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Chapter 2
SITE CHARACTERISTICS

This chapter primarily describes the site characteristics for the North Anna Power Station as
they existed when the facility was licensed. As such, current site characteristics may not agree
with these descriptions. The site characteristics described here include geography, demographics,
nearby facilities, meteorology, hydrology, geology, and seismology. This information was
gathered to support or develop the original plant design bases. Chapter 2 also contains evaluations
of these site characteristics demonstrating how applicable siting criteria were met at the time of
original licensing of the facility. Because this information is not expected to be used to support
current or future plant operations or regulatory activities, Chapter 2 does not need to be updated to
reflect minor changes to these site characteristics. However, this does not preclude the need to
update this chapter to reflect significant changes to this information.

In the past, minor changes to site characteristics have been incorporated into Chapter 2.
While the updates were not required, these changes have not been removed. Therefore, some parts
of this chapter reflect more recent information.

2.1 GEOGRAPHY AND DEMOGRAPHY

2.1.1 Site Location and Description

2.1.1.1 Site Location

The North Anna Power Station is located in the northeastern portion of Virginia in Louisa
County. The site is on a peninsula on the southern shore of Lake Anna at the end of State
Route 700. The earth dam that creates Lake Anna is about 5 miles southeast of the site. The North
Anna River flows southeasterly, joining the South Anna to form the Pamunkey about 27 miles
southeast of the site.

The largest community within 10 miles of the site is the Town of Mineral (Louisa County),
which had a population of 452 in 1990, and is about 6 miles west-southwest of the site. The
community of Louisa, whose 1990 population was 1088, is about 12 miles to the west of the site.
Figure 2.1-1 shows the general location of the plant site and localities surrounding the site within
10 miles.

Regionally, as indicated in Figure 2.1-2, the site is approximately 40 miles north-northwest
of Richmond, Virginia; 36 miles east of Charlottesville, Virginia; 22 miles southwest of
Fredericksburg, Virginia; and 70 miles southwest of Washington, D.C. Highways U.S. 1 and I-95,
the two principal highways joining Richmond with the rest of the eastern corridor, pass within 15
and 16 miles, respectively, east of the site.
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The coordinates of the reactor containment structures are as follows:

2.1.1.2 Site Description

The plant property comprises 1803 acres, of which about 760 acres are covered by water.
The site is laid out according to the site plan as shown in Figure 2.1-3. Vepco owns, in fee simple,
and controls all of the land within the site boundary, both above and beneath the surfaces,
including those portions of the North Anna Reservoir and Waste Heat Treatment Facility that lie
within the site boundary. Vepco also owns, in fee simple, all land outside the site boundary that
forms the North Anna Reservoir and the Waste Heat Treatment Facility up to their expected
high-water marks. The station and all supporting facilities including the North Anna Reservoir,
Waste Heat Treatment Facility, earthen dam, dikes, railroad spur, and roads constitute
approximately 13,775 acres out of a total land allocation of some 18,643 acres.

The topography in the site region is characteristic of the central Piedmont Plateau with a
gently undulating surface varying from 200 to 500 feet above sea level. The surrounding region is
covered with forest and brushwood interspersed with an occasional farm. The land adjacent to
Lake Anna is becoming increasingly residential as the land is developed.

Lake Anna was constructed to serve the needs of the North Anna Power Station. The North
Anna Reservoir was designed to provide adequate cooling water for an ultimate nuclear station
capacity of approximately 4000 MWe.

Lake Anna is approximately 17 miles long, with an irregular shore line of more than
200 miles. Lake Anna is divided into two major portions, the North Anna Reservoir and the Waste
Heat Treatment Facility. The lake covers a surface area of 13,000 acres and contains
approximately 100 billion gallons of water. The largest segment, the North Anna Reservoir,
consists of approximately 9600 acres and functions as a storage impoundment to ensure adequate
water for condenser cooling. The smaller segment, the Waste Heat Treatment Facility, has an area
of about 3400 acres and is separated from the North Anna Reservoir by dikes. The first of the
Waste Heat Treatment Facility’s three cooling lagoons receives the heated condenser cooling
water after its passage through the units. The heated water transfers most of its heat to the
atmosphere as it moves, via canals, to the second and third cooling lagoons. The cooled water is
discharged from the third cooling lagoon to the North Anna Reservoir at a point immediately
upstream of the dam.

Latitude Longitude Universal Transverse Mercator (UTM)

Unit 1 38° 3' 36" N 77° 47' 23" W 4,215,990 mN 255,240 mE; zone 18S

Unit 2 38° 3' 38" N 77° 47' 26" W 4,215,960 mN 255,170 mE; zone 18S
 



Revision 43—09/27/07 NAPS UFSAR 2.1-3
2.1.1.3 Boundaries For Establishing Effluent Release Limits

The radiological effluent releases are based on the unrestricted area as depicted in
Figure 2.1-3. The gaseous effluent release limits apply at or beyond the site boundary as shown in
Figure 2.1-3 and the liquid effluent release limits apply at the end of the discharge canal, which is
designated as the release point to unrestricted areas.

The site boundary, shown in Figure 2.1-3, is the perimeter of a 5000-ft-radius circle from
the center of the now abandoned Unit 3 containment. Since Vepco owns, in fee simple, all of the
land within the site boundary, it has total control over access to these areas. Access is controlled
by the security guard force. Exposure of individuals to radiation in these areas will be within
limits established in 10 CFR 20.

All areas outside the site boundary are unrestricted areas in the context of 10 CFR 20.
Assuming conservative atmospheric dispersion and the release presented in Table 11.3-3, which
was calculated using expected and anticipated operational occurrences, areas outside of the site
boundary should not experience airborne concentrations in excess of the limits specified in
Table II, Column 1, of Appendix B of the revision of 10 CFR 20 in effect when the plant was
licensed. Appendix B was revised in the 10 CFR 20 revision published May 21, 1991.

2.1.2 Exclusion Area Authority and Control

2.1.2.1 Authority

The containments for North Anna Units 1 and 2 are numbered sequentially from east to
west with approximately 273 feet between the containment centers of Units 1 and 2. Safety
analysis calculations indicate that the minimum exclusion distance for Units 1 and 2 should be
4000 feet from the respective containment centers. However, similar calculations for the
proposed, and subsequently canceled, Units 3 and 4 indicated that the minimum exclusion
distance should be 5000 feet. For conservatism, Vepco has elected to define the exclusion
boundary envelope at a radius of 5000 feet from the now abandoned Unit 3 containment as shown
on Figure 2.1-3. As a result the minimum distance to the exclusion boundary envelope exceeds
4400 feet to the east-northeast of the center of the Unit 1 containment structure.

The perimeter of the exclusion boundary on land is adequately posted with “No
Trespassing” signs. Also, floating bottom-moored buoys supporting the “No Trespassing” signs
have been implanted, with suitable spacing, across the entrance to the small inlet of the North
Anna Reservoir immediately north of Units 1 and 2, from which the circulating water pumps of
those units take suction. All markers conform to State of Virginia standards. Also, a log-type
boom arrangement and a small number of bottom-moored floating buoys supporting “No
Trespassing” signs have been placed across the entrance to the main cooling water canal
(Canal A). Both the floating buoy array at the inlet immediately north of Units 1 and 2, as well as
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the long boom/buoy arrangement across the entrance to Canal A, are shown in dotted lines and
solid lines, respectively, in Figure 2.1-3.

Along Lake Anna, outside the exclusion area, Vepco has granted to each landowner an
easement to use the portion of Vepco’s property above the fluctuating water line for the erection of
piers, jetties, or other recreational structures for access to the lake waters. Such structures require
Vepco’s approval as to type and location and are permitted only to the extent that they will not be
detrimental to the development, operation, and maintenance of the electric generating facilities,
the dam, the reservoir, the dikes, and the cooling lagoons.

With respect to the land bordering the cooling lagoons, Vepco has granted to each owner a
permit to use the Vepco lands above the fluctuating water level; however, this permission is
expressly revocable by Vepco to the extent necessary to preserve the character and maintain the
operation of the Waste Heat Treatment Facility (cooling lagoons) as a private water treatment
facility. A limited number of land owners have been granted permission to erect docks on the
shoreline within the exclusion area.

2.1.2.2 Control of Activities Unrelated to Plant Operation

A portion of the smallest cooling lagoon, which is used primarily for fishing, lies within the
exclusion boundary. Water skiing and recreational boating are more prevalent in the other two,
much larger cooling lagoons, which are entirely outside the exclusion area. Access to all the
cooling lagoons is restricted to property owners and their guests, as there is no means of access by
boat from the North Anna Reservoir to any of the cooling lagoons.

Boaters on the North Anna Reservoir also have access to the exclusion area. Such use is
largely transient as boaters from the marinas and boat ramps north and west of the plant site
access the area between the plant site and the dam.

Should an emergency at the North Anna Power Station necessitate controlling boating and
water use on Lake Anna, such action would be initiated in accordance with the guidelines
presented in the North Anna Power Station Emergency Plan (Reference 1). Such control of
boating and water use on Lake Anna will be under the direction and authority of Game Wardens
of the Virginia Department of Game and Inland Fisheries and the Sheriffs Departments of Louisa
and Spotsylvania Counties. These arrangements are documented in the North Anna Station
Emergency Plan.

2.1.2.3 Arrangements for Traffic Control

State Route 700 provides plant staff access to the plant site and access by the general public
to the North Anna Visitors Center.
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2.1.3 Population and Population Distribution

2.1.3.1 Population Within 10 Miles

Figure 2.1-1 shows the general locations of the municipalities and other features within
10 miles of the North Anna site. As indicated on Figure 2.1-1, Mineral with a 1990 population of
452 is the only town within 10 miles of the plant site.

The population distribution within 10 miles of the site was computed by overlaying 1990
census block data (Reference 2) (the smallest unit of census data), on the grid shown on
Figure 2.1-1 and summing the population of the census blocks falling in each of the polar sectors
comprising the grid. The population of census blocks shared by more than one polar sector was
apportioned based on the fraction of the census block area in each sector. The census block
summing and allocation was accomplished with computer software operating directly on census
data.

The area of a census block is generally inversely proportional to the population of the
census block. Thus, an urban census block may be geographically as small as a few city blocks.
However, a sparsely populated rural census block could be several miles across, but include only
several residents. As a result any error from the allocating process should be very small. The
10 mile population distribution for 1990 is shown on Figure 2.1-4.

Population projections for the areas within 10 miles of the North Anna site for the
years 2000, 2010, 2020 and 2030 are given in Figures 2.1-5 through 2.1-8, even though the
current license expiration dates for the two North Anna units are 2038 and 2040 respectively.
Population projections were based on Virginia Population Projections prepared by the Virginia
Employment Commission (Reference 3).

There are no population projections available for census units smaller than counties or
independent cities. Hence, it was assumed that each component (or fraction) of a county (or
independent city) had the same decennial rate of growth as that for the county (or city) as a whole.
This is tantamount to assuming that the fraction of the county’s population within each such
component remains unchanged for the period (1990 through 2030) involved.

For conservatism, the projected population of polar sectors encompassing portions of more
than one jurisdiction was escalated at the highest rate among the applicable jurisdictions.

The 1990 resident populations within 6 miles, the low population zone, and 10 miles of
North Anna Power Station site were 3643 and 11,887 persons, respectively.

2.1.3.2 Population Between 10 and 50 Miles

Estimates of the 1990 resident population from 10 to 50 miles from the North Anna site
were computed using the same methodology used to develop the 10-mile population distribution.
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The population grid from 10 to 50 miles is shown on Figure 2.1-2 and the 50-mile population
distribution for 1990 is shown on Figure 2.1-9.

Population projections for the areas between 10 and 50 miles for the years 2000, 2010, 2020
and 2030 were based on the same methodology as the 10 mile projections. These population
projections are given in Figures 2.1-10 through 2.1-13.

The population contribution for the one Maryland county (Charles) concerned, which at its
closest point is 37 miles from the site, was under 10,000. The population growth projection was
based on the adjacent Virginia jurisdiction. These jurisdictions are among the fastest growing in
Virginia, whereas that portion of Charles county is more rural.

2.1.3.3 Transient Population

Information concerning transient population for the area was collected from several sources
as this information is not available from the 1990 census data. The area within 10 miles of the site
is predominantly rural and characterized by farmland and wooded tracts of land. Since there are
no significant industrial or commercial facilities in the area, and none are anticipated, the transient
employment population is likely to be out of, rather than into, the area.

Recreational use of Lake Anna, including Lake Anna State Park, is the greatest contributor
to transient population in the area. No data on use of the lake are available. Instead the use of the
lake was estimated from a number of contributing factors including the number of boat ramps, wet
slips, campsites, picnic areas, etc. These contributing factors are listed in Table 2.1-1. An estimate
of lake usage on a peak weekend day in mid summer was developed based on representative usage
of recreational facilities, e.g., boating, picnicking, camping, provided by the Virginia State
Department of Conservation and Recreation (Reference 4) and the Lake Anna facilities listed in
Table 2.1-1. This-estimate does not include use by local residents with their own docks. However,
residents should be picked up in the census data. In addition, many residents without docks keep
their boats in marina wet slips or use the boat ramps and are, therefore, included in the lake usage
figures.

There are six marinas in the vicinity of the plant site. The closest is 1.4 miles
north-northeast of the site. The remaining marinas are from 2 to 2.5 miles distant. A survey of
several of the marinas indicated that their actual boat launches per ramp ranged from 15 to 40 per
ramp per peak day, which is significantly lower than the number of 80 per day provided by the
Virginia State Department of Conservation and Recreation as an upper limit for ramp usage, and
that the usage per ramp has dropped as new ramps are added. This was attributed to parking space
limitations and the fact that the lake usage by recreational boaters may be approaching saturation.
A rate of 50 launches per ramp per day was selected for this update as being more representative
of Lake Anna conditions.
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Based on 50 launches per ramp per day, these marinas and other boat ramps, including those
at Lake Anna State Park, could provide access for up to 1450 pleasure craft on the North Anna
Reservoir. Peak day usage estimates for boats moored in wet slips ranged from 30 to 50%.
Assuming that all slips are rented, 150 additional boats would be added bringing the total,
excluding boats from private docks, to 1600. The resulting transient population at three persons
per boat (Reference 4) would be 4800.

The two commercial campgrounds, with a total of more than 200 campsites, were estimated
by the Virginia State Department of Conservation and Recreation (Reference 4) to contribute
about 650 persons to the transient population at three persons per campsite. The number of
picnickers was estimated at 450. Since both campsites have boat ramps, significant double
counting is likely.

Lake Anna State Park provides facilities for picnicking, fishing, boat launching, swimming,
and biking. The Park Manager estimated a peak daily attendance at 3000 and an annual
attendance of 93,000 based on traffic counters (Reference 5). Double counting is likely as boaters
are included in the traffic count.

The resulting estimated total peak daily transient population on the North Anna Reservoir is
8900. See Table 2.1-2. Given the conservative assumptions and the potential for double counting,
this number appears to be conservatively high.

Since use of the cooling lagoons is limited to residents and their guests, there are no public
boat ramps. The transient population estimate of 1000 is based on one guest for each resident in
the polar sectors encompassing the cooling lagoons.

Annual transient population is very uncertain because of the dramatic drop in boating on
week days and outside the summer months. Based on the Lake Anna State Park data, assuming
180 days of operation, the average daily attendance is less than one fifth of the peak daily
attendance. Conservatively assuming that the average attendance, excluding the park, is one half
the peak daily figure, the total annual attendance would be about 710,000 based on a 180-day
season.

2.1.3.4 Low Population Zone

The low population zone, as shown in Figure 2.1-1, is bounded by a 6-mile-radius circle
centered at the Unit 1 reactor containment building. The Low Population Zone (LPZ) boundary
was established to ensure that the dose limitation requirements of 10 CFR Parts 100.3
and 100.11(a)(2) are met. With the issuance of Regulatory Guide 1.183 and employing the
Alternative Source Term methodology, consistent with NUREG-1465, the radiological
consequences at the LPZ are within the limits provided in 10 CFR 50.67 and revised dose criteria
in Regulatory Guide 1.183.
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The resident population distribution within the low-population zone is indicated in
Figures 2.1-4 through 2.1-8 based on the 1990 census and projections every 10 years through to
the year 2030. In summary, the low-population zone population for 1990, and the projected
population through 2030, are as follows:

1990 3643
2000 4303
2010 4868
2020 5428
2030 5989

By comparison, the original projected 1990 resident population in the low-population zone
in the FSAR was 3236, an under projection of only 13%.

The only school in the low-population zone is Livingston Elementary, which is located in
Spotsylvania County, 5.7 miles to the north-northeast (Reference 6). All schools within 10 miles
of the plant site are listed in Table 2.1-3 (References 6 & 7).

As noted in the previous Section, the only significant source of transient population within
the LPZ is recreational use of Lake Anna. Since most of the lake area falls within the LPZ, the
entire estimated peak transient population could be in the LPZ.

Considering the available road network leading from the low-population zone together with
the availability of private as well as public vehicles, there is reasonable assurance that these
populations could be evacuated in a timely manner in the event of a design-basis accident.

2.1.3.5 Population Center

The nearest population center with more than 25,000 residents is the City of Charlottesville,
which had a 1990 population of 40,475. The closest point of Charlottesville is 36 miles west of
the site. The only closer population center whose population could reach 25,000 by 2030 is
Fredericksburg, which is 22 miles to the northeast with a projected 2030 population of 24,568.
The distance to Fredericksburg is well in excess of the minimum population center distance of
one-and-one-third times the distance from the center of the site to the outer boundary of the
low-population zone as required by 10 CFR 100.

2.1.3.6 Population Density

The cumulative resident population in 1990 to a distance of 50 miles in all directions from
the plant is compared with the cumulative population resulting from a uniform population density
of 500 people per square mile in Figure 2.1-14. Similarly, the projected cumulative resident
population in 2030 to a distance of 50 miles in all directions from the plant is compared with the
cumulative population resulting from a uniform population density of 1000 people per square
mile.
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Table 2.1-1
LAKE ANNA RECREATIONAL FACILITIES

Facility Distance No. Wet Slips No. Ramps Camp Sites

Marinas

Anna Point 2.3 Mi. NNW 25 1

Dukes Creek 2.2 Mi. E 55 5

High Point 2.3 Mi. NNW 50 4

Lake Anna 1.4 Mi. NNE 160 2

Rocky Branch 2.3 Mi. NNE None 4

Sturgeon Creek 2 Mi. N 36 5

Public Landings

Christopher Run 
Campground

6 Mi. WNW 1 152

Hunters Landing 6.6 Mi. NW 1

Lake Anna 
Campground

2.5 Mi. NW 1 61

Lake Anna Landing 9 Mi. NW 1

Lake Anna State 
Park

4.3 Mi. NNW 2

Pleasants Landing 5.6 Mi. SE 1

Sullivan’s Landing 8 Mi. NW 1

Totals 326 29 213
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Table 2.1-2
TOURIST ATTRACTIONS, PARKS AND RECREATIONAL AREAS

Facility Location Annual Usage Peak Daily* Comments

Within Low 
Population Zone (6 
miles)

Lake Anna 
recreational 
usage North 
Anna Reservoir

See Table 2.1-1 530,000 5900 (1) Annual use based on 
180 days @ 
2950/average day.

Waste Heat 
Treatment 
Facility

90,000 <1000 Peak daily based on 
doubling the resident 
population in cooling 
lagoon sectors (one 
guest per resident). 
Annual use based on 
180 days @ 
500/average day.

Lake Anna State 
Park

2.8 miles 
NNW

93,000 3000 Peak daily use during 
summer. Annual use 
was 93,000 in 1991. 
Use in 1993 was 
87,000. Park closed in 
winter. Usage includes 
occupants of boats 
launched at the park.

* Peak weekend day in mid summer.
(1) Average of 3 persons per boat, camp site and picnic area.
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Table 2.1-3
SCHOOLS WITHIN 10 MILES OF PLANT SITE

School
Number of
Students (1993)

Distance
(miles)

Direction from
Plant

Louisa County

Louisa County High School 993 7 WSW

Louisa County Middle School 594 7 WSW

Spotsylvania County

Livingston Elementary 433 6 NE
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Figure 2.1-4 
TEN MILE POPULATION DISTRIBUTION—1990
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Figure 2.1-5 
TEN MILE POPULATION DISTRIBUTION—2000
 



Revision 43—09/27/07 NAPS UFSAR 2.1-18
Figure 2.1-6 
TEN MILE POPULATION DISTRIBUTION—2010
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Figure 2.1-7 
TEN MILE POPULATION DISTRIBUTION—2020
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Figure 2.1-8 
TEN MILE POPULATION DISTRIBUTION—2030
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Figure 2.1-9 
FIFTY MILE POPULATION DISTRIBUTION—1990
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Figure 2.1-10 
FIFTY MILE POPULATION DISTRIBUTION—2000
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Figure 2.1-11 
FIFTY MILE POPULATION DISTRIBUTION—2010
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Figure 2.1-12 
FIFTY MILE POPULATION DISTRIBUTION—2020
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Figure 2.1-13 
FIFTY MILE POPULATION DISTRIBUTION—2030
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Figure 2.1-14 
POPULATION DENSITY
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2.2 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES

2.2.1 Locations and Routes

In 1994, no military bases, missile sites, manufacturing plants, chemical plants and storage
facilities, airports, major railroad lines, major water transportation routes, or oil and gas pipelines
were located within 5 miles of the plant site.

2.2.1.1 Industrial Facilities

There were no significant industrial activities within 5 miles of the plant site. Based on
trends of industrial growth and projected population figures, it is not expected that any major
industrial expansion will occur in the area. The Louisa County Board of Supervisors has approved
a zoning ordinance allowing industrial development of approximately 620 acres near the site
exclusion boundary. There were no plans, however, for the development of this area. Within
10 miles of the site, there are several other areas zoned for industrial development, the largest one
being 150 acres near Pendleton.

2.2.1.2 Mining Activities

There were no mining activities within 5 miles of the plant site.

2.2.1.3 Roads

The roads within 10 miles of the plant site are shown in Figure 2.1-1.

Virginia State Route 700 provides access to the plant site and State Routes 601 and 652 run
parallel with the Lake Anna shoreline and pass about 2.2 miles northeast and 1.5 miles south of
the plant site, respectively. Primary State Route 208 crosses Lake Anna at a point about 2 miles
northwest of the site and joins U.S. Route 522 about 5 miles west-northwest of the site.

2.2.1.4 Railroads

The railroad line closest to the plant site is the main line of the Chesapeake and Ohio
Railway from Newport News to Chicago. It passes through the towns of Louisa, Mineral,
Fredericks Hall, and Bumpass; its closest approach to the North Anna Power Station is about
5.5 miles southwest of the site. A spur line connects the plant site with this line.

2.2.1.5 Marine Transportation

There are six marinas in the vicinity of the plant site. The closest is 1.4 miles
north-northeast of the site. The remaining marinas are from 2 to 2.5 miles distant. The nearest
marina stores gasoline in amounts up to about 4000 gallons. These marinas, including wet slips,
and other boat ramps provide access for up to 1600 pleasure craft on the North Anna Reservoir in
a day. There are no large boats or barges on Lake Anna.
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2.2.1.6 Airports and Airways

2.2.1.6.1 Airports

Airports within 15 miles of the plant site as of 1994 are listed in Table 2.2-1. There are only
two airports within 10 miles of the site: Lake Anna (Rest-A-While) Airport and Cub Field. The
Louisa County Airport, located 11 miles west-southwest of the site, began operation after the
North Anna Station was licensed. Their locations are indicated in Figure 2.2-1. Operations
primarily involve single engine, light aircraft. None of the airports are expected to grow
significantly in the foreseeable future.

The Lake Anna Airport, near Bumpass, is 7 miles south-southeast of the site. Landing
facilities consist of a 3000-foot paved runway with landing lights and an auxiliary, unlighted
2000-foot turf strip. The airport has no listed phone number and limited facilities. A flight
instructor at the Louisa County Airport stated that traffic at the Lake Anna Airport was very light
and consisted primarily of practice landings (Reference 1). Only one aircraft was based at this
airport as of March 1994.

Cub Field, a private landing strip with an unlighted 1400-foot turf runway, is 10 miles
southwest of the plant site. It is not licensed. Present volume of traffic is very light. No aircraft are
currently based at this field.

The Louisa County Airport, which began operation in the 1980s, serves as the base for
20 light aircraft. It is a modern well maintained facility. Operations are estimated at 200 per week.
The Louisa County Airport can accommodate small business jets (Reference 1).

Data on these airports are provided on Table 2.2-1.

2.2.1.6.2 Airways

One civil airway, V223, and three military training routes IR714, IR760 and VR1754 pass
near the plant site. (See Figure 2.2-1.) The centerline of V223 is 5.5 miles west of the plant site
and the corridor width is four miles on either side of the centerline. No data are kept on traffic in
this airway. The FAA at Richmond International Airport characterized the airway as “not heavily
used” and estimated traffic at no more than 200 aircraft per day (Reference 2).

The centerlines of the military training routes, which are 10 miles across, lie within one
mile of the plant site. These routes are controlled by the Oceana Naval Air Station in Virginia
Beach, Virginia, which provided data on their use (Reference 3). Pilots are directed to avoid the
actual plant site by flying at the edge of the corridor. An officer at Oceana stated that the aircraft
pass no closer than 3 to 4 miles to the plant site. The combined number of flights using the three
routes has remained fairly constant over the past three years ranging from 2582, 2348, and 2623
for 1991, 1992, and 1993, respectively. No records are kept on the total number of aircraft
involved; however, flights are typically one or two and, rarely, four aircraft.
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Data on these airways are provided on Table 2.2-1.

2.2.1.7 Natural Gas or Petroleum Pipelines

There are no oil or gas pipelines within 5 miles of the site.

2.2.1.8 Military Facilities

There are no military facilities within 5 miles of the site.

2.2.2 Evaluations of Potential Accidents

2.2.2.1 Explosions and Flammable Vapor Clouds

The possible sources of explosion and formation of flammable vapor clouds are evaluated
below:

2.2.2.1.1 Truck Traffic

The largest explosive load routinely transported on Virginia Highways contains
8500 gallons of gasoline (set by highway weight limits). The explosive force of this quantity of
gasoline, which is determined by the legal weight limits on Virginia highways, is estimated to be
equivalent to 50,700 lb of TNT using a simple TNT equivalent yield formula (Reference 4).

According to NRC Regulatory Guide 1.91 (Reference 5), if this amount of gasoline were to
explode, a peak over pressure of 1 psi would be experienced about 1900 feet away from the point
of explosion; whereas, the closest point of Virginia Route 652 to the site is 1.5 miles. The value of
1 psi is cited by Regulatory Guide 1.91 as a conservative value of peak positive incident over
pressure below which no significant damage would be expected.

2.2.2.1.2 Marine Traffic

The only marine transportation expected on Lake Anna is small sport and pleasure craft.
The fuel capacity of such craft is too small to pose a hazard to the plant. The effect of gasoline
stored at the nearest marina is bounded by the tank truck analysis in the previous Section.

2.2.2.1.3 Pipelines

No natural gas pipelines or mining activities are located within 10 miles of the plant.
Therefore, the potential for explosions from these sources is minimal.

2.2.2.2 Aircraft Related

2.2.2.2.1 Airports

None of the airports within 10 miles of the site, as described in Section 2.2.1.6.1 and
Table 2.2-1, support operations in excess of the threshold criteria in Reg. Guide 1.70.
 



Revision 43—09/27/07 NAPS UFSAR 2.2-4
2.2.2.2.2 Airways

The probabilities (PFA) per year of an aircraft in the nearby airways crashing into the plant
were estimated using the relationship:

specified in NUREG-0800 (Reference 6). An effective plant area “A” of 0.006 sq. miles was used
in the evaluation.

For V223:

C = 4 × 10-10 (From NUREG-0800)

W = airway width plus 2x distance from edge of airway to site (miles)
= 8 + (2 × 1.5) = 11 miles

N = 200 × 365 = 73,000 aircraft/year

PFA = 1. 6 × 10-8

For the Military Routes:

C = 0.2 × 10-8 (From NUREG-0800)

W = 10 miles

N = 3000 flights/year × 2 aircraft/flight = 6000 aircraft/year

PFA = 0.7 × 10-8

These accident probabilities are within the NUREG-0800 guidelines.

2.2.2.3 Toxic Chemicals

Potentially toxic chemicals currently stored onsite that could impact Control Room
Habitability are listed in Table 2.2-3. The list is comparable to that used for the Toxic Release
Evaluation reported in Reference 7.

2.2.2.4 Other Potential Hazards

The only marine transportation expected on Lake Anna is small sport and pleasure craft.
Therefore, no ships or large barges will impinge on the circulating water intake structure.

PFA
C N× A×

W
-------------------------=
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Table 2.2-3
ONSITE TOXIC MATERIALS

(LARGEST SINGLE CONTAINER)

Chemical Quantity

Ammonium Hydroxide 55 gal

Carbon Dioxide 17 tons

Hydrazine 300 gal

Sodium Hydroxide 700 gal

Note: Related materials listed in Table 6.4-1
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Figure 2.2-1 
LOCATION OF AIRPORTS AND AIRWAYS
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2.3 METEOROLOGY

2.3.1 Regional Climatology

2.3.1.1 Data Sources

Data acquired by the National Weather Service (NWS) and summarized by the
Environmental Data Service (EDS) were used to determined the regional climatology pertinent to
the North Anna site.

The 1987 Local Climatological Data (LCD), Annual Summary with Comparative Data
(Reference 1) was used for Richmond, Virginia, to determine the climatological characteristics of
the region.

Extreme wind data were obtained from studies by Thom (Reference 2) and Huss
(Reference 3). Severe weather data were obtained from a variety of sources. Severe storm,
tornado, and hurricane data were obtained from monthly Storm Data (Reference 4),
Climatological Data, National Summary (Reference 5), Thom (Reference 6), Cry (Reference 7),
The Central Virginian (Reference 8), and Climatological Data, Virginia, June 1982 (Reference 9).

Data for meteorological extremes were obtained for Richmond from the 1987 Local
Climatological Data, Annual Summary (Reference 1). Temperature and precipitation extremes for
other meteorological stations in the site region were obtained from the 1987 Climatological Data,
Virginia, Annual Summary (Reference 10) and from climatological summaries (References 11
through 15) for each station.

Monthly Storm Data (Reference 4) were used for the number of occurrences of hail and ice
storms.

Data for thunderstorms were obtained from the 1987 Richmond LCD (Reference 1).

Climatological data for restrictive dilution conditions were obtained from a variety of
sources dealing with stagnating conditions in the United States (References 16 through 19).

2.3.1.2 General Climate

Climate in the Piedmont region of Virginia, in which the North Anna site is located, is
modified continental. Summers are warm and humid and winters are generally mild. The Blue
Ridge Mountains to the west act as partial barriers to winter storms (modifying their intensity as
they move across the rolling Piedmont to the Tidewater region adjacent to the Atlantic Ocean) and
on an annual basis tend to channel winds along a general north-south orientation. Temperatures in
the site region rarely exceed 95°F or fall below 10°F.

The area around the site receives a total annual average rainfall of approximately
44.0 inches (Reference 1). Rainfall is fairly well distributed over the entire year, with the
exception of the months of July and August, when thunderstorm activity raises monthly totals to
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about 5.0 inches (Reference 1). Extratropical storms may also contribute significantly to
precipitation during September.

Snowfalls of 4 inches or more occur on an average of once a year, and snow usually only
remains on the ground from 1 to 4 days at a time. Richmond averages about 14.6 inches of snow a
year (Reference 1).

2.3.1.2.1 Interaction Between Synoptic Scale Processes and Local Conditions

Synoptic scale processes are usually examined with respect to the general circulation and
general climatological characteristics of a region. Therefore, synoptic scale processes usually
involve examination of gross meteorological conditions such as prevailing wind patterns,
temperature variability, precipitation patterns, and the occurrence of meteorological phenomena
(e.g., fog, severe storms) in the site region. The analysis of the micrometeorology (local
conditions) of a region usually encompasses the examination of the gross climatic characteristics
of the region, but with respect to how local conditions can alter or can influence a change in the
general climatology of the region at a specific location. There are times when certain
meteorological variables will deviate from the expected normal due to topographic effects or
man-made interference.

In general, during light wind conditions, the local environmental conditions will
predominate, resulting in a channeling effect of winds such that the air flow patterns will follow
the contour lines of the region. Also, local environmental conditions can cause a moderating effect
with respect to extreme temperatures in the immediate vicinity of the site region because of the
presence of Lake Anna. For the most part, the general synoptic conditions will predominate in
regard to climatic characteristics of the site region; however, during periods of extreme
temperatures or light wind conditions, the local conditions will have an influence on the
micrometeorology.

2.3.1.3 Severe Weather

2.3.1.3.1 Extreme Winds

According to the latest compilation by Thom (Reference 2) for characterizing extreme
winds, the extreme 1-mile wind speed at 30 feet above the ground, which is predicted to occur
once in 100 years, is 80 mph. The values for other recurrence intervals are listed in Table 2.3-1
with the extrapolated value of 105 mph for the 1000-year recurrence interval (Reference 2). The
extreme mile wind speed is defined as the 1-mile passage of wind with the highest speed for the
day. The fastest mile wind recorded at Richmond, based on the 1951-1987 period of record, was
68 mph from the southeast in October 1954.

2.3.1.3.2 Tornados

In the period of January 1916 through December 1987, a total of 65 tornados have been
reported within a 50-mile radius of the North Anna site (References 4 & 5). This averages out to
0.915 tornados per year within this radius.
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According to statistical methods proposed by Thom (Reference 6), the probability of a
tornado striking a point within a given area may be estimated as follows:

(2.3-1)

where:

P = the mean probability per year

z = the geometric mean tornado path area

t = the mean number of tornados per year

A = the area of concern

For the region surrounding the North Anna site, the mean tornado path length reported was
about 2 miles and the mean path width reported was about 240 yards (References 4 & 5). These
values yield a z of 0.28 mi2 based on the January 1951 through December 1987 period of record.
Using a 50-mile radius as a basis for A and a value of 0.915 tornados per year for t yields a
probability of 3.25 × 10-5 per year, or a recurrence interval of 30,800 years.

2.3.1.3.3 Tropical Storms and Hurricanes

Since 1871, when more complete weather recordkeeping began, through 1987, a total of
51 tropical storms or hurricane centers passed within 100 nautical miles of the North Anna site
(Reference 4). After 1885, weather records differentiated between tropical storms (less than
73 mph) and hurricanes (more than 74 mph). From 1886 through 1987, there have been passages
of 33 tropical storms and 7 hurricanes within 100 nautical miles of the site. The last storm to
affect the site was Hurricane Charley, which passed along the Virginia Capes on August 18, 1986.
The precipitation shield associated with Charley brought 1 to 3 inches of rain to the region. The
above experience results in an average of approximately two tropical storms or hurricanes every
5 years within 100 nautical miles of the site.

2.3.1.3.4 Precipitation Extremes

Table 2.3-2 lists some extremes of meteorological measurements for Richmond and
Charlottesville. The maximum amount of precipitation recorded for a 24-hour period was
8.79 inches, which occurred at Richmond in August 1955. This occurred during the passage of
several thunderstorms associated with a frontal passage. The maximum monthly snowfall
measured in the region was 29.8 inches at Charlottesville in March 1960. The maximum 24-hour
snowfall observed at Richmond was 21.6 inches in January 1940 (Reference 1).

2.3.1.3.5 Hail and Ice Storms

Hail can occasionally occur at the North Anna site (associated with well-developed
thunderstorms) and at times may be intense.

P z t×
A

----------=
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A review of data for the 10-year period, 1977-1987, indicates that there were 16 reported
cases of hail in Louisa County (where North Anna is located) and in the immediately surrounding
counties of Hanover, Caroline, Spotsylvania, and Orange (Reference 4). There was one case of
0.5-inch-sized hailstones, one case of 1-inch hail. The other cases documented had smaller sizes
hailstones recorded.

An examination of the 10-year period, 1977-1987, indicates that there were only six
documented cases of ice storms in Louisa and the immediately surrounding counties
(Reference 4). Of these, two were reported to have caused serious damage (including damage to
power lines and trees). All six cases were associated with a number of traffic accidents, mostly
minor, because of glaze ice on the highway.

2.3.1.3.6 Thunderstorms

Richmond averages 37 thunderstorm days a year, with July having the highest frequency of
occurrence of thunderstorms, 9 days (Reference 1).

2.3.1.3.7 Restrictive Dilution Conditions

The frequency of occurrence of low-level inversions or isothermal layers based at or below
a 500-foot elevation in the site region is approximately 30% of the total hours on an annual basis
according to Hosler (Reference 16). Seasonally, the greatest frequencies of inversions based on
the percent of total hours occur during the fall and winter, 34% and 33%, respectively. Spring and
summer have the lowest inversion frequencies (only 28% of the time for each season). Most of
these inversions are nocturnal in nature.

The mean maximum mixing depth (MMMD) is another restriction to atmospheric dilution.
The mixing depth is the thickness of the atmospheric layer, measured from the surface upward, in
which convective overturning is taking place caused by the daytime heating at the surface
(Reference 17). The mixing depth is usually shallowest during the early morning hours just after
sunrise when the nocturnal inversion is being modified by solar heating at the surface. The mixing
layer is at its greatest depth during the latter part of the afternoon, 3:00 p.m. to 4:00 p.m., when
the maximum surface temperature of the day is reached. The annual afternoon MMMD value for
the site region, according to Holzworth (Reference 18), is 4650 feet. The seasonal afternoon
MMMD value is 3250 feet (fall) (Reference 18). Shallow mixing depths have a greater frequency
of occurrence during the fall and winter seasons in association with the higher frequency of
inversions for these seasons.

Periods of high air pollution potential are usually related to a stagnating anticyclone with
the average wind speed less than 9.0 mph (4.0 m/s), no precipitation, and a shallow mixing depth
(1600 feet or 500 m) (Reference 19).

The greatest air pollution potential in the site region occurs during the fall and winter
seasons when the tendency is greatest for a quasistationary anticyclone to develop in association
with wind speeds less than or equal to 5 mph and a shallow mixing depth.
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2.3.2 Local Meteorology

2.3.2.1 Data Sources

Data acquired by the National Weather Service (NWS) and summarized by the
Environmental Data Service were used to determine the normals, means, and extremes of
temperature, precipitation, relative humidity, and fog applicable to the North Anna site region.

The 1987 Richmond LCD (Reference 1) and Summary of Hourly Observations
(Reference 20) provide detailed climatological data for this first-order observation station, while
Climatological Data, Virginia, Annual Summary (Reference 10) and climatological summaries
(References 11 through 15) provide data for other stations in the area, although not as complete as
for Richmond.

