings numbered SS-1 through $S-16. Additional
foundation data was obtained through the drilling for two, four-inch
diameter core borings located within the proposed spillway and
identified herein as Borings Numbered $S-17 and $S5-18.

In addition, further investigation of the service spilliway area was
accomplished by means of four NX-size, inclined, core borings drilled
at the locations shown on the Figure 2.5.5-6 and identified as core
borings numbered SSA-1 through S$SA-4,

Geologic Profiles representing cross-sections along the Embankment
Centerline, the Service Outlet Works, and the Service Spillway are
shown on Figure 2.5.6-7 through 2.5.6-9, respectively.

2.5.6.2.2 Safe Shutdown Impoundment Dam (SSI Dam)

| A series of NX.size vertiral .l angle core hormgﬁ were vy led in

I connection with the exploration tor the foundation of the 331 Dam,
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the equalization channel ard rock excavation areas. Figure 2.5.5-5 |
shows the location of the core borings in relation to the centerline |
of the dam and equalization channel, |

68

Borings identified as the M Series, a total of ten NX-size core

borings, represent the foundation excavation along the alignment of

the SSI Dam. Borings MS-7 and MS-8 are vertical, NXx-sized core | 68
borings drilled in the equalization channel area. Borings BA-1 and 2 |
are angle borings drilled in the balancing channel area,

A geological profile along the centerline of the SSI Dam is pr.  nted
in Figure 2.5.6-10. A geological section was developed for the
equalization channel using the information from MS-7 and 8 and BA-l
and 2. This geological section is shown on Figure 2.5.6-11.

2.5.6.2.) Borrow Material

Several potential borrow areas were explored and evaluated for use as
potential impervious core and random fill material for Squaw Creek Dam
and 551 Dam. Figure 2.5.4-29 shows the approximate locations of the
different borrow areas investigated. Each of the borrow areas was
investigated by a series of six-inch diameter continuous-flight auger
borings or excavated pits. Laboratory analysis and engineering
evaluation have been conducted on the materials 1ifted from the auger
borings in order to develop design parameters utilizing such
materials, Additional core borings with field testing were drilled | 2
during construction in the area of the Service Water Outlet alignment |
and in the West Abutment to help verify depths to competent rock. |

| 2
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2.5.6.3  Foundation and Abutment Treatment

2.5.6.3.1 Squaw Creek Dam

Squaw Creek Dam is an earth and rockfil] embankment structure founded
on existing valley alluvium. To minimize leakage through the
foundation, a core trench was excavated through the alluvium and
weathered rock to impervious unweathered limestone and claystone.

This core trench extends well into the abutments. Figure 2.5.6-2 is a
profile of the completed excavation.

A1l transverse cracks were removed by excavation or intersected by a
keyway trench, except in the vicinity of the service outlet where
removal would undermine the structure., Here a rock saw was employed
to cut an ll-in.-wide trench across the cracks to the depth of the
crack. The trench was then backfilled with dental concrete. Water
was encountered in verlical cracks exposed in the keyway trench,
especially on the right side of the creek and at the horizontal
contact of the alluvium and limestone. This water could cause the
exposed claystone seams to weather rapidly causing overhangs of the
limestone layer above the seams. To prevent this weathering,
pneumatically placed concrete (shotcrete) was used to seal the
claystone seams. The inflow of water from the vertical cracks was
controlled by inserting a steel pipe at the base of the crack and then
sealing the crack with shotcrete. When the shotcrete had gained
strength and it was desired to beyin backfill, the pipes were sealed
with wood plugs. Potholes and overhangs were filled with denta)
concrete. Dental concrete and shotcrete were used to cover rough rock
surfaces to provide a smooth surface to place backfill against,

Figure 2.5.6-5C(1) is a photograph showing shotcreting activities,

Prior to excavation, the foundation for the random fill and rockfi))

tones of the embankment wac leaved and qrubbed of tresc apd vt e and
then stripped to rock or a ma. mum depth of 9 in. to remove topsor!,
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rudbbish and vegetation. The foundations for the service spillway an
service outlet structures were then excavated to solid limestone.

Claystone seams were sealed with a coating of shotcrete. Over
excavation was corrected with 1500 psi concrete. Anchor bars were
installed as required and the foundation drains were drilled after
placement of the structural concrete. Water encountered in the
excavation of the frundation for the service outlet intake tower was
controlled by sumping and pumping.

The effectiveness of the cutcff trench was judged visually. Mason-
Johnston & Associates, Inc., Geotechnical Consultants, determined when
the weathered zone had been penetrated. The effectiveness of the saw
cutoff trench was tested by observing the depth of the crack and, in
some cases, the stoppage of the flow of water,

Weathered material extended to a greater depth in the right abutment
than anticipated, causing the crtoff trench to be extended some 250
ft. into this abutment. The trerch was terminated prior to reaching
the service spillway. The water tightness of the formation between
the service spillway structure and the termination of the deep core
trench was verified by drilling both vertical and horizontal holes and
pressure testing. These hole were filled with grout,

Construction procedures used for the foundation and atutment treatment
were as follows:

Soil material was removed by scrapers.

Limestone and claystone were removed by blasting which was prededed by |
pre-splitting the limits of the excavation, Spacing and loading of e
the blast holes were adjusted as conditions dictated. Rlasted

material was
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| removed by front end loaders and end dump trucks. Final shaping of

the excavation was accomplished with demolition tools and hand-
operated pavement breakers.

Dental concrete had a 28 day design strength of 3000 psi. The
concrete was centrally batched and placed in accordance with the
procedures of Section 8, ACI 301-72.

The pneumatically-placed concrete was a wet pre-mixed mixture conveyed
by air slugs through a flexible tube and decisited in place by air
pressure. The material had a minimum 7 day strength of 2400 psi and a
minimum 28 day strength of 3000 psi.

ATl excavations were pumped dry, cleaned with high velocity jets of
air and/or water and inspected prior to backfill,

Estimates of the construction quantities involved are included in
Section 2.5.6.9.1.

