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Start Historical 

 
2.1  GEOGRAPHY AND DEMOGRAPHY 

 
 
2.1.1  SITE LOCATION AND DESCRIPTION 
 
2.1.1.1  Specification of Location 
 
The Susquehanna SES is located on the west bank of the Susquehanna River in Salem 
Township, Luzerne County, Pennsylvania with additional recreational and agricultural lands 
located on the east bank of the rivers in Conyngham and Hollenback Townships. 
 
It is four miles south of Shickshinny and five miles northeast of Berwick.  The nearest village is 
Beach Haven on the southeast edge of the main station site. 
 
The Universal Transverse Mercator Coordinates for the center point between Susquehanna 
SES Units 1 and 2 reactors are 4,549,300 meters north and 403,800 meters east, Zone 18.  
These correspond to 4105'30" north latitude and 7608'55" west longitude and are also 
equivalent to the Pennsylvania Coordinate System (PCS) Coordinates 341,175 feet north and 
2,442,025 feet east respectively.  The PCS is used throughout this report. 
 
The portion of the site in Salem Township is about 1,574 acres, which includes the property on 
the flood plain and agricultural land to the west of Confers Lane (Township Road T-438).  The 
main station site area within the security fence is approximately 230 acres.  An additional 717 
acres of land on the east bank has woodlands, farming, reaction, etc. 
 
Topography in the site vicinity ranges from relatively flat flood plains to gently rolling hills.  
Elevations range from 500 feet to 1,600 feet above mean sea level (msl).  In an east-west 
direction, the site is essentially flat from the river to U.S. Route 11 and is 530 ft above mean sea 
level.  Elevation increases sharply to the west from U.S. Route 11 to the station site, rising from 
about 530 feet (mean sea level) to about 700 feet (msl) in the station area (see Figure 2.1-21).  
Continuing to the westerly edge of the site, the land is relatively flat and at about the same 
elevation as the main station buildings.  In a south-north direction, the site rises gradually from 
about 650 ft (msl) on the south boundary to about 900 ft (msl) on the north. 
 
The main station buildings are located on a terrace above the flood plain approximately 4000 
feet west of the Susquehanna River in Salem Township (see Figure 2.1-22).  The land around 
the main station buildings is relatively open with trees on the steeper slopes.  It was formerly 
under cultivation for farm and orchard crops and is slowly reverting back to woodlands. 
 
 
2.1.1.2  Site Area Map 
 
A map of the site area including major structures and facilities is provided as (Figure 2.1-22).  In 
addition to the site property in Salem Township the Licensee owns 717 acres of recreational 
land on the east side of the river in Conyngham and Hollenback Townships. 
 
The exclusion area as defined in 10CFR100 (Ref. 2.1-1), is a circle of radius 1800 feet with the 
center at the common release point.  Radiation dose limits at this location are regulated by 
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10CFR50.67, Accident Source Term.  The coordinates of the common release point are 
N341,175 and E 2,441,970.5.  Aside from transit through the exclusion area, there are no 
activities permitted within this zone other than those related to station operation.  There are no 
residences within the exclusion area. 
 
Roads that traverse the site are: 
 

a) On the north - Beach Grove Road (T-419) which is approximately 1600 ft. from 
the center of the exclusion area and approximately 500 ft. from the nearest vital 
structure. (Salem Township) 

 
b) On the west - Confers Lane (T-438) which is approximately 2000 ft. from the 

center of the exclusion area and approximately 1400 ft. from the nearest vital 
structure. (Salem Township) 

 
c) On the south - Bell Bend (T-456) which is approximately 1800 ft. from the center 

of the exclusion area and approximately 1600 ft. from the nearest vital structure. 
(Salem Township) 

 
d) On the east - U.S. Route No. 11 which is approximately 2600 ft. from the center 

of the exclusion area and approximately 2500 ft. from the nearest vital structure. 
(Salem Township) 

 
e) On the floodplain on the east bank – Route 239 is located approximately 7,100 

feet from the center of the exclusion area.  (Conyngham Township).  
 
Railways that traverse the site are: 
 

A rail line owned by the Commonwealth of Pennsylvania traverses the flood plain.  It is 
operated by the North Shore Railroad Co. and is located approximately 2,700 feet east 
of the center of the exclusion area.  This line is exclusively used by the Licensee.  The 
section of the line north of the site is not being used at present.  An access spur from the 
main line of the railroad onto the site permits rail service to the station. 
 
The Susquehanna River flows from north to south separating the site from recreational 
lands on the east side of the river.  The river is navigable only by small pleasure and 
fishing boats because of shallow water and obstructions in the vicinity of the site. 

 
 
2.1.1.3  Boundaries for Establishing Effluent Release Limits 
 
The exclusion area is the area within a radius of 1,800 feet from the common release point of 
both reactors, (Figure 2.1-22).  The distance from the gaseous effluent release points to the 
boundary is at least 1,800 feet.  The station liquid effluent release point is located at the river 
approximately 4,000 feet from the common release point.  See Section 2.1.2.3 for arrangements 
for traffic control. 
 
 
2.1.2  EXCLUSION AREA AUTHORITY AND CONTROL 
 
2.1.2.1  Authority 
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PP&L owns the entire plant exclusion area (except for Township Route T-419) in fee simple 
and, therefore, has complete authority to regulate any and all access and activity within that 
area. 
 
Minimum distance to exclusion area boundary is discussed in Subsection 2.1.1.2. 
 
2.1.2.2  Control of Activities Unrelated to Plant Operation 
 
The only area within the exclusion area in which activities unrelated to plant operation may or 
will occur is Township Route T-419.  See Section 2.1.2.3 for traffic control arrangements. 
 
The location of this area within the exclusion area is shown in Figure 2.1-22.  The exclusion 
area outside the protected area fence will be posted and, with the exception of the township 
route, will be closed to persons who have not received authorization to enter the property. 
 
PP&L normally will not control passage along Township Route T-419 within the exclusion area 
although the Emergency Plan provides for execution of control over passage in the event of 
emergency conditions at the plant. 
 
 
2.1.2.3  Arrangements for Traffic Control 
 
PP&L has made arrangements with the Salem Township Supervisors and with the Pennsylvania 
State Police for control of traffic on Township Route T-419 in the event of an emergency.  In 
addition, Pennsylvania, Luzerne County, and Columbia County Emergency Management 
Agencies have incorporated traffic control in their emergency procedures. 
 
 
2.1.2.4  Abandonment or Relocation of Roads 
 
Approximately 0.25 mile of Township Road T-419 was relocated approximately 250 feet south 
to improve the grade and lessen the number of curves.  This road was relocated on property 
owned by PP&L.  Access to the plant by a rail spur was also improved through this area. 
 
 
2.1.3  POPULATION DISTRIBUTION 
 
The population in the vicinity of the Susquehanna SES is sparsely distributed.  The steep sloped 
ridges and the prevailing land use, agriculture, combine to yield a low population density outside 
of the communities. Table 2.1-33 indicates a decline in total  population of counties within 20 
miles of the site between the years 1950 and 2000.  There was a decrease in population of 
about 111,000 people or 15.7% (Ref. 2.1-2 and 2.1-3).  Between 1990 and 2000 in these 
counties there was a decrease in population by about 7,800 people or 1.3%.  Sullivan County 
had the greatest percentage increase (7.4%) and Luzerne County had the greatest percentage 
loss (2.7%) in population (Ref. 2.1-4). The nearest major populated area, the Wilkes-
Barre/Scranton corridor, is 15 to 30 miles northeast of the site. 
 
Definitions for urban and rural areas changed in 2000 and, therefore, it is difficult to compare 
growth trends.  For example, in 1990 urban and urbanized areas had population densities as 
low as 1,000 persons per square mile and in 2000 this definition decreased to 500 persons per 
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square mile.  The changes in urban and rural populations listed in Table 2.1-34 from 1990 to 
2000 may only reflect the changes in definition and not major population shifts from urban to 
rural areas or vice versa (Ref. 2.1-5 and 2.1-6). 
 
Transient populations were considered in calculating the population distribution in the site 
vicinity.  Variations in the transient population occur from 30 to 50 miles away from the site.  
This subject is discussed in greater detail in Subsection 2.1.3.3. 
 
Population projections are based upon U.S. Bureau of Census projections for the nation 
(Ref. 2.1-7).  These projections are “stepped-down” to the local level by a ratio technique.  The 
U.S. Census projection series for the nation is based upon fertility assumptions.  For the 
projections used in this report, two basic fertility assumptions are made; one is that the 
completed cohort fertility is 2.7 children per woman, which is characteristic of a growing 
population, and the other is 2.1 children per woman, which is characteristic of a replacement 
population growth.  In 1990 the 2.1 completed fertility generates birth rates were comparable to 
national birth rates experienced in 1970-1974 (Ref. 2.1-8).  It is reasonable to assume that the 
2.1 completed fertility rate applies to the site area.  The U.S. Census projections virtually 
assume a closed population.  That is, on the national level migration of persons into or out of the 
U.S. is considered negligible.  However, such a situation does not exist for the Pennsylvania 
area.  For example, between 1980 and 1990 the U.S. population increased by 9%; however, 
Pennsylvania’s population increased by less than 1% (Ref. 2.1-9).  These figures indicate that 
Pennsylvania experienced out-migration.  To include migration in the projections, the trends 
established in the 1960 to 1970 decade were projected out to the years 2000 to 2020 
(Ref. 2.1-10 and 2.1-11).  The results of these projections are given in Tables 2.1-35 through 
2.1-38 and Figures 2.1-23 through 2.1-26. 
 
 
2.1.3.1  Population Within 10 Miles 
 
The population within 10 miles of the site was sparsely distributed in 2000, and may be 
characterized as a declining rural population with a few small communities scattered through the 
area.  As shown in Figure 2.1-27 and Table 2.1-39, the bulk of the population was located in the 
WSW, NNE, NE, SE, N and SSE sectors (Ref. 2.1-4 and 2.1-12).  Seasonal population data 
were included in this table and figure.  These sectors contain all or part of several small 
communities (Table 2.1-40); however, none of these communities exceeded 25,000 people, and 
none qualifies as a population center (10CFR100) (Ref. 2.1-1). 
 
The rest of the area is agricultural; however, the number of farms between 1969 and 1997 
declined by 26% for Luzerne County and 32% for Columbia County (Ref. 2.1-12).  This decline 
combined with a decline in farmland (24% for Luzerne and 22% for Columbia) indicates a 
decline in agriculture in the vicinity of the site (Ref. 2.1-13). 
 
Population projections for the area from 0 to 10 miles from the site for 2010 and 2020 are given 
in Tables 2.1-35, 2.1-37 and Figures 2.1-23, 2.1-25.  Between 2010 and 2020 there is a 
projected decline in population of approximately 2,500 people. 
 
 
2.1.3.2  Population Between 10 and 50 Miles 
 
As shown in Figure 2.1-28 and Table 2.1-41, the major focus of the population between 10 and 
50 miles is in the NE and SE sectors. Seasonal population data were included in this table and 
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figure.  The cities contained in these sectors (Scranton, Wilkes-Barre, and Hazleton) form the 
nucleus of the Scranton/Wilkes-Barre/Hazleton Metropolitan Area. Between 1990 and 2000 the 
population decreased from 734,175 to 624,776 in this metropolitan area (Ref. 2.1-14). 
 
Population projections for the area from 10 to 50 miles from the site for years 2010 and 2020 
are given in Tables 2.1-36, 2.1-38, and Figures 2.1-24, 2.1-26.  These projections are based on 
the 1990 Census since new projections are not available.  After a slight increase in projected 
population from 2000 to 2010 there is a moderate but steady decline in population between 
2010 and 2020. 
 
 
2.1.3.3  Transient Population Between 0 and 50 Miles 
 
The transient population around the site are of three types: 
 

a. Seasonal 
b. Daily 
c. Transportation 

 
A seasonal population is dependent upon the time of year.  Examples of seasonal dependency 
are tourists at resort areas and migrant workers.  Commuters, a daily population, for example, 
may be present in an area 40 hours out of the 168 hours in a week.  Another example of a daily 
population is the visitors to the mountains or beaches for the day.  Finally, a transportation 
population is associated with some mode of transportation.  For example, several thousand 
vehicles pass a particular location on a highway during a day; however, the persons in these 
vehicles may be in the site vicinity a few minutes only.  Furthermore, many of the vehicles 
counted may be those of local residents going to and from work, or running errands.  The 
seasonal and daily populations are of interest to the location of a nuclear power station and are 
discussed in more detail below. 
 
2.1.3.3.1  Seasonal Population Between 0 to 50 Miles 
 
Within a 30-mile radius of this site there are all or part of eleven counties (Table 2.1-42).  Table 
2.1-42 lists current population (2000), seasonal potential population and seasonal population. 
Luzerne and Columbia Counties have a seasonal population of 8,586 or less than 2.2% of the 
seasonal potential population in these two counties (Ref. 2.1-14).  Within 10 miles of the station 
assuming seasonal population is 2.2% of the total population then there are approximately 1179 
people who are considered seasonal. 
 
From 30 to 50 miles the seasonal population maintains the same general concentration as it 
does within 30 miles.  Table 2.1-42 shows that Pike, Sullivan, Monroe and Wayne counties have 
rather high concentrations of seasonal population.  These counties are NW, NE, and E of the 
site.  The seasonal population for the area defined by a 50 mile radius from the site was 
weighted and incorporated in the Population Distribution (Tables 2.1-39 and 2.1-41 and Figures 
2.1-27 and 2.1-28) and Projections (Tables 2.1-35, 2.1-36, 2.1-37, 2.1-38, and 2 Figures 2.1-23, 
2.1-24, 2.1-25, 2.1-26), Ref. 2.1-15. 
 
Other sources of seasonal populations are daily visitors to attractions such as parks, wildlife 
refuges and national forests.  It is difficult to weigh the population due to these attractions since 
the length of stay is usually unknown.  Furthermore, persons who visit a park and hike or swim 
for the day are often from within the study area.  Thus, instead of there being a net increase of 
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persons in the study area, there may only be a redistribution of persons.  The station recreation 
area is estimated to have a peak daily attendance of 1,000 persons and a daily average of 300 
persons according to recreation personnel.  The nearest recreational area of a significant size is 
Ricketts Glen State Park, located approximately 15 miles north-northwest of the site and 
Nescopeck State Park about 12 miles east both in Luzerne County. (Ref. 2.1.16).  Attendance 
at these parks was not included because of possible counting of local residents who visit the 
parks. 
 
 
2.1.3.3.2  Daily Transient Population 
 
Persons who work at locations which are different than their residences constitute shifts in 
population during working hours.  Especially large employers or urban centers can result in 
substantial shifts in local population.  The Susquehanna site experiences daily shifts in 
population both into and away from the site area.  However, the resident population presents a 
conservative (high) estimate of the distribution of persons in the vicinity of the station since 
employment opportunities away from the site area (i.e., further than 5 miles) are greater than 
those within it.  Population shifts into the area occur as workers commute to the 13 industries 
which occur within 5 miles of the site.  These industries employ a total of 1,746 persons some of 
whom would be expected to reside in the site area (see Table 2.1-43, Ref. 2.1-17).  When one 
weighs the proportion of working hours to total hours in a week (40/160) the residential 
population increased by only 437 persons. 
 
Daily shifts in population away from the site would be expected to be greater than noted above 
due to the presence of a number of urban areas located nearby.  In Luzerne County, the City of 
Wilkes-Barre, located 21 miles to the northeast, is a major urban and employment center.  
Valmont Industrial Park, located near the City of Hazleton 15 miles southeast of the site, is 
another important employment center.  In Columbia County, Berwick Borough, located 5 miles 
to the southwest, and the Town of Bloomsburg, located approximately 18 miles to the west-
southwest, are the major employment and urban centers. 
 
 
2.1.3.3.3  Low Population Zone 
 
The distance of the Low Population Zone (LPZ), established for the Susquehanna SES in 
accordance with 10CFR100, is a three-mile radius from the center of exclusion area.  Radiation 
dose limits at LPZ are regulated by 10CFR50.67, Accident Source Term.  The estimated 
population in the LPZ in 2000 was 2,133 (Table 2.1-39).  Projected and existing population 
distribution data for distances up to 50 miles from the plant are on Tables 2.1-36, 2.1-38, and 
2.1-41, and Figures 2.1-24, 2.1-26 and 2.1-28. 
 
No schools, hospitals, state or municipal parks are located within the LPZ.  The plant recreation 
area is within the LPZ.  Five industrial plants, Leggett and Platt, Castek, PMC Lifestyle, and MP 
Metals and Tech Packaging are located within the LPZ.  These plants employ a total of 254 
persons who would contribute to the peak daily transient population.  Seasonal population and 
daily transient populations are discussed in Subsection 2.1.3.3.1. 
 
Some of the facilities and institutions beyond the low population zone within five miles of the 
station which because of their nature, may require special consideration when evaluating 
emergency plans include: campgrounds, at state gamelands, public schools, municipal 
buildings, swimming and boating operations, a miniature golf course, and a number of 
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industries.  Industries within five miles are identified in Table 2.1-43.  The State and county 
emergency management agencies have plans for notification of facilities and institutions within 
the 10-mile Emergency Planning Zone (EPZ) in the event of an emergency.  Also, State and 
local police departments will direct traffic in the event of an emergency.  It should be noted that 
portions of communities outside this 10-mile EPZ are included in emergency planning 
evacuation plans. 
 
2.1.3.4  Population Center 
 
The nearest population center as defined in 10CFR100 is the City of Wilkes-Barre, located 
about 21 miles northeast, which had a 1980 population of 55,551 and a 1990 population of 
47,523 and a 2000 population of 43,123 (Ref. 2.1-4).  It is part of the Scranton/Wilkes-
Barre/Hazleton Metropolitan Area.  See Section 2.1.3.2 for additional information. 
 
Subsection 2.1.3.3 discusses transient population. 
 
Tables 2.1-35, 2.1-36, 2.1-37, 2.1-38 and Figures 2.1-23, 2.1-24, 2.1-25, and 2.1-26 show 
population projections for the population around the Susquehanna site. 
 
Berwick, Pennsylvania is not likely to exceed 25,000 people and become the population center 
within the next 40 years.  Using population figures provided by the Columbia County Planning 
Commission (Ref. 2.1-18), Berwick’s population is projected to decrease by 1,071 persons 
between 2000 and 2020 (Table 2.1-44). The 2000 projection of 10,395 was within 379 people 
according to the 2000 census. 
 
2.1.3.5  Population Density 
 
Tables 2.1-45 and 2.1-46 show the comparison of cumulative population for the initial year of 
operation and final year of operation versus a cumulative population from a uniform population 
density of 500 people/sq. mile and 1000 people/sq. mile respectively. 
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Sector 
N 

Table Rev. 1 

0-1 Miles 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Miles 5-10 Miles 10 Mile Total 
12 29 49 71 1 937 1,575 3,313 

TABLE 2.1-39 

NNE 
NE 
ENE 

POPULATION DISTRIBUTION 
2000 

0-10 MILES 
DISTANCE (MILES) 

13 I 28 I 46 I 176 I 83 I 3,460 I 3,806 
17 28 46 64 126 3,347 3,628 
16 28 46 67 133 1 -840 2.130 

E 
ESE 
SE 

14 I 27 I 66 I 109 I 139 I 1,552 I 1,907 
16 35 79 111 142 2,288 2,671 
22 34 77 111 144 3.873 4.261 

SSE 
S 

29 48 61 90 161 2,505 2,894 
30 70 61 85 122 1,076 1,444 

sw 
wsw 
W 

30 I 89 I 120 I 418 I 1,043 I 771 I 2,471 
30 89 143 403 3,583 12,590 16,838 
29 54 63 137 167 2.019 2.469 

NW 
NNW 

86 I 1,077 I 1,320 
91 I 1.384 I 1.631 

67 I 
67 

13 I 29 I 48 I 
12 29 48 

Ref. 2.1-4 and 2.1-12 

TOTAL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

329 734 I 1.070 2.768 7.172 I 41.194 I 53.267 

FSAR Rev. 60 

53,267 

Page 1 of 1 

329 I 1,063 I 2,133 4,901 I 12,073 I 53,267 
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FIGURE  2.1-21

SITE VICINITY MAP

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



Security-Related Information
Figure Withheld Under 10 CFR 2.390

FIGURE 2.1-22

SITE AREA MAP

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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Start Historical 
 
 
2.2  NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES 
 
 
2.2.1  LOCATIONS AND ROUTES (See pages 2.2-2 and 2.2-16 for changes) 
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2.2.2  DESCRIPTIONS 
 
2.2.2.1  Description of Facilities 
 
Thirteen industries located within five miles of the Susquehanna SES are listed on Table 2.1-43 
along with their products and number of employees (Ref. 2.1.17).  None of these manufacturers 
stores any explosives or hazardous materials. 
 
The nearest industry to the site is Leggett and Plat (formerly Dura Bond) which is located 1.25 
miles northeast of the site.  The company does not use any explosive material.  It has a water 
well field one mile north of the site.  The Company employs 74 employees at this location 
(Ref. 2.2-3). 
 
There are approximately 25 industries located in Berwick Borough beyond the five mile limit, but 
within a distance of seven miles from the site.  The two largest employers are Wise Potato Chip 
Company with 800 employees, and Deluxe Homes with 250 employees.  The remaining 
industries are mainly manufacturers of apparel and other finished products.  None of these 
industries located beyond five miles uses or stores any explosive or hazardous materials. 
 
 
2.2.2.2  Descriptions of Products and Materials 
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End Historical 
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2.2.2.3  Pipelines 
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Start Historical 
 
2.2.2.4  Waterways 
 
Navigation, except for recreational boating, is negligible on the Susquehanna River.  Therefore, 
no commercial traffic occurs in the vicinity of the Susquehanna SES.  Only recreational boating 
and sports fishing occur in the vicinity of the Susquehanna SES (Ref. 2.2-4). 
 
 
2.2.2.5  Airports 
 
The Hazleton Municipal Airport is located 12 miles southeast of the site is the closest airport.  
The airport serves private and corporate airplanes.  The airport has one paved runway with a 
length of 4,988 feet with an east-west orientation.  The flying pattern is a normal left hand 
pattern.  The number of operations over the last 10 years have significantly decreased from 
earlier estimates because commercial flights were discontinued (Ref. 2.2-5). 
 
The Wilkes-Barre Scranton Airport located 28 miles northeast of the site handles single wheel, 
dual wheel and dual tandem wheel airplanes.  The types of commercial aircraft using the airport 
are Boeing 727s, BAC-111s and DC-9s.  The airport has three asphalt paved runways.  The 
length of the longest runway (Runway 4-22) is 7,500 feet.  The restricted maximum weight is 
110,000 pounds for single wheel loads, 169,000 pounds for dual wheel loads, and 300,000 
pounds for dual tandem wheels.  The lengths of the two remaining runways are 4,497 and 3,699 
feet.  The orientation of the runways are as follows:  4-22-SSW to NNE; 10-28-E to W; 16-34-
NNW to SSE.  The airport is so distant from the site that approach and holding patterns do not 
pose a hazard to the plant. 
 
The number of operations conducted at the airport in 1990 was 67,200.  Operations in 1990 
were approximately 11,000 below the 1973 number and significantly below the 1975 airport 
forecast for 1995 total operations of 167,400 (Ref. 2.2-6). 
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Federal Vortac airways passing near the site are: 
 
V-499 3.0 miles (West) – Lancaster, Pa./ Binghampton, NY 
V-106 3.5 miles (Southeast) – Wilkes-Barre-Scranton, Johnston, PA 
V-164 6.7 miles (Southwest) – Allentown/Williamsport, PA 
V-232 9 miles (South) – Newark, NJ/Cleveland, OH 
V-188/226 13 miles (North) – Wilkes-Barre-Scranton/ Williamsport, PA 
 
The distances to the site are measured from the map centerline of the route, as given in the 
standard aeronautical map (New York Sectional). 
 
 
2.2.2.6  Projections of Industrial Growth 
 
Commonwealth employment forecasts for textile and apparel manufacturing for the Bloomsburg 
- Berwick and Wilkes-Barre - Hazleton Labor Market Areas indicate negligible industrial 
expansion.  Employment is projected to increase 5.1% in textile manufacturing and 14% in 
apparel manufacturing from 1970-1990 in the Berwick - Bloomsburg Labor Market Area.  For 
the same period of time in the Wilkes-Barre - Hazleton Labor Market Area, employment is 
projected to decrease by 40% in textile manufacturing and to increase 6.2% in apparel 
manufacturing (Ref. 2.2-7). 
 
 
2.2.3  EVALUATION OF POTENTIAL ACCIDENTS 
 
Potential accidents in nearby transportation, industrial, and military activities are reviewed in this 
section to evaluate whether their effects at the site might be of serious consequence to nuclear 
safety, with an annual probability of occurrence exceeding 107.  For events such as truck 
accidents where a probability has not been estimated, it is shown that should the event occur no 
consequence of critical magnitude with respect to nuclear safety would be induced at the plant. 
 
 
End Historical 
 
 
2.2.3.1  Determination of Design Basis Events 
 
2.2.3.1.1  Explosions 
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2.2.3.1.1.1  Hydrogen Water Chemistry Storage Tank Farm 
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2.2.3.1.2  Flammable Vapors 
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2.2.3.1.2.1  Twelve-Inch Natural Gas Pipeline 
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2.2.3.1.2.2  Twenty-Four Inch Natural Gas Pipeline 
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2.2.3.1.2.3  Thirty-Six and Forty-Two Inch Natural Gas Pipeline 
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2.2.3.1.2.4  Propane Carriers 
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2.2.3.1.2.5  Sixteen Inch Natural Gas Pipeline 
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2.2.3.1.3  Toxic Chemicals 
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2.2.3.1.4  Fires 
 
Fires which could result in smoke clouds at the site may arise from brush and forest fires, oil 
spills from adjacent pipelines, and transportation accidents.  A fire from a natural gas pipeline 
could result in a transient radiant heat flux of very short duration (a few seconds) if the flame 
front were as close as 1,500 feet.  However, the condition is not sustainable and would become 
limited to about 2,000-3,000 feet from the point of pipeline rupture. 
 
An oil fire from a pipeline rupture at the river, followed by ignition of a pool of floating oil could 
produce 1.5 Kg/second of particulates for each 1,000 barrels per hour of fuel consumed in open 
area burning.  For pool or choked burning, i.e., sooting conditions, the particulate generation 
could reach 10 Kg/second.  Maximum smoke concentration at the site could reach 250 
milligrams/cubic meter.  No radiant heat problem at the site would be expected, since firefighting 
equipment would normally be able to use the road between the site and river bank.  However, 
the on-site fire brigade would respond to any fire at the intake location.  The fire hydrant and 
hose located at the intake would be used to mitigate the effects of the potential radiant heat 
associated with an oil fire at the river. 
 
The usual failure mode of oil pipelines, the distances to structures containing safety related 
equipment, and the nature of oil spills on rivers minimize the potential of an oil fire impacting 
Susquehanna SES.  However, as a worst case, it could be assumed that the pipeline will 
continue to flow for one half hour after the rupture.  Since the maximum flow rate in the Sun 
Pipeline (the closest oil pipeline to the site) is 800 barrels per hour, this would produce a spill of 
400 barrels plus the amount remaining in the pipeline up to the points of shutoff in each 
direction.  This distance would be about 3/4 of a mile in the near direction and about 8 miles in 
the far direction, if it is assumed that pipeline rupture occurs at the shutoff point closest to the 
site.  For 6.625 inside diameter line, this gives a volume of approximately 1970 barrels.  When 
added to the 400 barrels for the amount spilled before shutoff, we have a total worst case spill of 
2370 barrels. 
 
The fire would basically burn until the spill was shutoff, 1/2 hour under the worst case 
conditions.  However, it may be that the spill, if it reaches the Susquehanna River, might spread 
out on the surface of the river and continue to burn until the spill thickness passes below some 
minimum which will no longer sustain combustion.  Under the worst case circumstances, the 
thickness of the slick by the area over which the spill will spread can be estimated.  A well-
recognized formula for this spreading is: 
 

14)-2.2 (Ref.10 4/35 vxA =
 
where A is the spill area in square meters and V is the spill volume in cubic meters.  The 
thickness is then estimated by dividing the volume by the spill area.  For the aforementioned 
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worst case 2370-barrel spill, the formula gives a thickness (at maximum spread) of only 4.2 x 
10-3 centimeters.  At a typical burning rate of one inch per hour, this thickness would be 
consumed in less than 10 seconds.  Therefore, it would appear that a spill from the Sun Pipeline 
would not be able to burn for much longer than the 1/2 hour maximum flow time until shutoff.  
This evaluation assumes the oil is spilled on a calm lake.  The postulated exposure and the 
chance for ignition would be minimized by the river flow. 
 
The gas line would not create any smoke problem, but could ignite brush or forest areas.  
Combustible cover to the northwest of the plant is heavy along Lee Mountain, 3,200 acres at 
about three miles distance, and over a low ridge north of the plant boundary, 250 acres at one 
mile.  The smoke particulate load estimated from a fire consuming 40 acres per hour (low wind 
condition, associated with atmospheric stagnation) would be at 210 Kg total particulates per 
hectare (EPA-42, Factors for Atmospheric Emissions), 160 and 22 milligrams/cubic meter for 
fires at one and three miles, respectively. 
 
 
2.2.3.1.5  Collisions with Intake Structure 
 
The Susquehanna River is not used as a navigable waterway for other than small recreational 
boats, which do not constitute any hazard potential to the intake structure. 
 
 
2.2.3.1.6  Liquid Spills 
 
Petroleum spills could occur from a pipeline rupture near the Susquehanna River and float on 
the river surface at the river water makeup line intake.  The intake is underwater, so oil would be 
excluded from entry into the intake line.  The most severe condition would occur at the design 
low water condition with water surface at 483.5 feet MSL.  The water intake would still be 
submerged one foot.  Intake flow velocity would be between 0.5 and 0.7 foot/second, remaining 
below the value of about 1.0 foot/second, at which the surface layer in flow stagnation against 
the debris lip might begin to be drawn down into the intake.  In Subsection 2.4.11, a more 
severe condition was considered; namely, the low flow level with strong wind blowing away from 
the intake.  Under this latter hypothesis, however, floating oil would also be blown away from the 
intake. 
 
 
2.2.3.1.7  Subsurface Gas and Waste Storage 
 
The unconsolidated Quaternary deposits in the vicinity of the Susquehanna SES are unsuitable 
for storage or disposal.  While  storage in unconsolidated strata is feasible, the thickness and 
extent of the Quaternary strata in the site area is insufficient.  For example, with regard to 
aquifer storage of natural gas, the minimum depth of overburden necessary to maintain 
adequate deliverability at the well head is about 500 ft., while depths in excess of 1500 ft. are 
desirable for an efficient operation. 
 
As discussed in Subsection 2.4.13, none of the bedrock formations in the site vicinity have a 
high primary transmissivity.  Both the primary porosity and permeability of these well 
consolidated rocks are generally low.  Ground water utilization is dependent upon secondary 
permeability developed through tectonic fracturing and jointing or solution processes.  Thus, 
while the anticlinal structure in the site vicinity may provide geometry suitable for aquifer storage 
or disposal, no suitable reservoir strata are known to be present. 
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Deep well injection into fracture porosity zones in impermeable rock might be considered as a 
potentially feasible method of waste disposal in the site vicinity.  However, based on existing 
literature and considering current technology, this method of disposal is the least desirable.  
Reservoir strata with some degree of primary permeability are preferred (Ref. 2.2-15). 
 
It is believed that the Precambrian basement, at depths in excess of 30,000 feet in the vicinity of 
the Susquehanna SES, does not contain the Fold and Thrust Belt Fracture System (Subsection 
2.5.1.1.3).  The nature and extent of any fracturing in these rocks is known.  Recent advances in 
drilling technology suggest that the technical capability to construct a disposal well at depths in 
excess of 30,000 feet may be available in the near future.  In the U.S. there has been at least 
one instance of disposal of chemical waste into Precambrian age crystalline rock (Ref. 2.2-16).  
However, rocks of this type with transmissibilities dependent solely on fracture porosity are not 
generally considered to be suitable storage or disposal reservoirs (Refs. 2.2-17, 2.2-18 and 
2.2 19). 
 
A discussion of the potential hazard resulting from a subsurface storage facility would be 
dependent upon the type of facility and the type of material being stored.  In view of the low 
potential for the development of such a facility in the near vicinity of the Susquehanna SES, a 
discussion of potential hazard is unwarranted. 
 
 
2.2.3.2  Effects of Design Basis Events 
 
No offsite accidental conditions were identified as constituting a design basis event. The plant is 
sufficiently removed from local transportation to avoid critical problems with explosions, toxic 
gases, flammable vapors, and fire.  The water intake is designed to exclude floating oil.  There 
are no identifiable nearby industrial or military activities which constitute design basis hazards. 
 
Potential hazard associated with onsite storage and usage of industrial gases has been 
considered in the control room ventilation design. 
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2.3  METEOROLOGY 
 
 
2.3.1  REGIONAL CLIMATOLOGY 
 
2.3.1.1  General Climate 
 
The climate of east central Pennsylvania is on the border of Koeppens' "snow forest" and 
temperate rainy climate (Ref. 2.3-1).  There is considerable snow during the winter and relatively 
hot humid summers with precipitation distributed evenly throughout the year. 
 
This region is repeatedly affected by interactions between warm, moist maritime tropical air 
masses and cool, dry continental polar air masses.  The polar air masses are the dominant 
influence in the winter while tropical air masses predominate in the summer.  Maritime polar air 
masses are also common in a highly modified form from the Pacific or directly from the North 
Atlantic.  The North Atlantic air masses which are cool and humid are usually associated with 
approaching warm fronts and "back door" cold fronts. 
 
The weather systems which affect east central Pennsylvania are generally of non-tropical origin.  
The storm tracks of less than 7% of all North Atlantic tropical cyclones enter Pennsylvania 
(Ref. 2.3-2).  Systems which produce precipitation are divided into 3 groups.  Cold fronts, trailing 
from cyclones passing to the north, occurring throughout the year, are the primary source of 
summer precipitation in the region.  A second type of disturbance that produces precipitation in this 
area is the coastal low, originating in the Gulf of Mexico or in the Cape Hatteras region, which 
moves NNE along the coast.  The greatest snowfalls in east central Pennsylvania are associated 
with this type of system.  Major extra-tropical cyclones originating in the Gulf of Mexico, Texas 
Panhandle, or the lee of the Rockies which move northeast or east frequently give the region light 
or moderate snowfalls and rain.  Tropical cyclones occasionally affect the region but very rarely 
retain hurricane force so far inland.  Record rainfalls are often associated with decaying tropical 
cyclones. 
 
Tornadoes seldom occur in Pennsylvania and those which cause severe damage or loss of life are 
rare. 
 
The monthly average winds are westerly (Ref. 2.3-3).  The wind in the region is constrained by the 
general direction (ENE-WSW) of the ridge and valley topography.  Wind speeds in the region are 
light to moderate with monthly averages less than 10 mph. 
 
Average temperatures range between 72oF in the summer and 25oF in the winter with extremes of 
101oF and -21oF.  Relative humidity is usually greater than 50%, often greater than 85% 
(Ref. 2.3-3a). 
 
The Wilkes-Barre Scranton Airport at Avoca, Pennsylvania approximately 45 km northeast of the 
site, is the nearest National Weather Service Station.  Based upon "STAR" summaries for the 
years 1971-1975 neutral stability conditions predominate at Avoca with Class C, D, and E 
occurring approximately 9, 59, and 13 percent of the time, respectively (Ref. 2.3-4). 
 
The diffusion climatology of the region is generally good due to the prevalence of moderate wind 
speeds at most times.  Occasional stagnant situations occur during the late summer and autumn 
when anticyclones stall over the northeastern U.S.  It should also be noted that the plant’s location 
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in the Susquehanna Valley can cause different stability conditions than those found concurrently at 
the top of the surrounding mountains or plateaus. 
 
 
2.3.1.2  Regional Meteorological Conditions for Design and Operating Bases 
 
2.3.1.2.1  Hurricanes 
 
Hurricane winds seldom affect the area because of the rough terrain and the distance of the region 
from the ocean.  Recently, Hurricane Agnes (June 1972) resulted in the worst natural disaster to hit 
the region because of the excessive precipitation it produced.  Record flooding was recorded along 
the Susquehanna River.  At Wilkes-Barre, 25 miles upstream from the site, the river crested on 
June 24 at a height of 40.91 feet, almost 8 feet above the previous record.  Rainfall at Avoca, 
Pennsylvania for the period of Hurricane Agnes (June 21-22) was 3.10 inches.  On August 18-19, 
1955 the rainfall associated with Hurricane Diane was 4.58 inches (Ref. 2.3-3). 
 
A tabulation of North Atlantic tropical cyclones with centers passing within 75 and 150 nautical 
miles of the Susquehanna site is presented in Table 2.3-1.  The significance of these two distances 
is that points that lie within 75 to 150 nautical miles from the center of a hurricane may receive 
some heavy rainfall whereas points that lie between 0 and 75 nautical miles from the center of a 
hurricane are very likely to receive heavy rainfall.  The frequency and recurrence interval of 
hurricane centers passing within 75 and 150 nautical miles is, respectively, 0.08 per year with an 
interval of 12 years, and 0.20 per year with an interval of 5 years (Ref. 2.3-2). 
 
 
2.3.1.2.2  Tornadoes 
 
The incidence of tornadoes in the site area is very low.  Between the years 1950 and 1973 only 
38 tornadoes were reported within 50 miles of the site.  Tornado activity is at a maximum during 
the summer months with most tornadoes occurring in the late afternoon or evening.  Figure 2.3-1 is 
a histogram for the years 1953-1962 showing tornado frequency by month, hour, and intensity 
within a 3° by 3° square which is centered on the site.  The intensity categories are based on the 
Fujita tornado intensity classification (Ref. 2.3-5).  From Figure 2.3-1 it can be seen that maximum 
tornado occurrence is in the summer.  Diurnally, tornado frequency reaches a maximum during late 
afternoon, shortly after the period of greatest instability.  For the period from 1950-1997, there were 
5 tornadoes officially reported in Columbia County and 13 tornadoes officially reported in Luzerne 
County (Ref. 2.3-5a). 
 
 
2.3.1.2.3   Thunderstorms 
 
Thunderstorms in the area are usually of brief duration and concentrated in the warm months.  
They are responsible for most of the summertime rainfall which normally averages around 
3.7 inches per month at Avoca, Pennsylvania.  Based on a 19 year average at Avoca the mean 
number of "days with thunder heard" is 30 (Ref. 2.3-3).  A monthly breakdown of the mean number 
of thunderstorm days that is representative of the site is shown in Table 2.3-2. 
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2.3.1.2.4  Lightning 
 
There is neither documentation nor direct measurement of the occurrence of lightning other than 
the observation of associated thunder.  Local climatological data tabulated by the National Weather 
Service (Ref. 2.3-3) does not provide information regarding the incidence, severity, or frequency of 
lightning occurrences.  A thunderstorm can usually be heard unless the lightning causing the 
thunder is more than 15 miles away; therefore, thunder incidence can presumably be used to 
confirm the presence of some lightning. 
 
The number of lightning strikes per square mile per year has been established by Uman 
(Ref. 2.3-6).  The combined results of several studies summarized by Uman indicate that the 
number of flashes to the ground per square mile per year is between .05 and .80 times the number 
of thunderstorm days per year.  The mean number of days with thunderstorms probably 
overestimates the actual occurrence of cloud-to-ground lightning since some thunderstorms 
probably contain only cloud-to-cloud lightning.  Therefore, if the annual thunderstorm frequency at 
Avoca is used (30 days), the number of ground lightning strikes is between 2 and 24. 
 
 
2.3.1.2.5  Hail 
 
Hail in the site region sometimes falls from severe thunderstorms.  Because hail falls in narrow 
swaths, only a small fraction of occurrences is recorded at regular reporting stations.  The average 
annual number of days with hail at a point in the area is 23 (Ref. 2.3-7).  The occurrence of large 
hail (greater than 3/4 inch diameter) averages 1 or 2 occurrences annually.  According to Pautz 
(Ref. 2.3-7) the number of hailstorms with hail 3/4 inch and greater by 1-degree longitude-latitude 
squares was about 5 in the vicinity of the site for the period 1955-1967.  For Avoca, Pennsylvania 
from 1973-75 there was one hailstorm each June, and one each in July of 1973 and 1974.  In 1975 
there was also one hailstorm in August and one in October.  There were no occurrences of hail 
recorded in 1976 at Avoca (Ref. 2.3-3). 
 
 
2.3.1.2.6  Extreme Winds 
 
Strong winds occur in Pennsylvania as a result of the remnants or outer fringes of tropical systems, 
occasional hurricanes, thunderstorms, and tornadoes.  The following is the fastest mile of wind and 
its associated direction, by month, at Avoca, Pennsylvania (1955-1976) (Ref. 2.3-3). 
 

FASTEST MILE OF WIND
 

Month mph Direction Month mph Direction
January 43 SE July 42 NW 
February 60 W August 50 NE 
March 49 S September 38 SW 
April 47 NW October 38 E 
May 40 NW November 45 S 
June 43 W December 47 SW 

 
The 50-year and 100-year mean fastest mile wind speeds for the site area are 75 miles per hour 
and 80 miles per hour, respectively (Ref. 2.3-8).  According to Pautz, there were 8 windstorms 
50 knots and greater for the 1 degree latitude-longitude square that includes the Susquehanna site 
for the period 1955-1967 (Ref. 2.3-7). 
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The gust factor was calculated as 1.3 from the following equation (Ref. 2.3-9). 
 

 
)V00256(.K

GG 2
z
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F =  

 
Where 
 

GF is the gust factor to be applied to the fastest mile wind speed at 10 m above the 
ground. 

 
 KZ is the velocity pressure coefficient at 10 m (.52). 
 
 V is the speed of the 100 year return period fastest mile wind (80 mph). 
 
 Gf is the velocity pressure (11.5). 
 
 
2.3.1.2.7  Freezing Rain 
 
Freezing rain can occur in the late fall, winter, and early spring.  During the 50 years from 
1919-1969 there were 4 occurrences of ice accumulation of 1 inch.  The probability of an ice storm 
accumulating at least 1 inch in any year in the Northeast region of the U.S. is .24 (Ref. 2.3-10).  At 
Avoca, Pennsylvania from 1973-1976 there were 57 days with freezing rain, 21 in January and 18 
in February.  There were nine occurrences each in March and December during that period.  The 
duration of these phenomenon never exceeded 12 hours and was usually less than 3 hours 
(Ref. 2.3-11). 
 
 
2.3.1.2.8  Duststorms 
 
Because the soil in Pennsylvania is usually moist all year the likelihood of a duststorm is small 
(Ref. 2.3-12).  There were no recorded duststorms for the period 1972-1976 at Avoca, 
Pennsylvania (Ref. 2.3-11). 
 
 
2.3.1.2.9  High Air Pollution Potential 
 
The meteorological conditions that are generally conducive to high air pollution potential are light 
winds, stable boundary layers, and near surface based inversions.  Holzworth (Ref. 2.3-13) studied 
the episodic occurrence of several limited dispersion conditions at each of 62 upper air stations in 
the United States.  He considered episode durations of at least 2 days and at least 5 days.  Twelve 
different limited dispersion conditions were used to define each episode.  Each condition was 
defined by a different combination of mixing height and wind speed.  Intermediate limiting 
conditions of mixing heights less than or equal to 1500 m and wind speeds 4.0 m sec-1 or less with 
no significant precipitation during episodes lasting at least 2 days are of interest because such 
criteria have been used as criteria by the National Pollution Potential Forecasting Program (Ref. 
2.3-13).  The approximate number of episode-days at the site area is 25 in 5 years.  This is much 
less than in the western half of the country and less than most of the East.  Table 2.3-3 presents a 



SSES-FSAR 
Text Rev. 61 

FSAR Rev. 69 2.3-5 

summary of the data at stations presented by Holzworth which are closest to the site.  Days with 
high air pollution correlate to days with minimum low level atmospheric mixing and dispersion. 
 
 
2.3.1.2.10  Snowpacks 
 
Severe snowstorms are not frequent in the area.  Snowfall averages between 40 and 50 inches a 
year in the site region.  At Avoca, Pennsylvania the extreme 24-hour snowfall was 20.5 inches in 
November, 1971 but the greatest snowfall of record was 21.1 inches over a 29 hour period in 
January, 1964.  The extreme seasonal snowfall was 76.8 inches in 1969-1970 (Ref. 2.3-3). 
 
The 100 year mean recurrence interval snow load on the ground is 122.02 kgm-2 (25 lbs ft-2) 
(Ref. 2.3-9).  The 100 year mean recurrence snow depth for Avoca, Pennsylvania is 28.6 inches 
(Ref. 2.3-15). 
 
Assuming the maximum probable winter precipitation falls on top of the 100 year mean recurrence 
interval snowload yields a conservative estimate of the maximum probable combined snowload. 
 
Assuming that the 100 year mean recurrence interval snowload occurs during January, which has 
the lowest average monthly temperature and the greatest snowfall of record, the weight of the 
48 hour probable maximum winter precipitation for January must be added to it.  The weight of the 
48 hour probable maximum winter precipitation for January is 287.0 kg m-2 (59 lbs ft-2) 
(Ref. 2.3-14).  Thus, the weight of the probable maximum combined snowload at ground level is 
409.02 kg m-2 (84 lbs ft-2). 
 
 
2.3.1.2.11  Design Basis Tornado 
 
The development of a Design Basis Tornado (DBT) follows the premise that the probability of 
occurrence of a tornado exceeding the DBT should be on the order of 10-7 per year (Ref. 2.3-16).  
The 10-7 per year design tornado was determined for a 3o latitude by 3o longitude area 
encompassing the site.  The tornado path lengths and widths in the area of interest were used in 
the probable calculation. 
 
The first step in the procedure is the computation of the geometric probability which is given by the 
following equation: 
 
 )A/a(nP s =  (Eq. 2.3-1) 
 
where Ps is the mean annual probability of a tornado striking a point, 

_
n is the mean number of 

tornadoes occurring within the area A per year, and "a" is the mean path area determined from the 
log-normal distribution. 
 
The design basis wind speed is one which satisfies the condition PsPi < 10-7 yr-1 where Pi is the 
acceptable intensity probability and is determined from the plot of cumulative F-scale intensity 
frequencies on log-probability paper.  The F-scale is an estimate of tornadic wind speed range 
based upon damage inspection and has been compiled for the years of 1971 and 1972 
(Ref. 2.3-17). 
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The average rate of pressure drop within the radius of maximum winds is determined by: 
(Ref. 2.3-19) 
 

 
r2
pT = 

dt
dp

m

Δ
 (Eq. 2.3-2) 

Where: 
 
 Δp = pressure change 
 t = time 
 T = translational speed 
 rm = radius rotational wind speed = 150' 
 
The total pressure drop, p, is determined by the application of the cyclostrophic wind equation: 
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where Vm is maximum rotational wind speed and is the density of air (1 x 10-3 gm/cm3). 
 
The region from which tornado path length and width statistics were selected was between 75o to 
78o longitude and 40o to 43o latitude; approximately centered on the site location.  Of the 
63 tornadic events thirty four values of path length and width were found for the period 1950-1973 
based upon the National Severe Storms Forecast Center's tornado tape. 
 
The geometric probability is calculated by substituting the following parameters into Equation 2.3-1: 
 
Where, 
 
 a = 0.388 mi2 
 
 A = 32,265 mi2 
 
 n  = 63/24yr = 2.625 yr-1 
 
 Ps = 3.157 x 10-5 yr-1 
 
and Pi = 3.168 x 10-3 yr-1 
 
This results in a design wind speed of 260 mph for a probability of 10-7 yr-1 (Ref. 2.3-19).  The value 
of "a" is conservative in comparison with a value of .26 mi2 for the combined states of Pennsylvania 
and West Virginia and .37 mi2 for New York state for the period 1953-1972 (Ref. 2.3-18).  Although 
the value of "a" was based on only 34 of the 63 tornadoes it was conservatively assumed that all 
63 tornadoes had a mean path area of 0.388 mi2.  In this region, the highest tornadic intensity was 
F 2 or 157 mph.  Thus, the 260 mph design wind speed is conservative with respect to the local 
historical record. 
 
The rate of pressure drop and the total pressure drop are determined directly from Equations 2.3-2 
and 2.3-3, respectively.  The maximum translational wind speed was interpolated from the Region 
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II and Region III values (Ref. 2.3-16).  The design basis parameters calculated for the 
Susquehanna Steam Electric Station are (Ref. 2.3-19): 
 

Total  Rotational Maximum 
Maximum  Wind Translational

Wind Speed  Speed Speed 
  

260  205 55 
  
  

Minimum  Total Rate of 
Translational  Pressure Pressure 

Speed  Drop Drop 
  

5 mph  1.9 psi 0.9 psi/sec
 
 
The actual design basis parameters that were used for the Susquehanna design are presented in 
Section 3.3. 
 
 
2.3.1.2.12  Ultimate Heat Sink 
 
An analysis of the ultimate heat sink is presented in Section 9.2 of the FSAR. 
 
This analysis is based on 11 years of meteorological data collected on site as well as 34 years of 
meteorological data collected at Avoca Airport near Scranton, Pennsylvania. 
 
A computer-aided search was done for both data bases to determine two periods of time for use as 
the Ultimate Heat Sink design meteorology.  One was chosen such that the ability to cool sprayed 
water is minimized (minimum heat transfer case).  The other was chosen such that the potential for 
water loss is maximized (maximum water loss case).  The selection of this meteorology is 
discussed further in Subsections 9.2.7.3.5 and 9.2.7.3.7. 
 
 
2.3.2  LOCAL METEOROLOGY 
 
2.3.2.1  Normal and Extreme Values of Meteorological Parameters 
 
2.3.2.1.1  Wind 
 
The following data sources were used as the basis of this section:  long-term data from 
Wilkes-Barre Scranton Airport at Avoca, Pennsylvania (Ref. 2.3-3), four years of data (1973-1976) 
collected at the 31.5 and 300 feet levels and five years of data (1999-2003) collected at the 10 m 
and 60 m levels of the Susquehanna meteorological tower located at the site. 
 
The Avoca station is located about 30 miles northeast of the Susquehanna site.  It is reasonably 
representative of the site due to their close proximity to one another and similar topography. 
 
Table 2.3-6 is a summary of long-term wind data for Avoca (Ref. 2.3-3).  It shows the annual 
average speed is 8.4 miles per hour and the prevailing direction is southwest.  The monthly 
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average wind speeds are greatest in the spring (9.6 mph in April) and lowest in the late summer 
(7.2 mph in August).  The prevailing wind direction is SW or WSW for every month except March 
when it is NW.  Table 2.3-7 is a similar summary for the on-site data. 
 
Lower level (31.5 feet) data from the Susquehanna site for the 4 year period show an average wind 
speed of 4.45 mph (1.99 m/sec).  The prevalent direction over the 4 years was the WSW closely 
followed by W.  The ENE direction presents a secondary maximum in frequency of occurrence. 
 
Tables 2.3-8 through 2.3-16 provide wind persistence data for the Susquehanna site on an annual 
basis, at the lower level, for each stability class, all classes combined, and all stable classes. 
 
The joint frequencies of wind speed, direction, and stability at both the lower and upper levels were 
updated in 2005 to use the 5 year period (1999 – 2003) are found in Tables 2.3-75 through 2.3-91.   
 
The overall southwest to northeast orientation of topographic ridge lines in the SSES vicinity has a 
profound influence on the low level winds.  At Avoca, PA, the mean annual wind direction is from 
the southwest.  At the SSES site, the predominant wind directions measured at the 10-meter level 
are from the east-northeast and from the southwest.  The Susquehanna River Valley orientation 
effectively funnels a localized, low level wind flow up or down the valley.  The river valley 
environment is also favorable for stable meteorological conditions in the lowermost portion of the 
atmosphere characterized by little to no wind and the presence of fog.  This is most prevalent 
during the overnight hours.  The river valley influence on atmospheric stability at the SSES site 
makes stability conditions unique and often quite different when compared to stability conditions at 
Aroca. 
 
 
2.3.2.1.2  Temperature and Atmospheric Water Vapor 
 
Table 2.3-17 presents the long-term monthly average and extreme temperatures for Avoca, 
Pennsylvania.  July is the warmest month with a long-term average maximum temperature of 
82.2oF, an average minimum temperature of 61.8oF, and a mean of 72.0oF.  The coolest month is 
January, having an average temperature range of 32.3oF to 17.7oF and a mean temperature of 
25.0°F.  The average annual diurnal variation is 18.1oF (Ref. 2.3-3a). 
 
East Central Pennsylvania experiences the temperature extremes associated with mid-latitude 
traveling low pressure disturbances.  The temperature extremes at Avoca, Pennsylvania are 101oF 
in July of 1966 and -21oF in January, 1994.  Average Avoca, Pennsylvania dewpoint and relative 
humidity data are contained in Table 2.3-18 (Ref. 2.3-3a). 
 
At the Susquehanna site during the period 1973-1976 dry bulb temperatures ranged from a high of 
34.3oC (94oF) to a low of -20.9oC (-6oF).  The average temperature was 9.3oC (49oF).  July had the 
highest average temperature 20.3oC (69oF) while January had the lowest with -2.1°C (28oF).  The 
average wet bulb temperature was 6.9oC (44oF) with the months of July and August averaging 
17.7oC (64oF).  The average relative humidity was 70% with the month of August averaging 82%.  
A summary of the site data is presented in Tables 2.3-19 through 2.3-32. 
 
For the period of 1981-1996, the maximum SSES average hourly temperature of 37.8°C (100°F) 
occurred on July 16, 1996.  The minimum average hourly temperature at SSES for this period was 
–30.8°C (-23.1°F) on January 21, 1994. 
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2.3.2.1.3  Precipitation 
 
The region surrounding the Susquehanna site has a moderately moist climate averaging just over 
36 inches of rainfall per year spread quite evenly over all months of the year.  There is a slight 
maximum during the summer when there is a greater effect of tropical air masses and 
thunderstorms.  The average monthly and maximum 24-hour precipitation for Avoca, Pennsylvania 
are given in Table 2.3-33.  The greatest 24-hour rainfall amount reported at Avoca, Pennsylvania 
was 6.52 inches in September 1985, associated with the remnants of Hurricane Gloria.  The 
greatest 24-hour snowfall, 20.5 inches occurred with the Thanksgiving Day storm of November 
24-25, 1971, but the greatest snowfall of record was 21.1 inches over a 29 hour period on January 
12-13, 1964 (Ref. 2.3-3). 
 
Table 2.3-34 presents the expected rainfall by duration and recurrence intervals for the area 
around the Susquehanna site as compiled by the National Weather Service (Ref. 2.3-20).  The 
probable maximum precipitation for various rainfall duration in East Central Pennsylvania by area 
size is presented in Table 2.3-35.  Assuming 10 square miles is most representative of the power 
plant site, the probable maximum rainfall ranges from 25 1/2 inches in 6 hours to 36 1/2 inches in 
72 hours (Ref. 2.3-21).  The rainfall rate distribution curves are presented for Scranton, 
Pennsylvania in Figure 2.3-2.  The 100 year return period rainfall rate is 2.5 inches for a 1 hour 
period. 
 
Table 2.3-36 presents the summary of on-site precipitation data for the 4 year period.  The site 
averaged a total of 47.83 inches annually with the greatest occurring in September (7.54 inches) 
and the minimum in December (2.21 inches).  Data on the rainfall frequency, and duration of 
precipitation for the Susquehanna site are presented in Tables 2.3-37 through 2.3-49 by month and 
for the 4 year period.  Precipitation wind roses are presented by month and for the total period in 
Tables 2.3-50 through 2.3-62. 
 
 
2.3.2.1.4  Fog and Smog 
 
At Avoca, Pennsylvania between the years of 1973-1976 there was an average of 86 days of haze 
and smoke reported.  Most of the days were in the summer months.  Over the same period, the 
three hourly observations of fog averaged 250 for a year.  Fog was usually observed with rain or 
snow and most often in the early fall months.  The average number of days with heavy fog for the 
period was 21.  Table 2.3-63 presents the heavy fog occurrences at Avoca, Pennsylvania for 
recent years.  Based on National Weather Service data from Avoca, Pennsylvania from a 22 year 
period, heavy fog (visibility 1/4 mile or less) occurs 24 times per year.  No on-site data on fog, or 
haze, is available. 
 
 
2.3.2.1.5  Stability 
 
Atmospheric stability at the Wilkes-Barre Scranton airport based on STAR data for the period 
1971-1975.  The STAR data for the period 1971-1975 were selected because they represented the 
most recent five year period which was available at the time and the fact that a five year period of 
record is generally regarded as being representative of long-term meteorological conditions.  The 
1971-1975 period also shows the prevailing direction to be from the SW at an average speed of 8.5 
mph.  STAR data for the fire year period 1960-1964 also show that the prevailing wind direction is 
from the SW at an average speed of 6.7 mph.  For a 22 year period of record the prevailing wind 
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direction was SW at an average speed of 8.4 mph.  The relative stability distribution of these two 
five year periods are: 
 

Pasquill 
Stability Class 1960-64 1971-75 

A 0.41 0.32 
B 5.27 4.84 
C 10.04 8.92 
D 54.27 58.64 
E 12.36 13.09 
F 13.05 11.16 
G 4.60 3.01 

 
The seasonal occurrence of E and F stabilities are given below for the 1971-75 period: 
 

SEASONAL OCCURRENCE (%) OF E AND F STABILITIES 
 
 Winter Spring Summer Autumn 

E 12.3 12.0 14.9 12.9 
F 8.5 8.9 14.0 13.0 

 
Tables 2.3-64 to 2.3-71 are annual stability summaries by wind speed and direction from Avoca, 
Pennsylvania data for the years 1971 through 1975 (Ref. 2.3-4).  The analytical technique for 
classifying stability is based upon three hourly observations and is dependent primarily upon net 
solar radiation and wind speed.  For the entire period neutral and sightly stable most often occur.  
The on-site stability summaries by wind speed and direction are presented in Tables 2.3-75 
through 2.3-91. 
 
Studies by Holzworth (Ref. 2.3-33) indicate that for Northeastern Pennsylvania unstable conditions 
(A, B, C) occur 16-25 percent of the time while neutral (D) conditions prevail 46-55 percent of the 
time and stable conditions (E, F, G) occur 26-35 percent of the time.  For the 4 year period 
1973-1976 the on-site data showed the following stability frequencies:  Pasquill class A-16 percent, 
B-7.6 percent, C-4.2 percent, D-30.8 percent, E-26.2 percent, F-10.5 percent, G-4.5 percent.  This 
indicates that the site is prone toward stable conditions (41.2%) rather than neutral conditions 
(30.8%). 
 