Direction and distance of the NWS stations closest to the North Anna nuclear power plant
are as follows:

2.3.2.2 Normal and Extreme Values of Meteorological Parameters

2.3.2.2.1 Local Climatological Data

Climatological extremes for Richmond and Charlottesville are presented in Table 2.3-2.
Normal and extremes of available temperature, precipitation, relative humidity, and fog are
presented for Richmond in Table 2.3-3.

Temperature and precipitation means for other applicable stations are presented in
Table 2.3-4.

The closest available fog data for the North Anna site region are from the NWS observation
station at Byrd Field in Richmond. The LCD for Richmond through 1987 (Reference 1) indicate
an average of 28 days per year of heavy fog based on 58 years of records. Heavy fog is defined by
the National Weather Service as fog that reduces visibility to 1/4 of a mile or less. The frequency
of fog conditions at North Anna would be expected to be somewhat different from Richmond. The
North Anna site is characterized by gently rolling terrain that rises to an average height of 50 to
150 feet above Lake Anna’s level. Therefore, low regions at the site and also in the vicinity of the

NWS station Distance (miles) Direction

Richmond 44 Southeast

Fredericksburg 25 Northeast

Charlottesville 41 West

Gordonsville 25 West-Northwest

Louisa 14 West

Partlow 8 East
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lake would be expected to have a higher frequency of fog occurrences attributed to the
accumulation of relatively cool surface air due to drainage flows from higher elevations compared
to the relatively flat region at Byrd Field.

2.3.2.2.1.1 Average Wind Direction and Speed. The distribution of wind direction and speed is
an important consideration when evaluating transport conditions relevant to site diffusion
climatology.

The topographic features of the site region are a factor in influencing the wind direction
distribution at North Anna. The wind direction distribution for any region is usually characterized
by the topographic features of the site region and/or the general circulation of the atmosphere (i.e.,
movement of pressure systems and location of semipermanent zones) within the site region. For
the North Anna site, the prevailing wind is from the south-southwest during the summer season
and from the northwest and north during the winter season. This is primarily attributed to two
factors: (1) the location of the Bermuda High off the eastern coast of the United States during the
summer season, and (2) the development of a cold high-pressure zone over the eastern portion of
the United States during the winter season.

However, the topographic features of the site region in conjunction with the movement of
pressure systems and the location of the semipermanent pressure zones have a definite influence
on the wind direction distribution. The Blue Ridge Mountains, which are oriented in a
south-southwest to north-northeast direction, are located approximately 30 to 40 miles northwest
of the North Anna power plant. Consequently, the prevailing winds during the summer season are
from the south and south-southwest instead of the south-southeast because of a channeling effect
created by the presence of the Blue Ridge Mountains. In addition, the Blue Ridge Mountains act
as a barrier to the prevailing westerly winds at the surface; but even more so, they act as a barrier
to the movement of low-pressure cells from the Gulf region to the northeast portion of the United
States. Consequently, low-pressure cells that are spawned in the Gulf are frequently forced to
move up the east coast on the back (west) side of the Blue Ridge Mountains; therefore, resulting
in a southerly flow of air in the site region instead of a southeast or easterly wind.

Topographic features will also have a definite influence with respect to the wind direction
distribution during periods of light winds. Usually, during episodes of near calm, the pressure
gradient is weak and there is no organization in the general circulation. However, due to
topographic effects such as the presence of Lake Anna (formerly the North Anna River), the flow
of air will more than likely follow the contour lines (valley and ridges) of the land. Air will be
channeled along Lake Anna and the North Anna River Valley during light wind conditions. If
there is a sufficient temperature gradient between the ambient air over the lake and surrounding
land, there exists the possibility of a formation of a weak lake breeze. However, only the area in
the immediate vicinity of the lake (less than 1 mile) would be affected by the lake breeze.

The seasonal and average distributions of wind direction based on site data are presented in
Figures 2.3-2 through 2.3-21 for the lower and upper tower levels. Winds occur on an annual basis
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along a north-south orientation with a general westerly component. Wind direction distributions
based on the lower level data are similar to those based on the upper level data. However, the
upper level data indicate a more distinct north-south orientation of wind flows. Wind data
presented in the PSAR indicate a general flow along a south-southwest/north-northwest
orientation at Richmond (Reference 21). This distribution is similar to the general wind flow at
North Anna. However, the local site topography and the change in orientation of the Blue Ridge
Mountains (which also corresponds to the difference in wind patterns between North Anna and
Richmond) indicate the basis for these respective wind distributions.

Wind direction distributions show seasonal variations. The frequencies of northerly and
southerly winds are generally equivalent during the fall season. Winds from the northwest and
south-southwest sectors characterize wind flows during the winter. During the spring months, the
wind flow is predominantly from the northwest at the lower level. During the summer months, the
predominant wind is from the south-southwest.

Atmospheric dilution is directly proportional to the wind speed (other factors remaining
constant). The seasonal and annual median wind speeds for North Anna are presented in
Table 2.3-6. Seasonal variations of mean wind speeds do occur as indicated in Table 2.3-6.

The mean annual winds speed at North Anna are 6.3 mph and 8.6 mph at the lower and
upper tower levels, respectively. The frequency of calms is 0.37% and 0.75% of the time for the
lower and upper tower levels, respectively.

2.3.2.2.1.2 Wind Direction Persistence. Wind persistence is extremely important when
considering potential effects from a containment release. Wind persistence is defined as a
continuous flow from a given direction or range of directions.

The maximum 22.5-degree range direction persistence episodes recorded during the period
of record at North Anna from the data for the lower level was a 26-hour wind from the north. The
maximum persistence period at the upper level was 33 hours from the west-northwest. In general,
extreme persistence periods (greater than 18 hours) at North Anna are associated with moderately
high winds and relatively low or moderate turbulence. Episodes of maximum wind persistence in
22.5-degree sectors are presented in Figure 2.3-25 through Figure 2.3-28.

2.3.2.2.1.3 Atmospheric Stability. Atmospheric stability, as used in this report, is classified into
horizontal and vertical stability categories. The degree of wind variance or standard deviation of
direction (St) is used to determine horizontal stability, and the vertical thermal structure (delta T)
is used to determine vertical stability. The classification of St data is presented in Table 2.3-7 and
the classification of delta T data is presented in Table 2.3-8.

The seasonal and annual frequency of St stability classes and associated wind speeds for
North Anna are presented in Tables 2.3-9 and 2.3-10 and similar summaries for delta T data are
presented in 2.3-11. An examination of horizontal stability data (Tables 2.3-9 and 2.3-10)
indicates that neutral conditions are prevalent at the lower level and neutral and slightly stable
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conditions are prevalent at the upper level. This situation illustrates the general decrease in
horizontal turbulence with increasing height due to the reduction of surface friction and roughness
effects. The vertical stability data based on delta T site measurements (Table 2.3-11) indicate the
predominance of neutral and slightly stable conditions similar to the upper level St data.

The seasonal variations of horizontal (St) atmospheric stability class distributions as
presented in Tables 2.3-9 and 2.3-10 are relatively minor. The neutral stability class (delta T)
distributions show a more pronounced seasonal dependence than the St data. Extremely unstable
delta T conditions (A) are more frequent and extremely stable delta T conditions (G) are less
frequent during the summer than during the winter. This situation is attributed to the greater solar
heating of the surface during the summer and the large-scale restrictive dilution conditions
(discussed in Section 2.3.1.3.7) that generally occur during the winter. Also, ground snow cover is
conducive to the formation of stable (or inversion) delta T conditions.

An examination of the joint delta T and St (lower level) data (Table 2.3-12) indicates that
prevalent St condition (D) is associated with neutral (D) and slightly stable (E) delta T conditions.

Instrumentation is available in the main control room by which personnel can determine
atmosphere stability. This instrumentation is discussed in Section 2.3.3.2.5. From the temperature
recorder discussed in Section 2.3.3.2.3, a delta T can be ascertained. With this delta T value, the
North Anna Emergency Plan Implementing Procedures can be entered to determine the
appropriate atmospheric stability category. The North Anna Emergency Plan Implementing
Procedures identify station specific instructions and appropriate temperature values for
determining Regulatory Guide 1.23, Table 2 atmospheric stability classifications. This will allow
for the rapid assessment of pertinent meteorological parameters by control room personnel in the
event of an accidental release of radioactive material to the atmosphere.

2.3.2.3 Potential Influence of the Plant and the Facilities on Local Meteorology

The North Anna impoundment lake is expected to have some effects on diffusion
climatology, with those effects mainly confined to the immediate area of the lake. Slade
(Reference 24) has documented that on the average a 50% reduction of St values and a 25%
increase in wind speeds occurred after over-water trajectories of 7 miles. Because of the complex
configuration of the North Anna impoundment, over-water trajectories would generally be less
than 4 km, although it is difficult to extrapolate Slade’s results to other distances. However, since
the average water temperature at North Anna will be higher than the average air temperature,
enhanced low-level atmospheric turbulent mixing in the vertical can be expected. Also, Slade has
indicated that the reduction of St values (i.e., the comparison of over-water to overland flows) is
minimal and the increase in wind speeds is at a maximum when the water temperature exceeds the
air temperature.

The offsite impact due to the effect of the lake on local diffusion climatology is expected to
be minimal. Van der Hoven (Reference 23) has stated that the transition from the relatively
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nonturbulent regime of an over-water flow to the relatively turbulent regime of an overland flow is
quite rapid.

2.3.2.4 Topographic Description

The North Anna Power Station site and exclusion area consist of approximately 1075 acres
located in the northeastern portion of Virginia in Louisa County along the North Anna River. The
site region is characterized by gently rolling terrain that rises to an average height of 50 to 150 feet
above Lake Anna’s level and is cut by the North Anna River. The topography in the site region is
characteristic of the Central Piedmont Plateau, which has a gently undulating surface that varies
from 200 to 500 feet above sea level. Figures 2.3-24 and 2.3-25 present the topographic features
of the site. Section 2.3.2.2.1.1 discusses how the topographic features of the site influence wind
direction distribution.

An earth dam about 5 miles southeast of the site forms Lake Anna, which extends
approximately 17 miles along the old North Anna riverbed. The North Anna Reservoir and Waste
Heat Treatment Facilities cover a surface area of 13,000 acres and contain approximately
100 × 109 gallons of water.

Because of the gently rolling terrain, there will be cold air drainage into low-lying areas at
night. Some wind channeling along Lake Anna is expected during low wind speed conditions.
However, this same effect occurred in the natural lowland area before the lake was filled.

2.3.3 Onsite Meteorological Measurement Programs

2.3.3.1 Original Onsite Meteorological Measurement Program

2.3.3.1.1 Meteorological Facility Operations

The original onsite meteorological program at North Anna consisted of temperature and
wind instrumentation on a tower at levels of 35 feet and 150 feet above grade, and wind
instrumentation at a satellite tower. The 150-foot tower was located 1000 feet north-northeast of
the Unit 1 containment location on a peninsula that extends out into the North Anna impoundment
(an area map with tower locations is provided in Figure 2.3-26). The nearest structure was the
turbine building, approximately 800 feet southwest of the tower, which did not have any
significant effect on the measurements from the southwest sector. A three-bladed Bendix
Aerovane wind sensor was located at the 150-foot level. A supplement six-bladed unit was located
at the 35-foot level of the main tower. Both units used standard Model 141 Bendix analog
recorders. The temperature system made use of highly sensitive platinum resistance bulbs
(accuracy of 0.10%) mounted at both the 35- and 150-foot tower levels. Each sensor was housed
in an aspirator to minimize radiation error (±0.2°F). The recorders were housed in a shelter with a
controlled environment at the base of the tower. The entire meteorological system was calibrated
every 4 months during the data recovery period to ensure data reliability. Low-threshold (less than
1-mph) wind speed and direction instrumentation was installed during June 1971 on a 35-foot
satellite tower on the same peninsula as the 150-foot tower. This additional equipment became
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operational during September 1971 and provided reliable 35-foot data during low wind speed
conditions. A Model 141 Bendix analog recorder was used to provide a basis for manual chart
data reduction. Data obtained from the low-threshold system were used for computations and
analyses in lieu of the less representative wind data (because of the higher starting speed and the
exposure of the instrument) from the 35-foot level on the main tower.

Performance characteristics of the Bendix wind instrumentation installed at North Anna are
provided in Table 2.3-13.

2.3.3.1.2 Meteorological Data Reduction

Meteorological data collected at the North Anna site were routinely forwarded to
NUS Corporation for inspection (i.e., to determine equipment malfunctions, calibration drift, and
invalid data) and for manual data reduction. One 15-minute sample was used for each 1-hour data
period available. Average values of wind direction and wind speed were obtained by visually
estimating a median for the 15-minute sample of the analog traces. A similar approach was used
to reduce the digital traces from the multipoint recorder to obtain average temperature and
temperature differential (delta T) data. The range of the wind direction trace was also manually
reduced (by examining the extreme of the direction trace peaks) in order to obtain a measure of
horizontal stability (σθ- the wind direction standard deviation). Horizontal stability (σθ) data were
manually determined for “noncalm” conditions by dividing the wind direction range for the
15-minute period by a constant of 6.0 as follows (References 6 & 24):

(2.3-2)

where:

A1 = θmax – θavg if θmax > θavg

A1= 360 + θavg if θmax < θavg

A2 = tavg – θmin if θmin < θavg

A2 = 360 + θavg – θmin if θmin > θavg

where:

θmax = maximum deflection angle

θmin = minimum deflection angle

θavg = average wind direction

The manually reduced data were transcribed on cards and were used as computer input to
codes developed by NUS for data analysis and summary. The NUS computer code WINDVANE
(Reference 25) was used to proceed meteorological data to determine significant meteorological

σΘ
A1 A2+

6
--------------------=
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statistics and distributions for further analysis. WINDVANE output included the following
information on a monthly, seasonal, and annual basis:

1. Total number of observations used for calculations.

2. Hourly stability index distribution in percent of total observations of each hour.

3. Distribution for each stability index in percent of total observations.

4. Average wind speed for each stability index.

5. Distribution of stability indices for each of 16 wind directions.

6. Distribution of wind directions (16) for each stability index.

7. Dilution factors, χ/Q (sec/m3), as a function of release height, wind direction, and downward
distance weighted by stability class and wind rose frequencies.

8. Wind persistence frequency calculations for various ranges of wind direction and a listing of
persistence episodes greater than 2 hours.

9. Wind speed distribution versus stability classes for each wind direction individually.

10. Wind speed distribution versus stability classes summed over all directions.

11. Wind speed distribution versus direction summed over all stability classes.

Atmospheric stability in WINDVANE is classified into categories proposed by Pasquill
(Reference 26). These classes range from “A,” the most unstable, to “F,” stable. An additional
category, “G,” has been established by the U.S. Atomic Energy Commission (AEC)
(Reference 27). A low degree of wind turbulence can be expected for stable conditions, resulting
in relatively suppressed diffusion conditions. Conversely, during periods of instability, a high
degree of wind turbulence can be associated with relatively enhanced diffusion conditions.

The horizontal stability indices are based on Pasquill categories as indicated in Table 2.3-9.
Calm conditions are classified into an “E” horizontal stability category (St), if they occur during
the night, and into a “C” category if they occur during the day, as suggested by Slade
(Reference 22).

Vertical stability indices are based on the temperature lapse rate and classified according to
Table 2.3-10. Calm conditions are also classified into vertical stability categories (dT) according
to the associated lapse rates for each occurrence. Tables 2.3-9 and 2.3-10 are based on AEC
Safety Guide 23 recommendations for stability classification (Reference 28). The temperature
lapse rate in °F/1000 feet is determined from delta T data as follows:

(2.3-3)dT °F/1000 ft( )
1000( ) dT2 1–( )

dZ2 1–
--------------------------------------=
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where:

dT2-1 = difference in ambient temperature between Tower Level 2 (higher) and Tower 
Level 1 (lower), °F

dZ2-1 = vertical distance between two levels of temperature instrumentation, ft.

2.3.3.2 Upgraded Onsite Meteorological Measurements Program for Station Operation

2.3.3.2.1 General Program Description

The current, upgraded onsite meteorological measurements program for the North Anna
Power Station meets the requirements of 10 CFR 50.47 and the criteria set forth in NUREG 0696,
NUREG 0737, and NUREG 0654, Appendix 2. The basic functions provided by the upgraded
meteorological program are:

1. A capability for making meteorological measurements.

2. A capability for making real-time predictions of atmospheric effluent transport and diffusion.

3. A capability for remote interrogation of the atmospheric measurements and predictions by
appropriate organizations.

Meteorological measurements are available from both a primary and backup system, as
required in 10 CFR 50, Appendix E. The backup system will function when the primary system is
out of service, thus providing assurance that basic meteorological information is available during
and immediately following an accidental airborne radioactivity release.

The primary meteorological monitoring site at North Anna consists of a Rohn Model 80,
guyed, 160-foot tower located approximately 1900 feet east of the Unit 1 reactor containment.
Sensors are located at the 10-meter, 48.4-meter, and ground levels. Wind speed, wind direction,
horizontal wind direction fluctuation (St), ambient temperature, one-half of differential
temperature, and dewpoint temperature are measured at the 10-meter elevation. Wind speed, wind
direction, horizontal wind direction fluctuation (St), and one-half of differential temperature are
measured at the 48.4-meter elevation. Precipitation is monitored at the ground level. Signal cables
are routed through conduit from each location into the instrument shelter at the base of the tower.
Inside the shelter, the signals are routed to the appropriate signal-conditioning equipment whose
outputs go to: (1) digital data recorders, and (2) an interface with the intelligent remote multiplex
system.

The North Anna backup meteorological monitoring site consists of a Rohn Model 25,
free-standing 10-meter tower. This tower is located approximately 1300 feet northeast of the
Unit 1 reactor containment and serves as the backup meteorological monitoring site. A sensor at
the top of the mast monitors wind speed, wind direction, and horizontal wind direction fluctuation
(St). The signal path, instrument shelter and data recording are identical to those described at the
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primary tower. All three parameters are interfaced to the intelligent remote multiplexing system
equipment.

Total solar and sky radiation was recorded at the original meteorological monitoring facility
until that meteorological program was terminated as described below.

The original and upgraded meteorological systems were operated concurrently before
phasing out the original system. The majority of the upgraded facility went into operation by
June 1977.

The upgraded onsite meteorological monitoring program is conducted in accordance with
the criteria of Regulatory Guide 1.23, Section C.3. Proposed Revision 1 to Regulatory Guide 1.23
was used for guidance in designing the primary meteorological measurements system.

Data from the original and upgraded systems were compared in November 1978, at the end
of the first year of concurrent operation. The meteorological data collected from the upgraded
tower site were found to be completely representative of the data collected at the original tower
site, and the dispersion characteristics of the North Anna Power Station as reflected in the original
tower data were duplicated. Furthermore, the main dispersion parameters, wind flow and wind
persistence, were practically identical.

2.3.3.2.2 Location, Elevation, and Exposure of Instruments

The location of the original, upgraded, and back-up meteorological towers are shown on the
topographical map, Figure 2.3-26. Distances and bearings to ground features in the vicinity of the
tower are shown on Figure 2.3-28. The nearest major structures is the Training Center building
(completed in 1982) located 740 feet from the tower on a line of bearing of 205° from true North.
The minor structures, forming the recreational facility in the immediate vicinity of the tower have
been evaluated as having no adverse effect on the measurements taken at the tower. Trees in the
immediate vicinity of the tower have been topped to heights of 10-15 feet. The nearest contiguous
tree line is more than 500 feet away from the tower and tree heights are 40 to 50 feet.

These towers and the original satellite tower have the same relative proximity to Lake Anna.

Ground cover at the location is characteristically native grasses. Comparable cover is
maintained at the base of the tower.

The primary tower is a guyed, triaxial, open-lattice structure. The lower level
instrumentation is at 10 m above ground level. The upper instrumentation is at 158.9 feet above
the finished plant grade of 271 feet above mean sea level.

The wind sensors are positioned so that the tower will not influence the prevailing
south-southwest wind flow detected by the sensors.

The wind speed, wind direction, and (St) sensors are mounted on booms longer than one
times the tower face width.
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Temperature, differential temperature, and dewpoint temperature sensors are housed in
motor-aspirated shields to insulate them from thermal radiation. These shields have a less than
0.2°F error at a maximum solar radiation of 1.6 gm-cal/cm2/min.

2.3.3.2.3 Meteorological Sensor Type and Performance Specifications

Wind speed, wind direction, and (St) are measured at both the lower and upper tower levels.
Electro-mechanical instruments are used to measure wind speed and wind direction, and (St) is
calculated by the digital data acquisition system.

Temperature is measured at the 10-m level and differential temperature is measured
between the 10-m and 158.9-foot level. The sensors consist of one single-element high-precision
platinum resistance temperature sensor to be located at the 158.9-foot level for measuring part of
the differential temperature; one single-element precision platinum resistance sensor to be located
at 10-m level for measuring ambient temperature and the other part of differential temperature.
The sensors’ signals are input into a temperature/delta temperature processor to provide output
signals proportional to one ambient and one differential (delta T) temperature.

Dewpoint temperature is measured at the 10-m level by a Lithium Chloride Dew Point
Sensor. The sensor signals input into a Dew Point Processor to provide output signals proportional
to the ambient dewpoint temperatures.

2.3.3.2.4 Instrument Calibration and Maintenance

The meteorological monitoring installation is calibrated not less than semiannually.
Inspection, service, and maintenance is performed as required to ensure not less than 90% data
recovery. A body of instrument technicians have the requisite expertise to service and, in the event
of a system failure, repair the monitoring equipment. These technicians are provided by the onsite
instrument group.

An inventory of spare sensors and parts are maintained for the replacement of major
components in the event of a system outage. Redundant recording systems are incorporated into
the program to further minimize data loss due to recorder failure.

2.3.3.2.5 Data Recording Systems

2.3.3.2.5.1 Control Room Systems. Data from the primary and backup meteorological towers
are sent to the station’s control room as 4-20 ma current signals over individual shielded pair
cables. Once there, the parameters are collected by the plant computer system (PCS), via the
intelligent remote multiplex system. The PCS meets the overall 99% availability requirement in
NUREG 0696. Once collected by the multiplex system, the parameters are placed in the PCS data
base, thus making the site meteorological field data available for display in the station’s Technical
Support Center (TSC), and Local Emergency Operations Facility (LEOF), or the Corporate
Emergency Response Center (CERC), or the Central Emergency Operations Facility (CEOF)
located in the CERC at Virginia Power’s Innsbrook Technical Center. Certain input sensor
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information in the control rooms is also hardwired for display on the main control room
meteorological panels. Tables 2.3-15 and 2.3-16 list each meteorological input parameter and its
transmitted location.

Tables 2.3-15 and 2.3-16 describe data that can be made available for remote interrogation
at any time. During emergency conditions, selected meteorological parameters can be made
available to the NRC through the Emergency Response Data system. Once activated by Virginia
Power, this meteorological data is transmitted from the PCS, via modem, to the NRC operation
center.

2.3.3.2.5.2 Tower Base Shelter Systems. A nominally 8 ft x 8 ft x 18 ft shelter is at the tower
base. The shelter is insulated and thermostatically controlled heat and air conditioning maintain
an interior temperature within a range appropriate for proper equipment operation. The enclosure
is located so as to minimize any micrometeorological effects on the tower instrumentation.

Equipment and circuitry for two separate data recording systems are housed in the
enclosure.

Microprocessor-based Data Acquisition Systems are the primary method of data
acquisition. The sensor analog signals are collected, processed, and telemetered to a system
computer.

The data acquisition systems have a built-in battery which maintains the time and date and
initialized parameters. In addition to the power-up diagnostic checks, memory diagnostic tests are
continually being performed to insure data integrity.

Virginia Power submits that the instruments and data acquisition systems as detailed herein
are consistent with the current level of technology for meteorological monitoring and that the
accuracy of the components is adequate to ensure system accuracy with Regulatory Guide 1.23.

2.3.3.2.6 Meteorological Data Analysis Procedure

The data values are used to generate a sequential file of 1-hour values for each parameter.
The average values are calculated by the digital data collection system.

In addition to being transmitted real-time to the PCS, the data are telemetered daily to a
computer in the corporate office. The data are reviewed each work day by personnel in the Air
Quality Department who check it for representativeness and reasonability. The data are compared
with other Company meteorological tower sites as well as with the real-time data received at the
corporate Meteorological Operations Center. The current calendar month of data is maintained on
a personal computer. At the end of each month, the data are transferred to the corporate
mainframe computer for inclusion in the historical database.

This sequential file is used as the data base for all subsequent data summaries and historical
calculations.
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Routine data summaries are generated for each day, each calendar month, and each calendar
year from certain meteorological parameters recorded on strip charts in the control room. An
annual summary is provided to Health Physics by the Air Quality Department. Other data
summaries are prepared by Air Quality Department upon request.

The format of the onsite data summaries conforms to the recommended format found in
Regulatory Guide 1.23, Table 1. To enhance comparison, the joint frequency distributions of wind
speed and wind direction for each stability class as defined by horizontal wind sigma and
differential temperature are displayed side by side. Joint frequency distributions for each wind
sensor are presented.

2.3.4 Short-Term (Accident) Diffusion Estimates

2.3.4.1 Basis

Onsite data have been used to evaluate the hypothetical accident meteorology for the North
Anna site. This hypothetical accident is postulated to predict upper-limit concentrations and
dosages that might occur in the event of a containment release. A basic input to the accident
analysis is the meteorological conditions that determine the dilution capacity of the atmosphere.
The meteorological conditions postulated for the hypothetical accident are based on a
consideration of AEC Safety Guide 4 (Reference 31) and an analysis of available site and regional
meteorological data.

Site data were used for a quantitative evaluation of the hypothetical accident at North Anna.
Although it would have been more desirable to use the longer (5-year) period of record of
Richmond data presented in the PSAR, these measurements are not commensurate with
evaluation requirements of site dilution meteorology during low-wind-speed regimes (i.e., the
wind instrumentation at Richmond does not have the required sensitivity for these analyses, and
atmospheric stability is determined by an indirect approach). Also, onsite data provide more
representative measurements of local dilution conditions appropriate to North Anna. However, the
average wind speed at Richmond (for the report period from September 16, 1971, to
September 15, 1972) of 7.5 mph closely approximates the climatic normal of 7.6 mph. Therefore,
these site meteorological data are considered to be reasonably representative of long-term
conditions.

Meteorological data were examined to determine 0 minute to 60 minute hypothetical
accident conditions. These postulate accident conditions were determined on a quantitative
statistical basis. The frequency of occurrence of each stability class is tabulated for various wind
speed ranges. The associated χ/Q values for each wind speed and stability class combination are
ranked in descending order of magnitude to determine the fifth percentile value (i.e., the χ/Q that
is exceeded in value 5% of the time) at the exclusion distance. Data are classified into horizontal
stability categories based on 35-foot-level σθ data and into vertical stability categories based on
delta T150-35 ft data. Calms are included in the analysis and are assigned an arbitrary wind speed
of 0.25 mph and a stability category based on delta T data. Credit is taken for increased dilution
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due to building wake effects. The building wake factor is assumed to be 0.5 times the smallest
cross-sectional area of the containment structure. A building wake factor of 758 m2 was used for
this analysis.

As illustrated in Table 2.3-17 and Figure 2.3-29, the fifth percentile value of χ/Q is
2.0 × 10-4 sec/m3, which is equivalent to an “F” stability and a 1.5-m/sec (3.4-mph) wind
condition at the exclusion distance of 1350 m.

This indicates more favorable dilution conditions than the “F” stability and the 1-m/sec
(2.2-mph) wind condition postulated in AEC Safety Guide 4. However, for conservatism, the “F”
stability 1-m/sec wind condition is postulated also for a 0-minute to 60-minute hypothetical
accident period at North Anna. Conditions for this hypothetical accident are presented in
Table 2.3-18. This results in a χ/Q value of 3.0 × 10-4 sec/m3 at the exclusion distance for the
0-minute to 60-minute period. For dose analysis calculations the slightly more conservative value
3.1 × 10-4 sec/m3 was used.

A graph depicting dilution factors based on the postulated meteorological model for a
hypothetical accident and a comparison with the fifth percentile condition is presented in
Figure 2.3-30, with discrete data given in Table 2.3-19.

The 50th percentile χ/Q value is 2.40 × 10-5 sec/m3.

2.3.4.2 Calculations

Centerline dilution factors (χ/Q) can be calculated using Equation 2.3-7 (References 32
& 33) for invariant winds. The diffusion is assumed to be Gaussian; that is, horizontal and vertical
distributions perpendicular to the centerline have Gaussian properties. A correction term to
account for the initial diffusion resulting from the building wake effect is included for invariant
wind conditions.

(2.3-7)

where:

χ = concentration, units per m3

Q = source strength, units per sec

σy, σz = horizontal and vertical dispersion parameters, m

= mean wind speed, m/sec

c = building shape factor (0.5), dimensionless

A = smallest cross-sectional area of the containment structure, m2

χ
Q
---- 1

πσyσz cA+( )u
-------------------------------------=
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This relationship, which is usually associated with continuous-release sources, is also
applicable to North Anna. These releases can be treated as continuous sources (i.e., with regard to
using the same diffusion equations) when the travel time of the plume is less than 10 times the
duration of release (Reference 34).

2.3.4.3 Atmospheric Transport and Diffusion Assessment Model

A near real-time, site-specific atmospheric transport and diffusion model for assessing
accidental airborne radioactive releases is available for use with the installation and operation of
the plant computer system (PCS) hardware and software, as required in NUREG 0696. The model
uses actual 15-minute average meteorological field data obtained from the station’s
meteorological system. The model provides relative concentrations (χ/Q) and transit times within
the plume exposure EPZ. Atmospheric diffusion rates are based on atmospheric stability as a
function of site-specific conditions. Source characteristics (release mode, and building complex
influence) are factored into the model. The output from the model includes plume dimensions and
position, and the location, magnitude, and arrival time of (1) the peak relative concentration and
(2) the relative concentrations at approximate locations. The calculated output of the model will
be placed in the PCS data base for display in the station’s TSC and in the central office EOF.

2.3.5 Long-Term (Routine) Diffusion Estimates

2.3.5.1 Basis

Annual average atmospheric dilution factors (χ/Q) were determined for the North Anna site.
Again, site data were used in lieu of the longer period of record available for Richmond data
because the North Anna measurements were more representative of site dilution conditions.
However,  the average wind speed of 7.5 mph at Richmond for the report  period
(September 16, 1971 to September 15, 1972) closely approximates the climatic normal of
7.6 mph. Therefore, site meteorological data for the September 16, 1971 to September 15, 1972
period are considered reasonably representative of long-term conditions. Figure 2.3-31 shows the
distribution of χ/Q in sec/m3 based on North Anna 35-foot wind data. The configurations of χ/Q
isopleths reflect the distribution of wind direction, wind speed, and vertical (delta T150-35 ft)
atmospheric stability for the period. The maximum χ/Q at the exclusion distance radius (4430 feet
(1350 m)) is 3.30 × 10-6 sec/m3. At the low population zone radius (6 miles (9656 m)), the value
is 1.7 × 10-7 sec/m3, and at the population center radius (23.5 miles (37,821 m)),
2.8 × 10-9 sec/m3, based on available site data. These maximum values are associated with winds
from the west-northwest and were conservatively based on the analysis of all wind directions.

The average χ/Q value calculated for the nearest residence (1770 m to the west-northwest of
the plant) is 1.0 × 10-6 sec/m3. These χ/Q values are somewhat higher than those presented in the
PSAR based on Richmond data (the maximum annual χ/Q at 1350 m was 2.5 × 10-6 sec/m3 and
the annual χ/Q at the nearest residence was 5.0 × 10-7 sec/m3).
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2.3.5.2 Calculations

Annual average atmospheric dilution factors (χ/Q) were determined for the North Anna site
on a directional basis. The results represent the sector average concentrations from Equation 2.3-8
for a ground-level release.

Calm conditions are not included, since they are not associated with a sector average in
these directional analyses. However, because of the relatively low frequency of calm conditions,
the exclusion of these occurrences does not significantly affect calculated χ/Q values.

(2.3-8)

where

χ = concentration, units per m3

Q = source strength, units per sec

σz = vertical dispersion parameter, m

i = stability categories A-G (numerically 1-7)

i = mean wind speed for stability category i, m/sec

Fi = relative fraction of time stability condition i for sector of interest

f = fraction of time winds occur from sector of interest

x = downwind distance, m

n = number of stability categories (seven, from A-G)
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Table 2.3-1
EXTREME 1-MILE WIND PASSAGE AT RICHMOND, VIRGINIA

Probability Speed (mph)
Recurrence

Interval (years)

0.5 48 2

0.1 60 10

0.04 68 25

0.02 72 50

0.01 80 100

0.001 105 1000

Table 2.3-2
SELECTED NATIONAL WEATHER SERVICE STATIONS

FOR METEOROLOGICAL EXTREMES IN THE NORTH ANNA SITE REGION
(DATE OF OCCURRENCE)

Charlottesville Richmond

Maximum temperature 107°F (9/54) 105°F (7/77)

Minimum temperature -9°F (1/85) -12°F (1/40)

Maximum monthly rainfall 16.96 in. (10/44) 18.87 in. (7/45)

Maximum monthly snowfall 29.8 in. (3/60) 28.5 in. (1/40)

Maximum 24-hr rainfall 8.00 in. (9/44) 8.79 in. (8/55)

Maximum 24-hr snowfall N/A 21.6 in. (1/40)

Fastest mile wind, direction N/A 68 mph SE (10/54)

N/A - Data not available.
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Table 2.3-3
NORMALS, MEANS, AND EXTREMES

RICHMOND, VIRGINIA
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Table 2.3-4
MEAN ANNUAL METEOROLOGICAL DATA FOR STATIONS IN THE SITE REGION

Mean Annual
Temperature (°F)

Mean Annual
Precipitation (in.)

Mean Annual
Snowfall (in.)