2.5.6.3.2 Safe Shutdown 'mpoundment Dam

Safe Shutdown Impoundment Dam is a rockfill dam with an impervious
earth core. The entire foundation was excavated to unweathered
limestone to provide suitable support for the rockfill shells and to
provide an impervious base for the core. (The term unweathered is
interpreted with respect to engineering properties and not in a purely
gevlogical sense,) Figure 2.5.6-3 is a profile of the completed
excavation,

A1l transverse cracks under the core zone were removed by excavation
or sealed by making a 10-in.-wide saw cut across the crack for its
full depth and backfilling with dental concrete. Some seepage was
encountered on the upstream le of the excavation in 1ov ) ~tyata
above the foundation bese. Pueumatically placed concrete (shotcrete)
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was used to seal claystone seams to prevent weathering and possible
overhangs. This shotcrete was removed just prior to placement of core
and filter material in their respective zones,

The abutments against which the core material would be place were cut
to a slope not steeper than one on one in order to provide ‘wedging”
as the core consolidated, thus increasing the watertightness of the
contact between core and abutment. Vertical faces not in excess of 30
in. (the largest size rock in rockfill) were allowed under the
rockfill zone. Verticals in excess of 30 in. were brought to a slope
of one on one with fill concrete. Potholes were leveled with dental
concrete,

The spillway is an open cut channel between SCR and the SSI1. This
channel was bottomed on limestone. The crest elevation is maintained
by a concrete wall across the channel that is excavated into the
limestone foundation,

The effectiveness of the impervious cutoff was further assured by
excavating a trench 2 ft. wide, and ranging in depth form 6 to 8 ft.,
across the base of the foundation on the centerline of the dam. This
trench was visually inspected by the Mason-Johnston Geotechnica)
Consultant to assure that all cracks had been intercepted prior to its
backfill with dental concrete. Al] excavation to unweathered
limestone was accepted by the Engineering Geologist prior to covering
with shotcrete, dental or fill concrete., Upon completion of all
excavation, the entire foundation was jointly inspected and accepted
by the Freese and Nichols Project Engineer and the Mason-Johnston
Project Geotechnical Consultant.

Construction procedures used for the foundation and abutment treatment
were the same as described for the SCD in Section 2.6.6. 1.1,
Estimates of the construrtion quantities involved are im luded in

section 2.5.6.9.2.
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2.5.6.4 Embankment

2.5.6.4.1 Squaw Creek Dam

A typical cross-section of Squaw Creek Dam is shown on Figure 2.4-17,
The top of the dam is at elevation 796.0. The central core is
constructed of select, impervious material wetted and rolled, with a
cutoff trench extending down into tne impervious rock foundation
material. The outer zone of the embankment are f a less select
material with the outer zone of the downstream side being a rock fill,
The filter system separates the impervious central zone from the less
select outer zone on the downstream side and extends outward to the
downstream toe to provide drainage and protection of the core.

The upstream side of the dam is protected by riprap and gravel blanket
from the top of the embankment to elevation 760.0, which is ten feet
below the minimum operating level. The crest width of the embankment
is twenty feet,

The sides slopes of the dam as shown on Figure 2.5-17 are three
horizontal to one vertical on the downstream slope and two horizontal
to one vertical to elevation 775 on the upstream slope and below 775 a
three horizontal to one vertical slope. An upstream berm is located
at elevation 760.0,

2.5.0.4.2 Safe Shutdown Impoundment Dam

A typical section of the SSI Dam is shown on Figure 2.4.21. The
middle zone of the SSI Dam is composed of select impervious material,
wetted and rolled, and carried down to the underlying firm,
unweathered Glen Rose Limestone Formation. The outer zones of the $S1
Dam consist entirely of the firm Glen Rose Limestone selectivel,
quarried and processed to rem: o al) claystone particles tiom the rock
shell. The two zones of the 5] Dam are separated by twos-stage
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filters. A1l components of the 551 embankment extend vertically
downward to contact with the firm, unweathered, Glen Rose Limestone,

There are many aspects of the design construction procedure of this
Class | Dam which make it much more conservative than most other
existing dams. Primarily, these consist of the following:

1. The outside slope of the SSI Dam is flatter than slopes commonly
used for a fill rock dam. Dams considerably higher than the S3|
have been constructed in more seismically active areas with
outside slopes in the range of 1.75 horizontal to 1 vertical,

2. Tha rock shell fill of the SSI Dam was placed in layers and | 4
compacted with multiple passes of a vibratory 10 ton roller, |
This compaction of the fill rock will provide a materia) with
great strength and low compressibility,

3. The foundation of the entire 551 ambankment is supported by the
firm, unweathered Glen Rose Limestone,

4. The crest width of the dam (elevation 796) is 40 ft., which is | 68
considerably greater than most existing dams of 70 ft. height, |

5. The width of the core at normal water surface is 20 feet.

6. The core material, while considered practically impervious, is not
highly plastic. (CL in the Unified S.'' Classification System).

7. Two stage filter, both upstream and downstream of the core, are
present to control seepage, prevent piping, and control the
effects of any cracks that may develop during the occurrence of
the SSE.
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|
A comparison of the SSI Dam with other existing fill rock dams in

areas much more seismically active than the CPSES site is presented in

Table 2.5.6-2. Each of the dams in Table 2.5.5-2 has been constructed

with slopes, both upstream and downstream, steeper than those for the

SS1 Cam at the CPSES Project and constructed in a much more

seismically active area. In summary, this SSI Dam is considered most

conservative in design and construction and is conservatively

appropriate for its intended purpose of providing a reserveir to

function as the Ultimate Heat Sink during SSE conditions.

2.5.6.4.3  Material Properties Used for Design

A discussion of the laboratory procedures and tests used for adoption
of both static ana dynamic material properties for the rock shell,
filter and clay core materials is included in the following
subsections,

1. Shell Material

2 | The laboratory modeling technique used during design for shel)
| material consisted of the following sequential steps:

a. A probable range of gradations resulting from drilling, blasting,
loading, placing, and compacting of the Glen Rose Limestone was
estimated from prior experionce, taking into account the known
gradation of core material. The limits of probable design
gradation of the shell material are shown on Figure 2.5.6-12,

2 | b. Laboratory mode! techniques were used to obtain engineering
| properties of the rockfill, Actual Nx (2 1/8" diameter) cores of
the limestone from the plant site exploration borings, including a
statistical average amount of claystone seams, were crushed in the
laboratory to conform to the ectimated gradation on o fractyan.hy-

fraction basis; 1, €., ultimate 10 inch diameter stone; were
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reduced in the laboratory to particles 3 mm in diameter; one-
quarter inch particles were reduced to 0.2 mm particles, etc. The
gradation curve of the shell gradation model is shown on Figure
2-5'6'130

c. The material representing the shell was then remolded, placed in a
triaxial chamber, and a multi-stage "Q" test was conducted. The
Mohr Diagram obtained from this type of test is shown as Figure
2.5.6-14. Engineering properties of the shell material utilized
for design purpose, are as follows:

Cohesion = 0

&= 370

Tan & = 0.754

Unit Dry/Moist Weight = )15 pcf
Unit Saturated Weight = 135 pcf

2. Core Material

Borrow areas upstream of Squaw Creek Dam and downstream from the SSI | 2
Dam were investigated as potential borrow to form the impervious clay |
core of the two dams. Materials available for use in the core are CL |
in classification (Unified Soil Classification System) and hive Liquid
"imits ranging from 31 to 44 percent, Plastic indices ranging ‘rom 11
a0 Lo opecific Gravities ranging from 2.65 to 2.70. Strength
PI0 .. L.¢s were determined on remolded materials prepared at moisture
contents ranging from one percent below optimum to 3 percent above
optimum and at density ranges equal to approximately 95 percent of the

maximum density by the Standard AASHO Compaction Procecure.