Representative mixing heights on a seasonal and diurnal basis obtained by averaging data from 
Albany, and New York, New York; Pittsburgh, Pennsylvania; and Washington, D.C. (Ref. 2.3-13) 
are presented in Table 2.3-72. 
 
Low level atmospheric stability is influenced by insolation.  The relatively high latitude of the SSES 
site (approximately 41° North) has a profound impact on the length of daylight.  At the winter 
solstice (around December 21), the time elapsed between sunrise and sunset is 9 hours, 
11minutes.  At the summer solstice (around June 21), the time elapsed between sunrise and 
sunset is 15 hours, 10 minutes, or a difference of 6 hours (Ref. 2.3-13a). 
 
 
2.3.2.2  Potential Influence of the Plant and its Facilities on Local Meteorology 
 
The expected characteristics and effects of water vapor plumes entering the atmosphere arising 
from the operation of two natural draft cooling towers have been evaluated. 
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The characteristics and effects associated with cooling tower operation were determined in terms 
of: 
 
a) Monthly and annual frequency distributions of plume length with respect to distance and 

direction out to 20,000 ft. 
 
b) Monthly and annual frequency distributions of ground level plumes (fogging) with respect to 

distance and direction. 
 
c) Monthly and annual frequency distributions of ground level plumes accompanied by 

subfreezing temperatures (icing) by distance and direction. 
 
d) Monthly and annual frequency distribution of increases in relative humidity and temperature 

with respect to distance and direction. 
 
Simulations were obtained from a computerized diffusion model that simulates vapor plume length 
and the occurrence of ground level fogging or icing.  The Gaussian plume theory distribution is 
assumed with buoyancy approximated by a dry plume rise equation.  The computer program 
utilizes cooling tower performance data and on-site meteorological observations for 1976 (ambient 
temperature, dew point, wet bulb temperature, wind velocity, and atmospheric stability) to 
determine the downwind dispersion of water vapor at plume centerline and ground level. 
 
The year 1976 was selected because it was the most conservative year with respect to 
atmospheric dispersion conditions of the four years of on-site data.  It is also conservative with 
respect to long-term atmospheric conditions. 
 
The model used was developed by Dames & Moore and has been used in previous submittals to 
NRC.  The model was presented by Bowman, W. Alan and Biggs, W. Gale in their paper entitled 
"Meteorological Aspects of Large Cooling Towers" presented at a APCA Conference in Miami, 
Florida in June, 1972.  The height at which each meteorological measurement input to the model 
was taken is given below: 
 
 Wind Speed ..........................................300 ft. 
 Wind Direction ......................................300 ft. 
 Temperature .........................................31.5 ft. 
 Relative Humidity .................................31.5 ft. 
 Stability .................................................300 ft. - 31.5 ft. 
 
Generally, the longer plume lengths occur more frequently in the winter months in the early 
morning hours when the relative humidities are high.  The visible plumes were computed to extend 
laterally beyond 20,000 feet (4 miles) approximately 30 percent of the time in the sectors of 
maximum occurrence (NE and ENE) and 70 percent for all sectors.  Visible plumes occurred least 
frequently in the WNW through NNW sectors with computed plume lengths beyond 4 miles 
occurring with a frequency of 2.1 percent to 2.5 percent annually.  There were no computed 
occurrences of ground fogging.  Relative humidity increases of 2.5 percent above ambient did not 
occur. 
 
No occurrences of icing were computed.  Likewise, no computed increases in surface temperature 
of 0.5oC or greater were projected in the study sample. 
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In conclusion, the frequent (70%) long visible plumes are the primary meteorological effects to be 
experienced from the operation of the Susquehanna cooling towers.  There is no fogging or icing 
expected.  The inducement of other weather modification effects such as rainfall augmentation is 
unlikely due to the small percentage increase in atmospheric moisture introduced into the already 
moisture laden environment. 
 
Further details of this analysis are provided in Subsection 5.1.4 of the Environmental Report. 
 
The topography surrounding the site consists of ridges and valleys.  Figure 2.1-11  shows the 
topography within a 5 mile radius of the site.  The cross-sections of elevation centered on the plant 
along the 16 cardinal directions to a distance of 50 miles are shown in Figures 2.3-4-1, 2.3-4-2, 
2.3-4-3, 2.3-4-4, 2.3-4-5, 2.3-4-6, 2.3-4-7, and 2.3-4-8. 
 
 
2.3.2.3  Local Meteorological Conditions for Design and Operating Bases 
 
All local meteorological and air quality conditions used for design and operating basis 
considerations and their bases, except for those conditions referred to in Subsections 2.3.4 and 
2.3.5, are provided in Subsections 2.3.1.2.1 through 2.3.1.2.11.  Current site meteorological 
information is documented on a regular basis in the SSES Annual Effluent and Waste Disposal 
report. 
 
 
2.3.3  ON-SITE METEOROLOGICAL MEASUREMENTS PROGRAM 
 
The on-site meteorological program is designed to provide a complete climatology of the site area, 
but most importantly to provide dispersion climatology for use in safety planning of radioactive 
effluent releases and as a means of determining the appropriately conservative meteorological 
parameters to be used in estimating the potential consequences of hypothetical accidents.  
Analysis of collected meteorological data permits an assessment of the diffusion parameters 
characteristic of the site. 
 
 
2.3.3.1  Location and Description of the Tower Site 
 
The site is about 8 km (5 mi.) ENE of Berwick, Pennsylvania. The primary meteorological tower, 
commonly referred to as the Primary Meteorological Tower, a 200 foot steel framed tower, is 
located about 340 m to the southeast of the cooling towers. The area is generally level, increasing 
slightly in elevation to the north and west.  South and east of the tower the topography slopes down 
towards the Susquehanna River.  Vegetation in the immediate vicinity is low weeds with some 
deciduous trees in a gully to the south.  The deciduous trees are approximately 40 feet in height 
and are approximately 100 feet from the tower.  In 1994, an ash facility was placed approximately 
185 feet north of the Primary Meteorological Tower.  The maximum height of this structure is 
approximately 30 feet. 
 
In November 1972 three meteorological instrumentation platforms were constructed.  The primary 
tower was erected on the Susquehanna nuclear power station site at the same altitude as the 
station (approximately 650' msl) between the station and the Susquehanna River.  The purpose of 
the primary tower is to estimate the stability and movement of the air layer into which the effluent 
from the facility could be released as required by NRC Regulatory Guide 1.23  (Ref. 2.3-22).  In 
addition to the primary tower, 75 foot and 10 foot instrumented poles were erected at site vicinity.  
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The 75 foot tower was at 1115' msl on a hill to the NW of the station and the 10 foot tower was 
below the station towards the river at 500' msl.  The purpose of the 75 foot pole was to provide 
sensing of wind, temperature, and humidity parameters at an elevation comparable to the 
elevations of the cooling tower plumes.  The 75 foot tower was removed on January 14, 1974 due 
to construction requirements.  The data from the primary meteorological tower provides sufficient 
information for the cooling tower analysis.  The 10 foot tower in the valley below the station, was 
removed on November 14, 1975, after three years of data had been collected.  Figure 2.3-5 
presents a schematic of the sites and the instrumentation.  
 
In compliance with the requirements of NUREG-0654 a backup meteorological tower was erected 
in 1982.  This tower is commonly referred to as the Backup Tower.  The tower is a 30-foot 
instrumented utility pole located northeast of the station and across from the Training Center.  The 
purpose of the backup tower is to provide sensing of wind parameters at the 10-meter level.  
Additionally, in 1985 two supplemental towers were installed in the river valley near the station to 
provide additional data to more accurately model the effects of surrounding terrain on atmospheric 
dispersion and transport.  One tower is located UPRIVER approximately 1.2 miles NNE of the 
station off Route 11 towards Shickshinny; the second tower is located DOWNRIVER approximately 
3.6 miles SW of the station off Route 93 just east of Nescopeck.  Meteorological validation of the 
UPRIVER supplemental tower data was terminated on October 1, 1994 and the UPRIVER 
supplemental tower equipment was abandoned in place at that time . 
 
Both The  DOWNRIVER tower measures  wind speed, wind direction and sigma theta at the 10 
meter level.  The DOWNRIVER tower also measures temperature  at a height of approximately 6.6 
feet. 
 
The meteorological data collected from the DOWNRIVER tower continues to be validated and is 
used only to support assessment and restoration efforts in the event there is an accidental release 
of radioactive material from SSES. 
 
 
2.3.3.2  Types of Measurements Made 
 
The parameters which are monitored for conformance to NRC Regulatory Guide 1.23  
(Ref. 2.3-22) commitments are wind speed, wind direction, temperature, delta temperature, 
dewpoint temperature and precipitation.  Delta temperature accuracy criteria is monitored for 
conformance to AEC Safety Guide 123 (Ref. 2.3-22a).  The parameter, heights, and number of 
sensors installed at the Susquehanna site are listed in Table 2.3-73. 
 
 
2.3.3.3  Description of Instruments 
 
The wind sensor consists of a 3 cup anemometer and coupled drive shaft that responds to wind 
and rotates a multi-section light beam chopper.  Rotation of the chopper alternately masks and 
exposes a phototransistor to a miniature light source.  The phototransistor responds to the light 
passing through the chopper wheel and generates an electrical output which has a frequency 
proportional to wind velocity.  This signal is then sent to a translator for further conversion.  The 
accuracy required for the wind speed measurement is ±0.5 mph for speeds less than 5 mph and 
±10% for speeds above 5 mph.  This requirement is met by the instrumentation used on the 
primary tower. 
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The wind direction sensor is comprised of a counterbalanced lightweight vane coupled to a 
precision potentiometer assembly by the drive shaft, causing the potentiometer wiper to directly 
follow movements of the wind vane.  The position of the vane is sensed by the potentiometer and 
is sent to a translator as a DC voltage.  The accuracy requirement for the wind direction 
measurement is ±5° of azimuth with a starting threshold of less than 1 mph.  This requirement is 
met by the instrumentation used on the primary tower. 
 
On the primary tower the temperature measuring system consists of multiple thermistor composite 
sensors.  Two sensors are mounted in motor aspirated radiation shields at each of the 10 meter 
and 60 meter levels.  The thermistor sensors are connected in a resistive network and powered by 
a D.C. voltage to produce a voltage that varies approximately linearly with temperature as a 
translator output.  Each translator produces two channels of output; one channel of one translator 
provides the ambient temperature output for 10 meters and a second, comparator channel 
provides differential temperature output derived from one 10 meter sensor input and one 60 meter 
sensor input.  The two separate sets of 10 meter and 60 meter sensors provide one 10 meter 
ambient temperature measurement and two difference temperature measurements between the 10 
meter and 60 meter levels. 
 
Accuracy required for the ambient temperature measurement is ±0.5°C.  This requirement is met 
by the instrumentation used at the primary tower. 
 
Accuracy required for the temperature difference measurement is ±0.1°C/50m.  This requirement is 
met by the instrumentation used on the primary tower. 
 
The dewpoint temperature is measured on the primary tower with bifilar wire electrodes wound on 
a cloth sleeve which covers a hollow tube or bobbin.  The bifilar electrodes are not interconnected, 
but depend on conductivity of the atmospherically moistened lithium chloride treated bobbin for 
current flow.  As the moisture content in the air increases, the lithium chloride absorbs water vapor 
and becomes conductive.  Current then begins to flow between the electrodes energized by low 
AC voltage, and heats the bobbin.  Some of the moisture is thereby evaporated until an equilibrium 
temperature is reached on the bobbin.  The equilibrium temperature is related to the dewpoint 
temperature of the air.  A thermistor sensor is mounted inside the bobbin to measure the cavity 
temperature which is converted in analog outputs, representing dewpoint temperature by a 
electronic temperature translator.  The accuracy required for the dewpoint temperature 
measurement is ±1.5°C.  This requirement is met by the instrumentation used on the primary 
tower. 
 
On the 10 meter level of the primary tower a motor aspirated temperature and dewpoint shield 
houses two thermistor sensors, and the dewpoint sensor.  At the 60 meter level two motor 
aspirated temperature shields each houses a thermistor sensor. 
 
Precipitation is measured in a Tipping Bucket Rain Gauge at the primary tower site.  This is a 
remote reading gauge which produces a signal proportional to total rainfall.  Precipitation is 
collected in a collection opening and is funneled to the two buckets of the tipping mechanism.  As 
one bucket fills with water, the weight causes it to lower, tip, and empty while the bucket on the 
opposite side is simultaneously raised to receive additional water.  Each tipping phase causes a 
momentary switch closure.  This closure actuates a digital counter directly proportional to 
accumulated rainfall.  The required accuracy for the rainfall measurement is ±10% of the total 
accumulated catch for amounts in excess of 0.2 in.  This requirement is met by the instrumentation 
used on the primary tower. 
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Vertical diffusion coefficients are computed from the vertical temperature differences.  Wind sigma 
standard deviation of wind direction is measured at the 10 and 60 meter levels and used to 
compute horizontal diffusion coefficients.  Sigma theta calculations based on wind direction 
measurements are used as a backup to temperature readings to monitor atmospheric stability. 
 
The outputs of all sensors are handled by a modular translator system designed to convert the 
sensor outputs into a standardized voltage/current output.  Each input channel is allotted one circuit 
designed for a particular sensor, such as wind speed, wind direction, or temperature, etc.  The 
necessary signal processing and scaling is contained in each circuit to provide an electrical output 
of uniform range.  There are two outputs from each circuit.  One low voltage output is directed to a 
data logger accessible via telephone modem and a second low voltage output to a telemetry 
transmitting system which directs a specific frequency/parameter signal to telemetry receiving 
device in the control room which converts this signal to a 4 to 20 ma output which then inputs to an 
appropriate recorder in the main control room. 
 
Each translator circuit has internal zero and full scale calibration facilities.  Each calibrator switch 
has a "normal" position which allows normal recording of data.  When depressed the calibrator 
switch provides a signal to the individual translator circuit producing a zero or full scale signal to the 
recorders.  The indicated output in meteorological units for each position of the calibrator is given 
below. 
 

Parameter Zero Full Scale Type of Calibration
  
Wind Speed 0 mph 100 mph Calibrated Voltage
Wind Direction 0° 540° Calibrated Voltage 
Temperature -20°F +100°F Precision Resistance 
Dewpoint -40°F +100°F Precision Resistance 
Delta temp -5°F +5°F Calibrated Voltage 
Precipitation 0 in 1 in. Calibrated Voltage

 
 
2.3.3.4  Data Recording Systems 
 
The primary data recording system used for the Susquehanna site’s primary tower is a digital data 
acquisition system.  The system is an integrated data conversion and recording station which 
scans up to 16 analog signal outputs, converts each 0 to 1 V DC input to a digital code which is 
stored and retrieved via modem interface. 
 
The secondary recording system is the Control Room recorders. 
 
It is estimated that approximately 10% of the data used at the Susquehanna site was obtained from 
strip chard records. 
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Spot checks were made to compare the strip chart and digital data.  Although no formal records of 
these comparisons were prepared, it is estimated that the average differences between strip chart 
and digital data were as follows: 
 

Temperature 1°F 
Wind Speed 1 mph
Wind Direction 5 degrees
Dewpoint 1°F 
Temperature 0.5°F 
Precipitation .05 inches

 
All telemetry transmitters, translators, and the data logger are housed in a weatherproof 
cinderblock building.  This building has thermostatically controlled heating and air conditioning. 
 
 
2.3.3.5  Calibration and Maintenance of the System 
 
All calibration and maintenance is performed at least semi-annually in accordance with the 
frequencies and procedures prescribed in the manufacturer's operating and maintenance manual. 
 
 
2.3.3.6  Data Analysis 
 
The analog recording system provides a back-up in case of digital system failure, so that a high 
data recovery rate can be maintained.  Table 2.3-74 gives the recovery rates for each year.   
 
An hourly average for each parameter is computed.  Data validity, range of hourly averages, and 
the number of valid observations contributing to the averages are tabulated to assist in the 
determination of data reliability.  Comparisons between the analog and digital data are performed 
when the review of the digital data reveals questionable or invalid data. 
 
Temperature and dewpoint hourly averages are computed using the following scalar equation: 
 
where:  
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jB  = the average hourly value for the variable (in physical units) 
 
n = the total number of minute observations during the hour (normally 60), but if n is 

less than 15 for that hour, data are considered to be missing; 
 
Bji = the ith minute observation on the jth variable (millivolts); 
 
r = the conversion factor to change the jth variable from millivolts into physical units. 
 
After wind speed (WS) and wind direction (WD) are converted from millivolts they are related in the 
following manner: 
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If WS is invalid (999) then WD is marked invalid (999) and vice versa 
 
If WS > threshold (non-calm) and WD = 0 (implying calm) then WD is set to 360° (North) 
 
If WS < threshold (calm) and WD > 0 (implying non-calm) then WD is set to 0° (calm) 
 
Hourly averages are computed as scalars for wind speed.  Wind direction averages are determined 
by vector analysis for all non-calm wind distribution of the lowest non-calm wind speed class by 
stability class. 
 
If the associated average WS is less than .36 mps then average WD is set to 0° (calm) and 
average WS is set to 0 mps (calm). 
 
NRC Regulatory Guide 1.23  (Ref. 2.3-22) suggests that data be averaged over a period of at least 
15 minutes once each hour.  Hours containing less than 15 minutes of valid data are invalidated.  
The hourly averaged data are reviewed for validity, completeness, and reliability.  Periods 
containing problems are then replaced by analog data. 
 
Data analysis for diffusion characteristics for the site requires three basic atmospheric variables.  
These three variables, together with the primary and secondary (back-up) measurements for each, 
are as follow: 
 
Horizontal wind speed primary-10 m wind speed; secondary-60 m wind speed 

Horizontal wind direction primary-10 m wind direction; secondary-60 m wind 
direction 

Temperature difference (ΔT) primary-delta T's from 10 m to 60 m; secondary-ΔT from 
10 m to 60 m 

 
If the 10 m wind speed is unavailable the 60 m wind speed is reduced to the equivalent 10 m value 
as follows: 
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where: 
 
Hj = sensor height, meters 
 
V10 = the equivalent 10 m wind speed 
 
Vj = the 60 m wind speed 
 
S = 0.25 for Pasquill classes A, B, C, and D 
  0.50 for Pasquill classes E, F, and G 
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The percentage of data recovery for the 10 m wind sensor indicates the extent of this substitution 
for the data period. 
 
Temperature difference values are used to determine Pasquill stability classes. Atmospheric 
dispersion coefficients are assigned according to stability class and downwind travel distance. 
 
The hourly values of the meteorological parameters are then processed to obtain the following: 
 
a. joint frequency distributions of wind speed and stability for lower and upper levels 

(Tables 2.3-75 through 2.3-91) 
 
b. wind direction persistence summaries by stability class 
 
c. maximum, minimum and diurnal variation of temperature, and humidity 
 
d. annual average values of relative concentration with direction and distance 
 
e. frequency distribution of concentrations for the 0-2 hour, 0-8 hour, 8-24 hour, 1-4 day and 

4-30 day time periods. 
 
 
2.3.4  SHORT-TERM (ACCIDENT) DIFFUSION ESTIMATES 
 
Atmospheric diffusion conditions (expressed as values of χ/Q) developed for use in evaluating 
accidents hypothesized in Chapter 15 are discussed in this section for various periods after an 
accident.  This includes χ/Q estimates based on the methods described in Regulatory 
Guide 1.145. (Reference 2.3-34)  All estimates use vertical temperature difference to determine 
stability classification.  Tables 2.3-75 through 2.3-82 and 2.3-84 through 2.3-91 give the joint 
frequency distribution of temperature difference categories used to summarize 5 years of SSES 
data into Pasquill groups for use in computing σy and σz in the diffusion equations.  Results are 
based on evaluation of a recent 5-year period of onsite meteorological data (1999-2003).  A 
description of the site meteorological program is given in Section 2.3.3. 
 
Methods used to estimate diffusion conditions for evaluating short-term accident releases are 
discussed in Section 2.3.4.1, and methods for assessing the consequences of longer term 
accident releases (up to 30 days) are discussed in Section 2.3.4.2. 
 
2.3.4.1  Short-Term (0-2 hours) Releases 
 
The methodology for determining the atmospheric dispersion that exists for short-term releases 
involves direction-dependent and direction-independent calculations as described in Regulatory 
Guide 1.145.  Both methods include the effects of plume meander as discussed below. 
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2.3.4.1 1 Direction-Independent Calculations 
 
The direction-independent approach involves computing χ/Q values for each hour of the period 
of SSES records used and then counting all of the hours that had χ/Q values equal to or greater 
than a selected value regardless of direction.  The number of hours so obtained was then 
divided by the number of hours in the total period of record to obtain the probability that the 
selected χ/Q value would be equaled or exceeded.  The resulting probabilities are independent 
of wind direction.  A plot of cumulative centerline χ/Q values as a function of probability of 
occurrence was constructed using the SSES hourly data for all 5 years combined as shown in 
Figure 2.3-6.  Equations 2.3-4, 2.3-5 and 2.3-6 in Section 2.3.4.4 were used to compute values 
of χ/Q.  The distance to the site boundary (exclusion area boundary referred to as the EAB ) 
was assumed to be a circle with a radius of 0.34 miles (549 meters). 
 
2.3.4.1 2 Direction-Dependent Calculations 
 
The direction-dependent calculations outlined in Regulatory Guide 1.145 require the χ/Q values 
to be calculated using the equations given in Section 2.3.4.4; however, the results are treated 
separately for each direction.  A 5-year composite direction-dependent probability distribution 
was plotted by combining the frequency of occurrence of selected χ/Q values for each direction 
at the EAB as shown in Figure 2.3-7. 
 
2.3.4.1 3 Determining Appropriate Short-Term Dispersion 
 
In accordance with Regulatory Guide 1.145, the two cumulative probability distributions shown 
in Figures 2.3-6 and 2.3-7 are used to determine the appropriate χ/Q value at the EAB distance.  
The peak 5% value read from Figure 2.3-6 is 6.5E-4 s/m3.  For the direction-dependent case, 
the 0.5% χ/Q is determined from Figure 2.3-7 to be 8.3e-4 s/m3.  The highest of the two (χ/Q =  
8.3E-4 s/m3) is to be used in accident dose calculations and is shown in Table 2.3-92 for the 1-
hour case at the EAB.  Tables 2.3-93 through 2.3-98 show the direction dependent results for 
each of the separate years plus the total for all five years at the EAB.  For “realistic” dose 
calculations the 50% direction independent value is also shown in Table 2.3-92.   
 
Similar calculations for short-term dispersion were made at the LPZ distance of 3 miles (4827 
meters).  Tables 2.3-99 through 2.3-104 give the direction-dependent χ/Q probability 
distributions for 1 hour for each of the 5 years and the weighted 5 year average at the LPZ.   
 
 
2.3.4.2  Long-Term Releases 
 
For releases that occur over a longer period, it is appropriate to incorporate wind direction 
changes in the model used to estimate concentration at any given point.  Using the same 5-year 
period of data from SSES, the probability that any particular average diffusion condition (or 
poorer one) would exist during a selected interval of time (greater than 1 hour) was determined.   
 
The procedure for determining longer term-χ/Q values is also taken from Regulatory 
Guide 1.145.  The calculation is made using the 5-year data set.  The highest 0.5% direction-
dependent short-term (1 hour) χ/Q value was used because it is greater than the 5% direction-
independent at the LPZ.  These χ/Q values are plotted on Figures 2.3-8 and 2.3-9 as a function 
of averaging time.  Only the 1-hour values are used in the Reg. Guide 1.145 interpolation 
method.   The long-term 0.5% χ/Q values for defined averaging times are determined by a log-
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log interpolation between the maximum direction dependent annual average and the maximum 
0.5% direction dependent 1 hour value used at the 2 hour averaging time.  The long term 50% 
values are determined by interpolating (log-log) between the 50% direction independent 1 hour 
value at the 2 hour averaging time and the direction independent annual average (see Figure 
2.3-10).  The interpolated values are summarized in Table 2.3-105.  For the 50% probable case 
the direction independent values were used because they are higher than the direction 
dependent values. 
 
 
2.3.4.3  Analytical Methods for Dispersion Computations 
 
During neutral (D) or stable (E, F, or G) atmospheric stability conditions when the wind speed at 
the 10 meter level is less than 6 meters per second, horizontal plume meander is taken into 
account. χ/Q values are determined through selective use of the following set of equations for 
ground level relative concentrations at the plume centerline: 

( )2/AU
1Q/
zy10 +σπσ

=χ        2.3-4 

 

 ( )zy10 3U
1Q/

σπσ
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zy10U
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=χ         2.3-6 

 
Where 
 
 χ/Q is relative concentration, in sec/m3 

 
 π  is 3.14159 
  
 10U  is wind speed at 10 meters above plant grade, in m/sec 
 
 σy  is lateral plume spread, in m, a function of atmospheric stability and distance  
 
 σz  is vertical plume spread, in m, a function of atmospheric stability and distance  
 
 Σy  is lateral spread with meander and building wake effects, in m, a function of 

atmospheric stability, wind speed ,U10  and distance [for distances of 800 meters 
or less, Σy = Mσy, where M is a function of the atmospheric stability and wind 
speed; for distances greater than 800 meters, Σy = (M - 1) σy800m + σy].   

 
 A  is the smallest vertical-plane cross-sectional area of the reactor building in m2. 
 
χ/Q values are calculated using Equations 2.3-4, 2.3-5 and 2.3-6.  The values from Equations 
2.3-4 and 2.3-5 are compared and the higher values selected.  This value is compared with the 
value from Equations 2.3-6 and the lower value of these two is selected as the appropriate χ/Q 
value. 
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The χ/Q value used in accident consequence analysis is selected from the maximum sector χ/Q 
values which is exceeded 0.5% of the time. 
 
 
2.3.5  LONG-TERM (ROUTINE) DIFFUSION ESTIMATES 
 
The long-term diffusion characteristics for the Susquehanna SSES were estimated in accordance 
with the criteria set forth in NRC Regulatory Guide 1.111 (1977).  The analysis was performed 
using the onsite meteorological data recorded at the primary tower for January 1999 through 
December 2003. 
 
 
2.3.5.1  Atmospheric Diffusion Models 
 
2.3.5.1.1  Straight Line Airflow Model 
 
A ground level release model based on meteorological data and plant parameters was used to 
calculate the annual average atmospheric relative concentration (χ/Q) values.  Depletion factors 
are computed directly from depletion curves as the relative deposition rates.  For long-term, 
ground level relative concentrations, the plume is assumed to diffuse evenly over a 22.5-degree 
sector. 
 
The hourly relative concentration values are calculated in the sector defined by the wind direction 
using the following equation: 
 

xuσ
2.032/Q

z

=χ      (5) 

 
Where 
 
χ/Q = ground level relative concentration (sec/m3) 
 
σz = vertical standard deviation of the plume (m) 
 
u  = average wind speed (m/sec) 
 
x = distance from the source (m) 
 
However, with consideration of the turbulent wake effect, Equation 5 is revised as follows: 
 

  
/πcVσ
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=
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Where 
 
c = building shape factor 
 
V = vertical height of the highest adjacent building 
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The wake factor (cV2/π) is limited, close to the source, to a factor of 2σz2. 
 

If   
π
Vcσσ3

2
2

zz +<< , the equation is 
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(i.e., χ/Q is calculated to be the larger of Equations 6 and 7).  The total relative concentration at 
each sector and distance is then divided by the total number of hours in the database. 
 
 
2.3.5.1.2  Terrain/Recirculation Correction Factors 
 
The straight-line trajectory, Gaussian diffusion model assumes that a constant mean wind 
transports and diffuses plume effluents in the direction of airflow at the release point within the 
entire region of interest.  In other words, the wind speed and atmospheric stability at the release 
point are assumed to determine the atmospheric dispersion characteristics in the direction of the 
mean wind at all distances.  In areas of more complex terrain recirculation of the plume over 
longer time periods may occur.  To account for this effect the results of a comparison of the 
PAM (Puff Advection Model) with the straight line model was made from which adjustment 
factors for the site region were determined.  These correction factors were applied to the results 
of the straight line model by multiplying the χ/Q values by the correction factors found in Table 
2.3-106. 
 
 
2.3.5.1.3  Deposition and Depleted X/Q’s 
 
As radioactive effluent in a plume travels downwind, it is subject to several removal mechanisms, 
including radioactive decay, dry deposition, and wet deposition (during precipitation).  Corrections 
for radioactive decay of 2.26 days for undepleted χ/Q and 8 days of depleted χ/Q are shown in the 
dispersion estimates reported in this subsection.   
 
Dry deposition, which results in depletion of halogen and particulate isotopes from the plume, is 
calculated using Figures 2 through 5 in Regulatory Guide 1.111.  Depletion factors in these 
curves are a function of release height and distance.  All releases at the SSES are at ground 
level.  Therefore, elevated curves were not used.  Each χ/Q is multiplied by the depletion 
correction factor to estimate the depleted χ/Q value. 
 
To determine relative deposition rate as a function of distance and stability, the curves given in 
Regulatory Guide 1.111 are used in a computerized table look-up routine.  Values from the 
curves are divided by the sector cross-width (arc) at the point of calculation to give units m-2. 
 
 
2.3.5.1.4  Results of Long-Term Diffusion Estimates 
 
Tables 2.3-107 through 2.3-118 present the annual and five year average χ/Q, decayed and 
depleted χ/Q and deposition values at the site boundary and exclusion area boundary for each of 
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the 16 cardinal directions.  Tables 2.3-119 through 2.3-136 show similar information for the nearest 
residence, vegetable garden, meat and dairy animal location and selected special receptor 
locations around the plant.  Tables 2.3-137 through 2.3-140 present the five year average χ/Q, 
decayed and depleted χ/Q and deposition values for the sixteen directions out to a distance of 80.5 
kilometers (50 miles) from the plant. 
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TABLE 2.3-74 

METEOROLOGICAL DATA RECOVERY RATES 

1998 THROUGH 2003 

  
  

1999 
 
2000 

 
2001 

 
2002 

 
2003 

5 YR 
AVG 

Wind Speed 10m Primary 
Wind Speed 60m Primary  

99.7 
99.7 

99.8 
99.4 

100.0
99.4 

99.5 
99.5 

99.6 
99.2 

99.7 
99.4 

Wind Direction 10m Primary 
Wind Direction 60m Primary  

99.7 
99.6 

100.0 
100.0 

100.0
99.3 

99.4 
99.5 

99.7 
99.7 

99.8 
99.6 

Delta Temperature 60-10m A Primary  99.6 99.8 99.3 99.0 99.1 99.4 

Temperature 10m Primary 
Dew Point 10m Primary  

99.6 
99.3 

99.7 
87.2 

99.9 
98.8 

99.6 
98.6 

99.0 
98.8 

99.6 
96.5 

Precipitation  99.7 100.0 100.0 100.0 100.0 99.9 

Composite 
Wind Speed 10m, Wind Direction 10m, Delta 
Temperature 60-10m  

99.5 99.7 99.3 99.0 99.0 99.3 

Wind Speed 60m, Wind Direction 60m 
Delta Temperature 60-10m 
 
 
 
 
 

99.5 99.3 99.2 99.0 98.6 99.1 
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TABLE 2.3-75 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record = 01/01/99 1:00 - 12/31/03 23:00 Total Period  
Elevation: Speed: 10M SPD Direction: 10M WD Lapse: DT60-10 

 
 Stability Class  A Delta Temperature Extremely Unstable 

 
Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 1 0 0 2 3 11 28 4 0 0 0  0 49 
NNE 0 0 0 3 1 28 58 4 0 0 0  0  94 
NE 0 0 0 7 15 45 23 0 0 0 0  0  90 
ENE 0 0 1 8 17 11 4 0 0 0 0  0  41 
E 0 0 4 26 8 4 1 0 0 0 0  0  43 
ESE 0 1 7 12 7 8 6 0 0 0 0  0  41 
SE 0 0 2 6 14 33 20 0 0 0 0  0  75 
SSE 0 0 2 6 19 36 14 1 0 0 0  0  78 
S 0 0 2 10 28 62 63 1 0 0 0  0  166 
SSW 0 0 0 12 38 105 88 4 0 0 0  0  247 
SW 0 0 1 10 38 177 261 28 1 0 0  0  516 
WSW 0 0 0 4 7 29 125 35 2 0 0  0  202 
W 0 0 0 1 2 4 48 5 0 0 0  0  60 
WNW 0 0 0 1 2 6 12 0 0 0 0  0  21 
NW 0 0 0 0 1 0 6 3 0 0 0  0  10 
NNW 0 0 0 1 0 1 12 4 0 0 0  0  18 

 
Totals 1 1 19 109 200 560 769 89 3 0 0 0 1751 

 
Number of Calm Hours for this Table  18 

Number of Variable Direction Hours for this Table  0 
Number of Invalid Hours  297 

Number of Valid Hours for this Table  1751 
Total Hours for the Period  43823 
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TABLE 2.3-76 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record  =   01/01/99 1:00  - 12/31/03  23:00 Total Period 
Elevation: Speed: 10M SPD Direction:   10M WD Lapse: DT60-10 

 
Stability Class  B Delta Temperature Moderately Unstable 

 
Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
 N 0 1 0 1 5 9 42 8 0 0 0  0 66 
 NNE 0 0 0 3 20 47 34 3 0 0 0  0 107 
 NE 0 0 0 12 16 46 24 0 0 0 0  0 98 
 ENE 0 0 1 24 13 10 2 0 0 0 0  0 50 
 E 0 0 9 15 7 10 3 0 0 0 0  0 44 
 ESE 0 0 4 11 14 5 5 0 0 0 0  0 39 
 SE 0 0 2 10 11 16 11 0 0 0 0  0 50 
 SSE 0 0 0 4 11 11 6 0 0 0 0  0 32 
 S 0 0 2 11 14 38 21 0 0 0 0  0 86 
 SSW 0 0 1 11 39 55 28 3 0 0 0  0 137 
 SW 0 0 0 4 36 105 175 31 4 0 0  0 355 
 WSW 0 0 1 1 7 23 100 43 2 0 0  0 177 
 W 0 0 0 0 1 8 34 4 0 0 0  0 47 
 WNW 0 0 0 0 1 1 18 1 0 0 0  0 21 
 NW 0 0 0 0 1 5 10 2 0 0 0  0 18 
 NNW 0 0 0 0 4 8 19 3 2 0 0  0 36 

 
Totals 0 1 20 107 200 397 532 98 8 0 0 0 1363 

 
 

 Number of Calm Hours for this Table 18 
 Number of Variable Direction Hours for this Table  0 
 Number of Invalid Hours 297 
 Number of Valid Hours for this Table 1363 
 Total Hours for the Period 43823 
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TABLE 2.3-77 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record =  01/01/99 1:00  -  12/31/03 23:00 Total Period 

Elevation: Speed:  10M SPD Direction:  10M WD  Lapse: DT60-10 
 

Stability Class C Delta Temperature  Slightly Unstable 
  
 Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 0 0 0 3 7 23 73 6 0 0 0  0 112 
NNE 0 0 1 8 21 52 59 6 0 0 0  0 147 
NE 0 0 0 12 24 45 20 0 0 0 0  0 101 
ENE 0 0 2 25 20 14 4 0 0 0 0  0 65 
E 0 1 7 19 8 8 3 0 0 0 0  0 46 
ESE 0 1 6 15 16 10 3 0 0 0 0  0 51 
SE 1 0 7 9 17 13 11 0 0 0 0  0 58 
SSE 0 1 4 12 18 21 12 0 0 0 0  0 68 
S 0 0 4 26 28 50 28 0 0 0 0  0 136 
SSW 0 0 1 24 35 76 17 2 0 0 0  0 155 
SW 0 0 1 18 43 146 186 37 1 0 0  0 432 
WSW 0 0 1 3 11 38 139 61 7 0 0  0 260 
W 0 0 0 8 7 7 51 21 1 0 0  0 95 
WNW 0 0 0 0 2 14 31 1 0 0 0  0 48 
NW 0 0 1 0 3 9 30 4 0 0 0  0 47 
NNW 0 0 0 1 1 19 31 16 2 0 0  0 70 
 

Totals 1 3 35 183 261 545 698 154 11 0 0 0 1891 
 
 Number of Calm Hours for this Table 18 
 Number of Variable Direction Hours for this Table 0 
 Number of Invalid Hours 297 
 Number of Valid Hours for this Table 1891 
 Total Hours for the Period 43823 
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TABLE 2.3-78 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record =  01/01/99 1:00  -  12/31/03 23:00 Total Period 

Elevation: Speed:  10M SPD Direction:  10M WD  Lapse: DT60-10 
 

Stability Class D Delta Temperature  Neutral 
 

Wind Speed (m/s) 
Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   

Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 
From              

 
N 2 7 23 74 119 433 716 98 0 0 0  0 1472 
NNE 1 16 64 214 267 519 324 15 0 0 0  0 1420 
NE 9 33 119 276 281 418 164 6 0 0 0  0 1306 
ENE 8 51 130 219 153 158 54 3 0 0 0  0 776 
E 10 85 158 202 124 119 32 5 0 0 0  0 735 
ESE 15 67 144 144 117 146 58 7 3 1 0  0 702 
SE 7 53 110 219 169 200 121 14 1 0 0  0 894 
SSE 10 38 74 163 158 179 89 9 1 0 0  0 721 
S 3 26 84 210 204 257 106 7 0 0 0  0 897 
SSW 0 15 54 220 242 368 139 2 0 0 0  0 1040 
SW 1 8 29 193 242 594 864 170 7 0 0  0 2108 
WSW 0 3 15 87 132 254 627 425 90 1 0  0 1634 
W 0 1 6 38 80 196 396 172 35 0 0  0 924 
WNW 0 2 4 23 49 157 314 108 19 0 0  0 676 
NW 1 2 11 31 45 225 632 178 6 0 0  0 1131 
NNW 0 4 8 33 52 268 752 280 8 0 0  0 1405 

 
Totals 67 411 1033 2346 2434 4491 5388 1499 170 2 0 0 17841 

 
 

Number of Calm Hours for this Table  18 
Number of Variable Direction Hours for this Table  0 

Number of Invalid Hours  297 
Number of Valid Hours for this Table  17841 

Total Hours for the Period  43823 
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TABLE 2.3-79 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record =  01/01/99   1:00 -  12/31/03  23:00 Total Period 
Elevation: Speed: 10M SPD Direction: 10M WD Lapse: DT60-10 

 
Stability Class  E Delta Temperature Slightly Stable 

 
 Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 1 14 28 90 138 144 53 2 0 0 0 0 470 
NNE 3 33 112 324 269 254 79 1 0 0 0 0 1075 
NE 13 124 289 551 197 159 54 0 0 0 0 0 1387 
ENE 20 279 467 493 87 29 7 3 0 0 0 0 1385 
E 41 378 361 154 33 29 5 0 0 0 0 0 1001 
ESE 45 265 207 99 30 24 8 5 0 0 0 0 683 
SE 37 201 229 152 48 50 23 10 4 0 0 0 754 
SSE 19 109 183 213 95 63 40 6 0 0 0 0 728 
S 10 75 216 413 193 151 49 18 0 0 0 0 1125 
SSW 3 42 126 397 334 309 84 4 0 0 0 0 1299 
SW 2 14 39 188 209 343 210 10 1 0 0 0 1016 
WSW 0 4 12 64 80 83 61 14 3 0 0 0 321 
W 2 1 9 36 33 37 19 4 0 0 0 0 141 
WNW 0 2 7 16 23 34 13 0 0 0 0 0 95 
NW 1 2 4 19 42 87 24 2 0 0 0 0 181 
NNW 0 5 6 21 41 116 35 2 0 0 0 0 226 

 
Totals 197 1548 2295 3230 1852 1912 764 81 8 0 0 0 11887 

 
Number of Calm Hours for this Table  18 

Number of Variable Direction Hours for this Table  0 
Number of Invalid Hours  297 

Number of Valid Hours for this Table  11887 
Total Hours for the Period  43823 
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TABLE 2.3-80 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record =  01/01/99   1:00 -  12/31/03  23:00  Total Period 

Elevation: Speed: 10M SPD Direction:  10M WD Lapse: DT60-10 
 

Stability Class   F Delta Temperature Moderately Stable 
 

 Wind Speed (m/s) 
 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
 

N 1 5 6 25 11 5 2 0 0 0 0  0 55 
NNE 5 21 34 66 32 9 1 0 0 0 0  0 168 
NE 13 92 198 257 50 1 1 0 0 0 0  0 612 
ENE 21 361 806 994 149 6 0 0 0 0 0  0 2337 
E 44 371 356 149 9 0 0 0 0 0 0  0 929 
ESE 23 160 122 15 0 0 0 0 0 0 0  0 320 
SE 14 82 82 25 2 0 0 0 0 0 0  0 205 
SSE 8 32 78 49 6 1 0 0 0 0 0  0 174 
S 2 29 78 121 14 1 1 0 0 0 0  0 246 
SSW 1 16 24 81 37 4 1 0 0 0 0  0 164 
SW 1 4 15 38 21 19 2 0 0 0 0  0 100 
WSW 0 0 5 6 4 3 1 0 0 0 0  0 19 
W 2 2 3 5 0 1 0 0 0 0 0  0 13 
WNW 1 0 0 2 2 1 0 0 0 0 0  0 6 
NW 0 0 2 1 1 2 1 0 0 0 0  0 7 
NNW 1 0 3 2 5 2 2 0 0 0 0  0 15 

 
 
 

               Number of Calm Hours for this Table 18 
 Number of Variable Direction Hours for this Table 0 
                           Number of Invalid Hours 297 
              Number of Valid Hours for this Table 5370 
                        Total Hours for the Period 43823 

Totals 137 1175 1812 1836 343 55 12 0 0 0 0 0 5370 
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TABLE 2.3-81 

 
Joint Frequency Distribution 

 
Hours at Each Wind Speed and Direction 

Period of Record =   01/01/99   1:00 - 12/31/03  23:00 Total Period 
Elevation: Speed: 10M SPD Direction: 10M WD Lapse: DT60-10 

 
Stability Class  G Delta Temperature Extremely Stable 

 
Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   

Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 
From              
N 1 2 2 3 1 0 0 0 0 0 0  0 9 
NNE 1 16 17 17 3 1 0 0 0 0 0  0 55 
NE 2 71 168 162 19 1 0 0 0 0 0  0 423 
ENE 8 167 690 1065 186 4 0 0 0 0 0  0 2120 
E 13 120 219 102 3 0 0 0 0 0 0  0 457 
ESE 4 63 55 9 0 0 0 0 0 0 0  0 131 
SE 3 31 35 12 2 1 0 0 0 0 0  0 84 
SSE 0 14 23 15 3 0 0 0 0 0 0  0 55 
S 0 5 12 17 0 0 0 0 0 0 0  0 34 
SSW 1 2 8 7 5 1 0 0 0 0 0  0 24 
SW 0 2 3 1 0 1 0 0 0 0 0  0 7 
WSW 0 1 0 0 0 0 0 0 0 0 0  0 1 
W 0 0 0 0 0 1 0 0 0 0 0  0 1 
WNW 0 0 0 0 0 0 0 0 0 0 0  0 0 
NW 0 1 0 0 0 0 0 0 0 0 0  0 1 
NNW 0 2 0 1 0 0 0 0 0 0 0  0 3 

 
Totals 33 497 1232 1411 222 10 0 0 0 0 0 0 3405 

 
Number of Calm Hours for this Table  18 

Number of Variable Direction Hours for this Table  0 
Number of Invalid Hours  297 

Number of Valid Hours for this Table  3405 
Total Hours for the Period  43823 
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Table 2.3-82 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record =  01/01/99 1:00 -  12/31/03  23:00 Total Period 

Elevation: Speed: 10M SPD Direction:  10M WD Lapse: DT60-10 
 

Summary of All Stability Classes Delta Temperature 
 

Wind Speed   (m/s) 
Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   

Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 
From              
N 6 29 59 198 284 625 914 118 0 0 0  0 2233 
NNE 10 86 228  635 613 910 555 29 0 0 0  0 3066 
NE 37 320 774 1277 602 715 286 60 0 0 0  0 4017 
ENE 57 858 2097 2828 625 232 71 6 0 0 0  0 6774 
E 108 955 1114  667 192 170 44 5 0 0 0  0 3255 
ESE 87 557 545  305 184 193 80 12 3 1 0  0 1967 
SE 62 367 467 433 263 313 186 24 5 0 0  0 2120 
SSE 37 194 364 462 310 311 161 16 1 0 0  0 1856 
S 15 135 398 808 481 559 268 26 0 0 0  0 2690 
SSW 5 75 214 752 730 918 357 1 0 0 0  0 3066 
SW 4 28 88 452 589 1385 1698 276 14 0 0  0 4534 
WSW 0 8 34  165 241 430 1053  578 104 1 0  0 2614 
W 4 4 18 88 123 254 548 206 36 0 0  0 1281 
WNW 1 4 11 42 79 213 388 110 19 0 0  0 867 
NW 2 5 18 51 93 328 703 189 6 0 0  0 1395 
NNW 1 11 17 59 103 414 851 305 12 0 0  0 1773 

 
Totals 436 3636 6446 9222 5512 7970 8163 1921 200 2 0 0 43508 

 
Number of Calm Hours for this Table  18 

Number of Variable Direction Hours for this Table  0 
Number of Invalid Hours  297 

Number of Valid Hours for this Table  1751 
Total Hours for the Period  43823 
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TABLE 2.3-84 

 
Joint Frequency Distribution 

 
Hours at Each Wind Speed and Direction 

Period of Record  =  01/01/99 1:00-  12/31/03 23:00 Total Period 
Elevation: Speed: 60M SPD  Direction: 60M WD Lapse:DT60-10 

 
Stability Class  A Delta Temperature Extremely Unstable 

 
Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 0 0 0 0 1 2 30 12 4 0 0 0 49 
NNE 0 0 0 0 1 14 45 32 7 0 0  0 99 
NE 1 0 1 11 16 23 47 11 3 0 0  0 113 
ENE 0 2 2 11 12 9 3 0 1 0 0  0 40 
E 0 0 2 5 9 5 1 0 1 0 0  0 23 
ESE 0 0 2 6 4 8 5 5 0 0 0  0 30 
SE 0 0 1 3 4 7 27 18 1 0 0  0 61 
SSE 0 0 0 2 3 11 33 17 1 0 0  0 67 
S 0 1 3 5 6 24 46 55 10 1 0  0 151 
SSW 0 0 0 6 13 49 85 62 22 0 0  0 237 
SW 0 0 0 8 12 49 239 169 28 1 0  0 506 
WSW 0 0 0 2 2 13 85 121 34 3 0  0 260 
W 0 0 0 1 2 0 26 40 3 0 0  0 72 
WNW 0 0 0 0 1 1 5 9 0 0 0  0 16 
NW 0 0 1 0 0 0 1 6 0 0 0  0 8 
NNW 0 0 0 0 0 1 7 9 0 0 0  0 17 

 
Totals 1 3 12 60 86 216 685 566 115 5 0 0 1749 

 
 

 Number of Calm Hours for this Table 3 
 Number of Variable Direction Hours for this Table 0 

 Number of Invalid Hours 385 
 Number of Valid Hours for this Table 1749 
 Total Hours for the Period 43823 
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TABLE 2.3-85 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record = 01/01/99 1:00-   12/31/03  23:00 Total Period 
Elevation:  Speed: 60M SPD Direction: 60M WD Lapse:  DT60-10 

 
Stability Class  B  Delta Temperature Moderately Unstable 

 
 Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 0 0 0 1 3 8 27 27 3 0 0 0 69 
NNE 0 0 0 4 10 22 57 19 5 0 0 0 117 
NE 0 0 4 11 22 30 33 12 1 0 0 0 113 
ENE 0 0 2 9 8 15 5 1 0 0 0 0 40 
E 0 0 3 7 4 9 4 2 1 0 0 0 30 
ESE 0 0 2 4 8 5 11 2 0 0 0 0 32 
SE 0 0 1 6 0 10 12 10 2 0 0 0 41 
SSE 0 0 0 0 1 4 20 5 0 0 0 0 30 
S 0 0 0 3 6 10 28 22 3 0 0 0 72 
SSW 0 0 2 2 11 31 47 25 13 1 0 0 132 
SW 0 0 0 2 10 51 145 101 28 4 0 0 341 
WSW 0 0 0 0 2 6 67 86 55 1 0 0 217 
W 0 0 0 0 0 3 21 28 6 0 0 0 58 
WNW 0 0 0 0 0 2 8 7 0 0 0 0 17 
NW 0 0 0 0 3 2 13 5 1 0 0 0 24 
NNW 0 0 0 0 1 3 10 12 1 1 0 0 28 

 
Totals 0 0 14 49 89 211 508 364 119 7 0 0 1361 

 
Number of Calm Hours for this Table  3 

Number of Variable Direction Hours for this Table  0 
Number of Invalid Hours  385 

Number of Valid Hours for this Table  1361 
Total Hours for the Period  43823 
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TABLE 2.3-86 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
  Period of Record =   01/01/99 1:00-  12/31/03  23:00 Total Period 

 Elevation: Speed: 60M SPD Direction: 60M WD Lapse: DT60-10 
 

 Stability Class C Delta Temperature Slightly Unstable 
 

Wind Speed (m/s) 
Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   

Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 
From              

N 0 0 0 2 6 9 45 43 1 0 0 0 106 
NNE 0 0 0 9 18 30 74 37 5 0 0 0 173 
NE 0 0 4 10 8 31 32 11 1 0 0 0 97 
ENE 0 2 6 13 11 21 7 4 0 0 0 0 64 
E 0 1 3 13 9 5 5 1 0 0 0 0 37 
ESE 0 1 1 1 4 10 11 3 0 0 0 0 31 
SE 0 0 3 6 7 14 16 8 2 0 0 0 56 
SSE 0 1 1 3 7 10 15 7 3 0 0 0 47 
S 0 0 5 9 11 23 37 23 6 0 0 0 114 
SSW 0 0 0 15 18 52 57 27 9 0 0 0 178 
SW 0 0 0 3 15 69 187 77 31 1 0 0 383 
WSW 0 0 0 1 7 18 88 140 78 7 0 0 339 
W 0 0 0 1 2 4 24 51 20 1 0 0 103 
WNW 0 1 0 1 0 5 28 12 1 0 0 0 48 
NW 0 0 0 0 0 3 26 12 2 0 0 0 43 
NNW 0 0 0 87 124 310 683 480 165 9 0 0 68 

 
Totals 0 6 23 87 124 310 683 480 165 9 0 0 1887 

 
 

Number of Calm Hours for this Table  3 
Number of Variable Direction Hours for this Table  0 

Number of Invalid Hours  385 
Number of Valid Hours for this Table  1887 

Total Hours for the Period  43823 
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TABLE 2.3-87 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record = 01/01/99  1:00  -   12/31/03  23:00 Total Period 
Elevation:  Speed: 60M SPD Direction:  60M WD  Lapse:  DT60-10 

 
Stability Class  D Delta Temperature Neutral 

 
Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 0 6 5 45 52 159 578 343 50 0 0 0 1238 
NNE 4 6 33 124 154 289 584 283 46 2 0 0 1525 
NE 1 25 82 183 131 288 455 139 16 1 0 0 1321 
ENE 3 26 60 106 83 169 143 35 3 3 0 0 631 
E 4 28 50 71 60 146 156 26 14 1 0 0 556 
ESE 1 26 39 52 51 107 170 54 12 1 3 0 516 
SE 2 20 45 75 53 130 241 82 22 8 0 0 678 
SSE 2 13 41 88 59 115 258 88 26 7 0 0 697 
S 1 15 39 115 76 105 221 122 44 5 0 0 743 
SSW 1 9 32 131 156 202 255 192 66 4 0 0 1048 
SW 1 2 23 112 187 405 625 403 110 5 0 0 1873 
WSW 0 2 9 26 70 177 583 849 678 99 9 0 2502 
W 2 5 2 7 23 77 361 423 230 34 5 0 1169 
WNW 0 1 3 8 13 75 329 238 107 7 0 0 781 
NW 1 2 3 5 9 81 531 482 98 1 0 0 1213 
NNW 0 2 3 23 18 86 550 506 133 0 0 0 1321 

 
Totals 23 188 469 1171 1195 2611 6040 4265 1655 178 17 0 17812 

 
Number of Calm Hours for this Table  3 

Number of Variable Direction Hours for this Table  0 
Number of Invalid Hours  385 

Number of Valid Hours for this Table  17812 
Total Hours for the Period  43823 
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TABLE  2.3-88 

 
Joint Frequency Distribution 

 
Hours at Each Wind Speed and Direction 

Period of Record = 01/01/99 1:00 -  12/31/03  23:00 Total Period 
Elevation: Speed:   60M SPDDirection: 60M WD Lapse: DT60-10 

 
Stability Class  E Delta Temperature Slightly Stable 

 
Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 0 16 28 57 93 197 190 25 1 0 0  0 607 
NNE 2 19 66 254 364 482 331  101 12 0 0  0 1631 
NE 4 51 139 373 200 277 277 82 6 0 0  0 1409 
ENE 9 50 112 139 84 140 73 7 1 3 0  0 618 
E 9 54 87 107 61 71 76 10 2 1 0  0 478 
ESE 5 48 70 78 36 62 63 11 7 2 0  0 382 
SE 6 33 61 103 63 68 85 30 16 7 0  0 472 
SSE 4 37 71 130 61 132 163 38 22 5 0  0 663 
S 5 24 75 141 108 154 242 81 42 14 1  0 887 
SSW 5 8 47 126 136 183 434  190 59 2 1  0 1191 
SW 1 14 33 108 136 324 579 213 29 1 1  0 1439 
WSW 0 6 17 42 85 157 419 384 57 3 0  0 1170 
W 0 3 11 22 26 57 81 29 8 1 0  0 238 
WNW 0 2 2 6 11 68 77 6 0 0 0  0 172 
NW 0 3 5 15 13 49 168 35 3 0 0  0 291 
NNW 1 6 10 14 14 54 118 15 0 1 0  0 233 

 
Totals 51 374 834 1715 1491 2475 3376 1257 265 40 3 0 11881 

 
 

Number of Calm Hours for this Table  3 
Number of Variable Direction Hours for this Table  0 

Number of Invalid Hours  385 
Number of Valid Hours for this Table  11881 

Total Hours for the Period  43823 
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TABLE 2.3-89 

 
Joint Frequency Distribution 

 
Hours at Each Wind Speed and Direction 

Period of Record = 01/01/99 1:00  -    12/31/03  23:00 Total Period 
Elevation:  Speed:  60M SPD Direction: 60M WD Lapse:   DT60-10 

 
Stability Class  F  Delta Temperature Moderately Stable 
 

 Wind Speed (m/s) 
Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   

Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 
From              

 
N 2 3 13 47 82 176 37 3 0 0 0 0 363 
NNE 0 16 33 269 503 677 100 0 0 0 0 0 1598 
NE 7 28 97 340 243 154 34 0 0 0 0 0 903 
ENE 8 28 87 132 47 20 3 0 0 0 0 0 325 
E 7 20 65 101 36 15 4 1 0 0 0 0 249 
ESE 3 26 55 64 23 9 2 0 0 0 0 0 182 
SE 1 20 45 90 24 13 5 0 0 0 0 0 198 
SSE 1 8 29 87 30 22 12 1 0 0 0 0 190 
S 1 8 17 82 53 57 33 1 0 0 0 0 252 
SSW 1 4 16 41 72 97 80 8 1 0 0 0 320 
SW 0 4 3 31 44 128 142 16 1 0 0 0 369 
WSW 0 2 5 8 14 22 124 65 2 0 0 0 242 
W 0 3 3 6 5 11 6 0 0 0 0 0 34 
WNW 0 2 2 2 7 8 5 0 0 0 0 0 26 
NW 0 1 2 5 7 20 11 2 0 0 0 0 48 
NNW 0 1 4 10 11 14 10 1 0 0 0 0 51 

 
Totals 31 174 476 1315 1201 1443 608 98 4 0 0 0 5350 

 
 

Number of Calm Hours for this Table  3 
Number of Variable Direction Hours for this Table  0 

Number of Invalid Hours  385 
Number of Valid Hours for this Table  5350 

Total Hours for the Period  43823 
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TABLE 2.3-90 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record = 01/01/99 1:00  - 12/31/03  23:00 Total Period 
Elevation:Speed:  60M SPD  Direction: 60M WD Lapse: DT60-10 

 
Stability Class  G Delta Temperature Extremely Stable 

 
Wind Speed (m/s) 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
N 0 3 6 29 62 163 42 0 0 0 0 0 305 
NNE 1 6 21 169 418 365 39 0 0 0 0 0 1019 
NE 3 11 53 226 208 108 12 0 0 0 0 0 621 
ENE 0 10 53 105 45 20 3 0 0 0 0 0 236 
E 1 8 50 84 10 10 1 0 0 0 0 0 164 
ESE 2 14 31 68 19 5 3 0 0 0 0 0 142 
SE 0 4 26 66 16 12 1 0 0 0 0 0 125 
SSE 1 5 19 47 32 10 1 1 0 0 0 0 116 
S 0 3 11 41 47 60 18 2 0 0 0 0 182 
SSW 0 1 4 23 31 72 49 6 0 0 0 0 186 
SW 0 0 5 16 24 70 48 5 0 0 0 0 168 
WSW 0 0 3 4 8 9 25 13 1 0 0 0 63 
W 0 0 1 3 1 1 1 0 0 0 0 0 7 
WNW 0 0 1 3 0 6 3 0 0 0 0 0 13 
NW 1 1 0 4 3 8 6 0 0 0 0 0 23 
NNW 0 0 0 4 0 14 7 0 0 0 0 0 25 

 
Totals 9 66 284 892 924 933 259 27 1 0 0 0 3395 

 
 

Number of Calm Hours for this Table  3 
Number of Variable Direction Hours for this Table  0 

Number of Invalid Hours  385 
Number of Valid Hours for this Table  3395 

Total Hours for the Period  43823 
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TABLE 2.3-91 
 

Joint Frequency Distribution 
 

Hours at Each Wind Speed and Direction 
Period of Record =   01/01/99 1:00-    12/31/03 23:00  Total Period 

Elevation:  Speed: 60M SPD  Direction: 60M WD  Lapse: DT60-10 
 

Summary of All Stability Classes  Delta Temperature 
 

Wind 0.23 0.51- 0.76- 1.1- 1.6- 2.1- 3.1- 5.1- 7.1- 10.1- 13.1-   
Direction 0.50 0.75 1.0 1.5 2.0 3.0 5.0 7.0 10.0 13.0 18.0 > 18.0 Total 