Charlottesville 56.8 45.72 24.2

Fredericksburg 56.2 40.99 17.7

Louisa 56.3 41.62 19.9

Piedmont Research Station 55.9 38.68 22.0

Partlow 55.2 42.24 18.6

Table 2.3-5
COMPARISON OF MEAN TEMPERATURE DATA FOR NORTH ANNA, RICHMOND, 

PARTLOW, AND LOUISA (°F) (SEPTEMBER 16, 1971–SEPTEMBER 15, 1972)

Month North Anna Richmond Partlow Louisa

January (1972) 36.6 40.7 37.6 39.5

February (1972) 33.6 37.6 35.5 36.2

March (1972) 43.0a 47.2 45.1 46.3a

April (1972) 54.7a 56.2 54.1 55.0

May (1972) 62.4 64.6 62.4 62.1

June (1972) 68.3 70.1 69.5 68.1

July (1972) 75.0 77.1 77.0 74.8

August (1972) 72.9 75.2 73.1 72.8

September (16-30, 1971; 1-15, 1972) 68.2a 69.6  (b)  (b) 

October (1971) 62.8 64.6 63.9 63.0a

November (1971) 45.8a 48.5 46.6a 47.1

December (1971) 46.3a 48.0 46.8 46.2

a. One or more days of data missing.

b. Data not available.
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Table 2.3-8
VERTICAL (ΔT) STABILITY CATEGORIES

Stability Category

Range of Vertical Temperature Gradient

Atmospheric Turbulence (°C/100 m) (°F/1000 ft)

A = very unstable ΔT<-1.9 ΔT<-10.4 High

B = moderately unstable -1.9 ≤ ΔT<-1.7 -10.4 ≤ ΔT<-9.3 High

C = slightly unstable -1.7 ≤ ΔT<-1.5 -9.3 ≤ ΔT<-8.2 High

D = neutral -1.5 ≤ ΔT<-0.5 -8.2 ≤ ΔT<-2.7 Moderate

E = slightly stable -0.5 ≤ ΔT<1.5 -2.7 ≤ ΔT<8.2 Low

F = moderately stable 1.5 ≤ ΔT<4.0 8.2 ≤ ΔT<22.0 Low

G = very stable 4.0 ≤ ΔT 22.0 ≤ ΔT Low
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Table 2.3-9
NORTH ANNA LOWER LEVEL HORIZONTAL (St) STABILITY

AND WIND SPEED DISTRIBUTION 1978-1987

Horizontal Stability Categories

Period A B C D E F G

Spring

Frequency (%) 5.92 6.81 22.82 34.08 23.20 6.00 1.18

Wind speed (mph) (6.1) (9.0) (10.9) (10.1) (8.9) (7.8) (7.1)

Summer

Frequency (%) 8.64 10.02 27.10 34.01 17.05 2.93 0.73

Wind speed (mph) (5.6) (7.0) (7.9) (7.4) (7.1) (6.8) (6.4)

Fall

Frequency (%) 6.75 8.71 25.93 37.79 19.05 1.96 0.30

Wind speed (mph) (5.8) (7.5) (8.8) (8.5) (7.6) (5.6) (5.2)

Winter

Frequency (%) 4.61 7.42 28.64 39.10 18.51 1.95 0.25

Wind speed (mph) (6.0) (8.7) (10.1) (9.3) (8.8) (5.1) (3.6)

Annual

Frequency (%) 6.47 8.23 26.07 36.15 19.39 3.20 0.61

Wind speed (mph) (5.8) (7.9) (9.4) (8.8) (8.2) (6.8) (6.3)
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Table 2.3-10
NORTH ANNA UPPER LEVEL HORIZONTAL (St) STABILITY

AND WIND SPEED DISTRIBUTION 1978-1987

Horizontal Stability Categories

Period A B C D E F G

Spring

Frequency (%) 3.03 2.35 6.55 29.54 38.99 13.75 5.79

Wind speed (mph) (5.2) (5.8) (7.5) (10.1) (10.2) (8.9) (8.3)

Summer

Frequency (%) 4.67 3.72 9.84 35.49 35.64 7.98 3.12

Wind speed (mph) (5.1) (5.3) (6.0) (7.6) (7.9) (7.7) (6.9)

Fall

Frequency (%) 3.16 2.70 8.31 35.49 38.96 8.04 3.78

Wind speed (mph) (4.8) (5.3) (6.1) (8.5) (8.6) (7.1) (6.9)

Winter

Frequency (%) 2.07 2.07 6.20 37.13 40.25 8.60 4.14

Wind speed (mph) (4.9) (4.9) (5.8) (9.5) (10.1) (8.3) (7.5)

Annual

Frequency (%) 3.22 2.70 7.71 34.35 39.38 9.55 4.19

Wind speed (mph) (5.0) (5.3) (6.3) (8.9) (9.3) (8.1) (7.5)
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Table 2.3-11
NORTH ANNA VERTICAL STABILITY (dT) AND

LOWER LEVEL WIND SPEED DISTRIBUTION 1974-1987

Vertical Stability Categories

Period A B C D E F G

Spring

Frequency (%) 20.04 5.41 4.86 29.87 24.18 7.92 7.71

Wind speed (mph) (8.6) (8.4) (8.6) (7.9) (6.3) (4.0) (2.9)

Summer

Frequency (%) 25.33 5.38 5.10 29.52 27.21 6.42 1.44

Wind speed (mph) (6.1) (6.2) (6.2) (5.7) (4.3) (3.2) (2.9)

Fall

Frequency (%) 21.28 4.16 4.25 28.71 25.57 10.26 6.14

Wind speed (mph) (6.9) (7.1) (7.4) (6.8) (4.9) (3.4) (3.2)

Winter

Frequency (%) 13.39 4.82 4.85 35.10 27.55 8.09 6.60

Wind speed (mph) (7.6) (7.8) (8.2) (7.4) (5.6) (3.5) (2.8)

Annual

Frequency (%) 20.00 4.91 4.74 30.69 26.08 8.22 5.46

Wind speed (mph) (7.2) (7.4) (7.6) (7.0) (5.2) (3.5) (3.0)
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Table 2.3-12
NORTH ANNA JOINT FREQUENCY OF LOWER LEVEL HORIZONTAL (St) 

STABILITY AND VERTICAL (dT) STABILITY GIVEN IN PERCENT 1978-1987

Vertical (dT) Stability 

A B C D E F G

Lower Level A 1.49 0.32 0.35 2.01 1.71 0.58 0.39

Horizontal (St) B 2.66 0.45 0.44 2.49 1.87 0.39 0.25

Stability C 7.16 1.38 1.51 8.71 6.61 1.11 0.52

D 7.59 1.94 1.75 11.25 9.55 2.63 1.27

E 1.83 0.66 0.78 5.14 4.99 2.42 2.09

F 0.29 0.06 0.07 0.60 0.87 0.59 0.60

G 0.07 0.02 0.01 0.09 0.21 0.12 0.11
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Table 2.3-14
METEOROLOGICAL DATA RECOVERY RATE (%)

(NORTH ANNA, SEPTEMBER 16, 1971–SEPTEMBER 15, 1972)

150-ft
Wind Data

 35-ft
Low-Threshold

Wind Data

Combined 35-ft
Wind Data and
ΔT150-35 ftData

ΔT150-35 ft
Data

ΔT35 ft
Data

Spring 94 90 82 91 92

Summer 98 95 94 99 99

Fall 99 93 74 78 89

Winter 76 99 88 90 90

Annual 92 94 84 90 92

Table 2.3-15
PRIMARY TOWER PARAMETERS

Parameter

Transmitted Locations

PCS Data Base Control Room
Remote

Interrogation

Wind direction (upper) X X X

Wind speed (upper) X X X

Sigma theta (upper) X

Wind direction (lower) X X X

Wind speed (lower) X X X

Sigma theta (lower) X

Ambient temperature (lower) X X X

Dewpoint temperature (lower) X

Delta ambient temperature 
(upper-lower)

X X X

Precipitation X

Note: All parameters going to the PCS data base are available for printout in the TSC 
and EOF. The control room parameters are hardwired.
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Table 2.3-16
BACKUP TOWER PARAMETERS

Parameter PCS Data Base Control Room
Remote

Interrogation

Wind speed X X X

Wind direction X X X

Sigma theta X X X

Note: All parameters going to the PCS data base will be available for 
printout in the TSC and EOF. The control room parameters are 
hardwired.
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Table 2.3-17
0 TO 2 HR χ/Q PROBABILITY AT EXCLUSION DISTANCE (1350 M)

(NORTH ANNA, SEPTEMBER 16, 1971–SEPTEMBER 15, 1972)

χ/Q (sec/m3)a
Wind Speed at

35 ft (mph)
y

(  35 ft)b
z

(ΔT 150-35 ft)
b F(%) ∑ F(%)

4.99 × 10-3  Calmc Gd G 0.28 0.28

2.64 × 10-3 Calmc Fd F 0.19 0.47

1.24 × 10-3 Calmc Ed E 0.16 0.63

1.24 × 10-3 1.0 G G 0.00 -

9.28 × 10-4 1.0 G F 0.00 -

9.28 × 10-4 1.0 F G 0.03 0.66

7.18 × 10-4 Calmc Dd D 0.04 0.70

7.03 × 10-4 1.0 E G 0.15 0.85

6.61 × 10-4 1.0 F F 0.01 0.86

6.35 × 10-4 1.0 G E 0.01 0.87

6.22 × 10-4 2.0 G G 0.00 -

5.70 × 10-4 1.0 D G 0.30 1.17

4.88 × 10-4 1.0 G D 0.00 -

4.85 × 10-4 1.0 E F 0.01 1.18

4.64 × 10-4 2.0 G F 0.01 1.19

4.64 × 10-4 2.0 F G 0.05 1.24

4.34 × 10-4 1.0 F E 0.00 -

4.15 × 10-4 3.0 G G 0.00 -

4.01 × 10-4 1.0 C G 0.25 1.49

3.86 × 10-4 1.0 D F 0.26 1.75

3.52 × 10-4 2.0 E G 0.30 2.05

3.30 × 10-4 2.0 F F 0.10 2.15

3.27 × 10-4 1.0 F D 0.01 2.16

3.17 × 10-4 2.0 G E 0.00 -

3.11 × 10-4 4.0 G G 0.00 -

3.10 × 10-4 1.0 E E 0.12 2.28

3.09 × 10-4 3.0 G F 0.00 -

a. Includes a building wake factor (758 m2).

b. Key: A = extremely unstable; B = unstable; C = slightly unstable; D = neutral; E = 
slightly stable; F = stable; G = extremely stable.

c. An arbitrary wind speed of 0.25 mph is assumed.

d. Based on delta T data.

σ
σθ

σ
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3.09 × 10-4 3.0 F G 0.15 2.43

2.92 × 10-4 1.0 B G 0.22 2.65

2.85 × 10-4 2.0 D G 0.64 3.29

2.65 × 10-4 1.0 C F 0.12 3.41

2.49 × 10-4 5.0 G G 0.00 -

2.44 × 10-4 2.0 G D 0.00 -

2.43 × 10-4 1.0 D E 0.25 3.66

2.43 × 10-4 1.0 G C 0.00 -

2.43 × 10-4 2.0 E F 0.30 3.96

2.34 × 10-4 3.0 E G 0.38 4.34

2.32 × 10-4 4.0 G F 0.00 -

2.32 × 10-4 4.0 F G 0.08 4.42

2.31 × 10-4 1.0 E D 0.03 4.45

2.26 × 10-4 1.0 A G 0.39 4.84

2.24 × 10-4 Calmc Cd C 0.01 4.85

2.20 × 10-4 3.0 F F 0.09 4.94

2.17 × 10-4 2.0 F E 0.01 4.95

2.12 × 10-4 3.0 G F 0.01 4.96

2.07 × 10-4 6.0 G G 0.00 -

2.00 × 10-4 2.0 C G 0.36 5.32

a. Includes a building wake factor (758 m2).

b. Key: A = extremely unstable; B = unstable; C = slightly unstable; D = neutral; E = 
slightly stable; F = stable; G = extremely stable.

c. An arbitrary wind speed of 0.25 mph is assumed.

d. Based on delta T data.

Table 2.3-17 (continued) 
0 TO 2 HR χ/Q PROBABILITY AT EXCLUSION DISTANCE (1350 M)

(NORTH ANNA, SEPTEMBER 16, 1971–SEPTEMBER 15, 1972)

χ/Q (sec/m3)a
Wind Speed at

35 ft (mph)
y

(  35 ft)b
z

(ΔT 150-35 ft)
b F(%) ∑ F(%)

σ
σθ

σ
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Table 2.3-18
CONDITIONS FOR A 0-MIN TO 60-MIN HYPOTHETICAL ACCIDENT

(NORTH ANNA, SEPTEMBER 16, 1971–SEPTEMBER 15, 1972)

Time Interval Stability Category Wind Speed Wind Conditions

0-60 min. F 1.0 m/sec Invariant

Table 2.3-19
SITE HYPOTHETICAL ACCIDENT DILUTION FACTORS (χ/Q SEC/M3)

(NORTH ANNA, SEPTEMBER 16, 1971–SEPTEMBER 15, 1972)

Distance from Structure (m)
Postulated “F”

1-m/sec Conditiona
5th Percentile “F”

1.5-m/sec Conditiona

100 1.27 × 10-3 8.58 × 10-4

200 1.16 × 10-3 7.81 × 10-4

400 8.84 × 10-4 5.97 × 10-4

700 5.86 × 10-4 3.96 × 10-4

1000 4.16 × 10-4 2.81 × 10-4

1350 2.96 × 10-4 2.00 × 10-4

1609 2.38 × 10-4 1.61 × 10-4

1770 2.10 × 10-4 1.42 × 10-4

2000 1.79 × 10-4 1.21 × 10-4

4000 7.45 × 10-5 5.03 × 10-5

7000 3.77 × 10-5 2.55 × 10-5

9656 2.56 × 10-5 1.74 × 10-5

10,000 2.43 × 10-5 1.64 × 10-5

20,000 1.10 × 10-5 7.43 × 10-6

37,821 5.29 × 10-6 3.58 × 10-6

40,000 4.96 × 10-6 3.35 × 10-6

70,000 2.77 × 10-6 1.87 × 10-6

100,000 1.86 × 10-6 1.26 × 10-6

a. 0-60 minutes with building wake factor (758 m2).



Revision 43—09/27/07 NAPS UFSAR 2.3-37
 

Figure 2.3-1 
RAINFALL RECORDED IN THE PLANT SITE AREA

DURING TROPICAL STORM AGNES
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Figure 2.3-2 
NORTH ANNA SEASONAL WIND DIRECTION ROSES

LOW LEVEL WINDS 1974–1987 SEASON = SPRING 
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Figure 2.3-3 
NORTH ANNA SEASONAL WIND DIRECTION ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = SPRING 
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Figure 2.3-4 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

LOW LEVEL WINDS 1974–1987 SEASON = SPRING 
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Figure 2.3-5 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = SPRING 
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Figure 2.3-6 
NORTH ANNA SEASONAL WIND DIRECTION ROSES
LOW LEVEL WINDS 1974–1987 SEASON = SUMMER 
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Figure 2.3-7 
NORTH ANNA SEASONAL WIND DIRECTION ROSES
HIGH LEVEL WINDS 1974–1987 SEASON = SUMMER 
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Figure 2.3-8 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

LOW LEVEL WINDS 1974–1987 SEASON = SUMMER 
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Figure 2.3-9 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = SUMMER 
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Figure 2.3-10 
NORTH ANNA SEASONAL WIND DIRECTION ROSES

LOW LEVEL WINDS 1974–1987 SEASON = FALL
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Figure 2.3-11 
NORTH ANNA SEASONAL WIND DIRECTION ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = FALL
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Figure 2.3-12 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

LOW LEVEL WINDS 1974–1987 SEASON = FALL 
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Figure 2.3-13 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = FALL 
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Figure 2.3-14 
NORTH ANNA SEASONAL WIND DIRECTION ROSES

LOW LEVEL WINDS 1974–1987 SEASON = WINTER 
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Figure 2.3-15 
NORTH ANNA SEASONAL WIND DIRECTION ROSES
HIGH LEVEL WINDS 1974–1987 SEASON = WINTER 



Revision 43—09/27/07 NAPS UFSAR 2.3-52
 

Figure 2.3-16 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

LOW LEVEL WINDS 1974–1987 SEASON = WINTER 
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Figure 2.3-17 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = WINTER 
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Figure 2.3-18 
NORTH ANNA SEASONAL WIND DIRECTION ROSES
LOW LEVEL WINDS 1974–1987 SEASON = OVERALL 
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Figure 2.3-19 
NORTH ANNA SEASONAL WIND DIRECTION ROSES
HIGH LEVEL WINDS 1974–1987 SEASON = OVERALL 
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Figure 2.3-20 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

LOW LEVEL WINDS 1974–1987 SEASON = OVERALL 
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Figure 2.3-21 
NORTH ANNA SEASONAL WIND PERSISTENCE ROSES

HIGH LEVEL WINDS 1974–1987 SEASON = OVERALL 
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Figure 2.3-24 
TOPOGRAPHICAL MAP
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Figure 2.3-26 
LOCATION OF METEOROLOGICAL TOWER
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Figure 2.3-28 
LOCATION OF NEW METEOROLOGICAL TOWER

RELATIVE TO LOCAL GROUND FEATURES
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Figure 2.3-30 
NORTH ANNA SITE HYPOTHETICAL

ACCIDENT DILUTION FACTORS (9/16/71–9/15/72)
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Figure 2.3-31 
NORTH ANNA χ/Q DISTRIBUTION
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2.4 HYDROLOGY

2.4.1 Hydrologic Description

2.4.1.1 Site and Facilities

The principal water source for the power station is an impoundment of the North Anna
River. Lake Anna is formed by a dam constructed across the North Anna River as part of the
overall project development.

The power station is situated approximately 5 miles upstream from the main dam at a
minimum elevation of 271 feet msl. All safety-related equipment and systems at the site are
located so as to be protected from flooding.

The topographic description of the site is in Section 2.3.2.4.

The principal hydrologic considerations, insofar as the station is concerned, are:

1. The adequacy of the water supply.

2. The prevention of power station site flooding.

3. Environmental effects of radioactive discharge.

4. Thermal effects.

2.4.1.2 Hydrosphere

The North Anna River rises in the eastern slopes of the Southwestern Mountains in the
Appalachian Range near Gordonsville, Virginia, and flows along a southeasterly course to its
confluence with the South Anna River 5 miles northeast of Ashland, Virginia, where the
Pamunkey River is formed. The Pamunkey continues on a general southeasterly course to West
Point, Virginia, where it is joined by the Mattaponi River to form the York River. The York River
flows into the Chesapeake Bay about 15 miles north of Hampton, Virginia.

The North Anna River drains a watershed area of 343 square miles above the dam, which is
located about 4 miles north of Bumpass, Virginia, and about 0.5 mile upstream of
Virginia Route 601. The nearest permanent USGS stream-gauging station on the North Anna
River is 15 miles downstream from the dam at Doswell, Virginia, and this station gauges the
runoff from 439 square miles. Records have been maintained at this gauging station since
March 1929. Table 2.4-1 summarizes the records at this gauging station and tabulates basic
stream flow data for the dam site, which have been estimated using the gauge records as a guide.

Hydrologic studies indicate that the mean monthly inflow to Lake Anna will be distributed
as shown in Table 2.4-2.

As shown on Figure 2.4-1, Lake Anna is about 17 miles long and inundates several small
tributaries, thereby resulting in an irregular shape having a shoreline length of approximately
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272 miles. To provide optimum thermal performance, Lake Anna is separated into two segments
by a series of dikes and canals. The larger segment of about 9600 acres is considered the North
Anna Reservoir and functions as a storage impoundment to ensure adequate water supplies for
condenser cooling. The smaller segment, called the Waste Heat Treatment Facility, has an area of
about 3400 acres and functions primarily as a heat exchanger to transfer most of the station heat
rejection to the atmosphere.

While Lake Anna is constructed for power station purposes, it also provides the additional
multipurpose benefits of low stream flow augmentation, flood control, and recreation. The normal
pool level at Elevation 250 will be maintained most of the time; however, during extreme
droughts, it is expected that the pool will be drawn down to about Elevation 246, assuming a
downstream release of 40 cfs throughout the year. This modest drawdown will not seriously
interfere with recreational activities or facilities on Lake Anna. A flood surcharge of 15 feet above
the normal pool level is provided for flood peak reduction. The total Lake Anna volume of
550,000 acre-ft. is allocated as follows:

As shown in Figure 2.4-2, the North Anna Dam is an earth-fill structure about 5000 feet
long, with a central concrete gravity spillway section about 200 feet long. The dam crest is at
Elevation 265 and has a width of 30 feet. The dam has a maximum height above the stream bed of
about 90 feet and contains approximately 900,000 yd3 of compacted earth materials. The concrete
spillway section is founded on sound bedrock and the earthen section of the dam is founded partly
on firm residual soils and partly on the bedrock.

The earth dam section is constructed of local soils and has a cross section consisting of a
homogenous-type compacted fill provided with vertical chimney and horizontal downstream
foundation drains constructed of select pervious sand. An upstream impervious blanket is
provided where it is necessary to lengthen the seepage path through residual foundation materials.
Earth slopes are protected with riprap, and, where necessary, placed on suitable filters, and other
earth slopes are seeded with grass. A service road is constructed on the dam crest. The stability of
the earth dam is ensured through the use of conservative design procedures coupled with closely
controlled construction techniques. The structure is designed with adequate factors of safety to
resist all applied loads and forces, and it is discussed in greater detail in Section 3.8.3.

Purpose Volume (acre-ft)

Minimum recreational pool and inactive 
storage below Elevation 246

255,000

Conservation and active storage, 
Elevation 246 to Elevation 250

50,000

Flood control storage, Elevation 250 to 
Elevation 265

245,000

Total storage 550,000
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The concrete spillway contains three radial crest gates, each 40 feet wide by 35 feet high,
separated by concrete piers 10 feet wide. The crest of the spillway ogee is at Elevation 219.
Concrete gravity walls on each side of the spillway retain the earth portions of the dam. A
spillway bridge is provided at Elevation 265 for access to each of the individual electric
motor-operated gate hoists. Two skimmer gates are provided to make normal low-flow releases,
thereby making it unnecessary to operate the large gates for small releases. A concrete apron
downstream from the spillway provides energy dissipation for Lake Anna releases.

The general arrangement of the spillway gates at North Anna is shown in Reference
Drawing 1, and details are shown in Reference Drawings 2 through 4. The discharge capacity of
each of the three main tainter gates is shown in Figure 2.4-3. Two 8.5-ft by 8.5-ft skimmer-type
gates, each having a capacity of 500 cfs when the lake is at Elevation 250, are provided, in
addition to the tainter gates.

An auxiliary generator is provided at the dam site to operate the spillway gate hoists in the
event that normal power supplies are interrupted.

No river control structures exist on the North Anna River other than the North Anna
Reservoir and Dam.

There are no known industrial users of either the North Anna River or the Pamunkey River
into which it flows, until it reaches the York River some 60 miles downstream at West Point,
where a large pulp and paper manufacturing plant is located. There are no known potable water
withdrawals along the entire stretch of the river downstream to West Point, at which point it
becomes an estuary. Potable water supplies are obtained from municipally owned ground-water
sources and springs for the towns of Louisa and Mineral in Louisa County. Individual wells serve
the rural homeowners throughout the region. Ground-water users are listed in Table 2.4-3.

2.4.2 Floods

2.4.2.1 Flood History

The high-discharge periods listed in Table 2.4-4 have occurred during the period of record
on the North Anna River. Peak measurements are taken at the USGS gauging station near
Doswell, Virginia, approximately 15 miles downstream from the North Anna Dam site.

The flood of June 1972 had a peak flow very close to the August 1969 flood of record. The
flood of April 1937 was the third largest flood for which records are available at the stream
gauging station at Doswell. The floods of June and July 1949 and April 1953 were minor floods.
The storm of August 1955 caused an intermediate flood at Doswell.

2.4.2.2 Flood Design Considerations

Design flood protection elevation for safety-related facilities, systems, and equipment was
based on the maximum North Anna Reservoir level and wave runup associated with the probable
maximum flood on the North Anna River.
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The unit hydrograph at the dam site was developed by analysis of the rainfall and runoff
relationships of the floods listed in Section 2A.2.4.2.

The probable maximum flood for spillway design was developed by applying the probable
maximum precipitation as given in the U.S. Weather Bureau Hydrometeorological Report
Number 33, to the unit hydrograph of the North Anna River at the dam site.

The site drainage system has been designed to carry the runoff from a 10-year storm of
5-minute duration with a rainfall intensity of 7 in/hr. The design was in accordance with the
Drainage Manual of the Virginia Department of Highways. The rainfall intensity/duration curve
for Richmond, Virginia, is shown in Figure 2.4-4. The probable maximum precipitation for a
10-square-mile drainage area is estimated to be 29 inches in a 6-hour period or 34 inches in a
24-hour period.

The site is relatively flat, and no concentration of runoff is expected on the flat areas. The
drainage area that will contribute to runoff on the site is not much larger than the site. The area
west of the site will receive runoff from approximately 35 acres; however, the drainage facilities
in this area have been designed for a 50-year storm. Table 2.4-5 shows the effect on the site of
localized rainfall-produced flooding. This table assumes no infiltration. The site is graded to cause
surface runoff to flow away from the turbine buildings, reactor containments, and any
safety-related facilities.

Site drainage maps are shown in the following figures for the areas in the vicinity of the
turbine buildings and reactor containments:

• Reference Drawing 5 - Units 1 and 2.

• Reference Drawing 6 - Units 1 and 2.

• Reference Drawings 5, 6, and 10 to 12 - Units 3 and 4.

Drainage for the area west of Unit 4 is shown in Figure 2.4-5.

The areas of potential temporary flooding west of the site from rainfall in excess of the
50-year design storm will have no effect on the site or the integrity of the safety-related facilities.
Rainfall in excess of the 100-year storm will temporarily be impounded in ditches and gullies
away from the station; when it exceeds the capacity of the site drainage system, it will run off the
site and into the North Anna Reservoir (Lake Anna) to the north and east.

This degree of flooding will not interfere with the capability to safely shut down the station
nor will it affect any safety-related facility.

The freeboard allowance on the Service Water Reservoir and the potential flooding of other
safety-related facilities from the overflow of the Service Water Reservoir is discussed in
Section 3.8.4.
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Accumulated rainfall can be removed from the Service Water Reservoir using the following
valve lineups: (1) direct discharge from the service water return header through either of two sets
of motor-operated valves, to the circulating water discharge tunnel for Unit 2, or (2) direct
discharge from the service water supply header to the liquid waste system through a manual
isolation valve. These valve lineups (see Figure 9.2-1) would be performed under administrative
control.

The auxiliary building roof drainage system will handle locally intense precipitation up to
and including the localized probable maximum precipitation. During the period of probable
maximum precipitation, ponding will occur only briefly (less than 1-hour duration). The
additional weight imposed on the roof, by ponding during the probable maximum precipitation, is
within its structural load-carrying capacity.

The other safety-related facilities will not be affected by ponding by virtue of structural
design (2-foot-thick concrete) and the pitched roofs with or without gutters that would carry off
any excessive rainfall.

2.4.3 Probable Maximum Flood on Streams and Rivers

The probable maximum flood on the North Anna River at the dam site is described in
Section 2.4.3.4 and Appendix 2A. This analysis is summarized below.

For the analysis it was necessary to consider four inflow components:

1. Overland flow to the North Anna Reservoir (runoff).

2. Rainfall directly on the North Anna Reservoir.

3. Overland flow to the Waste Heat Treatment Facility (runoff).

4. Rainfall directly on the Waste Heat Treatment Facility.

In view of the fact that flow between the North Anna Reservoir and the Waste Heat
Treatment Facility is restricted by four dividing dikes, one of which allows limited exchange, it
was conservatively assumed that all rainfall and runoff was routed through the North Anna
Reservoir until the stage reached Elevation 260 (top of dividing dikes). It was also conservatively
assumed that only the storage available above Elevation 260 in the Waste Heat Treatment Facility
was available. This was equivalent to assuming that the Waste Heat Treatment Facility was full to
Elevation 260 at the start of the probable maximum flood, which added approximately
45,000 acre-ft to the volume of the flood. Since the analysis assumes a level reservoir, additional
conservatism in the form of an allowance for backwater effects from the spillway was included.
The appropriate wind and wave analysis required by Regulatory Guide 1.59 was also performed.

Results of this very conservative analysis showed that all station facilities are capable of
withstanding the standard project flood, that the flood stage associated with the probable
maximum flood was well below plant grade (Elevation 271), and that all structures and
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components necessary to maintain the plant in a safe condition are unaffected by the probable
maximum flood. If there were a failure of the circulating water system pressure boundary within
the turbine building during station operation coincident with the failure of one or more circulating
water system valves or the failure to properly operate these valves, the turbine building could be
flooded to the lake surface elevation. All important areas surrounding the turbine building are
flood-protected to Elevation 257. The Technical Requirements Manual (TRM) requires the station
to be taken out of service, the circulating water pumps be secured, and the condenser isolation
valves be closed when the lake level exceeds Elevation 256.

The crest of the Lake Anna Dam, which is at Elevation 265, will not be overtopped by the
still-water level of the probable maximum flood. There are no safety implications at the station
site from a high water level and wave effects at the dam.

In conclusion, the very conservative revised analysis of the probable maximum flood for the
North Anna Power Station shows that there is no safety impact associated with the increased flood
level and its coincident wind and wave action. Although no corrective action is required, the TRM
limitation mentioned above has been established.

2.4.3.1 Probable Maximum Precipitation

The probable maximum precipitation was developed based on Hydrometeorological Report
No. 33, which was prepared by the Hydrometeorological Section of the U.S. Weather Bureau in
collaboration with the U.S. Army Corps of Engineers. The probable maximum precipitation is
shown in Section 2A.2.3.2.

2.4.3.2 Precipitation Losses

Precipitation losses were derived using rainfall-runoff relationships for the storms
investigated and described in Section 2A.2.4.2. Precipitation losses were determined using
historical storms and the HEC-1 (Appendix 2A, Reference 4) loss rate parameter optimization.

The design storm over the 343-square-mile drainage area above the dam was based on
Reference 1, as discussed in Sections 2.4.3.1 and 2A.2.3.2.

2.4.3.3 Runoff Model

The general procedure followed was to derive unit hydrographs from historical staged
discharge data for the dam and historical rainfall records from numerous nearby precipitation
stations. The unit hydrograph determination follows the method detailed in Appendix 2A. Unit
hydrographs for the North Anna Reservoir were derived for the storms of June 1972, April 1973,
September 1974, and March 1975. The procedure followed is as outlined below:

1. An isohyetal map of total storm rainfall for each storm was plotted and a Thiessian’s polygon
was drawn on the isohyetal map to determine the distribution of basin rainfall.

2. Mass curves of rainfall were drawn to define the time distribution of rainfall.
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3. The base flow was subtracted from the measured streamflow hydrograph to obtain the runoff
hydrograph for each storm.

4. The basin infiltration was adjusted to balance rainfall excess with flood runoff.

5. Using the runoff hydrograph and the time distribution of rainfall excess for guidance, the unit
hydrograph for each flood was determined.

The derivations of the unit hydrographs for each of the four storms studied are summarized
in Figure 2A-17.

The unit hydrograph for the April 1973 storm was adopted as the unit hydrograph for the
North Anna Reservoir. A unit hydrograph was also developed for the Waste Heat Treatment
Facility. The probable maximum precipitation was applied to each of the hydrographs and the
resulting flood hydrographs were combined resulting in the total inflow relationship. The HEC-1
computer model was used to compute the total inflow hydrograph and route the probable
maximum flood (PMF) through the North Anna Reservoir. Routing of the PMF is also discussed
in Sections 2A.2.5.1, 2A.2.5.2, and 2A.2.5.3.

2.4.3.4 Probable Maximum Flood Flow

When the probable maximum precipitation is combined with the unit hydrograph, the
design storm results in the probable maximum inflow of 296,000 cfs. The peak discharge of this
flood is about 142,000 cfs, or about 414 cfs/sm.

To pass the probable maximum flood over the spillway without interference by the tainter
gates, described in Section 2.4.1, requires that the gates be lifted to about Elevation 253 to clear
the upper nappe of the overflow as shown in Figure 2.4-6. Since the spillway hoists can raise the
bottom of the gate to about Elevation 259.6, no interference is deemed credible.

Also, as discussed in Section 3.8.4, floods have no effect on the service water reservoir.

Conservatism in the station arrangement beyond the probable maximum flood has been
observed, since the Seismic Class I structures and systems of the station are designed to withstand
a flood condition equal to or greater than the 296,000-cfs runoff and water surface elevation of
267.3 feet associated with the probable maximum flood noted above. Provision is made for
countering the wave action that may occur with this hypothetical flood condition.

2.4.3.5 Water Level Determinations

The probable maximum flow hydrograph was routed through the reservoir using the
adopted spillway rule curve, and an outflow hydrograph was developed. This routing results in a
maximum outflow from the reservoir of 142,000 cfs with the reservoir level at 264.2 feet, and this
discharge has been adopted as the design capacity of the spillway.

The backwater profile curve was therefore begun at the dam at Elevation 264.2, and
142,000 cfs was used as the design flood. The basic method of analysis is to separate the reservoir
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into a number of reaches, each of which has similar hydraulic characteristics throughout its
length. The calculational approach to determine the change in water surface level within each
reach is based on Bernoulli’s and Manning’s formulas and is illustrated in Reference 4. The
5.7-mile reach between the dam and the power station was divided into four subreaches. The
hydraulic parameters of the cross-sectional area and the hydraulic radius at each of the five
cross-sections are shown in Figures 2.4-7 and 2.4-8. A value of 0.030 was for “n” in Manning’s
equation to calculate the slope of the energy gradient within each subreach. This value is based on
a cleared reservoir. The step-by-step calculations for the design condition indicate the lake level at
the station will be about 0.2 foot higher than at the dam site.

Since cross-sectional areas in the lower reaches of the reservoir are large, flow velocities are
low, even during floods. The cross-sectional area at Elevation 265.0 ranges between 99,000 and
215,000 ft2; thus, velocities for a discharge of approximately 142,000 cfs will vary between 0.65
and 1.49 fps.

For an order-of-magnitude illustration, consider the computation of the mean slope of the
reservoir between the dam and the power station, assuming a single reach. The mean hydraulic
radius is 31 feet and the mean cross-sectional area is 124,000 feet. Therefore, the mean surface
slope for a flood of 142,000 cfs, as determined by the following equation, is:

Since the length of the reach is 30,100 feet, the change in elevation from one end of the
reach to the other will be only 0.15 foot. This value is less than the 0.2 foot calculated by the
step-by-step method, but it illustrates the order of magnitude of the flow regime.

2.4.3.6 Coincident Wind Wave Activity

The analysis resulted in a highly conservative upper-bound value for the still-water level of
264.2 feet associated with the probable maximum flood. At the plant site there would be an
additional 0.2 foot for backwater effects and 2.9 feet for wind and wave effects, bringing the
maximum level to 267.3 feet. The upper-bound value for the still-water level associated with the
standard project flood is 255.2 feet. At the station site, the addition of 0.2 foot for backwater
effects and 2.9 feet for wind and wave effects brings the maximum level to 258.3 feet. Wave
runup effects on the circulating water intake structure are conservatively calculated to be less than
4.2 feet. The stages associated with the standard project flood and probable maximum flood at the
circulating water intake structure are 259.6 and 268.6 feet, respectively.

The fetch diagram used to estimate effective fetches at the plant and at the screenwell
structure is shown in Figure 2.4-9. The typical profile of the area used to estimate runup is shown
in Figure 2.4-10. This shows the typical slope to be about 1V on 16H.

Further information concerning the calculation of wave runup at the station site is given in
Section 2A.2.7.
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2.4.4 Potential Dam Failures (Seismically Induced)

A report entitled Report on Design and Stability of North Anna Dam for Virginia Electric
and Power Company, dated May 7, 1971, was submitted as Amendment 15 to the North Anna 1
and 2 PSAR. This report demonstrates that the design of the North Anna Dam complies with
requirements associated with Seismic Class I structures. Thus, a seismically induced failure of
this dam is not credible. The dam is discussed in Section 3.8.3.

The Service Water Reservoir is the normal source of water for the service water system.
Therefore, adequate service water would be immediately available to maintain Units 1 and 2 in a
safe condition even if Lake Anna were to be drained. (See Section 9.2 for a further discussion of
the ultimate heat sink.)

There are no other dams in existence on the North Anna River either upstream or
downstream. The only impoundments in the area would be small farm ponds whose failure would
not produce any measurable effect on the North Anna Reservoir, the North Anna Dam, or any
safety-related systems.

2.4.5 Probable Maximum Surge Flooding

Since the site is not located on an estuary or open coast, surge flooding would not produce
the maximum still-water level at the site. An analysis for maximum still-water level using the
probable maximum flood is described in Section 2.4.3. Appendix 2A includes the surge effect in
its calculation of the maximum water level at the station site due to the probable maximum flood.

2.4.6 Probable Maximum Tsunami Flooding

Tsunami flooding is not a design consideration for the North Anna site because of its inland
location.

2.4.7 Ice Flooding

Reservoir operation studies indicate that monthly average natural temperatures of the
reservoir would have reached the freezing point only once during the entire period of record. The
natural temperature is that which would occur with no station heat load imposed on the reservoir.

With the full generating capacity of the station providing heat to the reservoir, it is estimated
that the minimum temperature in the reservoir would be approximately 40°F. Thus,
ice-formation-caused flooding is not deemed to be a potential problem at the site.

2.4.8 Cooling Water Canals and Reservoirs

As indicated in Section 2.4.1.2, a series of dikes and canals divide Lake Anna into two
segments, the smaller segment forming the Waste Heat Treatment Facility. Circulating water is
withdrawn from the North Anna Reservoir at the screenwell near the power station and, from
there, is pumped through the condenser and discharged through circulating water discharge
tunnels into the circulating water discharge canal, which terminates at the head end of the Waste
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Heat Treatment Facility. The circulating water then flows through sections of the Waste Heat
Treatment Facility and through interconnecting canals to the easternmost dike. This dike contains
the circulating water outlet works, which are essentially low-level outlets designed to cause the
effluent from the Waste Heat Treatment Facility to thoroughly mix with the residual water in the
North Anna Reservoir. While flowing through the Waste Heat Treatment Facility, the circulating
water loses a large portion of its heat to the atmosphere. Further temperature reduction is achieved
as the circulating water is entrained with the North Anna Reservoir.

The Waste Heat Treatment Facility and North Anna Reservoir are sized to transfer the heat
loading imposed by a four-unit power station having a full-load heat rejection rate of
28 × 109 Btu/hr. Further information on the service water reservoir and ultimate heat sink is
contained in Section 3.8.4, Section 9.2.1.2.2, and the North Anna PSAR supplement for
Chapter 10.

Four dikes and three canals are required to form and interconnect the three cooling lagoons
of the Waste Heat Treatment Facility. Hydraulic losses of circulating water as it flows through the
canals and the circulating water outlet cause the waste heat treatment facility elevation to be about
1.5 feet higher at the station discharge than the normal North Anna Reservoir pool level.

The dikes consist of compacted earth materials except for a 700-foot length of the
easternmost dike, which is constructed of dumped rock fill. The circulating water outlet works are
constructed within this rock fill section, and the rock fill area will serve as an emergency overflow
for the Waste Heat Treatment Facility. The crest of the rock fill is at Elevation 253.5, while the
crest of the earth fills for the remainder of the dikes is at Elevation 260. Thus, when waste heat
treatment facility levels exceed 253.5 feet, the rock fill will be overtopped, thereby allowing
excess flood waters to enter the North Anna Reservoir without causing the differential level
between the reservoir and the Waste Heat Treatment Facility to exceed 2 feet. It is expected the
emergency overflow will operate once in approximately 100 years.

The earth dikes have a minimum crest width of 20 feet and a typical side slope ratio of 2.0
to 1, and each side slope has riprap erosion protection. Diversion pipes through the base of each
dike, which were necessary for construction purposes, were left intact during the Lake
Anna-filling operation.

The waste heat treatment facility outlet is a skimmer wall structure designed to cause the
waste heat treatment facility effluent to enter the North Anna Reservoir as a submerged jet having
an initial velocity of about 8 fps. The top of the outlet is submerged at least 10 feet below the
minimum lake level. Stop logs are provided to modify outlet discharge flow characteristics as
additional units are added to the station.

The three waste heat treatment facility canals are each designed to convey approximately
8000 cfs with a low-water level in the Waste Heat Treatment Facility of about 247 feet. This flow
corresponds to the circulating water flow requirement of a 4000-MW station. The canals are also
capable of conveying the flood runoff from the drainage area of the Waste Heat Treatment Facility
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plus the circulating water flow required for the ultimately developed station. In this latter case,
however, water levels in the Waste Heat Treatment Facility will be above 251.5 feet, which is the
normal waste heat treatment facility level. The maximum expected water level in the Waste Heat
Treatment Facility has been estimated to be about 264.2 feet, and this would occur under probable
maximum flood conditions when the main reservoir is at Elevation 264.2. The canals are
constructed through soil and bedrock and are unpaved. Erosion protection is provided by
vegetation along all banks except in the vicinity of the circulating water outfall where riprap is
provided.

2.4.9 Channel Diversions

The possibility of upstream diversion of the North Anna River is considered extremely
remote. Historical information indicates that the river has not had a major change of course in
recent history.

Ice jams would not create a low-flow period of sufficient duration to affect station integrity.

2.4.10 Flood Protection Requirements

The design of Lake Anna, discussed in Sections 2.4.2 through 2.4.7, precludes any
possibility of the flooding of the station because its maximum high-water level, including wave
runup, is below ground grade at the station site and the crest of the flood-protection dike to the
west. Static and dynamic consequences of various types of flooding were considered but had no
bearing or effect on the design of safety-related station structures except to the extent that
ground-water elevations may be influenced by variations in Lake Anna’s level. Design provisions
against the effects of ground water are discussed in Section 3.4 (see also Section 2.4.2.2).

The service water reservoir impounding structures, discussed in Section 3.8.1, are designed
to resist seismic events as well as the probable maximum precipitation and associated wind-driven
waves. Static and dynamic consequences of flooding were considered in the design of
safety-related station structures.

Culverts and drainage ditches have been designed to carry runoff from the most severe
storm that is predicted to occur once in 50 years. Precipitation in excess of this storm will result in
some localized flooding, but safety-related station structures will be unaffected.

Flood protection from the maximum expected lake elevation and from the effects of local
intense precipitation was provided for completed units during the ongoing construction of
subsequent units.

Flood protection from high lake water is inherent because of the plant grade, which is above
the maximum expected lake surface elevation, including coincident wind and wave activity.

Flood protection from the effects of local intense precipitation is provided by the yard storm
and sanitary sewer system, as shown on Reference Drawings 5 and 6, and by local site grading to
direct runoff away from all safety-related structures. Both the yard storm and sanitary sewer



Revision 43—09/27/07 NAPS UFSAR 2.4-12
 

system and the local site grading were completed before the loading of fuel for the first unit and
were not disrupted or otherwise affected by the construction of subsequent units.