Strength properties were determined by means of the Direct Shear test,
where the rate of strain was computed to avoid a build-up of pore
pressure and by triaxial testing in the form of O test and P tests
where complete saturation was obtained using back pressure and where
pore pressures were measured.
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Settlement and drainage characteristics of the impervious clay core
were estimated from data obtained during consolidation testing with
the coefficient of permeability, in the range of 10°8 centimeters
per second, being computed from consolidation characteristics.

Typical results of laboratory tests conducted during design analysis
of the material that has been used in the clay core of the SSI Dam are
represented by Figures 2.5.6-15 through 2.5.6-17.

Cyclic strength determinations were not an inportant consideration in
the dynamic analysis as explained in Section 2.5.6.5.2.

Based on a detailed analysis of the clay material, the following
properties have been adopted for design of the core material:

Liquid Limit = 30-40%

Plasticity Index = 12-20

Optimum Moisture = 12%

Embankment Unit Dry Weight = 108 pcf

Embankment Unit Saturated Weight = 128 pcf

Strength Properties, Considolidated-Undrained
(CU) Cohesion = 432 psf

P = 18°©

Tan g = 0.325

3. Filter Zones

Materials that were used to form the upstream and downstream filters,
separating the core from the shell, conformed to the gradation
requirement of both the shell and core materials and was obtained
offsite from Brazos River alluvial deposits. A two stage filter
system has been utilized with the gradation limits of each zone shown
on Figure 2.5.6-12.

ADVANGE C.: i
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4. Dynamic Streng:h Properties of the Filters and Rock Shell | 2

For design purposes the seismic shear strength of the filter materials |
and rock zhell for the dam has been estimated based on published data l
for granular soil, field embankment tests, and adopted criteria for |
construction. Factors considered in the assessment of the seismic |
strength characteristics included; (a) relative density; (b) grain |
size; (c) gradation; and (d) effect ot initial static shear stresses. |

Published data on the effect of reiative density on seismic strength
of filter materials have shown an increase in strength with increase
in relative density. Based on this data, a relative density of at
least 80 percent has been specified for the filters.

The effect of mean grain size on the cyclic shear strength of granular |
soils have been studied by Lee and Fitton [130], Seed and Peacock |
(131], and Wong [132]. The results of Lee and Fitton indicate a |
substantial increase in seismic strength as Dgg increases from about |
0.1 to 4 mm, and a very large increase in strength as Dgy increases |
above 4 mm. The data presented by Seed and Peacock confirms Lee and l
Fitton's results The results of Wong indicate only a slight increase |
in strength as the mean grain size increases from 0.6 to 10 mm, but a |
rapid increase in strength for mean grain sizes larger than 10 mm. |

The mean grain size of the fine filter is 0.6 mm (average) and the
coarse filter 8.0 mm (average) as shown by Fijure 2.5.6-12. Although
the available published data would indicate a slight to substantial
increase in strength as the mean grain size increases, this effect has
been conservatively ignored in assessing the cyclic shear s.rength
Characteristics of the filter. Rather, the cyclic shear strength of
the filter has been assessed on the basis of data for Sacramento River
sand [133]. The data on this particular sand (a uniformly graded

fine sand with Dgy = 0.2 mm) o= been utilized because f i !
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comprehensive cyclic test data published, covering a wide range f
confining pressures, relative densities, and seismic stress-strain
levels.,

Although the filter material is a well-graded material, whereas
Sacramento River sand is a uniformly-graded sand, it is felt that
little, if any, difference in the strength can be detected between
well-graded and uniformly graded material for the same mean grain
size. Research by Lee and-Fitton [136] confirm this conclusion.
Wong (1970) tested a well-graded sandy gravel and found that the
strengths were lower than uniformly graded gravels at low strains
(approximately 5 x 10'2): however, the well-graded gravels were more
resistant to the development of large strain; in other words, 10 x
102, Therefore, the published cyclic triaxial tests data for
Sacramento River sand provide a reasonable basis for assessing the
cyclic strength characteristics of the filters. Figure 2.5.6-48,
prepared from this data, shows the cyclic shear stresses required to
cause 5 x 10-2 strain in 5 and 10 cycles for filter materials
compacted at a relative density of 80%.

The dynamic strength of the rock shell has been estimated in a similar
manner as for the filters. Based on data by Wong (1970), the effect
of mean grain sizes larger than 10 mm results in a rapid increase in
cyclic strength. For a mean grain size of 100 mm, an increase in the
cyclic strength of 83% may be expected and for a mean grain size of
152 mm at least 100% increase may be expected. The gradation of the
rock in the actual test embankment had a mean grain size of 152 mm and
the average of the rock shell in the actual dam is estimated to be no
lower than 100 mm. Thus, the .yclic strength may be expected to be
increased between 83% and 100%. To be conservative in analysis of
the SSI Dam, the relationship shown in Figure 2.2.5-47 was derived.
This figure presents the cyclic shear stresses required to cause 5 x

]0-2 strain in 10 4'),1'102 fon the comnacted rock shel)
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Initial ctatic shear stress effects which occur in the filters and
rock shell, and would result in an increase in material strength, have
been ignored.

In developing the cyclic shear strength characteristics for design, it
was assumed that pore pressures do not dissipate during earthquake
motions. Because of the large particle size and high permeability of
the rockfill, it is certain that any pore pressures would dissipate to
some degree during the ground motions, and this would result in higher
rock shell strengths than are being used in this analysis.

Lee and Fitton (1969) found that clay materials have cyc ic shear
strengths greater than cyclic shear strengths for sands; however the
clay core of the SSI Dam has not been evaluated for cyclic shear
strenyth but has been analyzed using the conservative assumption of
liquefaction as described in Section 2.5.6.5.2.