From              
 

N 2 28 52 181 299 714 949 453 59 0 0 0 2737 
NNE 7 47 153 829 1468 1879 1230 472 75 2 0 0 6162 
NE 16 115 380 1154 828 911 890 255 27 1 0 0 4577 
ENE 20 118 322 515 290 394 237 47 5 6 0 0 1954 
E 21 111 260 388 189 261 247 40 18 2 0 0 1537 
ESE 11 115 200 273 145 206 265 75 19 3 3 0 1315 
SE 9 77 182 349 167 254 387 148 43 15 0 0 1631 
SSE 8 64 161 357 193 304 502 157 52 12 0 0 1810 
S 7 51 150 396 307 433 625 306 105 20 1 0 2401 
SSW 7 22 101 344 437 686 1007 510 170 7 1 0 3292 
SW 2 20 64 280 428 1096 1965 984 227 12 1 0 5079 
WSW 0 10 34 83 188 402 1391 1658 905 113 9 0 4793 
W 2 11 17 40 59 153 520 571 267 36 5 0 1681 
WNW 0 6 8 20 32 165 455 272 108 7 0 0 1073 
NW 2 7 11 29 35 163 756 542 104 1 0 0 1650 
NNW 1 9 17 51 45 178 733 567 140 2 0 0 1743 

 
Totals 115 811 2112 5289 5110 8199 12159 7057 2324 239 20 0 43435 

 
 

Number of Calm Hours for this Table  3 
Number of Variable Direction Hours for this Table  0 

Number of Invalid Hours  385 
Number of Valid Hours for this Table  43435 

Total Hours for the Period  43823 
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Table 2.3-92 

 

SUMMARY OF SHORT-TERM X/Q (SEC/M3) RESULTS AT  

549 METER EAB 

Period of 
Record Data Source 

1-hour 5% 
Direction 

Independent 

1-hour 5% 
Direction 

Dependent 

1-hour 5% 
Direction 

Independent 

1999 SSES Tower 6.5E-4 8.4E-4 1.2E-4 

2000 SSES Tower 6.5E-4 8.2E-4 1.3E-4 

2001 SSES Tower 6.6E-4 8.3E-4 1.4E-4 

2002 SSES Tower 6.6E-4 8.4E-4 1.2E-4 

2003 SSES Tower 4.9E-4 7.9E-4 1.2E-4 

5-Year 
Combined 

SSES Tower 6.5E-4 8.3E-4 1.3E-4 
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TABLE 2.3-105 

SUMMARY OF LONG-TERM X/Q (SEC/M3) RESULTS AT 4827 METER LPZ 
 

USNRC Reg. Guide1.145 Interpolation Methodology Annual Average 
Period of 
Record 

0-8 hours 8-24 hours 24-96 hours 96-720 hours 8760 hours 

 0.5%* 50%** 0.5%* 50%** 0.5%* 50%** 0.5%* 50%** Direction 
Dependent 

Direction 
Independent 

1999 5.4E-05 4.6E-06 3.8E-05 3.7E-06 1.8E-05 2.3E-06 6.3E-06 1.1E-06 1.7E-06 4.8E-07 

2000 4.9E-05 4.8E-06 3.5E-05 3.8E-06 1.7E-05 2.3E-06 6.0E-06 1.1E-06 1.7E-06 4.8E-07 

2001 5.0E-05 5.4E-06 3.6E-05 4.3E-06 1.7E-05 2.6E-06 6.1E-06 1.3E-06 1.7E-06 5.3E-07 

2002 5.0E-05 4.5E-06 3.6E-05 3.6E-06 1.7E-05 2.2E-06 6.1E-06 1.1E-06 1.7E-06 4.5E-07 

2003 4.6E-05 4.7E-06 3.3E-05 3.7E-06 1.6E-05 2.2E-06 5.9E-06 1.1E-06 1.7E-06 4.4E-07 

5-year 
Combined 4.9E-05 4.8E-06 3.5E-05 3.8E-06 1.7E-05 2.3E-06 6.1E-06 1.1E-06 1.7E-06 4.7E-07 

*direction dependent values (see Figure 2.3-10) 
**direction independent values (see Figure 2.3-10) 
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TABLE 2.3-106 

DISTANCES AND TERRAIN/RECIRCULATION CORRECTION FACTORS 
FOR SSES 2003 LAND USE CENSUS LOCATIONS 

 
 

RESIDENCE GARDEN 

AFFECTED 
SECTOR MILES 

Terrain 
Correction 

Factor 
AFFECTED 

SECTOR MILES 
Terrain 

Correction 
Factor 

N 1.3 2.15 N 3.2 2.19 
NNE 1 2.50 NNE 2.3 2.55 
NE 0.9 2.33 NE 2.7 2.47 

ENE 2.1 2.42 ENE 2.4 2.48 
E 1.4 2.09 E 1.8 2.07 

ESE 0.5 2.58 ESE 2.5 2.00 
SE 0.5 2.43 SE 0.6 2.44 

SSE 0.6 2.71 SSE 1.5 2.44 
S 1 2.46 S 1.1 2.43 

SSW 0.9 2.39 SSW 1.2 2.35 
SW 1.5 2.14 SW 1.9 2.11 

WSW 1.3 2.32 WSW 1.3 2.32 
W 1.2 2.18 W 1.2 2.18 

WNW 0.8 2.74 WNW   
NW 0.8 3.30 NW 1.8 3.06 

NNW 0.6 2.53 NNW 4 2.40 

PRODUCTION ANIMAL DAIRY ANIMAL 

AFFECTED 
SECTOR MILES 

Terrain 
Correction 

Factor 
AFFECTED 

SECTOR MILES 
Terrain 

Correction 
Factor 

NNE 2.3 2.55 E 4.5 1.80 
ENE 2.4 2.48 ESE 2.7 1.96 

E 1.4 2.09 ESE 4.2 1.58 
SSW 3 2.35 SSW 3 2.11 
SSW 3.5 1.88 SSW 3.1 2.06 
WSW 1.7 2.34 SSW 3.5 1.88 
NW 1.8 3.06 SSW 14.01 1.03 

WSW 1.7 2.34 
W 5 1.46 

 NNW 4.2 2.4 
 Distances to the nearest garden, residence, dairy animal and production animal in 
each of the affected sectors was provided by the 2003 SSES Land Use Census.  
The terrain/recirculation correction factors listed for the distances in the above 
tables were mathematically interpolated from the terrain/recirculation factors quoted 
for standard distances in the SSES Final Safety Analysis Report. 
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Table 2.3-107 
 
 

1999 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE SITE BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.59 5.57E-06 5.55E-06 5.03E-06 1.75E-08 

NNE 0.78 3.88E-06 3.86E-06 3.43E-06 1.51E-08 

NE 0.7 4.40E-06 4.39E-06 3.93E-06 2.70E-08 

ENE 0.86 1.50E-06 1.50E-06 1.32E-06 1.29E-08 

E 0.8 8.48E-07 8.46E-07 7.50E-07 6.68E-09 

ESE 0.5 1.13E-06 1.13E-06 1.03E-06 9.26E-09 

SE 0.43 2.39E-06 2.39E-06 2.21E-06 1.97E-08 

SSE 0.41 3.14E-06 3.14E-06 2.91E-06 2.88E-08 

S 0.38 6.71E-06 6.70E-06 6.25E-06 4.66E-08 

SSW 0.39 1.07E-05 1.07E-05 9.96E-06 5.41E-08 

SW 0.61 1.13E-05 1.13E-05 1.02E-05 2.86E-08 

WSW 1.22 1.28E-05 1.27E-05 1.10E-05 1.66E-08 

W 1.03 7.68E-06 7.61E-06 6.67E-06 1.00E-08 

WNW 0.61 1.04E-05 1.04E-05 9.38E-06 1.72E-08 

NW 0.66 7.44E-06 7.40E-06 6.67E-06 1.70E-08 

NNW 0.59 5.14E-06 5.12E-06 4.64E-06 1.42E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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Table 2.3-108 
 
 
 

2000 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE SITE BOUNDARY 

 
Affected Sector Relative Concentration (sec/meter3) Deposition 

 Distance 
(miles 

No Decay 
Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.59 6.83E-06 6.80E-06 6.16E-06 2.10E-08 

NNE 0.78 4.35E-06 4.33E-06 3.86E-06 1.51E-08 

NE 0.7 4.17E-06 4.16E-06 3.73E-06 2.61E-08 

ENE 0.86 1.40E-06 1.39E-06 1.23E-06 1.14E-08 

E 0.8 8.89E-07 8.86E-07 7.86E-07 6.31E-09 

ESE 0.5 1.57E-06 1.56E-06 1.43E-06 1.23E-08 

SE 0.43 2.60E-06 2.60E-06 2.40E-06 2.20E-08 

SSE 0.41 4.09E-06 4.09E-06 3.79E-06 3.52E-08 

S 0.38 6.21E-06 6.20E-06 5.78E-06 4.11E-08 

SSW 0.39 1.22E-05 1.22E-05 1.14E-05 4.90E-08 

SW 0.61 1.24E-05 1.24E-05 1.12E-05 2.90E-08 

WSW 1.22 1.24E-05 1.23E-05 1.07E-05 1.65E-08 

W 1.03 7.62E-06 7.55E-06 6.61E-06 1.03E-08 

WNW 0.61 8.27E-06 8.23E-06 7.45E-06 1.55E-08 

NW 0.66 8.40E-06 8.36E-06 7.53E-06 1.68E-08 

NNW 0.59 5.99E-06 5.96E-06 5.41E-06 1.41E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-109 
 
 

2001 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE SITE BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.59 7.27E-06 7.24E-06 6.56E-06 2.22E-08 

NNE 0.78 4.18E-06 4.16E-06 3.70E-06 1.52E-08 

NE 0.7 4.34E-06 4.33E-06 3.87E-06 2.77E-08 

ENE 0.86 1.35E-06 1.34E-06 1.19E-06 1.16E-08 

E 0.8 7.05E-07 7.03E-07 6.24E-07 5.37E-09 

ESE 0.5 1.17E-06 1.17E-06 1.07E-06 8.69E-09 

SE 0.43 2.89E-06 2.88E-06 2.66E-06 2.37E-08 

SSE 0.41 3.85E-06 3.84E-06 3.56E-06 3.06E-08 

S 0.38 6.07E-06 6.06E-06 5.65E-06 3.90E-08 

SSW 0.39 1.01E-05 1.01E-05 9.35E-06 4.23E-08 

SW 0.61 1.07E-05 1.06E-05 9.60E-06 2.23E-08 
WSW 1.22 1.37E-05 1.36E-05 1.18E-05 1.74E-08 

W 1.03 8.94E-06 8.86E-06 7.76E-06 1.12E-08 

WNW 0.61 1.09E-05 1.08E-06 9.77E-06 1.79E-08 

NW 0.66 8.76E-06 8.72E-06 7.85E-06 1.94E-08 

NNW 0.59 7.07E-06 7.04E-06 6.38E-06 1.80E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-110 
 
 

2002 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE SITE BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.59 6.61E-06 6.58E-06 5.97E-06 2.28E-08 

NNE 0.78 4.44E-06 4.43E-06 3.94E-06 1.87E-08 

NE 0.7 4.03E-06 4.02E-06 3.60E-06 3.03E-08 

ENE 0.86 1.58E-06 1.57E-06 1.39E-06 1.28E-08 

E 0.8 9.13E-07 9.10E-07 8.08E-07 6.69E-09 

ESE 0.5 1.30E-06 1.30E-06 1.19E-06 1.07E-08 

SE 0.43 2.10E-06 2.10E-06 1.94E-06 1.90E-08 

SSE 0.41 3.28E-06 3.28E-06 3.04E-06 2.91E-08 

S 0.38 5.71E-06 5.70E-06 5.31E-06 3.78E-08 

SSW 0.39 1.24E-05 1.23E-05 1.15E-05 5.14E-08 

SW 0.61 1.13E-05 1.13E-05 1.02E-05 2.45E-08 

WSW 1.22 1.26E-05 1.25E-05 1.08E-05 1.48E-08 

W 1.03 6.95E-06 6.89E-06 6.04E-06 8.88E-09 

WNW 0.61 1.02E-05 1.02E-05 9.19E-06 1.74E-08 

NW 0.66 7.22E-06 7.18E-06 6.46E-06 1.63E-08 

NNW 0.59 6.63E-06 6.61E-06 5.99E-06 1.79E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-111 
 
 

2003 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE SITE BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.59 6.10E-06 6.08E-06 5.51E-06 2.05E-08 

NNE 0.78 3.87E-06 3.86E-06 3.43E-06 1.54E-08 

NE 0.7 3.70E-06 3.69E-06 3.30E-06 2.65E-08 

ENE 0.86 1.61E-06 1.61E-06 1.42E-06 1.27E-08 

E 0.8 9.09E-07 9.06E-07 8.04E-07 6.37E-09 

ESE 0.5 1.33E-06 1.33E-06 1.22E-06 1.12E-08 

SE 0.43 2.09E-06 2.09E-06 1.93E-06 1.84E-08 

SSE 0.41 2.80E-06 2.80E-06 2.59E-06 2.55E-08 

S 0.38 4.69E-06 4.69E-06 4.37E-06 2.97E-08 

SSW 0.39 1.28E-05 1.28E-05 1.19E-06 5.49E-08 

SW 0.61 1.45E-05 1.45E-05 1.31E-05 3.25E-08 

WSW 1.22 1.10E-05 1.09E-05 9.46E-06 1.45E-08 

W 1.03 6.36E-06 6.31E-06 5.53E-06 8.85E-09 

WNW 0.61 9.16E-06 9.12E-06 8.25E-06 1.91E-08 

NW 0.66 9.36E-06 9.32E-06 8.39E-06 2.37E-08 

NNW 0.59 6.10E-06 6.08E-06 5.51E-06 1.83E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-112 

1999 - 2003 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION  
(meter-2) ESTIMATES AT THE SITE BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.59 6.47E-06 6.45E-06 5.85E-06 2.08E-08 

NNE 0.78 4.15E-06 4.13E-06 3.67E-06 1.59E-08 

NE 0.7 4.13E-06 4.12E-06 3.69E-06 2.75E-08 

ENE 0.86 1.49E-06 1.48E-06 1.31E-06 1.23E-08 

E 0.8 8.53E-07 8.50E-07 7.55E-07 6.28E-09 

ESE 0.5 1.30E-06 1.30E-06 1.19E-06 1.05E-08 

SE 0.43 2.42E-06 2.41E-06 2.23E-06 2.06E-08 

SSE 0.41 3.43E-06 3.43E-06 3.18E-06 2.98E-08 

S 0.38 5.88E-06 5.87E-06 5.47E-06 3.88E-08 

SSW 0.39 1.16E-05 1.16E-05 1.08E-05 5.03E-08 

SW 0.61 1.21E-05 1.20E-05 1.09E-05 2.74E-08 

WSW 1.22 1.25E-05 1.24E-05 1.07E-05 1.60E-08 

W 1.03 7.51E-06 7.45E-06 6.52E-06 9.85E-09 

WNW 0.61 9.78E-06 9.73E-06 8.81E-06 1.74E-08 

NW 0.66 8.24E-06 8.19E-06 7.38E-06 1.86E-08 

NNW 0.59 6.19E-06 6.16E-06 5.59E-06 1.65E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-113 
 
 

1999 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE EXCLUSION AREA BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.34 1.23E-05 1.23E-05 1.15E-05 4.43E-08 

NNE 0.34 1.09E-05 1.09E-05 1.02E-05 5.21E-08 

NE 0.34 1.18E-05 1.18E-05 1.10E-05 8.56E-08 

ENE 0.34 5.60E-06 5.60E-06 5.25E-06 5.80E-08 

E 0.34 2.98E-06 2.98E-06 2.80E-06 2.81E-08 

ESE 0.34 2.16E-06 2.16E-06 2.03E-06 1.92E-08 

SE 0.34 3.39E-06 3.39E-06 3.18E-06 2.94E-08 

SSE 0.34 4.01E-06 4.00E-06 3.76E-06 3.82E-08 

S 0.34 7.75E-06 7.74E-06 7.27E-06 5.51E-08 

SSW 0.34 1.32E-05 1.32E-05 1.24E-05 6.85E-08 

SW 0.34 2.50E-05 2.49E-05 2.34E-05 7.10E-08 

WSW 0.34 6.81E-05 6.80E-05 6.38E-05 1.06E-07 

W 0.34 4.22E-05 4.22E-05 3.96E-05 6.73E-08 

WNW 0.34 2.38E-05 2.37E-05 2.23E-05 4.43E-08 

NW 0.34 1.96E-05 1.96E-05 1.84E-05 5.20E-08 

NNW 0.34 1.03E-05 1.03E-05 9.68E-06 3.23E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-114 
 
 

2000 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE EXCLUSION AREA BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.34 1.50E-05 1.50E-05 1.41E-05 5.30E-08 

NNE 0.34 1.23E-05 1.23E-05 1.15E-05 5.22E-08 

NE 0.34 1.14E-05 1.13E-05 1.06E-05 8.26E-08 

ENE 0.34 5.29E-06 5.29E-06 4.96E-06 5.14E-08 

E 0.34 3.16E-06 3.15E-06 2.96E-06 2.66E-08 

ESE 0.34 3.00E-06 3.00E-06 2.82E-06 2.55E-08 

SE 0.34 3.69E-06 3.69E-06 3.47E-06 3.30E-08 

SSE 0.34 5.22E-06 5.22E-06 4.89E-06 4.66E-08 

S 0.34 7.17E-06 7.17E-06 6.72E-06 4.85E-08 

SSW 0.34 1.50E-05 1.50E-05 1.41E-05 6.20E-08 

SW 0.34 2.74E-05 2.74E-05 2.57E-05 7.20E-08 

WSW 0.34 6.45E-05 6.45E-05 6.05E-05 1.05E-07 

W 0.34 4.12E-05 4.11E-05 3.86E-05 6.93E-08 

WNW 0.34 1.88E-05 1.87E-05 1.76E-05 4.00E-08 

NW 0.34 2.21E-05 2.21E-05 2.07E-05 5.14E-08 

NNW 0.34 1.19E-05 1.19E-05 1.12E-05 3.22E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-115 
 
 

2001 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE EXCLUSION AREA BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.34 1.61E-05 1.60E-05 1.51E-05 5.61E-08 

NNE 0.34 1.17E-05 1.17E-05 1.10E-05 5.26E-08 

NE 0.34 1.19E-05 1.18E-05 1.11E-05 8.78E-08 

ENE 0.34 5.14E-06 5.14E-06 4.82E-06 5.23E-08 

E 0.34 2.51E-06 2.51E-06 2.35E-06 2.26E-08 

ESE 0.34 2.23E-06 2.23E-06 2.09E-06 1.80E-08 

SE 0.34 4.12E-06 4.12E-06 3.86E-06 3.54E-08 

SSE 0.34 4.90E-06 4.90E-06 4.60E-06 4.05E-08 

S 0.34 7.01E-06 7.00E-06 6.57E-06 4.61E-08 

SSW 0.34 1.23E-05 1.23E-05 1.16E-05 5.35E-08 

SW 0.34 2.34E-05 2.34E-05 2.20E-05 5.53E-08 

WSW 0.34 7.16E-05 7.15E-05 6.71E-05 1.11E-07 

W 0.34 4.83E-05 4.83E-05 4.53E-05 7.56E-08 

WNW 0.34 2.44E-05 2.43E-05 2.28E-05 4.62E-08 

NW 0.34 2.29E-05 2.29E-05 2.15E-05 5.93E-08 

NNW 0.34 1.40E-05 1.40E-05 1.31E-05 4.10E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-116 
 
 

2002 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE EXCLUSION AREA BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.34 1.45E-05 1.45E-05 1.36E-05 5.77E-08 

NNE 0.34 1.25E-05 1.25E-05 1.17E-05 6.47E-08 

NE 0.34 1.10E-05 1.10E-05 1.03E-05 9.60E-08 

ENE 0.34 5.93E-06 5.93E-06 5.56E-06 5.79E-08 

E 0.34 3.20E-06 3.20E-06 3.00E-06 2.82E-08 

ESE 0.34 2.48E-06 2.48E-06 2.32E-06 2.22E-08 

SE 0.34 2.99E-06 2.99E-06 2.81E-06 2.84E-08 

SSE 0.34 4.19E-06 4.19E-06 3.93E-06 3.86E-08 

S 0.34 6.58E-06 6.57E-06 6.17E-06 4.47E-08 

SSW 0.34 1.52E-05 1.52E-05 1.42E-05 6.51E-08 

SW 0.34 2.51E-05 2.51E-05 2.36E-05 6.08E-08 

WSW 0.34 6.65E-05 6.64E-05 6.24E-05 9.45E-08 

W 0.34 3.72E-05 3.71E-05 3.49E-05 5.98E-08 

WNW 0.34 2.32E-05 2.31E-05 2.17E-05 4.47E-08 

NW 0.34 1.91E-05 1.90E-05 1.79E-05 4.97E-08 

NNW 0.34 1.33E-05 1.33E-05 1.25E-05 4.09E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-117 
 
 

2003 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-2) 
ESTIMATES AT THE EXCLUSION AREA BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.34 1.34E-05 1.34E-05 1.26E-05 5.19E-08 

NNE 0.34 1.08E-05 1.08E-05 1.02E-05 5.33E-08 

NE 0.34 1.00E-05 1.00E-05 9.38E-06 8.40E-08 

ENE 0.34 5.94E-06 5.93E-06 5.57E-06 5.73E-08 

E 0.34 3.18E-06 3.18E-06 2.98E-06 2.68E-08 

ESE 0.34 2.53E-06 2.53E-06 2.38E-06 2.33E-08 

SE 0.34 2.97E-06 2.97E-06 2.79E-06 2.75E-08 

SSE 0.34 3.56E-06 3.56E-06 3.34E-06 3.38E-08 

S 0.34 5.41E-06 5.40E-06 5.07E-06 3.51E-08 

SSW 0.34 1.57E-05 1.57E-05 1.47E-05 6.96E-08 

SW 0.34 3.21E-05 3.21E-05 3.01E-05 8.07E-08 

WSW 0.34 5.65E-05 5.65E-05 5.30E-05 9.25E-08 

W 0.34 3.37E-05 3.37E-05 3.16E-05 5.96E-08 

WNW 0.34 2.05E-05 2.05E-05 1.92E-05 4.93E-08 

NW 0.34 2.43E-05 2.43E-05 2.28E-05 7.25E-08 

NNW 0.34 1.21E-05 1.21E-05 1.14E-05 4.18E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-118 
 
 

1999 - 2003 AVERAGE RELATIVE CONCENTRATION (sec/meter3) AND DEPOSITION (meter-

2) ESTIMATES AT THE EXCLUSION AREA BOUNDARY 

Affected Sector Relative Concentration (sec/meter3) Deposition 
 Distance 

(miles 
No Decay 

Undepleted 

2.26 Days of 
Decay 

Undepleted 

8.0 Days of 
Decay 

Depleted 

D/Q 
(meter-2) 

N 0.34 1.43E-05 1.43E-05 1.34E-05 5.26E-08 

NNE 0.34 1.16E-05 1.16E-05 1.09E-05 5.50E-08 

NE 0.34 1.12E-05 1.12E-05 1.05E-05 8.72E-08 

ENE 0.34 5.58E-06 5.58E-06 5.23E-06 5.54E-08 

E 0.34 3.01E-06 3.00E-06 2.82E-06 2.65E-08 

ESE 0.34 2.48E-06 2.48E-06 2.33E-06 2.16E-08 

SE 0.34 3.43E-06 3.43E-06 3.22E-06 3.08E-08 

SSE 0.34 4.38E-06 4.37E-06 4.11E-06 3.96E-08 

S 0.34 6.78E-05 6.78E-06 6.36E-06 4.59E-08 

SSW 0.34 1.43E-05 1.43E-05 1.34E-05 6.37E-08 

SW 0.34 2.66E-05 2.66E-05 2.49E-05 6.80E-08 

WSW 0.34 6.54E-05 6.54E-05 6.14E-05 1.02E-07 

W 0.34 4.05E-05 4.05E-05 3.80E-05 6.64E-08 

WNW 0.34 2.21E-05 2.21E-05 2.07E-05 4.49E-08 

NW 0.34 2.16E-05 2.16E-05 2.02E-05 5.70E-08 

NNW 0.34 1.23E-05 1.23E-05 1.16E-05 3.76E-08 
The above values were calculated using the XDCALC atmospheric dispersion model with 
terrain/recirculation factors included. 
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TABLE 2.3-119 
 
 

1999 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST RESIDENCE AND GARDEN* 

 
NEAREST RESIDENCE WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 1.3 1.72E-06 1.71E-06 1.47E-06 4.44E-09 
2 NNE 1 2.85E-06 2.83E-06 2.48E-06 1.04E-08 
3 NE 0.9 3.07E-06 3.05E-06 2.69E-06 1.77E-08 
4 ENE 2.1 4.03E-07 4.01E-07 3.32E-07 3.06E-09 
5 E 1.4 3.28E-07 3.27E-07 2.80E-07 2.30E-09 
6 ESE 0.5 1.13E-06 1.13E-06 1.03E-06 9.24E-09 
7 SE 0.5 1.90E-06 1.90E-06 1.74E-06 1.51E-08 
8 SSE 0.6 1.87E-06 1.87E-06 1.69E-06 1.58E-08 
9 S 1 1.69E-06 1.68E-06 1.47E-06 9.42E-09 
10 SSW 0.9 3.23E-06 3.21E-06 2.83E-06 1.35E-08 
11 SW 1.5 3.06E-06 3.03E-06 2.59E-06 6.42E-09 
12 WSW 1.3 1.16E-05 1.15E-05 9.90E-06 1.49E-08 
13 W 1.2 5.96E-06 5.90E-06 5.12E-06 7.54E-09 
14 WNW 0.8 7.13E-06 7.08E-06 6.30E-06 1.12E-08 
15 NW 0.8 6.11E-06 6.06E-06 5.40E-06 1.34E-08 
16 NNW 0.6 5.02E-06 5.00E-06 4.52E-06 1.38E-08 

 
 

NEAREST GARDEN WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 3.2 4.61E-07 4.52E-07 3.61E-07 9.99E-10 
2 NNE 2.3 8.50E-07 8.40E-07 6.92E-07 2.73E-09 
3 NE 2.7 6.27E-07 6.21E-07 5.02E-07 3.07E-09 
4 ENE 2.1 4.03E-07 4.01E-07 3.32E-07 3.06E-09 
5 E 1.8 2.21E-07 2.20E-07 1.84E-07 1.52E-09 
6 ESE 2.5 7.59E-08 7.54E-08 6.14E-08 4.97E-10 
7 SE 0.6 1.46E-06 1.46E-06 1.32E-06 1.11E-08 
8 SSE 1.5 4.28E-07 4.26E-07 3.63E-07 2.99E-09 
9 S 1.1 1.45E-06 1.44E-06 1.25E-06 7.92E-09 
10 SSW 1.2 2.07E-06 2.06E-06 1.78E-06 8.11E-09 
11 SW 1.9 2.15E-06 2.12E-06 1.78E-06 4.38E-09 
12 WSW 1.3 1.16E-05 1.15E-05 9.90E-06 1.49E-08 
13 W 1.2 5.96E-06 5.90E-06 5.12E-06 7.54E-09 
14 WNW (1) - - - - 
15 NW 1.8 1.71E-06 1.69E-06 1.43E-06 3.19E-09 
16 NNW 4 2.87E-07 2.80E-07 2.18E-07 5.10E-10 

 
(1) No garden within 5 miles for this sector 
 
 
*Locations use the 2003 Land Use Census Locations 
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TABLE 2.3-120 
 
 

2000 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST RESIDENCE AND GARDEN* 

 
NEAREST RESIDENCE WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 1.3 2.11E-06 2.10E-06 1.81E-06 5.31E-09 
2 NNE 1 3.19E-06 3.18E-06 2.78E-06 1.04E-08 
3 NE 0.9 2.89E-06 2.88E-06 2.54E-06 1.71E-08 
4 ENE 2.1 3.66E-07 3.64E-07 3.01E-07 2.71E-09 
5 E 1.4 3.42E-07 3.40E-07 2.91E-07 2.17E-09 
6 ESE 0.5 1.56E-06 1.56E-06 1.43E-06 1.23E-08 
7 SE 0.5 2.07E-06 2.06E-06 1.89E-06 1.69E-08 
8 SSE 0.6 2.44E-06 2.44E-06 2.20E-06 1.94E-08 
9 S 1 1.56E-06 1.55E-06 1.35E-06 8.29E-09 
10 SSW 0.9 3.69E-06 3.67E-06 3.24E-06 1.22E-08 
11 SW 1.5 3.33E-06 3.30E-06 2.82E-06 6.51E-09 
12 WSW 1.3 1.13E-05 1.12E-05 9.65E-06 1.49E-08 
13 W 1.2 5.92E-06 5.87E-06 5.09E-06 7.77E-09 
14 WNW 0.8 5.68E-06 5.64E-06 5.02E-06 1.00E-08 
15 NW 0.8 6.90E-06 6.85E-06 6.10E-06 1.32E-08 
16 NNW 0.6 5.84E-06 5.82E-06 5.27E-06 1.37E-08 

 
 

NEAREST GARDEN WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 3.2 5.63E-07 5.53E-07 4.41E-07 1.20E-09 
2 NNE 2.3 9.52E-07 9.41E-07 7.75E-07 2.74E-09 
3 NE 2.7 5.76E-07 5.70E-07 4.62E-07 2.96E-09 
4 ENE 2.1 3.66E-07 3.64E-07 3.01E-07 2.71E-09 
5 E 1.8 2.30E-07 2.29E-07 1.92E-07 1.44E-09 
6 ESE 2.5 1.04E-07 1.03E-07 8.43E-08 6.62E-10 
7 SE 0.6 1.58E-06 1.58E-06 1.43E-06 1.25E-08 
8 SSE 1.5 5.59E-07 5.56E-07 4.73E-07 3.65E-09 
9 S 1.1 1.34E-06 1.33E-06 1.16E-06 6.97E-09 
10 SSW 1.2 2.37E-06 2.36E-06 2.04E-06 7.34E-09 
11 SW 1.9 2.33E-06 2.31E-06 1.93E-06 4.44E-09 
12 WSW 1.3 1.13E-05 1.12E-05 9.65E-06 1.49E-08 
13 W 1.2 5.92E-06 5.87E-06 5.09E-06 7.77E-09 
15 NW 1.8 1.93E-06 1.91E-06 1.61E-06 3.15E-09 
16 NNW 4 3.36E-07 3.27E-07 2.55E-07 5.09E-10 

 
(1) No garden within 5 miles for this sector 

 
*Locations use the 2003 Land Use Census Locations 
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TABLE 2.3-121 

 
 

2001 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST RESIDENCE AND GARDEN* 

 
NEAREST RESIDENCE WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 1.3 2.24E-06 2.22E-06 1.92E-06 5.62E-09 
2 NNE 1 3.07E-06 3.06E-06 2.68E-06 1.05E-08 
3 NE 0.9 3.00E-06 2.99E-06 2.63E-06 1.82E-08 
4 ENE 2.1 3.52E-07 3.50E-07 2.89E-07 2.75E-09 
5 E 1.4 2.71E-07 2.70E-07 2.31E-07 1.85E-09 
6 ESE 0.5 1.17E-06 1.16E-06 1.07E-06 8.67E-09 
7 SE 0.5 2.28E-06 2.28E-06 2.09E-06 1.82E-08 
8 SSE 0.6 2.30E-06 2.29E-06 2.07E-06 1.68E-08 
9 S 1 1.51E-06 1.51E-06 1.32E-06 7.88E-09 
10 SSW 0.9 3.06E-06 3.05E-06 2.69E-06 1.05E-08 
11 SW 1.5 2.88E-06 2.86E-06 2.44E-06 5.00E-09 
12 WSW 1.3 1.24E-05 1.23E-05 1.06E-05 1.57E-08 
13 W 1.2 6.95E-06 6.88E-06 5.97E-06 8.47E-09 
14 WNW 0.8 7.49E-06 7.43E-06 6.62E-06 1.16E-08 
15 NW 0.8 7.21E-06 7.16E-06 6.37E-06 1.52E-08 
16 NNW 0.6 6.90E-06 6.87E-06 6.22E-06 1.75E-08 

 
 

NEAREST GARDEN WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 3.2 5.95E-07 5.84E-07 4.66E-07 1.26E-09 
2 NNE 2.3 9.17E-07 9.06E-07 7.46E-07 2.75E-09 
3 NE 2.7 6.01E-07 5.94E-07 4.81E-07 3.15E-09 
4 ENE 2.1 3.52E-07 3.50E-07 2.89E-07 2.75E-09 
5 E 1.8 1.82E-07 1.81E-07 1.51E-07 1.23E-09 
6 ESE 2.5 7.86E-08 7.80E-08 6.36E-08 4.66E-10 
7 SE 0.6 1.74E-06 1.74E-06 1.57E-06 1.34E-08 
8 SSE 1.5 5.27E-07 5.25E-07 4.47E-07 3.17E-09 
9 S 1.1 1.30E-06 1.29E-06 1.12E-06 6.63E-09 
10 SSW 1.2 1.98E-06 1.96E-06 1.70E-06 6.34E-09 
11 SW 1.9 2.03E-06 2.00E-06 1.68E-06 3.41E-09 
12 WSW 1.3 1.24E-05 1.23E-05 1.06E-05 1.57E-08 
13 W 1.2 6.95E-06 6.88E-06 5.97E-06 8.47E-09 
14 NWW (1) - - - - 
15 NW 1.8 2.03E-06 2.01E-06 1.69E-06 3.63E-09 
16 NNW 4 4.02E-07 3.91E-07 3.05E-07 6.48E-10 

 
 

(1) No garden within 5 miles for this sector 
 

*Locations use the 2003 Land Use Census Locations 
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TABLE 2.3-122 
 
 

2002 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST RESIDENCE AND GARDEN* 

 
NEAREST RESIDENCE WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 1.3 2.06E-06 2.04E-06 1.76E-06 5.79E-09 
2 NNE 1 3.26E-06 3.25E-06 2.84E-06 1.29E-08 
3 NE 0.9 2.78E-06 2.77E-06 2.44E-06 1.99E-08 
4 ENE 2.1 4.18E-07 4.15E-07 3.43E-07 3.05E-09 
5 E 1.4 3.55E-07 3.53E-07 3.02E-07 2.30E-09 
6 ESE 0.5 1.30E-06 1.30E-06 1.19E-06 1.07E-08 
7 SE 0.5 1.67E-06 1.67E-06 1.53E-06 1.46E-08 
8 SSE 0.6 1.96E-06 1.95E-06 1.76E-06 1.60E-08 
9 S 1 1.45E-06 1.44E-06 1.26E-06 7.63E-09 
10 SSW 0.9 3.73E-06 3.71E-06 3.27E-06 1.28E-08 
11 SW 1.5 3.03E-06 3.00E-06 2.56E-06 5.50E-09 
12 WSW 1.3 1.14E-05 1.13E-05 9.74E-06 1.33E-08 
13 W 1.2 5.41E-06 5.36E-06 4.65E-06 6.70E-09 
14 WNW 0.8 7.00E-06 6.95E-06 6.19E-06 1.12E-08 
15 NW 0.8 5.92E-06 5.88E-06 5.23E-06 1.28E-08 
16 NNW 0.6 6.47E-06 6.45E-06 5.84E-06 1.74E-08 

 
 

NEAREST GARDEN WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 3.2 5.51E-07 5.42E-07 4.31E-07 1.30E-09 
2 NNE 2.3 9.70E-07 9.61E-07 7.90E-07 3.39E-09 
3 NE 2.7 5.50E-07 5.45E-07 4.41E-07 3.44E-09 
4 ENE 2.1 4.18E-07 4.15E-07 3.43E-07 3.05E-09 
5 E 1.8 2.38E-07 2.37E-07 1.99E-07 1.52E-09 
6 ESE 2.5 8.95E-08 8.89E-08 7.24E-08 5.74E-10 
7 SE 0.6 1.28E-06 1.28E-06 1.15E-06 1.07E-08 
8 SSE 1.5 4.46E-07 4.44E-07 3.78E-07 3.02E-09 
9 S 1.1 1.25E-06 1.24E-06 1.08E-06 6.42E-09 
10 SSW 1.2 2.40E-06 2.39E-06 2.07E-06 7.71E-09 
11 SW 1.9 2.13E-06 2.11E-06 1.76E-06 3.76E-09 
12 WSW 1.3 1.14E-05 1.13E-05 9.74E-06 1.33E-08 
13 W 1.2 5.41E-06 5.36E-06 4.65E-06 6.70E-09 
14 NWW (1) - - - - 
15 NW 1.8 1.65E-06 1.63E-06 1.38E-06 3.05E-09 
16 NNW 4 3.82E-07 3.73E-07 2.90E-07 6.46E-10 

 
 

(1) No garden within 5 miles for this sector 
 

*Locations use the 2003 Land Use Census Locations 
 



SSES – FSAR 
Table Rev. 49 

FSAR Rev. 64 Page 1 of 1 

TABLE 2.3-123 
 

2003 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST RESIDENCE AND GARDEN* 

 
NEAREST RESIDENCE WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 1.3 1.89E-06 1.87E-06 1.61E-06 5.20E-09 
2 NNE 1 2.85E-06 2.83E-06 2.48E-06 1.06E-08 
3 NE 0.9 2.56E-06 2.55E-06 2.25E-06 1.74E-08 
4 ENE 2.1 4.35E-07 4.32E-07 3.57E-07 3.02E-09 
5 E 1.4 3.53E-07 3.51E-07 3.01E-07 2.19E-09 
6 ESE 0.5 1.33E-06 1.33E-06 1.21E-06 1.12E-08 
7 SE 0.5 1.66E-06 1.66E-06 1.52E-06 1.42E-08 
8 SSE 0.6 1.68E-06 1.67E-06 1.51E-06 1.40E-08 
9 S 1 1.20E-06 1.20E-06 1.05E-06 5.99E-09 
10 SSW 0.9 3.92E-06 3.90E-06 3.44E-06 1.37E-08 
11 SW 1.5 3.91E-06 3.88E-06 3.31E-06 7.30E-09 
12 WSW 1.3 1.00E-05 9.93E-06 8.56E-06 1.30E-08 
13 W 1.2 4.96E-06 4.91E-06 4.26E-06 6.68E-09 
14 WNW 0.8 6.33E-06 6.29E-06 5.59E-06 1.24E-08 
15 NW 0.8 7.72E-06 7.67E-06 6.82E-06 1.86E-08 
16 NNW 0.6 5.96E-06 5.94E-06 5.37E-06 1.78E-08 

 
 

NEAREST GARDEN WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 3.2 4.97E-07 4.89E-07 3.89E-07 1.17E-09 
2 NNE 2.3 8.48E-07 8.39E-07 6.90E-07 2.79E-09 
3 NE 2.7 5.08E-07 5.04E-07 4.07E-07 3.01E-09 
4 ENE 2.1 4.35E-07 4.32E-07 3.57E-07 3.02E-09 
5 E 1.8 2.38E-07 2.37E-07 1.99E-07 1.45E-09 
6 ESE 2.5 8.98E-08 8.92E-08 7.27E-08 6.03E-10 
7 SE 0.6 1.27E-06 1.27E-06 1.15E-06 1.04E-08 
8 SSE 1.5 3.88E-07 3.86E-07 3.29E-07 2.65E-09 
9 S 1.1 1.03E-06 1.03E-06 8.95E-07 5.04E-09 
10 SSW 1.2 2.53E-06 2.52E-06 2.18E-06 8.24E-09 
11 SW 1.9 2.75E-06 2.72E-06 2.28E-06 4.98E-09 
12 WSW 1.3 1.00E-05 9.93E-06 8.56E-06 1.30E-08 
13 W 1.2 4.96E-06 4.91E-06 4.26E-06 6.68E-09 
14 NWW - - - - - 
15 NW 1.8 2.18E-06 2.16E-06 1.82E-06 4.44E-09 
16 NNW 4 3.42E-07 3.34E-07 2.60E-07 6.60E-10 

 
 

(1) No garden within 5 miles for this sector 
 

*Locations use the 2003 Land Use Census Locations 
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TABLE 2.3-124 
 

1999 - 2003 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST RESIDENCE AND GARDEN* 

 
NEAREST RESIDENCE WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 1.3 2.00E-06 1.99E-06 1.71E-06 5.27E-09 
2 NNE 1 3.05E-06 3.03E-06 2.65E-06 1.10E-08 
3 NE 0.9 2.86E-06 2.85E-06 2.51E-06 1.81E-08 
4 ENE 2.1 3.95E-07 3.92E-07 3.24E-07 2.92E-09 
5 E 1.4 3.30E-07 3.28E-07 2.81E-07 2.16E-09 
6 ESE 0.5 1.30E-06 1.30E-06 1.19E-06 1.04E-08 
7 SE 0.5 1.92E-06 1.92E-06 1.75E-06 1.58E-08 
8 SSE 0.6 2.05E-06 2.05E-06 1.85E-06 1.64E-08 
9 S 1 1.48E-06 1.48E-06 1.29E-06 7.84E-09 
10 SSW 0.9 3.53E-06 3.51E-06 3.09E-06 1.25E-08 
11 SW 1.5 3.24E-06 3.21E-06 2.74E-06 6.15E-09 
12 WSW 1.3 1.14E-05 1.13E-05 9.70E-06 1.43E-08 
13 W 1.2 5.84E-06 5.79E-06 5.02E-06 7.43E-09 
14 WNW 0.8 6.73E-06 6.68E-06 5.94E-06 1.13E-08 
15 NW 0.8 6.77E-06 6.72E-06 5.98E-06 1.46E-08 
16 NNW 0.6 6.04E-06 6.01E-06 5.44E-06 1.60E-08 

 
 

NEAREST GARDEN WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

1 N 3.2 5.34E-07 5.24E-07 4.17E-07 1.19E-09 
2 NNE 2.3 9.07E-07 8.98E-07 7.39E-07 2.88E-09 
3 NE 2.7 5.72E-07 5.67E-07 4.59E-07 3.13E-09 
4 ENE 2.1 3.95E-07 3.92E-07 3.24E-07 2.92E-09 
5 E 1.8 2.22E-07 2.21E-07 1.85E-07 1.43E-09 
6 ESE 2.5 8.76E-08 8.70E-08 7.09E-08 5.60E-10 
7 SE 0.6 1.47E-06 1.47E-06 1.32E-06 1.16E-08 
8 SSE 1.5 4.70E-07 4.68E-07 3.98E-07 3.10E-09 
9 S 1.1 1.27E-06 1.27E-06 1.10E-06 6.60E-09 
10 SSW 1.2 2.27E-06 2.26E-06 1.95E-06 7.55E-09 
11 SW 1.9 2.28E-06 2.25E-06 1.89E-06 4.20E-09 
12 WSW 1.3 1.14E-05 1.13E-05 9.70E-06 1.43E-08 
13 W 1.2 5.84E-06 5.79E-06 5.02E-06 7.43E-09 
14 NWW (1) - - - - 
15 NW 1.8 1.90E-06 1.88E-06 1.58E-06 3.49E-09 
16 NNW 4 3.50E-07 3.41E-07 2.65E-07 5.94E-10 

 
 

(1) No garden within 5 miles for this sector 
 

*Locations use the 2003 Land Use Census Locations 
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TABLE 2.3-125 
 

1999 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST MEAT ANIMAL. DAIRY LOCATIONS 

AND SPECIAL RECEPTORS* 

ANIMAL RAISED FOR MEAT CONSUMPTION 
WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

2 NNE 2.3 8.50E-07 8.40E-07 6.92E-07 2.73E-09 
4 ENE 2.4 3.37E-07 3.35E-07 2.74E-07 2.55E-09 
5 E 1.4 3.28E-07 3.27E-07 2.80E-07 2.30E-09 
10 SSW 3 4.70E-07 4.63E-07 3.71E-07 1.58E-09 
10 SSW 3.5 3.30E-07 3.25E-07 2.56E-07 1.05E-09 
12 WSW 1.7 7.90E-06 7.82E-06 6.61E-06 9.71E-09 
15 NW 1.8 1.71E-06 1.69E-06 1.43E-06 3.19E-09 

 
 

ALL DAIRY LOCATIONS WITHIN A 5-MILE RADIUS OF SSES 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

5 E 4.5 4.62E-08 4.56E-08 3.46E-08 2.66E-10 
6 ESE 2.7 6.54E-08 6.50E-08 5.24E-08 4.19E-10 
6 ESE 4.2 2.64E-08 2.61E-08 2.00E-08 1.49E-10 
10 SSW 3 4.70E-07 4.63E-07 3.71E-07 1.58E-09 
10 SSW 3.1 4.37E-07 4.31E-07 3.43E-07 1.46E-09 
10 SSW 3.5 3.30E-07 3.25E-07 2.56E-07 1.05E-09 
12 WSW 1.7 7.90E-06 7.82E-06 6.61E-06 9.71E-09 
13 W 5 5.49E-07 5.28E-07 4.03E-07 4.36E-10 
16 NNW 4.2 2.69E-07 2.62E-07 2.03E-07 4.68E-10 

 
 

SPECIAL RECEPTOR LOCATIONS 
SECTOR 
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) X/Q DEC+DEP(3) DEPOSITION(4) 

3 NE Riverlands / EIC 0.7 4.40E-06 4.39E-06 3.93E-06 2.70E-08 
12 WSW Tower’s Club 0.5 4.06E-05 4.05E-05 3.71E-05 5.97E-08 
5 E East Gate  0.5 1.70E-06 1.70E-06 1.55E-06 1.48E-08 

 
*Locations use the 2003 Land Use Census Locations 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days  (sec/m3) 
(3) Decayed and depleted, half-life 8 days  (sec/m3) 
(4) Relative deposition rate   (l/m2) 

 



SSES - FSAR 
Table Rev. 49 

FSAR Rev. 64 Page 1 of 1 

TABLE 2.3-126 
 

2000 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST MEAT ANIMAL, DAIRY LOCATIIONS 

AND SPECIAL RECEPTORS* 
 
 

ANIMAL RAISED FOR MEAT CONSUMPTION 
WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

2 NNE 2.3 9.52E-07 9.41E-07 7.75E-07 2.74E-09 
4 ENE 2.4 3.04E-07 3.02E-07 2.47E-07 2.26E-09 
5 E 1.4 3.42E-07 3.40E-07 2.91E-07 2.17E-09 
10 SSW 3 5.36E-07 5.28E-07 4.23E-07 1.43E-09 
10 SSW 3.5 3.77E-07 3.70E-07 2.92E-07 9.52E-10 
12 WSW 1.7 7.71E-06 7.63E-06 6.45E-06 9.69E-09 
15 NW 1.8 1.93E-06 1.91E-06 1.61E-06 3.15E-09 

 
 

ALL DAIRY LOCATIONS WITHIN A 5-MILE RAIDUS OF SSES 
SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

5 E 4.5 4.78E-08 4.70E-08 3.58E-08 2.51E-10 
6 ESE 2.7 8.98E-08 8.90E-08 7.20E-08 5.58E-10 
6 ESE 4.2 3.60E-08 3.55E-08 2.72E-08 1.99E-10 
10 SSW 3 5.36E-07 5.28E-07 4.23E-07 1.43E-09 
10 SSW 3.1 4.99E-07 4.91E-07 3.92E-07 1.32E-09 
10 SSW 3.5 3.77E-07 3.70E-07 2.92E-07 9.52E-10 
12 WSW 1.7 7.71E-06 7.63E-06 6.45E-06 9.69E-09 
13 W 5 5.35E-07 5.15E-07 3.93E-07 4.49E-10 
16 NNW 4.2 3.15E-07 3.06E-07 2.37E-07 4.68E-10 

 
 

SPECIAL RECEPTOR LOCATIONS 
SECTOR 
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) 

X/Q 

DEC+DEP(3) DEPOSITION(4) 

3 NE Riverlands/EIC 0.7 4.17E-06 4.16E-06 3.73E-06 2.61E-08 
12 WSW Towers Club 0.5 3.88E-05 3.87E-05 3.54E-05 5.96E-08 
5 E East Gate 0.5 1.79E-06 1.79E-06 1.63E-06 1.39E-08 

 
*Locations use the 2003 Land Use Census Locations. Only sectors with animals or dairy within 5 miles 
are shown. 
 
(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-127 
 

2001 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST MEAT ANIMAL, DAIRY LOCATIIONS 

AND SPECIAL RECEPTORS* 
 
 

ANIMAL RAISED FOR MEAT CONSUMPTION WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

2 NNE 2.3 9.17E-07 9.06E-07 7.46E-07 2.75E-09 
4 ENE 2.4 2.93E-07 2.91E-07 2.38E-07 2.30E-09 
5 E 1.4 2.71E-07 2.70E-07 2.31E-07 1.85E-09 
10 SSW 3 4.46E-07 4.39E-07 3.52E-07 1.24E-09 
10 SSW 3.5 3.13E-07 3.08E-07 2.42E-07 8.22E-10 
12 WSW 1.7 8.49E-06 8.40E-06 7.10E-06 1.02E-08 
15 NW 1.8 2.03E-06 2.01E-06 1.69E-06 3.63E-09 

 
 

ALL DAIRY LOCATIONS WITHIN A 5-MILE RADIUS OF SSES 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

5 E 4.5 3.70E-08 3.64E-08 2.77E-08 2.14E-10 
6 ESE 2.7 6.77E-08 6.71E-08 5.42E-08 3.93E-10 
6 ESE 4.2 2.71E-08 2.67E-08 2.05E-08 1.40E-10 
10 SSW 3 4.46E-07 4.39E-07 3.52E-07 1.24E-09 
10 SSW 3.1 4.15E-07 4.08E-07 3.26E-07 1.14E-09 
10 SSW 3.5 3.13E-07 3.08E-07 2.42E-07 8.22E-10 
12 WSW 1.7 8.49E-06 8.40E-06 7.10E-06 1.02E-08 
13 W 5 6.35E-07 6.11E-07 4.66E-07 4.89E-10 
16 NNW 4.2 3.76E-07 3.66E-07 2.84E-07 5.95E-10 

 
 

SPECIAL RECEPTOR LOCATIONS 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) 

X/Q 

DEC+DEP(3) DEPOSITION(4) 

3 NE Riverlands/EIC 0.7 4.34E-06 4.33E-06 3.87E-06 2.77E-08 
12 WSW Towers Club 0.5 4.29E-05 4.28E-05 3.92E-05 6.28E-08 
5 E East Gate 0.5 1.42E-06 1.42E-06 1.30E-06 1.19E-08 

 
*Locations use the 2003 Land Use Census Locations. Only sectors with animals or dairy within 5 miles 
are shown 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-128 
 

2002 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST MEAT ANIMAL, DAIRY LOCATIIONS 

AND SPECIAL RECEPTORS* 
 

ANIMAL RAISED FOR MEAT CONSUMPTION WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

2 NNE 2.3 9.70E-07 9.61E-07 7.90E-07 3.39E-09 
4 ENE 2.4 3.48E-07 3.45E-07 2.82E-07 2.54E-09 
5 E 1.4 3.55E-07 3.53E-07 3.02E-07 2.30E-09 
10 SSW 3 5.49E-07 5.40E-07 4.33E-07 1.50E-09 
10 SSW 3.5 3.87E-07 3.80E-07 2.99E-07 1.00E-09 
12 WSW 1.7 7.78E-06 7.70E-06 6.51E-06 8.69E-08 
15 NW 1.8 1.65E-06 1.63E-06 1.38E-06 3.05E-09 

 
 

ALL DAIRY LOCATIONS WITHIN A 5-MILE RADIUS OF SSES 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

5 E 4.5 4.86E-08 4.79E-08 3.64E-08 2.66E-10 
6 ESE 2.7 7.72E-08 7.66E-08 6.19E-08 4.85E-10 
6 ESE 4.2 3.11E-08 3.07E-08 2.36E-08 1.72E-10 
10 SSW 3 5.49E-07 5.40E-07 4.33E-07 1.50E-09 
10 SSW 3.1 5.11E-07 5.03E-07 4.01E-07 1.38E-09 
10 SSW 3.5 3.87E-07 3.80E-07 2.99E-07 1.00E-09 
12 WSW 1.7 7.78E-06 7.70E-06 6.51E-06 8.69E-09 
13 W 5 4.98E-07 4.78E-07 3.65E-07 3.87E-10 
16 NNW 4.2 3.58E-07 3.49E-07 2.70E-07 5.93E-10 

 
 

SPECIAL RECEPTOR LOCATIONS 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) X/Q DEC+DEP(3) DEPOSITION(4) 

3 NE Riverlands / EIC 0.7 4.03E-06 4.02E-06 3.60E-06 3.03E-08 
12 WSW Tower’s Club 0.5 3.97E-05 3.96E-05 3.63E-05 5.34E-08 
5 E East Gate  0.5 1.82E-06 1.82E-06 1.67E-06 1.48E-08 

 
*Locations use the 2003 Land Use Census Locations.  Only sectors with animals or dairy within 5 miles 
are shown. 