2.4.11 Low Water Considerations

2.4.11.1 Low Flow in Rivers and Streams

The mean low flow of the North Anna River is 5 to 6 cfs. The lowest instantaneous flow
recorded is 1 cfs; however, the lowest recorded flow for a 24-hour period is 2 cfs.

The normal pool of Lake Anna, created by the dam on the North Anna River, will be
maintained at Elevation 250 most of the time; however, during extreme droughts, it is expected
that the pool will be drawn down to about Elevation 246. This modest drawdown will not
seriously interfere with recreational activities or any safety-related facilities on Lake Anna.

2.4.11.2 Low Water Resulting from Surges

The low water at the station due to the probable maximum meteorological conditions would
occur with wind from the south.

The methods described in Reference 6 were used to determine the characteristics of the
probable maximum hurricane. The fetch based on winds from the south is approximately
8200 feet. Maximum-force winds from the south were calculated based on the probable
maximum hurricane having the following over-water characteristics:

1. Radius of maximum winds: 35 nautical miles.

2. Forward speed of translation: 22 kn.

3. Central pressure index: 26.8 in. Hg.

4. Maximum winds 30 ft above water surface: 135 mph.

In order to reach the station, the pressure center of the hurricane would be over land for
approximately 12 hours, and the maximum wind speed from the south would be reduced to
approximately 87 mph.

Using the method of analysis in Section 1 of Reference 5, the low-water surge is estimated
to be approximately 0.3 foot below the still-water surface.

If it is postulated that the probable maximum hurricane occurs during the drought of record,
extreme low water would be governed by meteorological conditions of the drought of record and
the low-water surge. The low-water surge of 0.3 foot is subtracted from the calculated minimum
water level during the drought of record of 246 feet msl. Extreme low water at the station is
estimated to be approximately 245.7 feet msl.
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Since all safety-related facilities and other facilities necessary to support operation of the
plant are designed for a low-water level of 242 feet msl, these systems will remain capable of
fulfilling their design functions.

2.4.11.3 Historical Low Water

Prior to filling the reservoir, there was no low-water history available. Low flows in the
North Anna River are given in Section 2.4.11.1. The period of record routing used to establish the
minimum water elevation in the North Anna Reservoir used a mathematical model. This
mathematical model is presented in Appendices G and J of the Applicant’s Environmental Report
Supplement, North Anna Power Station, Units 1, 2, 3, and 4.

2.4.11.4 Future Control

During the filling of Lake Anna, a minimum downstream release of 40 cfs was maintained
from January through May and 150 cfs was maintained from June through December 1972.
Subsequent to the filling of the lake, a minimum downstream release of 40 cfs will be maintained
except during drought conditions in accordance with the Lake Level Contingency Plan. This rate
is independent of the inflow to the lake, since storage has been provided to augment natural river
flows less than 40 cfs.

2.4.11.5 Plant Requirements

Circulating water flow for each unit is 952,800 gpm. The circulating water system is
described in Section 10.4.2. Approximately 12,000 gpm goes to the bearing cooling water system
(Section 10.4.7), and the remainder, 940,000 gpm, goes to the main condenser.

The minimum design operating levels and pump submergence elevations for pumps located
in the main intake structure are shown in Table 2.4-6.

The information provided in Table 2.4-6 is for pumps located in the main intake structure
only. Information on the service water pump located in the service water pump house is in
Section 9.2.1 and on Reference Drawings 8 and 9. The required submergence of the service water
pumps is 4 feet. The actual submergence at the minimum service water reservoir level is 6.8 feet.

The minimum design North Anna Reservoir level for all safety-related facilities and other
facilities necessary to support operation of the plant is 242 feet msl. This provides a significant
margin to accommodate level decreasing to or below the calculated extreme low water elevation
of 245.7 feet msl. Even if the lake were drained, service water would still be available through the
Service Water Reservoir.

The circulating water discharge structure invert is at 227 feet msl and the top of the opening
is located at 245 feet msl. The extreme-low-water level in the North Anna Reservoir is
245.7 feet msl, and the discharge canal level is approximately 1.5 feet above the reservoir level, or
approximately 247.2 feet msl. As a result, the centerline of the submerged effluent is 11.2 feet
below the surface of the discharge canal.
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2.4.11.6 Dependability Requirements

The North Anna Reservoir level is displayed at the dam and is available in the main control
room from the plant computer. The normal operating reservoir level is 250 feet msl, which
provides a 4.3-foot margin to the calculated extreme low water elevation of 245.7 feet msl. Since
a 9.33-foot margin exists between the normal operating reservoir level and the minimum
operating level (240.67 feet msl) required for the auxiliary service water pumps, a low-water
safety factor of 2.17 is provided for the pumps.

The service water reservoir is described in Sections 9.2.1 and 3.8.4. Normal service water
operation for Units 1 and 2 uses the service water reservoir. The service water reservoir elevation
is not affected by low-flow conditions in the North Anna River or low levels in Lake Anna. The
reservoir volume will be controlled to provide a minimum water supply of 30 days.

Fire protection water is drawn from the service water system, and 600,000 gallons has been
added to the required 30-day supply for this purpose. The Chapter 10 supplement to the North
Anna Units 3 and 4 PSAR (Docket Nos. 50-404 and 50-405) also deals with the performance and
dependability of the service water reservoir.

The normal operating heat loads rejected to the service water reservoir from either Unit 1
or 2 maintain the reservoir above freezing. The flow in the spray headers in use during normal
operation prevents the freezing of the headers themselves. Additionally, the arrays are
self-draining to aid in preventing them from freezing when shut down. When not in use, spray
drift or frozen precipitation could result in the icing of the nonoperating nozzles. To prevent this, a
minimum flow of water is maintained through these nozzles when specific adverse weather
conditions exist.

2.4.12 Environmental Acceptance of Effluents

Estimated releases of radioactive effluents are discussed in Section 11.2.5 of this report.
The locations of users of surface water and ground water are presented in Sections 2.4.1.2
and 2.4.13.2, respectively.

2.4.13 Ground Water

2.4.13.1 Description and Onsite Use

The station site is situated in the central portion of the Piedmont physiographic province,
with the Blue Ridge province about 40 miles to the west and the Coastal Plain province about
15 miles to the east. Surficial soil in the province, mainly saprolite, has been produced by the
weathering of underlying igneous and metamorphic rocks and ranges in thickness from 0 to
125 feet.

Ground water in the saprolite occurs under water table conditions, recharge occurs by
precipitation, and discharge commonly occurs as springs in low-lying areas. The altitude and
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depth of the water table are governed by topography, and therefore the direction of movement is
toward lower elevations.

Most wells in the saprolite have been either bored or hand dug and have capacities less than
5 gpm. Many of the shallow wells become dry during periods of deficient rainfall.

Water is also stored in the underlying crystalline rock and transmitted through cracks,
fissures, and planes of foliation. Ninety percent of the wells founded in rock and for which records
are available yield less than 25 gpm. The most productive well in the site area is 13 miles away,
near Louisa; it is 163 feet deep and yields about 180 gpm. The average yield of the rock wells in
the area is less than 5 gpm, indicating low permeability of the bedrock.

Two in situ surface percolation tests were conducted to evaluate the infiltration
characteristics of the micaceous hornblende saprolite and the more prevalent granitic gneiss
saprolite that are found at the site proper. The observed absorption rates varied from 0.3 to
0.6 gal/day-ft2, indicating that the soil is essentially impermeable. Laboratory data indicate a
permeability range of 0.02 to 0.84 gal/day/ft2.

Pumping tests of two wells in zones of highly fractured rock were conducted at the site.
Each of the wells was pumped dry in about 1 hour at a pumping rate of about 5 gpm.
Measurements taken at nearby observation wells indicated that ground-water levels were
unaffected by the pumping tests.

The configuration of the piezometric surface generally follows surface topography and, in
the site area, the surface slopes at an average rate of 8 feet per 100 feet toward the North Anna
River and its tributaries. The final station yard grade is at Elevation 271 and the North Anna
Reservoir is maintained at Elevation 250, and all surface and subsurface drainage from the site is
toward the reservoir. About 95% of all surface water runs off directly to the reservoir and about
5% percolates vertically through the saprolite to the ground-water table, whereupon it flows
toward the reservoir. Fluids discharged below the ground surface behave similarly. Filling the
reservoir raised the local base level of ground-water discharge about 50 feet and thereby reduced
the hydraulic gradient across the site to about 6 feet per 100 feet. The expected rate of
ground-water movement under these conditions is about 0.015 ft/day.

Wells provide water for the plant’s domestic water system. These wells are described in
Section 9.2.3.1.

Structures for Units 1 and 2 were designed and analyzed using a uniform ground-water
level of 256-foot. The interpretation of available data on subsurface conditions at the site before
construction led to this prediction. Since the time the 256-foot prediction was made, data casting
doubt upon the accuracy of that prediction have become available. Additional investigations
revealed that it is possible for ground-water elevations to be as high as 265 to 270 feet within the
station area.
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The variability of subsurface conditions and limited data availability do not permit exact
predictions of postconstruction ground-water conditions. In view of these difficulties, a
conservative, revised, general prediction of higher ground-water elevations is based on a water
surface profile sloping uniformly from the toe of the excavated slope south of the plant area
(Elevation 271) to Lake Anna (Elevation 250). The contours for the post-construction
ground-water elevations above mean sea level are shown in Reference Drawing 7. Not included in
this prediction are the effects of any subsurface drainage or structures on the ground-water level.
Where conditions appear capable of producing locally higher ground-water levels, appropriate
modifications are made to the general prediction to ensure the adequacy of safety-related
structures and facilities.

A reanalysis of affected Unit 1 and 2 structures was performed to evaluate structural
integrity at increased ground-water levels. From this reanalysis, it was determined that the
below-grade portions of all structures have sufficient structural capacity to withstand both static
and dynamic loads (design-basis earthquake) associated with the higher water levels.

In addition to the structural reanalysis, it was necessary to reanalyze certain safety-related
structures for stability in association with the design-basis earthquake at higher ground-water
levels. Class I structures founded below the ground-water levels shown in Reference Drawing 7
were reanalyzed for the higher ground-water levels shown on this figure. Table 2.4-7 lists the
structures, the original and revised ground-water levels for which they were analyzed, and the
corresponding factors of safety against overturning and sliding, where applicable, for these
ground-water elevations. Table 2.4-8 provides the factors of safety for the operating-basis
earthquake (with ground-water elevations as shown in Reference Drawing 7) in those cases where
the factor of safety for the design-basis earthquake was less than 1.5.

2.4.13.2 Offsite Ground-Water Use

There are no known users of large quantities of ground water within 25 miles of the site.
Several small towns use ground-water supplies; however, the larger towns use surface supplies.
There are 45 public water supplies within 25 miles of the site. These are illustrated in Table 2.4-3.
Thirty-four of these obtain water from wells, and the rest obtain water from surface sources. The
nearest public water supply is for the town of Mineral and is about 9 miles away.

The site area is sparsely populated and at present there is only one dwelling within a mile of
the site. Water for this residence is obtained from a spring. There are 15 dwellings and 2 churches
between 1 and 2 miles from the site. Water for these residences is obtained from springs and dug
wells, which are located across drainage divides or at elevations above the new ground-water level
at the site.

A map showing the location of ground-water users in the vicinity of the site is on Plate
IIB-3 of a report entitled Report, Site Environmental Studies, Proposed North Anna Power
Station, Louisa County, Virginia, Virginia Electric and Power Company, which was submitted as
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Appendix A to the North Anna Units 1 and 2 PSAR. This plate is reproduced here as
Figure 2.4-11. Ground-water users in the vicinity of the site are tabulated in Table 2.4-3.

2.4.13.3 Accident Effects

As stated in the previous section, all wells are either located at a higher elevation than the
ground water at the site or across drainage divides. Ground water flows in the direction of Lake
Anna and there are no wells between the site and the lake. Thus, an adverse effect on existing
water wells or the ground-water resources in the site vicinity from the construction and operation
of the station is extremely improbable.

2.4.13.4 Monitoring or Safeguard Requirements

The potential for the contamination of existing ground-water resources is remote; however,
a radiological environmental monitoring program is conducted. The preoperational program is
described in the North Anna Environmental Report, Appendix F-5. The monitoring program
during operation was originally given in the Environmental Technical Specifications. The
Environmental Technical Specifications have been replaced by the Offsite Dose Calculation
Manual (ODCM) which now contains the radiological environmental monitoring program.

2.4.14 Station and Emergency Operation Requirements

Adverse hydrometeorologically related events are expected to have no impact on
safety-related facilities.

The North Anna Dam and Power Station, including all safety-related facilities, were
designed to operate safely through the occurrence of the probable maximum flood.

Ample margin has been provided in the location and design of these systems to
accommodate a flood of much greater magnitude than the probable maximum flood without
endangering the safety of the station.

The overtopping of the dam by the still-water level of the probable maximum flood is not
deemed to be a credible event. However, if this did occur, the station would have already been shut
down in accordance with the Technical Requirements Manual, which will require the station to be
shut down in the event the lake level exceeds 256 feet msl. This operational restriction is required
by the revised probable maximum flood analysis presented in Appendix 2A. In any event, the
station is designed to withstand flooding in the turbine building up to an elevation of 257 feet msl.
The Technical Requirements Manual will also require the shutdown of the station with a lake
elevation below 242 feet msl. As stated in Section 2.4.11.2, this is the minimum design level for
all safety-related facilities. Table 2.4-6 indicates that the actual minimum operating level for the
safety-related screen wash pumps is 241 feet msl and 240.67 feet msl for the auxiliary service
water pumps.



Revision 43—09/27/07 NAPS UFSAR 2.4-18
 

2.4 REFERENCES

1. Seasonal Variation of the Probable Maximum Precipitation East of the 105th Meridian for
Areas from 10 to 1000 Square Miles and Durations of 6, 12, 24, and 48 Hours,
Hydrometeorological Report 33, U.S. Weather Bureau, 1956.

2. Civil Works Investigations - Project 152, 1963 - Unit Hydrographs: Part I, Principles and
Determinations, U.S. Army Corps of Engineers, U.S. Army Engineer District, Baltimore,
Maryland.

3. Handbook of Applied Hydraulics, C. V. Davis, editor-in-chief, McGraw-Hill, New York,
1952.

4. Report, Site Environmental Studies, Proposed North Anna Power Station, Louisa County,
Virginia, Part 2, Section B, Virginia Electric and Power Company, January 13, 1969.

5. Shore Protection Planning and Design, Technical Report No. 4, 3rd Edition, Department of
Army Corps of Engineers, 1966.

6. HUR-7-97, Interim Report - Meteorological Characteristics of the Probable Maximum
Hurricane, Atlantic and Gulf Coasts of the United States, U.S. Weather Bureau,
Hydrometeorological Branch, May 1968.

7. R. L. Daugherty and A. C. Ingersoll, Fluid Mechanics with Engineering Applications,
McGraw-Hill, New York, 1954.

2.4 REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings are 
not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings 
referenced from this section of the UFSAR. The contents of Station Drawings are controlled by 
station procedure.

Drawing Number Description

1. 11715-FH-201A Tainter Gates, General Arrangement

2. 11715-FH-201B Tainter Gates, Details

3. 11715-FH-201C Tainter Gates, Trunnion Bearings and Support Girders

4. 11715-FH-201D Tainter Gates, Guide Detail

5. 11715-FB-1A Arrangement: Yard, Storm and Sanitary Sewer, Sheet 1

12180-FB-1A Yard Storm Sewers, Sheet 1

6. 11715-FB-1B Arrangement: Yard, Storm and Sanitary Sewer, Sheet 2
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7. 11715-GSK-188 Maximum Anticipated Site Ground Water Elevations

8. 11715-FM-8A Arrangement: Service Water Pump House, Sheet 1

9. 11715-FM-8B Arrangement: Service Water Pump House, Sheet 2

10. 12180-FB-1C Yard Storm Sewers, Sheet 3

11. 12180-FB-1D Yard Storm Sewers, Sheet 4

12. 12180-FB-1E Yard Storm Sewers, Sheet 5

Drawing Number Description
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Table 2.4-1
SUMMARY OF USGS GAUGING STATION RECORDS AND ESTIMATED STREAM 

FLOW DATA FOR THE NORTH ANNA DAM

River Location
Drainage Area 

(mile2)
Period of
Recorda

Discharge (cfs)

Average Minimum Maximum

USGS gauge at Doswell 439 1929-1971 382b 1c 24,800d

North Anna Dam 343e 1929-1971 300e 1e 19,500e

a. Dam was closed January 1972.

b. Average discharge for 41-year period.

c. Date of discharge: September 30 to October 2, 1932.

d. Date of discharge: August 21, 1969.

e. Estimated.
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Table 2.4-2
FLOW-DURATION DATA

Lake Anna
Inflow, (cfs)

Percentage of Months
Inflow Is Exceeded

6 100

142 75

285 50

505 25

835 10
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Table 2.4-3
PUBLIC WATER SUPPLIES IN THE VICINITY OF THE SITE, MARCH 1977

Owner Source Remarks

Walton Lumber Co. 1 well The well is 240 feet deep. The system 
serves 13 users.

Fredericksburg Rappahannock River The municipal water supply system has 
5900 equivalent residential 
connections.

Louisa 3 wells and 1 spring There are 344 connections.

Blue Ridge Shores 3 wells The wells, which are 163, 300, and 
239 feet deep, provide water to 400 
users.

Department of Welfare 
and Institutions 

3 wells The wells are 200, 245, and 300 feet 
and institutions deep and yield 20, 100, 
and 10 gpm, respectively.

Mineral 1 well and 2 springs The well, 200 feet deep, supplies most 
of the water; however, two springs are 
sometimes used. There are 
310 connections.

Bowling Green 2 wells The wells are 301 and 344 feet deep.

Ashland South Anna River The municipal water supply system has 
about 900 users.

Gordonsville Springs Pikes Mountain Springs, located 
5 miles northwest of town, and 
Cameron Springs, located 2 miles 
southwest of town, are the water 
sources.

Lake of the Woods Wells Several wells are rated for production 
of from 5 to 45 gpm

Goochland 4 wells The wells furnish water to about 
500 users.

Doswell North Anna River The system produced 100 million 
gallons of treated water in 1976; 
withdrawals began in 1975.

Correctional Field,
Unit 12

1 well The well is 87 feet deep and produces 
20 gpm.

Edgcomb Steel Company 1 well The well is 510 feet deep and produces 
10 gpm.

Twin Oaks Community 2 wells One well is 250 feet deep and produces 
5 gpm. The depth of the other well is 
unknown; it produces 5 gpm. The wells 
supply water to 54 persons.
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Walnut Grove Trailer 
Park

1 well The trailer park is located at the 
intersection of Routes 618 and 650.

Six-O-Five Trailer Court 1 well Trailer court is located on Route 605, 
0.25 mile north of Route 33.

Taylor West Trailer Court 1 well Trailer court is located south of 
Route 33, 3 miles west of Louisa.

Lake Anna Estates 
Trailer Park

1 well Trailer park is located on Route 652, 
1.5 miles west of Route 600 in Louisa 
County.

Weyerhauser 1 well The well serves the company’s 
150 employees. The company is 
located off Route 1, at the North Anna 
River.

Hanover Industrial Air 
Park

1 well The well produces 25,400 gal/day.

Natkin and Company 1 well The well serves the company’s 
160 employees. The company is 
located on Route 1, 1.2 miles north of 
Henrico-Hanover County line.

Stoney Run Estates Not yet developed.

Holly Farms James River Contract with Henrico County and City 
of Richmond. The system supplies 
600,000 gal/day.

Oak Hill Estates 1 well The well serves the 400 persons in the 
development, which is located 2 miles 
west of Route 1, off Route 33.

State Farm Filtration 
Plant 

Beaverdam Creek,
Courthouse Creek

The system serves state correctional 
units in the area. It supplies 1.5 million 
gal/day.

Hickory Haven 
Subdivision

2 wells The wells serve the 184 persons in the 
subdivision which is located off 
Route 1006, south of Route 6.

Samary Forest 
Subdivision

1 well The well serves 11 homes, a motel, and 
a restaurant.

Greenfield Village 2 wells There are 109 connections; wells are 
140 and 164 feet deep.

Doubleday Publishing 
Company, Inc.

1 well The well is 400 feet deep and produces 
150 gpm.

Lake Wilderness 5 wells There are 166 connections.

Table 2.4-3  (continued) 
PUBLIC WATER SUPPLIES IN THE VICINITY OF THE SITE, MARCH 1977

Owner Source Remarks
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Ni River Water 
Treatment Plant (Route 
627)

1 well The well produces 1.0 million gal/day. 
Spotsylvania County Department of 
Public Works.

Winewood Subdivision 1 well The well is 390 feet deep and produces 
50 gpm. There are 50 connections.

Sylvania Heights 1 well The well is 224 feet deep and produces 
47 gpm. There are 165 connections. 
Spotsylvania County Department of 
Public Works.

Ni River Water 
Treatment Plant (Route 
208)

Ni River The system supplies 0.144 million 
gal/day. Spotsylvania County 
Department of Public Works.

Indian Acres of 
Thornburg

4 wells The wells supply 4900 campsites.

General Products, Inc. 1 well The well, which serves the company’s 
160 employees, is 300 feet deep and 
produces 107 gpm.

Country Club Estates 1 well The well is 250 feet deep and produces 
165 gpm. There are 33 connections.

Town of Orange Rapidan River The system supplies 2 million gal/day.

Germanna Community 
College

1 well The well is 310 feet deep and produces 
25 gpm.

Lake Caroline Stevens Mill Run The system supplies 0.576 million 
gal/day.

Lake Land’Or 2 wells The wells are 292 and 475 feet deep. 
There are 121 connections.

I-95 rest area 1 well The well is 445 feet deep and produces 
78 gpm.

Twin Cedars 1 well The well is 317 feet deep and produces 
50 gpm. There are 35 connections.

Campbell’s Creek 
Subdivision

1 well The well is 450 feet deep and produces 
25 gpm. There are 49 connections.

Wilderness Camping 
Resorts

2 wells The wells supply 1522 campsites.

Table 2.4-3  (continued) 
PUBLIC WATER SUPPLIES IN THE VICINITY OF THE SITE, MARCH 1977

Owner Source Remarks
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Table 2.4-4
FLOODS ON THE NORTH ANNA RIVER

Flood Period Peak Flow at Doswell (cfs)
Volume of Direct Runoff at 

Doswell (acre-ft)

April 24-29, 1937 18,300 81,400

June 28-July 1, 1949 3720 11,400

April 12-16, 1953 3720 14,200

August 12-25, 1955 12,400 54,700

August 20-23, 1969 24,800 141,000

June 20-22, 1972 24,000 107,200a

a. Includes 52,100-acre-ft change in storage in Lake Anna.
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Table 2.4-5
ONSITE FLOODING PRODUCED BY LOCALIZED RAINFALL

Storm Return 
Period (year)

Storm 
Duration (hr)

Rainfall 
Intensity 
(in/hr)

Total 
Rainfall (in.)

System 
Capability 

(in.)

Excess Water 
Onsite at End 
of Storm (in.)

10 1 2.7 2.7 7 0

3 1.2 3.6 21 0

6 0.7 4.2 42 0

12 0.4 4.8 84 0

50 1 3.7 3.7 7 0

3 1.8 5.4 21 0

6 1.0 6.0 42 0

12 0.5 6.0 84 0

100 1 4.2 4.2 7 0

3 2.0 6.0 21 0

6 1.1 6.6 42 0

12 0.6 7.2 84 0

PMP 1 14.5 14.5 7  7.5

3 7.8 23.4 21  2.4

6 4.8 28.8 42 0

12 2.6 31.3 84 0

Key: PMP = probable maximum precipitation.
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Table 2.4-6
PUMP SUBMERGENCE AND MINIMUM OPERATING LEVEL

AT THE MAIN INTAKE STRUCTURE a, b

Description
Minimum Operating
Level (ft above msl) c

Required
Submergence Below
Minimum Operating

Level (ft-in.) d

Actual Submergence
Below Extreme Low
Water Level (ft-in.) e

Circulating water pumps 235 11-6 22-2

Auxiliary service water 
pumps

240.67 4-0 9-0

Circulating water screen 
wash pumps - 
safety-related 
(1-CW-P-2B & 
2-CW-P-2A)

241 2-0 6-9

Circulating water screen 
wash pumps - 
non-safety-related 
(1-CW-P-2A & 
2-CW-P-2B)

239.5 2-0 8-3

Motor driven fire 
protection pump

233.8 1-7 13-5

Bearing lubricating 
water pumps

240.6 2-6 7-7

Auxiliary flash 
evaporator pumps

241.5 3-0 7-3

Reverse osmosis water 
pump

241 1-6 6-3

a. The sump invert elevation is at +221 ft msl.
b. This table provides nominal values and does not include other operational considerations such as 

differential water levels that may develop across the trash racks and traveling screens.
c. This value represents the bottom of the pump bell elevation + manufacturer’s minimum required 

submergence.
d. This value represents the manufacturer’s minimum required submergence above the bottom of the 

pump bell elevation.
e. This value represents the difference between the elevation of the extreme low water level (245.7 feet, 

accounting for hurricane conditions) and the elevation of the bottom of the pump bell.
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Table 2.4-8
MINIMUM FACTORS OF SAFETY AGAINST SLIDING AND

OVERTURNING AT GROUND-WATER ELEVATIONS SHOWN ON
REFERENCE DRAWING 7 FOR OPERATING-BASIS EARTHQUAKEa

Structure

Ground-Water 
Elevations 

(ft above msl)

Sliding Overturning

N-S E-W N-S E-W

Reactor containment, 
Unit 2

266.5 2.1 (b) -- --

Safeguards area, Unit 1 263 1.70 (c) -- --

Safeguards area, Unit 2 267 1.58 (c) -- --

Main steam valve and 
quench spray pump 
house, Unit 1

263 -- -- 1.73 (c)

Main steam valve and 
quench spray pump 
house, Unit 2

266 -- -- 2.83 (c)

Service building 262 2.1 (a) -- --

a. Factors of safety are provided for only those cases where the calculated factor of safety for the 
design-basis earthquake was less than 1.5 (see Table 2.4-6).

b. Factor of safety either equals or exceeds the value for the given direction.

c. Direction of motion for factor of safety is towards containment.
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Figure 2.4-3 
SPILLWAY DISCHARGE CAPACITY (ONE GATE OF THREE) NORTH ANNA DAM 
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Figure 2.4-4 
RAINFALL INTENSITY DURATION, RICHMOND VIRGINIA 
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Figure 2.4-5 
DRAINAGE AREA WEST OF SITE
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Figure 2.4-6 
DRAWDOWN AT SPILLWAY
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Figure 2.4-8 
HYDRAULIC RADIUS VS. ELEVATION

NORTH ANNA RIVER
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Figure 2.4-9 
FETCH DIAGRAM FOR SURGE AND WAVE RUNUP
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Figure 2.4-11 
PUBLIC WATER SUPPLIES IN VICINITY OF SITE
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2.5 GEOLOGY AND SEISMOLOGY

2.5.1 Basic Geologic And Seismic Data

This section of the report summarizes the principal results of the geologic, seismologic, and
foundation studies on Units 1 and 2 of the North Anna Power Station in order to describe how the
design basis for foundations, vibratory ground motion, and the design-basis earthquake was
determined. The studies included a geologic and seismic investigation of the site and surrounding
area, a review of geologic literature, interviews with officials of government agencies and private
organizations, a review of information acquired during the excavations of Units 1 and 2, and a
foundation test boring and laboratory testing program. An update of the geologic and seismologic
studies was performed in 1994 for the Safety Analysis Report and Environmental Report for the
Independent Spent Fuel Storage Facility (ISFSI) site which is located on a contiguous site south
of the plant. This update provides additional information obtained over almost 20 years since the
original studies were performed. However, this new information does not alter the original seismic
design basis for the station. Details of these studies are described in References 1 through 9.

Regional maps of the physiography, geology, tectonics, and areal geology are shown and
discussed in Reference 1. The topics are summarized in UFSAR Sections 2.5.2.2, 2.5.2.3,
and 2.5.2.4. An update of this information is provided in References 8 and 9.

Site maps showing the surficial geology and top-of-bedrock contours are shown in
Figures 2.5-1 and 2.5-2. Figure 2.5-3 illustrates the plan of site geotechnical profile locations.
These profiles, showing the relationship of the major foundation units to subsurface geologic
materials, ground water, and backfill, are shown in Figures 2.5-4 through 2.5-10. The topics are
discussed in detail in References 1 and 5. They are also summarized in UFSAR Section 2.5.4 of
and updated in References 8 and 9.

A plan showing the location of all test borings (except those described in References 7, 8
& 9), wells, and trenches is presented as Reference Drawing 1. The logs of borings as well as the
results of laboratory tests are included and discussed in References 1 and 6. The conditions
encountered and the results of laboratory tests at the plant site are summarized in UFSAR
Section 2.5.4.

2.5.2 Vibratory Ground Motion

2.5.2.1 General

A brief summary of physiography, lithology, statigraphy, and geologic structure is presented
in the following paragraphs. A complete, detailed study and geologic history of the region and of
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the site is available in References 1, 8, and 9. References to specific sections of this report and
additional information are presented as follows:

1. Geologic history is described in the section entitled History of the Piedmont beginning on
page IIA-8 and ending with the second paragraph of page IIA-10 of Reference 1, and
Section 2.5.1.2 of References 8, and 9.

2. Stratigraphy is described in the section entitled Stratigraphy beginning on page IIA-2 and
ending with the second paragraph of page IIA-4 of Reference 1.

3. Lithology is described in the section entitled Areal Geology beginning with the fourth
paragraph of page IIA-11 and ending with the third paragraph of page IIA-12 and in the
section entitled Site Geology comprising the fourth and fifth paragraphs of page IIA-15 of
Reference 1.

2.5.2.2 Physiography

The station site is situated in the central portion of the Piedmont physiographic province,
with the Blue Ridge province about 40 miles to the west and the Coastal Plain province about
15 miles to the east. The Piedmont terrain is characterized by gently sloping upland areas and
broad, relatively shallow valleys. Bedrock within the piedmont is metasedimentary and
metavolcanic and consist of granites, gneisses, and schists. The bedrock typically is deeply
weathered into a saprolite mantle of up to approximately 100 feet thick.

2.5.2.3 Geology

The bedrock of the Piedmont is composed of crystalline metamorphic rocks, igneous
intrusives, and Triassic sedimentary rocks.

General regional trends are established by the northeast-southwest alignment of geologic
structures in the Appalachians. The structural pattern of the Piedmont consists of
northeast-southwest anticline-syncline trends, igneous intrusions, and depositional basins. The
synclinal trends are dominant. Several synclinal structures, which may be part of the Virginia
and/or James River synclinorium, can be projected into the site area. Among these are the Arvonia
syncline and the Columbia syncline southwest of the site, and the Quantico syncline to the
northeast. Projected along its mapped strike, the Columbia synclinal axis would pass about
5 miles west of the site. About 20 miles west of the site, the syncline dominance ends at the base
of the Blue Ridge Anticlinorium, which consists of Precambrian rocks folded anticlinally and
asymmetrically toward the northwest. East of the site, the Coastal Plain sediments conceal the
downwarped basement.

The folding of a local scale, consistent with the northeast-southwest regional trend, is
apparent in the site area. The dominant structure in the area is a small anticline trending
approximately N 15 deg E and bending slightly northward before plunging at around 15 degrees
to the north. The station site is located on the northwest flank of the anticline near its northern
extremity. As a result of the folding, the rocks at the site generally strike N 60 deg-80 deg E and
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dip NW 40 deg-50 deg. An examination of the available outcrops indicates that the anticlinal
structure closes near the site with no apparent offsets.

The predominant rock types in the site area are a gray, fine-grained, granitic gneiss and
schist and a dark greenish-gray, slightly calcareous, fine-grained hornblende gneiss. The
hornblende gneiss occurs in zones within the granite gneiss and schist zone. A third rock type, a
dark gray, garnetiferous mica schist was identified in the northeastern portion of the site area.
These rocks are believed to be of Early to Middle Paleozoic Age, or about 450 million years old.
They were recrystallized by regional metamorphosis in the Late Palezoic Age about 300 million
years ago.

2.5.2.4 Tectonics

Since Precambrian time, the Piedmont has undergone extensive tectonic activity, which has
resulted in a very complex regional pattern of folding and faulting. It experienced three periods of
major mountain building during the Paleozoic Era and a fourth period of less intense tectonic
activity during the Triassic Period. The most recent period of tectonic activity during the Triassic
Period, about 200 million years ago, arched the Inner Piedmont and resulted in the formation of
downfaulted grabens (i.e., Triassic basins) along either side of the Inner Piedmont axis. These
basins are characterized by local normal faulting on either or both borders.

Surface mapping, boring data, and an inspection at the excavation for Units 1 and 2 all
indicated a continuity of strata beneath these units and no significant shear zones are known to
exist in the site area. However, during excavation for Units 3 and 4 at the North Anna Power
Station, a minor zone with an offset of the type commonly found in the Piedmont was exposed. As
discussed in the report Supplemental Geologic Data, North Anna Power Station, Louisa County,
Virginia (Reference 10), intensive geologic investigations have shown that this shear zone has not
been active since at least Triassic time. The shear zone exposed in Units 3 and 4 extends through
Units 1 and 2 without any indication or evidence of offset. Additional information on this shear
zone is contained in Section 2.5.3.2. An update of the tectonics section is presented in
Section 2.5.1.3.2 of Reference 8.

The closest major shear zone is located at the edge of the Blue Ridge Anticlinorium about
20 miles west of the site. Faulting associated with the northwestern flank of the Blue Ridge
Anticlinorium has thrust Precambrian basement rocks over sediments of the Valley and Ridge
province. A parallel shear zone of almost similar extent is found on the southeastern flank of the
anticlinorium. Incorporated within this zone are several Triassic basins, including the Culpeper
and Scottsville, where numerous thrust and normal faults are found. The faults within this zone,
the closest to the site, are the border faults of the Culpeper basin located about 20 miles
west-northwest of the site area. Other downfaulted graben structures in the Piedmont of
significance in the site study are the Farmville and Richmond basins. These basins do not lie in
any known regional shear zone.
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The closest known significant fault is located near Mineral, Virginia. The known length of
the fault is limited to 1000 feet. The fault has no surface expression that can be confirmed by the
examination of aerial stereoscopic photographs. There are no abrupt magnetic changes in or
across the known fault area. The only evidence of the fault is exposures in underground mine
workings near Mineral, Virginia. Over the known distance, the fault strikes north 20 degrees east
and dips southeast 60 to 70 degrees. The maximum length of the fault is probably no more than a
few miles; if projected along its known strike and dip, it would lie about 4.5 miles northwest of
the site.

Additional detailed information, including maps and an assessment of activity status, is
given in References 1, 8, and 9. Relevant sections are listed below:

1. Regional tectonic structures are described in the section entitled Structure beginning with
page IIA-14 and ending with the fourth paragraph of page IIA-8 of Reference 1 and
Section 2.5.13 of References 8 and 9.

2. Areal tectonic structural features are described in detail beginning with the fourth paragraph
of page IIA-12 and ending with the first paragraph of page IIA-14 of Reference 1.

3. Site structural features are described beginning with the second paragraph of page IIA-16
and ending with the last paragraph of page IIA-18 of Reference 1.

4. Regional tectonic structures are identified and shown on the Regional Tectonic Map,
Plate IIA-2. Areal tectonic structural patterns are shown on Plate IIA-4. Site structural
features are shown on geologic cross sections shown on Plate IIA-7 of Reference 1.

5. Information on the assessment of tectonic activity is found beginning with the fourth
paragraph of page IIA-6 and ending with the first paragraph of page IIIA-8 and in the first
and second paragraphs of page IIA-10 of Reference 1.

2.5.2.5 Seismic History

A seismic history and summary of all significant earthquakes possibly affecting the site area
from 1774 through 1966, as well as a regional epicenter map, are presented in Reference 1. An
update of the seismic history and tabulation of significant earthquakes within a 200 mile radius of
the station through January 1994 is presented in Reference 8.

The site is located in an area that has experienced a minor amount of earthquake activity.
Most of the reported earthquakes of the region are related to known faulting more than 30 miles
from the site. The zone of major earthquake activity nearest the site is in the vicinity of
Charleston, South Carolina, approximately 400 miles to the south. Sixty-seven earthquakes of
intensity V to VII have been reported within 200 miles of the site from 1758 through
January 1994. Most of these are associated with well-documented geologic structures. None of
these shocks have been greater than VII.
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The most significant earthquakes in the region of the station affecting its design occurred
near the Richmond Basin in 1774 (Intensity VI-VII), and near the Arvonia Syncline in 1875
(Intensity VII). These shocks and related zones of earthquake activity are both located within
50 miles of the site and are believed to be associated with faulting in their respective basin-like
structures. Additional earthquakes of epicentral intensity V occurred on December 11, 1969, near
Richmond, Virginia (37.8° N 77.4° W) and on March 15, 1991 west of Richmond in Goochland
County, some 37 Km south-southeast of the site.

The 1875 shock was probably felt in the vicinity of the site with an intensity approaching V.
The 1774 shock cannot be accurately projected to the site area because of the lack of information,
but it is believed that ground motion at the site did not exceed a few percent of gravity. The 1969
shock was perceptible over a 3500-square-mile area. A study of the recent land forms in the site
area does not reveal any adverse features such as faulting, slides, or areas of instability or
brecciation that could have been caused by these shocks or from earlier earthquake shocks.

Additional detailed information on earthquake history is discussed in Reference 1,
beginning with the second paragraph of page IIC-4 and ending with the first paragraph of
page IIC-10 and in Section 2.5.2.2 of Reference 8. A discussion of the specific correlation of
epicenters with geologic structures is also presented in Reference 1, beginning with the first
paragraph of page IIC-8 and ending with the first paragraph of page IIC-10. Further discussion is
presented in the second paragraph of page IIC-11 and the first paragraph of page IIC-12.

2.5.2.6 Design-Basis Earthquake

The earthquake producing the maximum vibratory accelerations at the site is designated the
design-basis earthquake. The earthquake producing one-half the maximum vibratory
accelerations at the site is designated the operating-basis earthquake.

The PSAR and design for this station were done before the issuance of Appendix A,
10 CFR 100. Accordingly, the term design-basis earthquake as used here has the meaning it had
before the issuance of Appendix A. The term operating-basis earthquake as used here does not
and is not intended to conform to the meaning of operating-basis earthquake as defined in
Appendix A, 10 CFR 100.

Damaging earthquake ground motion is not expected at the site during the economic life of
the facility. On a conservative basis, Seismic Class I structures and systems were designed to
respond elastically, with no loss of function, to horizontal ground accelerations as high as 0.06g of
gravity for structures founded on rock and as high as 0.09g for structures founded on soil.