Ouring construction a test program was set up to evaluate the cyclic
shear strengths of backfill material used at CPSES to verify design
assumptions. Included in the specimens tested were the fine filter
material, Filter "A"., The details of the investigation are discussed
in Section 2.5.4.7. How the results of Filtr: "A" tests affect the
stability of the SSI Dam is discussed in Appendix 2.5A.

2.5.6.4.4 Rock Field Tests

A series of field tests for fill rock properties was conducted during
design at the site of an abandoned quarry located at the CPSES site.
The location was selected to ensure that materials tested would be
representative of those actually used in the construct.on of the SSI
Dam. Core borings were made at the proposed quarry site and a
careful study was made of all cores to insure that the test quarry

rock was representative of th ' which would be used in comstiuction,
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The primary objectives of the rock field tests included:
1. Determination of excavation procedures,
2. Evaluation of several wall-protection schemes.

3. Determination of compacted fill rock properties by construction
and evaluation of the test embankment section.

Excavation operations at the quarry site consisted of the removal of
all residual soils by the use of suitable-equipped crawler equipment,
the drilling of blast holes to depths considered necessary to provide
the desired quantity of materials, presplitting holes and blasting so
as to provide a near vertical quarry face, and the removal of all
excavated materials by loading equipment. The material was then
transported to the test-embankment site and compacted in various lever
thicknesses with various roller passes. The completed test-
embankment was evaluated by means of a test trerch. The test trench
showed the presence of claystone particles. Since the test-embankment
obtained with this type of quarry operation was considered totally
unsuitable for high quality, pervious, rock fill section due to the
presence of claystone particles, this source of material was
abandoned.

Making full use of he results obtained from the first test quarry
program, a new a‘ea immediately adjacent to the first area was
prepared for excavation by removing all residual soils, drilling and
shooting pre-splitting holes to establish a good quarry wall surface,
then drilling and shooting blast holes on several patterns. Blast hole
depths were controlled so as to bottom immediately above the elevation
of known claystone layers. Shot hole patterns of 7 ft. by 7 ft. and 9
ft. by 9 ft. were used; in each case, holes were 3.5 in. in diameter.
A1l holes were bottom lnaded ith DJuPont Pour-vex, column loaded with
HD-1 primer, and shot with primer cord. Water gel was used when some
of the holes were noted to contain water.
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Shot hole spacing, depths, and powder ware varied to provide proper
maximum size rock, well-graded rock with a minimum of spalls, and
littie or no claystone particles. With the controlled blasting
operation, the limestone portion of the quarry rock was loaded out to
the processing area and the remaining claystone areas and zones,
readily identified, were removed by crawler equipment and wasted.

Quarried rock was processed by use of a vibrating grizzly and a
vibrating screen; the size of openings in the vibrating screen were
altered, as required, until material of a desired gradation was
obtained.

The test embankment construction consisted of the following basic
steps:

1. An area was selected for the test embankment and stripped of all
overburden soil and weathered rock until a smooth, hard, and level
unweathered Glen Rose Limestone surface was obtained. Corners of
a 50 x 100 foot rectangle were marked.

2. Processed quarried rock was then hauled to the test embankment
site, dumped, and smouthed to an approximately two-foot thick 1ift
with a dozer. A ten-ton smooth whee! vibratory roller with the
vibration mechanism disengaged was then allowed to make one pass
to further smoother the surface of the 1ift. A grid pattern of
approximately 1J by 7 ft. was established (21 points) on the
surface of the rock layer and the elevation at each grid point
determined and recorded.

3. Each layer was then compacted with a self-propelled vibratory
roller weighing 10 tons and creating a dynamic force of 40,000
pounds, vibrating at 1400 cycles per minute, and having a drum
diameter of 60 inches wil'li 4 drum length of 104 in he Tlrm
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elevation of the marked grid pattern points was determined after
each pass of the vibratory roller; the number of passes varied up
to six.

4. After the construction of the embankment was complete, a trench
was excavated in the central portion of the test embankment and at
right angles to the direction of roller passes to determine
conditions of the embankment cross section.

Following the compietion of the embankment, a designated area of the
embankment was sluiced with water to visually determine the
permeability and drainage characteristics of he rock fill and vo
provide an approximation of the moisture content retained in the fill.

Two large-scale density tests were made on the embankment in the
following manner:

1. Following the placement of a particular 1ift and the application
of a particular number of passes of a vibratory roller, a four-
foot diameter steel ring was placed on the rock surface and
secured in place by sand bags on the perimeter f.ange of the
rings.

2. The rock material inside the ring and for a depth equal to the
lift thickness, in the range of two feet, was hand excavated and
saved for further use,

3. The excavation was lined with polyethylene film very loosely,
including the bottom and sides,

4. Water levels from calibrated barrels were noted and water from
these barrels was introduced into the polyethylene lires

excavation until the le. el wae within one in, of the ~teal ying
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5. The steel ring was then removed.

6. Additional water was added unti] the excavation was full; water
levels 1n the calibrated barrel were noted and the volume of he
excavation determined by the volume of water used.

7. The weight of the rock excavated was determined.

8. The "moist" density was determined by dividing the weight of the
rock by the volume of the hole.

9. The rock from the excavation was "quartered", piece-by-piece by
hand, to obtain a smaller but reprecentative sample and the
moisture content was determined,

10. The "dry" density was then determined.

The results of all field observations and compaction tests, including | 2
grain size distribution, have been analyzed and are provided in Figure |
2.5.6-18 through 2.5.6-24 and Table 2.5.5.8. |

After removal of the desired quantity of rock from the test quarry,
the existing floor was cleaned and the previously obtained vertical
wall resulting from the pre-splitting operation was washed clean with
a water nozzle. Shot crete panels were then constructed in order to
produce a protecting surface against weathering on the vertical rack
face. Two panels were selected; on the firs® panel a shot crete
thickness of approximately one in. was construsted while on the secand
panel a surface approximately two in. in thickness was constructed. A
seven sack cement mix was utilized in the construction of both panels,

Two shear tests were made in the field., The first shear test was run | 68

to determine the angle of inteinal friction between the ol fil]
embankment material and the in-place, firm, unweathered Glen Rose
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Limestone material. After determination of the friction angle between
the rockfill embankment material and the underlying relatively smooth
rock surface, a second direct shear test was made of the rockfill
embankment material itself.