 
(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 

 



SSES - FSAR 
Table Rev. 49 

FSAR Rev. 64 Page 1 of 1 

TABLE 2.3-129  
 

2003 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST MEAT ANIMAL, DAIRY LOCATIIONS 

AND SPECIAL RECEPTORS* 
 

ANIMAL RAISED FOR MEAT CONSUMPTION WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

2 NNE 2.3 8.48E-07 8.39E-07 6.90E-07 2.79E-09 
4 ENE 2.4 3.62E-07 3.60E-07 2.94E-07 2.52E-09 
5 E 1.4 3.53E-07 3.51E-07 3.01E-07 2.19E-09 
10 SSW 3 5.71E-07 5.63E-07 4.51E-07 1.61E-09 
10 SSW 3.5 4.00E-07 3.94E-07 3.10E-07 1.07E-09 
12 WSW 1.7 6.85E-06 6.77E-06 5.73E-06 8.50E-09 
15 NW 1.8 2.18E-06 2.16E-06 1.82E-06 4.44E-09 

 
 

ALL DAIRY LOCATIONS NEAR SSES 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

5 E 4.5 4.99E-08 4.90E-08 3.73E-08 2.53E-10 
6 ESE 2.7 7.74E-08 7.67E-08 6.20E-08 5.09E-10 
6 ESE 4.2 3.10E-08 3.06E-08 2.35E-08 1.81E-10 
10 SSW 3 5.71E-07 5.63E-07 4.51E-07 1.61E-09 
10 SSW 3.1 5.30E-07 5.23E-07 4.17E-07 1.48E-09 
10 SSW 3.5 4.00E-07 3.94E-07 3.10E-07 1.07E-09 
12 WSW 1.7 6.85E-06 6.77E-06 5.73E-06 8.50E-09 
13 W 5 4.42E-07 4.25E-07 3.25E-07 3.86E-10 
16 NNW 4.2 3.20E-07 3.13E-07 2.42E-07 6.07E-10 

 
 

SPECIAL RECEPTOR LOCATIONS 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) X/Q DEC+DEP(3) DEPOSITION(4) 

3 NE Riverlands / EIC 0.7 3.70E-06 3.69E-06 3.30E-06 2.65E-08 
12 WSW Tower’s Club 0.5 3.41E-05 3.40E-05 3.11E-05 5.22E-08 
5 E East Gate  0.5 1.82E-06 1.81E-06 1.66E-06 1.41E-08 

 
 

*Locations use the 2003 Land Use Census Locations 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-130 
 

1999 - 2003 ATMOSPHERIC DISPERSION ESTIMATES 
FOR NEAREST MEAT ANIMAL, DAIRY LOCATIIONS 

AND SPECIAL RECEPTORS* 
 

ANIMAL RAISED FOR MEAT CONSUMPTION WITHIN A 5-MILE RADIUS OF SSES BY SECTOR 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

2 NNE 2.3 9.07E-07 8.98E-07 7.39E-07 2.88E-09 
4 ENE 2.4 3.29E-07 3.26E-07 2.67E-07 2.43E-09 
5 E 1.4 3.30E-07 3.28E-07 2.81E-07 2.16E-09 
10 SSW 3 5.14E-07 5.07E-07 4.06E-07 1.47E-09 
10 SSW 3.5 3.61E-07 3.55E-07 2.80E-07 9.79E-10 
12 WSW 1.7 7.75E-06 7.66E-06 6.48E-06 9.36E-09 
15 NW 1.8 1.90E-06 1.88E-06 1.58E-06 3.49E-09 

 
 

ALL DAIRY LOCATIONS NEAR SSES 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR MILES X/Q X/Q DEC X/Q 

DEC+DEP DEPOSITION 

5 E 4.5 4.59E-08 4.52E-08 3.44E-08 2.50E-10 
6 ESE 2.7 7.55E-08 7.49E-08 6.05E-08 4.73E-10 
6 ESE 4.2 3.03E-08 2.99E-08 2.29E-08 1.68E-10 
10 SSW 3 5.14E-07 5.07E-07 4.06E-07 1.47E-09 
10 SSW 3.1 4.78E-07 4.71E-07 3.76E-07 1.35E-09 
10 SSW 3.5 3.61E-07 3.55E-07 2.80E-07 9.79E-10 
12 WSW 1.7 7.75E-06 7.66E-06 6.48E-06 9.36E-09 
13 W 5 5.32E-07 5.12E-07 3.90E-07 4.29E-10 
16 NNW 4.2 3.28E-07 3.19E-07 2.47E-07 5.46E-10 

 
 

SPECIAL RECEPTOR LOCATIONS 
 

SECTOR 
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) X/Q DEC+DEP(3) DEPOSITION(4) 

3 NE Riverlands / EIC 0.7 4.13E-06 4.12E-06 3.69E-06 2.75E-08 
12 WSW Tower’s Club 0.5 3.92E-05 3.91E-05 3.58E-05 5.75E-08 
5 E East Gate  0.5 1.71E-06 1.71E-06 1.56E-06 1.39E-08 

 
 

*Locations use the 2003 Land Use Census Locations.  Only sectors with animals or dairy within 5 miles 
are shown. 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-131 
 
 

1999 ATMOSPHERIC DISPERSION ESTIMATES 
AT SELECTED LOCATIONS 

 
 

SECTOR 
NUMBER 

AFFECTED  
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) 

X/Q 

DEC+DEP(3) DEPOSITION(4) 

12 WSW Maximum (X/Q) Site 
Boundary 1.22 1.28E-05 1.27E-05 1.10E-05 1.66E-08 

9 S Closest (X/Q) Site Boundary 0.38 6.71E-06 6.70E-06 6.25E-06 4.66E-08 

12 WSW Maximum (X/Q) Residence 1.3 1.16E-05 1.15E-05 9.90E-06 1.49E-08 

3 NE Maximum (D/Q) Residence 0.9 3.07E-06 3.05E-06 2.69E-06 1.77E-08 

12 WSW Maximum (D/Q) Garden 1.3 1.15E-05 9.90E-06 1.49E-08 1.16E-05 

12 WSW Maximum (D/Q) Dairy 1.7 7.90E-06 7.82E-06 6.61E-06 9.71E-09 

12 WSW Maximum (D/Q) Meat 
Producer 1.7 7.90E-06 7.82E-06 6.61E-06 9.71E-09 

3 NE Riverlands / EIC 0.7 4.40E-06 4.39E-06 3.93E-06 2.70E-08 

12 WSW Tower’s Club 0.5 4.06E-05 4.05E-05 3.71E-05 5.97E-08 

5 E East Gate  0.5 1.70E-06 1.70E-06 1.55E-06 1.48E-08 

 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-132 
 
 

2000 ATMOSPHERIC DISPERSION ESTIMATES 
AT SELECTED LOCATIONS 

 
 

 
SECTOR  
NUMBER 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) 

X/Q 

DEC+DEP(3) DEPOSITION(4) 

12 WSW Maximum (X/Q) Site 
Boundary 1.22 1.24E-05 1.23E-05 1.07E-05 1.65E-08 

9 S Closest (X/Q) Site Boundary 0.38 6.21E-06 6.20E-06 5.78E-06 4.11E-08 

12 WSW Maximum (X/Q) Residence 1.3 1.13E-05 1.12E-05 9.65E-06 1.49E-08 

3 NE Maximum (D/Q) Residence 0.6 2.44E-06 2.44E-06 2.20E-06 1.94E-08 

12 WSW Maximum (D/Q) Garden 1.3 1.13E-05 1.12E-05 9.65E-06 1.49E-08 

12 WSW Maximum (D/Q) Dairy 1.7 7.71E-06 7.63E-06 6.45E-06 9.69E-09 

12 WSW Maximum (D/Q) Meat 
Producer 1.7 7.71E-06 7.63E-06 6.45E-06 9.69E-09 

3 NE Riverlands / EIC 0.7 4.17E-06 4.16E-06 3.73E-06 2.61E-08 

12 WSW Tower’s Club 0.5 3.88E-05 3.87E-05 3.54E-05 5.96E-08 

5 E East Gate  0.5 1.79E-06 1.79E-06 1.63E-06 1.39E-08 

 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-133 
 
 

2001 ATMOSPHERIC DISPERSION ESTIMATES 
AT SELECTED LOCATIONS 

 
AFFECTED 

SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) X/Q DEC+DEP(3) DEPOSITION(4) 

12/WSW Maximum (X/Q) Site 
Boundary 1.22 1.37E-05 1.36E-05 1.18E-05 1.74E-08 

9/S Closest (X/Q) Site Boundary 0.38 6.07E-06 6.06E-06 5.65E-06 3.90E-08 

12/WSW Maximum (X/Q) Residence 1.3 1.24E-05 1.23E-05 1.06E-05 1.57E-08 

3/NE Maximum (D/Q) Residence 0.9 3.00E-06 2.99E-06 2.63E-06 1.82E-08 

12/WSW Maximum (D/Q) Garden 1.3 1.24E-05 1.23E-05 1.06E-05 1.57E-08 

12/SW Maximum (D/Q) Dairy 1.7 8.49E-06 8.40E-06 7.10E-06 1.02E-08 

12/WSW Maximum (D/Q) Meat 
Producer 1.7 8.49E-06 8.40E-06 7.10E-06 1.02E-08 

3/NE Riverlands / EIC 0.7 4.34E-06 4.33E-06 3.87E-06 2.77E-08 

12/WSW Tower’s Club 0.5 4.29E-05 4.28E-05 3.92E-05 6.28E-08 

5/E East Gate  0.5 1.42E-06 1.42E-06 1.30E-06 1.19E-08 

 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-134 
 
 

2002 ATMOSPHERIC DISPERSION ESTIMATES 
AT SELECTED LOCATIONS 

 
AFFECTED 

SECTOR LOCATION MILES X/Q(1) X/Q DEC(2) 
X/Q 

DEC+DEP(3) DEPOSITION(4) 

12/WSW Maximum (X/Q) Site 
Boundary 1.22 1.26E-05 1.25E-05 1.08E-05 1.48E-08 

9/S Closest (X/Q) Site Boundary 0.38 5.71E-06 5.70E-06 5.31E-06 3.78E-08 

12/WSW Maximum (X/Q) Residence 1.3 1.14E-05 1.13E-05 9.74E-06 1.33E-08 

3/NE Maximum (D/Q) Residence 0.9 2.78E-06 2.77E-06 2.44E-06 1.99E-08 

12/WSW Maximum (D/Q) Garden 1.3 1.14E-05 1.13E-05 9.74E-06 1.33E-08 

12/SW Maximum (D/Q) Dairy 1.7 7.78E-06 7.70E-06 6.51E-06 8.69E-09 

12/WSW Maximum (D/Q) Meat 
Producer 1.7 7.78E-06 7.70E-06 6.51E-06 8.69E-09 

3/NE Riverlands / EIC 0.7 4.03E-06 4.02E-06 3.60E-06 3.03E-08 

12/WSW Tower’s Club 0.5 3.97E-05 3.96E-05 3.63E-05 5.34E-08 

5/E East Gate  0.5 1.82E-06 1.82E-06 1.67E-06 1.48E-08 

 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-135 
 
 

2003 ATMOSPHERIC DISPERSION ESTIMATES 
AT SELECTED LOCATIONS 

 
AFFECTED 

SECTOR LOCATION MILES X/Q(1) 
X/Q 

DEC(2) 

X/Q 

DEC+DEP(3) DEPOSITION(4) 

11WS Maximum (X/Q) Site 
Boundary 0.61 1.45E-05 1.45E-05 1.31E-05 3.25E-08 

9/S Closest (X/Q) Site Boundary 0.38 4.69E-06 4.69E-06 4.37E-06 2.97E-08 

12/WSW Maximum (X/Q) Residence 1.3 1.00E-05 9.93E-06 8.56E-06 1.30E-08 

15/NW Maximum (D/Q) Residence 0.8 7.72E-06 7.67E-06 6.82E-06 1.86E-08 

12/WSW Maximum (D/Q) Garden 1.3 1.00E-05 9.93E-06 8.56E-06 1.30E-08 

12/SW Maximum (D/Q) Dairy 1.7 6.85E-06 6.77E-06 5.73E-06 8.50E-09 

12/WSW Maximum (D/Q) Meat 
Producer 1.7 6.85E-06 6.77E-06 5.73E-06 8.50E-09 

3/NE Riverlands / EIC 0.7 3.70E-06 3.69E-06 3.30E-06 2.65E-08 

12/WSW Tower’s Club 0.5 3.41E-05 3.40E-05 3.11E-05 5.22E-08 

5/E East Gate  0.5 1.82E-06 1.81E-06 1.66E-06 1.41E-08 

 
 

(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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TABLE 2.3-136 
 
 

1999 - 2003 ATMOSPHERIC DISPERSION ESTIMATES 
AT SELECTED LOCATIONS 

 
 

AFFECTED 
SECTOR LOCATION MILES X/Q(1) 

X/Q 

DEC(2) 

X/Q 

DEC+DEP(3) DEPOSITION(4) 

12/WSW Maximum (X/Q) Site 
Boundary 1.22 1.25E-05 1.24E-05 1.07E-05 1.60E-08 

9/S Closest (X/Q) Site Boundary 0.38 5.88E-06 5.87E-06 5.47E-06 3.88E-08 

12/WSW Maximum (X/Q) Residence 1.3 1.14E-05 1.13E-05 9.70E-06 1.43E-08 

3/NE Maximum (D/Q) Residence 0.9 2.86E-06 2.85E-06 2.51E-06 1.81E-08 

12/WSW Maximum (D/Q) Garden 1.3 1.14E-05 1.13E-05 9.70E-06 1.43E-08 

12/WSW Maximum (D/Q) Dairy 1.7 7.75E-06 7.66E-06 6.48E-06 9.36E-09 

12/WSW Maximum (D/Q) Meat 
Producer 1.7 7.75E-06 7.66E-06 6.48E-06 9.36E-09 

3/NE Riverlands / EIC 0.7 4.13E-06 4.12E-06 3.69E-06 2.75E-08 

12/WSW Tower’s Club 0.5 3.92E-05 3.91E-05 3.58E-05 5.75E-08 

5/E East Gate  0.5 1.71E-06 1.71E-06 1.56E-06 1.39E-08 

 
(1) Relative concentration (sec/m3) 
(2) Decayed and undepleted, half-life 2.26 days (sec/m3) 
(3) Decayed and depleted, half-life 8 days (sec/m3) 
(4) Relative deposition rate (1/m2) 
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2.4  HYDROLOGIC ENGINEERING 
 
 
2.4.1  HYDROLOGIC DESCRIPTION 
 
2.4.1.1  Site and Facilities 
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2.4.1.2  Hydrosphere 
 
Included in this section is a description of the location, size, shape and other hydrologic 
characteristics of the streams and reservoirs comprising the surface water hydrosphere.  A 
description of the groundwater environments influencing plant siting is included in 
Subsection 2.4.13.1. 
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2.4.1.2.1  Rivers and Streams 

 
 
 
 
 
 
 
Security-Related Information 
Text Withheld Under 10 CFR 2.390 



SSES-FSAR 
Text Rev. 60 
 
 

FSAR Rev. 66 2.4-3 

2.4.1.2.2  Dams and Reservoirs 
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2.4.1.2.3  Downstream Water Uses 
 
Information has been collected for known points of water use within a 50 mile water route distance 
from the Susquehanna SES site as required by 10 CFR 50 Appendix I.  Included are users on or 
near the Main Branch downstream of the site, since these are the only locations where detectable 
amounts of radioactivity could possibly affect such use.  The types of use found are municipal water 
supply, industrial use, and recreation.  Most of this information was obtained from the Pennsylvania 
Department of Environmental Resources (DER) (Ref. 2.4-9 through 2.4-13).  Listed in Table 2.4-3 
are known water users on or near the Main Branch of the Susquehanna with their location, type of 
use, radial and water route distance from the station site, present total and consumptive use and, 
where available, projected use with sources and dates of projections.  The locations of the water 
users in Table 2.4-3 are indicated on the map of the river presented in Figure 2.4-7.  Users on the 
map can be identified by the column entitled "map code" in Table 2.4-3. 
 
Information on municipal water users was provided by the Pennsylvania DER through Water 
Company Consolidated Inventory Report (Ref. 2.4-9), Surface Water Use Summary Reports 
(Ref. 2.4-10) and Personal Communication (Ref. 2.4-11).  Four municipal water supply companies 
withdrawing directly from the reach of the Susquehanna downstream of the station site have been 
identified.  These four companies serve the towns of Berwick, Danville, Sunbury, and Shamokin 
Dam.  Projected use for these water companies is presented in Table 2.4-3; however, many water 
companies in the area have multiple sources and it is not possible to project that their entire use will 
be drawn from the Susquehanna River.  Groundwater is presently the primary source of water 
supply in the region.  The Susquehanna and its tributaries provide a secondary source, but as 
water demand increases, direct withdrawal from the Susquehanna is expected to increase. 
 
Information concerning industrial water users is also supplied by the Pennsylvania DER 
(Ref. 2.4-12).  Name and type of company, location, water source, and total withdrawal is given in 
Table 2.4-3.  Information on water return to the river or future water demand for these companies is 
not generally available.  The Pennsylvania DER does have estimates of consumptive use vs. total 
use and also future water demand estimates on an area wide basis for various types of use 
(municipal, manufacturing, mining, etc.) (Ref. 2.4-13).  For the region under study, the consumptive 
use for manufacturing is about eight percent of the total water use.  Total and consumptive use for 
manufacturing is projected to increase 15 percent by 1970 to 1990.  Therefore, a rough estimate of 
30 percent may be used for industrial water use increase in the general areaover the station life.  Of 
course, these values should be used only as guidelines, as they pertain to industry for the area
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 in general and not necessarily to those companies withdrawing water from the Susquehanna.  A 
tabulation of groundwater users is included in Subsection 2.4.13.2. 
 
Points of known recreational use along the Main Branch of the Susquehanna within 50 miles of the 
station site are listed in Table 2.4-3.  Five of the locations are considered to be good fishing 
locations.  Four of these five are listed in the "100 Best Bass Spots in Pennsylvania," a brochure 
distributed by the Pennsylvania Fish Commission (Ref. 2.4-14).  The remaining recreational area is 
Shikellamy State Park and Marina.  The marina is located on the southern tip of Packer's Island at 
the confluence of the West and Main Branches of the Susquehanna.  This portion of the river is 
called Lake Augusta, a 3,000 acre lake created by the Sunbury Fabridam located 3 miles 
downstream of the confluence.  The Lake Augusta is heavily used for boating activities, including 
water skiing. 
 

END HISTORICAL 
 
 
2.4.2  FLOODS 
 
2.4.2.1  Flood History 
 
This Subsection discusses the historical flood events which have occurred on the Main Branch of 
the Susquehanna River in the vicinity of the Susquehanna SES site.  The most severe flood event 
for this region occurred in June 1972 as the result of the passage of Tropical Storm Agnes through 
Pennsylvania.  In spite of the fact that this flood produced discharges of nearly 1.4 times as great as 
those of the previous flood on record, the Susquehanna SES site remained over 150 feet above the 
flood crest.  This very substantial margin of safety is additionally reinforced by findings of the flood 
mechanism evaluations discussed in the following sections.  Therefore the classification of the 
Susquehanna SES as a "dry" site is therefore justified. 
 
 
2.4.2.1.1  Flood Records 
 
Detailed records of historical floods in the immediate vicinity of the Susquehanna SES do not exist.  
Data is available, however, from USGS Gaging Stations located at Wilkes-Barre (about 22 miles 
upstream of the site) and at Danville (about 31 miles downstream).  The Corps of Engineers has 
compiled flood stage and discharge information for the Susquehanna River at Wilkes-Barre (Ref. 
2.4-15).  These data are based on records of flood stages dating from 1891.  Data for the four most 
severe floods on record are presented in Table 2.4-4.  Table 2.4-4 also includes the stages and 
discharges for floods at Danville.  Discharges at the Susquehanna SES site are linearly interpolated 
between the reported Wilkes-Barre and Danville discharges on the basis of drainage areas.  
Corresponding river stages at the site are estimated by use of the stage-discharge curve presented 
as Figure 2.4-8.  The development of this curve is discussed in Subsection 2.4.3.5. 
 
2.4.2.1.2  Tropical Storm Agnes 
 
The passage of Tropical Storm Agnes through Pennsylvania on June 22 and 23, 1972 resulted in 
record flood levels in the Susquehanna River Basin.  Flood crests exceeded the previous record 
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flood level of 1936 at Wilkes-Barre by 7.5 feet.  At Danville, a local maximum gage level resulting 
from a 1904 ice jam was exceeded by 1.6 feet.  Peak discharge at Wilkes-Barre was an estimated 
345,000 cfs or a unit discharge of 34.6 cubic feet per second per square mile (cfsm).  Accumulated 
runoff for the drainage area above Wilkes-Barre for the period of 0000 hours, June 21, 1972 
through 2200 hours, June 27, 1972 totaled 4.32 inches (Ref. 2.4-16 through 2.4-18). 
 
High water marks were recorded at two locations in the vicinity of the site (river mile 165.6).  A 
downstream flood mark of 506.0 ft msl was noted at Beach Haven (river mile 161.5).  An upstream 
flood mark of 525.6 ft msl was noted at Shickshinny (river mile 170.1) (Ref. 2.4-16).  A profile of the 
June 1972 flood in the vicinity of the site is provided as Figure 2.4-9.  This profile shows the site to 
be at least 150 feet above the high water level.  The river gaging station maintained at the site 
biological laboratory recorded a flood crest elevation of 516.6 ft. msl on June 23, 1972. 
 
 
2.4.2.1.3  Flood Resulting from Ice Jams 
 
The only recorded instance of ice related-flooding on the Susquehanna River in the vicinity of the 
Susquehanna SES occurred near Danville on March 9, 1904.  This jam resulted in a local maximum 
flood level of 462.0 ft msl which was not exceeded until the June 1972 flood (Ref. 2.4-19 and 
2.4-20).  Additional discussion of ice jams is found in Subsections 2.4.7 and 2.4.11.2. 
 
 
2.4.2.2  Flood Design Considerations 
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2.4.2.3  Effects of Local Intense Precipitation 
 
The effects of local intense precipitation were investigated to ensure that flooding at the plant site, if 
any, produced by a probable maximum precipitation (PMP) would not endanger the integrity of the 
safety-related facilities and that adequate drainage systems are provided for the roofs of all safety 
related buildings.  Drainage systems for the roofs are designed so that hydrostatic loadings on the 
roofs resulting from a local PMP are within the design limit. 
 
The all-season 24-hr PMP was derived using the procedures suggested by the National Weather 
Service (formerly US Weather Bureau) (Ref. 2.4-21).  The maximum 6-hr precipitation was 
disaggregated into one-half hour increments in accordance with a time distribution proposed by the 
US Army Corps of Engineers (Ref 2.4-22) and is presented in Table 2.4-5.  For storms less than 
one-half hour, the rainfall increments were determined using the ratios suggested by the National 
Weather Service (Ref. 2.4-23), and are shown in Table 2.4-6. 
 
The grading and natural topography of the plant site area are such that storm runoff is directed 
away from safety related buildings by a system of culverts, surface drainage channels, and 
underground storm drains.  In the evaluation of the effects of the PMP relative to the flooding of the 
safety-related facilities, all the culverts and underground storm drains, except the culverts in the 
emergency spillway for the spray pond were assumed to be blocked by debris or ice accumulation.  
The runoff from the PMP was assumed to occur only as surface flows, traversing the plant site in 
drainage channels or over low sections in the roads (Figure 2.4-10). 
 
Drainage areas are based from the “Existing Stormwater Report for PPL SSES in Salem Township, 
Luzerne County, Pennsylvania,” (Ref 2.4-100). 
The peak flood discharges resulting from the PMP were computed at a number of locations and for 
the roofs of the safety related structures using the "rational" formula: 
 
 Q = CIA (Equation 2.4-1) 
 
where: 
 

Q is the peak rate of runoff in cubic feet per second at the section of interest 
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C is the runoff coefficient depending on the characteristics of the drainage area: 
conservatively assumed to be 1.0 for all impervious surfaces such as a paved area 
or roof surface, and 0.9 for all other types of surfaces for PMP conditions 

 
I is the rainfall intensity in inches per hour for a storm duration equal to the time of 

concentration for the location of interest 
 

A is the drainage area, in acres, contributing to the flow at the point of interest 
 
The points of interest and their corresponding flow cross-sections are shown on Figures 2.4-11, 
2.4-12 and 2.4-13. 
 
The flow depth in a drainage channel was calculated using Manning's equation: 
 

AR Qn
S

2 3
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. ( )
/=  Equation (2.4-2) 

where: 
 

A is the cross-sectional area of the flow in square feet, at the check location 
perpendicular to the flow direction 

 
R is the hydraulic radius at the check location in feet 

 
Q is the peak flood discharge in cubic feet per second 

 
n is the Manning's roughness coefficient 

 
S is the slope of the energy gradient in feet per foot. 

 
The peak discharges resulting from the local PMP and the corresponding flow depths at the check 
sections are shown on Figures 2.4-11 through 2.4-13. 
 
Pressure resisting doors are provided to prevent water from reaching safety-related equipment 
should any water build up or ponding occur adjacent to the power block.  These doors are 
1-3/4 inch thick, flush type, hollow steel doors with 12 ga. pressed steel frames and 12 and 14 ga. 
steel face sheets.  Hinges are heavy duty, stainless steel, locksets are heavy duty mortise type and 
strikes are wrought box type.  Gaskets are provided between doors and bearing (sealing) surfaces 
of frames and thresholds.  Door and frame assemblies are designed to withstand various 
combinations of seating and unseating pressures depending on their locations in the plant.  
Prototype assemblies are tested to insure their conformance to the specified performance criteria.  
The performance criteria includes testing the seating and unseating pressure at the specified 
temperature as well as testing the leakage rate of each prototype.  The results of these tests are 
documented.  The flood flow is from the 61-acre area north of the spray pond and would be diverted 
away by a periphery channel.  The channel is designed to accommodate the peak discharge of 
1,259 cfs resulting from the local PMP as shown on Figure 2.4-13.  Therefore, the possibility of 
flooding any of the safety-related facilities due to PMP is precluded. 
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The peak rates of runoff from the roofs of these buildings resulting from the all-season PMP are 
presented in Table 2.4-7. 
 
Direct rainfall on the roofs of the reactor building, diesel generator buildings, and control structure is 
drained by a system of roof drains, supplemented by a series of scuppers and/or openings in the 
parapet walls forming the perimeters of the roofs of the buildings.  The dimensions of the scuppers 
and parapet openings required are shown in Table 2.4-7. 
 
In the evaluation of the effects of the local PMP, the roof drains were assumed to be blocked by 
debris or ice accumulation and only the scuppers or parapet openings remain functional.  The rating 
curve for each parapet opening or unsubmerged scupper was derived using the equation: 
 
 Q = CLH1.5 (Equation 2.4-3) 
 
where: 
 

Q is the discharge capacity of the parapet opening or unsubmerged scupper in cubic 
feet per second 

 
C is the discharge coefficient assumed to be 2.5 for a broad-crested weir condition 

 
L is the effective length in feet of the parapet opening or scupper, taking flow 

contraction at entrance into consideration 
 

H is the head in feet of water above the invert of the parapet opening or scupper 
 
To compute the flow capacity of a submerged scupper, the flow equation for an orifice was used: 
 
 Q = CA (2gh)1/2 (Equation 2.4-4) 
 
where: 
 

Q is the discharge through the submerged scupper 
 

C is the discharge coefficient conservatively assumed to be 0.45 because of the 
limited submergence conditions encountered 

 
A is the cross-sectional area of the scupper inlet in square feet 

 
g is the gravitational acceleration equal to 32.2 ft/sec/sec 

 
h is the upstream head in feet of water measured to the centerline of the flow through 

the scupper 
 
Ice accumulation could affect the site drainage by blocking drains and culverts.  This effect has 
been considered in the overall evaluation of the effect of the local PMP described in the section. 
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2.4.3  PROBABLE MAXIMUM FLOOD (PMF) ON STREAMS AND RIVERS 
 
The conditions producing the PMF are defined by the Corps of Engineers as the "hypothetical flood 
characteristics (peak discharge, volume, and hydrograph shape) that are considered to be the most 
severe reasonably possible at a particular location, based on a relatively comprehensive 
hydrometeorological analysis of critical runoff-producing precipitation (and snowmelt, if pertinent) 
and hydrologic factors favorable for maximum flood runoff" (Ref. 2.4-25).  The PMF for the 
Susquehanna SES was derived for the only water system, except local runoff that could affect site 
flooding, the Susquehanna River.  A maximum PMF water elevation on the Susquehanna River 
with coincident wind-generated waves of 548.0 ft msl was calculated in the site vicinity, which is 
over 120 feet below site grade elevation of 670 ft msl.  There are no other adjacent streams that 
would have an impact on plant flooding. 
 
The guidelines provided in Appendix A of Regulatory Guide 1.59 were followed throughout the 
analyses.  Because the Susquehanna SES is a flood-dry site, conservative assumptions and 
baseline conditions were adopted to maximize the PMF water elevations. 
 
 
2.4.3.1  Probable Maximum Precipitation 
 
To determine the PMF for this study, the Probable Maximum Precipitation (PMP) storm location, 
magnitude and temporal distribution were taken directly from Corps data (Ref. 2.4-26). 
 
The Corps had previously computed the Standard Project Flood (SPF) at Wilkes-Barre 
(Ref. 2.4-27).  Both the storm pattern used on the basin (Ref. 2.4-26) and the magnitude and 
distribution of precipitation (Ref. 2.4-28) were derived by the Corps.  The storm pattern thus 
obtained was laid over a map of the basin, the sub-basin outlines were drawn on the map and, by 
inspection, an average value of total rainfall on each sub-basin was estimated from the storm 
pattern isohyets.  This is shown on Figure 2.4-14.  The 12 six-hour time segments into which the 
72-hour PMP storm was divided (Ref. 2.4-26) were converted into 18 four-hour time segments.  
This division allowed direct use of the available unit hydrographs previously derived by the Corps of 
Engineers (Ref. 2.4-29) as discussed in Subsection 2.4.3.3. 
 
 
2.4.3.2  Precipitation Losses 
 
In order to determine the PMP rainfall excess for the Susquehanna River drainage basin, an initial 
loss of 1.0 inch followed by an infiltration loss rate of 0.05 inches per hour were adopted 
(Ref. 2.4-30 and 2.4-31).  These precipitation losses are consistent with values reported in the 
Susquehanna River Basin Study (Ref. 2.4-32).  Since the maximum PMF water elevation computed 
in Subsection 2.4.3.6 is over 120 feet below the site, precipitation losses are not a critical factor in 
the derivation of the PMF.  The assumed values represent reasonable conservative basin 
conditions appropriate for use with the PMP. 
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2.4.3.3  Runoff and Stream Course Models 
 
In a previous study (Ref. 2.4-29), the Corps computed the SPF from actual storm data, synthesized 
four-hour unit hydrographs for 68 sub-basins and determined routing coefficients from observed 
flood hydrograph movement using the Coefficient Method of Routing (Ref. 2.4-28) for some 105 
reaches in the Susquehanna River Basin above Wilkes-Barre, Pennsylvania.  A tabulation of the 
drainage areas and unit hydrograph characteristics for each sub-basin is shown on Table 2.4-8.  
These sub-basins are delineated and numbered on Figure 2.4-12.  Table 2.4-9 provides the flood 
routing coefficients used in the basin runoff model (Ref. 2.4-32). 
 
Since the previously derived PMP was divided into 18 four-hour periods, this division allowed direct 
use of the available unit hydrographs previously derived (Ref. 2.4-29).  These hydrographs were 
combined and routed in accordance with the procedures developed in Reference 2.4-29.  The site 
is over 120 feet above the PMF water level as determined in Subsection 2.4.3.6.  Because of this 
substantial margin of safety against river flooding, no adjustments of the unit hydrographs for 
non-linearity were made. 
 
 
2.4.3.4  Probable Maximum Flood Flow 
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2.4.3.5  Water Level Determination 
 
Backwater computations have been carried out for the reach of the Susquehanna River in the 
vicinity of the site shown in Figure 2.4-16.  The developed stage discharge curves for river 
cross-section 2 (Berwick Bridge) and upstream of river cross-section 7 (site) are shown on Figures 
2.4-17 and 2.4-18 respectively.  The procedures for developing the stage discharge relationships 
are described in the following Subsection. 
 
 
2.4.3.5.1  Hydraulic Characteristics of Channel and Overbank 
 
The excellent discharge records of the flood profile from the March 20, 1936 flood (Ref. 2.4-34), 
combined with the channel cross-section data (Ref. 2.4-35) and the USGS topographic maps 
(Berwick Quadrangle), allowed computation of the hydraulic characteristics of the channel and of 
the overbank area in the vicinity of the site.  The profile data (Ref. 2.4-34) are shown on 
Figure 2.4-18.  The river mile locations of the selected eight Sections (Ref. 2.4-35) are also shown 
on Figure 2.4-18 and on Table 2.4-10.  The configurations of river cross-sections 1 through 8 are 
shown on Figure 2.4-19.  The cross-section of the river at the site is shown on Figure 2.4-20.  Since 
the 1937 survey (Ref. 2.4-35) there has been no construction (roads, bridges, excavation, etc.) 
which would have appreciably modified the cross-sections.  Therefore, it is assumed that these 
sections are still representative.  The 1936 flood level elevations of the Sections were taken from 
the plotted profile Figure 2.4-18.  Elevations of the river bank edge, that is, the level which 
separates channel flow characteristics and overbank flow characteristics, were estimated by site 
inspection and from the data on Figures 2.4-19 and 2.4-20.  Levels of about 12 to 16 feet above the 
main river channel bottom were selected on this basis.  The bank elevations of the Sections are 
shown on the profile Figure 2.4-18 (Ref. 2.4-31). 
The Corps of Engineers Method I backwater curve calculations (Ref. 2.4-36) were used to estimate 
Manning "n" values between pairs of river cross-sections using the 1936 flood profile data.  This 
method is a trial and error computation procedure applicable to situations in which channel and 
overbank reach lengths may be assumed as equal (Ref. 2.4-31). 
 
Discharge values of the sections were estimated by linear interpolation along the river between the 
maximum discharge values of 232,000 cfs and 250,000 cfs at Wilkes-Barre and Danville, 
respectively (Ref. 2.4-31). 
 
The values for "n" thus estimated are shown on Table 2.4-10.  Because of rather small contribution 
of the overbank flow to the total flow it was impractical to determine separately the "n" values for the 
overbank and the channel.  Therefore, it was assumed that the overbank "n" was consistently 0.10 
and the channel "n" values were then computed.  Even doubling an assumed overbank "n" value to 
0.20 did not result in significantly different channel "n" values.  Table 2.4-10 shows that the channel 
"n" values range from 0.027 to 0.052.  This range of values might be attributed to changes in the 
channel configuration.  References to Figure 2.4-19 show river cross-sections 1, 2, 7 and 8 to have 
relatively flat river bank slopes.  The channel between river cross-sections 3 through 6 has steep 
bank slopes (Ref. 2.4-31). 
 
Backwater curve calculations using the Corps of Engineers Method III (Ref. 2.4-36), a graphic 
solution technique described below, reproduced the 1936 flood almost exactly when the computer 
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"n" values of Table 2.4-10 were used.  Thus, these "n" values were adopted.  The head loss of the 
1936 flood passing through the Berwick Bridge, as computed by the Yarnell Method (Ref. 2.4-37), 
was only 0.05 ft.  Thus, all head losses due to this channel construction were subsequently ignored 
(Ref. 2.4-31). 
 
 
2.4.3.5.2  Backwater Curve Calculations 
 
Upon initial inspection, it was apparent that the Susquehanna River would not reach a critical depth 
level, irrespective of discharge, at any point downstream of the site.  Therefore, it was necessary to 
select some arbitrary point downstream from which to begin the backwater calculations.  The point 
selected was river cross-section 1, downstream from the Berwick Highway Bridge.  Two different 
sets of backwater curves were calculated; one with the Berwick Bridge completely washed out and 
the other with the bridge intact.  Both profiles are shown on Figure 2.4-16.  The procedure used was 
that suggested in Reference 2.4-36.  That is, at several assigned values of discharge, including the 
PMF, backwater curve calculations were begun at river cross-section 1 using an assumed elevation 
and carried upstream to river cross-section 8.  The error resulting from an incorrectly assumed trial 
starting elevation will tend to diminish as computations progress upstream.  Additional sets of 
computations were made beginning at the same downstream location, but at a different trial starting 
elevation.  If the starting location is sufficiently far downstream, and if the assumed trial starting 
elevations are reasonably near to the true elevation, the corresponding backwater curves will merge 
into one before the computations have progressed to the reach for which the back water curve is 
desired.  This procedure was followed until the backwater curves conveyed, indicating that the 
derived water surface elevations are reasonably correct (Ref. 2.4-31). 
 
The backwater curve calculations were performed in accordance with standard procedures  
(Ref. 2.4-36).  The increase in wetted perimeter at river cross-section 2 was considered because of 
the bridge piers remaining intact.  The backwater curve for PMF is shown on Figure 2.4-17 (Ref. 
2.4-31). 
 
It was conservatively assumed that the Berwick Highway Bridge (a truss) would remain intact and 
that the truss would be completely covered with debris.  Thus, there would be no appreciable weir 
overflow over the bridge deck.  This was considered to be the worst possible condition in creating 
high backwater at the site.  On this basis, the water would pass as channel flow and as orifice flow 
(Ref. 2.4-31). 
 
The Pennsylvania Department of Transportation has replaced the Berwick Bridge with a new 
structure at a higher level.  The new structure results in lower head losses since the orifice flow 
situation is eliminated.  Backwater calculations based on the intact old bridge structure become 
even more conservative since the bridge has been replaced. 
 
The elevation of the lower edge of the existing bridge deck on the right bank of the river is 531.5 ft, 
and on the left bank is 509.0 ft.  The length of the bridge between abutments is 1517 ft.  The 
discharge at the bridge Section at a water surface elevation of 509.0 ft would be about 530,000 cfs.  
Any water passing under the bridge at an elevation above 509.0 ft would be partially open channel 
(some channel and some overbank) and partially orifice discharge.  The capacity of the open 
channel portion was estimated from the stage-discharge relationships obtained from the curve 
developed with the bridge assumed to be washed out.  The orifice discharge was calculated using 
an orifice coefficient of 0.7 from Reference 2.4-36.  Because of the sloping of the bridge deck, the 
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maximum head at each discharge would be at the lowest point or the east end.  The orifice 
discharge was added to the open channel discharge and the stage-discharge curve derived at river 
cross-section 2, the bridge, is shown on Figure 2.4-17 (Ref. 2.4-31). 
 
At the PMF discharge of 1,100,000 cfs, the existence of the intact bridge raises the water surface 
elevation about 6 feet at the bridge.  Backwater curves were generated upstream from Section 2 
with the new elevations.  The results for the PMF are shown on the profile Figure 2.4-18 
(Ref. 2.4-31). 
 
The profiles of the PMF are shown on Figure 2.4-18 for the two conditions of bridge washed out 
and bridge intact.  The site is at mile 165.6; the elevations reached by the PMF are 544.8 ft for the 
bridge considered washed out, and 545.7 ft for the bridge intact (Ref. 2.4-31). 
 
 

START HISTORICAL 
 
2.4.3.6  Coincident Wind Wave Activity 
 
The wind-generated significant waves on the probable maximum water surface elevation would be 
about 2.3 feet estimated from a crossriver 5,000 ft fetch with an average depth of 45 ft and a wind 
velocity of 45 mph along the fetch shown in Figure 2.4-21 (Ref. 2.4-31).  The Susquehanna SES is 
located far above any potential flood level.  The design basis for river flooding includes a PMF 
stillwater elevation of 545.7 ft, plus 2.3 ft for setup and wave runup effects for a total elevation of 
548.0 ft msl (Ref. 2.4-31). 
 
Consideration is also given to coincident wind wave activity with floods of a more frequent nature.  
Because of the plant's great safety margin against river flooding, an extremely conservative 
procedure was adopted to estimate water levels under the combined occurrence of frequent 
flooding, with coincident probable maximum gradient winds.  The analysis procedure considers a 
100-year flood level with the maximum supportable wave height, i.e., the breaking wave height and 
its associated wave runup. 
 
Federal Insurance Administration, Type 15, Flood Insurance Study has been performed for the 
Susquehanna River Basin Commission (SRBC) in the vicinity of plant.  Results of the study have 
been provided by the SRBC.  These results are preliminary in nature until accepted by both the 
concerned municipalities and the Federal Insurance Administration.  However, they represent the 
most up-to-date 100-year flood profile estimates. 
 
Figure 2.4-9 shows the profile of the 100-year flood in the vicinity of the Susquehanna SES as 
estimated by the Flood Insurance Study.  The 100-year flood level at the site is 513.6 ft.  At this 
level, the water depth to the river bed is 33.6 ft.  The maximum wave height which is physically 
possible is the breaking wave height.  This wave height is 26.2 ft. based on a 33.6 ft. water depth 
(Ref. 2.4-42).  The bank slope is estimated to be 1:30 (V:H).  Wave runup associated with the 
breaking wave height on this slope is estimated to be 5.2 ft. (Ref. 2.4-42).  The maximum water 
level at the site, under the effects of a 100-year flood with coincident wind wave activity resulting 
from the simultaneous occurrence of an extreme wind, is very conservatively estimated to be 539.8 
ft. at the breaking wave height.  This level is well below the plant grade elevation of 670 ft.  The 
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simplified, albeit, very conservative approach is, therefore, justified.  This water level is also below 
the PMF level of 548 ft. 
 
Dynamic effects of wind waves are not considered in this section since there are no safety-related 
facilities in the Susquehanna Flood Plain. 
 

END HISTORICAL 
 
 
2.4.4  POTENTIAL DAM FAILURES SEISMICALLY INDUCED 
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START HISTORICAL 
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2.4.4.1  Dam Failure Permutations 
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2.4.4.2  Unsteady Flow Analysis of Potential Dam Failures 
 
2.4.4.2.1  Singular Dam Failures 
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2.4.4.2.2  Multiple Dam Failures - Chemung River Basin 
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2.4.4.2.3  Multiple Dam Failures - East Susquehanna River Basin 
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2.4.4.2.4  Multiple Dam Failures - Lackawanna River Basin 
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END HISTORICAL 
 
 
2.4.4.3  Water Level at Plant Site 
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2.4.5  PROBABLE MAXIMUM SURGE AND SEICHE FLOODING 
 
The Susquehanna River is the only major water body in the vicinity of the site.  Consideration of 
seiche flooding potential is therefore not applicable in this case.  The site is located about 165 miles 
upstream of the mouth of the Susquehanna River in Chesapeake Bay.  Flooding through 
propagation of an open coast surge upstream to the site is also not applicable. 
 
Wind waves and associated wave run-up acting in conjunction with a 100-year flood are discussed 
in Subsection 2.4.3.6.  The very conservative analysis for these conditions results in a maximum 
wave height of 23.4 ft with an associated wave run-up of 9.4 ft.  The maximum water level for the 
100-year flood with coincident wind wave activity is 519.4 ft msl.  This level is 28 ft below the PMF 
level and 150 ft below the plant grade.  Based on the great margin of safety against flooding 
obtained through this simple but very conservative analysis, a detailed wave analysis including 
probable maximum hurricane winds is not considered necessary. 
 
Consideration of flooding mechanisms in the spray pond are discussed in Subsection 2.4.8.  The 
very short fetch lengths involved prevent the development of any significant wave activity in the 
spray pond. 
 
 
2.4.6  PROBABLE MAXIMUM TSUNAMI FLOODING 
 
Not applicable to the Susquehanna Site. 
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2.4.7  ICE EFFECTS 
 
Portions of the Susquehanna River are subject to freezing during the months of November through 
April.  Information on river freezing at Harrisburg for the period of 1870-1955 has been compiled by 
the Weather Bureau Airport Station at Harrisburg, Pennsylvania (Ref. 2.4-39).  This information is 
provided in Table 2.4-11.  The Susquehanna River remained open all winter during 22 of the 86 
years of record.  During the remaining years, 98 instances of freeze-over were noted.  Thirty six of 
these freeze-overs were for periods lasting 14 consecutive days or less.  There have been only 9 
occasions when the river has remained frozen over for more than 60 consecutive days. 
 
Flooding due to ice jams or "gorges" caused by ice break-up and subsequent re-freezing is 
sometimes a problem in the late winter months.  Jamming may occur at locations where floating ice 
is retained and builds-up, such as at bridges, dams, narrow bends in the river, islands and reaches 
of the river with shallow rocky bottoms.  Neither the Baltimore District Corps of Engineers nor the 
National Weather Service Mid-Atlantic River Forecast Center at Harrisburg currently have programs 
for systematically recording details of ice jam occurrences.  Ice jams receive mention only when 
they cause flooding conditions. 
 
Instances of ice jam-related flooding on the Susquehanna River have been recorded at Danville 
and at Wilkes-Barre.  The dates of these occurrences and the resulting stages are provided in 
Table 2.4-12.  Three such events have occurred at Danville over a 58 year period of record, or 
about once every 19 years.  Seven ice-related flooding events have occurred at Wilkes-Barre over 
a 68 year period of record, or about once every 10 years.  (Ref. 2.4-40.)  Information on ice jams in 
the immediate vicinity of the site is not available.  However, the regional data suggest an average 
recurrence on the order of 10 to 19 years.  The most severe ice-related flooding occurred at 
Danville in 1904.  Gage heights of 26.2 ft on January 25, 24.6 ft on February 10, and 30.7 ft on 
March 9 were recorded (Ref. 2.4-19, 2.4-20, and 2.4-40).  All levels exceeded the Danville Flood 
Stage of 20 ft.  The flood stage of March 9, 1904 remained the maximum gage height of record up 
until the flooding resulting from Tropical Storm Agnes in June 1972 (Ref. 2.4-41). 
 
Remaining incidents of ice jam-related flooding have occurred substantially downstream of the 
Susquehanna SES.  Probably the most damaging of these ice jam floods occurred in 
February 1963 at Duncannon, near the confluence of the Juniata and Susquehanna Rivers. Ice 
layers broke up and fused upstream of Duncannon causing a severe jam resulting in flood levels 
higher than the 1936 flood.  Damage was reported from the mouth of the Juniata to Newport, 12 
miles upstream.  The jam was so severe that it diverted the flow of the Juniata River to the 
Susquehanna River upstream of the mouth. 
 
The above discussion, along with reference to Tables 2.4-4 and 2.4-12, show that ice-related 
flooding in the general vicinity of the Susquehanna SES has resulted in flood stages comparable to 
precipitation-related flood stages.  These stages are, however, appreciably below the estimated 
PMF water level, which is itself over 120 feet below the plant grade.  Ice jam flooding is, therefore, 
no threat to any safety-related facilities. 
 
Ice jam flooding or low water as a result of upstream jams on the river do not affect the availability of 
essential cooling water supplies.  Any potential damage to the river intake structure from ice 
jamming in no way effects the safety of the plant.  The plant can be safely shut down without the 
use of makeup water from the river.  Design for potential icing conditions in the spray pond is 
discussed in Subsection 9.2.7. 
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2.4.8  COOLING WATER CANALS AND RESERVOIRS 
 
2.4.8.1  General 
 
The purpose of the spray pond system is to satisfy the ultimate heat sink criteria outlined in 
Regulatory Guide 1.27 (Rev. 2, 1/76).  In this section, only the hydrologic and hydraulic design 
aspects of the spray pond system are considered. 
 
 
2.4.8.2  General Description of the Spray Pond System 
 
The spray pond system is located northwest of the cooling towers and the reactor-turbine building.  
The pond is freeform in shape.  Embankments and ditches are provided to direct surface water 
runoff in a controlled manner.  The bottom elevation of the pond is 668 ft msl.  Under normal 
operating conditions, the water surface elevation in the pond is at elevation 679 ft msl, and is 
controlled by an overflow weir in the ESSW pumphouse with crest at elevation 678.5 ft msl.  The 
pond and ESSW Pumphouse are described in more detail in Subsection 3.8.4.1 and shown on 
Dwgs. M-284, Sh. 1, C-64, Sh. 1, C-65, Sh. 1, C-66, Sh. 1, and C-67, Sh. 1.  The water level is 
maintained by (a) rainfall (primary), (b) separate makeup pumped through a pipe adjacent to the 
ESSW pumphouse (secondary), or (c) cooling tower blowdown (backup as required).  An 
uncontrolled spillway is located at the east end of the spray pond and has a bottom width of 30 ft 
and side slopes of 10 to 1.  Invert elevation at the entrance is 680.5 ft and the longitudinal slope of 
the exit channel is 0.5 percent with side slopes of 2 to 1. 
 
A railroad embankment is located some 159 feet downstream from the outlet of the spray pond.  At 
this location, the channel is replaced by four 6 ft. x 3 ft. concrete box culverts with security gratings 
installed at both ends.  The channel has a drop some 133 feet downstream of the culverts before 
merging with the drainage ditch located just to the north of the spray pond, and discharges into a 
natural waterway leading to the Susquehanna River.  If this natural water course could become 
blocked, safety-related structures will not be affected.  The drop in the spillway channel is designed 
to prevent any possible backwater effect which could develop from flows in the drainage ditch and 
which could affect the hydraulic performance of the spillway channel.  The channel upstream of the 
box culverts is concrete-lined to a depth of 3.5 feet to prevent any possible erosion that could cause 
a blockage in the culverts.  Downstream from the culvert, the channel is grass-lined.  A longitudinal 
section of the spillway channel is shown in Figure 2.4-27. 
 
 
2.4.8.3  Design Bases for the Capacity of the Spray Pond 
 
The design bases for the capacity of the spray pond are addressed in Subsection 9.2.7. 
 
 
2.4.8.4  Hydrologic Design Bases for the Spray Pond System 
 
The spray pond system is designed to remain functional under the most adverse 
hydrometeorological conditions such as the probable maximum storm (Subsection 2.4.2.3) and 
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tornado, or the hydrodynamic loadings resulting from waves generated by the safe shutdown or 
operating basis earthquake (Section 3.7). 
 
 
2.4.8.4.1  Design Basis Flood Level (DBFL) 
 
The Design Basis Flood Level (DBFL) for the spray pond was determined in accordance with 
Regulatory Guide 1.59 (Rev. 1 4/76) by superimposing the effects of coincident wind-generated 
wave activity on the various flood levels; namely:  
 

1) A sustained 40 mph wind on the probable maximum flood (PMF) level 
2) The worst wind of record at Avoca on the standard project flood (SPF) level 
3) A probable maximum gradient wind on a 10-year flood level. 

 
The probable maximum flood was derived from the probable maximum storm (Subsection 2.4.2.3) 
assuming no rainfall losses on the land portion of the drainage area.  Since the longest distance 
from the drainage divide to the edge of the pond is only about 400 ft with a slope of 3 to 1, no time 
lag between rainfall and runoff to the pond was assumed.  The inflow probable-maximum-flood 
hydrograph was derived by assuming that the entire probable maximum precipitation (PMP) on the 
18.6-acre drainage area runs off instantly.  The resulting hydrograph is shown on Figure 2.4-24. 
 
The probable maximum flood was routed through the spray pond under the following assumptions: 
 

a) A normal operating water level of 679.0 ft is maintained in the spray pond. 
 

b) Blowdown water from the cooling towers may be routed through the spray pond at a 
constant rate of 10,000 gpm (22.3 cfs). 

 
c) The blowdown outlet conduit at the ESSW pumphouse, which serves as the exit for 

the excess water in the spray pond, has a maximum capacity of about 41 cfs. 
 
Figure 2.4-25 shows the rating curve of the spillway channel, assuming no blockage of the culverts 
by debris or ice accumulation.  The spillway rating curve was derived by assuming a discharge, 
computing the corresponding critical depth at the downstream control point, calculating a water 
surface profile upstream to the spray pond, adding an entrance velocity head and associated losses 
to obtain the proper spray pond water surface.  The entrance loss for the channel was assumed to 
be 0.5 of the velocity head and that for the culverts was estimated using data suggested by the 
Bureau of Public Roads (Ref. 2.4-97).  Manning's equation: 
 

2/13/2486.1 SAR
n

Q=  (Equation 2.4.8-1) 

 
was used to determine the channel resistance. In this equation, 
 

Q is the discharge, in cfs 
 

n is Manning's roughness coefficient assumed to be as follows: 
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0.06 for the grassed channel downstream from the culverts and upstream from the 
confluence with the drainage ditch.  0.015 for the concrete-lined spillway channel 
upstream from the culvert inlet. 0.013 for the concrete box culvert. 

 
A is the cross-sectional area of the flow in sq ft. 

 
R is the hydraulic radius in ft. 

 
S is the slope of the energy gradeline.  

 
The blowdown-water outlet in the ESSW pumphouse is a submerged orifice, 2 ft in diameter, with 
the centerline at elevation 674.75 ft and is located 8 ft downstream of the overflow weir.  The rating 
curve of the blowdown water outlet shown on Figure 2.4-25 was derived using the equation: 
 
 Q = 0.6A (2gh)1/2 (Equation 2.4.8-2) 
 
where 
 

Q is the discharge in cfs. 
 

A is the cross-sectional area of the submerged orifice in sq ft. 
 

g is the gravitational acceleration equal to 32.2 ft/sec2. 
 

h is the upstream head in feet of water measured to the centerline of the submerged 
orifice. 

 
The elevation-area-storage capacity curves of the spray pond are shown on Figure 2.4-26. 
 
The results of the flood routing studies are shown in Table 2.4-13.  The maximum water level under 
the PMF condition was found to be at elevation 682.3 ft. 
 
The maximum water levels in the spray pond for the Standard Project Flood (SPF) defined as 
one-half of the PMF, and the 10-year flood conditions, were also calculated and found to be 681.8 ft 
and 679.6 ft msl, respectively (Table 2.4-13).  In deriving the maximum water level under the SPF 
condition, a coincident earthquake was assumed (Regulatory Guide 1.59, Rev. 1, 4/76) causing 
failure of the blowdown discharge conduit downstream from the ESSW pumphouse.  The 10-year 
flood level was derived assuming that the entire 10-year flood runoff from the spray pond watershed 
would be stored in the pond. In deriving the 10-year flood volume, the 24-hour 10-year rainfall 
suggested by the US Weather Bureau (Ref. 2.4-23) was used assuming that 50 percent of the 
rainfall on the level portion of the spray pond drainage area would run off.  
 
The worst winds of record at Avoca were found to be 65 mph and the probable maximum gradient 
wind for the site area was estimated to be 80 mph, the derivation of which is presented in 
Section 2.3. 
 
The effects of the coincident wind-generated wave activity were estimated in accordance with 
methods suggested by the US Army Corps of Engineers (Ref. 2.4-42).  Wind setup in the spray 
pond was found to be negligible.  The results of these computations are presented in Table 2.4-14.  
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Assuming a standing wave condition at the ESSW pumphouse, the DBFL resulting from a 1 
percent wave will be at 684.8 ft.  This water level does not represent a threat to any safety-related 
facility because all the safety-related equipment is located at elevation 685.5 ft. or higher and is 
protected from splash effects by the walls of the pumphouse and slab at top elevation 685.5 ft. 
(refer to Dwg. M-274, Sh. 1).  The run-up elevation on the side of the spray pond from a 1 percent 
wave will be 684.6 ft.  The side of the spray pond is protected by a concrete lining up to elevation 
685.5 ft.  This protection will preclude any erosion of the bank due to wind wave action. 
 
Wave forces on the ESSW pumphouse and the pipe supports were also estimated for the different 
flood water levels under the assumed coincident wind wave activities using methods suggested by 
the US Army Corps of Engineers (Ref. 2.4-42).  In estimating the wave forces on the ESSW 
pumphouse, the water level inside the pumphouse was assumed to be at the corresponding static 
water level in the spray pond.  Table 2.4-15 presents the results of the wave force computations on 
the ESSW pumphouse and pipe supports.  The force due to hydrostatic pressure is not included. 
 
The peak outflow through the spillway channel during the design flood condition (Case 2, 
Table 2.4-13) is estimated to be 150 cfs.  The calculated water surface profile along the spillway 
channel for the peak outflow is shown in Figure 2.4-27.  It was derived using the standard-step 
method (Ref. 2.4-24), with the assumption that critical depth occurs at the drop located upstream 
from the confluence between the spillway channel and the drainage ditch north of the spray pond. 
 
A minimum of 3 ft of freeboard is provided in the spillway channel.  At most points along the chute, 
the actual freeboard is greater than 3 ft because it is governed by the elevation of the bottom of the 
chute relative to the adjacent ground surface.  This amount of freeboard exceeds recommended 
practice by the US Bureau of Reclamation (Ref. 2.4-43) and the US Army Corps of Engineers 
(Ref. 2.4-44) for similar design conditions. 
 
Consideration was also given to the possibility of having a wave propagated into the channel 
coincident with the occurrence of a probable maximum storm.  The critical maximum breaking-wave 
height, coincident with a 40 mph wind, was found to be approximately 1 ft and would not affect the 
freeboard allowance stated previously. 
 
 
2.4.8.4.2  Safe Shutdown and Operating Basis Earthquakes 
 
The safe shutdown and operating basis earthquakes (SSE and OBE) for the project are presented 
in Section 3.7.  In accordance with the design criteria set forth in Regulatory Guide 1.59 (Rev. 1, 
4/76), the SSE and OBE were assumed to occur coincidentally with a 25-year flood and a standard 
project flood (one-half of a PMF), respectively.  Since the spray pond discharge conduit is not 
designed to withstand an earthquake, it is conceivable that a portion of this conduit could collapse 
causing a blockage.  It was, therefore, assumed that no water would pass through the discharge 
conduit following a design earthquake condition. 
 
Assuming failure of the discharge conduit, the maximum water levels in the spray pond during a 
25-year and a standard project flood (SPF) event were estimated to be at elevation 681.4 and 681.8 
ft, respectively.  The 25-year flood level was derived by routing the 25-year flood (peak flow 45 cfs) 
through the spray pond.  The peak discharge through the spillway channel was estimated to be 65 
cfs.  In deriving the 25-year flood peak, the rainfall duration-frequency atlas published by the US 
Weather Bureau (Ref. 2.4-23) was used assuming that 50 percent of the rainfall on the land portion 
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of the spray pond drainage area would run off.  The derivation of the SPF level was presented in 
Subsection 2.4.8.4.1. 
 
At the ESSW pumphouse, the wave heights generated during the SSE and OBE under the 
stipulated hydrologic conditions were estimated to be 2.9 and 1.6 ft, respectively.  These wave 
heights were computed using the equation developed by Biesel (Equation 2.4.8-3) for a piston type 
of wave generator (Ref. 2.4-45). 
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=  (Equation 2.4.8-3) 

 
 
where: 
 

H is the wave height generated in ft. 
 

S is the design displacement (amplitude) caused by the earthquake in ft. 
 

d is the initial depth of water in ft. 
L is the wave length in ft and is a function of the period of the design basis 

earthquake. 
 
In this computation, the design displacement (amplitude) and period were derived from 
Figures 2.4-28 and 2.4-29 as 10.1 in. and 2.7 sec for the SSE, and 5.4 in. and 2.7 sec for the OBE, 
respectively. 
 
Assuming a standing wave condition at the ESSW pumphouse, the maximum forces and moments 
about the base of the structure were estimated to be 75.6 kips and 1156 ft-kips during the SSE and 
61.7 kips and 871.5 ft-kips during the OBE, respectively, using the methods suggested by the US 
Army Corps of Engineers (Ref. 2.4-42). 
 
At the pipe supports near the center of the pond, it is possible that the earthquake-generated waves 
coming from the opposing sides of the spray pond could be in-phase.  For this condition, the 
maximum wave heights during the SSE and OBE were conservatively estimated to be 5.5 ft and 3.2 
ft, respectively.  The wave forces and moments at the base of each support would be 1.1 kips and 
13.3 ft-kips for the SSE and 0.5 kips and 5.2 ft-kips for the OBE conditions, respectively. 
 
The resultant maximum hydrodynamic force acting on the pipe supports as a result of earthquake 
shaking was estimated using the equation (Ref. 2.4-45): 
 
 

xm VaCF ρ=  (Equation 2.4.8-4) 
 
 
where: 
 

F is the maximum hydrodynamic force due to earthquake. 
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Cm is the virtual mass coefficient assumed to be 1.5 (Ref. 2.4-44). 

 
ρ is the mass density of the water equal to 1.94 slugs/cu ft. 

 
V is the volume of the submerged structure (displaced water) in cu ft. 

 
ax is the maximum horizontal acceleration due to earthquake in ft/sec/sec. 

 
For the case of the ESSW pumphouse, the equation used is that suggested by Tennessee Valley 
Authority (Ref. 2.4-46) for a rigid structure with water fronting on one side: 
 

g
xaHF 25.36=  (Equation 2.4.8-5) 

 
where: 
 

F is the maximum hydrodynamic loading in lb/lf. 
H is the depth of water fronting the pumphouse in ft. 

 
ax is the maximum horizontal bedrock acceleration due to earthquake in ft/sec/sec. 

 
g is the gravitational acceleration equal to 32.2 ft/sec/sec. 

 
For earthquakes with motion along the east-west axis, the ESSW pumphouse was analyzed as a 
rigid body.  The maximum hydrodynamic loading exerted on the wing-walls adjacent to the 
embankment was estimated using Equation 2.4.8-4.  In this case, the virtual mass coefficient (Cm) 
adopted was 0.32 as given by Sarpkaya (Ref. 2.4-47). 
 
The maximum hydrodynamic loadings resulting from the design basis earthquakes are presented in 
Table 2.4-16.  These loadings do not include those due to hydrostatic or earth pressures, or impact 
from the earthquake-generated waves originating from the sides of the pond. 
 
Since the natural period of the water body in the spray pond is substantially larger than that of the 
design earthquakes, the formation of seiches in the spray pond due to earthquakes is not possible. 
 
 

START HISTORICAL 
 
2.4.9  CHANNEL DIVERSIONS 
 
The drainage basin of the Susquehanna River upstream of the site lies within the physiographic 
provinces of the Appalachian Plateau, and the Appalachian Valley and Ridge.  Within the 
Appalachian Plateau Province, the terrain is characterized by deeply eroded, steep-sided flat 
bottom valleys and flat to gently rolling plateaus.  At Pittston near the mouth of the Lackawanna 
River, the Susquehanna River enters the Appalachian Valley and Ridge Province and flows through 
the Wyoming Valley which is lined by even crested ridges on both sides (Ref. 2.4-39).  Near 
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Wilkes-Barre, the Susquehanna River flows through a broad, flat plain which is bounded by 
moderately steep mountains.  In the general vicinity of the site, the terrain is steeply sloped on both 
banks with dense forests and wooded areas (Ref. 2.4-15).  The Upper Susquehanna is thus 
characterized as possessing a stable stream course flowing through well defined ridge and valley 
topography.  As such, this portion of the Susquehanna River is not subject to major meandering 
realignment and diversion by natural causes. 
 

END HISTORICAL 
 
2.4.10  FLOODING PROTECTION REQUIREMENTS 
 
As discussed in Subsections 2.4.1.1 and 2.4.2.2, the safety-related structures and facilities are 
secure from flooding.  Hence, flooding protection requirements are not necessary. 
 
2.4.11  LOW WATER CONSIDERATIONS 
 
2.4.11.1  Low Flow in Rivers and Streams 
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2.4.11.1.1  Low Flow Resulting from Hydrometeorological Events 
 
The low flow and water level design bases consider the fact that the Susquehanna River is used as 
a source for non-essential water supplies only.  Essential water supplies are provided for the 
Engineered Safeguards Service Water System from the spray pond located on the site.  The 
statistically derived one day low flow with a 100-year recurrence interval is taken as a satisfactory 
definition of the low flow resulting from a 100-year drought.  This value is taken to be the low flow 
design basis for operation. 
 