For the purpose of establishing a design-basis earthquake, it was assumed that an
earthquake equal to the largest shock associated with the Arconia Syncline might occur close to
the site area. With the epicenter of a shock similar to the 1875 intensity-VII Arconia earthquake
shifted to the vicinity of the site, it was estimated that the maximum horizontal ground
acceleration at the rock surface would be less than 0.12g. Accordingly, the design-basis
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earthquake for structures founded on rock was taken at 0.12g for horizontal ground motion and
two-thirds that value for vertical ground motion. For structures founded on soil, the design-basis
earthquake was taken at 0.18g for horizontal motion and 0.12g for vertical motion.

For Seismic Class I structures founded on rock, analyses for earthquake motion were made
using response spectra developed by enveloping the response spectra, for various degrees of
damping, of the east-west and north-south components of the Helena (1935) earthquake and the
south-east component of the Golden Gate record of the San Francisco (1957) earthquake, all
normalized to 0.06g for the operating-basis earthquake and 0.12g for the design-basis earthquake.
For Seismic Class I structures founded on saprolite more than 15 feet thick, these analyses for
earthquake motion were normalized to 0.09g for the operating basis earthquake and 0.18g for the
design-basis earthquake to provide for calculated amplification through the overburden. The
spectra are shown on Figures 2.5-11 through 2.5-14.

The amplification of earthquake motion through the overburden was computed using a
lumped-mass spring system with modal superposition (Reference 11).

Based on the two-to-three pulses of strong ground motion for the San Francisco, California
(1957), and Helena, Montana (1935), earthquakes, a conservative estimate of strong ground
motion pulses to be experienced at the North Anna site is four to five pulses of strong ground
motion for the operating-basis earthquake and eight to ten pulses of strong ground motion for the
design-basis earthquake.

The results of the regional study of the seismicity and tectonics indicate the conservatism of
the ground accelerations. Therefore, the North Anna Power Station seismic design meets all
safety requirements.

The results of the regional seismicity and structural geology update provided in
Reference 8, did not provide any basis for modifying the original seismic design basis for the site.
Additionally, continued seismic monitoring in the region surrounding the site over the last
20 years has not provided any basis to associate the minor seismicity of the region with either
Lake Anna or the fault at the North Anna Power Station. The seismic design for the North Anna
Power Station provides adequate conservatism for seismic Class I Structures at the North Anna
Power Station (Reference 8).

2.5.3 Surface Faulting

North Anna Units 1 and 2 were not and need not be designed for surface faulting. There is
no evidence of active surface faulting at or near the site.

2.5.3.1 Geologic Condition at the Site

See Sections 2.5.2.3 and 2.5.2.4 and, for additional detailed information, see Part II,
Section A of Reference 1.
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2.5.3.2 Evidence of Fault Offsets

Regionally, there is no known evidence of active faulting of rock strata. Within the vicinity
of the site the following studies were done, and no evidence indicative of active faulting was
revealed:

1. The interpretation of airphotos and topographic maps of the site area revealed no evidence of
surface rupture, surface warping, or the offset of geomorphic features possibly indicative of
active faulting.

2. Seismic surveys of the site area showed that no macroseismic activity has been centered in
the site area; the closest epicentral location is about 30 miles away.

3. A detailed geologic mapping of the site area and vicinity by Dames & Moore geologists and
an inspection of the excavation during construction by Stone & Webster geologists revealed
no evidence of geologically recent or active faulting.

4. Borings drilled at the site indicated continuity of strata and an inspection of soil and rock
showed no adverse effects indicative of geologically recent or active faulting.

The closest known significant fault is located 4.5 miles northwest of the site, if projected
along its known strike and dip, and as evidenced by mine exposures near Mineral, Virginia. The
absolute age and history of the fault are unknown and indeterminate.

The known length of this fault is 1000 feet, with its estimated maximum length only a few
miles. Vertical displacement is unknown but is estimated to be about 1500  feet. Over the known
distance, the fault strikes north 20 degrees east and dips southeast 60-70 degrees. There are no
abrupt magnetic changes on or across the known fault area. No surface expression can be
confirmed by examination of topophotos. There is no evidence of geologically recent movements
along the fault; thus, it is believed that the fault has been inactive for millions of years. There is no
evidence that any known earthquake hypocenters are related to or can be attributed to this fault.

During the excavation of Units 1 and 2, three chlorite seams were discovered. At that time,
geologic studies indicated that these seams were of depositional origin and had acted as
aquicludes. The weathering of the rock was more severe above than below the seams and
extended along the seams, decreasing in intensity with depth. An X-ray analysis of the infilling
material showed a normal weathering sequence. It was then concluded that no motion had
occurred along those three seams, inasmuch as several north-trending joints crossed the seams
without showing any offset.

The same seams were found during the excavation of Units 3 and 4. This time, however,
geological relations suggested possible faulting along Seam A. An extensive investigative
program was then initiated involving both Dames & Moore and Stone & Webster geologists. The
following conclusions have been reached: (1) the seams are minor faults of limited extent,
(2) K-Ar dating indicates that the last motion occurred at least 200 million years ago, (3) the
seams are not capable faults within the meaning of Appendix A, 10 CFR 100, (4) these seams do
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not affect the stability and/or safety of the North Anna Power Station in any respect, and (5) the
faults had not been reactivated by the filling of Lake Anna. Details concerning this investigation
program and the resulting conclusions have been presented in Appendix E to the North Anna
Units 3 and 4 PSAR, Docket Nos. 50-404 and 50-405.

Confirmatory microearthquake monitoring was initially conducted over the period from
January 21, 1974, to August 1, 1976, and was subsequently extended an additional year to
August 1, 1977. The purpose of the monitoring program was to determine whether seismic
activity was associated with the faults at the site and whether Lake Anna was affecting that
activity. No microearthquake detected in the three and one-half years of monitoring was
associated either with the fault onsite or was related to the impoundment of Lake Anna. Four
stations of the original 17-station monitoring network were incorporated into Virginia Tech’s
Central Virginia Monitoring Network for the specific purpose of monitoring any changes in
seismicity in the region of the North Anna Power Station. To date, no changes have been observed
that would contradict the conclusions reached in 1977 regarding the lack of association of
microearthquakes with Lake Anna or with the fault at the North Anna Power Station
(Reference 8). The microearthquakes observed at the site appear to be part of, or are occurring at,
a level no greater than the spatially varying background activity found in central Virginia. Since
the North Anna units have already been designed to withstand the largest earthquake that has
occurred within the past 200 years in central Virginia, the existing plant design is adequate.

The nearest known post-Mesozoic faulting belongs to the northeast-southwest trending
Stafford Fault Zone. The nearest approach of this zone is near Fredericksburg, about 22 miles
northeast of the site. As originally reported (References 11 through 13), and later substantiated by
detailed subsurface explorations (Reference 14), the youngest discernible fault movement of
significance within the zone was pre-mid-Miocene, more than 10 million years ago. According to
the criteria of Appendix A of 10 CFR 100, the zone is not capable. A subsequent report, Lateral
Continuity of a Pre- or Early Cretaceous Erosion Surface Across Neuschel’s Lineament, Northern
Virginia (Reference 12), demonstrates that the faulting near Fredericksburg does not extend
southwestward toward the site. This report also substantiates earlier studies, which indicate that
the local geophysical anomaly known as Neuschel’s Lineament is tectonically stable. The fracture
trends northeast-southwest and passes about 3.5 miles southeast of the site. The results of the
latter study also demonstrate that if the Lineament is a fault, it has not been discernibly offset for
more than 100 million years.

A northern projection of the Brandywine Fault Zone, near Brandywine, Maryland, was
investigated in 1976 and 1978 because geologic anomalies were suggestive of recent fault
movement. Both investigations demonstrated that differential settlement, not faulting, was
responsible for the anomalies; indeed, lines of borings indicate that movement of the fault ceased
in the Miocene epoch. Therefore, the Brandywine Fault Zone cannot be considered capable.
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2.5.3.3 Earthquake Associated with Active Faults

There are no reported historical earthquake epicenters that can be associated with active
faults within 5 miles of the plant site.

2.5.3.4 Correlation of Epicenters with Active Faults

There is no evidence of active faults or historically reported earthquake epicenters within
5 miles of the site, and, therefore, there is no correlation.

2.5.3.5 Description of Active Faults

There is no evidence of active faults greater than 1000 feet long within 5 miles of the site.

2.5.3.6 Zone Requiring Detailed Faulting Investigation

There is no zone requiring detailed investigation of the faulting of rock strata. A zone of
shear movement with a chlorite-rich foliation plane between rock strata was investigated for the
adjoining Units 3 and 4.

2.5.3.7 Results of Faulting Investigation

There is no evidence of active faulting of rock strata in the site area. Investigation of shear
movement along a chlorite-rich foliation plane referred to in Section 2.5.3.7 shows the zone to be
noncapable (not active) as defined in 10 CFR 100, Appendix A.

2.5.3.8 Design Basis for Surface Faulting

North Anna Units 1 and 2 were not and need not be designed for surface faulting. There is
no evidence for active surface faulting at or near the site.

2.5.4 Stability of Subsurface Condition

References containing raw data and detailed evaluation of the stability of subsurface
conditions at the site can be found in References 1, 3, 4, 6, and 8.

2.5.4.1 Station Area Conditions

The area surrounding the site is generally mantled by residual soils derived from the
weathering of the underlying metamorphic rocks. At the site, weathering has destroyed all parent
geologic structure in the saprolite soils to an average depth of 4 to 5 feet. Surficial soils are
underlain, in turn, by generally yellowish-brown to gray, silty, fine sands. These soils are
saprolitic in nature and retain many of the structural and mineralogical features of the parent rock.
These saprolite soils extend to the surface of the relatively intact rock from which they were
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derived. Weathering has produced an erratic bedrock surface and resulted in a subsurface profile
characterized by three significant zones of weathering, as follows:

1. Residual saprolite soil that is derived from the weathering of gneiss and schist. This soil is
composed of clay, silt, and sand-sized particles with many rock fragments. It is
predominantly silty, fine sand with core stone less than 10% of the volume of the mass. This
soil is represented as Zone I and Zone IIA in the boring logs presented in Reference 1.

Severely weathered rock that retains its rock structure but is generally soft and is heavily iron
stained. Quartz-rich areas are fractured and in part friable. The core stone is from 10% to
50% of the volume of the mass. This rock is presented as Zone IIB in the PSAR boring logs
(Reference 1).

2. Moderately weathered rock that is generally iron-stained on most joints and fractures, with
some staining and weathering of the rock matrix. The core stone is more than 50% of the
volume of the mass. The rock generally gives a dull sound when struck with a geologist’s
pick. This rock is represented as Zone III in the PSAR boring logs (Reference 1).

3. Slightly weathered to fresh rock with occasional iron staining on joints or fractures. The rock
is generally hard, giving a sharp sound when struck with a geologist’s pick. This rock is
represented as Zone IV in the PSAR boring logs (Reference 1).

While the weathering profile can be divided into these three generalized zones for
descriptive purposes, the contact between them has been found to be gradational and generally not
well defined. The seismic refraction survey, test borings, and test pits showed possible erratic
conditions. Excavations for structures proved this to be the case. The excavations showed ribs of
moderately to slightly weathered rock protruding into severely weathered rock and deep, narrow
zones of highly weathered rock penetrating relatively fresh rock. A top-of-bedrock map based on
generalized conditions is shown in Figure 2.5-2. This map is based on conditions revealed in
excavations and borings made during construction. The rock revealed during construction
excavations indicated slightly higher rock elevations for moderately weathered rock in the reactor
building, auxiliary building, and fuel building areas, and slightly lower elevations in the turbine
room area than those predicted in the initial PSAR studies.

Additional borings were taken during construction in the turbine room area to better define
the subsurface profile and bedrock conditions. Based on soil sample data, the design of the turbine
foundation was changed from a pedestal type to a mat foundation as shown in Figures 2.5-5,
2.5-6, and 2.5-7. The higher rock conditions encountered in the reactor building area were
favorable and had no influence on initial PSAR design concepts.

The bedrock and soil at the foundation locations provide suitable support for site facilities.
The bedrock is competent, hard, and crystalline metamorphic rock, which is insoluble and free of
any solution or collapse features. There are no known economic mineral resources present, nor
have any been extracted from the immediate site area in the past. Since Triassic time, about
200 million years ago, the region has been tectonically stable and without marked tectonic
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activity. No significant residual stress conditions are apparent in the bedrock. The site area is free
of any known capable faults. There are no predominant deformational features present other than
the normal jointing associated with metamorphic rocks of this geologic age, together with the
previously identified minor, noncapable faults.

Ground water in the saprolite soils occurs under hydrostatic conditions and is directly
connected with the ground water stored and transmitted through cracks, fissures, and other planes
of foliation in the underlying crystalline rock. The configuration of the ground-water surface
generally follows surface topography. Before construction, this surface sloped at an average rate
of 8 feet per 100 feet toward the North Anna River. During construction, dewatering operations
encountered relatively low amounts of water, which were easily handled by a sump-type
dewatering system. The lowest drawdown imposed was in the reactor containment area, where the
water level was lowered approximately 70 feet to Elevation 203. Filling Lake Anna to
Elevation 250 raised the base level of ground-water discharge about 50 feet and thereby reduced
the hydraulic gradient across the site to about 2.5 feet per 100 feet. The expected rate of
postconstruction ground-water movement under this gradient was about 0.01 ft/day. The water
level as determined by observation wells located in the Unit 1 alleyway indicates the
ground-water level to be within several feet of Lake Anna’s level (Elevation 250 ft).

2.5.4.2 Station Foundations

Foundation conditions under the major structural components of the power station are
summarized in the following paragraphs. The locations and logs of the borings, as well as the
results of laboratory tests, are provided in Reference 1. Geologic cross sections, showing
subsurface conditions in the immediate area of the plant, are presented in Figures 2.5-4
through 2.5-10. The location of these cross sections in reference to the power station layout is
shown in Figure 2.5-3.

The reactor containment structures are founded on hard crystalline rock. Other Seismic
Class I structures are founded on fresh to severely weathered crystalline rock, on dense residual
soil derived from the weathering of the rock, or on compacted granular fill. Foundations have
been designed and installed using conservative bearing values so that no excessive
postconstruction deflections will occur.

The contact areas, founding elevations, and maximum contact pressures for the major
structural components of Units 1 and 2 of the North Anna Power Station are listed in Table 2.5-1.

The allowable bearing capacities for foundation materials at the site are given in
Table 2.5-2. Ultimate bearing values, from which these allowable values were derived, were
computed based on classical theory using measured properties for residual soils and rock found at
the site and conservatively selected empirical values for compacted granular fills. The
recommended bearing values are for all combinations of load, including dead load plus live load
plus either design-basis and/or operating-basis earthquake loading or wind (tornado) loading,
whichever is greater. In all cases, the ratio of ultimate to allowable values is in excess of three.
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Both Units 1 and 2 reactor containment structures and the fuel building are supported on
reinforced-concrete mats founded on sound rock at Elevations 203 and 243, respectively. The
rock cuts for the reactor containment structures are approximately 40 feet deep below the general
excavation grade at Elevation 242. The foliation of the rock strikes approximately parallel to the
axis of the two containment structures and dips to the northwest about 45 degrees. Most of the
rock in the walls was fresh and hard. However, there was an area approximating a quadrant of the
circumference along the north side of Unit 2, calling the axis of the units east-west, which had
weathered to dense saprolite. This extended to a maximum depth of about 15 to 18 feet below the
general excavation (Elevation 242). The wall of the excavation in this area was supported by
horizontal sheeting and soldier piles anchored by tie backs into sound rock. In the remainder of
the excavation for Units 1 and 2 rock was encountered at and below the general excavation grade.
The rock wall support consists of 20-foot rock bolts (1 inch in diameter) set 5 feet
center-to-center both ways in a staggered pattern covered with wire mesh and gunite. Within the
rock walls, some areas of moderate to severe weathering were encountered. In these areas, all rock
bolts were grouted and surfaces were sprayed with plastic spray when excavated to prevent further
weathering.

Along the south wall of Units 1 and 2, severe weathering had developed along a thin
biotite-chlorite schist member parallel to foliation. During excavation, a rock fall developed along
this seam in Unit 1. Subsequently rock above this weak plane was removed for practically the full
width of the containment excavation for both units. This plane intersected the south wall of the
excavations at about Elevation 225.

For the permanent support of the walls of the containment excavation, rock bolts were
installed as described earlier and the space between the line of excavation and the shell of the
structure was backfilled with lean concrete, which acts as a ring girder. This concrete fill extends
from above the 10-foot foundation mat to the general level of rock excavation. A layer of
compressible material is provided between the containment shell and the lean concrete for
insulation.

The auxiliary building is supported on a reinforced-concrete mat. The foundation mat is
founded at Elevation 240 on moderately to severely weathered rock having a maximum thickness
of about 15 feet above slightly weathered to fresh rock (Zone III).

The service building, including the control area, is supported on a reinforced-concrete mat
and strip footings foundation resting on severely weathered rock (saprolite).

The main steam and feedwater isolation valve housing and safeguards area abutting the
Units 1 and 2 reactor containments is supported on reinforced-concrete mats founded at about
Elevation 252 on concrete backfill or compacted granular fill over severely to moderately
weathered rock.

The service water reservoir pump house is supported on a reinforced-concrete mat founded
on approximately 80 feet total thickness of residual soil and severely weathered rock. The main
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reservoir screenwell is founded on dense saprolite about 5 to 8 feet thick over moderately
weathered to fresh rock.

The service water valve house is supported on a reinforced concrete mat foundation
founded on approximately 60 feet of residual soil and severely weathered rock.

The service water tie-in vault is supported on a reinforced-concrete mat foundation founded
on approximately 40 feet of residual soil.

Based on geologic studies and the observation of existing site conditions at foundation
depths, there do not appear to be any geologic features that will adversely affect the intended use
of the site during vibratory motion associated with the design-basis earthquake.

Foundation design criteria for the service water pump house written in 1970 required that
the maximum allowable bearing pressure not exceed 3000 psf, and no increase in this value was
permitted for abnormal or extreme environmental loading conditions. An examination of the
design calculations indicates an apparent misunderstanding of the criteria, since increases in the
allowable bearing pressures were permitted for the one-pump shutoff, tornado wind, and
earthquake loadings. As a result, maximum toe pressures directly beneath the edge of the mat
higher than 3000 psf were computed and accepted for these loads. Maximum toe pressures are as
follows:

A reevaluation of the soil bearing capacity of the service water pump house foundation, on
the basis of recent soils investigations, shows that a minimum value of allowable bearing capacity
is 4.2 ksf. For a seismic or sudden loading, it is assumed that the foundation soil is subject to
undrained shear. Therefore, the ultimate bearing capacity is determined as follows
(Reference 16):

(2.5-1)

where:

Nc = bearing capacity factor = 5 

Su = undrained shear strength

Design Loading
Maximum Toe
Pressure, ksf Mat Location

One-pump shutoff 3.92 Southwest corner

Design-basis earthquake 3.86 South edge

Tornado wind 3.44 Southwest corner

qult NcSu γd+=

1 0.2B
L
----+
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γ = total unit weight of soil

d = depth of footing base

Based on investigations reported in Section 3.8, a conservative lower bound for undrained
shear strength, Su, is 2.0 ksf. For this value, and considering the effect of embedment on the
Service Water Reservoir side only, the ultimate bearing capacity of the foundation soil is
conservatively calculated to be:

qult = 5 (2.5-2)

For a factor of safety of 3, the allowable bearing pressure is:

qallow = (2.5-3)

Based upon extensive triaxial shear tests reported in Section 4 of Report on Design and
Stability of North Anna Dam for Virginia Electric and Power Company (Reference 12), the
undrained triaxial shear strength for undisturbed foundation soils of Zones I and II can be
conservatively represented by the parameters Cc = 720 psf and ϕc = 26°.

2.5.4.3 Engineering Properties of Foundation Materials

The static and dynamic engineering properties of materials underlying the site are presented
in this section. These properties were determined from borings extending to a depth of
approximately 80 feet below the base of the lowest foundations and represent the characteristics
of materials that transmit earthquake-induced motions to the foundations of the plant.

Additional detailed information on the engineering properties of materials underlying the
site is given in Appendix 2C.

Pertinent static and dynamic properties of rock and weathered rock reported in the listed
appendices include the following:

1. Unconfined compressive strength tests on rock specimens: Reference 1 and Table 2.5-3

2. Birdwell 3D Logs (Borings 20, 204, Well 1): Reference 4.

3. A refraction seismic survey of the site area: Reference 2.

4. A cross-hole seismic survey of the reactor containment: Reference 3.

Pertinent tests of the physical properties of residual soils reported in Reference 1 of include:

1. Dry density tests on selected samples.

2. Moisture contents tests.

3. Triaxial compression tests on undisturbed soils.

1 0.2 x 61 
64

---------------------+ 2 0.121( ) 3( ) 0.624( ) 5( )+[ ]+ 12.59 ksf=

qult
F.S
-------- 4.20 ksf=
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4. Grain size analysis.

5. Consolidation tests on undisturbed samples.

6. Cyclic triaxial tests.

7. Shock scope tests.

Pertinent physical properties determined from these tests are as follows:

1. Rock

a. Density: 165 lb/ft3.

b. Unconfined compressive strength (psi)

(1) Fresh rock (Zone IV): 5800 to 16,200.

(2) Slightly to moderately weathered rock (Zones III-IV): 2880 to 12,800.

(3) Weathered rock: 620 to 2400.

c. Shear modulus

The shear modulus values for slightly weathered to fresh rock were determined using the
following two methods of measurement:

2. Residual soils

a. Shear modulus

A cross-hole seismic survey in the dam site area gives the following values for
near-surface soils:

(1) Cs = 800 to 850 ft/sec

(2) G = 16,500 to 18,600 psi

Tests on saprolite (severely weathered rock to residual soil) yield the following values:

(1) Cs = 950 ft/sec (shear wave)

(2) Cp = 2300 ft/sec (compression wave)

(3) G = 23,000 psi

b. Density: 98 to 134 pcf (dry)

Basis of Measurement Cs (ft/sec) G (psi)

Birdwell 3D logs 4000 to 8000 0.6 × 106 to 2.5 × 106

Cross-hole seismic 5000 to 6000 0.9 × 106 to 1.3 × 106
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c. Water content: 5.2 to 30.5% (median: 13.1%)

(Note: Many samples were taken from above ground-water level and were not saturated.)

d. Porosity: 0.21 to 0.4 (average: ±0.3)

Based on these test data, it was concluded that the shear modulus for the fresh to slightly
weathered rock would be 1.0 × 106 psi. Hardin gives the following expression for the shear
modulus of soils:

G = 1230 

where:

G = shear modulus, psi

e = void ratio

 = vertical effective stress

Ko = ratio of vertical to horizontal effective stress

Computed values for the residual soils based on this expression were as follows:

1. At 10-foot depth, G = 14,000 psi.

2. At 20-foot depth, G = 19,800 psi.

These values correspond well to measured surface values of the shear modulus from
cross-hole seismic surveys as noted above. Accordingly, this expression was used in computing
shear moduli for residual soils at various depths for an analysis of the amplification of vibratory
motion through overburden; it has been shown that the shear modulus decreases with increasing
strain (References 14 & 15), and an adjustment of the shear modulus with strain has been made in
accordance with relations proposed by H. B. Seed (Reference 15).

The backfill around structures is compacted fill placed according to procedures. The fill on
which foundations of tanks and other structures placed is select granular material compacted to a
density of not less than 95% of modified Proctor Compaction, ASTM D-1556. Compressible
material was placed between the containment shell and the concrete backfill to provide isolation.

Further information on this subject can be found in Section 3.8 and Appendix 3E.

2.5.5 Slope Stability

Pertinent slopes whose failure could adversely affect the nuclear power plant include the
following:

1. Service water reservoir dike and cut slopes.

2.97 e–( )2

1 e+
-------------------------- σ1 2Ko+

3
-------------------

σ
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2. Intake channel cut slopes from the North Anna Reservoir to the screenwell structures.

3. The cut slope located along the south side of the plant site between the containment
structures and the service water reservoir.

4. Flood Protection Dike

A summary of steps taken to ensure stability of cut slopes in rock for the containment
excavation area is provided in Section 2.5.4.2.

Stability analyses of critical dike sections were made to evaluate the factors of safety for all
anticipated operating conditions of the service water reservoir. Details can be found in
Section 3.8.4. A plan view of the service water dikes and cut slopes is shown on Figure 3.8-31.
Typical cross sections of the compacted dike and excavated cut slope are shown on Figure 3.8-33.
Boring logs associated with the service water pump house and the major section of the dike are
given in Figure 3.8-34.

Properties of the materials in the constructed service water reservoir dike fill are given in
Table 3.8-13 and Figures 3.8-53 and 3.8-54. Histograms of compaction control tests for the
compacted earth fill and select earth lining are given on Figures 3.8-55 through 3.8-58. The
results of stability analysis are given in Table 3.8-13.

These steps are believed to be conservative and sufficient to prevent any slope or wall
failure that could conceivably affect the nuclear power plant or its operation during or following
the design-basis earthquake.

There has been no evidence of a potential for earth slides into Lake Anna in the vicinity of
the plant site. Natural ground slopes in these residual soils, which vary between about 10 to
20 feet per 100 feet, are stable. The general configuration of the excavation into the natural
hillside for the plant site area and the impoundment of water within Lake Anna serves to increase
the stability of natural slopes between the plant site and the lake.

The intake channel from the North Anna Reservoir to the screenwell structure has a bottom
width of 240 feet, cut slopes of 3 horizontal to 1 vertical that steepen to 2:1 at the screenwell, and
a maximum depth of 50 feet below the surrounding terrain. A major portion of this excavated
channel is within very dense saprolite formed from weathering of the present granite gneiss rock,
and there is foliation in a favorable orientation relative to the axis of the channel. With foliation
planes dipping steeply upstream and striking across the channel roughly perpendicular to the cut
slopes, the channel will be stable against large earth slides. The 240-foot channel bottom width in
combination with the 50-foot maximum cut prevents small earth slides from causing any
significant blockage of this channel, which leads to the service water pumps associated with the
main reservoir.

The natural-cut slopes for the intake channel from the North Anna Reservoir to the
screenwell structure (Section F-F) are illustrated on Figure 2.5-9. The location of this section has
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been added to Figure 2.5-3. Detailed logs of borings shown on this profile are presented in
Section IB of References 5 and 6.

The natural-cut slope located along the south side of the plant site between the containment
area and the service water reservoir (Section G-G) is shown in Figure 2.5-10. The location of this
section has been added to Figure 2.5-3. The detailed logs of borings referenced on the profile are
presented in Section IB of References 1 and 6. The estimated saturation line within this slope
after filling of the service water reservoir is also shown on Section G-G of Figure 2.5-10.

Stability analyses of the flood protection dike located west of the Unit 2 turbine and service
buildings were made for applicable loading conditions. A description of this dike can be found in
Section 3.8.6. A plan view and typical section of the dike are shown in Figure 3.8-61.
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2.5 REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings are 
not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings 
referenced from this section of the UFSAR. The contents of Station Drawings are controlled by 
station procedure.

Drawing Number Description

1. 11715-FY-2A Boring Location Plan, Station Area
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Table 2.5-2
ALLOWABLE BEARING VALUES FOR FOUNDATION MATERIALS

Material Allowable Bearing Value (lb/ft2)

Residual soil (dense saprolite) 8000

Compacted granular fill 8000

Weathered rock 20,000

Sound rock 100,000

Residual soil (service water pump house) 4200
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Table 2.5-3
UNCONFINED COMPRESSIVE STRENGTHS OF SELECTED ROCK SAMPLES

Samples
Boring Depth (ft) Zone Strength (psi)

Fresh to slightly weathered rock
5 43 IV 10,250
5 98.5 IV 6500
5 108 IV 5800
28 53 IV 10,580
28 94 IV 16,300
29 45 III-IV 13,300
31 68 IV 8200
105 33 IV 16,190
105 42 IV 12,570
105 55 IV 13,730
105 97 IV 14,685

Slight to moderately weathered rock
5 42.5 III 6500
5 82.5 III-IV 11,580
29 21 III-IV 6780
29 26.5 III-IV 12,790
29 100.5 III-IV 3080
31 33 III 8503
31 45.5 III 9100
31 53 III-IV 5680
31 59 III-IV 6160
31 60 III-IV 3729
31 75.5 III-IV 4660
39 71 III 8280
40 39.5 III 11,330
104 77 III-IV 2880
104 118 III-IV 4660

Weathered rock
5 47 II-III 988
5 88.5 II-III 1470
39 62 III 620
40 44 II-III 2400
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Figure 2.5-1 
SITE SURFICIAL GEOLOGY MAP 
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Figure 2.5-2 
BEDROCK CONTOUR MAP 
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Figure 2.5-11 
RESPONSE SPECTRA OBE FOR ROCK—0.06G
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Figure 2.5-12 
RESPONSE SPECTRA DBE FOR ROCK—0.12G
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Figure 2.5-13 
RESPONSE SPECTRA OBE FOR

SOIL SUPPORTED STRUCTURES—0.09G
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Figure 2.5-14 
RESPONSE SPECTRA DBE FOR

SOIL SUPPORTED STRUCTURES—0.18G
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Appendix 2A1

Revised Analysis, Probable Maximum Flood,
North Anna Units 1 and 2,

Virginia Electric and Power Company
June 18, 1976

1. Formerly Appendix J to the Final Safety Analysis Report (Docket Nos. 50-338 and 50-339).
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2A.1 INTRODUCTION

Revised Analysis, Probable Maximum Flood, North Anna Units 1 and 2, 
Virginia Electric and Power Company

The probable maximum flood analysis shown in the North Anna Units 1 and 2 FSAR
(Reference 1) and the Units 3 and 4 PSAR (Reference 2) is inconsistent with the observed
behavior of Lake Anna since its filling. The analysis has been revised to reflect actual field data
gathered since the closure of Lake Anna Dam in 1972. The field data show higher earlier inflow
peaks with resultant higher lake stages than the original analysis for a given rainfall. A
conservative analysis of the lake stage associated with the probable maximum flood shows an
upper bound of Elevation 264.2 (all elevations given are in feet above mean sea level), an increase
of 9.7 feet from the original peak stage of the probable maximum flood (References 1 & 2). The
combined effects of wind surge, wave runup, and the backwater effect of 3.1 feet are added to
Elevation 264.2, totaling Elevation 267.3 at the station site. Since the station can be maintained in
a safe condition for flood levels above this new level, no safety impact is indicated by this revised
analysis.
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2A.2 FLOOD ANALYSIS

2A.2.1 Introduction

A total of four storms, June 1972 (Hurricane Agnes), April 1973, September 1974, and
March 1975, were used in the most recent investigation of the response of the Lake Anna drainage
basin to precipitation. These rainstorms all show higher earlier inflow peaks than those predicted
by the original runoff model. The higher earlier inflow peaks result in a higher peak reservoir
stage for any given rainstorm. Conservative upper-bound calculations show that the still-water
level associated with the probable maximum flood is less than 9.7 feet greater than that indicated
by the original analysis.

For the original flood studies, 6-hour unit hydrographs were derived from actual stream
flow records at Doswell, Virginia, from which a composite unit hydrograph was developed. The
composite unit hydrograph was then adjusted for the dam site (14 miles upstream from Doswell)
using Snyder’s Method (Reference 3). In the revised study, hydrographs for the inflow to Lake
Anna were generated using actual precipitation and reservoir records for four storms occurring
since the closure of the Lake Anna Dam. The most severe unit hydrograph developed from these
recent data was used in the revised probable maximum flood prediction. The composite 6-hour
unit hydrograph developed in the original flood study (Reference 1) showed a peak inflow of
6500 cfs with a concentration time of 29.5 hours. The 6-hour unit hydrograph generated using the
new data shows a peak inflow of 14,530 cfs with a concentration time of 11 hours. The higher
earlier inflow peaks are apparently caused by the spreading of Lake Anna’s arms well up into the
drainage basin, with the resultant shortening of drainage distances to the lake.

The probable maximum flood is generated using the unit hydrograph of April 1973 and the
48-hour probable maximum precipitation of 27.04 inches. The standard project storm of
13.54 inches in 48 hours (approximately one-half the probable maximum precipitation), is used
for antecedent precipitation. The antecedent precipitation is assumed to occur 5 days before the
main storm, with 3 rainless days between the storms. The resultant probable maximum flood
still-water level is Elevation 264.2. When wind surge and wave runup, due to a 40 mph wind
blowing in the most critical direction, 2.9 feet and a backwater allowance of 0.2 foot is added to
this, the resultant upper-bound flood stage is Elevation 267.3, 3.7 feet below plant grade.

The determination of the historical unit hydrographs and routing of the probable maximum
flood through the reservoir is accomplished using the 1973 version of the U.S. Army Corps of
Engineers generalized computer program HEC-1 (Reference 4).

2A.2.2 General Description

The Lake Anna Dam impounds a lake with a surface area of 13,000 acres and
305,000 acre-ft of storage, at its normal-stage elevation of 250 feet, along the channel of the North
Anna River. The drainage basin area above the site of the Lake Anna Dam is 343 square miles.
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The lake will be used by the North Anna Power Station as a cooling pond for condenser
circulating water. To improve the thermal performance of the lake, it has been divided by a series
of dikes and canals into two parts. The larger, referred to as the North Anna Reservoir, is
9600 acres and receives rainfall runoff from approximately 297 square miles as well as the inflow
due to rain falling directly onto its surface. The smaller part, called the Waste Heat Treatment
Facility, is 3400 acres and receives rainfall runoff from 25 square miles as well as inflow due to
rain falling directly on its surface. The power station withdraws circulating water from the
reservoir and discharges it to the Waste Heat Treatment Facility. Water passes from the Waste
Heat Treatment Facility to the reservoir through submerged orifices in Dike III, the dike most
distant from the station. The crest of the dividing dikes is at Elevation 260, with the exception of
Dike III, which is constructed with a saddle at Elevation 253.5 to allow the passage of flood flows.

Discharges from Lake Anna are regulated by a concrete gravity spillway structure, two
8 foot-wide overflow skimmer gates, and three 40 foot-wide radial gates.

A more complete description of Lake Anna and the spillway is given in Section 2.4

2A.2.3 Available Historic Information

2A.2.3.1 Lake Anna

The stage-volume and stage-area relationships are shown in Figures 2A-1 and 2A-2,
respectively, for the North Anna Reservoir and the Waste Heat Treatment Facility. These are
computed from topographic data taken before the filling of Lake Anna. The stage-volume
relationships for the component parts of the Waste Heat Treatment Facility, which were used in
the inflow analysis (Section 2A.2.4.1), are developed by prorating the total storage of the Waste
Heat Treatment Facility by the fraction of the total surface area of the Waste Heat Treatment
Facility, at Elevation 250, attributable to each of the four components.

A stage-flood storage relationship used for routing the probable maximum flood to produce
the upper-bound still-water level, as described in Section 2A.2.5.1, is developed from
Figures 2A-1 and 2A-2 and is shown as Figure 2A-3.

The arrangement and the cross section of the dikes and canals are shown in Figures 2A-4
and 2A-5 and in Appendix 2A, Attachment 4. The detailed information of the flows through the
dikes and canals is shown in Appendix 2A, Attachment 4.

The discharge capacity of the North Anna spillway is calculated by the method of
Reference 5, Hydraulic Design Chart 122-1. The form of the spillway is shown in Figures 2A-6
and 2A-7. The discharge capacity of the radial gate section is shown on Figure 2A-8. The
discharge capacity of the skimmer gates is shown on Figure 2A-9. For lake stages above
Elevation 255, the capacity can be determined by extrapolation. To avoid the impingement of the
lower lip of the radial gate upon the upper nappe of the spillway discharge during probable
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maximum flood conditions, the instructions call for a maximum radial gate opening of 36 feet.
The radial gates are capable of a maximum opening of 42 feet.

The reservoir operating rule curve is shown on Figure 2A-10. Historical operation data for
Lake Anna during the storms of June 1972 (Hurricane Agnes), April 1973, September 1974, and
March 1975, consisting of lake stages and spillway discharges, are shown on Table 2A-1. The
discharges are calculated from stage and gate-opening records using Figures 2A-8 and 2A-9.

2A.2.3.2 Rainfall Data

Copies of the U.S. Weather Bureau precipitation data sheets for the stations used in this
study are included in Appendix 2A, Attachment 1.

Thiessen polygons used for the examination of historic storms are shown as Figures 2A-11
through 2A-16. Precipitation weightings used for rain falling directly on the reservoir and the
waste heat treatment facility surface are shown in Table 2A-2. The differences between the total
of the hourly precipitation readings for a given day and the daily precipitation reading for that day
result from the U.S. Weather Bureau practice of taking daily readings at times other than
midnight. The resolved precipitation values, including the infiltration loss calculations, printouts
(Reference 4) are shown in the HEC-1 in Appendix 2A, Attachment 2.

Values of probable maximum precipitation and standard project storm are calculated from
Reference 6 and are shown in the Reference 4 computer run in Appendix 2A, Attachment 3. The
probable maximum precipitation and standard project storm are broken down into 3-hour
increments and are slightly different from those given in Reference 1.

2A.2.3.3 Historic Inflows to the Waste Heat Treatment Facility

Inflows to the Waste Heat Treatment Facility were calculated for the four historic storms
using Snyder’s Method (Reference 6). The drainage area feeding to the Waste Heat Treatment
Facility was divided into 31 subbasins, synthetic unit hydrographs were developed for each
subbasin, and inflows were calculated using HEC-1 (Reference 4) and historical rainfall. The unit
hydrographs for the 31 subbasins and the historical inflow values are shown in Appendix 2A,
Attachment 2. The basin map with unit hydrograph parameters is shown as Figure 2A-4. Since the
drainage area for the Waste Heat Treatment Facility is less than 10% of the total drainage area, the
use of a synthetic method to derive the flood inflows for the Waste Heat Treatment Facility has a
negligible effect on the accuracy of the whole computation.

Inflows due to rain falling directly on the water surface is calculated by assuming that all of
the rainfall associated with the storm falls directly onto the 9600-acre reservoir, including that
which falls on the Waste Heat Treatment Facility.