The shear box consisted of a reinforced, metal wall, six-ft cube, open
on top and bottom, and separated on the bottom from the underlying
relatively smooth limestone base by a system of small diameter
rollers. Loads were applied to the box by means of a calibrated
hydraulic ram acting through a suitable yoke arrangement and a ball-
type joint., Deflections, or movements, were measured by means of dial
micrometers placed at appropriate locations along the bottom and top
edge of the shear box. Schematic details of the physical arrangement
are illustrated on Figure 2.5.6-25.

Boulders iarger than 12 in. in diameter were removed from the rockfil)
material so as to be compatible with the physical dimensions of the
large scale shear box; all materials were weighed prior to placing in
the shear box and then compacted with a “Jumping jack" compactor to a
density equivalent of that previously obtained from large scale
dersiiy tests made after completion of the test embankment. The
gravitational weight of .he rock produced the normal force for four
successive layer thicknesses,

The results of these tests are shown on Figures 2.5.6-21 and 2.5.6-22.
The angle of sliding friction of rockfill material on in place
limestone of approximately 42.9 degrees was determined as shown by
Figure 2.5.6-23.

At the completion of the sliding resistance shear test, a strip of
metal 4 in. in height was taken out of the shear box at about mid-
height of the box anl the hydraulic ram was removed so that the upper
part of the box could he shear il (yelative to the fixed liwe
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portion of the box) to determine the angle of internal friction of the
rockfill embankment material. The rock in the zone of the shear plane
was limited to slightly less than 4 in. in size to correspond with the
mechanics of the shear box. The results of these tests are shown on
Figures 2.5.6-21 and 2.5.6-22 and indicate an angle of interna)
friction of 48 degrees.

Rockfill embankment material removed from the large scale field
density test location was screened to determine the grain size
distribution. The results of this determination are shown on the
attached Figure 2.5.6-24. The results of the field density test are
shown in summary form on Table 2.5.6-3.

2.5.6.5 Slope Stability

2.5.6.5.1 Squaw Cree.. Dam

Embankment stability studies for the Squaw Creek Embankment have been
made for the condition immediately after construction of the
embankment but prior to the filling of the reservoir; and for a
condition after construction with the reservoir present and a steady
seepage condition established. In addition, an upstream reservoir
drawdown case has been analyzed. Selected cases have been analyzed
for static conditions and for a pseudo-dynamic condition wherein an
acceleration of 0.129 is applied to the driving forces.

Appropriate soil strength parameters, described in detail in the

following sub-sections, were used in embankment slope stability

analysis. By means of the Swedish method of slices, a series of

circular slides was analyzed until the minimum safety factor

representing the critical slide surface was obtained. Full use of a
computer program was made for this analysis. The computer program | 68
used for this analysis is de- ' ihed in Reference |24 After the

location of the critical sliding surface was determined, hand
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computational methods were used to further evaluate the effects of
pore pressure huild-up during construction, steady seepage conditions,
and the effect of an upstream reservoir drawdown. A series of wedge
type analyses were made, by hand computational methods, to further
determine the stability of the embankments under both static and
pseudo-dynanic conditions. The results of these studies are shown cn
Figure 2.5.6-26. The safety factors presented on the table on Figure
2.5.6-26 are considered adequate and acceptable for the stability of
the embankment under static loading conditions, wherein the minimum
safety factor is 1.49, and under dynamic conditions, wherein the
minimum safety factor is 1.04.

1. Strength Parameters

The primary formation present at the site, as previously described, is
that of the Glen Rose Limestone and strength and physical properties
of these materials were evaluated by means of unconfined compression
tests, Brazil Tensile Tests, and double ring shear tests.

A portion of the embankment was constructed of rock obtained from
required excavations on the site and this rock was quarried and run
through a grizzly crusher so as to be well-graded, quarry run, with a
maximum rock size limited to thirty inches in diameter. Strength and
physical properties of this material were determined in the laboratory
by a modeling technique. The modeling technique is described in
Section 2.5.6.4.3. The strength properties cf the impervious core and
random fill material were determined by an evaluation of borrow
material as described in Section 2.5.6.4.3,

The design strength parameters of the various materials that will

comprise the embankment section used in the slope stability analysis
are as follows:
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Y = 117 pcf (95%-100% compaction)
Cu = 720 psf

& = 15.50

tan &, = 0.277
C = 2300 psf

& = 16°

tan &= 0.287

Y = 122 pcf (95%-100%)
Cy = 432 psf

2, = 190
tan 4, = 0.344
C = 2020 psf
g = 190
tan & = 0.34
Rock
Yd = 115 pef; = 135 pef
T = 0
) = 37.59
tan @ = 0.767
Verification of design parameters is discussed in Appendix 2.58. | 68

2:5.6.5.2 Safe Shutdown Impoundment Dam (SSI Dam)

Stability of the SSI Dam was evaluated for operating conditions when
the embankment and foundation are subject to ground motion from the
SSE and when there is a total and instantaneous drawdown of the
downstream side of the SSI Embankment resulting from the catastrophic
loss of the Squaw Creek Dam  The dynamic response of the dam was
determined by the procedurec stated in Section 3.7.2.13. The details
of the analysis are presented in the following subsections.
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The static slope stability analysis of the embankment was performed
and is shown on Figure 2.5.6-27. During the initial investigation,
uniform upstream and downstream slope of 1.75 (horizontal) to 1
(vertical) and 2.5 (horizontal) to 1 (vertical) were evaluated.

The circular failure surface analysis utilized design strength
properties given in Section 2.5.6.4.3. The failure surface which

cuts through the core, filter and rock shell was found to provide a
safety factor of 1.73 for the 1.75:1 slope condition. However, the
most critical failure surface corresponds to a relatively shallow
shear surface near the outer face of the shell where the safety factor
was found to be 1.32. When the condition of rapid drawdown with
negligible drainage of the rock slopes was considered, the safety
factor was found to be 0.91.

Since the effects of the postulated seismic loading will be applied
simultaneously to the condition of rapid drawdown, the result in outer
slope stability would be reduced to a still lower value. The results
of the stability studies, using design strength properties, for the
uniform slope of 2.5:1 provided a safety factor of 2.43 for a critical
sliding surface passing through the core, filter and rock shell.

This factor decreased to 1.89 for a relatively shallow failure surface
near the outer face of the rock shell. When rapid drawdown

conditions were considered, again with negligible drainage of the
shell, the safety factor was found to be 1.38. The effects of
postulated seismic loading reduce the safety factors from those of
static and total drawdown conditions; however, it appeared likely that
the outer shell slopes in the range 2.5 to 1 would be adequate. The
dynamic stability amalysis was conducted utilizing the 2.5 to 1
slopes.