For purposes of this study, the available flow data for the USGS Wilkes-Barre stream gage 
(station 01536500) were used.  The drainage area above the Susquehanna SES is some 
2.4 percent greater than the drainage area above the Wilkes-Barre gage.  Use of the 
Wilkes-Barre flow data thus provides a conservative estimate the low flows at the 
Susquehanna SES Site.  Frequency analysis of the Wilkes-Barre gage data for the years 
1900-1967 yield a one day 100-year low flow of 520 cfs (Ref. 2.4-31).  Recent log Pearson 
Type III frequency analysis, performed by the USGS using flow data for the years 
1900-1972, resulted in a one day 100-year low flow of 520.7 cfs at Wilkes-Barre.  Peak 
consumptive use for the Susquehanna SES as described in Subsection 2.4.11.4.2 
amounts to 74.7 cfs.  This usage represents less than 15 percent of the one day 100-year 
low flow.  The Susquehanna River is thus an adequate source of non-safety related water 
during the 100-year drought.  The stage-discharge relationship for the Susquehanna River 
in the vicinity of the site is provided in Figures 2.4-5 (0-3,000 cfs) and 2.4-6 (1,000-37,000 
cfs).  Stage levels were measured at the site by means of a gage installed for this particular 
purpose.  Discharges corresponding to the measured stages were obtained by direct 
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interpolation between the mean daily discharges at Danville and Wilkes-Barre as reported 
by the USGS.  As shown on the Figure 2.4-5, the stage discharge curve was extrapolated 
down to zero discharge by constructing the curve so as to intersect the zero discharge at 
an elevation of 480 ft msl which is the bottom of the stream channel at the site.  There were 
no observations at interpolated discharge values of less than 1200 cfs (Ref. 2.4-30 and 
2.4-31). 
 
Based on the stage-discharge relationship of Figure 2.4-30, the stage elevation for the one day 
100-year low flow at the Susquehanna SES site is 483.5 ft msl.  This elevation is the low water level 
design basis for non safety-related water supplies.  Essential water supplies are provided by the 
spray pond.  The low water design basis for these supplies are discussed in Subsection 9.2.7. 
 
 
2.4.11.1.2  Low Flow Resulting from Dam Failures 
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2.4.11.2  Low Water Resulting from Surges, Seiches, or Tsunami 
 
The Susquehanna River serves only as the source of non-essential makeup water for the plant.  
Safety-related water supplies are drawn from the spray pond described in Subsection 9.2.7.  
Therefore, low water levels on the Susquehanna River resulting from the occurrence of probable 
maximum meteorological or geoseismic events, do not affect the ability of safety-related features to 
function adequately.  Ice formation or possible ice jams on the Susquehanna River also affect only 
non-essential water supplies. 
 
In order to demonstrate the adequacy of this non safety-related water supply even in extreme 
conditions, a conservative set down analysis was performed.  The 100-year fastest mile wind of 
80 mph as derived in Section 2.3 is taken as a steady wind blowing directly across the river away 
from the intake structure.  This wind condition is assumed coincident with a 100-year low flow 
condition in the Susquehanna River.  The resulting setdown amounts to 0.22 ft. 
 
Even though makeup from the river is not required for any safety function, the intake is designed so 
that the top of the intake water passage is submerged 1 ft during the 100-year low flow condition 
(see Figure 2.4-52).  The discharge diffusers are also below the river low flow level (see Figure 
2.4-53). 
 
Because of its location and small size, consideration of the effects of seiche and tsunami is not 
applicable to the spray pond.  The very short effective fetch lengths which are available in the spray 
prevent the development of any significant wave and setdown.  Thus, severe wind conditions as 
would result during a Probable Maximum Hurricane, would not create a low water condition in the 
spray pond which could affect the dependability of this safety-related water supply. Design features 
which assure the availability of safety-related water supplies are discussed in Subsection 9.2.7. 
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2.4.11.3  Historical Low Water 
 
Flow data on historical low flows available in the records of the Wilkes-Barre gage 
(Station 01536500) is used in Subsection 2.4.11.1 to estimate the one day 100-year low flow at the 
Susquehanna SES site.  The instantaneous minimum flow of record for this station is 528 cfs. This 
flow, as well as the lowest mean daily discharge of 532 cfs, occurred on September 27, 1964 (Ref. 
2.4-6 and 2.4-49).  Since statistical methods were not used to extrapolate flows and/or levels to 
provable minimum conditions, no further discussion is presented. 
 
 
2.4.11.4  Future Controls 
 
2.4.11.4.1  Legal Consumptive Use Restrictions 
 
On September 30, 1976, an amendment to 18 CFR Part 803 (Susquehanna River Basin 
Commission, Part 803 - Review of Projects Consumptive Use of Water) was published in the 
Federal Register (Ref. 2.4-50).  This amendment requires compensation in an amount equal to the 
projects total consumptive use when the stream flow at the intake equals or is anticipated to equal a 
specified low flow criterion.  This criterion includes the 7-day 10-year low flow plus the projects total 
consumptive use and dedicated augmentation.  Compensation may be provided by one or a 
combination of the following means: 
 

1. Construction or acquisition of storage facilities 
2. Purchase of available water supply storage in public or private facilities 
3. Purchase of water to be released as required from a water purveyor 
4. Releases from existing facilities owned and operated by the applicant 
5. Other alternatives including reducing or halting consumptive water use and using 

alternative source unaffected by the compensation requirement 
 
The provisions of this regulation apply to consumptive uses initiated since January 23, 1971.  
Consumptive uses beginning after this date must comply with the requirement within a time period 
to be determined by the Susquehanna River Basin Commission at the time of the permit application 
review.  This compliance delay feature was included in the amendment with specific consideration 
of the Susquehanna SES project. 
 
The low flow criterion value will be specified at the time of the permit application review.  The Q7-10 
flow, being a statistical quantity, will not vary substantially as additional years of base data are 
included in its computation.  The Q7-10 value of 820 cfs for Wilkes-Barre (Ref. 2.4-51) can thus be 
taken as an approximation of the value which will be included in the low flow criterion. Dedicated 
augmentation and the plant consumptive use must also be added to determine low flow criterion. 
 
 
2.4.11.4.2  Changes in Consumptive Use Upstream 
 
Information on present and projected values of consumptive water use including inter-basin transfer 
is available from the New York State Department of Environmental Conservation (DEC) and the 
Pennsylvania DER (Ref. 2.4-13 and 2.4-52).  Total consumptive use plus inter-basin transfer for the 
drainage area upstream of the Susquehanna SES for the period 1970-1974 was 81.4 cfs.  
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Projections for this same area for the period 2010-2020 set the consumptive use at 364.2 cfs or an 
increase of 282.8 cfs over the 1970's level.  These projections included the originally-estimated 
average Susquehanna SES consumptive use of 62 cfs.  A substantial increase in projected 
acreage of irrigated farm land in the Chemung and East Susquehanna River Basins account for 
about two-thirds of the estimated 2010-2020 consumptive water use. 
 
The "Environmental Report - Operating License Stage" (ER-OL, Ref. 2.4-98) estimated a design 
maximum cooling tower evaporative loss of 28,700 gpm.  The "Final Environmental Statement" 
(FES, Ref. 2.4-99) gave a conservative estimate of 600 gpm for all other consumptive uses, 
independent of power level.  The maximum total consumptive use is the sum, 29,300 gpm or 
65.3 cfs. 
 
With power uprate the maximum cooling tower evaporative loss is expected to approach 
32,900 gpm.  Adding the 600 gpm FES estimate for other consumptive uses results in an uprated 
maximum total consumptive use of 33,500 gpm, or 74.7 cfs. 
 
 
2.4.11.5  Plant Requirements 
 
The safety-related cooling water is supplied by the ESW system and the RHRSW system.  These 
systems are described in Subsections 9.2.5 and 9.2.6.  
 
The minimum safety-related cooling water flow required is approximately 7,000 gpm for the ESW 
system and approximately 8000 gpm each for the Unit 1 and 2 RHRSW systems.  Each of these 
systems has been designed with sufficient capacity and redundancy so that no single active or 
passive failure in either system will prevent the system from achieving its safety objective. 
 
The cooling water for both the ESW and RHRSW systems is pumped from a concrete lined spray 
pond, the configuration of which is shown on Figure 2.4-2.  This pond has a normal water surface 
area of approximately 8 acres and contains approximately 25 x 106 gal of water.  The pond is 
designed to supply ESW and RHRSW for both units for 30 days after shutdown initiation without 
receiving makeup water.  A complete discussion of pond design capability is given in 
Subsection 9.2.7. 
 
The elevation of the bottom of the pond is 668 ft above msl and the minimum water level during 
normal operation is at elevation 678 ft-6 in. above msl.  The ESSW pumphouse is located at the 
edge of the spray pond as shown on Figure 2.4-2.  The top of the pumphouse foundation mat is at 
elevation 660 ft above msl.  The minimum water level which will satisfy NPSH requirements at all 
flows of the vertical ESW and RHRSW pumps are at elevations 667 ft and 668 ft above msl, 
respectively.  Therefore, sufficient NPSH is always available. 
 
Details of the pumps are in Subsections 9.2.5 and 9.2.6. 
 
2.4.11.6  Heat Sink Dependability Requirements 
 
The water supply for normal shutdown is provided by: 
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a) The cooling tower pond, which supplies cooling water to the condensers and service 
water system by means of the circulating water pumps and service water pumps, 
respectively (see Subsection 10.4.5). 

 
b) The spray pond, which supplies cooling water to the RHRSW system for dissipating 

reactor decay heat in the RHR heat exchangers. 
 
The water supply for emergency shutdown is provided by the spray pond, which is the ultimate heat 
sink, and provides cooling water to both the ESW pumps and the RHRSW pumps as described in 
Subsections 9.2.5 and 9.2.6. 
 
Subsection 9.2.7 describes the design bases for operation and normal or accident shutdown and 
cooldown under the following conditions: 
 

a) The most severe natural and site-related accident phenomena 
 

b) Reasonable combinations of less severe phenomena 
 

c) Single failures of man-made structural components 
 
The ultimate heat sink and the piping network located in it are designed to conform with Regulatory 
Guide 1.27 (Rev. 2, 1/76), which requires that the system operate both during and after the most 
severe natural phenomenon.  Makeup water to both the cooling tower basin and the spray pond is 
provided by the Susquehanna River by pumps located in the river intake structure as described in 
Subsection 9.2.7.2.2. 
 
Low level alarms are provided in the river intake structure, in the cooling tower basin, and in the 
RHRSW and ESW pump chambers. 
 
The river water make-up pumps are tripped at the river low low level alarm setpoint of 485'-4".  A 
low level alarm is provided and set at 485'-0" to alert the operator to a potential low river flow. 
 
The volume of water to be contained within the pond was selected because various water losses 
(see Subsection 9.2.7) can be absorbed over a 30-day period without makeup.  This absorption 
takes place when the pond is being used simultaneously to cool down one unit that has undergone 
a design basis accident and to safely shut down the second unit. 
 
During the 30-day period, it is estimated that the decay heat generated for each core which has to 
be removed by the RHRSWS (Section 9.2.6) will be 2.5x1010 BTUs. 
 
Table 9.2-3 lists all users of the ESWS (Subsection 9.2.5); Tables 2.4-18 and 9.2-4 relate users to 
time for two types of shutdown. 
 
Tables 2.4-18 and 9.2-4 are based on one of the four aligned diesels being taken out of operation 
and placed on standby status after 24 hours of operation.  The cooling load (Tables 2.4-18 and 
9.2-4) is carried out to 30 days after the shutdown initiation; 30 days is the design life of the ultimate 
heat sink for operation without makeup water.  The operation of all equipment listed at the cooling 
duty shown represents design conditions.  Under actual operating conditions certain pieces of 
equipment may be shut down or operated under reduced loads. 
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The ultimate heat sink is used solely as a cooling water supply for the RHRSW and ESW systems.  
No interdependent water supply systems are used. 
 
 
 
 
 
 
 

START HISTORICAL 
 
2.4.12  DISPERSION DILUTION AND TRAVEL TIME OF ACCIDENTAL 
 RELEASES OF LIQUID EFFLUENTS IN SURFACE WATERS    
 
The Susquehanna River is the only major surface water body in the vicinity of the station which 
could potentially be affected by the highly unlikely postulated spillage of liquid radwastes.  The 
ability of the Susquehanna River to disperse, dilute as well as transport these wastes which reach 
it, is discussed with primary emphasis on the reach of the river extending from the station 
downstream to Danville, a channel distance of approximately 31 miles.  The bulk of the potential 
dilution of such effluent releases occurs within this reach.  In addition, standby and active uses of 
river water, as identified in Subsection 2.4.1.2.3, first occur within this reach. 
 
Table 2.4-3 presents water users and uses within 50 miles downstream of the station.  The location 
of these users is provided on Figure 2.4-7.  Of principal importance to this discussion is the 
municipal water usage at Berwick (7 miles downstream), Bloomsburg (19 miles downstream) and 
Danville (31 miles downstream).  Of these only Danville maintains active usage of the river water.  
Both Bloomsburg and Berwick maintain river intakes for use as standby water supplies.  Five 
industrial users and one recreational usage have also been identified in this reach. 
 
The following paragraphs provide a discussion of certain hydraulic characteristics of the 
Susquehanna River which are important to the dilution and transport of radionuclide releases.  
Accident conditions which result in such releases are postulated.  Finally, estimates of the dilution of 
these wastes are provided. 
 

END HISTORICAL 
 
2.4.12.1  River Flow Characteristics 
 
2.4.12.1.1  Flow Duration 
 
The flow past a particular point represents a measure of the dilution potential of the stream.  For the 
Susquehanna River the average flow past the station is about 13,600 cfs.  A more complete 
description of the flow is provided in Figure 2.4-30.  This figure shows the flow duration curves of 
daily discharge for the Susquehanna River gauging stations located at Wilkes-Barre and Danville.  
Flow duration characteristics at the stations can be interpolated from this figure.  Such flow values 
are suitable for estimating the dilution of routine low level radioactive releases from the station.  For 



SSES-FSAR 
Text Rev. 60 
 
 

FSAR Rev. 66 2.4-34 

accidental releases, however, a more conservative approach must be taken.  The determination of 
a suitable low flow value is described in the following sections. 
 

START HISTORICAL 
 
2.4.12.1.2  Extreme Low Flow 
 
The minimum historic daily low flow rates were recorded on September 27, 1964 at both the 
Wilkes-Barre and Danville gages.  The flows were 532 cfs and 558 cfs respectively (Ref. 2.4-49).  
The minimum historic daily low flow at the Susquehanna SES is estimated to be 538 cfs.  This 
value is obtained by interpolation between the Wilkes-Barre and Danville values on the basis of 
drainage basin area.  For comparison purposes, the 100-year low flow at the site is estimated to be 
520 cfs (see Subsection 2.4.11.1.1). 
 
No modification of this value was made for purposes of evaluation.  Increased consumptive use of 
the Susquehanna River is projected to occur during the operational life of the station.  Legislation 
described in Subsection 2.4.11.4.1, however, prohibits uncompensated consumptive water use 
when the flow rate approaches the 7 day, 10-year low flow value.  The 7-day 10-year low flow value 
at the site is 820 cfs. 
 
The major impact of new consumptive water uses initiated after regulation specified date of January 
23, 1971 will essentially be limited to periods when the flow exceeds the 7-day, 10-year low flow 
value.  Since no significant upstream changes in consumptive use occurred between the recorded 
historic low flows of 1964 and the controlling legislation date of 1971, the consumptive use situation 
which existed in 1964 is essentially preserved with respect to its influence on extreme low flows. 
Use of the unmodified historic low flows for purposes of discussion of dilutions of accidental liquid 
radwaste releases is considered to be reasonable.  
 
 
2.4.12.1.3  Travel Times 
 
Time-of-travel studies have been conducted by the USGS which include the reach of the 
Susquehanna River downstream of the station (Ref. 2.4-53).  These dye studies were conducted 
between 1965 and 1967 during periods of low to medium flow.  Data for the reach of the 
Susquehanna River between Shickshinny (about 4 miles upstream) and Danville (about 31 miles 
downstream) are presented in Figure 2.4-31. 
 
Time-of-travel values for both the leading edge of the dye cloud, as well as for its peak 
concentration, are plotted.  Discharge values are those for flow rates at Shickshinny, the dye 
injection point.  For the historic low flow case with a flow of about 537 cfs at Shickshinny, 
Figure 2.4-31 indicates a range of travel times of about 135 through 155 hours.  Proportioning these 
times on the basis of channel length, the travel times for the reach from the Susquehanna SES to 
Danville under historic low flow conditions range from 120 to 138 hours. 
 
The flow velocity for this reach can be estimated through use of the peak concentration 
time-of-travel (138 hrs); the average flow velocity is 0.3 ft/sec.  The 18 hour difference between the 
occurrence of the dye cloud leading edge and the peak concentration is a measure of the 
longitudinal dispersion which could contribute to the dilution of transient effluent releases. 
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END HISTORICAL 

 
2.4.12.2  Accidental Releases 
 
Because of the subsurface location of the radwaste tanks and processing facilities, as well as the 
procedures for handling radwastes at the Susquehanna SES, a direct release of liquid radioactive 
wastes via surface pathways to the Susquehanna River is not considered. 
 
However, a highly improbable release of liquid radwastes into the Susquehanna River via a 
groundwater pathway has been postulated.  A detailed discussion of the groundwater transport of 
the radionuclides is provided in Section 2.4.13.3.  A brief description of the postulated accidental 
release along with the estimated radionuclide concentrations entering the river are provided in the 
following paragraphs. 
 
The largest radionuclide concentrations in the radwaste system are found in the two 7,400-
gallon Reactor Water Clean-Up (RWCU) Phase Separator Tanks.  These tanks are located in 
the Radwaste Building and are entirely below grade.  The postulated accident consists of a 
rupture of one of these tanks and a release of its contents into the groundwater system.  The 
contaminated groundwater then moves downgradient toward the Susquehanna River.  The 
location of the aquifer discharge into the river is shown on Dwg. FF62005, Sh. 1. 
 
The aquifer rate of discharge to the river is estimated to be about 108 cubic feet/day per foot of 
aquifer width.  Analysis performed under Section 2.4.13.3 indicated that the estimated 
radionuclide concentrations at the point of discharge into the river dropped off to below one 
percent of the peak centerline concentrations within a width of about 640 feet.  Taking this value 
as the width of the contaminated flow, the inflow of contaminated groundwater to the river is 
calculated as 69,120 cubic feet/day (0.8 cfs). 
 
Table 2.4-38 presents the estimated peak concentrations of radionuclides in the groundwater 
entering the Susquehanna River as a result of the postulated rupture of one of the RWCU Phase 
Separator tanks.  As shown in the table the estimated peak concentrations for Sr-90 and Pu-239 at 
the point  of entry into the river exceed the effluent concentration limits (ECL) for an unrestricted 
area as defined in 10 CFR 20 Appendix B.  The remaining radionuclides analyzed in Section 
2.3.13.3 have activity concentrations at the river that are at least an order of magnitude lower than 
their associated effluent concentration limits.  When consideration is given to the downstream 
dilution effects discussed in the Subsection 2.4.12.3, in no case does the estimated peak 
concentration of any of the analyzed radionuclide exceed the effluent concentration limits given in 
10 CFR 20 at the nearest downriver public potable water supply (Danville). 
 
2.4.12.3  Effluent Dilution 
 
The groundwater accident discussed above results in a release of contaminated water to the 
Susquehanna River over an extended period of time.  For such a continuous release condition, 
lateral as opposed to longitudinal diffusion becomes the more important mixing mechanism.  The 
maximum potential dilution occurs when cross-sectional homogeneity of concentration is achieved.  
For the case of the contaminated groundwater entering the river during the extreme low flow 
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occurrence, the maximum potential dilution ratio, is 1:650, which is the ratio of the groundwater flow 
(0.8 cfs) to the estimated 100-year low river flow at the site of 520 cfs (Section 2.4.12.1.2). 
 
A relatively simple model was used to quantify the dilution downstream of the station.  A steady 
state analytical streamtube model (Ref. 2.4-56) was employed for that purpose.  The model is 
applicable to non-tidal rivers where the flow is assumed to be uniform and approximately steady.  
Such conditions occurred during the low flows of September 1964.  Flow variation was within 10 
percent of the minimums for 3 preceding days at Danville to 11 preceding days at Wilkes-Barre 
(Ref. 2.4-49).  Similar flow behavior can be expected during future drought conditions severe 
enough to result in these low flow rates.  The model is further limited to portions of the river 
removed from the influences of the discharge.  For the groundwater release condition, the lack of 
momentum at the discharge location makes this model applicable for the entire reach downstream 
of the discharge. 
 
Figure 2.4-33 shows a cross-section at the groundwater release point.  The contaminated 
groundwater is seen to flow toward the river and flow into the river through the bank and bottom 
approximately to the mid-stream line.  The contaminated groundwater inflow can be approximated 
as a line source perpendicular to the river flow.  Equation 8 of Reference 2.4-56 provides the closed 
form solution for this type of release. 
 
Additional conservative assumptions are made in the application of the model.  The channel is 
taken to be straight, thereby removing any possible increase in cross stream diffusion at river 
bends.  Effluent concentrations in the river are not reduced through any potential sorption of the 
radionuclides by suspended and bottom sediments.  The analysis also conservatively neglects any 
additional dilution provided by tributary inflow at downstream locations along the Susquehanna 
River. 
 
Flow characteristics at 32 cross-sections between the site and Danville were estimated from a 
HEC-2 computer simulation of the historic low flow condition as described in Subsection 2.4.12.1.2.  
These flow characteristics provide the basis for the determination of the diffusion factor D at each of 
these cross-sections.  The longitudinal variation of D within this reach is relatively small.  Therefore, 
the mean value of D is used to calculate the radioisotope concentration as a function of distance 
from the site. 
 
The model results indicate that a fully mixed flow condition is approached within about 47 miles 
downstream of the station.  Concentrations of the radionuclides at Berwick, Bloomsburg and 
Danville are reduced to 1.29, 1.02 and about 1.0 times the final fully mixed flow concentrations.  
The estimated concentrations at Danville of the three most important radionuclides are presented 
below relative to the limits presented in 10CFR20, Appendix B, Table 2 
 

 Estimated  10 CFR 20 Effluent 
Concentrations 

 (μ Ci/ml)  (μ Ci/ml) 
    

Sr-90 1.2 x 10-8  5 x 10-7 
Cs-137 1.3 x 10-9  1 x 10-6 
Pu-239 4.6 x 10-10  2 x 10-8 
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In summary, a simple analytical model was used together with conservative assumptions in order to 
roughly approximate the dilution of the contaminated groundwater entering the Susquehanna River.  
It was found that dilutions approaching the fully mixed flow limit of 1:650 were achieved at Danville 
where the first active municipal water usage downstream of the station is found. Concentrations of 
all radionuclides released in the postulated accident are substantially below their effluent 
concentration limits. 
 
 
 

START HISTORICAL 
 
2.4.13  GROUNDWATER 
 
2.4.13.1  Description and Onsite Use 
 
2.4.13.1.1  Regional Groundwater Conditions 
 
From the point of view of groundwater, the region will be defined in this report to be the area within 
a 20-mile radius of the Susquehanna SES.  Included in this area are the major portions of Luzerne 
and Columbia Counties, the northern portion of Schuylkill County, the northwestern corner of 
Carbon County, and the southeastern corner of Sullivan County. 
 
The region lies in the Appalachian Highlands, which is made up of the Appalachian Plateau 
Province and the Valley and Ridge Province.  The Valley and Ridge Province makes up almost the 
entire region, while the Appalachian Plateau occupies only the northernmost three percent of the 
area as shown on Figure 2.4-34. 
 
In the region, the geologic formations of hydrologic significance are either consolidated formations 
of Paleozoic age or unconsolidated deposits laid down during the glacial age.  In the Appalachian 
Plateau Province, the Paleozoic formations are nearly flat lying, while to the south in the Valley and 
Ridge Province, these formations have experienced pronounced folding.  This folding, which 
occurred at the close of the Paleozoic Era, produced a number of northeast-southwest trending 
anticlines and synclines accompanied by the development of a number of normal and thrust faults. 
 
As seen in Figure 2.4-34, seven major folds occur in the region. From north to south, they are the 
shallow syncline on the crest of North Mountain (in the Appalachian Plateau Province) the Milton 
anticline the Lackawanna syncline (including the Wyoming Valley) the Berwick anticline (on which 
the Susquehanna SES is located) the synclinorium of the Eastern Middle Basin in the vicinity of 
Hazleton the Selinsgrove anticline and the Mahanoy Basin, a synclinorium (Ref. 2.4-57).  Faults, 
striking generally along the axis of the folds, occur within the Lackawanna syncline, the Berwick 
anticline, the Eastern Middle Basin and the Mahanoy Basin (Ref. 2.4-58). 
 
With the exception of some of the Pleistocene deposits, no formation in the region has a high 
primary transmissivity.  Both the primary porosity and permeability of the consolidated Paleozoic 
rocks are generally low.  Thus, the joint systems, faults and solution channels caused by tectonic 
processes, weathering or solution activity subsequent to the deposition of these formations, take on 
considerable importance in enhancing the rocks' ability to transmit groundwater.  Systems of 
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fractures or solution channels in bedrock can serve as groundwater pathways over distances of 
many miles, provided the openings have not been filled by precipitates or other solid matter. 
 
In addition, the presence of sharply folded anticlines and synclines in the region in some cases 
provides special constraints on the flow of groundwater.  Dips in the region range from 0o to 40o, 
with the maximum dips found on the rims and within the synclinal basins (Ref. 2.4-57).  
Groundwater will tend to flow within a specific formation to the extent that continuous pathways, 
fractures or solution channels occur preferentially in that formation.  This would be particularly true 
of solution channels in limestone formations.  In such cases, artesian or flowing wells are common, 
particularly in synclinal valleys (Ref. 2.4-57).  However, to the extent that fracture systems extend 
across several adjacent formations, groundwater will not be confined to a particular formation, and 
the dip of the formation will provide no constraint on the flow of groundwater.  In such a case, the 
alignment and interconnections of the joints or faults provides a major constraint on the flow, along 
with the direction and magnitude of the hydraulic gradient. 
 
In general, groundwater in the Paleozoic rock formations of the Appalachian Highlands flows from 
the topographically higher areas (recharge areas) to the valleys (Ref. 2.4-57).  It is believed that this 
groundwater discharges to springs and to the streams and rivers of the region, except at flood 
stage.  However, no quantitative data in the form of piezometric contour maps are available to 
convey an accurate picture of the local or regional groundwater flow for any of the consolidated 
formations.  In addition, there is no information at all on the flow of deep groundwater in the region. 
 
An aquifer is defined as a rock unit or unconsolidated deposit that is saturated at least over a 
portion of its thickness, and is capable of transmitting groundwater through it readily.  In the region 
around the Susquehanna SES, few of the bedrock formations have regularly yielded 100 gpm or 
more to an individual well.  Yet, few, if any, of the formations can be considered to be aquitards, or 
non-aquifers.  All the rock units to be described in this section are tapped by wells that provide, at 
the least, small domestic supplies of a few gallons per minute.  This is because all the rock 
formations of the region contain to a greater or lesser extent the fracture systems or solution 
channels common to bedrock in the Valley and Ridge Province.  To aid in the appraisal of the 
groundwater resources of the region, the discussion to follow will divide the geologic units into two 
groups, primary aquifers and secondary aquifers. 
 
Primary aquifers are those generally tapped by the higher yielding industrial or municipal wells, and 
on the average, produce higher yields than secondary aquifers.  Secondary aquifers generally 
provide water to only low-yielding domestic wells.  The primary aquifers of the region include: 
 

1) Pleistocene-age outwash deposits and kame terrace deposits 
2) The Pottsville Formation 
3) The Mauch Chunk Formation 
4) Upper Silurian Formations 

 
The secondary aquifers include: 
 

1) The Llewellyn Formation 
2) The Pocono Formation 
3) The Catskill Formation 
4) Marine Beds (Devonian age)  
5) The Mahantango, Marcellus and Onondaga Formations 
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6) The Bloomsburg Formation 
 
The only geologic units exposed in the region that are not included in the discussion to follow are 
those belonging to the Clinton Formation, the oldest group outcropping in the region.  These units 
are exposed along the axis of the Berwick anticline about 11 miles southwest of the site, as seen in 
Figure 2.4-34.  They are relatively unimportant with respect to groundwater, as they form a high 
ridge in outcrop (Ref. 2.4-57). 
 
The extent of outcrop, or subcrop, of the consolidated rock units is shown on the bedrock geologic 
map (Fig. 2.4-34).  The location of sand and gravel deposits laid down in the glacial age is shown in 
Figure 2.4-35.  The stratigraphic relationships of the different geologic units of the region are given 
in Table 2.4-21, along with their groundwater yield characteristics. 
 
 
2.4.13.1.1.1  Primary Aquifers of the Region Pleistocene - Age Deposits 
 
Where there is sufficient saturated thickness, Pleistocene sand and gravel deposits generally serve 
as the highest yielding aquifers in the region.  Figure 2.4-35 shows the location of the major surficial 
sand and gravel deposits in the region.  These are, in general, part of the stratified drift resulting 
from the last (Wisconsin) ice invasion of the area.  The location of the Wisconsin terminal moraine, 
indicating the farthest advance of the ice, is also shown on Figure 2.4-35. 
 
From the point of view of groundwater, two types of stratified drift deposits generally serve as good 
aquifers, outwash sediments and kame terraces, both being confined to the valleys or low-lying 
areas.  Outwash sediments were laid down by melt waters flowing ahead of the ice front. They 
consist of fine-grained well-sorted gravels (Ref. 2.4-59).  Outwash sediments in the region are 
found chiefly in the valleys of Huntington and Fishing Creeks and along the Susquehanna River 
(Ref. 2.4-57).  Kame terraces were formed by running water at the contact of the ice and the valley 
walls.  They are commonly not as well sorted as the outwash sediments, and, hence may exhibit 
lower permeability.  Kame terraces occur along the margins of the Susquehanna River valley (Ref. 
2.4-60) and also in the smaller tributary valleys (Ref. 2.4-59).  Not all of such small tributary deposits 
are shown in Figure 2.4-35. 
 
The glacial sand and gravel deposits directly overlie the bedrock formations, or local colluvium.  
They are in places overlain by recent alluvium, which is generally either unsaturated or too thin to 
be considered important as a groundwater source.  The thickness of the glacial sand and gravel 
varies widely from place to place.  In some places, old deep valleys have been filled in primarily with 
glacial materials.  In the Wyoming Valley of the Lackawanna Syncline (Figure 2.4-34), for example, 
such stratified deposits including clay layers, reach thicknesses of up to 300 feet (Ref. 2.4-57).  In 
general, the stratified drift deposits usable as aquifers in the region range from 20 to 150 feet in 
thickness (Ref. 2.4-57). 
 
Aquifer tests of four wells tapping the sand and gravel deposits of the Wyoming Valley indicated 
transmissivities ranging from 1,400 to 72,000 ft2/day, and horizontal hydraulic conductivities ranging 
from 240 to 530 ft/day (Ref. 2.4-60).  Storage coefficients obtained from the tests, with one 
exception, ranged from 0.01 to 0.13 indicating water-table conditions.  In the one case, the aquifer 
was locally confined by a clay layer, and the storage coefficient obtained was 2.0x10-4 . 
 



SSES-FSAR 
Text Rev. 60 
 
 

FSAR Rev. 66 2.4-40 

Water levels in the sand and gravel deposits are responsive to both recharge from precipitation and 
the river or stream stage of the water body in the valley in which they are located.  The water level 
in a well tapping a gravel and sand deposit in the Wyoming Valley, responded to the high stages of 
the Susquehanna River, during the Agnes storm in 1972 by rising from 16 feet below ground to 16 
feet above ground (Ref. 2.4-61).  Normally, in the deposits in the Wyoming Valley, the water table 
ranges from less than 10 feet below ground near the Susquehanna River to more than 30 feet 
below ground in the areas underlain by kame terraces or alluvial fans (Ref. 2.4-60).  Seasonal 
water-level fluctuations were measured from 1965 to 1967 in shallow observation wells in this valley 
(Ref. 2.4-60). The amplitude ranged from 7 to 14 feet with the peaks occurring in the spring of the 
year.  Water levels have been recorded in the USGS observation well (Lu-309) located in the 
Borough of Wyoming, north of the Susquehanna River and tapping outwash sand and gravel.  In 
1975, the water level in the well fluctuated between 9.8 and 20.3 feet below ground (Ref. 2.4-62).  
Groundwater discharge from these deposits to the stream or river generally tends to occur at most 
times except during flood stage. 
 
Recharge to the sand and gravel deposits of the region occurs primarily by direct infiltration of 
precipitation and by infiltration from the stream and river beds during periods of high stage.  The 
groundwater moves generally from areas of recharge to areas or points of discharge, whether a 
stream, spring, marsh, or a pumping well.  The average hydraulic gradient in the glacial deposits 
over a section of the Wyoming Valley was determined to be 11 feet per mile (Ref. 2.4-60).  Based 
on this and on an average transmissivity of about 8000 ft2/day, it was estimated that the average 
rate of discharge from the aquifer to the Susquehanna River is approximately 15 inches per year, 
amounting to 39 percent of the average annual precipitation.  The amount has been equated 
approximately to the average rate of recharge to these deposits (Ref. 2.4-60). 
 
Because of the variability in the saturated thickness of the aquifer and in the quality of local well 
construction, well yields range widely.  In Luzerne County yields from 6 to more than 1,000 gallons 
per minute (gpm) are reported for glacial sand and gravel deposits (Ref. 2.4-57 and 2.4-62).  The 
gravel-packed wells near Pittston in the Wyoming Valley were tested at 1,280 gpm each with a 
drawdown of only nine to ten feet after eight hours of pumping (Ref. 2.4-57).  In Columbia County, 
two wells along Fishing Creek tapping glacial sand and gravel deposits were reported to yield 140 
and 830 gpm (Ref. 2.4-57).  For the region as a whole, the median yield of wells tapping 
Pleistocene sand and gravel deposits is 100 gpm, based on 26 wells for which data were available 
(Ref. 2.4-57 and 2.4-62).  Seaber's analysis indicates that where sufficient saturated thickness of 
these glacial deposits occur, 75 percent of properly constructed wells should yield 250 gpm or more 
(Ref. 2.4-63).  
 
The Pottsville Formation 
 
The Pottsville Formation is generally a hard quartzose unit consisting of gray conglomerate as well 
as white, gray or brownish sandstone (Ref. 2.4-57).  Because of its resistance to weathering, it 
commonly forms ridges or mountains where it crops out.  This is illustrated by the inner hills ringing 
the western part of the Wyoming Valley and by the hills aligned in an ENE-WSW direction in the 
Hazleton area.  The Pottsville Formation underlies the Lackawanna syncline (Wyoming Valley), the 
Eastern Middle Basin in the vicinity of Hazleton and the Mahanoy Basin, but is absent elsewhere in 
the region.  The Pottsville Formation, where it is not exposed in these basins, directly underlies the 
Llewellyn Formation, which is a Post-Pottsville formation and which is the primary coal-bearing unit 
of the region. 
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The Pottsville is of significantly greater thickness in the southern basins than in the Lackawanna 
syncline.  In the Western Middle Basin, it is about 850 feet thick and in the Hazleton area it is about 
500 feet thick, while in the Wyoming Valley its thickness ranges from only 150 to 300 feet 
(Ref. 2.4-57). 
 
Of the 35 wells tapping the Pottsville in Luzerne County and for which recent data are available, 12 
are reported to be flowing wells (Ref. 2.4-63).  The static water level in the remaining wells is 
reported to range from 4 to 220 feet below ground, the wide range no doubt reflecting differences in 
topographic position and in the season of year when the measurement was taken.  Of seven 
Pottsville wells studied in the 1930's in Schuylkill County, two were flowing and the static water 
levels in the remaining wells ranged from 10 to 32 feet below ground (Ref. 2.4-57).  Large seasonal 
fluctuations in the water level are common in the region (Ref. 2.4-63). 
 
No tests to estimate the aquifer parameters of the Pottsville Formation have been reported.  Over a 
large part of the area where the formation occurs in the region, the fractured beds of sandstone and 
conglomerate are good water producers.  In Luzerne County reported well yields range from less 
than 5 gpm to 160 gpm, with a median yield of 50 gpm (Ref. 2.4-63).  The many flowing wells 
reportedly have large flows, but yield data are lacking.  In Schuylkill County, yields ranging from 65 
to 125 gpm have been reported, depending on the season.  Here, a few deep wells in the Pottsville 
have been unsuccessful because of the absence of fractures in the formation at those locations 
(Ref. 2.4-57). 
 
The Mauch Chunk Formation 
 
The Mauch Chunk Formation consists of red, green, yellow or brown shale with some sandstones 
(Ref. 2.4-57).  It is easily weathered and eroded and, consequently, has formed valleys or lowlands 
in the area where it outcrops in the region.  As shown on Figure 2.4-34, its outcrops area comprises 
a large portion of the southern one-third of the region, surrounding the Eastern Middle Basin and 
the Mahanoy Basin.  It crops out as a relatively narrow band around the Lackawanna syncline, 
making up a narrow valley between the hills of the Pottsville Formation and those of the Pocono 
Formation.  These hills act as the double rim enclosing the western end of the Wyoming Valley.  
The Mauch Chunk Formation underlies the Pottsville Formation within the Synclinal basins, and is 
underlain by the Pocono Formation.  In the region it is missing in the Berwick anticline area and 
north of the Lackawanna syncline. 
 
The thickness of the Mauch Chunk Formation ranges from more than 2,000 feet in the southern 
part of the region to only 200 to 300 on the north side of the Wyoming Valley (Ref. 2.4-57).  
Northeast of Pittston, outside the region but still in the Lackawanna syncline, the Mauch Chunk is 
absent and the Pottsville Formation directly overlies the Pocono Formation. 
 
Of the 51 wells tapping the Mauch Chunk in Luzerne County and for which recent data are 
available, seven are reported to be flowing wells (Ref. 2.4-63).  The static water levels for the others 
are reported to range from 1 to 202 feet below ground, the wide range again reflecting differences 
in topographic position and the season of measurement.  Data taken in the 1930's indicated that 
water levels in 48 wells tapping the Mauch Chunk in the portions of Carbon, Columbia, and 
Schuylkill Counties included in the region ranged from 1 to 130 feet below ground (Ref. 2.4-57).  
Only two of these had water levels at depths greater than 60 feet.  In addition, six wells were 
reported as flowing. 
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No tests to determine the aquifer parameters of the Mauch Chunk Formation have been reported. 
The fractured beds of shale and sandstone in this formation yield moderate to relatively large 
supplies of water.  The formation is particularly important as a source of groundwater because of 
the large areal extent of its outcrop in the southern part of the region.  Well yields from the Mauch 
Chunk in Luzerne County range from 5 to 250 gpm (Ref. 2.4-63).  Most wells in the county of more 
than 200-foot depth yield 25 gpm or more.  The sandstone beds appear to be more productive than 
the fractured shale.  In 50 wells tapping the Mauch Chunk in the portions of Carbon, Columbia, and 
Schuylkill Counties included in the region, yields in the 1930's were reported to range from 4 to 375 
gpm (Ref. 2.4-57).  The median yield based on 101 wells in the region for which data were available 
is 22 gpm (Ref. 2.4-57 and 2.4-63). 
 
Upper Silurian Formations 
 
Included in the Upper Silurian Formations in the region, in order of increasing age, are the Keyser 
Formation the Tonoloway Formation and the Wills Creek Formation.  The Keyser Formation 
consists of alternating beds of sandy limestone and calcareous sandstone, some conglomeritic 
sandstone and a bed of soft shaly limestone (Ref. 2.4-57).  The Tonoloway Limestone is about 100 
to 150 feet thick and consists primarily of platy, laminated and argillaceous limestones with thick 
beds occurring locally at the top (Ref. 2.4-57 and 2.4-58).  The Wills Creek Formation is made up of 
about 300 feet of alternating limestone, limy shales, and fissile shales (Ref. 2.4-57 and 2.4-58). 
 
Some of the units included under these three formations and underlying the Onondaga Formation 
have been mapped as the Helderberg Formation (Ref. 2.4-57 and 2.4-58) assumed to be lower 
Devonian.  More recent work by the Pennsylvania Geological Survey does not use the term 
Helderberg (for more information, refer to Subsection 2.5.1). 
 
These formations crop out within the Berwick anticline from Berwick through Bloomsburg.  They are 
underlain by the Bloomsburg Formation.  Outside the Berwick anticline, the Upper Silurian 
Formations are overlain by the Onondaga Formation and the Marcellus Shale. 
 
Groundwater in the Keyser and Tonoloway Formations occurs chiefly in solution channels and in 
some places in bedding planes and fractures enlarged by solution (Ref. 2.4-57).  Static water levels 
of wells tapping these formations in the region are reported to range from 12 to 42 feet below 
ground in the 1930's (Ref. 2.4-57). 
 
Some large yields have been recorded for wells tapping these formations. Within the region, 
recorded yields in four wells range from 16 to 250 gpm, and three of them yielded 125 gpm or more 
(Ref. 2.4-57).  In addition, two wells tapping these formations near Berwick are reported to yield 
large, although unmeasured, supplies, with small drawdowns.  A large spring, probably issuing from 
either the Tonoloway limestone or the Keyser Formation, is reported to occur in the bed of the 
Susquehanna River at the foot of the cliff below Berwick (Ref. 2.4-57). 
 
 
2.4.13.1.1.2  Secondary Aquifers of the Region Llewellyn Formation 
 
The Llewellyn Formation consists of sandstone, conglomerate, shale, fire clay, slate and numerous 
anthracite coal beds (Ref. 2.4-63).  Beds of conglomerate and, in places, fireclay occur between the 
coal beds, which are the primary source for coal in the region (Ref. 2.4-57).  The Llewellyn 
Formation in the region occurs only in the central portions of the Lackawanna syncline, the Eastern 
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Middle Basin and the Mahanoy Basin.  It is directly underlain by the Pottsville Formation.  The 
thickness of the formation is about 700 feet in the Hazleton area, 2,000 feet in the Mahanoy Basin, 
and nearly 2,200 feet in the Wyoming Valley (Ref. 2.4-57 and 2.4-60).  The reported depths to 
water level in the Llewellyn range widely, from 1 to 342 feet, with four of the eight wells having 
reported water levels at depth greater than 150 feet (Ref. 2.4-63).  No tests to determine aquifer 
parameters have been reported. 
 
Small to moderate yields are obtainable from the fractured sandstone and conglomerate beds.  
Yields of wells tapping the Llewellyn Formation in the portions of Luzerne and Schuylkill Counties in 
the region range from 2 to 80 gpm (Ref. 2.4-57 and 2.4-63).  The median yield of the 11 wells for 
which data were reported is 10 gpm.  In the vicinity of the mining operations, some of the formation 
water drains into the mines.  In addition, because of proximity to the mining operations, the quality 
of the groundwater is commonly poor.  Highly acidic water results from the oxidation of pyrite found 
in the coal (Ref. 2.4-57). 
 
Pocono Formation 
 
The Pocono Formation consists of a hard massive gray sandstone and conglomerate, including 
some shale layers (Ref. 2.4-57).  It is highly resistant to weathering and, consequently, over its 
outcrop area makes up the predominant ridges or hills of the region.  These include, from north to 
south, North Mountain, Huntington Mountain/Shickshinny Mountain, Lee Mountain/Penobscot 
Mountain, Catawissa Mountain, Nescopeck Mountain, Little Mountain, and Broad Mountain.  
Huntington Mountain/Shickshinny Mountain and Lee Mountain/Penobscot Mountain serve as the 
outer rim of the Wyoming Valley.  The Pocono Formation underlies most of the southern part of the 
region as well as the Lackawanna syncline.  It is absent in the Berwick anticline Formation underlies 
the Mauch Chunk Formation and directly overlies the Catskill Formation.  The Pocono Formation 
ranges in thickness from over 1,000 feet in the southern part of the region to about 600 feet in the 
north (Ref. 2.4-57). 
 
Data from 10 wells tapping the Pocono Formation in the region indicate that four of the wells were 
flowing (Ref. 2.4-57 and 2.4-63).  The depth to the static water level in the remaining wells, with one 
exception, ranges from 14 to 80 feet.  One well yielding 133 gpm had a reported water-level depth 
of 300 feet (Ref. 2.4-63) which may more properly represent a pumping water level. 
 
According to the available literature, no tests have been performed to estimate the aquifer 
parameters of the Pocono Formation.  Moderate yields are obtainable when wells penetrate 
well-fractured saturated zones.  Most all the wells tapping the Pocono in the region are in Luzerne 
County, and many of these are located along the north rim of the Wyoming Valley (Ref. 2.4-57). 
 
The formation is reported to be a productive aquifer on the Appalachian Plateau when it occurs 
below drainage level and has a significant saturated thickness (Ref. 2.4-92).  In this area, but 
probably outside of the region to the northwest, yields from the Pocono of more than 200 gpm are 
likely (Ref. 2.4-92).  Within the region, reported yields range from 3 to 133 gpm (Ref. 2.4-63). 
Neglecting the one high flow of 133 gpm, the average yield is about 10 gpm. 
 
The Catskill Formation 
 
The Catskill Formation consists of red to brownish shales, red and gray crossbedded sandstone, 
and gray to green sandstone tongues (Ref. 2.4-58 and 2.4-63).  As seen in outcrop (Figure 2.4-34) 
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it forms the outer limbs of the Milton, Berwick and Selinsgrove anticlines, and underlies about 
75 percent of the region.  It directly underlies the Pocono Formation, and is, in turn, underlain by the 
Devonian Marine Beds.  The maximum exposed thickness of the formation over the major part of 
the region is about 1,700 feet.  There is evidence, however, that the thickness may increase to 
3,000 to 4,000 feet in the southernmost part of the region (Ref. 2.4-57). 
 
Out of 75 wells tapping the Catskill Formation in Luzerne County for which data are available, six 
wells were reported as flowing (Ref. 2.4-63).  Static water levels in the remainder ranged from 6 to 
215 feet below ground, with 62 of the wells having water levels within 70 feet of the surface.  During 
1976, water levels in a USGS observation well (LU-243) tapping the Catskill Formation in the 
northern part of Luzerne County fluctuated between 49.5 and 55.1 feet below ground (Ref. 2.4-62).  
Water levels in Catskill wells located in Columbia and Carbon Counties were reported in the 1930's 
to range from 6 to 60 feet below ground (Ref. 2.4-57). 
 
In general, the hard fractured sandstones of the Catskill Formation yield more water than do the 
shale beds of the formation (Ref. 2.4-57).  The range of reported yields of wells tapping Catskill 
beds in Luzerne County is 2 to 325 gpm (Ref. 2.4-63).  For the 63 wells in the county for which data 
are available, the median yield is 12 gpm, and 75 percent of the wells yield 25 gpm or less (Ref. 
2.4-63).  Seventeen Catskill wells in Columbia County and the portion of Carbon County included in 
the region were reported in the 1930's to yield from 1 to 75 gpm (Ref. 2.4-57).  Seventy-five percent 
of these wells yielded 10 gpm or less. 
 
Marine Beds 
 
The Devonian Marine Beds, together with the Catskill Formation, has in the past been mapped as 
an undifferentiated unit termed the Susquehanna Group (Ref. 2.4-58).  Within the region, the 
primary constituent of the Marine Beds is Trimmers Rock, which consists principally of hard gray to 
greenish-gray massive to flaggy sandstone containing little shale (Ref. 2.4-57).  Brallier Shale and 
Harrell Shale are minor members of the Marine Beds and they appear to be missing over at least a 
portion of the region.  The Marine Beds are present in most of the region, and are overlain by the 
Catskill Formation except within the Milton and Berwick anticlines.  The Marine Beds overlie the 
Mahantango Formation. The total known thickness of the Marine Beds in the region ranges from 
about 1,500 to 3,000 feet, of which nearly the entire thickness of Trimmers Rock (Ref. 2.4-57). 
 
Out of 16 wells tapping the Marine Beds in Luzerne County for which data are available, two were 
flowing wells (Ref. 2.4-63).  The remaining wells have static water levels ranging from 18 to 63 feet 
below ground.  Static water levels for wells tapping Marine Beds in Columbia County were reported 
in the 1930's to range from 3 to 50 feet below ground, with one of the 15 wells studied being a 
flowing well (Ref. 2.4-57). 
 
Low yields are obtainable from wells tapping fracture zones in the Marine Beds.  The range of the 
measured yields of 21 wells tapping Marine Beds in the region ranged from less than 1 to 15 gpm, 
with a median yield of 5 gpm (Ref. 2.4-57 and 2.4-63).  Newport states that some of the wells 
tapping the Marine Beds are reported to yield large supplies, however, no measurement has been 
made (Ref. 2.4-62). 
 
The Mahantango, Marcellus and the Onondaga Formations 
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On a regional scale, the Mahantango Formation and the Marcellus Shale have been mapped 
together as the Hamilton Group (Ref. 2.4-58).  The Mahantango Formation is the youngest unit, 
and overlies the Marcellus Shale, which in turn overlies the Onondaga Formation. 
 
Within the region, the Mahantango Formation is about 1,100 feet thick and consists chiefly of 
bluish-gray to brownish sandy shale, with some interbedded sandstones, and locally thin 
bluish-gray limestone (Ref. 2.4-57 and 2.4-58).  The underlying Marcellus Shale consists of about 
400 feet of black, gray or dark-blue fissile shale (Ref. 2.4-57).  The Onondaga Formation generally 
consists of a non-cherty limestone member overlying a gray calcareous shale (Ref. 2.4-57).  It is 
reported to be 140 feet thick in the Selinsgrove anticline (Ref. 2.4-57). 
 
The Mahantango Formation crops out in the vicinity of the Susquehanna SES and underlies almost 
the entire region, with the exception of the central portion of the Berwick anticline between Berwick 
and Bloomsburg (Ref. 2.4-58).  These formations are underlain by Upper Silurian Formations, and 
except within the central portions of the Milton and Berwick anticlines, are overlain by the Marine 
Beds. 
 
Water levels in the Hamilton Group Formations have been reported to range from 7 to 40 feet below 
ground (Ref. 2.4-57 and 2.4-63).  One well in Columbia County was reported in the 1930's to be 
flowing (Ref. 2.4-57).  Yields have been reported to range from 2 to 21 gpm (Ref. 2.4-57 and 
2.4-63) although one well in Columbia County tapping the Mahantango Formation (or possibly 
Marine Beds) was reported to have a "large" yield at a large drawdown (Ref. 2.4-57). 
 
Bloomsburg Formation 
 
The Bloomsburg Formation is about 800 feet thick in the region.  It consists of dark-red sandy shale 
with a few thin layers of bright-green shale and a few beds of red sandstone (Ref. 2.4-57).  The 
underlying McKenzie Formation is about 150 feet thick and consists of red to green shale, gray 
calcareous shale and some dark blue limestone (Ref. 2.4-57).  It underlies essentially the entire 
region and immediately overlies units of the Clinton Formation.  Except in the core of the Berwick 
anticline, the Upper Silurian formations overlie the Bloomsburg Formation. 
 
Static water levels in the 1930's of four wells tapping the Bloomsburg in the region ranged between 
12 and 55 feet below ground.  During 1976, water levels in a USGS observation well (Co-45) 
tapping the Bloomsburg Formation and located near the Town of Bloomsburg, fluctuated between 
81.0 and 86.3 feet below ground (Ref. 2.4-62).  Yields of the Bloomsburg Formation range from 5 to 
20 gpm, although one well was reported to give a "large" though unmeasured supply (Ref. 2.4-57). 
 
 
2.4.13.1.2  Local Groundwater Conditions 
 
The local area is herein defined as the area within a two-mile radius of the Susquehanna SES.  
Within a two-mile radius of the Susquehanna SES, three rock formations crop out and are tapped 
for groundwater supply.  These are, from south to north, the Mahantango Formation, the Trimmers 
Rock Formation and the Catskill Formation, shown on Figure 2.4-36.  In addition, several wells tap 
unconsolidated deposits, including Pleistocene sand and gravel, Holocene alluvium and residual 
soil.  Most of these are located on the Susquehanna River flood plain.  No withdrawal greater than 
3,000 gallons per day is made from any existing well within two miles of the station.  The general 
description of these formations and deposits is given in Subsection 2.4.13.1.1. 
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A door-to-door inventory of wells and springs utilized for water supply within two miles of the 
Susquehanna SES was performed in March 1977.  Details of the results of this inventory are 
presented in Tables 2.4-22 and 2.4-23.  The locations of the wells and springs are shown on 
Figures 2.4-37 and 2.4-38, respectively. 
 
The Mahantango Formation, a blue-gray siltstone, underlies more than half of the two-mile radius 
area and is found immediately beneath the Susquehanna SES (Figure 2.4-36).  On the north side, 
along its contact with the Trimmers Rock Formation, it is commonly a limey siltstone.  In the vicinity 
of the station, boring log and pressure test information indicate the rock to be moderately well 
fractured in the upper 10 to 20 feet, with significantly fewer fractures at greater depth.  Thus, in 
many locations in the local area, one would expect that wells tapping the Mahantango may obtain 
most of their supply from the upper 10 to 20 feet of rock. 
 
Table 2.4-22 indicates that out of a total of 185 wells inventoried within the two-mile radius, 125 tap 
the Mahantango Formation.  Of 114 Mahantango wells for which data were obtained, the range of 
depths is 20 to 354 feet with a median depth of 90 feet.  Neglecting two large questionable values, 
reported yields from Mahantango wells range from 2 to 130 gpm with a median value of 15 gpm.  
Reported estimates of depth to static water level indicate a range of 1 to 100 feet  with a median of 
20 feet.  Eighty local residents having wells tapping the Mahantango Formation (comprising nearly 
70 percent of those giving water quality information) report their well water to be hard.  Of these, 14 
stated the water also contained iron, a sulfide, or both.  The quality of water in three of these wells 
is so poor it cannot be used for drinking. 
 
Table 2.4-23 indicates that out of a total of 33 springs used for water supply in the local area, only 
six are believed to issue from the Mahantango Formation. 
 
The Trimmers Rock Formation in the local area consists of thinly laminated siltstone or silty shale 
and hard, often flaggy, fine-grained sandstone.  Groundwater occurs primarily in the rock fractures, 
as the primary porosity of the rock is essentially nil.  The contact between the Mahantango and the 
Trimmers Rock Formation is located about 1,500 feet north of the center of the Susquehanna SES 
plant area. 
 
Forty-five of the 185 wells inventoried in the two-mile radius are believed to tap Trimmers Rock, and 
15 of the 33 springs utilized for water supply are believed to issue from this formation.  As taken 
from Table 2.4-22, the range in well depths is 20 to 460 feet, and the median depth is 150 feet, 
significantly greater than that for Mahantango wells (90 feet).  The difference may be due in part to 
the fact that the area underlain by Trimmers Rock is topographically higher than that underlain by 
the Mahantango Formation. 
 
The data given in Table 2.4-22 indicate that of seven wells for which data were reported, the well 
yields from Trimmers Rock range from 6 to 60 gpm with the median value 9 gpm.  The largest 
yielding developed spring in the local area is owned by the Citizens Water Company of 
Wapwallopen and is given as No. 7 in Table 2.4-23.  It is believed to issue from the Trimmers Rock 
Formation and supplies about 8,200 gpd. 
 
The reported depths to static water level in Trimmers Rock wells in the local area range from 0 to 50 
feet with a median of 22 feet.  Water from approximately 55 percent of the Trimmers Rock wells is 



SSES-FSAR 
Text Rev. 60 
 
 

FSAR Rev. 66 2.4-47 

reported to be hard; and of these, 40 percent are reported to contain iron, a sulfide or both.  The 
quality of water in three of the wells is so poor that it cannot be used for drinking. 
 
The Catskill Formation in the local area consists of reddish-brown to maroon sandstone, siltstone or 
mudrock, and greenish-gray or olive-gray fine-grained sandstone, siltstone, silty shale or shale. The 
size of the area underlain by this formation within the two-mile radius is small (Figure 2.4-36). None 
of the wells inventoried in the area appear to tap the Catskill Formation.  One spring believed to be 
issuing from the Catskill Formation is utilized for water supply (No. 33 in Table 2.4-23). 
 
The primary source for relatively large groundwater supplies in the local area is Pleistocene sand 
and gravel deposits.  However, only 10 existing wells within two miles of the station are believed to 
tap these deposits; and they withdraw only small quantities, for domestic or stock watering 
purposes as seen in Table 2.4-22.  Essentially all the Pleistocene deposits within two miles of the 
station are mapped as kame terrace deposits.  As seen on Figure 2.4-36, the kame terrace 
deposits (Qkt) cover nearly one-fourth of the two-mile radius area.  In addition, the sand and gravel 
deposits commonly underlying the Holocene alluvium (Qal) are, in all likelihood, kame terrace 
deposits. 
 
The major portion of the kame terrace deposits consists of stratified sand and gravel, including 
varying amounts of silt, grading with cobbles and boulders particularly in the lower part of the 
deposit.  The overlying portion commonly consists of well-sorted fine to medium sand, or fine sand 
and silt, which exhibit both simple and complex bedding structure.  In general, thicker sequences of 
the deposits would be expected to occur close to the river.  The permeability of the kame terrace 
deposits can vary considerably areally and with depth. 
 
The ten wells in the local area tapping these deposits range in depth from 20 to 100 feet with a 
median depth of 22 to 24 feet.  The wells are mostly dug wells two to three feet in diameter.  The 
reported static water level ranges from 5 to 75 feet below ground with the median value of 12 feet. 
Eighty percent of the well owners having wells tapping kame terrace deposits reported the water to 
be soft and of good quality. 
 
Four other wells within two miles of the site tap unconsolidated deposits other than kame terrace 
deposits.  Two are believed to tap Holocene alluvium, one along Wapwallopen Creek and the other 
along Walker Run.  These have shallow depths (<18 feet) and have reported static water levels of 
two feet below the surface.  North of the site there are two dug wells apparently completed in the 
residual soil or the upper highly weathered portion of the underlying Trimmers Rock.  These are of 
shallow depth (<15 feet) with a reported static water level just four feet below the surface. 
 