These inflows are shown in Appendix 2A, Attachment 3.
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2A.2.4 Reservoir Inflow Analysis

2A.2.4.1 Historical Inflow Calculations

2A.2.4.1.1 General Description

Lake Anna is divided into two major portions, the North Anna Reservoir and the Waste
Heat Treatment Facility, and the Waste Heat Treatment Facility is further subdivided into three
cooling lagoons. Four dikes separate the reservoir and the Waste Heat Treatment Facility, and
three canals connect the three cooling lagoons of the Waste Heat Treatment Facility
(Figure 2A-4). The surface areas at the normal stage (Elevation 250.0) for the Waste Heat
Treatment Facility and the North Anna Reservoir are 3400 and 9600 acres, which are about 26%
and 74% of the total lake area, respectively. The drainage areas of the Waste Heat Treatment
Facility and the North Anna Reservoir are about 31 and 312 square miles, which are about 9% and
91% of the total drainage area, respectively. The orifices in Dike III provide limited flow
exchange between the Waste Heat Treatment Facility and the North Anna Reservoir. If the water
level is above Elevation 253.5, flow over Dike III will occur. The overtopping of Dikes I, II, III,
and IV will occur when the water level is above Elevation 260.

To calculate the flood inflows to the North Anna Reservoir during historic storms, the
continuity equations for the reservoir and each component of the Waste Heat Treatment Facility are
derived. A computer program was developed to simulate the water levels and flood flows through
dikes, canals, and spillways. The formulation of the equations in the program is described in
Appendix 2A, Attachment 4. Note that there were no flows over dikes during the historic storms,
so that this section of the program is not used.

It was necessary to develop this computer program to account for the differences in water
level between the North Anna Reservoir and the Waste Heat Treatment Facility, since ignoring
this difference is not necessarily conservative. In addition, an analysis was performed of historic
inflows assuming that no differential existed between the reservoir and the Waste Heat Treatment
Facility. This is discussed further in Section 2A.2.8.

2A.2.4.1.2 Input Data

Since the closure of Lake Anna Dam, four major storms have occurred in Virginia:
June 1972 (Hurricane Agnes), April 1973, September 1974, and March 1975. Inflows for
Hurricane Camille (September 1969) were not used in the study, since this storm predates the
January 1972 closing of the Lake Anna Dam and would yield no usable data. The required
program input data include the storage capacity of the North Anna Reservoir and the three waste
heat treatment facility cooling lagoons, the discharge capacity of the dikes and channels,
precipitation from historic storms, the water stages of the North Anna Reservoir, spillway
discharge during the historic storms, and flood inflows to the waste heat treatment facility cooling
lagoons. These inputs are described in Section 2A.2.3.
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2A.2.4.1.3 Results

Using the computer program, as described in Appendix 2A, Attachment 4, with the required
input data, the inflows to the North Anna Reservoir for the four storms are computed as shown in
Appendix 2A, Attachment 2. The computed flood inflows are then used for the optimization of
the North Anna Reservoir drainage basin unit hydrograph parameters by HEC-1 (Reference 4), as
described in Section 2A.2.4.2. It should be noted that, if the derived inflow is negative at some
period of time, it is conservatively assumed that there is no flow at that time.

2A.2.4.2 Unit Hydrograph Optimization

Unit hydrograph optimization was performed using HEC-1 (Reference 4) and the calculated
historical inflow values discussed in Section 2A.2.4.1 for the drainage basin of the 9600-acre
reservoir. Preliminary optimization results showed that the unit hydrograph of the
September 1974 storm had a substantially lower peak than did those of the other three storms.
Therefore, the final unit hydrograph optimization took into account only the three storms of
June 1972, April 1973, and March 1975. The unit hydrographs for all four storms are shown as
Figure 2A-17. The HEC-1 (Reference 3) optimization parameters selected are shown in
Table 2A-3. The optimization procedure used is the one suggested on page 7 of Addendum 1 to
the user’s manual to Reference 4.

2A.2.4.3 Generation of Inflows from the Probable Maximum Flood and the Standard
Project Flood

Two components of inflow are considered, overland runoff and rain falling directly on the
water surface. Overland runoff is calculated using a combination of the unit hydrograph and the
probable maximum precipitation with an antecedent condition of the standard project flood. All
inflows are routed through the 9600-acre reservoir. The unit hydrograph used is the one generated
for the drainage basin of the-9600 acre reservoir (see Section 2A.2.4.2) with its ordinants
increased to account for inflow from the 26 square-mile land area of the waste heat treatment
facility drainage basin.

2A.2.5 Routing of the Probable Maximum Flood

2A.2.5.1 Description of the Analysis and Assumption

The routing of the probable maximum flood for the North Anna site is accomplished using
a very conservative upper-bound type of analysis for lake inflow components. Four inflow
components require consideration:

1. Overland flow to the North Anna Reservoir.

2. Rainfall directly on the North Anna Reservoir.

3. Overland flow to the Waste Heat Treatment Facility.

4. Rainfall directly on the Waste Heat Treatment Facility.
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Since the exchange flow between the Waste Heat Treatment Facility and the North Anna
Reservoir is restricted by the dividing dikes, it is assumed conservatively that all rainfall and
runoff is routed through the storage associated with the 9600-acre reservoir until the stage reaches
Elevation 260. The storage available from the Waste Heat Treatment Facility is used when the
stage of the North Anna Reservoir exceeds Elevation 260, the top of the dividing dike. Only that
storage available above Elevation 260 in the Waste Heat Treatment Facility is used. This is
equivalent to assuming that the Waste Heat Treatment Facility is full to Elevation 260 at the start
of the probable maximum flood, and this assumption is very conservative.

The routing calculation is performed by HEC-1 (Reference 4). A printout showing input
parameters and results is given in Appendix 2A, Attachment 3.

2A.2.5.2 Input Data

The generation of the inflow hydrograph is discussed in Section 2A.2.4.3.

The stage-volume relationship used for the flood routing is shown as Figure 2A-3.

Discharges from the North Anna Reservoir are in accordance with the reservoir operating
rule curve as discussed in Section 2A.2.3.

2A.2.5.3 Results

The maximum storage used during the probable maximum flood is 181,732 acre-ft. This
corresponds to a stage of Elevation 264.2. The antecedent condition used in the flood routing is
one-half the probable maximum precipitation. This is the equivalent of the standard project storm
and results in the standard project flood. The conservative upper-bound routing shows a peak
storage of 49,517 acre-ft with a peak stage of Elevation 255.2 for the standard project flood.

2A.2.6 Backwater Profile Analysis

The routing analysis assumes a level reservoir. As an extra measure of conservatism, an
additional allowance for backwater effects from the spillway is included. This analysis was
performed using the method described in Section 2.4.3.5. The flow used in calculating the
backwater effects is the discharge associated with the peak stage during the probable maximum
flood, (i.e., 141,600 cfs). The allowance for backwater effects is calculated to be 0.2 foot. A
summary of this calculation is shown on Table 2A-4.

2A.2.7 Wind Wave Analysis

The rise in water level due to wind activity at the time of the maximum flood-water level in
Lake Anna was calculated using the methods and procedures recommended by the U.S. Army
Coastal Engineering Research Center (Reference 4).

The wind setup (surge) and wave runup were considered in determining the maximum
flood-water level. These two parameters were evaluated for two critical locations at the plant site,
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the shoreline leading up to the plant grade and the face of the Units 1 and 2 circulating water
intake structure. The Units 3 and 4 intake structure is sheltered by a point of land so that wind
wave effects are not critical.

To calculate the surge and wave runup on the shore and on the face of the intake structure,
five parameters, wind speed, fetch, effective fetch, average water depth, and wave steepness, were
established. A sustained 40 mph wind was used, in accordance with Regulatory Guide 1.59,
Revision 1. The effective fetch was calculated using the method given on page 3-30 of
Reference 7. The fetch and effective fetch for the most critical direction (wind from 10 degrees
east of north) are 10,600 feet and 4700 feet respectively. The fetch diagram is shown as
Figure 2A-18. The average lake bottom is at Elevation 221, which was determined from
topographic data taken before the filling of the lake. For the peak still-water level of 264.2 feet the
average depth is 43.2 feet.

The fourth parameter, wave steepness, was calculated using the method recommended on
page 3-45 of Reference 7. The average height of the highest 1% of the waves expected at North
Anna was used. The wave height was calculated by multiplying the significant wave of 1.85 feet
by a factor of 1.67, in accordance with Reference 4, yielding a wave height of 3.08 feet. The
period of the 1% wave was the period of the significant wave 2.6 seconds increased by 20%, in
accordance with Reference 8, to 3.12 seconds. The wave steepness value is 0.00983 for both
locations.

Wind setup (surge) was calculated using Equation 3-83 of Reference 7, with  = 0 and
C = 1.2 × 10-3. The setup is 0.04 foot for both locations.

The face of the intake structure consists of a vertical concrete curtain wall and trashracks
inclined at a slope of 10 to 1, with an overhanging operating deck at Elevation 265. Runup on the
structure was calculated assuming a smooth, impervious face to Elevation 270, using Figure 7-12
of Reference 7 and correcting for scale effects using Figure 7-13 of Reference 7. The runup height
is 4.13 feet for the intake structure.

The shoreline slope is inclined at 3 to 1 and falls between the classification of
smooth-impervious and rubble mound. Wave runup was computed for both cases. The average of
the two values is 2.90 feet. In summary, the total wind wave effects on the intake structure and the
plant are 4.2 feet and 2.9 feet respectively.

2A.2.8 Alternative Calculation of Historic Inflow

As a check on the computer program described in Sections 2A.2.4.1 and Appendix 2A,
Attachment 4, a hand calculation of inflows due to historic storms was performed using the
simplifying assumption that no differential in water level exists between the reservoir and the
Waste Heat Treatment Facility.

θ
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For this calculation, a water inventory was calculated using the following equation:

ΔS = I - 0

where:

ΔS = change in storage

I = inflow

0 = outflow

Since ΔS is known from reservoir stage records and the stage-volume relationship
(Section 2A.2.3) and the outflow 0 is known from the reservoir records (Section 2A.2.3), the
inflow I can be calculated.

Because of the nature of the data, the inflow hydrograph values were smoothed. These
values of I are corrected for the effect of rain falling directly on the water surface. Unit
hydrographs were developed using Reference 4. These unit hydrographs, shown in Figure 2A-19,
compare very well with the unit hydrographs derived from the inflows calculated by the computer
model described in Appendix 2A, Attachment 4. If the approximate unit hydrographs are used in
place of the more exact ones, the peak still-water level of the probable maximum flood is
264.7 feet. The routing of the flood is done in the manner described in Section 2A.2.5. The
Reference 4 computer printout showing this routing is reproduced in Appendix 2A, Attachment 3.

2A.2.9 Summary

The upper-bound value of the still-water level associated with the probable maximum flood
is 264.2 feet. The addition of 0.2 foot for backwater effects and 2.9 feet for wind and wave effects
brings the maximum flood level at the plant site to 267.3 feet. The upper-bound value for the
still-water level associated with the standard project flood is 255.2 feet. The addition of 0.2 foot
for backwater effects on 2.9 feet for wind and wave effects brings the maximum flood level at the
station site to 258.3 feet. Wave runup effects are greater on the circulating water structure than on
the station site. The stages associated with the standard project flood and probable maximum
flood water structure are Elevation 259.5 and Elevation 268.6, respectively.
 



Revision 43—09/27/07 NAPS UFSAR 2A-10
2A.3 SAFETY IMPLICATIONS

All station facilities are capable of withstanding the standard project flood.

The analysis shows that circulating water intake structure is subject to wave action during
the probable maximum flood to Elevation 268.6, 3.6 feet above its operating deck at
Elevation 265.0. Service water pumps are located within a missile-protected structure with a
labyrinth-type entranceway on top of the circulating water intake structure. Since these areas are
drained and no waves will reach the interior of the missile-protected structure, the
stillwater-plus-surge level is the flood elevation that is considered in relation to these pumps.
Thus, these pumps will remain operative in the event of the probable maximum flood, since the
still-water-plus-surge level of 264.24 feet is below the service water pump motors at
Elevation 265.9. In the event that these pumps were unavailable, there would still be no safety
impact on the station, since service water is available from the service water reservoir described in
Section 9.2, which is more than 45 feet above the station grade.

If there is a failure of the circulating water system pressure boundary within the turbine
building during station operation coincident with the failure of one or more circulating water
system valves, the turbine building could be flooded to the lake surface elevation. All important
areas surrounding the turbine building are flood-protected to Elevation 257. To prevent turbine
building flooding from affecting the safety of the station, the station can be taken out of service
and the circulating water valves closed when the lake level exceeds 256 feet.

The plant grade is 3.7 feet above the probable maximum flood level (including wind, wave,
and backwater effects) of 267.3 feet.

A flood protection dike to the west of the Unit 2 turbine building has been constructed in
order to provide flood protection for the turbine building.

The crest of the dam at Elevation 265.0 ft is not overtopped by the still-water level of the
probable maximum flood. A failure of the dam would not have any safety impact on the station.

Class I structures not specifically discussed and found below Elevation 271 are not affected
by the probable maximum flood, since none of these structures is adjacent to the reservoir.

In summary, under probable maximum flood conditions, the safety of the North Anna
Power Station continues to be ensured.
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2A.4 CORRECTIVE ACTION IMPLEMENTED

The Technical Requirements Manual restricts station operation when lake levels exceed
256.0 feet.

Station requirements exist that the valve in the flood protection dike drainage pipe be closed
when the lake level exceeds Elevation 252.0.

The instructions to the Lake Anna Dam operator call for a maximum radial gate opening of
36 feet.

No other corrective action was required.
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2A.5 SUMMARY

With actual field data taken at North Anna, a reanalysis of flood activities has been
performed using an ultraconservative upper-bound approach. This analysis shows that all station
facilities are capable of withstanding the standard project flood and that the safety of the station is
not threatened by a Technical Requirements Manual limit prohibiting plant operation during lake
stages above Elevation 256.
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Table 2A-2
WATER SURFACE PRECIPITATION RELATIVE WEIGHTINGS a

June 1972
March 1975
April 1973

September 1974

Station Reservoir WHTF b Reservoir WHTF b

Daily Data

Piedmont Research Station 0 0 0.10 0

Partlow 0.775 1 0.879 1

Louisa 0.204 0 0 0

Fredricksburg National Park 0 0 0 0

Hourly Data

Piedmont Research Station 0.704 191 0.704 191

Partlow 0 0 0 0

Louisa 0 0 0 0

Fredricksburg National Park 0.275 23 0.275 23

a. Weightings given are those utilized in Reference 4 computer runs and are arbitrary scales which are 
not necessarily uniform from storm to storm.

b. WHTF = Waste Heat Treatment Facility.
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Table 2A-3
HEC-1 OPTIMIZATION PARAMETERS

STORM ERAIN RTIOL STRKR

June 1972 0.55 3.86 0.44

April 1973 0.34 22.07 0.14

March 1975 0.52 10.39 0.12

Average 0.47 12.11 0.233
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Figure 2A-5 
CANALS WASTE HEAT TREATMENT FACILITY LAKE ANNA
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Figure 2A-6 
SECTION SPILLWAY LAKE ANNA DAM
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Figure 2A-7 
PLAN AT EL. 250.0± SPILLWAY LAKE ANNA DAM
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Figure 2A-8 
RADIAL GATES SPILLWAY DISCHARGE CAPACITY
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Figure 2A-18 
FETCH DIAGRAM FOR SURGE AND WAVE RUNUP
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Appendix 2A
Attachment 11

Historical Data
U.S. Weather Bureau Data Sheets

1. Attachment 1 to Appendix 2A was submitted as Appendix J, Section 7.2 in the original FSAR.
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Appendix 2A
Attachment 21

Historical Inflows and Unit Hydrograph Optimization

1. Attachment 2 to Appendix 2A was submitted as Appendix J, Section 7.2 in the original FSAR.
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Appendix 2A
Attachment 31

Generation and Routing of Floods

1. Attachment 3 to Appendix 2A was submitted as Appendix J, Section 7.3 in the original FSAR.
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Appendix 2A
Attachment 41

Documentation of Inflow Analysis Program

1. Attachment 4 to Appendix 2A was submitted as Appendix J, Section 7.4 in the original FSAR.
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SEISMIC SURVEY 

NORTH A N N A  POWER STATION 

INTRODUCTION 

Seismic surveys throughout t h e  area of the North Anna Power Station 

took place during the  period of May 1 to November 1 4 ,  1968.  

The general s i te  plan is shown on Sheet 1 of the accompanying drawings. 

T h i s  drawing and all other location data and topographic elevation data were 

provided u s  by the Engineers. 

and 3 .  

Specific location plans are shown on Sheets 2 

The seismic refraction technique was used for a l l  measurements. A 

field procedure of continuaus line profiling with crosslines for check ing  and 

expanding the coverage was used wherever possible. 

PURPOSE 

The objectives of t h e  study were to  determine depths to  rock and general 

information concerning overburden and weathered rock conditions. 

are used by t h e  Engineers to further evaluate the s i t e ,  for s i te  selection or 

elimination, for general design considerations, and to determine quantities of 

excavation. 

These data 
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RESU LTS 

Depths to rock are shown on the profile sections which accompany 

this report. Rock is designated by a V3 symbol. 

The seismic velocity for hard, relatively unweathered rock is approxi- 

mately 1 3 , 0 0 0  to 1 6 , 0 0 0  ft./sec. Nearly al l  measurements were similar 

to one of these two values. Therefore, the rock velocity symbol is shown 

as V3 orV3 . 
a b 

Materials above the  rock surface are designated by V L  and V2 

symbols corresponding to a low velocity surface layer and a n  intermediate 

velocity layer,  These designations were subdivided into V l a ,  V 

V 2 a ,  V Z b ,  and V 2  

legend of each profile section. 

and 
l b  

to better distinguish the  measured values shown on  the 
C 

Profile Data and Stationinq 

Seismic subsurface profile data for each line of investigation were pre- 

pared and drawn on the topographic profiles provided by the Engineers. 

The stationing of each line was designated by the Engineers on the pro- 

file sections and a l so  staked in t h e  field. 

Discussion of Velocities and Identifications 

Throughout the area of this survey, residual materials exis t  a t  or very 

close to the ground surface. Original rock structure can be seen in  shallow 
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excavations s u c h  as  pits and nearby road cuts. 

various velocities values and correlate them with materials, we h3ve relied 

on both local geological inspections and experience with similar conditions 

in other parts of this geologic province. 

In order to identify the 

Of the three velocity ranges that are noted, the V2 layer is the only 

one that presents some difficulty for identification. Weathered rock and 

saturated soils correspond in  some instances to the same range of vel- 

ocities, namely 4 , 0 0 0  to 6 , 0 0 0  ft./sec. 

value of 5 , 0 0 0  ft./sec. is usually indicative of saturated soils: the values 

above and below t h e  5 , 0 0 0  ft./sec. value are probably weathered rock. 

Generally speaking, the specific 

Boring Correlations 

A number of borings have been drilled at various locations of this pro- 

ject. These have verified the seismic profile results with rather close cor- 

relation in most instances. It is to be expected that in this area of deep and 

sometimes erratic weathering localized zones of softer or harder material will 

exist and be undetected by a seismic survey. These conditions would readily 

account for differences betweer. seismic and boring results. 

The borings have indicated that the V2 velocity layer can be either a soil 

material or a weathered rock material. Wherever it is a soil material, it usually 

occurs at or j u s t  below the water level noted on the log. For the most part, how- 

ever, the V2 layer appears to be mostly weathered rock material throughout the 

area of th i s  survey. 
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DISCUSSION OF RESULT5 

The  coverage of th i s  survey was expanded and intensified in the area 

of Crosslines 30+00, 33+00 and 36+00 based on the first indications of 

relatively shallow rock conditions there. 

Outside of this  area,  rock is weathered to greater depths and lower 

elevations. 

The measured velocity of some of the rock at t h e  station site is 

1 0 , 0 0 0  2 ft./sec. 

from the higher values of approximately 1 3 , 0 0 0  to 16,000 ft./sec. 

It is designated by a V3a- symbol to distinguish it 

Wher- 

ever this  value was measured, the rock probably contains a sl ight amount 

of weathering. 

When the  plant s i t e  is excavated, blasting should be anticipated for all 

The V2 material will probably require heavy equipment: of the V3 materials. 

localized hard zones within the V2 layer might require some blasting for 

excavation. 

SUMMARY OF RESULTS 

Throughout much of the area of t h i s  project, rock is weathered to a depth 

that  generally coincides with the elevation of the  present river channel. A 

few locations contain zones of deeper weathering; in a few other locations,  

more resis tant  rock exis ts  at higher elevations than the river level.  The 
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selected plant site is a position where rock was detected at somewhat 

higher elevations than in  sumounding positions 

The materials above the rock surface are weathered rock and residual 

soil in most instances.  

Borings drilled throughout t h e  areas of this  seismic survey coverage 

verified t h e  seismic survey findings. 
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V I R G I N I A  EARTHQUAKES 

BACKGROUND 

The PSAR submi t t ed  f o r  t h e  proposed Nor th  Anna Power S t a t i o n  i n  

Lou i sa  County, V i r g i n i a  i n c l u d e s  a n  Eng inee r ing  Seismology r e p o r t .  I n  t h i s  

r e p o r t  1 2  pe rcen t  of g r a v i t y  i s  recommended f o r  the "Design Basis Earthquake" 

ground a c c e l e r a t i o n s .  

I n  a subsequent  d i s c u s s i o n  w i t h  t h e  AEC s t a f f  and t h e i r  con- 

s u l t a n t s  they  made a recommendation f o r  a "Design Bas i s "  ground a c c e l e r a t i o n  

of  15  p e r c e n t  of g r a v i t y .  The recommendations i n  b o t h  i n s t a n c e s  a r e  f o r  

sound rock founda t ion  c o n d i t i o n s .  We w i l l  d i s c u s s  only  t h e  s e l e c t i o n  of  

t h e  "Design Basis Earthquake" s i n c e  t h e  "Opera t iona l  Basis Earthquake" 

a c c e l e r a t i o n s  are reached  through a h a l v i n g  of t h e  "Design Basis" shock  

c r i t e r i a  f o r  t h e  North Anna environment .  

Pages IIC-1 t o  IIC-13 of t h e  "Engineer ing Seismology" s e c t i o n  of 

Appendix A t o  P a r t  B of t h e  PSAR prov ides  the background f o r  t h i s  s t u d y .  I n  

summary, t h e  "Design Basis’’ ea r thquake  w a s  s e l e c t e d  through t h e  fo l lowing  

r eason ing  . 
1. There i s  a h i s t o r y  o f  minor ea r thquake  a c t i v i t y  

( s e e  P l a t e  I Ic -1)  r e l a t e d  t o  f a u l t i n g  a s s o c i a t e d  

w i t h  c e r t a i n  s y n c l i n a l  and graben  s t r u c t u r e  i n  

t h e  r e g i o n  t o  t h e  s o u t h e a s t  and southwes t  o f  t h e  

s i t e .  The c l o s e s t  shocks are a l o n g  t h e  Arvonia 

Sync l ine  and i n  t h e  Richmond Bas in .  

DAMES 8 MOORE 
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2 .  S ince  e p i c e n t e r s  of o l d  ea r thquake  cannot  b e  

p r e c i s e l y  l o c a t e d  w e  have  c o n s e r v a t i v e l y  assumed 

t h a t  a number o f  t h e  o l d e r  shocks w e r e  a s s o c i a t e d  

w i t h  t h e  Arvonia S y n c l i n e ,  and p r o j e c t e d  t h i s  

s y n c l i n a l  s t r u c t u r e  a long  t h e  t r e n d  of r e g i o n a l  

s t r u c t u r e .  

3. Ve t h e n  took what w a s  found t o  be t h e  l a r g e s t  

r e p o r t e d  shock i n  t h e  Piedmont Province  and 

p o s t u l a t e d  i t s  occur rence  i n  t h e  v i c i n i t y  of  

t h e  s i t e .  The shock  used w a s  t h e  1875 shock ,  

a p p a r e n t l y  l o c a t e d  n e a r  Arvonia ,  V a .  and l i s t e d  

as Modified Mercalli VII. (see pgs IIC-6 and 

IIC-7) .  On the b a s i s  of t h i s  assumpt ion ,  t h e  

maximum a c c e l e r a t i o n  expec ted  on t h e  sound 

founda t ion  rock ( g n e i s s )  a t  t h e  s i t e  w a s  12% of g r a v i t y .  

We b e l i e v e  t h a t  t h e  procedures  used  i n  t h e  North Anna Seismology 

s tudy  are i n  g e n e r a l  accord  w i t h  t h o s e  proposed i n  t h e  t e n t a t i v e  AEC 

"Seismic and Geology S i t i n g  Criteria f o r  Nuclear  Power P l a n t s " .  

I n  d i s c u s s i o n  w i t h  t h e  A E C  c o n s u l t a n t s  t hey  i n d i c a t e d  a wish 

t o  a s s i g n  a "Design Basis" i n t e n s i t y  r a t i n g  of l o w  Modif ied Mercalli V I I I  

t o  t h e  North Anna s i t e .  This r a t i n g  xrould r e s u l t  i n  a ground a c c e l e r a t i o n  

of  15 p e r c e n t  of g r a v i t y .  

It w a s  s t a t e d  at t h a t  t i m e  t h a t  Danes & Moore b e l i e v e d  a more 

e x t e n s i v e  review of t h e  ea r thquakes  h i s t o r y  of t h e  s i t e  r e g i o n  would t end  

t o  downgrade t h e  i n t e n s i t y  of  t h e  s i g n i f i c a n t  h i s t o r i c a l  shocks .  

DAMES 6 MOORE 
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CURRENT I N V E S T I G A T I O N  

The s e i s m i c i t y  o f  V i r g i n i a  w a s  e x t e n s i v e l y  reviewed. P a r t i c u l a r  

a t t e n t i o n  was pa id  t o  t h e  l a r g e r  shocks ,  w i t h  spec ia l  r e f e r e n c e  t o  those  

t h a t  might have a f f e c t ,  o r  whose r e c u r r e n c e  might a f f e c t  t h e  North Anna 

s i t e .  Our s e i s m o l o g i s t s  v i s i t e d  t h e  e p i c e n t e r  r e g i o n s )  reviewed t h e  a r e a l  

geology,  and recovered  and r e r e a d  t h e  contemporary newspaper accoun t s  of t h e  

most s i g n i f i c a n t  ea r thquakes .  W e  c o n s i d e r  t h e s e  shocks t o  be t h e  "1774 

E a s t e r n  Va." shock,  t h e  "1875 Arvonia" shocks ,  t h e  "1918 Luray, V a . "  shock 

and t h e  "1919 F ron t  Royal, Va. shock". 

The most s i g n i f i c a n t  parameters  i n  a t t e m p t i n g  t o  e v a l u a t e  a n  e a r l y  

ear thquake  under  p r e s e n t  day  te rminology a r e  t h e  damage, t h e  type  of con- 

s t r u c t i o n  i n  t h e  e p i c e n t r a l  area, t h e  " f e l t "  a r e a  and t h e  l e n g t h  of  shaking .  

W e  w i l l  d i s c u s s  t h e s e  p o i n t s  i n  t h e  subsequent  paragraphs .  

EARTHQUAKES OF DECEMBER 22, 1875 

The shocks of  December 22, 1875, were t h e  most impor tan t  of t h e  

p r e v i o u s l y  noted  e v e n t s ,  s i n c e  they  had t h e  h i g h e s t  r e p o r t e d  i n t e n s i t y  of 

any shocks i n  t h e  V i r g i n i a  Piedmont i n  t h e  l a s t  200 o r  so y e a r s .  The ser ies  

of shocks  i s  r a t e d  a s  Modified M e r c a l l i  I n t e n s i t y  V I I  by t h e  USC&GS ( r e f  ( 6 )  

b u t  a r e  r a t e d  a s  Rossi-Fore1 (RF) I n t e n s i t y  V I I  by MacCarthy 1964 and 

Taber (1913). RF V I I  is g e n e r a l l y  cons ide red  e q u i v a l e n t  t o  about  MMVI. 

We reviewed a number of newspaper a r t i c l e s  of t h e  t i m e  (Newspaper 

References  1-4) as w e l l  as t h e  p e r t i n e n t  l i t e r a t u r e  r e f e r e n c e s  (7 ,  14,  18 

and 23) .  D e t a i l e d  r e p o r t s  from about  36 communities, p r i n c i p a l l y  i n  

V i r g i n i a  b u t  s t r e t c h i n g  from Maryland t o  North Caro l ina  i n d i c a t e  widespread 

r a t t l i n g  of windows and a more than  usua l  amount of  ground and s t r u c t u r a l  

n o i s e  normal i n  small shocks .  We can  assume t h a t  t h e  houses  were of normal, 
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non-earthquake r e s i s t a n t  c o n s t r u c t i o n  because  of t h e  r a r i t y  o f  V i r g i n i a  e a r t h -  

quakes.  However, damage is l i m i t e d  t o  a v e r y ,  very  few cases o f  broken 

window panes ,  cracked o r  f a l l e n  p l a s t e r ,  and s e v e r a l  damaged chimneys. The 

only  r e p o r t  o f  a f a l l e n  chimney i s  t h a t  which occurred  du r ing  t h e  second 

(and weaker) of t h e  series of shocks on t h e  even ing  of December 22 .  I n  f a c t  

a p p a r e n t l y  most of t h e  people  i n  Richmond s l e p t  through t h e  shocks  (which 

occurred  about midn igh t ) .  The ea r thquakes  were o f  g r e a t  concern and i n t e r e s t  

t o  t h e  newsuapers s i n c e  they  were s o  unusual  i n  o c c u r r a n c e ,  t hus  t h e y  w e r e  

r a t h e r  e x t e n s i v e l y  r e p o r t e d .  A Modified M e r c a l l i  I n t e n s i t y  of V I  (which may 

be equa ted  t o  a Rossi-Fore1 I n t e n s i t y  of V I  t o  VII) is as h i g h  as can 

be j u s t i f i e d  i n  t h e  b a s i s  of a l l  t h e  "damage" r e p o r t s .  

I n  g e n e r a l ,  t h e  p a r t  of  t h e  s t a t e  a f f e c t e d  by t h e  1875 ear thquake  

( a s  w e l l  as t h e  shocks of 1 7 7 4 ,  1918 and 1919 t o  b e  d i s c u s s e d  l a t e r ) ,  h a s  

b u t  a very  t h i n  venee r  of  s o i l  o v e r l y i n g  q u i t e  competent rocks .  These 

materials t end  t o  t r a n s m i t  t h e  ea r thquake  energy w i t h  l i t t l e  a t t e n u a t i o n ,  

s o  t h e r e  are b u t  few cases of t h e  a m p l i f i c a t i o n  o f  ea r thquake  basement rock 

motion by o v e r l y i n g  s o f t  s o i l s .  However, had  t h i s  rock  motion been  s i g n i f i -  

c a n t ,  t h e r e  would have  been  more damage r e p o r t e d  i n  some of t h e  s o f t e r  

s i t e s ,  such  as a long  w a t e r f r o n t s  and i n  t h e  river b a s i n s .  We would normal ly  

expec t  t h a t  some anomolously h i g h  i n t e n s i t i e s  even i n  an area of moderate  

motions.  Even t h e  w a t e r f r o n t  of  Richmond r e p o r t e d  no s i g n i f i c a n t  damage 

i n  t h e  1875 shocks .  

The r e p o r t e d  l o c a t i o n  of  t h e  1875 shocks i s  a l s o  i n  doubt .  These 

and o t h e r  shocks were r e p o r t e d  t o  have  e p i c e n t e r s  i n  Buckingham Co . ,  i n  t h e  

v i c i n i t y  of Arvonia. Th i s  e D i c e n t r a 1  l o c a t i o n  is  proposed by Taber  (1913) ,  

S ta te  Geo log i s t  of South Caro l ina .  The e p i c e n t e r  accuracy  f o r  t h e  1875 

shocks ,  i n d i c a t e d  by t h e  l a t i t u d e  and l o n g i t u d e  de te rmina t ions  t o  a t e n t h  

DAMES 6 MOORE 
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of a deg ree ,  by Taber  does n o t  appear  t o  b e  v a l i d .  The b e s t  e v a l u a t i o n  

from t h e  a v a i l a b l e  t h a t  w e  can m a k e  is  t o  assume t h a t  t h e  macro-seismic 

zone co inc ides  w i t h  t h e  e p i c e n t r a l  area,  s o  t h a t  Richmond o r  t h e  area j u s t  

t o  t h e  w e s t  would be  t h e  e p i c e n t e r .  

The most d i s t a n t  p o i n t  i n  which t h e  shock w a s  f e l t  w a s  a t  White 

Sulphur  S p r i n g s ,  j u s t  w e s t  of Covington,  V i r g i n i a ,  approximately 150 miles 

west of Richmond. The f e l t  d i s t a n c e s  t o  t h e  n o r t h  and sou th  of Richmond 

are less t h a n  t h i s .  However, i f  w e  c o n s e r v a t i v e l y  take 150 miles  a s  a 

r a d i u s  of  p e r c e p t a b i l i t y ,  t h e  f e l t  area i s  approximate ly  t h a t  r e p o r t e d  by 

Taber ,  about  50,000 s q u a r e  m i l e s .  Tabe r  a s s i g n s  a Rossi-Fore1 i n t e n s i t y  

of VII and w e  bel ieve h i s  comments a c c u r a t e l y  summarize t h e  r e p o r t s  o f  

contemporary newspapers .  

As p r e v i o u s l y  i n d i c a t e d  t h e  a r e a  of p e r c e p t a b i l i t y  of  a shock i s  

a measure of i t s  s i z e .  

A d i s c u s s i o n  o f  t h e  i n t e n s i t y - f e l t  a r e a  r e l a t i o n s h i p  of t h e  r eg ion  

is g iven  by B o l l i n g e r ,  (1969).  H e  s ta tes  t h a t  there i s  an extreme var i -  

a b i l i t y  (of up t o  t h r e e  o r d e r s  o f  magnitude) in t h e  f e l t  area f o r  a g iven  

e p i c e n t r a l  i n t e n s i t y .  Th i s  v a r i a b i l i t y  i s  t o o  l a r g e  t o  b e  accounted  f o r  

by incomple te  su rveys  o r  by d i f f e r e n c e s  i n  i n t e r p r e t a t i o n a l  t echn iques .  

Thus i t  apnears  t o  b e  t h e  n a t u r e  o f  the o r i g i n  of  t h e  shocks and t h e  

r e g i o n a l  geology.  Earthquakes c e n t e r e d  i n  V i r g i n i a  w i t h  a s s igned  

maximum i n t e n s i t i e s  of V I  have had f e l t  areas v a r y i n g  from 1,031) s q u a r e  

miles t o  400 ,00Q s q u a r e  m i l e s .  

Thus t h e  50,000 s q u a r e  m i l e  f e l t  area r e p o r t e d  i n  t h e  l i t e r a t u r e  

f o r  t h e  1875 ea r thquakes  p l a c e s  them we11 w i t h i n  t h e  range i n d i c a t e d .  

DAMES 8 MOORE 
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A m a x i m u m  i n t e n s i t y  of  V I  a l s o  is compatable w i t h  the area of p e r c e p t a b i l i t y .  

The l e n g t h  of shak ing  e s t i m a t e d  most by t h e  l o c a l  i n h a b i t a n t s  i s  

10 seconds .  One es t imate  w a s  as low as 5 seconds and one as long  as 2 minutes .  

All o t h e r  t i m e  e s t i m a t e s  w e r e  i n  t h e  10 t o  20 second r ange ,  i n d i c a t i n g  a 

r e l a t i v e l y  l o w  magnitude shock .  

EARTHQUAKE OF FEBRUARY 21,  1774 

L e s s  i n fo rma t ion  on the shock of  1774  i s  a v a i l a b l e  t h a n  t h a t  f o r  

t h e  shocks o f  1875. However, i n  comparing t h e  a v a i l a b l e  d a t a  ( 4 , 7 , 8 , 9  and 

20) on the 1774 and s imi l a r  shocks ,  i t  appea r s  t h a t  t h e  1774 shock i s  smaller 

t h a n  t h e  l a r g e s t  o f  t h e  Dec. 2 2 ,  1575 shocks .  

EARTHQUAKE OF APRIL 9 ,  1918 

The ea r thquake  of A p r i l  9 ,  1918 a l s o  appears  t o  have  been  r a t e d  on 

Rossi-Fore1 i n t e n s i t i e s  and c a r r i e d  ove r  i n t o  t h e  l i t e r a t u r e  as Yod i f i ed  

Flercalli i n t e n s i t i e s .  Wattson (1915) i n d i c a t e d  a Rossi-Fore1 V I ,  i n t e n s i t y  

ass ignment  t o  t h e  shock .  This r a t i n g  would b e  s u b s t a n t i a l l y  a Modif ied 

Xercal l i  V. Details  r e p o r t e d  by Wattson and t h e  l o c a l  newspapers from 

Staunton  and Winches t e r ,  do n o t  reveal damage i n  excess  of a Modif ied 

Mercallie I n t e n s i t y  V. A few broken  window, cracked p l a s t e r ,  r a t t l e d  d i s h e s  

and n o i s e  c o n s t i t u t e  t h e  t o t a l  damage. S o i l  c o n d i t i o n s  i n  t h e  area would 

n o t  g e n e r a l l y  ampl i fy  motion.  Even i n  t h e  f l a t  areas s o i l  cove r s  of  20 

t o  30 f e e t  are g e n e r a l ,  w i t h  o u t c r o p s  o f  h a r d e r  rock  normal i n  t h e  h i l l s .  

The only unusua l  ea r thquake  r e p o r t  concerned a s p r i n g  i n  a road  n e a r  

Hamburg. Th i s  i s  an  area o f  s o l u t i o n  a c t i v i t y  w i t h  e r r a t i c  f low p a t h s  

i n  t h e  s i n k h o l e s .  V a r i a t i o n  i n  s p r i n g s  and f low would b e  normal ,  w i t h  o r  

w i thou t  an ea r thquake .  

DAMES 8 MOORE 
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EARTHQUAKE OF SEPTEMBER 5 ,  1919 

Damage r e p o r t e d  from t h e  September 5, 1919 ea r thquake  w a s  n o t  

g r e a t l y  d i f f e r e n t  from t h e  shock of t h e  p receed ing  y e a r .  The most extreme 

e f f e c t  was a few cases o f  t h e  f a l l i n g  of p l a s t e r  and a few s t r eams  muddied. 

The muddied s t r eams  may have been  through areas of r e d  r e s i d u a l  c l a y ,  

common t o  t h e  area. The r e p o r t  by Woolard (1919) ,  a l s o  i n d i c a t e d  t h e  

change o f  f low o f  s p r i n g ,  and rocks  f a l l i n g  from chimneys near Arco. An 

i n t e n s i t y  o f  MMVI would a p p a r e n t l y  b e  t h e  maximum j u s t i f i e d  f o r  t h i s  

ea r thquake .  S u r f a c e  a m p l i f i c a t i o n  e f f e c t s  would not  be  expec ted  i n  t h e  

Warren County area i n  th i s  o r  t h e  1918 ea r thquakes .  