The Tiquefaction potential of the rock shell material and of the clay

core material is considered | tically non-existent: that f the
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filter zone materials is considered low. However, the effects of any

possible Tiquefaction of the filter zone or core on the stability of

the embankment has been analyzed by replacing the filter and core with
a heavy liquid (static) and making a wedge type failure surface
analysis where a seismic coefficient is applied. Filter zone
gradation requirements are dependent on the gradation of the core
material and shell material. The gradations for the rock shell
material as well as the coarse and fine filters for the SS! Dam are
shown on Figure 2.5.6-12. The properties of the irpervious core

filters and rock shell are discussed in Section 2.5.6.4.3.

Finite Element Model

The structural integrity of the SSI Dam during the SSE was analyzed
using a finite element method similar to that described by Clough and
Chopra [135]) and Chopra, Clough, Seed, et al. [136]. The finite
element model consisted of a grid of 15 x 12 (180) nodal points (see
Figure 2.5.6-28) connected in a regular fashion with 14 x 11 (154)
quadrilateral elements. The general quadrilateral elements were
formed by assembling the stiffness matrices of four constant triangles
(CST). For the rockfill materials, the formulation of the stiffness
matrix was the standard plain strain CST as described by Clough

[137]

13 The mass matrix was formed by lumping one-quarter of the

mass of each quadrilateral at the corner ncdes in a manner consistent
with Subsection 3.7.2.3. Static condensation was than used on the two
center node displacements to reduce the element to 8 degrees of
freedom. The clay core was modeled in a similar manner except that an
additional hydrostatic variable was added to improve the accuracy in

|

treating the nearly incompressible clay using the method described
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Herrman [138]. The reformulated quadrilateral has two center node
dispiacements and one pressure variable that are statically condensed
to again give an 8 degree of freedom 2lement. The clay core
represents only a small portion of the cross-section and is modeled by
the two central columns of elements in Figure 2.5.6-28.

2. Reservoir Dam Interaction

The hydrodynamic model of the SSI reservoir was accomplished using the
added mass matrix described by Zienkiewicz [139] for the upstrea. and
downstream faces of the SSI Dam. This mode] neglects the
compressibility of the water but is a good approximation for dams
below 100 feet in height [140]. The added mass coefficients were
formed by solution of Laplace's equation in a semi-infinite plane
reservoir and lead to a banded (non-diagonal) mass matrix. The added
mass matrix coefficients are in the form of influence coefficients and
decay rapidly away from the diagonal of the mass matrix. The band of
the mass matrix was limited to 5 nodes.

3 Material Properties

The Shear moduli for the seismic analysis were based on the
recommendations of Hardin & Drnevich [141], the results of the
laboratory tests, the direct shear test, the average number of cycles
expected during the duration of the SSE, and the average maximum shear
strains predicted by the maximum spectral response for the lowest
fundamental mode of vibration. The following properties were used:
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ROCK FILL:

N = 10 cycles

e = 0.46 (void ratio)

Y = 0.05 (Shear Strain)
YORY = 115 pcf

YSAT = 135 pcf

- = 0.35 (Poisson's Ratio)

Aavg. = 0.08 (critical damping ratio)
G = 45000 oj psf
where © is the effective vertical stress

CLAY CORE:
YORY = 115 pcf
u = 0.495 (Poisson's Ratio)
Aavg. = 0.08 (critical damping ratio)
G = 500,000 psf
4, Natural Frequency and Loads of Vibration

The natural frequencies and nodes shape were determined using the
subspace interaction procedure described in Bathe & Wison [142]. The
first 10 natural frequencies were found to be in the range of 2.5 to
10 cycles per second.

$. Ground Motion History

An artificial ground motion history consistent with AEC Regulatory
Guide 1.60 (revised) and the Newmark, Blume, and Kapur spectral
envelope was used to perform both a step-by-step time motion history
analysis and a spectral analysis of the seismic response of the SSI
Dam. The artificial history was selected consistent with an
anticipated structural damping of 8 percent. (The closest artificial
history was for 7 percent =tin tuval damping). The & peicent damping

. Lok ADVANCE (22

vl




68

CPSES/FSAR

was determined from the elevation of the maximum shear strain together
with the avarage vertical stress of a number of cycles using the
Hardin & Drnevich formula.

The spectral envelope and artificial ground motion acceleration
history are shown in Figures 3.7-4 and 3.7-9 for the horizontal
component and Figures 3.7-18 and 3.7-23 for the vertical component.
The ground motions were normalized so that the maximum horizontal
acceleration was 0.12 g (at time = 3.52 seconds) and the maximum
vertical acceleration was 0.08 g (at time = 3.44 seconds). It is
important to note that although the peak vertical acceleration is 2/3
of the peak horizontal, as given by the Newmark, Blume, Kapur formula,
it lies outside and is as severe as that for the horizonta) component
for all but the lowest fundamental frequency for the dam. Table
2.5.6-4 summarizes the Spectral velocities for horizontal and vertical
ground acceleration is 2/3 the horizontal, the maximum vertical
accelerations in pseudo one degree of freedom systems of comparable
frequency content of the dam are equal to the maximum horizontal
accelerations. This is a very conservative modeling of an earthquake.
A further comparison of the artificial acceleration history (Figure
3.7-9) with an actual 1925 earthquake at the site of Shaffield Dam
[143] reveals that the artificial history has many more severe peaks
(a > 0.05 g) than that of the Sheffield Farthquake.

The artificial time histories were developed and the dam analyzed for
a duration of 10.24 seconds. Considering the very severe nature of
the horizontal and vertical ground motion histories and since the
number of cycles is not as significant a parameter for rockfill as for
earth dams, this duration was deemed adequate for design purposes,
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6. Step-By-Step Mode Superposition

Based on the natural frequencies and modes determined from the finite
element model, a step-by-step mode superposition analysis was
performed using the artificial histories for the combined horizontal
and vertical components of the ground motion. The full 10.24 second
duration was analyzed using a time increment of 0.01 seconds. The
first 10 modes were analyzed using the Newmark generalized
acceleration method. Figure 2.5.6-29 is a computer plot of the
history of the acceleration of the nodal point at the downstream crest
of the dam ("15-12"). The maximum acceleration of this node is 0.7 g
and occurs at 5.85 seconds.