END HISTORICAL 
 
 
2.4.13.1.3  Onsite Use of Groundwater 
 
Plant use of groundwater is anticipated during the operation of the plant.  Two production wells, 
TW-1 and TW-2, exist on site and are located about 1,200 feet northeast of the turbine building.  
They have been used for construction purposes, and have an approximate capacity of 50 gpm and 
150 gpm, respectively.  During plant operation, these wells fill the clarified water storage tank and 
the domestic water storage tank and supply seal water for the circulating water pumps and the 
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service water pumps.  Clarified river water may occasionally be used to supply some of these 
needs. 
 
Two 30 gpm wells exist at the River Water Make Up facility and are utilized for seal water to the 
River Water Make Up pumps.  These wells are located about 200 feet north of the River Water 
Make Up facility. 
 
 

START HISTORICAL 
 
2.4.13.2  Sources 
 
2.4.13.2.1  Water Well Inventory 
 
A complete water well inventory in the local area was performed by making a house-to-house 
survey within two miles of the Susquehanna SES during March 1977.  The results of this inventory 
with the available well data are presented in Table 2.4-22.  The locations of these wells are given in 
Figure 2.4-37.  Wherever springs were utilized for water supply they were tabulated separately.  
The pertinent information on the springs used locally is given in Table 2.4-23 and their locations are 
shown in Figure 2.4-38.  A summary discussion of the information given in these two tables is 
provided in Subsection 4.13.1.2.  Estimates of present withdrawal rates from each well or spring 
were calculated on the daily per-person or per-animal consumption rate shown at the bottom of 
Tables 2.4-22 and 2.4-23, based primarily on Reference 2.4-64. 
 
A total of 185 water wells and 33 developed springs were inventoried in the two-mile radius area.  
The vast majority of the wells are used for domestic or stock-watering purposes.  Nineteen of the 
wells are used, at least in part, for commercial purposes; seven are currently unused, and one is 
used as standby for public supply purposes by the Citizens Water Company of Wapwallopen.  The 
largest estimated average withdrawal from a single well in the area is about 2,700 gpd.  With one 
exception, the developed springs in the local area provide supplies of water only for domestic and 
stock use.  At Wapwallopen, the Citizens Water Company withdraws an average of 8,200 gpd from 
a spring believed to issue from the Trimmers Rock Formation. 
 
In the region, an inventory of major wells (with the exception of public-supply wells) located 
between 2 and 10 miles from the Susquehanna SES was performed.  A major well was defined as 
one with a reported tested yield of 15 gpm or more.  In addition, an inventory of all public supply 
wells located between 2 and 20 miles from the station was carried out.  The source for both these 
inventories were a published report (Ref. 2.4-63) and unpublished records and computer printouts 
from Bureaus of the Pennsylvania Department of Environmental Resources (Ref. 2.4-65 through 
2.4-69). 
 
The results of the major-well inventory are presented in Table 2.4-24 and include well location, 
owner, use, total depth, probable aquifer tapped, reported well yield, specific capacity and static 
water level.  The locations of these wells are shown on Figure 2.4-39.  A total of 77 major wells has 
been enumerated.  Reported well yields range up to 550 gpm, and the median value of those wells 
for which yields are reported is 20 gpm.  With the exception of three industrial wells located near 
Nanticoke, the remaining wells are used exclusively for domestic or stock-watering purposes. 
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The results of the inventory of public-supply wells are provided in Table 2.4-25, and their locations 
are shown in Figure 2.4-40.  A total of 213 public-supply wells was enumerated over the 20-mile 
radius area.  The area has a large number of small water-supply companies or municipal 
departments, and because of the relatively low yield of many wells completed in rock, a 
considerable number of wells is required.  As shown on Figure 2.4-40, the majority of these wells 
are concentrated either in the vicinity of the Wyoming Valley, northeast of the station, or in the 
southeastern quadrant, in the Freeland-Hazleton-Mahanoy City area. 
 
2.4.13.2.2  Groundwater Withdrawal 
 
The estimated average groundwater withdrawal rate during 1976 from all wells and springs within a 
two-mile radius of the site is 56,000 gpd, which is equivalent to only 38.9 gpm.  Table 2.4-26 shows 
the estimated withdrawals from wells and from springs, as well as from individual geologic units 
within this local area for that year.  Approximately 52 percent of the withdrawals is from the 
Mahantango Formation.  Spring withdrawal amounts to about 25 percent of total groundwater use 
in the area.  The values in Table 2.4-26 were obtained by summing up the appropriate figures in the 
column for "estimated present average withdrawal" in Tables 2.4-22 and 2.4-23. 
 
The estimated projections of groundwater use through the year 2020 in the two-mile radius area are 
given in Table 2.4-27.  It is estimated that by the year 2000, local groundwater withdrawal will 
amount to about 64,000 gpd.  The projections are based on the population projections given in 
Tables 2.1-7 through 2.1-16. 
 
Estimates of regional groundwater withdrawals are based on records and computer printouts of the 
Pennsylvania Department of Environmental Resources (Ref. 2.4-70) a personal communication 
with a water department (Ref. 2.4-71) and the U.S. Census publication for 1970 (Ref. 2.4-72).  
Tables 2.4-28 and 2.4-29 summarize the information and calculations on which we based the 
estimate of the groundwater withdrawal rate for 1975 within 20 miles of the station.  As shown in 
Table 2.4-29, the estimated average withdrawal in 1975 from all geologic units by water 
departments or companies and by industries was 6.3 mgd and that from private domestic wells and 
springs was 5.2 mgd.  Thus, the estimated average withdrawal rate in 1975 was 11.5 mgd for the 
20-mile area. 
 
Table 2.4-27 gives the estimated projections of groundwater use in the region through the year 
2020.  The projections are based on population projections as found in Tables 2.1-15 through 
2.1-16.  The estimated average groundwater withdrawal rate within 20 miles of the station for the 
year 2000 is 12.1 mgd. 
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2.4.13.2.3  Aquifer Characteristics and Groundwater Conditions at the Site 
 
2.4.13.2.3.1  Data Sources 
 
Previous Investigations 
 
As defined herein, the site or site area refers to property owned by PP&L at the Susquehanna SES.  
A number of borings, observation wells and test or production have been drilled on the PP&L 
property at the Susquehanna SES as a part of previous investigations.  These have been drilled at 
different times since 1965 under the supervision of different engineering contractors.  Data from a 
total of 328 borings or wells on the property have been used in evaluating the hydrogeologic 
conditions on site.  Their locations, along with those for test pits, are shown in Figures 2.4-41 and 
2.4-42. 
 
The data utilized from these borings and wells include boring log data, with lithologic and structural 
notations, and the results of water pressure tests performed at several borings.  In addition, 
pumping tests of the overburden materials were carried out in the two production wells located on 
the north side of the property, TW-1 and TW-2.  Laboratory tests, including grain-size, dry density 
and permeability tests, have been performed on a number of soil samples obtained from the 
borings on site.  Water-level data have been obtained in borings in the process of their being drilled, 
and at frequent intervals in observation wells constructed on the property. 
 
The data from these previous investigations have been obtained from published documents, reports 
submitted to PP&L, and unpublished records (Ref. 2.4-73 through 2.4-85). 
 
Investigations Performed for this Report 
 
Some of the observation wells constructed during previous investigations were found to be usable 
for this investigation.  They were each confirmed to be in hydraulic continuity with the geologic 
unit(s) they are open to.  This was done by pouring in a slug of water of known volume (two to five 
gallons) and measuring the rate of recovery of the water level.  A total of 11 observation wells (Nos. 
2, 8, 11, 19, 109, 124, 1111, 1113, 1114, B-1 and CPW) were found to be in satisfactory condition 
and have been used for groundwater level monitoring since early November, 1976.  The location of 
these observation wells is shown on Figures 2.4-32 and 2.4-43.  Details of their construction are 
given in Table 2.4-30. 
 
Six new observation wells were constructed in the summer of 1977 as a part of this investigation 
(Nos. 1200A, 1201, 1204, 1208, 1209A, and 1210).  Four of these are overburden wells and tap the 
overburden and the upper two to three feet of bedrock.  The remaining two (1201 and 1209A) are 
bedrock wells and tap the zone between 4 and 34 feet below the top of bedrock.  The location of 
the new observation wells is along a narrow band running east from the plant area to the river as 
indicated in Figure 2.4-32.  Details of the manner of their construction are given in Table 2.4-30.  
Figures 2.4-44 through 2.4-49 provide the boring log information and schematic well construction 
details for each well. 
 
Water pressure tests (packer tests) were performed in both of the bedrock observation wells 
(Nos. 1201 and 1209A).  Pumping tests were conducted for overburden wells 1204 and 1210.  The 
purpose of the water pressure tests (packer tests) and pumping tests was to provide estimates of 
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the horizontal hydraulic conductivity of the upper bedrock and the overburden soils, respectively, 
along the groundwater path from the plant to the river. 
 
 
2.4.13.2.3.2  Groundwater Parameters and Movement at the Site 
 
On the PP&L property at the Susquehanna SES, the saturated portion of the overburden serves as 
an aquifer.  The underlying fractured portion of the Upper Mahantango siltstone also contains 
groundwater, but its generally lower porosity (storage capacity) and permeability make it of only 
secondary importance as a local aquifer. 
 
The overburden consists primarily of kame terrace Pleistocene deposits.  East of Route 11 on the 
flood plain, these deposits are covered with up to 10 to 20 feet of Holocene alluvial material 
consisting of silty fine sand or fine sandy silt. 
 
The Pleistocene kame terrace deposits are poorly to moderately well-graded stratified deposits 
consisting dominantly of sand and gravel, with variable amounts of clay, silt, cobbles and boulders.  
In portions of the area, the upper layers tend to consist of well-sorted fine to medium sand, or fine 
sand and silt, exhibiting both simple and complex bedding structures.  The lower layers are 
generally more coarse-grained and more well graded, with cobbles and boulders occurring most 
abundantly near the top of bedrock.  Elsewhere, these deposits consist of alternating layers of:  (1) 
relatively poorly-graded sand and gravel; and (2) a well-graded mixture of clay, silt, sand, gravel, 
cobbles and boulders. 
 
The lenses and layers of poorly graded (uniform) sand or sandy gravel are most important from a 
groundwater point of view, as they are high in permeability.  Thus, the bulk of the groundwater flow 
will tend to flow through these layers where they are continuous for some distance.  Boring log 
information indicates that a moderately to highly permeable zone exists within the lower 20 feet of 
overburden, over considerable distances within the station area. 
 
An isopach map of the Susquehanna SES area, which indicates the approximate thickness of 
overburden across the site, is given in Figure 2.4-41.  The thickness of overburden on site ranges 
from 0 to 125 feet.  By comparison to Figure 2.4-42, which gives the approximate top-of-bedrock 
contours for the site area, it is seen that the greatest thickness of overburden occurs in the two 
east-west oriented buried bedrock valleys, which occur on the northern side of the site.  One of 
these valleys (called the "major bedrock valley") appears to extend all the way from the west side of 
the property to the river, between Pennsylvania coordinates, N341,500 and N342,500.  A prominent 
kame terrace with a thickness of up to 70 feet occurs along the southern flank of this valley, 
between the plant and Route 11, as seen on Figure 2.4-41.  The other important east-west bedrock 
valley is located about 1500 feet further north and extends from the location of Route 11 to the river.  
Figure 2.4-42 also shows a secondary bedrock valley extending from the plant in a northeast 
direction until it joins the major bedrock valley. 
 
Apart from the above described features, the overburden thickness in the site area west of 
Route 11 is 20 feet or less.  On the flood plain, the overburden thickness is seen to range from less 
than 20 feet up to 125 feet, with the average probably in the range of 50 to 80 feet, clearly higher 
than that in the upland area.  To illustrate the nature of the topography and the thickness of the 
overburden over the site area, Figure 2.4-33 shows a geologic cross-section extending eastward 
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from the northern part of the turbine building to the Susquehanna River.  The location of the 
cross-section along a groundwater flow path is shown on Figure 2.4-33. 
 
Of greater importance than the overall overburden thickness is the height of the groundwater level 
above the top of bedrock.  Where groundwater is unconfined, this corresponds to the saturated 
thickness which varies from season to season and from year to year depending on the quantity of 
water recharging the groundwater.  Where groundwater is confined, as on the flood plain, the 
saturated thickness of the aquifer generally remains constant, while the height of the groundwater 
level fluctuates.  The height of groundwater in the overburden at the site ranges from 0 to about 90 
feet, and the values at various borings or wells and at different times are given in Tables 2.4-31 and 
2.4-32. 
 
On the flood plain, the height of the groundwater level above bedrock in the overburden generally 
ranges from 30 to 90 feet, with the greatest thickness found along the river and within the two major 
bedrock valleys, as shown by wells B-1 and CPW in Table 2.4-32.  On the uplands, the height of 
the water level above bedrock ranges from less than zero to about 65 feet.  The greater 
thicknesses are always found in the center of the bedrock valleys; and generally, the greater the 
distance from the axis of the valleys, the less the thickness.  For example, as shown in 
Table 2.4-32, in early November, 1976, the height of the water level above bedrock at observation 
well 109 located in the center of the major bedrock valley was 65 feet, while at nearby observation 
well 124, located on the north flank of that valley, the thickness was only 20 feet.  The saturated 
thickness of unconfined Pleistocene deposits near the center of the major bedrock valley, about 
500 feet west of U.S. Route 11 at Well 1208, was found to be 8.8 feet in August 1977.  Forty feet to 
the east at Well 1210, it was only 3.9 feet. 
 
Static water levels measured in 1972 indicate that in the vicinity of the reactor area, turbine building 
and the cooling towers, the height of the groundwater level above bedrock ranges from 0 to 18 feet.  
This is shown in Table 2.4-31 for the relevant borings:  116, 202, 205, 206, 209, 211, 215, 301, 312, 
317, 319 and 444.  With the exception of the June 1972 reading at boring 319, the groundwater 
levels in this area were only 0 to 8 feet above the top of rock. 
 
At one observation well, No. 1114 located in the spray pond area, groundwater levels in the period 
1974 to 1977 were in the bedrock.  Tables 2.4-31 and 2.4-32 indicate that static water levels in this 
well ranged between one to five feet below top of rock. 
 
The approximate height of the groundwater level in the Pleistocene deposits along the assumed 
groundwater flow path from the northern part of the plant to the river is shown on Figure 2.4-33. 
 
The underlying bedrock at the site consists primarily of the Mahantango siltstone, while the 
Trimmers Rock sandstone borders the Mahantango on the north, approximately along coordinate 
N343,500.  The logs of borings penetrating up to 250 feet of the Mahantango siltstone were 
examined.  Broken or severely fractured zones commonly occur at the bedrock and alternate 
between massive and moderately fractured zones.  No uniform pattern was observed with respect 
to the occurrence of fractures at depth.  There does, however, appear to be a tendency for the 
fractures or joints at depth to be filled in with calcite, pyrite or quartz crystals.  This is also true of the 
many brecciated zones occurring in the rock cores.  However, open or partially open joints and 
fractures do occur at depths greater than 20 feet below the top of rock.  The joint planes or 
cleavage planes examined were nearly always in the range of 30o to 60o from the horizontal, and 
generally opposing or nearly perpendicular to the bedding planes. 
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Water pressure tests (packer tests) in the 300-series, 900-series and 1200-series borings on site 
indicate a clear tendency for the effective rock permeability to decrease with depth within the upper 
50 feet of bedrock (Ref. 2.4-75 and 2.5-84).  This is shown in Tables 2.4-33 and 2.4-34. 
 
Water level data from the overburden and bedrock wells of the 1200-series indicate this upper 
relatively permeable bedrock zone is not everywhere in direct hydraulic connection with the 
overlying Pleistocene deposits.  Water levels measured in bedrock Well 1201 have been about 
11 feet higher than in overburden Well 1200A, 6.4 feet away, as shown in Table 2.4-30.  With the 
exception of the uppermost fractured bedrock zone of one-to-three-foot thickness (tapped by the 
overburden wells in the 1200-series), it appears that groundwater filling the underlying bedrock 
fractures forms in places over the site area a hydraulic system essentially separate from that of the 
overburden. 
 
Many of the static water level readings presented in Tables 2.4-31 and 2.4-32 were made in borings 
or observation wells in hydraulic connection with both the bedrock and the overlying overburden.  
Thus, assuming that water levels in the upper bedrock do not generally coincide with those for the 
overburden, the water levels in such cases represent composite levels probably dominated by the 
overburden.  This would clearly be the case for borings 7 through 209 and 215 through 319 as 
given in Table 2.4-31 and for observation wells 8, 109 and 124 in Table 2.4-32. 
The fluctuation of the groundwater table at the Susquehanna SES is indicated in Tables 2.4-31 and 
2.4-32.  From July 1974 to July 1975, water levels in observation wells 1111, 1113 and 1114 
fluctuated within a range of five feet, while from November 1976 to late April 1977, they fluctuated 
within 0.9 to 7.5 feet.  For wells 1111 and 1113, groundwater levels were one to eight feet higher 
between November 1976 and May 1977 than for the same period in 1974-75.  At well 1114, on the 
other hand, groundwater levels were three feet lower in 1976-77 than in 1974-75.  This reversal of 
groundwater level trends in the same general area may possibly be ascribed to the effect of large 
amount of earth-moving work performed over this period in close proximity to the spray pond area.  
The construction of the railroad embankment, settlement of fill material and excavations in the 
immediate vicinity could have a profound affect on the elevation and gradient of the local water 
table. 
 
For the other seven observation wells for which full records are available, groundwater levels onsite 
fluctuated within a range of 5.5 to 11.2 feet for the period from early November 1976 until 
mid-September 1977.  The exception to this was Well 109 which experienced a water level decline 
of 22.2 feet between April 14th and September 20th because of its proximity to the production wells 
TW-1 and TW-2. 
 
Figure 2.4-50 shows the approximate groundwater contours onsite recorded in June 1971.  These 
contours should be considered largely a composite of overburden and upper bedrock water-level 
contours, with the overburden levels exerting primary influence.  Figures 2.4-32 and 2.4-43 show 
the groundwater contours in September 1977 and April 1977, respectively, over the portion of the 
site area for which wells were available.  As Wells 1201 and 1209A are clearly bedrock wells, their 
water level data were not included in the contours shown in Figure 2.4-32.  Wells 1111, 1114 and 
1115 were destroyed in May 1977 in the process of constructing the spray pond.  Hence, data for 
that area were not available for contouring in Figure 2.4-32.  None of the 1200-series wells were 
contoured in Figure 2.4-43 as they were constructed after April 1977. 
 
The direction of groundwater flow away from the plant area, as shown in Figures 2.4-32, 2.4-43, 
2.4-50 and Dwg. FF62005, Sh. 1 is generally toward the northeast, and hence, eastward to the 
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river.  There seems to be a clear tendency for the groundwater flow paths to follow the major and 
minor buried bedrock valleys shown in Figure 2.4-42.  A portion of the groundwater flowing 
eastward discharges as springs along the stream running eastward toward Route 11, approximately 
along Pennsylvania coordinate N342,100.  However, it appears that most of the groundwater 
discharges ultimately to the Susquehanna River. 
 
Consistent with the topographic relief, the average groundwater gradient is quite high between the 
plant area and observation Well 1210, located 550 feet west of U.S. Route 11.  The average 
hydraulic gradient over this reach of the groundwater path is about 0.068, based on groundwater 
levels taken in the fall of 1970 and in September 1977.  The average gradient in the flood plain from 
Well 1210 to the river is estimated to be only 0.0073 based on September 1977 water level 
readings. 
 
The slope of the piezometric surface toward the east in the upper bedrock between Wells 1201 and 
l209A had a magnitude of 0.084 in September 1977. 
 
A summary of the aquifer tests and permeability tests carried out in previous investigations in the 
overburden materials and the upper bedrock on the site is presented in Table 2.4-33.  The results of 
tests performed for this investigation are summarized in Table 2.4-33.  It is seen that the estimated 
horizontal hydraulic conductivity of the Pleistocene kame terrace deposits varies widely, from 0.022 
to 200 feet/day, while estimates for the vertical hydraulic conductivity range from 2.3 to 63 feet/day.  
Horizontal hydraulic conductivity values obtained from packer tests for the upper 20 to 30 feet of 
bedrock range from 0 to 2.5 feet/day.  Table 2.4-33 indicates that the upper 20 feet of bedrock 
commonly is significantly more permeable than are intervals lower than 20 feet, presumably 
because of the greater frequency of open joints in the uppermost bedrock zone.  The values given 
for borings 305, 1201 and 1209A shown in Table 2.4-34 support this finding. 
 
Two of the drawdown curves used to obtain estimates of horizontal hydraulic conductivity from the 
pumping tests of Wells 1204 and 1210 are presented in Figure 2.4-51.  Well 1204 was pumped at a 
constant rate of 25.8 gpm for six hours.  The range of values shown in Table 2.4-34 for the pumping 
test of Well 1204 derive from analysis of the time drawdown curves and the recovery curves for 
both the pumping Well (No. 1204) and the observation Well (No. 11).  Well 1210 was pumped for 
nearly six hours at a constant rate of 1.1 gpm with no drawdown observable in Well 1208, 40 feet 
away.  Transmissivity and horizontal hydraulic conductivity in the vicinity of Well 1210 were 
estimated from the recovery curve of the pumped well as shown in Figure 2.4-51. Calculations are 
shown on the figure. 
 
Slug tests were performed in Wells 1208 and 1210 by quickly introducing 5 gallons of water into the 
well and measuring the subsequent sudden rise and gradual decline of the water level with time.  
The results in both cases were analyzed using the formula for a well point filter in a uniform soil 
given by Lambe and Whitman (Ref. 2.4-93). 
 
To estimate groundwater movement in the Pleistocene deposits from the plant toward the river, it 
was necessary to divide the groundwater flow path into segments because of the deposits' wide 
range in horizontal hydraulic conductivity (Kh).  Based on the results of pumping tests summarized 
in Tables 2.4-33 and 2.4-34, values for Kh were selected for each segment.  It is reasonable to 
assign a value of 8 ft/day for Kh for the deposits west of Well 1210.  The segment from Well 
1210 eastward to Well 1204 is assigned an average Kh of 22 ft/day.  And, eastward of well 1204 to 
the river, the average Kh may be taken as approximately 120 ft/day. 
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It is difficult to estimate movement of groundwater in the upper bedrock because of uncertainty 
about the areal extent of the open fractures tested by packer tests in the borings.  Based on the 
results of packer tests summarized in Table 2.4-34, the average horizontal hydraulic conductivity of 
the upper bedrock over at least the western portion of the groundwater path shown in 
Dwg. FF62005, Sh. 1 would probably be less than 0.50 ft/day.  
 
As discussed earlier, over much of the site area where there is a significant saturated thickness of 
Pleistocene deposits, there are overlying layers of lower permeability, consisting commonly of 
sandy silt or even clayey silt.  These layers serve to confine the water in the aquifer materials, at 
least locally.  Indeed, the results of the pumping tests of these deposits at wells TW-1 and TW-2, 
indicated a storage coefficient ranging from 1 x 10-4 to 4 x 10-4 which implies the aquifer at that 
location is confined (Ref. 2.4-80). 
 
Similarly, on the flood plain, analysis of the pumping test of Well 1204 indicated the aquifer to be 
confined with a storage coefficient of 7.0 x 10-5 to 1.5 x 10-4.  But in the vicinity of Well 1210, just 
west of U.S. Route 11, analysis of slug tests based on the method of Cooper, Bredehoeft and 
Papadopulos (Ref. 2.4-94) yielded a storage coefficient of about 0.10, indicating the groundwater 
there is unconfined. 
 
The total porosity of the Pleistocene deposits was estimated from laboratory values for dry density 
obtained on relatively undisturbed soil samples.  The equation used was: 
 

n = 1 - ρB / ρs 
 
where: 

n is the porosity 
 

ρB is the bulk density (dry density) in g/cm3, and 
 

ρs is the particle density assumed to be 2.65 g/cm3. 
 
Dry density values were obtained for 29 samples taken in the depth range 22 to 75 feet from 
16 different borings onsite.  The dry density values ranged from 1.57 to 2.31 g/cm3 and the median 
value was 1.72 g/cm3.  The corresponding range of total porosity values was 0.13 to 0.41 with a 
median of 0.35. 
 
The effective porosity (ne) of the Pleistocene deposits was estimated by applying a factor of 0.90 to 
the total porosity values.  This factor was derived from the results of column studies performed on 
sandy and loamy soils in which non-reactive tracers were used to estimate the actual fraction of the 
total porosity that was effective in transporting an aqueous solution through the column (Ref. 
2.4-86).  The column studies indicated a ratio of effective to total porosity ranging from 0.87 to 0.96.  
The value of 0.90 was selected as an average value for the saturated Pleistocene deposits at the 
site.  Applying this factor to the foregoing total porosity values, we obtain an estimated effective 
porosity range of 0.12 to 0.37 with a median of 0.32. 
 
Regarding the Mahantango siltsone, it is difficult, if not impossible, to accurately determine values 
for the total and effective fracture porosity that are representative of the upper bedrock over a 
distance of hundreds of feet at the site.  Examination of the boring logs from this and previous 
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investigations does, however, provide a basis for making a rough estimate of fracture porosity.  In 
general, the spacing between natural joints and fractures in the Manhantango at the site is in the 
range of 2 inches to 2 feet or more.  Assuming that the average width of opening of a fracture is 
0.05 inches, the range of fracture porosity would be about 0.002 to 0.025.  In general, the higher 
porosity figure would apply particularly to the upper foot or two of rock. 
 
The velocity (μ) of groundwater movement in the Pleistocene deposits can be estimated from 
Darcy's law: 

 
en

ihK=μ  

where 
 

Kh is the horizontal hydraulic conductivity  
i is the hydraulic gradient, and  
ne is the effective porosity  

 
Over the reach of the groundwater flow path from the plant to observation Well 1210, the estimated 
average gradient is 0.068.  Based on the value of 8 feet/day for Kh, and the median value of 0.32 for 
ne, an average velocity of 1.7 feet/day was obtained.  Between observation Well 1210 and the river, 
the average hydraulic gradient is 0.0073 and the estimated horizontal hydraulic conductivity is 70 
feet/day.  The estimated average velocity of groundwater flow for this reach is then 1.6 feet/day. 
 
Preliminary evaluation of the hydraulic gradient of groundwater in the upper bedrock based on 
bedrock Wells 1201 and l209A, indicates the gradient is close to that for the overburden for the 
same reaches of groundwater flow.  Thus, comparison of groundwater velocities in the two domains 
can be made on the basis of the ratio Kh/ne.  Derived from field test data, Kh for the upper bedrock is 
conservatively taken as 0.50 feet/day, while effective porosity is assumed to be 0.02.  Thus, Kh/ne  = 
25 feet/day.  For the overburden, in the reach of the groundwater path from the plant to observation 
well 1210, Kh/ne = 8.0/0.32 = 25 feet/day, while over the reach from Well 1210 to the river, Kh/ne = 
70/0.32 = 219 feet/day.  Thus, groundwater velocities in the upper bedrock are expected to be 
approximately the same as those in the overburden over the portion of the flow path from the plant 
to the western edge of the flood plain.  But beneath the flood plain, velocities in the overburden are 
estimated to be nearly 10 times greater than those in the upper bedrock. 
 
There is virtually no possibility for the groundwater gradient of the overburden or bedrock in the 
upland area to be reversed.  The slope of the underlying bedrock surface is so steep and it controls 
the groundwater flow so completely, that no condition could conceivably develop that would alter 
the direction of flow.  On the flood plain, the gradient toward the river could be reversed for short 
periods when the river is in flood stage; and this reversal would no doubt occur only over a few 
hundred feet west of the river.  An example of such a temporary and localized reversal is shown on 
Figure 2.4-32 (on September 20, 1977, the water level was 1.5 feet higher at Well B-1 than at Well 
2).  No long-term flow reversal of this type is likely unless an impoundment of the river were effected 
downstream.  In such a case, the entire flood plain area would probably be inundated, and 
groundwater from the upland area would discharge directly into the reservoir. 
 
Pumpage from regional wells or wells in the vicinity of the site is unlikely to have any effect on 
groundwater levels or quality in the station area.  Pumpage in the Mahantango Formation will 
probably not affect groundwater levels in the plant area because of the generally low yields of such 
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wells, and consequently, the limited area of influence of such pumpage.  As discussed previously, 
the primary aquifer on site is the saturated Pleistocene deposits located within the major and 
secondary bedrock valleys.  These materials are recharged almost entirely within the PP&L 
property, and they drain directly toward the river.  Thus, they are largely isolated from the effects of 
the pumpage offsite.  Local pumpage in the Pleistocene deposits is low. 
 
As shown in Figure 2.4-37 and in Table 2.4-22, existing wells in the flood plain within a two-mile 
radius of the plant are used for domestic or small commercial requirements.  The estimated current 
groundwater withdrawal within a two-mile radius is extremely low -- 56,000 gpd.  There are no plans 
for large increases in the level of groundwater pumpage in the future near the property boundaries. 
 

END HISTORICAL 
 
 
2.4.13.3  Accidents Effects 
 
This Subsection describes the potential effect on groundwater quality of an accidental release of 
liquid radwaste at the Susquehanna SES. 
 
 
2.4.13.3.1  Postulated Accident and Potential Flow Paths 
 
The postulated accident to be analyzed is a rupture of one of the two Reactor Water Clean-Up 
(RWCU) Phase Separator Tanks, which are located in the Radwaste Building at the far 
northwest corner of the building.  The bottoms of the tanks rest on a reinforced concrete slab at 
elevation 646 feet, approximately 30 feet below the original land surface.  The tanks are each 
ten feet high and approximately 11 feet in diameter, with a total capacity of 7,400 gallons and an 
assumed fluid volume of 5,920 gallons (80% of tank volume).  The two tanks are used to collect 
backwash sludge from the fuel pool and RWCU demineralizer systems.  The tanks are 
alternated at 12-month intervals, each tank being in the sludge-collection mode for 12 months, 
and then at rest for 12 months to allow radioactive decay of isotopes with short half lives.  Table 
2.4-35 provides the expected content of those radionuclides which are a potential concern from 
a safety and environmental point of view, and which will be evaluated in this section; Mn-54, Fe-
55, Co-60, Sr-90, I-131, Cs-137 and Pu-239. 
 
The bottoms of the RWCU Phase Separator tanks are located approximately 14 feet below the top 
of the original bedrock surface.  Boring log information indicates that at this location the upper 
15 feet of bedrock is moderately fractured siltstone with some slickensides.  It grades to massive 
below this level.  As shown in Table 2.4-34, packer tests performed in a nearby boring (No. 305) 
reveal that the upper 12 feet of bedrock is nearly ten times as permeable as the underlying 40-foot 
interval (Ref. 2.4-75).  Overlying the bedrock, before the excavation took place, was approximately 
18 feet of Pleistocene deposits, consisting, at the bottom, of sandy gravel with cobbles and 
boulders.  The position of the water table in this location was approximately at the bedrock surface 
plus or minus two feet. 
 
A complete and instantaneous rupture of one of the RWCU Phase Separator tanks, the bottom slab 
and the adjacent wall of the Radwaste Building is postulated.  The liquid contents of the tank would 
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seep out into the zone of coarse rock fill surrounding the Radwaste Building and thence into the 
upper 10 to 15 feet of fractured bedrock. 
 
The postulated groundwater flow paths (Flowpaths 1 and 2) taken by the groundwater 
contaminated by the slug of radioactive solution are shown in Dwg. FF62005, Sh. 1.  Flowpath 1 
is initially toward the north and then follows the east-west valley toward the east to the 
Susquehanna River.  Flowpath 2 parallels Flowpath 1 on the south, but then merges with 
Flowpath 1 at a point in the stream in the north valley just east of the railroad tracks.  A 
hydrogeologic cross-section along Flowpath 2 to the discharge point at the river is presented in 
Figure 2.4-33.  The selection of the two flow paths was based in part on the groundwater 
contours shown in Figure 2.4-50 and in part on the top-of-bedrock contours shown in Figure 
2.4-42.  No wells, other than those owned by PP&L on its property, occur anywhere near the 
two flow paths. 
 
The possibility of the slug of contaminated liquid following a third flow path to the closest offsite 
private well was considered.  The well is located about 2,300 feet southeast of the RWCU 
Phase Separator Tanks.  However, such a flow path is quite unlikely as the top-of-bedrock 
contours shown on Fig. 2.4-42 indicate that the pathway would be at least cross-gradient and 
possibly against the gradient of the top-of-rock surface.  It is reasonable to assume that the 
bottom surface of the highly fractured rock zone making up the top 10 to 15 feet of the bedrock 
closely reflects the top-of-rock surface shown on Figure 2.4-42.  Flow from the RWCU Phase 
Separator Tanks is far more likely to take the easier course along Flowpath 1, or possibly 
Flowpath 2.  
 
To reflect the differing hydrogeologic properties along different portions of the two flow paths, 
they were divided into segments: 
 

FLOWPATH 1 
 
 Segment No.                   Description 
 1 RWCU tank north to buried valley 
 2 Along buried valley to Well TW-2 
 3 Well TW-2 to stream just east of RR tracks 
 4 From point in stream to Lake Took-A-While 
 5 From Lake Took-A-While to River 
 

FLOWPATH 2 
 
 Segment No.                   Description 
 1 RWCU tank east to north stream just east of RR tracks 
 2 From point in stream to Lake Took-A-While 
 3 From Lake Took-A-While to River 
 
In Flowpath 1, the contaminated slug would migrate northward through Segment 1 in the 
fractures of the upper 10 to 15 feet of bedrock until it reached the east-west oriented buried 
valley aquifer located about 800 feet north of the Radwaste Building.  At this point it would enter 
the Pleistocene deposits of the aquifer, and would follow Segment 2 eastward to Well TW-2.  
From Well TW-2 it would migrate over Segments 3 and 4 eastward through shallower 
Pleistocene deposits constrained within a narrow valley to Lake-Took-A-While.  The last 
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segment of the flow path to the river would be through the deeper and more permeable 
Pleistocene deposits beneath the flood plain.   
 
In Flowpath 2, the slug of contaminated water would flow eastward through Segment 1 in the 
fractures of the upper bedrock.  In the vicinity of Boring 348, the bedrock surface dips sharply 
toward the northeast as shown on Figures 2.4-33 and 2.4-42.  At this point, beneath the stream 
in the north valley just east of the railroad tracks, the slug would emerge from the bedrock into 
the shallow Pleistocene deposits.  The remaining two segments (Segments 2 and 3) of 
Flowpath 2 are identical to Segments 4 and 5 of Flowpath 1.   
 
 
2.4.13.3.2  Description of the Models Used 
 
Both a contaminant transport analytical model and a flow and transport numerical model were 
used in the analysis.  The analytical model used was SLUG3D, which was previously certified 
and utilized in the initial version of this section of the SSES FSAR.  The flow and transport 
numerical model used was the combination of the public-domain codes MODFLOW and 
MT3D96, as implemented in version 2.2 of the ground-water modeling system, Visual Modflow 
(Refs. 2.4-86a through 2.4-86c). 
 
SLUG3D, simulating the movement of dissolved solutes in groundwater, was used to predict the 
likely migration of the radionuclides over the entire lengths of Flowpaths 1 and 2 assuming no 
effect of the pumping of the station's main supply well TW-2.  The combination of the 
MODFLOW and MT3D96 model was used to simulate the effects of the continuous pumping of 
Well TW-2 on the fate of the radionuclides passing through the buried-valley aquifer in Flowpath 
1.  The domain of this finite-difference model was the entire buried-valley aquifer lying north of 
the plant, which is 3,100 feet long (east to west) with an average width of approximately 500 
feet. 
 
The factors affecting solute movement that were incorporated into both models include: the 
natural downgradient movement of the groundwater, hydrodynamic dispersion of the solutes 
due to the range of pore-water velocities in the formations, adsorption of cations on the clay 
minerals present in the Pleistocene deposits, and the decay of radioisotopes with time.  One of 
the assumptions of the SLUG3D model is that solutes can disperse freely in all directions, the 
extent of dispersion limited only by the magnitude of the velocities and the dispersivity assigned 
for each dimension.  The dispersion results in dilution by mixing in three-dimensional space with 
native groundwater, assumed to be initially free of the particular isotopes.  Recharge of an 
unconfined aquifer by rainfall increases the saturated thickness of the aquifer and, thus, can 
provide increased dilution capability.  This process was directly incorporated into the numerical 
simulation in Visual Modflow.  
 
The equation utilized in SLUG3D was derived by the integration over the volume of the slug, of the 
equation for the instantaneous introduction of a slug having an infinitesimally small volume (Ref. 
2.4-87a through Ref. 2.4-87e): 
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for the case where uy = uz = 0, where, 

point of interest (cm) 
 

y = Distance horizontally and normal to flow from the centerline of the flowpath 
(cm) 

 
z = Distance vertically and normal to flow from the centerline of the flowpath 

(cm) 
 

λi = Decay coefficient = .693/ T1/2, where T1/2 is the radionuclide half-life in 
seconds (Sec-1) 

 
t = Time since introduction of slug of liquid (Sec) 

 
uρx = The average velocity of the radionuclide in the x direction (cm/sec) 

 
uρx = (Rf)(ux), where: 
 
ux = see page velocity in the x direction, (cm/sec) 

 
Rf = the reduction factor due to absorption or cation exchange (dimensionless) 

 
 dKn)/(1 βρ+  (Ref. 2.4-88) 
 
where, 
 

ρβ = bulk density of the aquifer (gm/ml), 
 
Kd = Distribution coefficient of the radiouclide on the aquifer material (ml/gm) 
 
 = (Q!/c)(E), where 

 
Q! = concentration of native cations absorbed on the exchange complex of the 

aquifer materials (milli-equivalents/g) or (meq/g) 
 

c = total concentration of native cations in the groundwater at equilibrium 
(meq/ml) 

 
E = equilibrium exchange constant for radionuclide cation displacing native 

cations on the exchange complex 
 
Dρx = reduced dispersion coefficient in the x direction 
 = DxRf (Ref. 2.4-89) 

 
Dρy = reduced dispersion coefficient in the y direction 
 = DyRf, and 
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Dρz = reduced dispersion coefficient in the z direction 
 = DzRf, 

 
where, 
 

Dρx  Dρy, and Dρz are the dispersion coefficients in the x, y, and z directions, respectively, 
and 

 
 Dx = (ΙL)(Ux) 
 
 Dy = (ΙT)(uy) 
 
 Dz = (Ιv)(uz), where ΙL, ΙT and ΙV are, respectively, the dispersivities in feet in the 

longitudinal (x) direction), in the horizontal transverse (y) direction and in the 
vertical (z) transverse direction. 

 
To obtain an expression for the concentration of radionuclides introduced into the groundwater as a 
finite prismatic volume, at any point (x, y, z) down gradient of the slug origin, equation (1) is 
integrated with respect to x, y, and z, over the limits -xo/2 to xo/2, -yo/2 to yo/2 and -zo/2 to +zo/2, 
respectively.  Here xo, yo and zo are the dimensions of the slug in the groundwater along the 
respective axes at time to=0, and x, y, and z are measured from the center of the prismatic volume 
of the slug.  The resulting expression is given as Equation (2):  
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Where:   Co = the initial concentration in the interstitial liquid in the slug  
   = m/nxoyozo 
 

This equation was derived for the case of a slug introduced instantaneously into a saturated porous 
medium, where the slug has a finite volume at t = 0.  The inclusion of the factor, exp t)(- iλ , implies 
that radionuclide decay is accounted for in the calculated concentration (c).  SLUG3D was used to 
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calculate the values of concentration at the particular points of interest over the range of time during 
which the peak occurs. 
 
 
2.4.13.3.3  Selection of Parameters for SLUG3D Simulations 
 
Conservative parameter values were selected from the range of values determined by field and 
laboratory tests and from a review of the literature.  A summary of the values selected and used in 
the analysis is given in Table 2.4-36.  A description of the parameter-value selection follows. 
 
A sensitivity analysis was previously performed to evaluate what parameter value in each case 
would yield the highest computed concentration.  For all ranges of isotope half life, the results were 
the same wherever the cation exchange capacity was assumed to be zero.  Highest concentration 
values resulted as the initial slug length approached twice the width, as the total and effective 
porosities and the dispersion coefficients decreased, and as the flux rate increased.  Flux rate is 
defined as the product of horizontal hydraulic conductivity (Kh) and hydraulic gradient (i).  With the 
cation exchange capacity equal to 0.016 meq/ml, highest concentration values resulted as the initial 
length of the slug approached twice the width as effective porosity (ne) decreased as the dispersion 
coefficients decreased as cation exchange capacity (Q) decreased as the exchange constant (E) 
decreased as total porosity (n) increased as flux rate increased and as the cation concentration 
increased. 
 
 
a. Distance to Discharge Points (x)   
 
 As described in Subsection 2.4.13.3.1, the postulated flow paths are shown on 

Dwg. FF62005, Sh. 1.  The calculated distances follow: 
 

Flowpath 1 
 Flow Path    Distance 
 Segment  Description  (x)(feet)  
 
 1 RWCU tank north to buried valley 805 
 1a RWCU tank north to buried valley model edge 680 
 2 Along buried valley to Well TW-2 725 
 3 Well TW-2 to stream just east of RR tracks 860 
 4 From point in stream to Lake Took-A-While 1,420 
 5 From Lake Took-A-While to River 1,720 
 
 

Flowpath 2 
 Flow Path    Distance 
 Segment    Description  (x)(feet) 
 
 1 RWCU tank east to stream just east of RR tracks 1,865 
 2 From point in stream to Lake Took-A-While 1,420 
 3 Lake Took-A-While to River 1,720 
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b. Horizontal Hydraulic Conductivity (Kh)   
 

As described in Subsection 2.4.13.2.3, different values of hydraulic conductivity 
characterize the different segments of the flow paths.  Based on the pumping tests and 
packer tests performed in borings or wells located on or close to the flow path, the 
following conservative assignment of values has been made: 

 
Flowpath 1 

 Flow Path   Horizontal Hydraulic 
 Segment   Geologic Unit  Conductivity (Kh)   
 1 Upper 15 ft of bedrock 0.5 ft/day 
 2 Lower Pleistocene deposits 18.0 ft/day 
 3 Lower Pleistocene deposits 8.0 ft/day 
 4 Lower Pleistocene deposits 20.0 ft/day 
 5 Lower Pleistocene deposits 60.0 ft/day 
 

Flowpath 2 
 Flow Path  Horizontal Hydraulic 
 Segment   Geologic Unit  Conductivity (Kh)   
 1 Upper 15 ft of bedrock 0.5 ft/day 
 2 Lower Pleistocene deposits 20.0 ft/day 
 3 Lower Pleistocene deposits 60.0 ft/day 
 
c. Hydraulic Gradients (i)     
 

Hydraulic gradients were estimated based on the groundwater contours in October 1985 
and on a river-level elevation of 491 feet, the latter serving as the groundwater elevation 
at the discharge point on the Susquehanna River.  The elevation of the water table in the 
vicinity of the RWCU Phase Separator tank was taken as elevation 662 feet, based on 
water level readings taken in Boring 305 and Boring 116. 
 
The magnitude of water-level elevations at the intermediate points (edge of buried-valley 
aquifer, Well TW-2, downgradient edge of buried-valley aquifer, and Lake Took-A-While) 
were taken from the groundwater level data for October 1985 shown on Dwg. FF62005, 
Sh. 1.  The calculated gradients follow:  
 

FLOWPATH 1 
 
 Flow Path Hydraulic Gradient (I) 
 Segment  (Dimensionless) 
 1 0.060 
 2 0.024 
 3 0.042 
 4 0.0388 
 5 0.0081  
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FLOWPATH 2 
 
 Flow Path Hydraulic Gradient (I) 
 Segment  (Dimensionless) 
 1 0.055 
 2 0.0388 
 3 0.0081 
 
d. Total Porosity (n) 
 
 As discussed in Subsection 2.4.13.2.3, based on 29 formation samples obtained from 

onsite borings, the values of total porosity of the more permeable Pleistocene deposits 
range between 0.13 and 0.41 with a median of 0.35.  Using data from samples taken from 
borings in the vicinity of the groundwater flow paths, an average value of 0.30 has been 
selected for the porosity of the lower saturated Pleistocene deposits for the two flow paths. 
For the first segment of both Flowpaths 1 and 2 through the upper bedrock, a relatively 
high horizontal hydraulic conductivity (0.50 feet/day) has been estimated for the upper 
bedrock.  Because of this, a relatively high fracture porosity of 0.02 seems justified for 
the upper bedrock, particularly as the upper 11 feet of bedrock at Boring 305 (located 
close to the Radwaste Building) was described as severely fractured. 

 
e. Effective Porosity (ne) 
 
 As described in Subsection 2.4.13.2.3, the effective porosity for the Pleistocene deposits 

was obtained by multiplying the total porosity by a factor of 0.90.  This factor is an 
approximate ratio of effective to total porosity for such materials, based on column studies 
using non-reactive tracers (Ref. 2.4-86d).  Thus, for the Pleistocene deposits, effective 
porosity is estimated as 0.30 x 0.90, or 0.27.  For segment 1 of the flow path, the effective 
porosity of the fractured bedrock is taken as equal to the estimated total fracture porosity. 

 
f. Dispersivities (αL, αT, αv)   
 
 The dispersivities in the longitudinal (x) direction, in the horizontal transverse (y) 

direction, and in the vertical (z) transverse direction are denoted, respectively, by αL, αT, 
and αv.  Table 4.1.2.2 of Reference 2.4-90 shows values for longitudinal and transverse 
dispersivities determined at different sites with different rock or sediment materials.  
Based on this information, the following conservative values for dispersivity have been 
estimated for the site: 

 
 αL (ft) αT (ft) αv (ft) 

Upland Flow Paths 10.0 0.5 0.001 
Flood Plain 30.0 2.0 0.05 

 
g. Size and Dimensions of the Slug   
 
 The volume of liquid involved in the accident is 5,920 gallons or 791.34 cubic feet.  It 

was assumed that the slug would have a thickness of 8 feet in the rock immediately, or 
very soon after, the rupture occurred.  Then, assuming the slug would initially be square 
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in plan view, and taking 0.02 as the upper bedrock total porosity,  the initial x0 (or y0) 
dimension of the slug in the ground would be  {791.34 cu. ft./[(8 ft.)(0.02)]}1/2 or, 70.3 
feet. 

 
h. Radionuclides   
 
 Seven radionuclides were selected for analysis--Mn-54, Fe-55, Co-60, Sr-90, I-131, Cs-

137 and Pu-239.  These are believed to be the most significant from the safety and 
public health point of view and those with half lives on the order of days or years.  Table 
2.4-35 indicates the radionuclides studied, their half lives and their presumed initial 
concentrations at the time of the accident. 

 
i. Distribution Coefficients (kd) 
 
 The distribution coefficient (kd) defines the equilibrium ratio of the mass of a cationic 

species adsorbed on the exchange complex of geologic materials to that in the 
interstitial solution.  The concentration of native cations adsorbed on the formation 
material (Q'), concentration of cations in the interstitial fluid (c), and the equilibrium 
exchange constant (E) for each species are the parameters uniquely involved in the 
process of adsorption through cation exchange and are related to the distribution 
coefficient by: 

 
kd  = (Q'/c)(E) 

 
 Considering that the concentration of native cations adsorbed on the formation material 

would be large compared to that of radionuclide cations of concern here, for purposes of 
this analysis we have approximated Q' (concentration of adsorbed native cations on the 
formation) by Q, the total cation exchange capacity.  Thus, we have 

 
kd  = (Q/c)(E) 

 
 It is recognized that this model of cation exchange will not strictly imitate the actual 

cation exchange process that would follow the postulated accident which would 
simultaneously involve many radionuclide cations from the RWCU Phase Separator 
tank.  However, to minimize the complexity of the adsorption model it was decided to 
use this equation to model the process assuming a simple binary system of calcium-
radionuclide cation and using the native groundwater cation concentration at the site.  
For conservatism, calcium was chosen as the native cation in solution in the 
groundwater rather than sodium, as calcium can displace strontium or cesium much 
more readily than can sodium. 

 
 Cation exchange capacity determinations were performed previously on ten soil samples 

obtained from the lower part of the Pleistocene deposits, in borings, located on or very 
near the groundwater flow paths.  Values ranged from 0.006 to 0.05 
milliequivalents/gram (meq/g). 

 
 For Segment 1 of both Flowpaths 1 and 2, the cation exchange capacity for the fractured 

bedrock was assumed to be zero.  For the remainder of the two flow paths, occurring in 
the Pleistocene deposits, estimated Q values ranged from 0.016 to 0.026 meq/g, based 
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on the values obtained for the borings located along the flow paths.  An average value 
for Q for migration through these deposits of 0.021 meq/g was adopted. 

 
 Water samples were obtained from observation wells onsite in three different seasons 

during 1977.  Total cation concentration for overburden wells in the vicinity of the flow 
paths ranged from 7.4 x 10-4 meq/ml to 3.7 x 10-3 meq/ml.  A value for C is unnecessary 
for the analysis of flow in Segment 1 of both Flowpaths 1 and 2, as the cation exchange 
capacity there is assumed to be zero.  It was concluded that the average cation 
concentration in the groundwater in the Pleistocene deposits along the flow paths 
ranges from 2.1 x 10-3 to 3.7 x 10-3 meq/ml.  An average value for C of 3.0 x 10-3 meq/ml 
was selected for each segment of the flow paths passing through these deposits.  

 
 Considering the case of Strontium-90 first, a simple binary system of Ca-Sr was 

assumed.  Accordingly, an equilibrium exchange constant (ESr) was estimated from the 
literature for this condition. An E value of 1.0 was obtained for Strontium-89 and 
Strontium-90 from Reference 2.4-95a.  Thus, the kd value for Sr-90 in the Pleistocene 
deposits was calculated to be: 

 
(0.021 meq/g) (1.0) / (0.003 meq/ml) = 7 ml/g 

 
 Reference 2.4-95b indicates that the kd for cesium on less than 100-µ fraction of 

sediments from the Savannah River Plant ranged from 18.3 to 130 ml/g.  For this 
analysis, a kd of 18 ml/g for Cs-137 was selected, which was the lowest of this range. 

 
 For Cobalt-60, the estimate for the kd was based on Table 1.11 of Reference 2.4-96a. In 

the table, the ratio [kd(Co-60)]/[kd(Cs-137)] for adsorption at pH 6.0 on Clinch River 
Sediment in Tennessee  ranged from 0.56 to 0.81.  Applying the lowest ratio (0.56) to 
the estimated kd for Cs-137 of 18 ml/g, we obtain 10.0 ml/g for Co-60. 

 
 For Manganese-54, Appendix B of Reference 2.4-96b indicates that the ratio of Mn-54 

adsorbed to large colloids (pre-filter) to that of Co-60 ranged from 0.87 to 2.04.  For this 
analysis, the lowest ratio value, 0.87, was applied to the kd value estimated for Co-60 of 
10 ml/g, to obtain an estimated kd of 8.7 ml/g for Mn-54. 

 
 For Iron-55, Reference 2.4-96c indicates typical kd values for radioisotopes in desert 

soils.  Relatively high kd values are given for Strontium, Cesium and Cobalt:  20, 200, 
and 75 ml/g, respectively.  The value given for Iron is 150 ml/g.  Using the principal of 
proportionality based on the values selected in the foregoing paragraphs, the estimated 
kd's for Fe-55 range from 13.5 to 52.5 ml/g. For this analysis, the lowest of these values, 
or 13.5 ml/g is selected for Fe-55. 

 
 No kd values were estimated for Iodine-131 or Plutonium-239.  I-131 has a half life of 

only 8.04 days and its concentration would be expected to decline below the maximum 
permissible levels in a period less than the travel time to possible receptors.  Because 
the concentration of Pu-239 in the RWCU Phase Separator tanks, as shown in Table 
2.4-35, is only about ten times the limits for unrestricted areas, natural attenuation 
through dispersion in the course of the migration would be expected to reduce its 
concentration to acceptable levels without assuming adsorption due to cation exchange. 
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j. Calculation of Mean Parameter Values to Each Receptor 
 
 Because the SLUG3D program provides an analytical solution for the case where the 

groundwater parameters are assumed constant over the entire flow path, it was 
necessary to calculate a weighted average for each parameter based on the values from 
each flow-path segment.  The parameter values for each segment of the flow-path were 
weighted on the basis of the segment length or the time for water to travel over the 
segment, whichever was most appropriate.  Time of travel was the weighting factor in 
determining the mean horizontal hydraulic conductivity (Kh) and the mean effective 
porosity (ne), while the segment length was the weighting factor to determine the mean 
gradient, the mean dispersivities and the mean kd values. 

 
 
2.4.13.3.4  Numerical Model Simulation of Buried-Valley Aquifer 
 
The combination of the MODFLOW and MT3D96 model was used to simulate the effects of the 
continuous pumping of Well TW–2 on the fate of the radionuclides passing through the buried-
valley aquifer along Flowpath 1.  The domain of this finite-difference model was the entire 
buried-valley aquifer lying north of the plant, which is 3,100 feet long (east to west) with an 
average width of approximately 500 feet. 
 
The aquifer was modeled as a single-layer water-table aquifer, and a finite-difference grid 3,100 
feet east to west and 1,000 feet north to south was established.  The grid consisted of 36 rows 
and 13 columns with cell widths ranging from 50 to 100 feet.  The finer grid was set up for the 
area around Well TW-2 located on the eastern side of the grid domain.  A series of cells on the 
northern and southern sides of the grid were set to be inactive so that the boundaries of the 
aquifer could be approximated as closely as possible.  Constant-head boundaries were 
established at the eastern and western edges of the model.  These head values were based on 
interpolated head values from the October 1985 water-table contour map ( Dwg. FF62005, 
Sh. 1). 
 
The flow model, using MODFLOW, was calibrated under steady-state conditions on the basis of 
the October 1985 static water-level data and it was verified, or the calibration task was 
completed, by transient simulations of a 7.11-day pumping test of Well TW-2 performed in 
December 1992.  In the process of calibration, recharge and hydraulic conductivity values were 
adjusted in several different zones making up the model until satisfactory matching to the 
measured water levels resulted.  Hydraulic conductivity values in the final calibrated model 
ranged from 4 to 50 ft/day, with the zone in the immediate vicinity of Well TW-2 having a Kh of 
18 ft/day.  Recharge across the final calibrated model ranged from 0.0003 to 0.0085 ft/day.  For 
the transient calibration, the specific yield, representing the primary storage coefficient, was 
0.20. 
 
The calibrated flow model was run in the steady-state mode with Well TW-2 pumping at a series 
of different rates to determine the maximum long-term pumping rate possible.  The maximum 
pumping rate was found to be 33 gallons per minute (gpm).  It was decided to perform the 
simulations in which MT3D was to be coupled by having TW-2 pump continuously at a 
conservative rate of 31 gpm (average daily pump rate). 
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The MT3D component in Visual Modflow was run in conjunction with the steady-state flow 
model by specifying a number of transport steps.  A constant-concentration boundary cell 
serving as the contaminant source was established at cell (17,8), which was located 
approximately 680 feet north of the RWCU Phase Separator tanks and along Flowpath 1.  This 
was the edge of the modeled buried-valley aquifer.   
 
A simulation with SLUG3D was employed to evaluate the transport of the slug of contaminated 
fluid from the tank to cell (17,8) of the numerical model.  The duration of the appearance of the 
contaminants at that point lasted, for all intents and purposes, no longer than 500 days.  Based 
on the results of the SLUG3D simulation, an average concentration for the 500 days for each of 
the seven radionuclides of concern was computed taking into consideration the rise and decline 
of concentration with time and the decline of concentration with distance from the center of the 
slug.  These mean concentrations averaged over time and space are given in Table 2.4-37, 
which presents the parameter values used in the numerical model.  The assumed values for 
dispersivities and kd's, consistent with the values given in Section 2.4.13.3.3, are also included 
in Table 2.4-37. 
 
Simulations with the MODFLOW/MT3D model were performed for all the radionuclides of 
concern except for I-131, which was omitted because the SLUG3D simulation showed that its 
peak concentration at cell (17,8) was well below the effluent concentration limits for unrestricted 
use.  MT3D was run primarily using the upstream finite-difference option, although in most 
cases parallel runs were made using the Method of Characteristics (MOC) option as well.  The 
finite-difference method was preferred because it was more stable, it had much lower mass 
balance errors, and it gave peak concentration values comparable to the MOC method. 
 
An observation point was established in the cell where Well TW-2 was located and in the cell at 
the far downstream boundary of the model.  Concentrations were obtained over time at these 
observation points, and the transport simulations were run in each case well past the time of the 
peak concentration for each radionuclide.  As shown in Table 2.4-39, for those isotopes for 
which adsorption was included in the model (Mn-54, Fe-55, Co-60, Sr-90, and Cs-137) the 
computed time to peak at Well TW-2 ranged from 3,100 to 19,140 days and that for the most 
downgradient cell 4,050 to 92,110 days.  Plutonium-239, for which no adsorption was assumed, 
was computed to peak at 708 days at Well TW-2 and at 1,740 days at the farthest downgradient 
cell.   
 
 
2.4.13.3.5 Discussion of Results of Analysis 
 
The results of the groundwater transport simulations are presented in Tables 2.4-38 and 2.4-39.  
Table 2.4-38 presents the results of the SLUG3D simulations for the two probable flow paths.  
Of the radionuclides evaluated the peak concentrations for Sr-90 and Pu-239 are predicted to 
exceed the 10 CFR 20 Appendix B effluent concentrations values at the entry point to the 
Susquehanna River via either flow path.  The peak concentrations for the other isotopes 
evaluated are predicted to be well within the regulatory limits prior to discharging into the river.  
 
Table 2.4-39 provides the results of the simulations with the numerical model of the buried-
valley aquifer based on MODFLOW and MT3D.  All of these simulations include steady state 
pumping of Well TW-2 at 31 gpm, which was not simulated in the SLUG3D runs.  The results of 
this analysis indicate that most of the contaminated water can be expected to be captured by 
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the onsite TW-2 Well and that of the radionuclides studied, the longer half-life isotopes, Co-60, 
Sr-90, Cs-137, and Pu-239 would exceed their respective effluent concentration limits.  
However, at the down-gradient boundary of the aquifer, all isotopes are found to be below their 
effluent concentration limits for unrestricted or public use. 
 
Since Well TW-2 is on site, access to the use of this water can be restricted if post accident 
well-water monitoring determines that the radioactive content exceeds the 10CFR 20, Appendix 
B, Table 1 occupational does limits.  As indicated in Subsection 2.4.12.3 the nearest potable 
water system that utilizes the waters of the Susquehanna River is at Danville, approximately 31 
miles downstream of the plant.  Dilution due to mixing of the contaminated groundwater with the 
river water is expected to be in excess of a factor of 650 at Danville.  Thus at the nearest 
potable water system the concentration of all significant radionuclides will be significantly below 
the effluent concentrations limits for unrestricted public use. 
 