CONCLUSIONS 

Examinat ion o f  the s o u r c e  material, newspapers ,  t h e  l i t e r a t u r e ,  

and d i s c u s s i o n  w i t h  l o c a l  r e s i d e n t s ,  i n d i c a t e s  t h a t  the ea r thquakes  of 1774,  

1875 and of 1918 are s l i g h t l y  o v e r r a t e d .  I n  t h e  case of t h e  1875 e a r t h -  

quakes w e  f e e l  t h a t  t h e  l iossi-Fore1 i n t e n s i t y  may have  been  improper ly  

c a r r i e d  forward i n t o  the Modif ied Mercalli scale w i t h o u t  j u s t i f i c a t i o n .  

Richmond’s newspapers a t  the t i m e  p rov ided  u s  w i t h  a wea l th  o f  f i e l d  d e t a i l ,  

m i s s ing  from shocks hav ing  e p i c e n t e r s  i n  less populous areas. 

W e  do n o t  f e e l  t h a t  e v e n t s  l a r g e r  t han  t h o s e  p o s t u l a t e d  i n  o u r  

o r i g i n a l  r e p o r t  are p robab le  f o r  t h i s  p o r t i o n  o f  t h e  V i r g i n i a  Piedmont. 

We b e l i e v e  t h a t  t h e  r eco rded  ea r thquake  h i s t o r y  i n d i c a t e s  no  shocks l a r g e r  

t h a n  MMVI have  occur red  i n  t h e  Piedmont of V i r g i n i a  and t h u s  o u r  o r i g i n a l  

a n a l y s i s  o f  t h e  a r e a l  s e i s m i c i t y  i s  adequa te ly  c o n s e r v a t i v e  o r  perhaps  

even ove r  c o n s e r v a t i v e .  

D A M E S  e M O O R E  
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REPORT 

FOUNDATION STUDIES 

PROPOSED NORTH ANNA POWER STATION 

LOUISA COUNTY, V I R G I N I A  

V I R G I N I A  ELECTRIC AND POWER COMPANY 

INTRODUCTION 

GENERAL 

This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of  o u r  founda t ion  s t u d i e s  f o r  

t h e  proposed North Anna Power S t a t i o n .  The s t a t i o n  i s  t o  be c o n s t r u c t e d  

by t h e  V i r g i n i a  E lec t r ic  and Power Company a t  a s i t e  l o c a t e d  a d j a c e n t  t o  

and s o u t h e a s t  o f  North Anna River ,  about  32 m i l e s  nor thwes t  o f  Richmond, 

V i r g i n i a .  The s i t e  i s  shown i n  r e l a t i o n  t o  t h e  su r round ing  topograph ica l  

and c u l t u r a l  f e a t u r e s  on t h e  Map o f  Area, P l a t e  1. 

PURPOSES 

The purposes  o f  t h e s e  s t u d i e s  were t o  p rov ide  s p e c i f i c  

recommendations and c r i t e r i a  f o r  use  i n  t h e  d e s i g n  and i n s t a l l a t i o n  o f  

founda t ions  f o r  t h e  proposed f a c i l i t i e s  and t o  p rov ide  g e n e r a l  i n fo rma t ion  

r e l a t i v e  t o  t h e  c o n s t r u c t i o n  o f  t h e  major  and appur t enan t  f a c i l i t i e s .  

SCOPE OF WORK 

Our i n v e s t i g a t i o n  f o r  t h e  proposed power s t a t i o n  s i t e  w a s  d i v i d e d  

i n t o  two parts: s i t e  envi ronmenta l  s t u d i e s  and founda t ion  s t u d i e s .  The 

r e s u l t s  of ou r  s i t e  envi ronmenta l  s t u d i e s  a r e  con ta ined  i n  a p r i o r  report-’ ;  

*"Report, S i t e  Environmental  S t u d i e s ,  Proposed North Anna Power S t a t i o n ,  
Louisa  County, V i r g i n i a ,  V i r g i n i a  E l e c t r i c  and Power Company." 
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d a t e d  January  13, 1969. The p r e s e n t  r e p o r t  is concerned e x c l u s i v e l y  wi th  

our  founda t ion  s t u d i e s  f o r  t h e  proposed p l a n t  f a c i l i t i e s .  However, t h e  

in fo rma t ion  con ta ined  i n  our  p rev ious  r e p o r t  w a s  f u l l y  cons ide red  i n  t h e  

development o f  t h e  conc lus ions  and recommendations p re sen ted  h e r e i n .  

A t o t a l  of  60 b o r i n g s  have been d r i l l e d  t o  d e f i n e  s u b s u r f a c e  

c o n d i t i o n s  a t  t h e  proposed l o c a t i o n s  of  t h e  p l a n t  f a c i l i t i e s .  F i e l d  

o p e r a t i o n s  were performed under  t h e  t e c h n i c a l  s u p e r v i s i o n  of Dames & Moore 

s o i l s  e n g i n e e r s  and e n g i n e e r i n g  g e o l o g i s t s .  

F i f t y - f o u r  b o r i n g s  w e r e  d r i l l e d  a t  s p e c i f i c  b u i l d i n g  l o c a t i o n s  

t o  o b t a i n  founda t ion  d e s i g n  d a t a .  

v a r i o u s  l o c a t i o n s  a c r o s s  t h e  s i t e  t o  o b t a i n  g e n e r a l  geo log ic  in fo rma t ion .  

In  a d d i t i o n ,  a number of tes t  p i t s  and t r e n c h e s  were excavated  i n  t h e  

proposed s t a t i o n  a r e a  t o  h e l p  i n  d e f i n i n g  g e o l o g i c  c o n d i t i o n s .  The 

r e s u l t s  o f  a l l  bo r ings  were cons ide red  i n  t h e  p r e p a r a t i o n  of  t h i s  r e p o r t .  

S i x  o t h e r  b o r i n g s  were d r i l l e d  a t  

Undisturbed s o i l  samples ,  s u i t a b l e  f o r  l a b o r a t o r y  t e s t i n g , .  w e r e  

e x t r a c t e d  from s e l e c t e d  b o r i n g s  u t i l i z i n g  t h e  Dames  & Moore s o i l  sampler .  

S tandard  s p l i t - s p o o n  s a m p l e s  were a l s o  ob ta ined  i n  s e l e c t e d  b o r i n g s  f o r  

c o r r e l a t i o n  and i d e n t i f i c a t i o n  purposes .  NX-size rock  c o r e s  were e x t r a c t e d  

from 54 bo r ings .  A l l  s o i l  samples and s e l e c t e d  rock  c o r e s  were forwarded 

t o  ou r  N e w  York o f f i c e  f o r  f u r t h e r  examinat ion  and l a b o r a t o r y  t e s t i n g .  

Most rock  c o r e s  were s t o r e d  nea r  t h e  s i t e  i n  a f a c i l i t y  provided by t h e  

Stone & Webster Eng inee r ing  Corpora t ion .  
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The manner i n  which t h e  f i e l d  i n v e s t i g a t i o n  was conducted i s  

more f u l l y  d e s c r i b e d  i n  o u r  p rev ious  r e p o r t .  The r e s u l t s  of t h e  f i e l d  

e x p l o r a t i o n s  and l a b o r a t o r y  t es t s ,  which p rov ide  t h e  b a s i s  f o r  ou r -  

e n g i n e e r i n g  ana lyses  and recommendations are a l s o  p r e s e n t e d  i n  o u r  p rev ious  

r e p o r t .  C e r t a i n  l a b o r a t o r y  tests (not  i n c l u d e d  i n  o u r  p rev ious  r e p o r t )  

were performed s p e c i f i c a l l y  t o  e v a l u a t e  founda t ion  c r i t e r i a  and are 

p r e s e n t e d  i n  t h e  Appendix t o  t h i s  r e p o r t .  

D E S I G N  CONS I DERATI ONS 

The proposed n u c l e a r  g e n e r a t i n g  s t a t i o n  w i l l  be  composed o f  

bo th  Class I and appur t enan t  f a c i l i t i e s .  The C l a s s  I f a c i l i t i e s  w i l l  

i n c l u d e  : 

1) two r e a c t o r  containment  vessels ; 
2 )  an a u x i l i a r y  b u i l d i n g ;  
3 )  a pumping s t a t i o n ;  
4 )  a f u e l  h a n d l i n g  b u i l d i n g ;  and 
5) an  emergency c o o l i n g  water 

s t o r a g e  sys tem.  

The major  appur t enan t  f a c i l i t i e s  i n c l u d e  t u r b i n e  g e n e r a t o r  

b u i l d i n g s ,  an a d m i n i s t r a t i o n  b u i l d i n g ,  and a service b u i l d i n g .  

Design d a t a  p e r t a i n i n g  t o  t h e  main s t r u c t u r e s  were provided  by 

Stone  & V e b s t e r  Engineer ing  Corpora t ion .  The b e a r i n g  p r e s s u r e s  imposed 

by t h e  i n d i v i d u a l  s t r u c t u r e s  w e r e  assumed t o  b e  e q u a l  t o  t h e  cor responding  

components of V i r g i n i a  E lec t r i c  & Power Company’s Sur ry  Nuclear  Power 

S t a t i o n ,  as sugges t ed  by Stone  & Webster. The d e s i g n  d a t a  used  i n  ou r  

ana lyses  are p r e s e n t e d  on Table  1. 
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TABLE I 
ASSUMED DESIGN DATA 

APPROXIMATE DE S I G N  
PLAN BASE PRESSURE 

STRUCTURE DIMENSIONS ELEVATION" AT BASE 
( f e e t )  ( f e e t )  ( Q S f )  

Reac tor  Unit 145 (d i ame te r )  +2 04+ 8,000 
Turbine  Mat 170 x 50 +2 4 37  5 ,000  
Turbine Bui Id ing  540 x 135 +243? 3 ,000 
Pump House 80 x 190 +2 007 3 , 0 0 0  
Fuel Handling Bui ld ing  4 1  x 136 +245? 8 , 000 

Se rv ice  Bui ld ing  295 x 66 +2432 1,400 
A u x i l i a r y  Bui ld ing  115 x 100 +2 4 37  2,000 

The l o c a t i o n s  of t h e  proposed f a c i l i t i e s  are shown on t h e  

P l o t  P lan ,  P l a t e  2 .  

SITE CONDITIONS 

SURFACE FEATURES 

The s i t e  i s  l o c a t e d  southwes t  o f  and a d j a c e n t  t o  t h e  North 

Anna River ,  abou t  f o u r  m i l e s  n o r t h e a s t  of t h e  town of Mineral ,  i n  

Louisa  County, V i r g i n i a .  The s i t e  area is c h a r a c t e r i z e d  by  h i l l y ,  r o l l i n g  

topography,  and is  g e n e r a l l y  d e n s e l y  wooded. Su r face  e l e v a t i o n s  a t  t h e  

s i t e  v a r y  from abou t  +320 f e e t  i n  the southwes t  p o r t i o n  o f  t h e  s i t e  t o  

+205 f e e t  n e a r  t h e  Nor th  Anna River .  The proposed p l a n t  w i l l  b e  l o c a t e d  

i n  t h e  c e n t r a l ,  h i g h e r  portion of  t h e  s i t e .  E x i s t i n g  s u r f a c e  e l e v a t i o n s  

w i t h i n  t h e  proposed c o n s t r u c t i o n  area range  from abou t  +295 f e e t  to +270 

f e e t  2. 

- 
" A l l  e l e v a t i o n s  p re sen ted  i n  t h i s  r e p o r t  r e f e r  t o  U.S.G.S. Datum. 
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Several  s easona l  streams which flow i n t o  t h e  North Anna River 

a r e  found on t h e  s i te .  Seve ra l  s p r i n g s  are a l s o  found on the s i t e  bu t  

t h e i r  d i scha rge  rates a r e  dependent on c l i m a t i c  f a c t o r s .  During per iods 

of  d e f i c i e n t  r a i n f a l l ,  t h e  flows of t h e  s p r i n g s  diminish,  and i n  many 

ins t ances  cease. Drainage from t h e  proposed c o n s t r u c t i o n  a r e a  i s  t o  the  

no r th  and t h e  e a s t .  Runoff t o  t h e  no r th  e n t e r s  an eastward flowing c reek  

which d i scha rges  i n t o  the  North Anna River. Drainage t o  the  west goes 

d i r e c t l y  i n t o  t h e  North Anna River.  

Access t o  t h e  c o n s t r u c t i o n  area was, a t  t h e  t i m e  of our 

i n v e s t i g a t i o n ,  through an unpaved road which i n t e r s e c t s  V i r g i n i a  Route 652. 

Several  t imber c l e a r i n g  ope ra t ions  were i n  progress  a t  t h a t  t i m e  i n  a r e a s  

near  t h e  s i t e .  A high vo l t age  t ransmission l i n e  running approximately 

northeast-southwest  c r o s s e s  the  c o n s t r u c t i o n  area sou th  of t h e  proposed 

l o c a t i o n  of Unit 2.  Trees beneath t h e  t ransmission l i n e  have been c l e a r e d  

f o r  a width of about 100 feet .  

The dense woodlands and vege ta t ion  found over  the  m a j o r i t y  of 

t he  s i t e  r equ i r ed  r e l a t i v e l y  e x t e n s i v e  c l e a r i n g  ope ra t ions  t o  provide 

access  f o r  t he  d r i l l i n g  equipment. The exposed s o i l s  were found t o  be 

f i r m  and r e l a t i v e l y  d r y  and e a s i l y  capable  of suppor t ing  such equipment. 

SUBS W X C E  C OM> I T  I ONS 

The r e s u l t s  of t h e  f i e l d  e x p l o r a t i o n  program i n d i c a t e  t h a t  t h e  

s t a t i o n  a r e a  is  unde r l a in  ly t h r e e  b a s i c a l l y  d i f f e r e n t ,  but r e l a t e d  

m a t e r i a l s .  These a r e ,  i n  o rde r  of i n c r e a s i n g  depth: 

1) r e s i d u a l  s i l t y  f i n e  sand and sandy s i l t  
with some g r a v e l  ( s a p r o l i t e ) ;  
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2 )  h igh ly  weathered rock; and 

3 )  r e l a t i v e l y  f r e s h  rock. 

A l a y e r  of s u r f i c i a l  s i l t y  c l a y  and c l ayey  s i l t ,  g e n e r a l l y  

about fou r  t o  s i x  f e e t  t h i c k ,  i s  found over  a l a r g e  p o r t i o n  of t h e  

s i t e .  These cohesive s u r f i c i a l  s o i l s  are r e s i d u a l ,  bu t  have been weathered 

t o  the e x t e n t  t h a t  t hey  no longer  r e t a i n  any of t he  s t r u c t u r a l  cha rac t e r -  

i s t i c s  of t he  pa ren t  rocks.  The underlying s i l t y  sand-sandy s i l t  materials,  

on the o t h e r  hand, r e t a i n  many of t hese  parent  s t r u c t u r a l  f e a t u r e s .  The 

s t r i k e  and t h e  d i p  of t h e  f o l i a t i o n ,  metamorphic seg rega t ion ,  and minor 

f o l d s  and j o i n t s  are ev iden t  i n  these  s a p r o l i t i c  s i l t y  sands and sandy 

s i l t s .  These s o i l s  are g e n e r a l l y  moderately compact t o  very compact and 

because of t h e i r  r e t a i n e d  rock s t r u c t u r e ,  d i s p l a y  an apparent  cementation. 

The average th i ckness  of s a p r o l i t e  development a c r o s s  the s i t e  is on t h e  

o rde r  of 40  f e e t .  Within t h e  s e l e c t e d  c o n s t r u c t i o n  a r e a s ,  t he  average 

s a p r o l i t i c  development i s  r e l a t i v e l y  shallow, averaging about 25 t o  30 

f e e t  i n  depth below t h e  e x i s t i n g  grade. The th i ckness  of weathering was 

found t o  vary considerably over s h o r t  h o r i z o n t a l  d i s t a n c e s ,  and thus  

r e l a t i v e l y  sha rp  v a r i a t i o n s  i n  th i ckness  of s a p r o l i t i c  development should 

be a n t i c i p a t e d  i n  f u t u r e  c o n s t r u c t i o n  ope ra t ions .  

A zone of r e l a t i v e l y  compressible s o i l s  w a s  encountered i n  t h e  

proposed switchyard a r e a ,  toward the  southwest p o r t i o n  of t h e  s i t e .  I n  

t h i s  a r e a ,  the s a p r o l i t e s  a r e  no t i ceab ly  s o f t e r  and contained h ighe r  

percentages of s i l t s  and c l a y s  than i n  o t h e r  po r t ions  of t he  s i t e .  
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Bedrock unde r ly ing  t h e  proposed s i t e  c o n s i s t s  of  g r a n i t i c  and 

hornblende  g n e i s s e s ,  probably of Ordovic ian  age.  The predominant rock 

type  a t  t h e  s i t e  i s  a g r a y ,  f i ne -g ra ined ,  g r a n i t i c  g n e i s s .  Weathering o f  

t h i s  rock  type  has  produced a yellowish-brown s i l t y  sand which predominates  

i n  t h e  s a p r o l i t i c  overburden.  

The hornblende  g n e i s s  occurs  a s  zones w i t h i n  t h e  g r a n i t i c  

g n e i s s .  Two such zones are found n e a r  t h e  n o r t h e r n  and sou the rn  l i m i t s  

of  t h e  proposed c o n s t r u c t i o n  area. 

and 70 f e e t  wide, r e s p e c t i v e l y ,  run  approx ima te ly  no r theas t - sou thwes t ,  

roughly p a r a l l e l  t o  t h e  b u i l d i n g  l i m i t s .  Weathering of t h e  hornblende ,  

which is g e n e r a l l y  deepe r  t h a n  weather ing  of t h e  g r a n i t i c  g n e i s s ,  has  

produced t h e  g reen i sh -g ray  sandy s i l t  s a p r o l i t e .  

These zones,  which are about  200 f e e t  

Both rock  t y p e s  s t r i k e  from North 60 degrees  East t o  North 80 

degrees  East and d i p  t o  t h e  nor thwes t  i n  t h e  proposed s t a t i o n  a r e a .  

Occas iona l  q u a r t z  seams and pegmat i te  d i k e s  are found w i t h i n  t h e  rock. 

I n  g e n e r a l ,  as would be expec ted ,  t h e  rock  g r a d u a l l y  becomes less 

weathered w i t h  i n c r e a s i n g  d e p t h  of  a p a r t i c u l a r  seam. As a r e s u l t  

of  t h e  i n c l i n a t i o n  and v a r i a t i o n  i n  p r o p e r t i e s  o f  t h e  p a r e n t  material, i n  

some i n s t a n c e s  a more weathered zone could  be encountered  below less 

weathered mater ia l .  Within t h e  proposed c o n s t r u c t i o n  a r e a ,  t h e  s u r f a c e  

of t h e  r e l a t i v e l y  f r e s h  rock  w a s  g e n e r a l l y  encountered  a t  E l e v a t i o n  +240 

f e e t  +. 
on t h e  P l o t  P l an ,  P l a t e  2 .  

Contours  of t h e  s u r f a c e  of  t h e  r e l a t i v e l y  f r e s h  rock  are shown 

The r e a c t o r  f a c i l i t i e s  w i l l  be  founded a t  about  E l e v a t i o n  +204 

f e e t  on r e l a t i v e l y  f r e s h  rock .  Most o t h e r  major  f a c i l i t i e s  w i l l  be  
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i n s t a l l e d  on s l i g h t l y  t o  modera te ly  weathered rock  a t  h i g h e r  e l e v a t i o n s .  

The s u b s u r f a c e  c o n d i t i o n s  benea th  t h e  l o c a t i o n s  o f  each  of  t h e  proposed 

f a c i l i t i e s  a r e  d i s c u s s e d  i n  f u r t h e r  d e t a i l  i n  subsequent  s e c t i o n s  of t h i s  

r e p o r t .  

FOUNDATION DESIGN CRITERIA 

GENERAL 

Based upon t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  it i s  o u r  o p i n i o n  

t h a t ,  from a founda t ion  s t a n d p o i n t ,  t h e  f i r m e r  r e s i d u a l  s o i l s ,  t h e  

weathered rock,  and t h e  r e l a t i v e l y  f r e s h  rock  are a l l  s u i t a b l e  f o r  t h e  

suppor t  of t h e  proposed p l a n t  f a c i l i t i e s .  Although t h e  a n t i c i p a t e d  

founda t ion  movements w i l l  be s m a l l ,  i t  may be  d e s i r a b l e  t o  s u p p o r t  

i n d i v i d u a l  h e a v i l y  loaded s t r u c t u r e s  on a s i n g l e  t y p e  of  f ounda t ion  

m a t e r i a l ,  i .e.,  e i t h e r  s o i l  o r  rock  bu t  n o t  bo th ,  i n  o r d e r  t o  minimize 

d i f f e r e n t i a l  founda t ion  movements. 

S e l e c t i o n  of  t h e  proposed c o n s t r u c t i o n  area was based on t h e  

r e s u l t s  of p r e l i m i n a r y  f i e l d  geophys ica l  su rveys  which i n d i c a t e d  t h a t  

f r e s h  rock  was found a t  r e l a t i v e l y  sha l low d e p t h s .  Consequent ly ,  t h e  

C las s  I f a c i l i t i e s  w i l l  be  founded on e i t h e r  f r e s h  rock  o r  s l i g h t l y  

weathered rock.  C e r t a i n  appur t enan t  f a c i l i t i e s  w i l l  be u n d e r l a i n  by 

l i m i t e d  t h i c k n e s s e s  of compact r e s i d u a l  s o i l .  

It is  our op in ion  t h a t  t h e  s u b s u r f a c e  m a t e r i a l  unde r ly ing  each  

of  t h e  proposed f a c i l i t i e s  w i l l  b e  s u i t a b l e  � o r  s u p p o r t  o f  t hose  

f a c i l i t i e s .  The rock  s u p p o r t i n g  each  o f  t h e  proposed Class I f a c i l i t i e s  

w i l l  no t  be s u b j e c t  t o  l o s s  o f  s t r e n g t h  under  ea r thquake  loading .  
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S imi l a r ly ,  the compact r e s i d u a l  s o i l s  which may u n d e r l i e  c e r t a i n  of t h e  

appurtenant  f a c i l i t i e s  w i l l  not be  s u b j e c t  t o  l i q u e f a c t i o n  under e a r t h -  

quake cond i t ions  because o f :  

1)  the high r e l a t i v e  d e n s i t i e s  of t h e  i n - s i t u  
s o i l s ;  and 

2 )  the apparent  cementation e x h i b i t e d  by the  
s o i l s  ( s a p r o l i t e s ) .  

MAJOR FACILITIES 

Reactor Containment F a c i l i t i e s :  The r e a c t o r  containment 

b u i l d i n g s  w i l l  be cons t ruc t ed  i n  the  s o u t h e a s t e r n  po r t ion  of t h e  c o n s t r u c t i o n  

a r e a ,  as shown on the  P l o t  Plan,  P l a t e  2 .  The Lowest f l o o r  of t he  s t r u c t u r e  

will be e s t a b l i s h e d  a t  about Elevat ion +204 f e e t .  In  o rde r  t o  reach t h i s  

e l e v a t i o n ,  excavat ions about 90 t o  100 f e e t  deep w i l l  be  required.  We 

understand t h a t  t h e  m a t  p r e s su res  imposed on t h e  foundat ion m a t e r i a l s  w i l l  

be about 8,000 pounds p e r  square foo t .  

The r e s u l t s  of ou r  i n v e s t i g a t i o n  i n d i c a t e  t h a t  th’e containment 

mats w i l l  be founded below t h e  s u r f a c e  of t h e  r e l a t i v e l y  f r e s h  rock. 

Consequently, it is a n t i c i p a t e d  t h a t  t he  rock encountered a t  t he  proposed 

foundation f l o o r  w i l l  be sound. However, our i n v e s t i g a t i o n  revealed 

occas iona l  seams of weathered rock t o  s i g n i f i c a n t  depths  below the  s u r f a c e  

of t h e  r e l a t i v e l y  f r e s h  rock. We do no t  expect  t h e s e  seams t o  be t h i c k  

enough to a f f e c t  the m a t  performance. However, i t  is recommended t h a t  

t he  rock exposed a t  foundation l e v e l  be c a r e f u l l y  examined by a n  

experienced engineer ing g e o l o g i s t .  I f  l a r g e  weathered rock seams are 

found, they should be removed t o  a depth such t h a t  t he  m a t  is  underlain 

by a t  least  f i v e  f e e t  of unweathered rock and replaced with lean concrete .  
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Since  t h e  excava t ion  w i l l  be  open f o r  a c o n s i d e r a b l e  pe r iod  of 

t i m e ,  i t  may be prudent  t o  i n s t a l l  a "mud m a t "  of l e a n  c o n c r e t e ,  about  

t h r e e  inches  t h i c k ,  t o  p r o t e c t  a g a i n s t  d e t e r i o r a t i o n  of t h e  founda t ion  

rock, p a r t i c u l a r l y  due t o  f r e e z e ,  thaw c y c l e s .  The c o n c r e t e  mat founda- 

t i o n s  f o r  t h e  s t r u c t u r e s  subsequen t ly  c a n  be p laced  d i r e c t l y  on t h e  

c o n c r e t e  s l a b .  This  recommendation is  a p p l i c a b l e  f o r  any b u i l d i n g  excava t ions  

which w i l l  expose t h e  s u p p o r t i n g  m a t e r i a l s  f o r  a r e l a t i v e l y  long pe r iod  o f  

t i m e  . 
We estimate t h a t  t h e  containment  m a t  w i l l  e x p e r i e n c e  c e n t e r  

s e t t l e m e n t s  c o n s i s t i n g  of e las t ic  deformat ions  o f  less t h a n  one-ha l f  i nch  

under  a d e s i g n  load  of  8,000 pounds p e r  squa re  f o o t .  The deformat ion  w i l l  

occur  immediately upon load  a p p l i c a t i o n .  S ince  t h e  s t r u c t u r e s  c o n s i s t  

p r i m a r i l y  of dead load  w e  expec t  m o s t  o f  t h e  de fo rma t ion  w i l l  occu r  d u r i n g  

c o n s t r u c t i o n .  P o s t - c o n s t r u c t i o n  movement w i l l  be  small, less than  one- 

q u a r t e r  of  an  inch .  

Fue l  Handl ing Bu i ld ing :  The f u e l  hand l ing  b u i l d i n g  w i l l  be  

c o n s t r u c t e d  between t h e  two containment  f a c i l i t i e s  a t  E l e v a t i o n  +245 f e e t  +. 
It w i l l  b e  suppor t ed  on a m a t  f ounda t ion  and w i l l  impose p r e s s u r e s  of  abou t  

4,400 pounds p e r  squa re  f o o t .  The r e s u l t s  of  our i n v e s t i g a t i o n  i n d i c a t e  

t h a t  t h e  f u e l  hand l ing  b u i l d i n g  l o c a t i o n  i s  u n d e r l a i n  by sound rock  a t  t h e  

proposed m a t  e l e v a t i o n .  

We e s t i m a t e  t h a t  t h e  f u e l  hand l ing  b u i l d i n g  suppor ted  on a m a t  

foundat ion  on the  r e l a t i v e l y  f r e s h  rock  w i l l  expe r i ence  e l a s t i c  movement 

of  less than  one -qua r t e r  i nch  due t o  t h e  a n t i c i p a t e d  b e a r i n g  p r e s s u r e .  

The d e f l e c t i o n  w i l l  r e s u l t  from e l a s t i c  compression of  t h e  rock  and should  

occur  immediately upon load a p p l i c a t i o n .  
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Turbine  Genera tor  Bui ld ings  : The t u r b i n e  g e n e r a t o r  b u i l d i n g s  w i l l  

be  i n s t a l l e d  nor thwes t  o f  t h e  containment  f a c i l i t i e s .  The m a t  benea th  t h e  

t u r b i n e  g e n e r a t o r s  w i l l  be about  150 by 70 f e e t .  I t  w i l l  be  in s t - a l l ed  

a t  E l e v a t i o n  +243 f e e t  and impose b e a r i n g  p r e s s u r e s  on t h e  o r d e r  of 5,000 

pounds per s q u a r e  f o o t .  A r e l a t i v e l y  l i g h t l y  loaded c o n c r e t e  f l o o r  s l a b  

w i l l  cove r  t h e  remaining b u i l d i n g  a r e a  of t h e  t u r b i n e  g e n e r a t o r  b u i l d i n g s .  

The r e s u l t s  o f  o u r  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  s u p p o r t i n g  

materials a t  t h e  l o c a t i o n  of t h e  Unit  1 t u r b i n e  m a t  w i l l  c o n s i s t  of f r e s h  

rock. We estimate t h a t  t h e  e l a s t i c  deformat ion  o f  t h e  founda t ion  rock  

w i l l  be  less than  one-ha l f  i nch  benea th  t h e  t u r b i n e  m a t .  S ince  t h e  imposed 

p r e s s u r e s  w i l l  be  due p r i n c i p a l l y  t o  dead load ,  t h e  a n t i c i p a t e d  deformat ion  

should occur  d u r i n g  c o n s t r u c t i o n  and i n s t a l l a t i o n  of  equipment. 

Borings d r i l l e d  a t  t h e  l o c a t i o n  of  t h e  t u r b i n e  mat t o  be  i n s t a l l e d  

f o r  Unit 2 i n d i c a t e  t h a t  t h e  m a t  w i l l  b e  u n d e r l a i n  by from 10 t o  30 f e e t  

of s a p r o l i t i c  s o i l s  which o v e r l i e  r e l a t i v e l y  f r e s h  rock. The s a p r o l i t e  

is approximate ly  t e n  f e e t  t h i c k  n e a r  t h e  n o r t h e a s t  c o r n e r  of t h e  t u r b i n e  

m a t  and i t  th i ckens  toward t h e  southwest .  The r e s u l t s  of  our  i n v e s t i g a t i o n  

i n d i c a t e  t h a t  t h e  s a p r o l i t e  i s  s l i g h t l y  compress ib l e  a t  t h e s e  l o c a t i o n s .  

D i f f e r e n t i a l  movements of  up t o  abou t  one inch  can  be  expec ted  between t h e  

n o r t h e a s t  and southwes t  p o r t i o n s  of t h e  t u r b i n e  m a t ,  assuming t h e  m a t  i s  

i s o l a t e d  from t h e  su r round ing  b u i l d i n g  f l o o r .  

The s a p r o l i t e s  below mat s l e v a t i o n s  w i l l  expand because  of  a 

stress release caused by removal of t h e  overburden i n  e x c a v a t i n g  t o  t h e  

d e s i r e d  e l e v a t i o n .  We would e s t i m a t e  t h a t  t h e  rebound would be on t h e  

o r d e r  of one -qua r t e r  of an  inch  toward t h e  n o r t h e a s t  c o r n e r  of  t h e  mat 
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and up t o  t h r e e - q u a r t e r s  of a n  inch  toward t h e  southwes t  c o r n e r .  Upon 

a p p l i c a t i o n  of the mat load ,  t h e  s o i l s  w i l l  recompress  t o  n e a r  t h e i r  o r i g i n a l  

d e n s i t y  and a d d i t i o n a l  compress ion  w i l l  t a k e  p l a c e  s i n c e  t h e  a p p l i e d  load 

w i l l  be g r e a t e r  t h a n  i n  t h e  p r e v i o u s l y  e x i s t i n g  overburden p r e s s u r e .  We 

would estimate t h a t  t o t a l  s e t t l e m e n t s  on t h e  o r d e r  of t h r e e - q u a r t e r s  to 

one and one - fou r th  i n c h e s  n e a r  the n o r t h e a s t e r n  p o r t i o n  and one and t h r e e -  

q u a r t e r s  t o  two and one -ha l f  t o  t h e  southwes t  p o r t i o n  of t h e  m a t  

w i l l  o ccu r  upon load  a p p l i c a t i o n .  The r e s u l t s  of t h e  c o n s o l i d a t i o n  t e s t s  

performed on t h e  s a p r o l i t e s  i n d i c a t e  t h a t  t hey  w i l l  d r a i n  r e l a t i v e l y  

q u i c k l y ,  so s e t t l e m e n t s  should  t a k e  place r a p i d l y ,  e s s e n t i a l l y  on load  

a p p l i c a t i o n .  

D i f f e r e n t i a l  s e t t l e m e n t  of t h e  Unit  2 t u r b i n e  m a t  can b e  

minimized bysuppor t ing  t h e  m a t  on a r e i n f o r c e d  m o n o l i t h i c  s l a b  u n d e r l y i n g  

t h e  e n t i r e  t u r b i n e  b u i l d i n g .  The e f f e c t  of  a s i n g l e  s l a b  would b e  t o  

d i s t r i b u t e  load  ove r  a g r e a t e r  b e a r i n g  area and t o  t e n d  t o  b r i d g e  a r e a s  

c o n t a i n i n g  less  competent  s u p p o r t i n g  materials. However, c o n s i d e r i n g  

t h a t  t h e  s a p r o l i t e  seems t o  t h i c k e n  toward t h e  southwes t  c o r n e r  o f  t h e  

t u r b i n e  b u i l d i n g ,  some d i f f e r e n t i a  1 movements s hou Id be  a n t i c i p a t e d  

benea th  any  m o n o l i t h i c  s l a b  poured t o  s u p p o r t  t h e  t u r b i n e  b u i l d i n g .  I f  

the m a t  i s  made s u f f i c i e n t l y  r i g i d ,  however,  t h e  d i f f e r e n t i a l  movements 

would be  s i g n i f i c a n t l y  less t h a n  t h o s e  p r e v i o u s l y  d e s c r i b e d  f o r  an  

i s o l a t e d  t u r b i n e  mat.  

A w i l i a r y  Bui ld ing:  The a u x i l i a r y  b u i l d i n g  w i l l  be l o c a t e d  n o r t h  

of t h e  f u e l  hand l ing  b u i l d i n g  a s  shown on t h e  P l o t  P l an ,  P l a t e  2.  The 

b u i l d i n g  w i l l  be  suppor t ed  a t  E l e v a t i o n  +23+ on a mat founda t ion  abou t  

115 by 100 f e e t .  A d e s i g n  b e a r i n g  p r e s s u r e  on t h e  o r d e r  of 2,000 pounds 

p e r  s q u a r e  f o o t  i s  a n t i c i p a t e d .  
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The r e s u l t s  of  o u r  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  a u x i l i a r y  

b u i l d i n g  i s  u n d e r l a i n  p r i m a r i l y  by  s l i g h t l y  weathered t o  f r e s h  rock.  

However, s a p r o l i t i c  s o i l s  were found t o  ex tend  t o  about  E l e v a t i o n  +218 

f e e t  2 i n  a nearby  b o r i n g  somewhat no r thwes t  of  t h e  proposed a u x i l i a r y  

b u i l d i n g  l o c a t i o n .  The re fo re ,  i t  i s  p o s s i b l e  t h a t  t h e  n o r t h e r n  p o r t i o n  

of  t h e  a u x i l i a r y  b u i l d i n g  w i l l  be  u n d e r l a i n  by s a p r o l i t i c  s o i l s .  

We b e l i e v e  however, t h a t  n e g l i g i b l e  s e t t l e m e n t  m u l d  o c c u r  

from founding t h e  a u x i l i a r y  b u i l d i n g  on a combined s a p r o l i t e - r o c k  

s u r f a c e  a t  the. proposed l o c a t i o n  s i n c e  t h e  s a p r o l i t e s  i n  t h i s  area were 

observed  t o  be v e r y  dense  and t h e  d e s i g n  b e a r i n g  p r e s s u r e  is  r e l a t i v e l y  

low (2,000 pounds p e r  s q u a r e  f o o t ) .  We e s t i m a t e  t h a t  s e t t l e m e n t  w i l l  be 

o n e - q u a r t e r  inch  o r  l e s s  i f  t h e  mat i s  founded on e i t h e r  f r e s h  r o c k  o r  

compact s a p r o l i t e .  

Pump House: The pump house ( s c r e e n  w e l l )  w i l l  be c o n s t r u c t e d  

n o r t h  of  t h e  proposed u n i t s  w i t h i n  an e x i s t i n g  v a l l e y .  The s t r u c t u r e  w i l l  

be suppor t ed  on a m a t  founda t ion  approx ima te ly  80 by 190 f e e t  a t  

E l e v a t i o n  +200 f e e t  f and w i l l  impose d e s i g n  b e a r i n g  p r e s s u r e s  on t h e  

o r d e r  of 3,000 pounds p e r  s q u a r e  f o o t .  

The r e s u l t s  of  o u r  i n v e s t i g a t i o n  i n d i c a t e  t h a t  competent ,  

r e l a t i v e l y  f r e s h  rock w i l l  be  encountered  benea th  t h e  pump house  a t  

t h e  proposed founding  e l e v a t i o n .  We b e l i e v e  t h e  f r e s h  rock  w i l l  p rov ide  

s u i t a b l e  s u p p o r t  f o r  t h e  pump house founda t ion  m a t .  S e t t l e m e n t s  of t h e  

mat w i l l  c o n s i s t  o f  e l a s t i c  compression of t h e  u n d e r l y i n g  bedrock  and w i l l  

be less t h a n  o n e - q u a r t e r  i nch .  A l l  de fo rma t ions  w i l l  o c c u r  e s s e n t i a l l y  on 

load  a p p l i c a t i o n ,  Res idua l  s e t t l e m e n t s  w i l l  be n e g l i g i b l e .  
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Emergency Cooling Water Supply : An emergency c o o l i n g  water 

s t o r a g e  pond w i l l  b e  cons t ruc tec’  s o u t h  of t h e  proposed p l a n t  a t  t h e  l o c a t i o n  

shown on P la t e  2 ,  P l o t  P l an .  The c o o l i n g  water supply  w i l l  b e  s t o r e d  i n  

an open p o o l ,  t h e  bot tom of which w i l l  b e  e s t a b l i s h e d  at about  E l e v a t i o n  

+295 f e e t .  

Approximately t e n  f e e t  of water w i l l  b e  main ta ined  w i t h i n  t h e  

pool .  E x i s t i n g  s u r f a c e  e l e v a t i o n s  a t  t h e  proposed pool  l o c a t i o n  range  

from about  +270 t o  n e a r  +310 feet .  Consequent ly ,  c o n s t r u c t i o n  of t h e  pond 

w i l l  r e q u i r e  t h e  b u i l d i n g  of  a d ike  i n  t h e  lawer a r e a s  and c u t s  i n t o  

i n - s i t u  materials where h i g h e r  e l n v a t i o n s  p r e s e n t l y  e x i s t .  W e  unders tand  

i t  is p lanned  t o  p l a c e  compacted on - s i t e  f i l l  i n  t h e  lower p o r t i o n s  of t h e  

area and c o n s t r u c t  t h e  needed d i k e s  of s i m i l a r  compacted material .  We 

f u r t h e r  unders tand  t h a t  t h e  s l o p e  of t h e  ou tboa rd  d ike  f a c e  w i l l  b e  on 

t h e  o r d e r  of  one ve r t i ca l  t o  two h o r i z o n t a l ,  and t h a t  t h e  e n t i r e  exposed 

poo l  bo t tom w i l l  b e  l i n e d  w i t h  compacted impermeable material. 