The response of the SSI Dam at times of 5.61 seconds, 5.70, 5.76, 5.85
(the maximum acceleration), and 5.91 seconds was selected for detailed
study. At each of the stated time intervals, three drawings were
prepared showing the nodal point acceleration vectors, the nodal point
displacements, and the ratio of shear stress divided by the overburden
stress. For time interval 5.61 seconds through 5.91 seconds, taese
relationships are shown or Figures 2.5.6-30 through 2.5.6-44,
inclusive. The figures illustrating the acceleration vectors and the
displacements at each nodal point and for each selected time interval
also contain a vertical prof‘le of acceleration or dispiacement from
the top of the dam to the base of the dam along line 9.

Final displacements of the SSI Dam were estimated and have been
plotted at a distorted scale to emphasize the permanent deflections
and are shown on Figure 2.5.6-45. The procedure of determining
permanent displacements consisted of the following:

a. Nodal point displacements were determined at the time of the
maximum acceleration of nodal point "15-12", the time of
5.85 seconds
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b. It was assumed that the artificial time history (Figure
2.5.5-29) for duration of 10.24 seconds may contain 15 peaks
(all less than the maximum occurring at 5.85 seconds).

€. It was assumed that the numher of such peaks over a 30
second time interval woul. be three times that occurring in
the 10 second interval,

d. It was assumed that the computed displacements at each nodal
point were in error by 100 percent and were multiplied by
two {doubled, .

Thus, the computed displicements at a time of 5.85 seconds were
multiplied by a factor of 90 (15 times 3 times 2 = 90) to arrive at
the final displacement configuration as shown on Figure 2.5.6-45,
These displacements are corsidered extremely unlikely to actually
occur in view of the pyramiding of the very conservative assumptions
involved.

The procedure used in evaluating the seismic stability of the SSI Dam
at local points and on horizontal planes consists of the following
steps:

a. From the artificial ground motion study of the dam, the
induced shear stresses at the various locations throughout
the dam were evaluated.

b. The normal effective stres:es at the various locations
throughout the dam were detsrmined.

c. Determinations of the cyclic shear stresses required to
cause 5 x 10-2 strain were male at the various locations

[o)
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An evaluation was nade of the ration of cyclic shear
stresses required to cause 5 x 10-2 strain (r¢) with the
shear stresses induced by the artificial ground motion,

(rq) -

The ratio, tf/rq has been considered to represent a local factor
of safety against the development of 5 x 10-2 strain. Figure 2.5.6-
46 provides a graphic representation of the local factors of safety
analyzed at Time=5.85 seconds (the time of the maximum acceleration).
Table 2.5.6-5 presents the average of the local safety factors along
the various horizontal planes. In this table, the average safety
factors along horizontal plane: decrease as the planes approa.h the
crest elevation of the dam, as expected.

Local or point safety factors on or near the outer slopes near the
crest of the dam have values less than one; these are not considered
significant.

— — —

During construction, a test program to evaluate the cyclic shear | 2
strength of Class | backfill material was conducted. The results |
modified the curves on Figure 2.5.6-47 and Figure 2.5.6-48 as well as |
Figure 2.5.6-46. The effect of these changes on the stability of the |
SST Dam are discussed in Appendix 2.5A. |

7. Determination of Safety Factors

The evaluation of the effects of the SSE on the stability of the $SI
rockfill dam has been made using two basic approaches. The first
consisted of determining the dynamic response of the dam, the
determination of the time of maximum acceleration, the magnitude of
shear stresses at nodal points at this time, and the determination of
the stress ration (tg/t4) or point safety factors. The details of

this procedure are more full lescribed in Section 2.6.¢ ° L.
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| The second procedure of determining the stability of the SSI rockfill
| dam during the conditions of the SSE consisted of a series of wedge

| analyses wherein the ul*imate assumption was made that tte core would
| lTiquefy, regardless of the value of acceleration, and would be

| resisted by the rock shell when the shell itself is subjected to the
| maximum value of acceleration as determine” by the finite element

| procedure described in Section 2.5.6.5.2.6 for the time of 5.85

| seconds.

The equation for determining the mean acceleration, a, for any
distance, z, below the top of the dam, as related to the height of the
dam (H) and the magnitude of the peak acceleration at the top of the
dam (y), was rigorously dete mined as:

7=y (1-22)
3H

The derivation of the equation is shown on Figure 2.5.6-49.

The equation of forces for a wedge type of analysis at any horizontal
plane through the SSI rockfill shell when the shell itself was
subjected to acceleration was rigorously derived and, in terms of
safety factor, is expressed as:

F= Yrcoté tan®
K yr coté tan 2+ ¢

The derivation of this equation is shown on Figure 2.5.6-50.

Thus, for any horizontal plane through the SSI rockfill dam at a depth
z below the crest of the dam, the mean acceleration over the vertiral
distance H was determined using the maximum crest acceleration at
T=5.85 seconds; this mean ar « luration was redefined az | and the
resulting safety factor determined for each of two cases. C(ase |
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No. Station Tip Elevation
Pel-1 6+60 C 746.95'
P-1-2 6+70 C 766.71"
P-11-2 9+50 C 746.90'
P-11-2 9+60 C 767.03'

A1l piezometers have been installed in accordance with MJ QAP-18.

The wellpoint-type piezometers consist of industrially accepted
stainless steel jacket wellpoints approximately 30" X 1.25"; a #60
mesh wire screen forms the outside of the wellpoint. Each wellpoint
is coupled to a l-in. standard galvanized riser pipe which extends
from the tip elevation to the crest elevation. At the crest, the
riser pipe has been fitted with a cap which is vented to allow
pressure equalization.

Installation of the piezometers was accomplished by advancing an NX-
size core boring down to a predetermined depth utilizing the rotary
drilling process. After the boring was completed and bailed, the
bottom portion of the boring was filled with approximately 1 ft of
Ottawa sand. This sand formed a cushion for the wellpoint piezometer
which was placed on the sand. After the wellpoint was seated, the {
sand column was extended around the wellpoint to approximately 3 ft |
above the screen. The remainder of the boring annular space, |
extending through the clay core of the dam, was filled to ]
approximately elevation 786 with a dry bentonitic-type drilling l
additive. The final step in the installation process was the |
application of contractor-furnished grout through the remainder of the
rockfill section up to the surface. The grout was formed into a

conical shape at the surface to provide a positive anchor for the

riser pipe. The uppermost part of the riser was recessed within this
grout cone so as to be sligh!!. below the existing crest ele.atyon,

o LA e
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The piezometers installed in the SSI Dam will be monitored
periodically during reservoir impoundment and operation in order to
gain a measure of the piezometric level within the core of the dam.
The monitoring of the piezometers will be in accordance with MJ QAP-21
(Draft 1).