It is believed that flow of groundwater from the RWCU Phase Separator Tanks is more likely to 
occur along Flowpath 1 rather than Flowpath 2.  The bedrock contours shown on Fig. 2.4-42 
lend credence to this belief.  Thus, if the most likely scenario is for the slug of contaminated fluid 
to migrate along Flowpath 1 into and through the buried-valley aquifer, then the influence of the 
constant pumping of Well TW-2 is seen to have a profound effect on the concentrations of 
radionuclides migrating downgradient of the aquifer through the sediment-filled narrow valley 
toward the Susquehanna River.  Plant records indicate that Well TW-2, sometimes in 
combination with nearby Well TW-1, withdraws an average of 30,000 to 45,000 gallons a day 
from the buried-valley aquifer, or an average of 21 to 31 gpm.  Should this constant withdrawal 
be maintained during the months and years following the postulated accident, it should 
significantly enhance the attenuation of the radionuclides when they appear at the 
Susquehanna River.   
 
2.4.13.4  Design Bases for Subsurface Hydrostatic Loadings 
 
Plant safety-related structures were designed assuming subsurface hydrostatic loadings caused by 
a groundwater table at an elevation of 665 ft.  This is higher than the expected maximum water 
table because the groundwater configuration in the region is primarily controlled by topography.  At 
the site the natural topography has been modified by plant excavations.  The modified topography 
in the vicinity of safety-related structures restricts the maximum elevation of the water table to 
approximately 660 ft.  Groundwater levels are further reduced due to a decrease of the effective 
recharge area by placement of plant structures.  These structures and paved other areas intercept 
rainfall and divert it, reducing infiltration in that area. 
 
At the spray pond, a liner has been designed to restrict the seepage rate from the pond to limit 
buildup of a groundwater mound in the glacial materials underlying the pond.  The pond has been 
designed for a maximum groundwater elevation of 665 ft.  Detailed description of design criteria for 
control of groundwater levels and seepage at the spray pond, and the stability of the pond, are 
found in Subsection 2.5.5. 
 
 
2.4.14  TECHNICAL SPECIFICATION AND EMERGENCY OPERATION REQUIREMENTS 
 
The possibility of adverse hydrologically-related events at the plant site is precluded due to the 
configuration of the plant site topography.  Consequently, there are no emergency protective 
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measures designed to minimize the water associated impact of adverse hydrologically-related 
events on safety-related facilities.  In addition, there is no need for technical specifications for plant 
shutdown required by accidents resulting from these events.  Further discussion may be found in 
Subsections 2.4.1.1 and 2.4.2.2. 
 
The ultimate heat sink, as described in Subsections 2.4.8 and 9.2.7, has been designed with 
appropriate consideration to adverse hydrologically-related events. 
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HISTORICAL INFORMATION 

EXISTING AND PROPOSED DAMS LOCATED IN THE SUSQUEHANNA RIVER BASIN 
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Table 2.4-2 
HISTORICAL INFORMATION 

MINOR UPSTREAM DAMS AND RESERVOIRS 
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HISTORICAL INFORMATION 

WATER USERS 
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Table 2.4-7 
PEAK RUNOFF RATES FROM AND MAXIMUM PONDING DEPTHS ON ROOFS OF SAFETY RELATED 

STRUCTURES FOR LOCAL ALL-SEASON PMP 

 
 
 
 
 
 
 
Security-Related Information 
Table Withheld Under 10 CFR 2.390 







Table 2.4-9 
SUSQUEHANNA RIVER BASIN ROUTING COEFFICIENTS 
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TABLE 2.4-16 
 
 

MAXIMUM HYDRODYNAMIC LOADING RESULTING FROM EARTHQUAKE 
 
 

Structure 
Earthquake 

Type Direction 

Maximum 
Resultant Forces 

(kips) 

Maximum Moment 
at Base of the 

Structure (ft-kips) 

Pipe Support SSE 

OBE 

E-W & N-S 

E-W & N-S 

0.6 

0.3 

5.0 

2.4 

ESSW Pumphouse SSE 

 

OBE 

N-S 

E-W 

N-S 

E-W 

263.3 

140.6 

145.7 

77.5 

2250 

1910 

1271 

1062 
 



Table 2.4-18 
ESW COOLING DUTY ON SIMULTANEOUS LOSS OF ALL AUXILIARY POWER TO BOTH UNITS 
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Table 2.4-22 
HISTORICAL INFORMATION 

WATER WELL DATA WITHIN TWO MILES OF THE STATION 
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Table 2.4-23 
HISTORICAL INFORMATION 

SPRING DATA WITHIN TWO MILES OF THE STATION 
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Table 2.4-24 
HISTORICAL INFORMATION 

DATA FOR MAJOR WATER WELLS1, OTHER THAN PUBLIC WELLS, LOCATED BETWEEN 2 AND 10 MILES 
FROM THE STATION 

1Major water wells are defined as those with a reported yield of 15 gpm or more. 
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Table 2.4-25 
HISTORICAL INFORMATION 

DATA FOR PUBLIC SUPPLY WELLS LOCATED BETWEEN 2 AND 20 MILES FROM THE STATION 
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TABLE 2.4-35 
 
 

RADIONUCLIDE CONTENT OF THE TANK POSTULATED TO RUPTURE 
- REACTOR WATER CLEANUP (RWCU) PHASE SEPARATOR TANKS - 

SUSQUEHANNA SES 
 
 

 
 

RADIONUCLIDE 
OF CONCERN 

FOR ACCIDENT 
ANALYSIS 

 
 

HALF 
LIFE 

 
 

HALF 
LIFE 

(DAYS) 

 
 

TOTAL CURIES 
IN TANK (Ci) 

 
CONCENTRATION 
ON BASIS OF 80% 
OF TOTAL TANK 

VOLUME OF 7400 GAL
(μCi/ml) 

Mn-54 312 d 312  38.6 1.72E+00  

Fe-55 2.7 y 986.18  719.0 3.21E+01  

Co-60 5.272 y 1,925.60  307.0 1.37E+01  

Sr-90 29 y 10,592.25  5.68 2.53E-01  

I-131 8.04 d 8.04  46.0 2.05E+00  

Cs-137 30.17 y 11,019.59  16.2 7.23E-01  

Pu-239 2.411E+4 y 8.8062E+06  0.0015 6.87E-05  

 
 
 

NOTE:  Liquid volume of 5,920 gallons x 3.785 liters/gal x 1000 ml/liter = 2.24072E+7 ml 
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Table 2.4-37 

 
 

RANGE OF PARAMETER VALUES USED IN CALIBRATED NUMERICAL MODEL OF BURIED 
VALLEY AQUIFER NORTHERN SIDE OF SUSQUEHANNA SES 

 
PARAMETER UNITS VALUE 

   
FLOW MODEL (MODFLOW) 
   
HEAD IN CONSTANT-HEAD CELLS   
Upgradient Boundary ft (msl) 648.0 - 649.0 
Downgradient Boundary ft (msl) 562.0 - 564.0 
   
HOR. HYDRAULIC CONDUCTIVITY ft/day 4.0 - 50.0 
   
RECHARGE ft/day 0.0003 - 0.0085 
   
SPECIFIC STORAGE 1/ft 1.15E-05  
   
SPECIFIC YIELD - 0.20  
   
TOTAL POROSITY - 0.30  
   
EFFECTIVE POROSITY - 0.27  
   
   
TRANSPORT MODEL (MT3D) 
   
INITIAL CONCENTRATIONS   

At cell (17,8)   
Mn-54 μCi/ml 0.0765 
Fe-55 μCi/ml 2.290 
Co-60 μCi/ml 1.080 
Sr-90 μCi/ml 0.0219 

Cs-137 μCi/ml 0.0625 
Pu-239 μCi/ml 6.01E-06  

elsewhere μCi/ml 0 
   
CONSTANT CONCENTRATION CELL   

At cell (17,8) first 500 days   
Mn-54 μCi/ml 0.0765 
Fe-55 μCi/ml 2.290 
Co-60 μCi/ml 1.080 
Sr-90 μCi/ml 0.0219 

Cs-137 μCi/ml 0.0625  
Pu-239 μCi/ml 6.01E-06  

At cell (17,8) after 500 days μCi/ml 0.0  
   
AQUIFER BULK DENSITY (lb/cu.ft.) 115.75  
   
TRANSPORT MODEL (MT3D) - cont 
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Table 2.4-37 

 
 

RANGE OF PARAMETER VALUES USED IN CALIBRATED NUMERICAL MODEL OF BURIED 
VALLEY AQUIFER NORTHERN SIDE OF SUSQUEHANNA SES 

 
PARAMETER UNITS VALUE 

   
DISPERSIVITIES   

ΙL ft 10.0  

ΙT ft 0.5  

ΙV ft 0.001  
   
DISTRIBUTION COEFFICENTS (kd)   

Mn-54 ml/g 8.7  
Fe-55 ml/g 13.5  
Co-60 ml/g 10.0  
Sr-90 ml/g 7.0  

Cs-137 ml/g 18.0  
Pu-239 ml/g 0.0  

   
DECAY CONSTANTS   

Mn-54 1/day 2.2212E-03  
Fe-55 1/day 7.0272E-04  
Co-60 1/day 3.5989E-04  
Sr-90 1/day 6.5425E-05  

Cs-137 1/day 6.2888E-05  
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FIGURE 2.4-3

PLANT COMPLETE
SHOWING STORM DRAIN

PIPE LAYOUT

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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FIGURE 2.4-4

SUSQUEHANNA RIVER BASIN

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



AutoCAD: Figure Fsar 2_4_5.dwg

FSAR REV. 65

FIGURE 2.4-5, Rev 47

STAGE DISCHARGE CURVE
AT LOW FLOWS

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



AutoCAD: Figure Fsar 2_4_6.dwg

FSAR REV. 65

FIGURE 2.4-6, Rev 47

STAGE DISCHARGE CURVE,
DISCHARGE RANGE
1000 - 37000 CFS

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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FIGURE 2.4-7

WATER USERS ON THE
SUSQUEHANNA RIVER

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



AutoCAD: Figure Fsar 2_4_8.dwg

FSAR REV. 65

FIGURE 2.4-8, Rev 47

STAGE DISCHARGE CURVES
AT PLANT SITE

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



AutoCAD: Figure Fsar 2_4_9.dwg

FSAR REV. 65

FIGURE 2.4-9, Rev 47

FLOOD PROFILES ON THE
SUSQUEHANNA RIVER

AT THE SITE

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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FIGURE 2.4-10

GENERAL SITE
DRAINAGE PLAN

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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FIGURE 2.4-11

SITE DRAINAGE
LOCATIONS A & B

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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FIGURE 2.4-12

SITE DRAINAGE
LOCATIONS C & D

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT
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FIGURE 2.4-13

SITE DRAINAGE
LOCATIONS E & F

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2
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FIGURE 2.4-17, Rev 47
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FIGURE 2.4-19, Rev 47
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FIGURE 2.4-20, Rev 47
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FIGURE 2.4-22
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RESERVOIR
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FIGURE 2.4-25, Rev 49
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FIGURE 2.4-26, Rev 47
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FIGURE 2.4-27

SPRAY POND EMERGENCY SPILLWAY
WATER SURFACE PROFILE
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FIGURE 2.4-28, Rev 47
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FIGURE 2.4-29, Rev 47
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FIGURE 2.4-31, Rev 47
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FIGURE 2.4-32

MAP AT SUSQUEHANNA SES
SHOWING GROUNDWATER

CONTOURS IN SEPTEMBER 1977
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FIGURE 2.4-34, Rev 55

BEDROCK GEOLOGIC MAP OF AREA
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FIGURE 2.4-35, Rev 55

MAJOR PLEISTOCENE SAND &
GRAVEL DEPOSITS WITHIN 20
MILES OF SUSQUEHANNA SES
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FIGURE 2.4-37, Rev 55
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FIGURE 2.4-38, Rev 55
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FIGURE 2.4-39, Rev 55
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FIGURE 2.4-40, Rev 55
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FIGURE 2.4-41

MAP OF SUSQUEHANNA SES
SHOWING ISOPACH

CONTOURS OF
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FIGURE 2.4-42

MAP OF SUSQUEHANNA SES
SHOWING TOP-OF-BEDROCK
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FIGURE 2.4-43

MAP OF SUSQUEHANNA SES
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FIGURE 2.4-47, Rev 55

LOG OF BORING AND OBSERVATION WELL
CONSTRUCTION DETAILS - 1208

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



AutoCAD: Figure Fsar 2_4_48.dwg

FSAR REV. 65

FIGURE 2.4-48, Rev 55
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FIGURE 2.4-49, Rev 55
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FIGURE 2.4-50

MAP OF SUSQUEHANNA SES
SHOWING GROUNDWATER
CONTOURS IN JUNE 1971
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FIGURE 2.4-51, Rev 55
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FIGURE 2.4-52

RIVER INTAKE STRUCTURE
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2.5  GEOLOGY, SEISMOLOGY, AND GEOTECHNICAL ENGINEERING 
 
 
2.5.1  BASIC GEOLOGIC AND SEISMIC INFORMATION 
 
 
2.5.1.1  Regional Geology 
 
 
2.5.1.1.1  Physiography and Geomorphology 
 
The site is located (Figure 2.5-1) in the Valley and Ridge Physiographic Province which is 
bordered on the southeast by the Reading Prong and on the northwest by the Appalachian 
Plateau Physiographic Province (Figure 2.5-2). 
 
The Valley and Ridge Province is characterized by folded Paleozoic sedimentary rocks of 
varying erosional resistance.  These strata form a series of level ridges and intervening valleys 
which trend generally northeast to southwest.  Higher ridges are formed on the more resistant, 
inclined sandstone whereas lower ridges are underlain by other competent formations.  The 
valleys occur in less resistant limestone and shale. 
 
The Valley and Ridge Province attains a maximum width of about 80 miles along a line drawn 
northwest through Harrisburg, Pennsylvania.  In Pennsylvania, folds generally plunge away from 
this line to the northeast and to the southwest. Because of the folding, resistant strata form 
broad, zig-zag outcrop patterns across the province.  These strata form steep slopes, that flank 
anticlinal valleys, and canoe-shaped synclinal valleys.  Lithology and structure control the 
drainage pattern, the principal direction of which is to the southeast. Major drainage generally 
follows the strike of less competent strata and crosses the strike at water gaps where transverse 
structures, such as a high concentration of fractures, exist.  Minor drainage trends normal to the 
regional strike or along major fracture sets, and usually intersects major streams at right angles 
to form a trellis pattern. 
 
The Great Valley Section, in the southeastern third of the province, consists of broad, rolling 
valleys of low relief formed in Paleozoic soft limestones and calcareous shales.  To the 
southeast, the Reading Prong exposes the oldest rocks (Precambrian) within 50 miles of the 
site (Figures 2.5-2 and 2.5-3).  In general, the Reading Prong consists of high grade 
metasedimentary and metavolcanic rocks along with dominantly acidic plutonic rocks.  These 
rocks experienced deformation commencing with the Grevillian orogeny about 1 billion years 
ago which imparted the dominant structural fabric, i.e., foliations, lineations and polyphase folds, 
present today.  Succeeding tectonism during the Paleozoic and Mesozoic eras, and possibly 
even more recently, have also affected these rocks.  According to Drake (Ref. 2.5-1) the rocks 
of the Reading Prong are allochthonous.  The Triassic Lowlands of the Piedmont Province lie to 
the east and southeast of the Reading Prong, and contain the youngest rocks in eastern 
Pennsylvania (Figures 2.5-2 and 2.5-3).  The rocks in the lowlands are dominantly red clastic 
sediments with associated basic intrusives and flows.  Diabase dikes near Pottstown, 
Pennsylvania yielded K/Ar whole rock ages of 151 to 198 million years (Ref. 2.5-2, p. 3-25).  
 
Northeast of the site, folds are broader and more open and give way to the gentle synclinal 
Pocono Plateau Section which is underlain by Devonian sandstone and shale.  To the 
northwest, the Valley and Ridge Province terminates abruptly at the Allegheny Structural Front.  
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Beyond the front lies the Appalachian Plateaus (Figure 2.5-2), a gently rolling highland formed 
on broad folds of low structural relief that plunge gently to the southwest.  The strata consist 
predominantly of an upper Paleozoic cyclic sequence of sandstone, shale, limestone and coal. 
 
The Susquehanna River, which flows past the site, has two important features associated with 
it.  First the river makes several sharp bends along its length with the closest being adjacent to 
the site.  East of the site the river maintains a west-southwest course which parallels the 
regional tectonic fabric.  However at Shickshinny, Pennsylvania, about 5 miles north of the site, 
it makes a sharp right-angle bend and flows in a south-southeast direction for about 5 miles. 
Just below the site it again swings sharply and resumes its west-southwest flow direction.  This 
phenomenon has been cogently explained by Itter (Ref. 2.5-). He noted that this area was 
submerged during the Cretaceous and coastal plain sedimentation ensued.  Sedimentation 
completely covered the pre-existing drainage pattern.  Following coastal plain sedimentation, 
the area underwent broad uplift while the North Branch of the Susquehanna River apparently 
flowed southeastward, across the Pocono Plateau to Trenton, New Jersey (Ref. 2.5-3, 
p. 12-13).  Tributaries must also have developed on this coastal plain.  Following downcutting of 
the coastal plain sediments the streams encountered bedrock.  Of these downcutting streams 
the present-day Susquehanna River, south of the confluence of the North and West Branches, 
apparently was able to incise more rapidly than other major streams.  This resulted in stream 
capture and the pronounced bends seen along the river today. 
 
The second feature of import is the buried valley of the Susquehanna.  This buried valley occurs 
in bedrock overlain by a broad, flat plain across which the present-day Susquehanna flows (Ref. 
2.5-3, p. 26).  It extends upstream as a series of elongate basins, for about 15 miles, from near 
Nanticoke, Pennsylvania (approximately 10 miles northeast of the site) to just above West 
Pittston (Ref. 2.5-4, p. 8).  This valley is filled with alternating layers of water laid gravel, sand 
and clay.  The development of this valley is attributed to the erosive action of the Wisconsinan 
ice sheet which must have flowed diagonally across the valley (Ref. 2.5-3, p. 27 and 2.5-4, p. 7).  
Subsequently, this valley was filled with sediment deposited by streams which emanated from 
this melting ice. 
 
Most of the region, north and east of the site, has been scoured by at least three periods of 
glaciation in the last 150,000 years (Ref. 2.5-5, p. 15 and 2.5-6).  The three major directions of 
ice advance were postulated as follows:  1) south and southeast from central Ontario, 2) south 
and southwest from approximately the Adirondack region, and 3) south and southwest from the 
Hudson Valley by way of the Catskills (Ref. 2.5-5, p. 18).  Effects of glacial scouring are most 
notable on the Pocono Plateau.  
 
At the present time, there is no positive evidence that any pre-Illinoisan glaciation occurred in 
northeastern Pennsylvania although elsewhere in the eastern United States, such evidence 
does exist for pre-Illinoisan glaciation.  It is thus suggested that it should also have occurred 
here (Ref. 2.5-6).  The recorded glacial events include the Illinoisan and two stages of the 
Wisconsinan, the Altonian which spans the interval from about 70,000 years to about 28,000 
years B.P., and the Woodfordian which lasted from about 21,000 years to approximately 13,000 
years B.P. 
 
In earlier literature (Ref. 2.5-5) the terms Altonian and Woodfordian were not utilized.  Instead 
the Wisconsinan was divided into the Binghamton, Olean, Valley Heads and Mankato 
substages.  However, it is not precisely known how the Altonian and Woodfordian subdivisions 
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relate to the older terms except that the Mankato is somewhat younger than the Woodfordian 
(Ref. 2.5-6). 
 
In the site region a lobe of Illinoisan ice extended down the valley of the Susquehanna River 
from just above Berwick to the West Branch of the Susquehanna at Northumberland, 
Pennsylvania.  The exposed length of deposits left by this lobe is about 40 miles whereas the 
maximum width does not exceed 8 miles.  Illinoisan drift is present on the slopes to within 60 
feet of the present river level suggesting that only moderate deepening of the Susquehanna 
Valley has occurred since deposition of the Illinoisan drift (Ref. 2.5-7, p. 24-25). 
 
Valley trains of Wisconsinan gravel were examined along the Susquehanna River and its 
tributaries by Leverett (Ref.2.5-7).  He noted that from just east of Berwick downstream 
(westward) to the West Branch at Northumberland, the surface of a Wisconsinan gravel train is 
well defined and generally occurs at about 40 to 60 feet above the river. 
 
Moderately eroded terraces underlain by freshly appearing gravels mark the upper level 
attained by waters derived from the Wisconsinan ice sheet along the Susquehanna River and its 
tributaries.  These terraces occur at lower elevations than those exposing Illinoisan gravel and 
have also been much less extensively eroded than Illinoisan gravel (Ref. 2.5-7, p. 16). In 
general the relative heights of the terrace levels representing each of the four Wisconsinan sub-
stages are fairly constant.  For example, in the site vicinity relative heights for the Mankato, 
Valley Heads, Binghamton and Olean are 9, 15, 30 and 45 feet respectively (Ref. 2.5-5, p. 77).  
The surfaces of most of the terraces have been eroded subjecting the observed height of any 
terrace to an error of as much as 30 percent.  However, no evidence is presented indicating 
differential vertical offset of these terraces. 
 
At Berwick several well developed kame terraces and terrace remnants of frontal kames which 
formed at the end of marginal kames occur (Ref. 2.5-, p. 91).  The four lowest marginal kames 
were identified by Peltier as the First Olean, Second Olean, Third Olean, and Fourth Olean 
kame terraces which are respectively 86, 98, 110, and 158 feet above the river. 
 
 
2.5.1.1.2  Stratigraphy and Lithology 
 
2.5.1.1.2.1  The Appalachian Basin 
 
The Valley and Ridge Province, in which the site is located, is part of a structural entity known 
as the Appalachian Basin.  As defined by Colton (Ref. 2.5-8, p. 6-7), the Appalachian Basin is 
not a physiographic province. Rather, it is an elongate feature extending from the Canadian 
Shield in southern Quebec and Ontario, southwestward to central Alabama (Figure 2.5-4).  It is 
bounded on the west by the Findlay Arch and on the south by the boundary between Paleozoic 
and Cretaceous strata. The eastern edge is marked by the surface contact between slightly-to-
unmetamorphosed Paleozoic rocks on the west and more intensely metamorphosed Paleozoic 
and Precambrian rock on the east.  In Pennsylvania this boundary coincides with the boundary 
between the Valley and Ridge and Piedmont Physiographic Provinces. 
 
Isopach maps and stratigraphic columns show the respective thicknesses and relationships of 
the Cambrian through Pennsylvanian sequences in the Appalachian Basin (Figures 2.5-5 and 
2.5-6). 
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In the Appalachian Basin, as outlined by Colton (Ref. 2.5-8), the Lower Cambrian clastic 
sequence is a wedge-shaped mass which is thickest along the eastern margin of the basin and 
thinnest along the northern and western margins.  The rocks along the eastern margin are 
dominantly Early Cambrian whereas the rocks along the northern and western margins are 
mainly Late Cambrian.  The Lower Cambrian sequence is conformably overlain in most of the 
Appalachian Basin by a suite of dominantly carbonate rocks with lesser amounts of quartz 
sandstone. This overlying suite consists mainly of rocks ranging in age from Middle and Late 
Cambrian to Early and Middle Ordovician and was designated by Colton (Ref. 2.5-8, p. 19) as 
the Cambrian-Ordovician carbonate sequence.  This sequence ranges in thickness from about 
600 ft. in northern New York State to a little more than 10,000 ft. in southeastern Tennessee.  A 
belt of maximum thickness extends along, and approximately parallel to, the eastern edge of the 
Appalachian Basin from southeastern New York State to northern Alabama (Ref. 2.5-8, p. 23). 
 
This carbonate sequence is conformably overlain in most of the basin by dominantly non-
calcareous clastic rocks, the majority of which are Late Ordovician in age.  These Upper 
Ordovician clastic rocks are thickest along the northeastern margin of the basin in Pennsylvania 
and show a generally uniform thinning to the north, west and southwest.  An exception to this 
generally uniform pattern of thinning occurs in Pennsylvania and adjacent New York State 
where the sequence thins more abruptly against the southwestern extension of the Adirondack 
axis (Ref. 2.5-8, p. 23). 
 
Although the boundary between these rocks and the older Cambrian-Ordovician sequence is 
conformable, the boundary with the overlying Silurian clastics is marked by an unconformity in 
the northeast and southwest portions of the Appalachian Basin.  "Volumetrically the 
unconformity is greatest in eastern Pennsylvania and contiguous parts of New Jersey" (Ref. 2.5-
8, p. 23).  This unconformity was considered by Colton as evidence of Late Ordovician or Early 
Silurian diastrophism. 
 
The Early Silurian rocks are mainly clastic and extend across most of the Appalachian Basin.  
These rocks are thickest (2,600 ft.) and coarsest in the northeastern part of the basin where 
they are composed mainly of sandstone and conglomerate. 
 
Carbonate rocks, classified by Colton (Ref. 2.5-8, p. 31) as the Silurian-Devonian carbonate 
sequence, range in age from Middle Silurian to early Middle Devonian and occur throughout 
much of the basin.  They, like the older sequences, are thickest in the east and thinnest in the 
west.  The thickest section is found in northeastern Pennsylvania where it is about 3300 ft. thick.  
In northeastern Pennsylvania the lower half of this sequence actually consists of a thick wedge 
of red clastic rocks comprising, among others, the Bloomsburg Red Beds.  West, northwest and 
southwest of this area the red beds grade into an alternating suite of variegated shale and 
siltstone, carbonates and evaporites.  The margins of this suite are predominantly dolomite and 
limestone.  
 
Rocks of Middle and Late Devonian age consist of a moderately thick sequence of shale, 
mudrock, siltstone and sandstone and extend throughout most of the basin.  In most areas 
these Middle to Upper Devonian clastic rocks rest conformably on the strata of the Silurian-
Devonian carbonate sequence.  Like the underlying rocks this Devonian suite is wedge-shaped 
with the thickest part near the eastern margin of the basin and the thinnest part near the 
western periphery.  The northeastern part of the basin, which includes east-central 
Pennsylvania, contains the thickest accumulation (more than 10,000 ft.) dominated by coarse-
grained sedimentary rocks (including red beds).  As the thickness decreases the average grain 
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size of the rocks shows a corresponding diminution, being medium-grained where the rocks are 
of intermediate thickness and fine-grained where the section is thinnest (Ref. 2.5-8, p. 34). 
 
The Middle to Upper Devonian clastic suite is conformably overlain by Mississippian rocks in 
most of the basin, but the contact is slightly disconformable along much of the eastern margin.  
However, in parts of northeastern Pennsylvania the entire Mississippian is missing.  This 
anomalous unconformity is probably due to erosion prior to Pennsylvanian sedimentation (Ref. 
2.5-9, p. 35). Generally the Mississippian sequence defines a crudely wedge-shaped mass.  
The greatest accumulation occurs in southeastern Virginia (6800 ft.), but Wood (Ref. 2.5-10, p. 
C39) reported a thickness exceeding 6,000 ft. in eastern Pennsylvania. 
 
Pennsylvanian rocks overlie those of Mississippian age with the basal boundary, in much of the 
basin, marked by a sudden change from older, thinly-bedded, relatively fine-grained rocks to 
younger, massively-bedded, conglomeratic quartz sandstone.  The Pennsylvanian sequence is 
commonly thickest and coarsest-grained along the eastern periphery.  In eastern Pennsylvania, 
where only the lower half of the Pennsylvanian is preserved, a thickness of 4600 ft. of principally 
sandstone, conglomeratic sandstone and conglomerate was recorded (Ref. 2.5-10). 
 
2.5.1.1.2.2  The Valley and Ridge Province 
 
The Valley and Ridge is a physiographic province which is situated within the Appalachian 
Basin and consists of a nearly continuous sequence of rocks extending from the Cambrian to 
the Pennsylvanian.  Within this sequence are two major clastic intervals, the Cambrian-Silurian 
Taconic cycle and the Devonian-Pennsylvanian Appalachian cycle (Ref. 2.5-11, pg. 231).  Each 
cycle consists of pre-orogenic carbonates and orthoquartzites overlain by turbidite flysch 
deposits which are, in turn, succeeded by molasse.  The first phase of the older cycle is 
represented by Cambrian to Middle Ordovician carbonates (Ref. 2.5-12, p. 4).  The flysch phase 
is represented by siltstone, silty-shale and gray sandstone of the Upper Ordovician Reedsville.  
The molasse phase comprises the Upper Ordovician Bald Eagle and Juniata Formations and 
the Lower Silurian Tuscarora Formation.  The transition from the molasse phase to the renewal 
of marine conditions is delineated by the successively younger Rose Hill, Keefer, Mifflintown 
and Bloomsburg Formations of Middle Silurian age.  Upper Silurian to Lower Devonian 
carbonates (Wills Creek to Onondaga) identify the first phase of the Appalachian cycle (Ref. 
2.5-12, p. 4).  Within this younger cycle direct passage from the carbonate phase to the turbidite 
phase was interrupted by deposition of a local sub-aqueous delta identified in central 
Pennsylvania as the Mahantango Formation. Following sedimentation of the Mahantango, the 
turbidite beds of the Upper Devonian Trimmers Rock Formation, constituting the second phase 
of the Appalachian cycle, were laid down.  The molasse phase was initiated by the Upper 
Devonian Catskill Formation which, at an outcrop along the Lehigh River (Figure 2.5-7), is in 
gradational contact with the underlying Trimmers Rock (Ref. 2.5-13, p. 8).  The molasse phase 
culminated twice, first in the Misissippian Pocono Formation and later in Pennsylvanian rocks 
(Ref. 2.5-12, p. 4). 
 
2.5.1.1.2.3  Stratigraphic Units Within the Site Vicinity 
 
Stratigraphic nomenclature used throughout this FSAR follows the recent usage of the 
Pennsylvania Geologic Survey who have not recently used the terms Susquehanna Group, 
Hamilton Group or Fort Littleton Formation in the site vicinity (See for example Ref. 2.5-12 and 
2.5-17). 
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Middle Silurian to Pennsylvanian rocks within 10 miles of the site have been folded on the 
Berwick Anticlinorium.  The units exposed across the fold are: 
 

- The Middle Silurian Bloomsburg 
- Upper Silurian Wills Creek 
- Upper Silurian Tonoloway 
- Middle Devonian Marcellus 
- Middle Devonian Mahantango 
- Upper Devonian Trimmers Rock 
- Upper Devonian Catskill 
- Upper Devonian-Lower Mississippian Pocono 
- Middle Mississippian-Pennsylvanian Mauch Chunk 
- Pennsylvanian Pottsville and "Post-Pottsville" (Llewellyn) Formations 

 
In central Pennsylvania the Bloomsburg Formation was deposited in a brackish, shallow water, 
marine environment which is transitional between fluvial, continental sediment to the east and 
marine carbonates, shale and marl of the interfingering Wills Creek Formation to the west (Ref. 
2.5-14, p. 119).  It is a thick-to massive-bedded, dominantly grayish-red silty claystone with two 
sandstone intervals which occur both at the base and near the top (Ref. 2.5-14, p. 119).  The 
sandstone intervals are medium-to-thin-bedded, poorly sorted hematitic sub-graywacke.  The 
Bloomsburg is highly calcareous in the vicinity of Lewisburg, Pennsylvania, approximately 40 
miles southwest of the site. 
 
In central Pennsylvania the Bloomsburg is separated from the Marcellus Formation by about 
1770 ft. of dominantly limestone and calcareous shale.  These lithologies belong, in 
stratigraphically higher order, to the Wills Creek (Upper Silurian), Tonoloway (Upper Silurian), 
Keyser (Upper Silurian to Lower Devonian), Old Port (Lower Devonian) and Onondaga (Lower 
to Middle Devonian) formations (Ref. 2.5-12, Table 1). 
 
The Wills Creek Formation gradationally overlies the Bloomsburg and consists of interlayered 
dark gray to greenish shale, red siltstone, light gray-green to olive siltstone and silty shale (all 
calcareous) and light gray dolomite to argillaceous dolomite.  Medium gray limestone may be 
present. 
 
The Tonoloway Formation gradationally overlies the Wills Creek and is composed of medium to 
dark gray, thinly laminated to thinly bedded limestone with some thin beds of medium gray 
calcareous shale.  The Tonoloway is dolomitic at several locations. 
 
The Upper Silurian to Middle Devonian Keyser, Old Port and Onondaga Formations were not 
mapped north of, nor east of Bloomsburg, Pennsylvania.  The Keyser, therefore, does not 
appear to occur within ten miles of the site but was mapped further southwest (Subsection 
2.5.1.1.3.3). 
 
The lower Keyser is dominantly medium gray, fossiliferous, "pseudo-nodular" limestone which is 
cobbly when weathered.  The upper Keyser contains laminated to thin bedded limestone similar 
to the underlying Tonoloway. 
 
The Old Port and Onondaga Formations do not occur in the site vicinity but do crop out north of 
Bloomsburg (Subsection 2.5.1.1.3.3).  The Old Port consists of dark gray, whitish weathering 
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chert, underlain by calcareous shale and thin gray limestone.  The chert is locally overlain by 
gray to buff, medium to coarse grained fossiliferous sandstone. 
 
The lower Onondaga is medium gray, highly fissile shale which is calcareous toward the top.  
The upper Onondaga is medium to dark gray, dense, fossiliferous argillaceous, locally 
carbonaceous, microcrystalline limestone.  
 
The Marcellus, in central New York State, where it was defined, is about 350 ft. thick and 
consists predominantly of black shale with lesser amounts of black limestone (Ref. 2.5-15, p. 
103).  In east-central Pennsylvania, between Harrisburg and Williamsport, the Marcellus is a 
uniformly massive black, carbonaceous shale with several thin to thick bedded fine grained 
sandstone units (Ref. 2.5-16, p. 156). According to Faill (Ref. 2.5-17) the Marcellus refers 
exclusively to black shale overlying the Onondaga Formation. 
 
The Mahantango Formation, which underlies most of the site, consists primarily of silty 
mudrock, shale, siltstone and sandstone with local occurrences of conglomerate, limestone and 
ironstone (Ref. 2.5-18, p. 13-14).  In eastern Pennsylvania the Mahantango overlies the 
Marcellus shale and is, in turn, overlain by the Harrell Shale (Ref. 2.5-19, p. 18), a feature 
corroborated by Kaiser (Ref. 2.5-18, p. 6) who indicated that the Mahantango is defined by 
black shale, both at its base and its top.  
 
Kaiser (Ref. 2.5-18, p. 18) informally divided the Mahantango into lower, middle and upper 
members.  The basal member consists of an olive-gray shale with a basal sandstone and the 
middle member contains siltstone and shale, but where it is sandy it is identified as the 
Montebello.  The upper member comprises an olive-colored shale, siltstone and sandstone with 
the sandstone locally highly ferruginous, finer grained, darker colored and more argillaceous 
than the underlying Montebello.  Faill (Ref. 2.5-17, p. 23-24) divided the Mahantango into five 
members which are, in stratigraphically higher order, the Turkey Ridge, Dalmatia, Fisher Ridge, 
Montebello and Sherman Creek.  According to Wells and Faill (Ref. 2.5-12, Table 1) the Turkey 
Ridge is a light to olive-gray, fine to coarse-grained sandstone and the Fisher Ridge is 
predominantly a laminated olive gray to medium-gray silty shale.  The Montebello is an olive-
gray, medium-light gray to dusky yellow, fine to medium-grained, locally conglomeratic, 
fossiliferous sandstone with interbedded siliceous siltstone and silty claystone which display 
cycles of reverse graded bedding.  The Sherman Creek (Ref. 2.5-17) or Sherman Ridge 
(Ref. 2.5-12) comprises olive-gray, fossiliferous, silty claystone with two interbedded siltstone 
and fine sandstone units which coarsen upward.  
 
Faill (Ref. 2.5-17, p. 23-24) noted that the Middle Devonian rocks are cyclic with each cycle 
marked by black to dark gray, silty claystone at the base and displaying an upward increase in 
grain size to conglomeratic sandstone. Immediately overlying the coarsest rock units there is a 
marked decrease in grain size with claystone or siltstone marking the base of the overlying 
cycle. 
 
The cyclic nature of the Middle Devonian strata is reflected within the Mahantango.  These 
internal cycles are asymmetric and are smaller scale reflections of the cyclicity recorded 
throughout the entire Middle Devonian.  That is, they commence with black to dark or olive-gray 
silty claystone which grades upward into argillaceous siltstone, silty sandstone and fine to 
medium-grained, locally conglomeratic, silty sandstone.  The cycles within the Mahantango are 
repetitive and range, in thickness, from approximately 7 to 250 ft.  The thicker cycles can usually 
be traced over distances of from 5 to 35 miles.  (Ref. 2.5-20, p. 113).  
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The average thickness of the Mahantango is about 1650 ft. with respective maximum and 
minimum thicknesses of about 2900 ft. at McCullochs Mills, Pennsylvania and 840 ft. at 
Riverside which is northeast of McCullochs Mills and about 20-22 miles west of the site (Figure 
2.5-7).  Overall the Mahantango shows a general thinning to the north, a feature reflected in the 
Montebello sandstone member which is thickest just west-northwest of Harrisburg and thins to 
the west, north and east.  North of the 41st parallel, which lies just south of the site, the 
Montebello has totally disappeared (Ref. 2.5-18, p. 13-14). 
 
In the Anthracite region of Pennsylvania the Mahantango and the Marcellus were combined to 
form a lithotectonic unit.  As defined by Wood and Bergin (Ref. 2.5-21, p. 151) this lithotectonic 
unit actually includes the Marcellus, Harrell and Brallier Shales and the Tully Limestone.  
However, the Brallier overlies the Mahantango at about the Tully horizon (Ref. 2.5-19, p. 18).  
The Tully, in this area, has been incorporated into the Mahantango.  Thus, in this report, the 
lithotectonic unit of Wood and Bergin is considered as containing the Marcellus, 
Mahantango,Tully and Harrell.  In the southwestern and western parts of the Anthracite region 
this unit is 1100  ft. thick whereas in the central and eastern parts it is about 3000  ft. thick; 
the average thickness is 2000  ft. (Ref. 2.5-21, p. 148).  However, a greatly thickened section 
of this unit occurs in the P. Good No. 1 Well (Figure 2.5-7) on the crest of the Berwick 
Anticlinorium, east of the site.  This excess thickness is believed to be due to faulting and 
disharmonic folding (Ref. 2.5-21, p. 148). 
 
At the site the Mahantango consists of a lower, gray, calcareous siltstone (120-150 ft. thick) 
overlain by a dark gray, locally fossiliferous siltstone which is intermittently calcareous.  These 
two members are lithologically similar to and occur within the same stratigraphic interval as the 
Harrell Shale and the underlying Tully Limestone; thus, the latter two units were incorporated 
into the Mahantango. 
 
In the site vicinity, the Mahantango is represented only by the uppermost member, the Sherman 
Creek which is dominantly a dark gray to blue gray, olive gray to brown weathering mudrock.  
Siltstone and fine grained sandstone units crop out locally.  Both calcareous and 
non-calcareous strata occur at several localities. 
 
In the site vicinity an interval of light, medium-gray argillaceous limestone, near or at the top of 
the Mahantango, was recognized as a Tully Limestone equivalent and was included within the 
Mahantango.  Calcarous silty mudrocks which may be Tully equivalents also occur (Subsection 
2.5.1.2.2).  Faill (Ref. 2.5-17, p. 24) also included the Tully as part of the Mahantango because 
of its lithologic similarity to the Sherman Creek Member.  The overlying Harrell Formation, a 
poorly exposed, dark silty shale which appears to be in gradational contact with the Mahantango 
was incorporated into this map unit (Subsection 2.5.1.2.2). 
 
Fossils are relatively abundant within the Sherman Creek member of the Mahantango 
Formation and include various genera of brachiopods, bryozoa, pelecypods, coral, trilobites and 
crinoid fragments.  Fossil casts are abundant with occasional molds and rare preservation of 
internal structure and original shell material. 
 
Concretions (commonly rusty weathering), spheroidal weathering and prominent closely spaced 
steeply dipping cleavage, which may quite easily be mistaken for primary bedding fissility, are 
other features characteristic of the Mahantango. Due to its predominantly argillaceous nature 
and cleavage, the Mahantango is fairly easily eroded and is thus topographically expressed as a 
relatively low area. 
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In the general area marked by the confluence of the Susquehanna and Juniata Rivers, the 
Trimmers Rock Formation comprises an interlayered assemblage (about 2000 ft. thick) of thin to 
medium-bedded, medium gray siltstone and medium gray, slightly silty and somewhat fissile 
shale.  Thin layers of fine-grained sandstone occur in the upper part (Ref. 2.5-12, Table 1).  
Graded bedding, along with groove and flute casts, occur in some of the siltstone beds 
indicating deposition by turbidity currents.  Load casts or ball and pillow structures are also 
present in some siltstone layers.  These lithologies and sedimentary structures are also present 
in the Trimmers Rock at an outcrop along the Lehigh River about 16 miles southeast of the site 
(Ref. 2.5-13, p. 8) (Figure 2.5-7).  At this exposure both bedding thickness and grain size 
increase upward in this formation which is about 1165 ft. thick. 
 
In the site area the Mahantango and Harrell grade upward into the Trimmers Rock (Subsection 
2.5.1.2.2).  The Trimmers Rock is dominantly interbedded, medium to olive gray, thinly 
laminated siltstone, silty shale and fine grained, laminated to massive sandstone.  These rocks 
weather to brownish gray color.  Sedimentary structures include fining-upward sequences, 
groove casts, current lineations, load casts, ball and pillow and flow roll structures.  Ripple 
marks were also locally identified.  These structures indicate deposition by turbidity currents in a 
marine environment.  Fossils are often restricted to relatively thin layers of brachiopods.  Other 
fossils include pelecypods and crinoid fragments. 
 
The upper Trimmers Rock Formation consists of light to medium grayish green silty shale and 
micaceous, dark greenish gray siltstone (both of which weather to a dark reddish brown color), a 
reddish brown silty fine to medium grained sandstone to siltstone and an olive green vitreous, 
fine grained sandstone to siltstone.  The uppermost units of the Trimmers Rock Formation 
grade upward into the basal Catskill Formation.  This gradation between the Trimmers Rock and 
the Catskill has apparently caused problems concerning the placement of the contact between 
them.  However, Faill and Wells (Ref. 2.5-22) have placed this contact at the base of a thick 
sandstone unit which is the lowest occurrence of upward fining cycles, a feature characteristic of 
the Catskill.  This unit was selected by Faill and Wells because it is easily mappable.  Glaeser 
(Ref. 2.5-13, p. 4) evidently concurred with Faill and Wells for he considered the base of the 
Catskill to lie at the first occurrence of distinctive sandstone units which are found above or near 
the top of the turbidite suite which constitutes the bulk of the Trimmers Rock Formation.  
 
The Catskill Formation at the Lehigh River outcrop is about 7675 ft. thick and consists mainly of 
siltstone and sandstone with some conglomerate and shale. Upward fining cycles were 
recognized at various intervals throughout the entire formation both at Lehigh River (Ref. 2.5-13, 
Figure 2) and near Halifax, Pennsylvania (Figure 2.5-7), (Ref. 2.5-22, p. 107). 
 
Complete or nearly complete sections of Upper Devonian rocks are preserved, both in outcrop 
and in the subsurface, at the Lehigh River outcrop, the Richards Well and the Hudson Realty 
Well (Figure 2.5-7).  Based on these occurrences Glaeser (Ref. 2.5-13, p. 35) estimated the 
original thickness of the Upper Devonian section at various locations in northeastern 
Pennsylvania.  He then compared these estimates to the amount of section preserved today 
and ultimately estimated the amount of section lost.  The amount of missing section ranges from 
0 ft. to about 6125 ft. (Ref. 2.5-13, p. 38) a variation due mainly to the location of the sections 
with respect to structure.  For example, in the P. Good Well, which occurs on the nose of the 
Berwick Anticlinorium, about 8 miles east of the site (Figure 2.5-7), about 5203 ft. are missing.  
Glaeser (Ref. 2.5-13, p. 36) assumed that these sections were lost due to erosion. 
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In the site area, the contact between the Catskill and the underlying Trimmers Rock was drawn 
at the base of the first relatively thick reddish brown to maroon sandstone or brownish red 
siltstone and more massive reddish brown (maroon) micaceous fine grained sandstone.  This 
mappable contact appears to occur at or near the lowest fining upward sequences.  The lower 
Catskill Formation contains sedimentary structures such as intraformational clasts of green 
shale within light gray fine sandstone, oscillation ripple marks and roots which are indicative of 
the marine to non-marine transition zone.  
 
The Pocono Formation which overlies the Catskill, consists typically of medium and coarse 
grained light gray to white, rusty weathering quartz sandstone with thin layers of quartz pebble 
conglomerate.  Olive gray, fine grained sandstone, reddish gray medium to fine grained 
sandstone and siltstone and greenish gray medium grained, cross bedded sandstone also occur 
within this formation.  Cross bedding is common. 
 
Grayish red sandstone layers occur near the base of the Pocono.  These were recognized along 
the east side of the Susquehanna River South of Mocanaqua and along the road between 
Aldean and Folstown.  North of the site, the Pocono consists of an interlayered sequence of 
predominantly medium gray, thick, well laminated, gray weathering quartz sandstone and 
subordinate, red, flaggy quartz sandstone.  Near Folstown, well laminated red sandstone is 
interlayered with, but decidedly subordinate to, well laminated, rusty weathering, light gray, 
coarse grained sandstone and fine grained gray sandstone.  Coarse to medium grained, mainly 
grayish to greenish gray sandstone featuring rather subtle cross bedding dominate the upper 
portion of the exposure.  These strata, along with an underlying thin zone of light greenish gray 
sandstone, in turn, underlain by green shale and mudrock, has been selected as marking the 
basal Pocono. Beneath all of these units, is a red, well laminated, argillaceous siltstone which is 
interpreted as marking the top of the Catskill.  Red shale, which marks the base of the outcrop 
underlies cross bedded medium, light gray, olive gray weathering quartz sandstone.  The lower 
(topographically and stratigraphically) portion of the outcrop is dominated by red lithologies in 
contrast to the upper part in which no red lithologies were exposed.  Besides the obvious color 
change the sandstone above the inferred contact is coarser grained and more subtly cross 
bedded than sandstone which occurs between the red units near and at the base of the outcrop.  
Thus, contrary to other interpretations the Catskill-Pocono contact appears to be gradational in 
the site area rather than unconformable. 
 
The upper Pocono Formation in the vicinity of Shickshinny consists of medium to light gray 
conglomeratic sandstone with rounded to sub-rounded quartz pebbles and shale fragments and 
rusty weathering, fine to medium grayish green, micaceous siliceous sandstone and finely 
laminated greenish gray, rusty weathering, siliceous quartz sandstone.  Rusty weathering, 
medium light gray, medium to coarse grained quartz sandstone is interbedded with thin layers of 
dark gray silt.  Shale and medium gray quartz lithic sandstone fills channels. 
 
The overlying Mauch Chunk Formation is generally bright red in color and consists of mudrock, 
silty shale, siltstone and fine to medium grained cross bedded, well laminated sandstone.  In the 
southern part of the Anthracite region, this sequence of red beds is 2,400  feet thick and is 
overlain by a sequence of alternating red sandstone and shale beds and gray conglomerate and 
sandstone beds 300 to 600 feet thick.  This upper sequence represents a transition zone in 
which red beds typical of the underlying Mauch Chunk are interbedded with gray beds typical of 
the overlying Pottsville Formation (Ref. 2.5-10). Detailed stratigraphic studies indicate that the 
beds of the transition zone (upper Mauch Chunk) intertongue with and laterally replace the 
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lower beds of the Pottsville Formation from south to north.  The upper Mauch Chunk is, 
therefore, late Mississippian and Early Pennsylvanian in age (Ref. 2.5-10). 
 
Both lower and upper members of the Mauch Chunk Formation are exposed in the site area.  
The lower member is exposed immediately above the conformable contact with the underlying 
Pocono Formation at several locations.  The upper part of the formation along the south limb of 
the Lackawanna Synclinorium is marked by interlayered red and olive gray sandstone, siltstone, 
and silty shale. Locally the siltstone contains layers of rounded, circular to elliptical calcite filled 
voids.  Elsewhere the Mauch Chunk contains greenish gray to grayish green medium to coarse 
grained, locally micaceous sandstone, thinly laminated gray, fine grained sandstone and 
siltstone and massive medium grained sandstone. 
 
The Pottsville and Llewellyn formations represent the coal bearing zones of the Anthracite 
Region and have, for the purpose of this report, been combined and treated as a single 
formation.  The Pottsville is composed of coarse pebble conglomerate, quartzose sandstone, 
subgraywacke, siltstone, shale and anthracite. This formation ranges in thickness from about 
1,400 feet in the southern Anthracite field to about 600 feet in the Western Middle Anthracite 
field (Ref. 2.5-10).  
 
Strata overlying the Early to Middle Pennsylvanian Pottsville have been informally termed 
"Post-Pottsville" rocks (Ref. 2.5-24).  "Post-Pottsville rocks" in the Southern and Western Middle 
Anthracite fields were named the Llewellyn Formation by Wood (Ref. 2.5-10).  This name is 
informally used for the grayish and brownish conglomeratic sandstones, quartz sandstones, 
subgraywackes, and siltstones overlying, but not subdivided from, the Pottsville Formation in the 
site area.  Usage of the name Llewellyn for "Post-Pottsville" rocks in the Northern Anthracite 
field is consistent with Bergin (Ref. 2.5-23). 
 
Within five miles of the site, the Pottsville and Llewellyn, collectively consist of quartz pebble 
conglomerate in a quartz sandstone matrix, quartz pebble conglomerate in a carbonaceous 
quartz sandstone matrix, coarse grained dark to medium gray, massive and flaggy, 
carbonaceous sandstone and shale, dark gray to black siltstone and coal.  The 
non-carbonaceous quartz pebble conglomerate displays cross beds. 
 
 
2.5.1.1.3  Regional Tectonics  
 
2.5.1.1.3.1  Tectonic Provinces 
 
The Appalachian orogen in the northeastern United States was divided into two parts, the 
mobile belt and the craton (Ref. 2.5-25 and Subsection 2.5.2.2). The mobile belt in this area lies 
along the east coast with its western edge parallel to, and west of, the eastern limit of North 
America (Figures 2.5-8A and 2.5-8B).  In general the mobile belt is underlain partly by 
Precambrian crustal rocks and partly by presumably mafic crust.  However, in the Maritime 
Provinces of Canada as well as in southeastern Massachusetts it is underlain by a 
volcanic-sedimentary sequence which formed less than 600 million years ago.  These three 
grossly-grouped lithologies, i.e. Precambrian crustal rocks, mafic crust and 
volcanic-sedimentary rocks of the Avalon Platform provided the basis for dividing the mobile belt 
into the 1) eastern cratonic margin, 2) the Central New England tectonic province and 3) the 
Avalon Platform tectonic province respectively (Ref. 2.5-25).  In the eastern cratonic margin the 
Precambrian basement is overlain by 1) Late Precambrian clastic rocks and associated mafic 
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dikes and volcanics, 2) a miogeosynclinal assemblage and 3) a eugeosynclinal assemblage 
(Ref. 2.5-25).  The eastern cratonic margin is marked by a zone of faulting, contrasting 
structural styles and contrasting metamorphic facies.  The Central New England province is 
bounded on the east by the Avalon platform and on the west by the Inner Piedmont.  It features 
a thick, dense, presumably mafic crust overlain by eugeosynclinal sediments.  It is also marked 
by intense deformation and Lower Paleozoic metamorphism.  The Avalon Platform province is 
characterized by crystalline, continental crust (Late Precambrian) intruded by Ordovician to 
Devonian age plutons. In juxtaposition with, and to the west of the mobile belt, lies the craton 
which is underlain by Precambrian crystalline rocks that were deformed during the Grenvillian 
orogeny, about 1 billion years ago.  Based on gross geologic structure the craton was divided 
into an eastern belt and a western basin.  The eastern belt is coincidental with the Highlands 
Tectonic Province (Figures 2.5-8A and 2.5-8B) which is characterized by Grenvillian 
(Precambrian) rocks deformed during Paleozoic crustal convergence.  The western portion, 
which is subdivided into the Fold and Thrust Belt and the stable interior is characterized by the 
absence of basement involvement during Paleozoic crustal convergence (Ref. 2.5-25). The Fold 
and Thrust Belt, in which the site is located, is in contact with the Highlands Province of the 
eastern craton and exposes tightly folded and faulted Paleozoic sedimentary rocks.  To the west 
of, and in sharp contact with, the Fold and Thrust Belt lies the Stable Interior which is underlain 
by very gently folded, shelf delta type deposits.  The Fold and Thrust Belt and the Stable Interior 
coincide approximately with the Valley and Ridge (including the Great Valley) and Appalachian 
plateaus Physiographic provinces respectively.  
 
2.5.1.1.3.2  Structural Elements within the Craton 
 
The site is situated upon the Scranton gravity high (Figure 2.5-9) which extends southwestward 
from Albany, New York to Harrisburg, Pennsylvania where it abruptly terminates (Ref. 2.5-26, p. 
198; Ref. 2.5-27, p. 711).  To the west of this termination, regional gravity patterns suggest a 
northwest trending Precambrian fault with left lateral displacement of several tens of miles (Ref. 
2.5-27, p. 711). 
 
The high, itself, is located in both the Fold and Thrust Belt and the Stable Interior.  The 
maximum Bouguer anomaly values associated with this feature occur in northeastern 
Pennsylvania and adjacent New York State where the overlying sedimentary section is at least 
39,370 ft. thick (Ref. 2.5-28, p. 52 and 2.5-26, p. 201).  Of all the models (which include 
tensionally induced rifting) proposed to explain this feature (see Ref. 2.5-26, p. 203-209) the 
favored one involves warping of the mantle with the anomaly due to an extensively broad mass 
occurring deep within or at the base of the crust.  This structure is apparently related to the 
tectonic evolution of the Appalachian system (Ref. 2.5-26, p. 213 and 218-219). 
 
Principally the Fold and Thrust Belt contains deformational features indicative of regional crustal 
compression (Figure 2.5-8A and 2.5-8B).  In the area northeast of Roanoke, Virginia the 
structural style, at the surface, is dominated by folding with faulting subordinate, whereas 
southwest of Roanoke reverse faults predominate over folding at the surface (Ref. 2.5-29, p. 
125).  Another feature present in this belt, and indeed in the entire Appalachian Orogen, is an 
arcuate configuration which is especially well expressed in central Pennsylvania. 
 
The largest folds in the Fold and Thrust Belt exceed 125 miles in length but folds of microscopic 
to hand specimen scale have also been recognized.  The largest folds, with wave lengths 
ranging from 6 to 11 miles, were classified by Nickelsen (Ref. 2.5-30, p. 16) as first order folds, 
whereas the hand specimen and microscopic size folds were classified as fifth order folds. 
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Second through fourth order folds are intermediate in size.  The largest folds are not restricted 
to the Fold and Thrust Belt for they also occur in the adjacent Stable Interior (Ref. 2.5-30). 
 
Generally these folds do not display an ideally parallel form, rather their hinges are usually 
narrow relative to their wave lengths.  They are somewhat akin to similar folds yet they lack the 
characteristic features of similar folds which include attenuated limbs, with correspondingly 
thickened axial regions, and a sinusoidal form (Ref. 2.5-31, p. 10).  Thus, according to Faill, the 
fold geometry is neither parallel, similar nor intermediate for it shows features that are not 
associated with either geometric type, i.e., the bedding in the limbs is planar and the hinges are 
narrow (Ref. 2.5-30, p. 19). 
 
Although the folds lack the characteristic geometry of parallel folds, they are flexural slip in 
nature for they display wedge faults, uniform bed normal thickness across the fold and 
slickensides on bedding surfaces (Ref. 2.5-32, p. 1289 and 2.5-31, p. 11).  In addition to these 
flexural slip folds, kink bands, a few inches to hundreds of feet wide, are visible in outcrop.  
Kinematically and geometrically the kink bands and the flexural slip folds are congruent and, 
therefore, related (Ref. 2.5-32, p. 1289). 
 
Kink bands are usually considered to be small scale structures, however they occur on a much 
larger scale in the Fold and Thrust Belt with smaller kink bands and folds present in the limbs of 
the larger-scale structures.  Faill attributed the existence of large scale kink bands to the wide 
spacing between bedding surfaces. 
 
From southeast to northwest across the Fold and Thrust Belt, and westward into the Stable 
Interior, the folds become progressively less tightly appressed. This gradual change from tight to 
more open folds is illustrated by changes in the inter-limb angle which is about 50-70 on the 
east side of the Great Valley and approximately 80 on the west side.  In the central Valley and 
Ridge (Fold and Thrust Belt) the limbs subtend an angle of about 100 and in the Appalachian 
Plateaus (Stable Interior) this angle is nearly 180 (Ref. 2.5-32, p. 348).  This change is also 
expressed by differences in structural relief which diminishes from possibly 35,000 ft. on the 
South Mountain Anticlinorium on the southeast (Ref. 2.5-33, p. 348) to 7,000-9,000 ft. in the 
central Valley and Ridge to about 4,500 ft. in the western Valley and Ridge.  In the eastern 
Plateaus area 2,500 to 3,000 feet of structural relief occur.  Across the Plateaus area this relief 
continues its progressive decrease with the most westerly folds showing less than 300 ft. (Ref. 
2.5-33, p. 349).  In fact in the Plateaus region the folds are so broad and gentle that structural 
contour maps are required in order to analyze them.  Between the Valley and Ridge (Fold and 
Thrust Belt) and the Appalachian Plateaus (Stable Interior) there is an abrupt decrease in 
structural relief. This area has been termed the Appalachian Structural Front (Ref. 2.5-34). 
 
LANDSAT images of an area along the west branch of the Susquehanna River at Lewisburg, 
Pennsylvania suggested the presence of a nearly northwest trending cross or tear fault.  This 
structure shows about one mile of left lateral separation of a prominent ridge underlain by the 
Tuscarora Formation.  However, geological reconnaissance mapping confirms that this left 
lateral topographic offset is caused by a kink fold as shown on the Geologic Map of 
Pennsylvania (Ref. 2.5-24).  
 