W e  b e l i e v e  t h a t  t h e  l i n i n g  of t h e  poo l  i s  impor t an t  s i n c e  t h e  

l i n i n g  w i l l :  

1) e l i m i n a t e  t h e  n e c e s s i t y  of des ign ing  t h e  
d i k e  t o  resist  r a p i d  drawdown c o n d i t i o n s ;  and 

2 )  reduce  t h e  w a t e r  l o s s  through t h e  d ike  and 
pond f l o o r ,  t h u s  r educ ing  t h e  p o s s i b i l i t y  of  
l o s s  of q u a n t i t i e s  of  r a d o a c t i v e  mater ia l .  

We estimate t h e  amount of  w a t e r  which might  p e r c o l a t e  th rough 

t h e  proposed d i k e ,  i f  c o n s t r u c t e d  on ly  of  on - s i t e  materials compacted t o  

95 p e r c e n t  of t h e  maximum d r y  d e n s i t y  d e f i n e d  by AASHO T e s t  T-180-61, 

would be  on t h e  o r d e r  of 1,000 g a l l o n s  perday f o r  a d i k e  l e n g t h  of  400 

f e e t .  P e r c o l a t i o n  through t h e  pond f l o o r  would a l s o  account  f o r  about  
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2,000 g a l l o n s  p e r  day f lowing under  t h e  d ike .  Thus,  l i n i n g  t h e  pond w i l l  

reduce t h e  amount o f  make-up water needed t o  m a i n t a i n  a c o n s t a n t  w a t e r  

volume i n  t h e  pool .  

r e q u i r e  d i k e  des ign  t o  resist r a p i d  drawdown c o n d i t i o n s .  This d e s i g n  

would r e q u i r e  f l a t t e r  s l o p e s  t h a n  t h o s e  p r e s e n t l y  a n t i c i p a t e d .  

I n  a d d i t i o n ,  use  o f  an  u n l i n e d  d i k e  would probably  

We unders tand  t h e  p o o l  bo t tom i s  t o  b e  l i n e d  w i t h  compacted 

c l a y ,  which i s  p r e s e n t l y  found t o  a depth o f  f o u r  t o  f i v e  f e e t  through- 

o u t  most of  t h e  s i t e  area. The c l a y  w i l l  b e  s t o c k p i l e d  d u r i n g  s t r i p p i n g  

and e x c a v a t i n g  o p e r a t i o n s  and p l aced  w i t h i n  t h e  pool  a f t e r  e x c a v a t i o n  t o  

t h e  d e s i r e d  depths .  The t h i c k n e s s  o f  t h e  c l a y  l a y e r  shou ld  b e  c o n t r o l l e d  

by t h e  amount of c l a y  necessa ry  t o  adequa te ly  compact a th ree - inch  l a y e r .  

I t  is  recommended t h a t  t h e  c l a y  be  compacted w i t h  a sheeps- foot  r o l l e r .  

Assuming t h a t  t h e  upper  6 i n c h e s  are n o t  s u f f i c i e n t l y  compacted by a 

sheeps- foot  r o l l e r ,  i t  i s  recommended t h a t  t h e  l o o s e  t h i c k n e s s  of  t h e  

c l a y  be  on t h e  o r d e r  of 9 t o  1 2  i n c h e s .  Compaction shou ld  con t inue  u n t i l  

t h e  r o l l e r  ’balks out"  of t h e  c l a y .  We under s t and  t h e  proposed d ike  s l o p e s  

w i l l  b e  1 v e r t i c a l  t o  2 h o r i z o n t a l  on t h e  ou tboa rd  f a c e .  

The r e s u l t s  of  ou r  ana lyses  i n d i c a t e  t h a t  t h e  d i k e s  will b e  s t a b l e  

a t  t h e  proposed s l o p e s .  However, under  ear thquake  c o n d i t i o n s  t h e  f a c t o r  of  

s a f e t y  a g a i n s t  f a i l u r e  i s  on ly  1.3. I f  a d d i t i o n a l  conserva t i sm i s  d e s i r e d ,  

i t  i s  recommended t h a t  t h e  d i k e  s l o p e s  b e  f l a t t e n e d  t o  1 v e r t i c a l  t o  2% 

h o r i z o n t e l .  

c o n d i t i o n s  f o r  t hose  s l o p e s .  It  i s  recommended t h a t  c u t s  i n t o  the s a p r o l i t e  

be a l s o  made a t  a s l o p e  of  1 v e r t i c a l  t o  2 h o r i z o n t a l .  The c u t  s l o p e s  shou ld  

be  c a r e f u l l y  examined f o r  ev idence  o f  c l a y  f i l l e d  seams a long  t h e  f o l i a t i o n .  

Evidence of such  seams may r e q u i r e  f l a t t e n i n g  of  t h e  s l o p e s  a t  t h o s e  l o c a t i o n s  

t o  avoid  s t a b i l i t y  problems.  

W e  have  computed a f a c t o r  of  s a f e t y  of about  1 . 6  under  dynamic 
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SMALLER FACILITIES 

The service b u i l d i n g  (and r e l a y  rooms) w i l l  b e  i n s t a l l e d  n o r t h  

of t h e  a u x i l i a r y  b u i l d i n g .  The service b u i l d i n g  w i l l  b e  suppor t ed  on a 

m a t  f ounda t ion  about  295 by 65 f e e t  i n  p l a n  dimensions and w i l l  impose 

p r e s s u r e s  of approximate ly  1,400 pounds p e r  s q u a r e  f o o t .  

The r e s u l t s  of ou r  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  founda t ion  

m a t  w i l l  b e  u n d e r l a i n  a t  t h e  proposed l o c a t i o n  by variable s u b s u r f a c e  

c o n d i t i o n s .  The p e r t i n e n t  b o r i n g s  i n d i c a t e  : 1) t h a t  l i g h t l y  weathered  

t o  r e l a t i v e l y  f r e s h  rock w i l l  b e  encountered  i n  t h e  n o r t h e a s t  p o r t i o n  

o f  t h e  b u i l d i n g ;  and 2 )  t h a t  up t o  25 f e e t  of s a p r o l i t e  w i l l  b e  

encountered  toward the sou thwes t .  We estimate t h a t  t h e  m a t  s e t t l e m e n t s  

may be  as g r e a t  as one-half t o  t h r e e - q u a r t e r  i n c h e s  i n  t h e  southwes t  

p o r t i o n  of  t h e  service b u i l d i n g .  The n o r t h e a s t e r n  p o r t i o n  o f  t h e  m a t  

w i l l  b e  suppor t ed  on r e l a t i v e l y  f r e s h  rock which w i l l  expe r i ence  n e g l i g i b l e  

d e f l e c t i o n  under  t h e  a n t i c i p a t e d  l o a d .  S e t t l e m e n t s  w i l l  o c c u r  e s s e n t i a l l y  

upon l o a d  a p p l i c a t i o n .  

Swi tchyard :  The swi t chya rd  w i l l  be  l o c a t e d  t o  t h e  east of  the 

proposed r e a c t o r  u n i t s  at t h e  l o c a t i o n  shown on t h e  P l o t  P l an .  The 

proposed swi t chya rd  area is  about  800 by 1,000 f e e t  i n  p l a n  dimensions.  

E x i s t i n g  s u r f  ace g rades  w i t h i n  t h e  s w i t  chyard vary  from about  +320 

f e e t  t o  +260 fee t .  The h i g h e r  p o r t i o n s  are toward t h e  s o u t h e r n  c o r n e r  and 

t h e  lower p o r t i o n s  toward t h e  n o r t h e r n  c o m e r  of t h e  area. We under s t and  

the n a t u r e  of t h e  equipment con ta ined  i n  t h e  swi t chya rd  i s  such  t h a t  a 

wide range of founda t ion  s i z e s  and b e a r i n g  p r e s s u r e s  may b e  imposed. 
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Our i n v e s t i g a t i o n  i n  t h e  swi t chya rd  area i n d i c a t e s  t h a t  

r e l a t i v e l y  compress ib le  s i l ts  and c l a y s  a r e  found above compact s a p r o l i t e s  

which i n  t u r n  o v e r l i e  bedrock.  

varies from 25 f e e t  n e a r  t h e  s o u r t h e m  swi t chya rd  c o m e r  t o  n e g l i g i b l e  

The t h i c k n e s s  o f  compress ib le  m a t e r i a l s  

amounts n e a r  t h e  n o r t h e r n  c o m e r .  

The e x i s t i n g  ground s u r f a c e  s l o p e s  cons ide rab ly  w i t h i n  t h e  

swi t chya rd  area. S i g n i f i c a n t  s i t e  p r e p a r a t i o n  w i l l  t h e r e f o r e  be  r e q u i r e d  

t o  p rov ide  s u i t a b l e  s u p p o r t  f o r  t h e  proposed f a c i l i t i e s .  A number o f  

g rad ing  alternates is a v a i l a b l e  f o r  founding  t h e  proposed f a c i l i t i e s .  

P o s s i b l e  g rad ing  p l a n s  would i n c l u d e  : 

1) e x c a v a t i n g  of a l l  i n - s i t u  materials t o  a 
uniform s i t e  g rade ;  

2)  e s t a b l i s h i n g  i n d i v i d u a l  u n i t s  on terraces 
approximate ly  fo l lowing  e x i s t i n g  grades  ; o r  

3) f i l l i n g  t h e  lower areas t o  p rov ide  a uniform 
grade .  

Excavat ion  o f  e x i s t i n g  materials t o  p rov ide  a uniform e l e v a t i o n  

w i l l  p robably  b e  most s u i t a b l e  from a founda t ion  p o i n t  of view. The 

excava ted  c l a y s  and s i l t s  would b e  s u i t a b l e  f o r  use  as compacted l i n e r  

m a t e r i a l  i n  t h e  emergency c o o l i n g  w a t e r  s t o r a g e  pond. The excava t ion  

shou ld  probably  b e  c a r r i e d  t o  about  E l e v a t i o n  260 t o  i n s u r e  exposure  of  

e i t h e r  compact s a p r o l i t i c  s o i l s  o r  weathered  t o  f r e s h  bedrock .  Seismic 

su rveys  performed by o t h e r s ,  p r i o r  t o  t h e  s i te  s e l e c t i o n ,  i n d i c a t e  t h a t  

sound rock i s  found a t  about  E l e v a t i o n  +255 feet  i n  t h e  g e n e r a l  s w i t c h -  

y a r d  area. The re fo re ,  i t  is l i k e l y  t h a t  weathered  rock and s a p r o l i t e  

w i l l  be  exposed i n  e x c a v a t i n g  t o  about  E l e v a t i o n  260. 

D A M E S 6  MOORE 
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Spread o r  m a t  f ounda t ions  e s t a b l i s h e d  on exposed compact 

s a p r o l i t e s  can b e  des igned  u t i l i z i n g  b e a r i n g  p r e s s u r e s  of  up t o  6,000 

pounds p e r  squa re  f o o t .  A minimum f o o t i n g  wid th  of  two f e e t  i s  recommended. 

S e t t l e m e n t s  under  t h e s e  p r e s s u r e s  w i l l  b e  r e l a t i v e l y  s m a l l  and would occur  

e s s e n t i a l l y  on t h e  l o a d  a p p l i c a t i o n .  

Foundat ions e s t a b l i s h e d  on weathered  rock may be  des igned  

u t i l i z i n g  t h e  p r e s s u r e s  of up t o  12,000 pounds p e r  s q u a r e  f o o t .  A minimum 

f o o t i n g  dimension of two feet is  recommended. Foundat ions of t h e  assumed 

s i z e s  would expe r i ence  n e g l i g i b l e  d e f l e c t i o n s .  

I f  t h e  swi t chya rd  components are e s t a b l i s h e d  on terraces formed 

i n  compress ib le  i n - s i t u  c layey  s o i l s ,  s i g n i f i c a n t  s e t t l e m e n t s  w i l l  occu r .  

I f  a t e r r a c e - t y p e  g rad ing  scheme i s  r e q u i r e d ,  w e  recommend t h a t  b e a r i n g  

p r e s s u r e s  b e  l i m i t e d  t o  maximum of  3,000 pounds p e r  s q u a r e  f o o t .  

E s t i m a t e d  sett lements f o r  v a r y i n g  imposed l o a d s ,  b e a r i n g  p r e s s u r e s ,  and 

t h i c k n e s s e s  of compress ib le  material are shown on P l a t e  3. The 

e s t i m a t e d  s e t t l e m e n t s  would occur  a f t e r  a p e r i o d  o f  t i m e  p r o p o r t i o n a l  t o  

t h e  s q u a r e  of t h e  t h i c k n e s s  o f  compress ib le  material. We e s t i m a t e  t h a t  

90 p e r c e n t  o f  t h e  s e t t l e m e n t  due t o  10 f e e t  of  compress ib le  s o i l s  would 

occur  i n  about  one y e a r .  I n  u s i n g  t h e  d a t a  p r e s e n t e d  on P l a t e  3 ,  

t h e  t h i c k n e s s  o f  compress ib l e  materials may b e  assumed t o  be 25 f e e t  i n  t h e  

s o u t h e r n  p o r t i o n  of t h e  swi t chya rd ,  15 t o  20 f e e t  n e a r  the c e n t e r  and less 

t h a n  10 f e e t  n e a r  t h e  n o r t h e r n  p o r t i o n  of t h e  area. 

It  i s  s u g g e s t e d  t h a t  t h e  t h i r d  g rad ing  a l ternat ive,  i . e . ,  f i l l  

placement t o  a t t a i n  a uniform g rade ,  no t  be  adopted because  o f :  

1) t h e  p o s s i b i l i t y  of  i nduc ing  s t a b i l i t y  problems 
i n  t h e  r e l a t i v e l y  s o f t  s l a y s  and s i l t s  i n  t h e  
s o u t h e r n  p o r t i o n  o f  t h e  s i t e ;  and 

DAMES B MOORE 
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2)  s i g n i f i c a n t  areal s e t t l e m e n t s  which might 
occur as a r e s u l t  of f i l l  placement upon 
the  compressible m a t e r i a l s .  

I f  i t  i s  an absolu te  n e c e s s i t y  t o  p lace  f i l l  i n  t h e  switchyard 

t o  a t t a i n  a uniform grade, w e  would be pleased t o  perform a d d i t i o n a l  

analyses  t o  e v a l u a t e  t h e  s t a b i l i t y  and se t t lement  performance of t h e  

underlying s o i l s .  

FOUNDATION I N S T a L A T I O N  

GENERAL 

Prepara t ion  of  t h e  North Anna s i t e  �or  cons t ruc t ion  of Units 1 

and 2 w i l l  c o n s i s t  p r imar i ly  o f  excavat ing t h e  i n - s i t u  s o i l s  and rocks t o  

a t t a i n  t h e  d e s i r e d  grades.  This s e c t i o n  of t h e  r e p o r t  d i scusses  t h e  

excavat ion and dewatering, necessary t o  i n s t a l l  t h e  proposed f a c i l i t i e s .  

EXCAVATION 

It is understood t h a t  the e n t i r e  b u i l d i n g  area w i l l  be  excavated 

t o  about Eleva t ion  +255 f e e t  p r i o r  t o  the i n s t a l l a t i o n  of any f a c i l i t y .  

Most of t h e  excavated m a t e r i a l  w i l l  b e  u s e d  i n  t h e  cons t ruc t ion  of dikes  

and dams assoc ia ted  with t h e  proposed r e s e r v o i r .  However, t h e  s u r f i c i a l  

four  t o  s i x  feet of clayey s i l t  and  s i l t y  c lay encountered on most of 

t h e  s i te  area  w i l l  b e  s t o c k p i l e d  f o r  use i n  l i n i n g  the  emergency cool ing 

water  s t o r a g e  pond. 
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I t  is recommended that  the s i l ts  and c l a y s  which are t o  b e  used  

i n  l i n i n g  the c o o l i n g  pond, be  thoroughly  grubbed p r i o r  t o  s t o c k p i l i n g  t o  

avoid  i n c l u s i o n  o f  r o o t s  and o t h e r  d e l e t e r i o u s  materials i n  t h e  _pond l i n e r .  

A f t e r  removal of t h e  s u r f i c i a l  materials i t  w i l l  b e  n e c e s s a r y  t o  remove 

an  a d d i t i o n a l  20 f e e t  o r  s o  of r e s i d u a l  s a p r o l i t e  t o  a t t a i n  t h e  d e s i r e d  

grade  of E l e v a t i o n  +255 f e e t .  It  i s  a n t i c i p a t e d  t h a t  r e l a t i v e l y  f r e s h  

rock  w i l l  be  exposed o v e r  most of t h e  s i t e  i n  e x c a v a t i n g  t o  t h i s  g rade .  

It  shou ld  be f u r t h e r  a n t i c i p a t e d  t h a t  r i b s  of r e l a t i v e l y  f r e s h  rock may 

b e  encountered  above t h i s  g rade  i n  c e r t a i n  areas. It is  l i k e l y  t h a t  

b l a s t i n g  w i l l  b e  r e q u i r e d  t o  remove t h e s e  materials. 

REACTOR EXCAVATIONS 

The r e a c t o r  u n i t s  w i l l  be  founded a t  E l e v a t i o n  +204 feet  f, 

r e q u i r i n g  c u t s  o f  up t o  50 f e e t  benea th  t h e  g e n e r a l  c o n s t r u c t i o n  g r a d e s .  

Rock e x c a v a t i o n  a t  t h e  r e a c t o r  l o c a t i o n s  w i l l  r e q u i r e  b l a s t i n g .  Pre-  

s p l i t t i n g  shou ld  b e  used around t h e  e x c a v a t i o n  p e r i m e t e r  to f a c i l i t a t e  

fo rma t ion  of r e l a t i v e l y  smooth s i d e s .  

A number of j o i n t  systems are found i n  the bedrock  at  t h e  s i t e .  

D e t a i l e d  d e s c r i p t i o n s  of t h e  observed  j o i n t  p a t t e r n s  are con ta ined  i n  o u r  

p rev ious  r e p o r t .  B r i e f  d e s c r i p t i o n s  o f  t h e  j o i n t  sets f o l l o w :  

S e t  1: S t r i k e  N 10’ - 20° E 
Dip: 80° W 
Desc r ip t ion :  Seldom show movement o r  c l a y  f i l l  

S e t  2 :  S t r i k e :  N 60’ - 80° E 
Dip: 45’ 60’ NW 
D e s c r i p t i o n :  Bedding P lane  j o i n t s ,  l i t t l e  c l a y  f i l l  
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S e t  3 :  S t r i k e :  N 90’ E 
D i p :  85’ N 
Descr ipt ion:  L i t t l e  c lay f i l l  

S e t  4:  S t r i k e :  N 60’ E 
Dip: 50’ SE 
Descr ipt ion:  Some clay f i l l  

S e t  5: S t r i k e :  N 50° W 
D i p :  50’ SW 
Descr ipt ion:  Some c lay  f i l l  

S e t  6 :  S t r i k e :  N 30’ - 50’ E 
D ip :  50’ SW 
Descr ipt ion:  All are clay f i l l e d  and show s h e a r  movement. 

It  is p o s s i b l e  t h a t  c e r t a i n  of these  j o i n t  sets may s l n g l y  o r  i n  

combination, a f f e c t  t h e  s t a b i l i t y  of t h e  r e a c t o r  containment excavat ions.  

The s t a b i l i t y  of t h e  excavat ions w i l l  b e  dependent on t h e  number, type and 

s p e c i f i c  loca t ions  o f  j o i n t  planes r e l a t i v e  t o  t h e  excavat ion walls. The 

o r i e n t a t i o n  of t h e  p e r t i n e n t  j o i n t  systems and an i n d i c a t i o n  of t h e  

r e l a t i v e  s t a b i l i t y  danger assoc ia ted  with t h e s e  systems a r e  shown on 

P la t e  4 ,  Danger of Wedge-Type Rock F a i l u r e s  I n  Reactor Excavation. 

Those j o i n t s  most menacing t o  t h e  s t a b i l i t y  of t h e  excavat ions 

a r e  numbered sets 1 and 2 above, and on P l a t e  4 .  The i n t e r s e c t i o n  of these  

two j o i n t  sets on t h e  southeas te rn  p o r t i o n  of the  excavations could present  

a very unfavorable s t a b i l i t y  s i t u a t i o n .  The i n t e r s e c t i o n  would tend 

t o  form a wedge which could s l i d e  i n t o  the cut  i n  the d i r e c t i o n  of the  

l i n e  o f  i n t e r s e c t i o n  of t h e  two j o i n t  planes.  

DAMES S MOORE 
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J o i n t  S e t  No. 1, which d ips  a t  an angle of about 80 degrees ,  i s  

one of the  most abundant se ts  observed across  t h e  s i t e .  Another s t e e p l y  

dipping se t ,  number 3 ,  al though observed only i n  rock outcrops near  t h e  

s i t e  and be l ieved  t o  be w i d e l y  spaced,  could conceiveably be found n e a r  

t h e  proposed excavat ions.  We b e l i e v e  t h a t  occurrence of e i t h e r  of these 

j o i n t  systems in t h e  excavat ion w a l l  would r e s u l t  i n  an uns tab le  rock 

condi t ion.  To avoid t h e  p o t e n t i a l  s t a b i l i t y  problems assoc ia ted  with 

these  j o i n t s ,  i t  w i l l  b e  necessary t o  cut  the excavat ion w a l l s  a t  an angle 

of 80 degrees o r  less from the h o r i z o n t a l .  

For w a l l  s lopes  of less than 80 degrees ,  s l o p e  s t a b i l i t y  w i l l  

be  inf luenced by t h e  f o l i a t i o n  and j o i n t  S e t s  2 ,  4 ,  and 5. 

We b e l i e v e  t h e  shear s t r e n g t h  o f  t h e  r e l a t i v e l y  f r e s h  rock 

along the planes of  f o l i a t i o n  i s  s u i t a b l e  t o  support  even a ver t ical  c u t .  

However, e i t h e r  t h e  r e l a t i v e l y  low s h e a r  s t r e n g t h  found along f o l i a t i o n  

planes of s e v e r e l y  weathered rock o r  the  presence of c l a y - f i l l e d  joints 

along t h e  f o l i a t i o n  ( j o i n t  S e t  2 )  may adversely a f f e c t  t h e  s t a b i l i t y  

s i t u a t i o n  i n  t h e  south  and southeas te rn  por t ions  of t h e  c u t s .  

Boring d a t a  i n d i c a t e  t h a t  r e l a t i v e l y  f r e s h  rock w i l l  be  

encountered i n  the  southeas te rn  por t ions  of the  proposed r e a c t o r  c u t .  

I s o l a t e d  t h i n  zones of s l i g h t l y  t o  moderately weathered rock w e r e  

observed i n  t h e  p e r t i n e n t  b o r i n g s ,  b u t  no evidence of j o i n t  S e t  2 was 

found. The o r i e n t a t i o n  of rock cores from Boring 28 has  i d e n t i f i e d  t h e  

presence of j o i n t  S e t s  4 and 5 a t  about Eleva t ion  +245 f e e t ? .  

DAMES a MOORE 
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Thus, t h e  a v a i l a b l e  evidence sugges ts  t h a t  s t a b i l i t y  problems 

may e x i s t  at least i n  the south t o  southeas t  por t ions  of the  r e a c t o r  

c u t s .  P o t e n t i a l l y  unfavorable j o i n t  a n d  rock conditons have been 

observed, and could inf luence  excavat ion s t a b i l i t y  even i f  t h e  excavat ion 

wal l s  are cut  at  an angle  of about 80 degrees ,  as previously recommended. 

Real iz ing t h a t  p o t e n t i a l  problems do e x i s t ,  several courses of 

a c t i o n  are ava i lab le :  

t o  perform d e t a i l e d  analyses using t h e  
a v a i l a b l e  d a t a  and formulate a s p e c i f i c  
but  n e c e s s a r i l y  very conservat ive design 
of t i e  back o r  r e t a i n i n g  systems; 

t o  u t i l i z e  s lopes  of less than 45 degrees 
i n  both r e a c t o r  cu ts  and  rep lace  t h e  
excavated s l o p e  rock wi th  concre te ;  o r  

t o  c a r e f u l l y  examine t h e  exposed rock 
c h a r a c t e r i s t i c s  a f t e r  excavat ing t o  t h e  
general  cons t ruc t ion  grade of  about 
Elevat ion +255 f e e t  2 ,  and then decide 
on t h e  most economical and reasonably 
conservat ive excavation scheme. 

The ramif ica t ions  of each of  these a l t e r n a t e s  are discussed i n  

subsequent paragraphs. 

The design of a t i e  back o r  r e t a i n i n g  system b a s e d  on t h e  

present ly  a v a i l a b l e  d a t a  would have t o  b e  pred ica ted  on the  assumption 

t h a t  unfavorably or ien ted  continuous c l a y - f i l l e d  j o i n t  systems, similar 

t o  those previouslv mentioned, and continuous seam of severe ly  

weathered rock do, in f a c t ,  exis t  i n  the  excavat ion face .  This assumption 

may b e  very conservat ive s i n c e ,  many of the  j o i n t s  observed i n  our  

i n v e s t i g a t i o n  had been hea led ,  sugges t ing  t h a t  the cont inui ty  of j o i n t  

systems and weathered rock zones present ly  considered dangerous should 

DAmES 6 MQORE 
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be more d e f i n i t i v e l y  e s t a b l i s h e d  b e f o r e  major expendi tures  f o r  remedial  

measures a r e  made. 

The second a l t e r n a t i v e  l i s t e d  above would b e  s a t i s f a c t o r y  from 

an engineer ing viewpoint b u t  may b e  q u i t e  expensive.  The c o s t s  of t h i s  

a l t e r n a t i v e  would inc lude  a d d i t i o n a l  b l a s t i n g  and rock excavat ion,  

concrete  placement and probably a system t o  t i e  t h e  concrete  t o  t h e  

underlying rock. 

The t h i r d  a l t e r n a t i v e ,  i f  workable i n t o  schedul ing and c o n t r a c t u a l  

arrangements, would a f f o r d  a good chance of a much more economical s o l u t i o n  

t o  t h e  p o t e n t i a l  s t a b i l i t y  problem. 

area w i l l  b e  excavated t o  a uniform cons t ruc t ion  grade of about Elevat ion 

+255 f e e t .  

e l e v a t i o n  w i l l  a f f o r d  t h e  opportuni ty  t o  c a r e f u l l y  examine t h e  l o c a l  j o i n t  

and rock condi t ions a t  t h e  s p e c i f i c  l o c a t i o n s  of t h e  proposed r e a c t o r  

c u t s .  It i s  conceivable t h a t  the  f i e l d  observat ions w i l l  i n d i c a t e  t h a t  

W e  understand t h e  e n t i r e  c o n s t r u c t i o n  

Exposure of t h e  bedrock found a t ,  o r  s l i g h t l y  below t h i s  

no major t i e  back system is  required t o  s a f e l y  complete t h e  excavat ions.  

I n  the event t h a t  unfavorable condi t ions  are found, t h i s  scheme w i l l  

a f f o r d  t h e  opportuni ty  t o  develop more s p e c i f i c  parameters f o r  use i n  

design of economical s t a b i l i z a t i o n  systems. Parameters developed p r e s e n t l y  

would b e  n e c e s s a r i l y  conservat ive e x t r a p o l a t i o n s  of d a t a  obtained i n  t h e  

borings and t e s t  p i t s  performed a t  t h e  s i te .  

I f  t h i s  cons t ruc t ion  sequence i s  adopted, i t  w i l l  be necessary 

�o r  an experienced engineer ing geologis t  t o  thoroughly and c o n t i n u a l l y  

inspec t  the  excavat ion as i t  progresses. The i n s p e c t o r  should b e  fully 

f a m i l i a r  with t h e  s i t e  condi t ions ,  proposed cons t ruc t ion ,  and type of 

da ta  required.  
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I f  a t i e  back  sys tem is deemed n e c e s s a r y ,  by t h e  i d e n t i f i c a t i o n  

o f  dangerous j o i n t s ,  the most a p p r o p r i a t e  t ype  f o r  t h i s  t ype  excava t ion  

would probably  b e  p r e s t r e s s e d  anchors .  Various rock mechanics methods 

are a v a i l a b l e  t o  de te rmine  t h e  number, l e n g t h s  and d i r e c t i o n s  of t h e  

anchors .  The a n a l y t i c a l  approach shou ld  b e  determined by t h e  deg ree  o f  

complexi ty  o f  t h e  observed c o n d i t i o n s .  

DE!JATE RIN G 

The p r e s e n t  s t a t i c  ground water level i s  found about  10 t o  15 

f e e t  benea th  t h e  e x i s t i n g  ground s u r f a c e ,  and g e n e r a l l y  fo l lows  t h e  topo- 

g r a p h i c a l  f e a t u r e s .  S ince  t h e  c o n s t r u c t i o n  area i s  l o c a t e d  i n  a h i g h  

p o r t i o n  of t h e  s i t e ,  r echa rge  t o  the water level is p rov ided  by p r e c i p i t a t i o n  

on ly .  Consequent ly ,  w e  do no t  a n t i c i p a t e  s i g n i f i c a n t  problems i n  dewater ing  

t h e  s i t e  dur ing  c o n s t r u c t i o n .  We b e l i e v e  t h a t  t h e  i n d i v i d u a l  e x c a v a t i o n s  

may be adequate ly  dewatered by sump pumping from p e r i p h e r a l  d ra inage  d i t c h e s .  

F u r t h e r  d i s c u s s i o n  on h y d r o l o g i c  c o n s i d e r a t i o n s  i s  p r e s e n t e d  i n  

our  p rev ious  r e p o r t .  
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T h e  fo l lowing  P l a t e s  and Appendix are a t t a c h e d  and complete  

this report : 

P l a t e  1 - Map of Area 

P l o t  P l a n  P l a t e  2 - 

P l a t e  3 - Es t ima ted  S e t t l e m e n t s  of Spread  and Mat 
Foundat ions  i n  Swi t  chyard 

P l a t e  4 - Danger of Wedge-type Rock F a i l u r e s  i n  
Reac to r  Excavat ions  

Appendix - Labora to ry  T e s t s  

R e s p e c t f u l l y  s u b m i t t e d ,  

DAmS & MOORE 

Joseph A .  F i s c h e r  

7Ae 
Thomas E .  T u l l y  

JAF : TET /kc 

DAMES 8 MOORE 
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APPENDIX 

LAB0 RATO RY TE S T S 

INTRODUCTION 

The p r i n c i p a l  r e s u l t s  of the f i e l d  e x p l o r a t i o n s  and l a b o r a t o r y  

t e s t  programs performed f o r  the proposed North Anna Power S t a t i o n  s i t e  were 

p resen ted  i n  o u r  p rev ious  r e p o r t .  Copies o f  t h i s  r e p o r t  have been  

p rev ious ly  t r a n s m i t t e d  t o  V i r g i n i a  E l e c t r i c  and Power Company and Stone  

and Webster Engineer ing  Corpora t ion .  The r e s u l t s  of a l l  b o r i n g s ,  

geophys ica l  i n v e s t i g a t i o n s ,  h y d r o l o g i c  r econna i s sance  and i n v e s t i g a t i o n ,  

e t c . ,  were documented i n  t h e  r e f e r e n c e d  r e p o r t .  However, c e r t a i n  of  t h e  

l a b o r a t o r y  tes ts  which w e r e  performed p r i m a r i l y  t o  e v a l u a t e  founda t ion  

c o n d i t i o n s  were n o t  i n c l u d e d  i n  the r e p o r t  p r i m a r i l y  because  of s c h e d u l i n g  

commitments on submiss ion  o f  t h e  P r e l i m i n a r y  S a f e t y  Ana lys i s  Report .  The 

r e s u l t s  o f  t h o s e  f i e l d  e x p l o r a t i o n s  and l a b o r a t o r y  tests which may be  

u s e f u l  i n  founda t ion  d e s i g n  s t u d i e s  are i n c l u d e d  i n  t h i s  Appendix. 

LAB 0 RATO RY TESTS 

Certain l a b o r a t o r y  tests were performed p r i m a r i l y  t o  e v a l u a t e  t h e  

s u i t a b i l i t y  of  t h e  i n - s i t u  s o i l s  and rock t o  s u p p o r t  the proposed p l a n t  

f a c i l i t i e s .  ?.lost of  t h e  tests w e r e  performed i n  a manner d e s c r i b e d  i n  

S e c t i o n  I-C of o u r  p r e v i o u s  r e p o r t .  

t h o s e  p r e s e n t e d  i n  t h e  r e f e r e n c e d  r e p o r t .  

T h e  d a t a  p r e s e n t e d  h e r e i n  supplement  

DAMES 8 MOORE 
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T r i a x i a l  Compression Test Data: The r e s u l t s  o f  unconso l ida t ed ,  

undrained t r i ax ia l  compression tests on p r e p a r e d  s o i l  samples  were 

p r e v i o u s l y  p r e s e n t e d .  The samples  w e r e  remolded t o  dry  d e n s i t i e s  e q u a l  

t o  95 p e r c e n t  of  t h e  maximum dry  d e n s i t y  f o r  the t e s t e d  materials as 

d e f i n e d  by t h e  Modified AASHO Method o f  Compaction Tes t ,  Des igna t ion  

T-180-66. The samples  w e r e  p repa red  t o  m o i s t u r e  c o n t e n t s  approximate ly  

e q u a l  t o  t h e  optimum m o i s t u r e  con ten t  used i n  c o n t r o l  o f  compacted f i l l .  

S t r e s s - s t r a i n  c u n e s  f o r  these tests are p r e s e n t e d  i n  t h i s  r e p o r t  

on Plates  A - l a  and A- lb .  S i n c e  r a p i d  drawdown c o n d i t i o n s  w i l l  n o t  be  

cons idered  i n  t h e  d e s i g n  of t h e  proposed emergency c o o l i n g  water embankment, 

t h e s e  d a t a  shou ld  p rov ide  c r i t e r i a  r e g a r d i n g  t h e  b e h a v i o r  of t h e  compacted 

f i l l  materials under  a q u i c k ,  undra ined  f a i l u r e  c o n d i t i o n  such  as t h a t  

which might r e s u l t  from an  ear thquake- type  l o a d i n g .  

Conso l ida t ed ,  q u i c k  t r iaxial  compression t es t  w i t h  p o r e  

p r e s s u r e  measurements were performed on s e l e c t e d  r e p r e s e n t a t i v e  samples  of  

t h e  i n - s i t u  r e s i d u a l  s o i l s .  In t h e s e  tests, t h e  samples were s a t u r a t e d  

and c o n s o l i d a t e d  t o  p r e s s u r e s  s l i g h t l y  l a r g e r  t h a n  t h e i r  o r i g i n a l  over-  

burden  p r e s s u r e .  The chamber and back  p r e s s u r e s  were a p p l i e d  i n  

increments  n o t  exceeding  f i v e  pounds p e r  s q u a r e  inch w h i l e  m a i n t a i n i n g  

an e f f e c t i v e  stress of about  two pounds p e r  s q u a r e  i n c h  i n  t h e  sample.  

S a t u r a t i o n  i n  t h e  sample w a s  v e r i f i e d  by a t t a i n i n g  a Bishops "B" v a l u e  

of a t  least  0.95 , (Bi shm and Henkel ,  1957). 
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Fol lowing s a t u r a t i o n ,  t h e  sample w a s  c o n s o l i d a t e d  i n  increments  

t o  t h e  d e s i r e d  e f f e c t i v e  stress by r a i s i n g  the chamher p r e s s u r e .  The 

samples  w e r e  af ter ,  c o n s o l i d a t i o n ,  t e s t e d  i n  a q u i c k ,  undra ined  triaxial 

procedure ,  and po re  p r e s s u r e  measurements w e r e  ob ta ined .  The rate o f  

t e s t i n g  w a s  d . e t e d n e d  i n  accordance w i t h  p rocedures  sugges t ed  by Bishop 

and Gibson i n  1963. 

We b e l i e v e  t h e  s o i l  parameters  i n d i c a t e d  on P l a t e  A-2 t o  b e  

a p p r o p r i a t e  f o r  t h e  t e s t e d  materials and c o n s i s t e n t  w i t h  t h e  tes t  r e s u l t s .  

Unconfined compression tests w e r e  performed t o  e v a l u a t e  t h e  

unconfined compressive s t r e n g t h s  o f  r e p r e s e n t a t i v e  rock  samples .  The 

r e s u l t s  o f  t h e s e  tests w e r e  p r e s e n t e d  i n  o u r  p rev ious  r e p o r t s .  Stress- 

s t r a i n  cu rves  ob ta ined  i n  the rock  t e s t i n g  program are p r e s e n t e d  on 

P l a t e  A-3 of  t h i s  r e p o r t .  

The r e s u l t s  of t h e s e  tests are p r e s e n t e d  on P l a t e  A-2. 

Conso l ida t ion  T e s t s :  The r e s u l t s  of  c o n s o l i d a t i o n  and conf ined  

compression tests performed on r e p r e s e n t a t i v e  s o i l  samples  w e r e  

p r e s e n t e d  i n  o u r  o r i g i n a l  r e p o r t .  I n  th i s  r e p o r t  w e  p r e s e n t  t i m e -  

c o n s o l i d a t i o n  d a t a  a s s o c i a t e d  w i t h  t h o s e  tests. These d a t a  are p r e s e n t e d  i n  

t h e  form of  l o g  o f  t i m e  v e r s u s  c o n s o l i d a t i o n  p l o t s  on P l a t e s  A-4a and A-4b. 

D A M E S  8 M O O R E  
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The f o l l o w i n g  P l a t e s  are a t t a c h e d  and comple te  th is  Appendix: 

P l a t e  A- la  - T r i a x i a l  Compression T e s t s  o n  Remolded 
Samples (Bulk Sample 1) 

P l a t e  A-lb - T r i a x i a l  Compression T e s t s  on Re-mlded 
Samples  (Bulk Sample 2) 

P l a t e  A-2 - T r i a x i a l  Compression T e s t  Data 

P l a t e  A-3 - Rock Compression T e s t  Data 

P l a t e  A-4a - Conf ined  Compression T e s t  Data 

P l a t e  A-4b - C o n s o l i d a t i o n  Test Data 
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