The SS1 Dam will be inspected and piezometer readings taken arnually,
Results will be evaluated for compliance with design criteria and
any deficiencies will be corrected in a timely manner.

2.5.6.8.2 Squaw Creek Dam Instrumentation

In order to verifv design parameters, and to evaluate post
construction surface deformations, alignments, piezometric levels and
internal settliements within Squaw Creek Dam, the system of permanent
instrumentation as shown on the attached Figure 2.5.6-55 and 2.5.6-56
has been installed. Permanent instrumentation has consisted of
surface alignment monuments to monitor the horizontal and vertical
surface movements at the dam crest, settlement plates installed within
the interior of the embankment core in order to monitor internal
vertical deformations and wellpoint and pneumatic piezometers in order
to monitor porewater pressures within the embankment section.

Surface monuments have been installed along the crest of Squaw Creek
Dam at the following locatiors:

No. Station Offset Elevation
SCD-SM-1 39+00 12.0" D.S. 796.7
SCD-5M-2 39+00 12.0" U.S. 796.8
SCD-SM-3 41+00 12.3' D.S. 796.6
SCD-SM-4 41+00 11.8' U.S. 797.0
SCD-SM-5 43+00 12.0" 0.S. 6.9

2.5-202
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SC0-SM-6

SCD-SM-7

SCD-SM-8

SCD-SM-9

SCD-SM-10
SCD-SM-11
SCD-SM-12
SCD-SM-13
SCD-SM-14
SCD-SM-15
SCD-SM-16
SCD-SM-17
SCD-SM-18
SCD-SM-19
SCD-5M-20
SCD-SM-21
SCD-SM-22
SCD-SM-23
SCD-SM-24
SCD-SM-25
SCD-SM-26
SCD-5M-27
SCD-SM-28
SCD-SM-29
SCD-SM-39
SCD-SM-3]
SCD-SM-32
SCD-SM-33
SCD-SM-34
SCD-SM-35
SCS-SM-36
SCD-SM-37
SCD-SM-38

43+00
45+00
45+00
47+00
47+00
49+00
49+00
51+00
51+00
53+00
53+00
55+00
55+00
57400
57400
59+00
59+00
61+00
61+00
63+00
63+00
65+00
65+00
67+00
67+00
69+00
69+00
71+00
71+00
73+00
73+00
75+00
75400
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Installation of the surface monuments was accomplished in general
accordance with M) QAP-19. The installation procedure is similar to
that described in Subsection 2.5.6.8.1.

The surface monuments installed on *'e crest of Squaw Creek Dam will
be periodically observed for horizontal and vertical movements
throughout the course of reservoir impoundment and operation.

Settlement place have been installed in the core of Squaw Creek Dam at
the following locations:

Station Offset Elevation
50+49.2 0.6 Left of C 724.43
60+40.0 C 710.05
70+50.0 C 674.53

Each settlement plate consists of a rectangular piece of steel
conforming to ASTM-A-36 with the following dimensions: 2.5' X 2.5' x
0.375". Installation of the settlement plates was accomplished in the
same general manner as that outlined in Subsection 2.5.6.8.1.

[f settlement readings are desired, a core boring will be advanced to
penetrate through the core of the dam down to the elevation of the
settlement plates; and a permanent observation casing will be
installed rising from the elevation of the settlement plate up to the
crest of the dam. Utilizing the casing as access to the sett)ement
plate, elevations could be taken periodically on the settlement plates
and monitored to cbserve the internal vertical deformations.

various combinations of wellpoint and pneumatic transducer piezometers
have been installed in Squaw Creek Dam as shown on Table 2.5.6.7.
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The piezometers were grouped in three ranges. Typically, each range | 68
of piezometers consists of a set of piezometers upstream of the

centerline spread uniformly throughout the core of the dam, a set of
piezometers downstream of the centerline spread uniformly throughout

the core, and a set of piezometers near the toe of the dam with
piezometers in the random section and in the alluvial section.

In order to facilitate the ongoing construction process, the
piezometers contained within Range II were installed during the course
of constructions. Two different types of piezometers were installed
at Range Il. Standard industrially-accepted stainless steel jacket
wellpoint piezometers were installed at all locations for Range I1.
The wellpoints were nominally 30 inches in length by 1.25 inches and
were encased by a No. 670 mesh screen. Additionally, companion
pneumatic transducers were inztalled at the same elevetion as the two
deepest piezometers for each set (i.e., upstream, downstream, and near
the toe). The pneumatic piezometer operates on a null balance
principle whereby external pore pressure exerted on the transducer tip
is exactly balanced b by an equal and opposite internal G 5 pressure
supplied when reading the piezometer via an interconnecting tubing
which connects the transducer to the surface readout station. By
installing the pneumatic piezometers as companions to wellpoint
piezometers at equal depths, their pore pressure readings may be
compared to those obtained by the standard wellpoint type
piezometers.

Similarly, wellpoint and pneumatic piezometers were installed near the
toe of the dam at Station 46 and Station 69. The remainder of the | 68
piezometers, that is, the upstream (wellpoint) and near downstream l
(pneumatic) sets at Stations 46 and 69, were installed after ;
completion of the Squaw Creek Dam. |
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The upstream set of piezometers for both Stations 46 and 69 were
installed by driiling down through the completed crest of the dam. In
order to avoid any disturbance to the finished grades on the
downstream slope, it was impossible to install the downstream set of
piezometers for Stations 46 and 49 by using vertical rotary drilling.
Therefore, it as decided to instal] these piezometers by angle-core
drilling from the existing completed crest of the dam down to the
appropriate elevation and offset as previously determined. By using
the angle-hole method of installation, standard wellpoint piezometers
could not be utilized. Therefore, pneumatic transducers were
installed for the near downstream sets at Stations 46 and 69. Even
though the hole where the piezometers has been installed is drilled at
an angle, the pore pressure re.ding at the tip elevation is in no way
affected by the angularity of the hole.

The installation of the wellpoint piezometers in Squaw Creek Dam was
essentially similar to that utilized for the $SI Dam as described in
Paragraph 2.5.6.8.1, except that grout was not utilized to backfili
the holes. [Instead, the holes were filled with a bentonitic drilling
additive. [Installation of the pneumatic transducers was accomplished
in a similar manner to that of the wellpoints. In this case, the
riser pipe was utilized to protect the readout tubings leading from
the pneumatic transducers to the ground surface.

Regular readings of the wellpoint and pneumatic piezometers are being
made during impoundment and will continue during operation of the
reservoir., These reading<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>