Faults, like the folds, occur on all scales within the Fold and Thrust Belt and show 
displacements ranging from inches to hundreds of feet. The largest faults range in length from 
about 7 miles to 200 miles (Ref. 2.5-33, p. 349). 
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According to Faill and Nickelsen (Ref. 2.5-31, 20) most faults seen at the surface can be 
classified as wedge faults or cross faults.  Root (Ref. 2.5-33, p. 349) stated that all major faults 
in the Fold and Thrust Belt and the Stable Interior are moderate to steep thrusts with dips 
ranging from 40-70 to the southeast. However, in the southern Great Valley (affecting part of 
the Fold and Thrust Belt), he also identified steeply dipping, west facing thrust faults and tear or 
cross faults (Ref. 2.5-34). Wood and Bergin (Ref. 2.5-21) noted that in the southeastern part of 
the Anthracite region (of the Valley and Ridge Province) there are hundreds of reverse, tear and 
bedding faults, whereas in the northern part faults are far more scarce with only reverse faults, 
showing minor displacements, having been recognized.  Glass (Ref. 2.5-36, p. 9) identified at 
least eighty major, essentially vertical faults in the Appalachian Plateaus Province.  Generally 
these faults are normal to the regional tectonic grain although variations between NO5W and 
N89W were observed. Wedge, splay and reverse (thrust) faults are categorized together 
because they all result in crustal shortening and duplication of strata.  Faill (Ref. 2.5-32, p. 1298) 
indicated that splays off decollements and wedge faults are identical.  However, Root (Ref. 
2.5-35) distinguished between thrusts dipping steeply to the west and those dipping steeply to 
the east with the former equated to wedge faults and the latter to splay faults off decollements. 
The Hunting Valley-Cream Valley Faults and the Sweet Arrow Thrust (Figure 2.5-7) appear to fit 
into this category. 
 
Wedge faults intersect bedding at a low angle (10-30) and terminate in bedding planes 
(Ref 2.5-32, p. 1295), although a number of them terminate in folds (Ref. 2.5-32, p. 1298).  
Commonly they occur as isolated structures on the limbs of folds but they have also been 
observed in fold hinges.  In outcrop wedge faults generally occur in interlayered sequences 
displaying contrasting mechanical properties and only cut across beds of sandstone or siltstone 
that are surrounded by shale (Ref. 2.5-32, p. 1297 and 2.5-31, p. 23). This same relationship 
also holds on a much larger scale, since most of the large, mappable faults occur in interlayered 
sequences of contrasting lithologies. 
 
Root (Ref. 2.5-35, p. 105-106) identified faults in the southern Great Valley which presently dip 
steeply to both the east and west.  The steeply inclined, east dipping reverse faults generally 
parallel the trace of anticlinal hinges and cut the vertical to overturned, west facing anticlinal 
limbs.  These faults developed as steeply dipping schuppen structures which splayed off 
subhorizontal reverse faults (decollements) (Ref. 2.5-37, Figure 5, 2.5-33, P. 350 and 2.5-35, 
Figure 5).  Reverse faults, which dip steeply to the west, are also present in the west-facing 
subvertical to overturned limbs and parallel the structural fabric.  However, some have been 
rotated during folding and now display the geometry of east-dipping normal faults. 
 
In the Anthracite region, faults (akin to the steeply east-dipping splays described by Root) are 
inferred to occur in the cores of anticlines (Ref. 2.5-21). Wood and Bergin interpreted that many 
of these faults were folded along with the rock units, however folded splay faults have not been 
depicted in other publications (e.g. Ref. 2.5-37 and 2.5-33). 
 
Cross (transverse) faults are commonly vertical to nearly vertical structures which are 
approximately perpendicular to the regional tectonic grain.  They are less common than wedge 
faults although they have been mapped in the southeastern part of the Anthracite region, in the 
Great Valley and in the Appalachian Plateaus region (Ref. 2.5-21, p. 149, 2.5-35 and 2.5-36).  
They are also evident in the Cambro-Ordovician rocks of the Conestoga Valley near York and 
Lancaster, Pennsylvania (Ref. 2.5-24).  Commonly cross faults display strike-separation and, in 
fact, have been described in the Appalachian Plateaus Province as wrench faults (Ref. 2.5-36).  
According to the verbal description provided by Glass (Ref. 2.5-36, p. 6) at least some of these 
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faults could be identified as paired conjugate wrench faults, for those that strike nearly north 
show left lateral separation whereas those which strike in a more westerly direction display right 
lateral separation.  Despite his verbal description the map pattern shows a general pattern of 
anastomosing fault traces which are more or less subparallel to each other and normal to the 
trend of the Allegheny Structural Front (Ref. 2.5-36, p. 8).  It is conceivable that both wrench 
faults and cross faults occur in the Appalachian Plateau but attempting to distinguish them is of 
little import for both are predictable cogenetic products of regional horizontal compression.  Two 
cross faults in the southern Great Valley have lateral movements associated with them 
(Ref 2.5-35, p. 104), and the map pattern in the Conestoga Valley shows lateral separations of 
lithologic units along the cross faults there (Ref. 2.5-24).  Another feature common to most cross 
faults is that reverse or wedge faults frequently terminate against them.  According to Root (Ref. 
2.5-35, p. 103), however, their most distinctive feature is that the rocks on either side of these 
faults have experienced different amounts of horizontal shortening. 
 
 
2.5.1.1.3.3  Structural Elements in the Site Vicinity 
 
The site rests on the easterly plunging nose of the Berwick Anticlinoirum. Across this folded 
structure, at depths of 17,500-25,000 ft  3,500 ft, the strata (based on seismic reflections) are 
nearly horizontal to slightly north dipping (Ref. 2.5-38, p. 134). According to Wood and Bergin 
(Ref. 2.5-21) either a major decollement or a series of decollements probably exists within the 
Marcellus Shale throughout most of the Anthracite region.  Although not seen at the surface the 
presence of decollements is inferred based upon the existence of disturbed outcrops "differing 
styles, wavelengths and amplitudes of folds above and below the Marcellus, and by wells that 
penetrated either duplicated sections or greatly thickened sections" (Ref. 2.5-21, p. 151). 
 
It is worthy to note, however, that neither this fault nor any other fault appears as a surface 
feature associated with the Berwick Anticlinorium in either Wood and Bergin's paper (Ref. 
2.5-21, Figure 2) or Gwinn's paper (Ref. 2.5-38, Figure 1). The 1960 edition of the Pennsylvania 
Geologic Map (Ref. 2.5-24) does indicate a fault along part of the north limb of the Berwick 
Anticlinorium just north of Bloomsburg.  This fault approximately 8 miles long, separates the 
undifferentiated Wills Creek, Tonoloway and Keyser Formations from undifferentiated 
Onondaga, Marcellus and Mahantango Formations (Ref. 2.5-24, map unit Skw from map unit 
Dho, respectively).  According to the state map, the missing interval between these two sets of 
units includes the Mandata and Oriskany Formations.  Recent mapping indicates that the 
Tonoloway Formation is juxtaposed to the Marcellus Formation (Figure 2.5-10, Stations DJ-4B, 
-33 and -34).  The fault on the geologic map of Pennsylvania was probably postulated to explain 
the missing stratigraphic interval on the north limb of the Berwick anticlinorium, which includes 
dominantly carbonate rocks of the Keyser, Old Port and Onondaga Formations; these units are 
present west of the indicated fault.  The south limb of the Berwick anticlinorium shows the same 
relationships occur on the north limb; that is, that the Keyser, Old Port, and Onondaga 
Formations are missing along the more western portion. However, no fault has been indicated 
to account for the missing section along the south limb (Ref. 2.5-24). 
 
Mapping on a scale of 1:24,000 (Figure 2.5-10) indicates that west of the confluence of Fishing 
Creek and Little Fishing Creek (and also west of the interpreted fault), the Tonoloway, Old Port, 
Onondaga and Marcellus Formations were recognized but no limestone of the Keyser 
Formation was identified.  Thus, one of the units (the Keyser Formation) which is interpreted as 
missing due to faulting is absent from the stratigraphic section about 4,000 feet west of the 
postulated fault, despite the fact that the Old Port and Onondaga are present there. 
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Field investigations at two locations along the trace of the proposed fault (Stations DJ-4A, 
DJ-4B, DJ-32, DJ-33, and DJ-34; Figure 2.5-10) failed to reveal any evidence of cataclasis 
except for dip slip slickensides associated with a small flexural slip fold in the Marcellus 
Formation at DJ-4B.  In both cases the Tonoloway limestone and Marcellus shale were exposed 
within 100 feet of the hypothesized fault.  In the former case, however, at DJ-4A and DJ-4B the 
Tonoloway and Marcellus are separated by less than 20 feet.  Consideration was given to the 
difficulty of detecting faulting within argillaceous units; however, where faulting was recognized 
within the study area, all lithologies (i.e., limestone, shale, mudrock, siltstone, and sandstone) 
showed some evidence of cataclasis.  While continuous exposure across the postulated trace 
was not available, no positive evidence for faulting was observed and thus, at best, the fault can 
only be inferred. The only location along or near the trace of the postulated fault where 
significant cataclasis occurs is at Station DJ-31 (Figure 2.5-10) about 1,500 feet north of the 
"fault trace" where shale of the Mahantango Formation is exposed.  Here the strata show 
noticeable variations in both strike and dip directions.  For example, at the west end of the 
exposure strata swing from an attitude of N45E: 35SE to N40W: 15SW.  In the center the 
attitude changes from N20E: 30SE to N10W: 35E back to N15E: 45SE, and at the eastern 
end, strata are oriented about N60E: 40NW and N35E: 45SE.  At the western end of the 
outcrop the change in orientation represents a fairly smooth continuum whereas at the eastern 
end both continuous and discontinuous changes in orientation occur.  The discontinuous 
changes are marked by oblique slip faults with slickensides displaying rakes of about 60 to 70.  
Three such faults trend N55E: 35NW, N80E: 35NW, and N88E: 29NW.  No unequivocal 
movement plan was identified, but structures recognized elsewhere in the Valley and Ridge 
Province, as well as the area within five miles of the site, show that reverse faults form in 
response to the release of stored strain energy in tightly appressed kink bands; thus, these 
faults are interpreted as relatively small scale accommodating reverse faults.  This exposure 
(DJ-31) occurs within an area in which there is map scale folding producing deflections in the 
lithologies which is not unlike patterns seen elsewhere in the Valley and Ridge Province. 
 
In the P. Good Well, located on the Berwick Anticlinorium east of the site (Figure 2.5-7), faulting 
has been interpreted at an approximate depth of 5,800 feet which is well above the depth range 
(17,000 to 25,000 ft) at which a major decollement is implied (Ref. 2.5-38). Thus, the 
decollement alluded to by Wood and Bergin (Ref. 2.5-21) as well as the fault seen on the 
Geologic Map of Pennsylvania (Ref. 2.5-24) 12 miles west of the site may actually be a splay 
fault(s) off a more deeply buried decollement.  This suggested splay fault may also be, in part, 
responsible for the excess thickness seen in the P. Good Well of lithotectonic Unit 2, as defined 
by Wood and Bergin (Ref. 2.5-21). 
 
In summary, no direct unequivocal evidence exists to either postulate or refute the existence of 
the fault which has been mapped on the north limb of the Berwick Anticlinorium west of the site 
(Ref. 2.5-24).  However (1) the absence of the Keyser Formation on the north limb, west of the 
western limit of the inferred fault, and (2) the map pattern in which the units missing from the 
north limb of the anticlinorium are also absent from the south limb, yet the fault restricted to the 
north limb suggests that the missing section of the north limb is perhaps better explained by an 
unconformity than by faulting.  Regardless of whether or not a fault is interpreted, data from the 
P. Good Well show that the limestone sequence missing from both the north and south limbs of 
the Berwick Anticlinorium is absent from the nose of the fold as well.  Thus, if a fault is 
postulated, it pre-dates the formation of the Berwick Anticlinorium and does not pose a 
safety-related problem to the site. 
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Flanking the Berwick Anticlinorium on the north and south respectively, are the Lackawanna 
and Eastern Middle synclinoria.  The Lackawanna Synclinorium, the axis of which passes about 
3-1/2 miles north of the site, is about 120 miles long and displays a wavelength of 8 to 9 miles 
and an average amplitude of 4,000-5,000 ft (Ref. 2.5-21, Table 2).  Near the axis of this fold the 
Mocanaqua decollement is exposed.  The axis of the Eastern Middle Synclinorium is 
approximately 3-4 miles south of the site.  This fold is about the same size as the Lackawanna 
Synclinorium (Ref. 2.5-21, Table 2). 
 
The Nittany Anticlinorium is a large structure which is located just to the west of the Berwick 
Anticlinorium about 50 miles west of the site.  Based on seismic records garnered from 
longitudinal and traverse profiles, there exists a series of well defined, subhorizontal velocity 
interfaces which are correlative with similar velocity contrasts in the Cambrian sequence and at 
the top of the Precambrian basement (Ref. 2.5-38, p. 134).  The deepest interface was 
estimated to occur at a depth of about 25,000  3,000 ft. 
 
The Birmingham Fault is located in the core of the Nittany Anticlinorium and is the only fault in 
Pennsylvania associated with a major, well-exposed decollement known as the Sinking Valley 
Fault (Ref. 2.5-33, p. 350).  This fault is a steeply, east dipping splay (thrust) which is about 33 
miles long. 
 
 
2.5.1.1.3.4  Relationship Among Structural Elements 
 
In the opinion of all previous workers all of the structural elements encountered in the Valley and 
Ridge Province are genetically related, a feature which is clearly demonstrated in several 
instances.  First, cross faults and reverse faults are generally spatially related with the reverse 
(or wedge) faults commonly terminating against the cross faults. In fact, there are instances 
where one passes into the other.  A prime example of this is in the Carbaugh-Marsh Creek Fault 
in the southern Great Valley. This fault is composed of two segments, an east dipping reverse 
fault which parallels the regional grain and passes continuously into a nearly east trending, 
subvertical cross fault across which right lateral separation has occurred (Ref. 2.5-37, p. 8, 9 
and 822 and 2.5-35, p. 102-103).  Rock units across this cross, or transverse, fault segment 
have shortened independently of one another.  Because of this independent behavior of rock 
units across the transverse portion of this fault, Root (Ref. 2.5-35, p. 103) concluded that this 
segment existed prior to most of the regional deformation. 
 
Faill and Nickelsen (Ref. 2.5-31) and Faill (Ref. 2.5-32) pointed out that slickenside orientations 
on:  1) bedding surfaces associated with flexural slip folding, 2) wedge faults, and 3) cross faults 
are similar) indicating kinematic compatibility among these three structural elements.  
Furthermore, the lines of intersection of the wedge faults and bedding are subparallel to the fold 
axes.  Splay faults with large displacements occur in the hinges of anticlines which posses a 
kink band geometry suggesting that these folds were produced by the splays which originate at 
depth along unexposed decollements (Ref. 2.5-38, 2.5-37 and 2.5-33, p. 349).  Faill (Ref. 
2.5-32, p. 1298) also conceded that possibly all major anticlinoria are underlain by splay faults.  
Prior to Gwinn's work, the existence of major decollements and thin skinned tectonics in the 
Appalachian orogen was somewhat debatable but the results of his latest study (Ref. 2.5-38) 
indicate clearly that these subsurface structures exist. 
 
In the southern Great Valley, Root (Ref. 2.5-35) deduced the sequential development of folding 
and faulting.  He suggested that the cross faults existed prior to, or at the initiation of, most of 
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the regional deformation, although he indicated that their origin is not understood.  Nonetheless, 
he concluded (Ref. 2.5-35, p. 109) that the cross faults which are subvertical and normal to the 
regional grain were, during folding, equivalent to ac fractures.  This is logical since the 
orientation of cross faults with respect to the other structural elements is not consonant with 
having originated as shear fractures; rather it is likely that they formed early in the tectonic 
history of this area as extension (ac) fractures which were subsequently utilized as strain 
discontinuities (tear faults) during the same protracted period of stress application.  This 
interpretation is supported by Nickelsen and Hough (Ref. 2.5-39) who stated that systematic 
extension fractures in shales are grossly transverse to northeast-trending fold axes, and formed 
early and independently of folding and faulting.  Root continued (Ref. 2.5-35, p. 111) by 
indicating that the earliest folds were broad and open and as horizontal shortening continued 
and the folds became more appressed; west dipping steep thrusts (wedges) formed in the upper 
strata.  Continued shortening resulted in the development of subsidiary folds, east dipping 
thrusts (splay faults) and the rotation of the earlier formed, west dipping thrust to a steeper 
inclination.  In the case of the Carbaugh-Marsh Creek Fault the east dipping splay fault linked 
up with a portion of the cross faults to form the Carbaugh-Marsh Creek Fault system. 
 
Faill and Nickelsen (Ref. 2.5-31, p. 37) noted that deformation was initiated by vertical 
compaction during sedimentation.  Regional horizontal compression followed, while the strata 
were still horizontal, with the earliest stage marked by microfolding in shales and limestones.  
Major decollements probably also occurred during this early stage and were followed by 
buckling and kink band folding.  As the folds tightened, faults in the hinge along with some 
wedge and cross faults, developed.  These faults were accompanied by tightly spaced fractures 
(fracture cleavage) which formed parallel to the axial planes of the folds.  Faill and Nickelsen 
further concluded that with time the deformed materials passed progressively from a ductile 
stage to a more brittle stage. 
 
 
2.5.1.1.3.5  Age of Deformation 
 
Root (Ref. 2.5-35) concluded that all the structural elements in the craton developed during a 
single orogenic event (Alleghenian) about 230 million years ago.  This age is based on an 
inferred episodic lead loss about 230 million years ago recorded by Rankin (Ref. 2.5-40) in 
zircons from the Catoctin Formation.  However, Faill and Nickelsen (Ref. 2.5-36, p. 19) implied 
that the deformation occupied a greater time span, possibly commencing prior to complete 
lithification of Silurian age sediment (e.g., the Lower Silurian Tuscarora Formation).  Despite this 
apparent difference concerning the age of the onset of deformation, there is general agreement 
that the major structural elements in the Fold and Thrust Belt and the Stable Interior are no 
younger than Late Permian to Middle Triassic in age (Ref. 2.5-37, 2.5-33, 2.5-35, 2.5-32, 2.5-31, 
2.5-38, 2.5-41, 2.5-34, and 2.5-21). 
 
There is considerable disagreement as to the age, nature and method of formation of the 
curvature that is so prominent along the entire Appalachian Chain.  Drake and Woodward (Ref. 
2.5-42, p. 49) concluded that this arcuation in central Pennsylvania is truly a rounded structure 
which formed in response to right lateral slip along the east trending Cornwall-Kelvin Fault, 
perhaps around Late Devonian time (Ref. 2.5-42, p. 29).  Faill (Ref. 2.5-32, p. 1305-1306) noted 
that it is not smooth and continuous, as it appears, but instead is composed of straight 
segments, the joining of which marks the boundary between the northern and southern 
Appalachians.  Furthermore, he concluded that this "curvature" and the major folds were 
contemporaneous.  Root (Ref. 2.5-37, p. 825) noted the same observations as Faill and 
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indicated that these rectilinear elements oriented N17E south of the Carbaugh-Marsh Creek 
Fault and about N40-50E north of the fault, assume their present position by rotation across 
the fault.  He also added that all structural elements seen in the Piedmont to the southeast 
would be more compatible if the Piedmont were arcuate by the Early Paleozoic.  This appears 
to be a contradiction since on the one hand, Root suggested that rotation across the 
Carbaugh-Marsh Creek Fault (presumably during the Late Paleozoic Alleghenian event) was 
responsible for this curvature, whereas on the other hand, he suggested that the curvature 
already existed by Early Paleozoic time.  Fleming and Sumner (Ref. 2.5-42, p. 58) suggested 
that an embayment associated with the Late Precambrian-Early Paleozoic proto-Atlantic was 
responsible for this arcuation in central Pennsylvania.  Rankin (Ref. 2.4-40) and Rodgers (Ref. 
2.5-44) stated that Appalachian salients and recesses formed during the initial breakup of a 
continental mass which commenced about 820 million years ago.  Thus, at present, although 
there is no unique hypothesis concerning the age and origin of this curvature there is general 
agreement that it is pre-Mesozoic in age. 
 
Evidence of younger tectonics is confined to the mobile belt.  The southern border of the 
Newark-Gettysburg basin is obscured in New Jersey by the overlap of Coastal Plain sediments; 
however, in Pennsylvania and Maryland, the Triassic sedimentary rocks lie unconformably upon 
lower Paleozoic quartzites and carbonates and, in a few areas, upon Precambrian gneisses, 
granites and metabasalts. Residual gravity anomalies indicate that southern "border faults" are 
covered by the younger Triassic sediments (Ref. 2.5-45). 
 
The northern edge of the basin, in the area east of the Schuylkill River, borders on the 
granitic-gneissic complex of the New Jersey Highlands and its southwest extension, the 
Reading Prong.  West of the Schuylkill River, rocks north of the border are Cambrian and 
Ordovician carbonates.  Triassic rocks unconformably overlie adjacent older rocks along much 
of the northern border suggesting that this margin is not continuously faulted (Ref. 2.5-2).  In 
Pennsylvania, only 35 percent of the margin is known to be faulted (Ref. 2.5-46).  The northern 
border faults are characterized as an echelon fault zones that gives a crenelated appearance to 
the northern margin.  Where overlap has occurred the contact dips approximately 20% to the 
south (Ref. 2.5-46). 
 
The Ramapo Fault System, a continuation of the northeast trending system of border faults, 
crosses the New York-New Jersey State boundary north of New York City. No evidence of 
surface rupture, warping or offset of geomorphic features has been observed along its member 
fault zones (Ref. 2.5-47). 
 
Several faults of apparently large displacement occur within the center of the 
Newark-Gettysburg basin (Figure 2.5-11).  These are the Chalfont and Furlong Faults in 
Pennsylvania and the Flemington and Hopewell Faults in New Jersey. Orientation and direction 
of movement of these faults are not known.  Although generally considered to be steeply south 
dipping normal faults (Ref. 2.5-48 and 2.5-49), Sanders (Ref. 2.5-50) has suggested 
predominant strike slip movement and Faill (Ref. 2.5-46) indicates they may be high angle 
reverse faults resulting from intersection of two different axes of monoclinal folding within the 
basin. 
 
Smaller Triassic faults cross cut the basin margins and extend well into the surrounding rocks, 
but usually show less than 3,000 feet of displacement. Associated with these faults are local 
concentrations of small faults of constant attitude and sense of displacement (Ref. 2.5-2). 
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The Triassic basins and associated faulting are located in the mobile belt, whereas the site is 
situated on the craton which includes the Fold and Thrust Belt. No tectonic structures of 
Mesozoic or younger age have been recognized in the Fold and Thrust Belt. 
 
Analysis of lineaments observable on LANDSAT imagery yielded data consistent with these 
observations.  The greatest number of linears plotted in the Valley and Ridge Province within 
the Appalachian salient strike N10-25W (Figure 2.5-11).  This is roughly normal to fold axes in 
the area and thus the cluster of lineaments parallels the direction of extension fractures and 
cross faults. The fold axes and bedding are well expressed as a cluster of east-northeast 
trending lineaments.  
 
Secondary trends oriented north-northeast and northeast may indicate jointing of Mesozoic age.  
These are the dominant lineament trends expressed in the Newark-Gettysburg Basin. 
 
 
2.5.1.1.3.5.1  Relationship of Lineaments to Regional Geology 
 
The remote sensing work for the Susquehanna SES FSAR utilized landsat satellite imagery.  
The imagery was obtained from the EROS Data Center, Sioux Falls, South Dakota.  Analysis of 
the five frames was performed on 20" x 20" black-and-white prints at a scale of 1/500,000 
(Imagery Access Nos. 1495-15222, 1079-15124, 1440-15172, 1403-15123, and 5359-14433). 
 
Images from the Landsat satellite comprise individual frames recorded in different bands of the 
electromagnetic spectrum.  For this analysis, two bands (5 and 7) for each frame were 
analyzed.  These bands were utilized because band 7 (0.8 to 1.1 micrometer) shows drainage 
much better than the other bands while band 5 (0.6 to 0.7 micrometer) emphasizes cultural 
features.  Each frame covers an area of approximately 13,225 square miles.  This investigation 
encompassed the area within a 100 mile radius about the Susquehanna SES. 
 
In the analysis of satellite imagery an acetate overlay was initially prepared showing all of the 
lineaments observed on band 7 of each frame.  These overlays were then registered to band 5 
of their corresponding frames, and any additional lineaments observed on these frames were 
then added to the overlays.  It was possible to observe much of the study area (approximately 
25 to 30 percent) in stereo due to the overlap of the adjacent frames.  Using a mirror 
stereoscope corresponding bands of the adjacent frames with their previously analyzed 
overlays were studied.  This added three dimensional view of the lineaments provided a means 
by which spurious, apparently culturally controlled lineaments (e.g. roads and transmission 
lines) could be eliminated. 
 
A base map was prepared from the 1/250,000 topographic map series (Army Map Service), that 
covered the study area.  This map was reduced to 1/500,000 scale to match the imagery scale 
and to facilitate transfer of data from the analyzed satellite imagery.  A separate overlay was 
prepared from the geologic maps of New York, New Jersey and Pennsylvania, delineating the 
fold axes, intrusives, faults and physiographic provinces of the region.  This overlay was brought 
to the common scale of the imagery and topographic base maps.  Having all data at the same 
scale facilitated comparison and interpretation and also permitted elimination of other cultural 
lineaments. 
 
Comparison of FSAR Figures 2.5-7 and 2.5-11 reveals that within the Valley and Ridge 
Province lineament trends strongly reflect the structural grain of the Appalachian Salient.  
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The greatest number of lineaments are roughly normal 75 - 105 (to the fold axes and 
consistent with the directions along which cross faults and extension fractures occur (FSAR 
Subsection 2.5.1.1.3.2).  The next greatest number of lineaments trend parallel to the fold axes 
indicating their control by bedding, foliation, thrust faults, and wedge faults.  Secondary trends, 
particularly evident within the Appalachian Salient, are N10-15E, N20-25E and N25-35E.  
These are the dominant trends observed in the Newark-Gettysburg Basin and probably reflect 
jointing developed under the early Mesozoic stress regime.  Conversely the dominant N40E 
trend observed in the Precambrian rock of the New England Uplands is virtually non-existent in 
the Valley and Ridge Province (except where fold axes trend near N40E). 
 
Within the Appalachian Plateau Province the dominant trends are also parallel or near normal to 
the fold axes.  Secondary trends oriented north-northeast and northeast which may indicate 
jointing Mesozoic age are also evident in the Plateaus Province, particularly in the eastern 
portion of the study area which is nearest to the Newark-Gettysburg Basin. 
 
Thus, the linear features observed during this investigation which may be of structural origin can 
be ascribed either to Paleozoic tectonics or the early Mesozoic stress regime.  No evidence of 
younger (Cenozoic-Recent) structural elements was observable. 
 
The relationships between the results of this analysis and the work of Saunders and Hick, 1976 
are not geometrically direct.  The problem is one of both scale and concept.  Saunders and Hick 
worked with features traceable for hundreds of miles which they feel are reflective of 
fundamental crustal tectonics.  The analysis for Susquehanna SES was, relatively speaking, 
local in both scope and approach.  The greatest part of this study area encompasses 
allochthonous rocks which contain structural elements derived from "thin-skinned" tectonics as 
opposed to fundamental basement tectonics.  Saunders and Hick have related the major 
geomorhphic lineaments of the United States to the currently accepted theories of plate 
tectonics and hypothesized that these lineaments have been of primary importance in 
controlling crustal tectonics.  It may be stated that their work dealt with the cause while the 
Susquehanna SES analysis, due to the allochthonous nature of the terrain, dealt with the effect 
of plate tectonics.  Whether or not their postulated mechanisms for the cause are accurate, it is 
generally accepted that the Atlantic Ocean has opened and closed at least twice in the geologic 
past.  The analysis summarized in the FSAR Subsection 2.5.1.1.3.5 and Figures 2.5-7 and 
2.5-11) revealed that the significant lineaments of the Valley and Ridge and Appalachian 
Plateaus provinces in the region of the Susquehanna SES are the effect of the Paleozoic 
closing of Iapetus (proto-Atlantic Ocean).  Secondary lineaments of these provinces can be 
related to the initial opening of the Atlantic in early Mesozoic time. 
 
2.5.1.1.4  Regional Uplift and Subsidence 
 
Several investigators have presented evidence for present day crustal movement in the Atlantic 
Coastal Plain, the Fold and Thrust Belt and exposed shield areas (Ref. 2.5-51, 2.5-52, 2.5-53 
and 2.5-54).  Based on the accumulation of an eastward facing clastic wedge of sediments 
along the coastal plain, Owens (Ref. 2.5-52) concluded that post-Triassic diastrophism has 
affected the entire central and southern Appalachians with the latest recorded upwarping having 
occurred in the Pliocene to Quaternary.  Brown and Oliver (Ref. 2.5-54) concluded that the 
"Appalachian Highlands are presently rising relative to the Atlantic Coast at rates of up to 6 
mm/yr" with the elongate zones of relative movement paralleling either the major Appalachian 
Structural trend or the Appalachian drainage divide.  Superimposed on this broader uplift are 
local zones marked by a slightly greater rate of vertical crustal movement.  One of these, known 
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as the Harrisburg feature, occurs near the eastern limit of the Valley and Ridge Province along a 
line which extends northward from the eastern edge of the Blue Ridge Province (Ref. 2.5-54, p. 
26).  They further suggested that the entire thickness of the lithosphere is involved in these 
movements. 
 
No instances of faulting due to tectonism have been associated with this regional scale activity. 
The only known instance of surficial displacements in the Fold and Thrust Belt occurs in New 
York (about 120 miles east of the site) and New England where small scale (less than one inch 
of vertical separation), high angle reverse faults that parallel the regional tectonic fabric offset 
glacial striations. Oliver and others (Ref. 2.5-51) have considered glacial rebound and surficial 
effects such as thermal changes, hydration or a chemical process in the shales as well as 
tectonic stresses as possible causes of these faults.  While admitting the available data are 
inconclusive, they appear to favor the hypothesis that the faults are the result of expansion due 
to hydration or the release of continuing pressure by melting of overlying ice or other causes.  
They further suggest that if the faults are of tectonic origin, an apparently poor correlation 
between fault locations and modern seismicity indicates that episode of deformation is already 
completed (Ref. 2.5-51, p. 587).  No structures of this nature have been found in Pennsylvania. 
 
As discussed further in Subsection 2.5.1.2.3, the available data do not indicate that regional 
uplift is of significance to the Susquehanna SES. 
 
 
2.5.1.1.5  Natural Hazards 
 
A natural hazard has been defined by Burton and Kates as "those elements of the physical 
environment that are potentially harmful to man and his works".  Thus, geological natural 
hazards would be potentially harmful geological elements of the physical environment.  The 
geologic hazards to be considered are:  subsidence due to coal mine collapse, subsidence due 
to karst collapse, and landslides. 
 
The coal (anthracite) of northeastern Pennsylvania is located in the Northern, Middle, and 
Southern Anthracite fields.  The southwest end of the Northern Field is the closest to the site 
being about 4 miles to the northeast (Figure 2.5-7). Within this Northern Field there are many 
well documented incidences of subsidence, particularly in the cities of Scranton, Wilkes-Barre, 
Nanticoke, and Pittstown (Ref. 2.5-55).  There have also been incidences of subsidence in the 
Middle and Southern Fields, which at their closest points, are about 10 miles southeast of the 
site (Fig. 2.5-7).  Thus, the site will not be affected directly by subsidence due to coal mine 
collapse. 
 
The nearest major carbonate units are the Silurian Keyser and Tonoloway Formations which are 
composed of gray to dark gray, thick to thin bedded, crystalline to argillaceous limestones 
(Ref 2.5-24).  These formations are not major cavern producers (Ref. 2.5-56) especially in this 
portion of Pennsylvania, and thus do not pose a hazard of collapse.  As mapped, these two 
formations occur as relatively thin beds on both limbs of the Berwick Anticlinorium which come 
together in the town of Berwick, Pennsylvania.  This location is about 5 miles west of the site; 
thus, these units would pose no subsidence problems at the site. Miller (Ref. 2.5-57) stated that 
Onondaga limestone crops out along road and railroad cuts near Beach Haven, Pennsylvania.  
Examination of these outcrops indicates that the rock is dark gray, brownish weathering 
calcareous silty mudrock interbedded with thin layers of silt to clay shale or with siltstone.  
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Lithology and fossil fauna indicates that these rocks belong to the Mahantango Formation 
(Subsection 2.5.1.2.2) which does not pose a subsidence problem at the site. 
 
Radbruch-Hall (Ref. 2.5-58) placed the site in a region of moderate landslide incidence with a 
high susceptibility to landsliding.  Moderate incidence means that generally less than 15 
percent, but more than 1.5 percent, of the underlying rock or earth material is estimated to be 
involved in landsliding.  A high susceptibility means that natural or artificial cutting, loading of 
slopes or anomalously high precipitation may cause landsliding involving more than 15 percent 
of the rock or soil.  On this regional basis no specific statement can be made on local 
susceptibility to landsliding.  However, some general statements can be made. Although 
moderate to steep, natural slopes of the local formations (Marcellus, Manhatango, which is 
stratigraphically equivalent to the Hamilton, and Trimmers Rock) are stable, cut slopes generally 
have only poor to fair stability due to rapid disintegration of the shales upon exposure to 
weathering.  Much of the surface area in the vicinity of the site is covered with glacial till and 
outwash.  The stability of this material in cut slopes needs to be carefully analyzed.  Slope 
stability and landslide potential at the site are discussed in greater detail in Subsection 2.5.1.2.5. 
 
 
2.5.1.2  Site Geology 
 
2.5.1.2.1  Site Physiography 
 
The Susquehanna Steam Electric Station is located in the Valley and Ridge Physiographic 
Province which is described in Subsection 2.5.1.1.1. The site is situated within a broad 
undulating valley developed in mudrock, shale and siltstone of the Devonian Mahantango 
Formation along the axis of the Berwick Anticlinorium (Figure 2.5-12). 
 
Lee Mountain (about 2-1/2 miles north) and Nescopeck Mountain (about 4-1/2 miles south of 
the site, are held up by the more resistant sandstone and conglomerate of the Mississippian 
Pocono Group.  Lesser ridges formed by sandstone of the Trimmers Rock Formation occur at 
the north end of the site and along the south bank of the Susquehanna River (about 2 miles 
south of the site). 
 
Topography and drainage of the area is controlled to a large degree by the lithologic and 
structural characteristics of the bedrock.  Ridges and valleys generally trend east-northeast 
parallel to the strike of the Paleozoic strata.  The site fronts on the south flowing Susquehanna 
River which here flows perpendicular to the east-northeast trending axis of the fold, resuming its 
west-southwest flow about 1-1/2 miles south of the site, to follow the strike of the shale valley. 
The north-northwest segment of the Susquehanna River which flows normal to the strike 
appears to have been inherited from the course of the Ancient Little Schuylkill River (Ref. 2.5-3) 
(Refer to Subsection 2.5.1.2.4). 
 
Topographic elevations in the site vicinity range from 500 to 1,100 feet above sea level.  Higher 
elevations occur in the more rugged terrain further north and west of the site.  The site itself 
contains generally gentle to moderately sloping hills and well developed drainage patterns.  
Existing surface elevations vary from about +750 feet in the western portion to about +500 feet 
in the east. Portions of the area were formerly cultivated.  In those areas not cultivated, heavy to 
moderate woodlands and scrub brush are found.  A steep sandstone ridge borders the north 
side of the site.  A narrow east-west trending interior bedrock ridge, rising some 60 feet above 
the surrounding ground surface, is located just north of the center of the site.  A rounded 
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bedrock knoll about 80 feet high occurs at the western edge of the site in the southwest 
quadrant.  
 
The site is well-drained by eastward trending depressions near the north and south edges of the 
site.  Plant grade at 650 feet above sea level (about 150 feet above the flood plain of the 
Susquehanna River) is at about the level of the Fourth Olean Kame Terrace (Ref. 2.5-5) which 
is well preserved southward between the site and the Susquehanna River. 
 
The irregular bedrock surface underlying the site is the result of a combination of preglacial 
weathering and stream erosion, glacial scour, later erosion by glacial melt waters, and the 
varying resistance of the lithologic units to erosion.  The maximum thickness of the overburden 
is on the order of 40 feet in the southern half of the site, with bedrock occasionally cropping out 
at the surface.  North of the east-northeast bedrock ridge that is located near the center of the 
site just north of the reactor and turbine buildings, glacial deposits fill a bedrock valley to a depth 
exceeding 100 feet. 
 
During excavation at the site, abundant evidence of glacial and glacio-fluvial scour of the 
bedrock surface was found in the form of channels, potholes, grooves, striations and fluted rock.  
A large, buried pothole over 30 feet wide and more than 30 feet deep was exposed in the Unit 1 
turbine building excavation (Figure 2.5-13).  Similar large buried potholes have been 
documented farther north along the Susquehanna River Valley (Ref. 2.5-3, p. 23-27 and 2.5-59, 
p. 195).  At the site, numerous other smaller potholes and rounded pits and channels in 
unweathered bedrock were observed in the excavations.  Smooth, east-northeast trending 
linear channels about 6 to 8 feet deep eroded in unweathered bedrock were observed north of 
the radwaste building.  Similarly, somewhat larger features were excavated in the northeast and 
west rims of the Unit l cooling tower.  This fluting of the rock surface observed in a number of 
places at the site was either gouged by ice, eroded by water or both, and apparently served as 
flumes for torrential glacial meltwater runoff which evidently at one time cascaded across much 
of the site area.  Undoubtedly many steep or even undercut surfaces of the bedrock at the site 
are attributable to ice scour and intense fluvial erosion that was associated with the Olean and 
earlier glaciations.  These features are discussed in Subsection 2.5.l.2.3.3. 
 
As indicated in Subsection 2.5.1.2.5, landslide potential, surface or subsurface subsidence, 
uplift or collapse are not of concern at the site. 
 
 
2.5.1.2.2  Site Lithology and Stratigraphy 
 
2.5.1.2.2.1  Lithology and Stratigraphy in the Site Vicinity 
 
Figure 2.5-12 illustrates the distribution of the geologic units within at least 5 miles of the site. 
The stratigraphic relationships of the various formations are shown on the site geologic column 
(Figure 2.5-14).  Silurian and Devonian formations occur throughout the Valley and Ridge 
Province.  Silurian and lower and middle Devonian strata consist of marine shale, mudrock, 
siltstone, sandstone and limestone.  The upper Devonian strata are generally non-marine 
sandstone and shale. 
 
A northeast trending fold, referred to as the Berwick Anticlinorium, completely encompasses the 
site area.  This feature has been breached by erosion, exposing rocks of Silurian and Devonian 
age along the core and at the flanks of the anticlinorium.  As it plunges to the east, progressively 
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younger formations are exposed.  Silurian formations present west of the site include, from 
oldest to youngest: the Tuscarora sandstone, the Clinton ferruginous sandstone, the McKenzie 
greenish shale with limestone, the Bloomsburg red shale, the Wills Creek shale and the 
Tonoloway limestone. The Tuscarora sandstone caps Montour Ridge along the axis of the 
Berwick Anticlinorium in the vicinity of the West Branch of the Susquehanna River. Here as 
elsewhere in the Valley and Ridge Province, the Tuscarora is a prominent ridge former.  The 
Clinton Formation contains a fossil iron ore which was formerly mined along Montour Ridge.  
The Bloomsburg Formation supports the eastern extension of Montour Ridge.  The Wills Creek 
and Tonoloway Formations occur in the flanks of the Anticlinorium west of Berwick (Figure 
2.5-10). 
 
The basal Devonian formations are the Keyser limestone and Old Port sandstone.  These 
formations crop out along the flanks of the Berwick anticlinorium.  East of Bloomsburg they are 
no longer exposed having presumably been removed from the section by erosion or faulting 
(Subsections 2.5.1.1.3 and 1.5.1.2.3). 
 
Stratigraphic units exposed in the map area are from oldest to youngest: the Devonian 
Mahantango (which includes the Marcellus Shale, Trimmers Rock and Catskill Formations), the 
Mississippian Pocono Formation, the Mississippian to Pennsylvania Mauch Chunk Formation, 
and the Pennsylvania Pottsville and post-Pottsville Formations. 
 
Above the Marcellus, the Mahantango Formation is represented only by the uppermost 
member, the Sherman Creek which is dominantly a dark gray to blue gray, olive gray to brown 
weathering mudrock.  Siltstone and fine grained sandstone units crop out locally, including at 
the site and at certain outcrop locations both calcareous and noncalcareous strata coexist 
(Figure 2.5-12, Stations DF-2, DF-3, and DF-6). 
 
An interval of light, medium gray argillaceous limestone near the top of the Mahantango, was 
recognized as correlative with the Tully Limestone and was mapped as part of the Mahantango 
(Figure 2.5-12, Stations DF-53 and DF-45).  The overlying Harrel Shale, a poorly exposed, dark 
silty shale which appears to gradationally overlie the Mahantango (Figure 2.5-12, Stations 
DF-30, DF-31, DF-43, and DF-44b) was also mapped as part of the Mahantango Shale. 
 
Fossils are relatively abundant within the Sherman Creek member of the Mahantango 
Formation and include various genera of brachiopods, bryozoa, pelecypods, coral, trilobites, 
and crinoid fragments.  Fossil casts are abundant with occasional molds and rare preservation 
of internal structure and original shell material. 
 
Concretions (commonly rusty weathering), spheroidal weathering, and prominent, closely 
spaced steeply dipping cleavage, which may quite easily be mistaken for primary bedding 
fissility, are other features characteristic of the Mahantango. 
 
The Mahantango grades upward into the Trimmers Rock (Figure 2.5-12, Stations DF-30 and 
DF-33).  The Trimmers Rock Formation is dominantly interbeded, medium to olive gray, thinly 
laminated siltstone, silty shale and fine grained, laminated to massive sandstone.  These rocks 
weather to a brownish gray color. Sedimentary structures include fining-upward sequences 
(Figure 2.5-12, DF-7, DF-8, and JW-10); groove casts, current lineations, load casts, ball and 
pillow structure, and flow rolls (Figure 2.5-12, JW-7B, JW-10, and JW-11).  Ripple marks were 
also locally identified.  These structures indicate deposition by turbidity currents in a marine 
environment.  Fossils are often restricted to relatively thin layers of brachiopods (spirifers DF-9).  
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Other fossils include pelecypods and crinoid fragments (DF-17b).  Channels were observed at 
DF-25. 
 
The upper Trimmers Rock Formation consists of light to medium grayish green silty shale and 
micaceous, dark greenish gray silstone, both of which weather to a dark reddish brown color, a 
reddish brown silty fine to medium grained sandstone to siltstone, and olive green vitreous fine 
grained sandstone to siltstone (DF-26, DF-27, DF-28, DF-32, DF-36, DF-37 and DF-68). 
 
The Catskill Formation rests conformably upon lithologically similar interlayered rocks of the 
upper Trimmers Rock but is predominantly red colored. It is this dominantly red color as well as 
sedimentary structures (roots, oscillation ripple marks; Station DF-68) which distinguishes the 
Catskill from the Trimmers Rock. The contact between the Catskill and the underlying Trimmers 
Rock was mapped therefore, at the base of the first relatively thick reddish brown to maroon 
sandstone (Figure 2.5-12, Station DF-68) or brownish red silstone and more massive reddish 
brown (maroon) micaceous, fine grained sandstone (Figure 2.5-12, Station DF-37c).  At Station 
JW-65 (Figure 2.5-12), the upper Trimmers Rock consists of fine grained, medium gray 
sandstone overlain by a thin band of green mudrock which is, in turn, overlain by a fine grained, 
green, well laminated sandstone. The green sandstone grades upward into a fine grained, red, 
well laminated sandstone which marks the basal unit of the Catskill. 
 
The basal red unit at Station DF-37c (Figure 2.5-12) is overlain by greenish gray, fine grained 
sandstone and olive green shale and at DF-68 it is overlain by thinly laminated, light green, silty 
shale and siltstone.  These units are succeeded, upward, by interbedded maroon and light olive 
gray to greenish gray sandstone, siltstone, and shale (Figure 2.5-12, Stations DF-37c and 
DF-68). Stratigraphically younger units within the Catskill include:  (a) reddish brown mudrock 
and silty mudrock, (b) brownish red medium grained sandstone, (c) reddish brown to maroon 
micaceous, fine grained sandstone, and (d) greenish gray micaceous, fine to medium grained 
sandstone.  Sedimentary structures include intraformational clasts of green shale, oscillation 
ripple marks, roots, and prominent cross bedding. The Pocono Formation, which overlies the 
Catskill, consists typically of medium and coarse grained light gray to white, rusty weathering 
quartz sandstone with thin layers of quartz pebble conglomerate.  Olive gray, fine grained 
sandstone, reddish gray medium to fine grained sandstone and siltstone (Figure 2.5-12, Station 
DF-14) and greenish gray medium grained, cross bedded sandstone (Figure 2.5-12, Station 
DF-67) also occur within this formation.  Cross bedding is common. 
 
Near the base of the Pocono, grayish red sandstone layers occur.  These were recognized 
along the east side of the Susquehanna River south of Mocanaqua (Stations JW-1 and JW-64) 
and along the road between Alden and Folstown (Stations JW-28 and JW-29).  At JW-1 and 
JW-64, the Pocono consists of an interlayered sequence of predominantly medium gray, thick, 
well laminated, gray weathering quartz sandstone and subordinate, red, flaggy quartz 
sandstone.  At JW-28 well laminated red sandstone is interlayered with, but decidedly 
subordinate to, well laminated, rusty weathering, light gray, coarse grained sandstone and finer 
grained gray sandstone.  Coarse to medium grained, mainly grayish to greenish gray sandstone 
featuring rather subtle cross bedding dominate the upper portion of the exposure at JW-29.  
This, along with an underlying thin zone of light greenish gray sandstone, in turn, underlain by 
green shale and mudrock, has been selected as marking the basal Pocono.  Beneath all of 
these units at JW-29, is a red, well laminated, argillaceous siltstone which we have interpreted 
as marking the top of the Catskill. This red siltstone rests upon a green shale which overlies a 
cross bedded, medium light gray, olive gray weathering quartz sandstone.  Red shale, which 
marks the base of the outcrop, underlies the quartz sandstone.  The lower (topographically and 
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stratigraphically) portion of the outcrop is dominated by red lithologies in contrast to the upper 
part in which no red lithologies were exposed. Besides the obvious color change the sandstone, 
above the inferred contact, is coarser grained and more subtly cross bedded than the sandstone 
which occurs between the red units near and at the base of the outcrop.  Thus, contrary to other 
interpretations (e.g. Ref. 2.5-16) we suggest that the Pocono-Catskill contact is gradational in 
this area, rather than unconformable. 
 
The upper Pocono Formation in the vicinity of Shickshinny consists of medium to light gray 
conglomeratic sandstone with rounded to sub-rounded quartz pebbles and shale fragments, and 
rusty weathering, fine to medium grayish green micaceous siliceous sandstone (DF-56) and 
finely laminated greenish gray, rusty weathering, siliceous quartz sandstone (DF-57, DF-58).  
Rusty weathering, medium light gray, medium to coarse grained quartz sandstone is 
interbedded with thin layers of dark gray silty shale and medium gray quartz-lithic sandstone fills 
channels at DF-59. 
 
The Mauch Chunk Formation is generally bright red in color and consists of mudrock, silty 
shale, siltstone and fine to medium grained, cross bedded, well laminated sandstone.  The 
upper part of the formation along the south limb of the Lackawanna Synclinorium (Figure 2.5-12, 
Stations JW-22 to JW-24) is marked by interlayered red and olive gray sandstone, siltstone, and 
silty shale.  Locally the siltstone contains layers of rounded, circular to elliptical calcite filled 
voids. Elsewhere the Mauch Chunk consists of greenish gray to grayish green medium to 
coarse grained, locally micaceous sandstone, thinly laminated gray, fine grained sandstone and 
siltstone (Figure 2.5-12, Station DF-54) and massive medium grained sandstone (Station 
DF-55). 
 
The Pottsville and Llewellyn Formations represent the coal bearing zones of the Anthracite 
Region and have, for the purpose of this report, been combined and treated as a single 
formation.  Collectively, the Pottsville and Llewellyn (formerly post-Pottsville) consist of quartz 
pebble conglomerate in a quartz sandstone matrix, quartz pebble conglomerate in a 
carbonaceous quartz sandstone matrix, coarse grained dark to medium gray, massive and 
flaggy, carbonaceous sandstone and shale, dark gray to black siltstone and coal.  The 
non-carbonaceous quartz pebble conglomerate displays cross beds. 
 
Pleistocene unconsolidated deposits of glacial drift blanket most of the region north of the site.  
They extend approximately 10 miles to the south and 50 miles to the west of the site.  Deposits 
of various glacial advances are recognized in the region.  The drift materials include glacial till 
and stratified waterlain deposits consisting of poorly sorted mixtures of clay, silt, sand, gravel 
and boulders.  The youngest and best preserved deposits are those of the Wisconsinan glacial 
stage. 
 
The site lies just behind the Pleistocene terminal moraine of Olean drift, deposited between 
55,000 and 60,000 years ago (Ref. 2.5-60, Figure 4; 2.5-61, plate 3; and 2.5-5, p. 25).  The 
Olean drift represents an early glacial substage of late Pleistocene, or Wisconsinan time and 
has been correlated with the Altonian substage by Sevon (Ref. 2.5-62) to distinguish it from the 
later Wisconsinan, or Woodfordian, drift farther north.  The Olean drift is an assemblage of 
contemporaneous drifts deposited by several ice lobes that occurred from New Jersey westward 
to Indiana, believed to represent a regional glacial advance in early Wisconsinan time.  A 
correlation chart of deposits of early and middle Wisconsinan age by Dreimanis and Goldthwait 
(Ref. 2.5-60, Figure 4) utilizing available geomorphic, lithologic, paleontologic and radiocarbon 
data, shows the Olean drift to be between about 55,000 and 60,000 years old; conservatively, 
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the Olean drift may therefore be considered to be in excess of 50,000 years old according to 
this correlation.  Drifts recording later ice advances in Wisconsinan time are not present in 
northeastern Pennsylvania (Ref. 2.5-61, plate 4), so in this area evidence of the earlier 
Wisconsinan drift is preserved (Ref. 2.5-62 and 2.5-63). 
 
The leading edge of the Olean terminal moraine is depicted by Denny and Lyford (Ref. 2.5-61, 
plate 4) as occurring in the Susquehanna Valley about three miles southwest of the site, just 
west of the village of Beach Haven.  Ahead of (downstream from) this moraine are deposits left 
by an earlier Illinoisan glaciation (Ref. 2.5-7, p. 24); however, no Illinoisan deposits have been 
recognized north of the Wisconsinan terminal moraine in Pennsylvania (Ref. 2.5-5, p. 26), 
indicating that Olean ice overrode and reworked apparently all of the pre-existing Illinoisan drift.  
Nevertheless, it is possible that some buried drift at the site and elsewhere, particularly that 
located in bedrock depressions, may represent unrecognized remnants of overridden Illinoisan 
or earlier deposits. 
 
The glacial deposits near the Susquehanna site have been studied in some detail by Peltier 
(Ref. 2.5-5).  He describes (Ref. 2.5-5, p. 25) the various features and processes associated 
with the terminal moraine near Beach Haven.  He characterizes the morainic material as "a 
gravel moraine... composed largely of poorly sorted, coarse kame gravel, medium-grained 
valley train gravel, and sand...  During the early stages of kame terrace development, the 
marginal channels flowed at a level which was high above the valley...  Continued ablation of 
the ice in the valley probably caused the marginal streams to flow at successively lower levels.  
These streams, where they flowed along the ice, both eroded the earlier deposits and filled in 
their channels...  In this manner any till deposited at the ice front became buried or eroded."  
This description of erosion and deposition near the site by ice-margin streams at elevations 
above the valley floor is consistent with the development of large potholes and steep or even 
undercut erosional contacts at the site.  Evidently waterfalls and large-volume torrential streams 
occurred at the site during retreat of the early Wisconsinan ice. (Additional discussion of the 
origin and features of glacial deposits at the site is presented in Subsection 2.5.1.2.3.3). 
 
Peltier (Ref. 2.5-5, Figure 33) profiles discontinuous kame terraces along a 25-mile stretch of 
the Susquehanna River including the site.  The highest such terrace formed by a stream 
marginal to Olean ice is indicated to occur at about 650 ft. msl at the site (about mile 165), or 
about 160 ft. above the river.  Glacial deposits at elevations higher than this, which would 
include the glacial deposits in most of the site area, would be part of either the Olean terminal 
moraine or the ground moraine behind it. 
 
The moraine in the Berwick-Beach Haven area is noncalcareous (Ref. 2.5-5, p. 24). 
Sedimentary rocks, mostly gray and red sandstone and siltstone, constitute over four-fifths of 
the material in the moraine (Ref. 2.5-5, Table 3).  Peltier (Ref. 2.5-5, p. 24) considers that the 
remaining igneous and metamorphic types in the moraine indicate it was derived from the 
Mohawk tongue of an Olean ice lobe originating from the Adirondack area or east of it (Ref. 
2.5-60, p. 83). 
 
Unconsolidated sediments mantle most of the Susquehanna River Valley within 5 miles of the 
site.  The valley deposits consist of glacio-fluvial deposits (outwash alluvial terraces, kame 
terraces), alluvium and colluvium. Unconsolidated deposits were examined at Stations DF-4, 
DF-15, DF-16, DF-37, DF-42, DF-44a, DF-44b, DF-52, DF-64, and DF-66 at all DJU stations.  
Thin deposits were noted at various other localities (Figure 2.5-12). 
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Station DJU-1 is located at a currently (Spring, 1977) operating gravel quarry exhibiting 
excellent exposures.  This quarry contains well layered, brownish gray, very coarse sand to 
medium gravel interlayered with gray, medium, well sorted gravel with medium to coarse gravel 
and cobble layers.  This is overlain by pebble to cobble gravel with coal and rare boulders 
interlayered with coarse sand to medium gravel with little coal.  The dip of bedding tends to 
decrease or flatten toward the south.  The middle level contains medium to coarse, well 
rounded, gravel with coarse sand containing lenses of cobbles and gravel below fine to medium 
gravel and coarse sand with some coal rich laminae.  The overlying unit is generally finer 
grained and dominantly fine to medium sand, some silt with fine laminae of coal.  This unit 
contains layers of cobbly gravel, silt plus fine sand, and coarse to medium finely laminated 
gravel and coarse sand. Local coarse sand to medium gravel plus cobble layers have steeper 
dipping beds which appear to flatten southward.  On the uppermost level, tan cobbly gravel with 
rare boulders under tan fine grained sand with coal exhibiting possible load casts is exposed 
above slumped material.  This is overlain by medium yellow brown silt with little fine sand.  This 
silt contains rare sub-angular cobbles.  Feint layering is visible in the thickly bedded silt. 
 
The deposit described above is the largest good exposure of unconsolidated sediments 
observed during this mapping program.  Based on sedimentology (well sorted, rounded gravels 
in contact with well sorted sands or well sorted silts which appear to indicate rapidly changing 
hydraulic regimes; gravels with intersticial silt) sedimentary structure (steeply dipping bedding 
whose dip flattens southward or downstream) and geographical location (against the valley 
wall); these sediments are interpreted as a kame terrace deposit.  No faults were observed 
cutting this layered sequence. 
 
Kame terrace deposits were observed at the other DJU stations.  Ice contact deformation was 
observed at several locations (refer to Subsection 2.5.1.2.3). 
 
A yellow-brown silt with some fine sand, occasional to rare pebbles or cobbles was observed at 
several locations (DJU-1 at Elevation 665 feet; DJU-2 at Elevation 600 feet; DJU-3 at Elevation 
580 feet; DJU-4 at Elevation 595 feet; possibly at DJU-7 at Elevation 640 feet overlain by cobbly 
gravel; and DF-15 at Elevation 1040 feet).  These deposits have been interpreted as loess (Ref. 
2.5-5) but may represent relatively quiet fluvial conditions.  Well rounded cobbly gravels 
observed at DF-52 and DJU-5 may represent either valley train or kame terrace deposits. 
 
 
2.5.1.2.2.2  Lithology and Stratigraphy at the Site 
 
At the site, the thickness of the surficial materials occurring south of coordinate line N342,000, 
which includes all of the principal plant structures except the spray pond facilities, ranges from 
zero to about 40 feet.  These materials consist of till and kame outwash, typically grading 
upward from a basal gravelly boulder zone to a surface layer of silty fine sand and sandy silt.  
The surface layer may represent reworked loess.  Rock fragments in the gravelly outwash are 
well rounded and are composed mainly of hard, well-cemented, white to brown or red 
sandstones of various textures.  No calcareous fragments were noted.  In places, the sands and 
gravels contain minor amounts of anthracite grains and rounded anthracite pebbles up to a foot 
in diameter. These anthracite fragments cannot have been transported less than 3-1/2 miles 
from Shickshinny, the nearest occurrence of coal beds. 
 
In the spray pond area in the northern part of the site, permeable, gravelly outwash and alluvial 
material fill an east-west bedrock valley to depths in excess of 100 feet.  Cobble and boulder 
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pockets were encountered at various depths in most of the boreholes drilled in this locality.  The 
deposit is glacial in origin, possible in part pre-glacial and overridden by ice, and reworked by 
water derived from ablation of the ice mass in the manner described by Peltier. It consists of 
sequences of sand, gravel and boulders, overlain by sand and gravel, overlain in turn by sand 
and silty sand.  A geologic map of the surficial materials excavated in the spray pond area is 
presented on Figure 2.5-15. 
 
Bedrock at the site is in the upper part of the Middle Devonian Mahantango Formation, except 
for a strip along the northern margin of the site.  The uppermost member of the formation, which 
forms the top of rock in the east-west bedrock valley north of about N342,000, is a dark gray, 
noncalcareous siltstone in which bedding is generally delineated by thin, inconsistent, light-gray, 
fine-grained sandstone stringers.  Upward and with increasing sand content the Mahantango 
Formation grades into the Trimmers Rock Formation, which occurs north of about N342,500 at 
the northern edge of the site.  The Trimmers Rock, a gray fine-grained sandstone which caps 
the high, northeast-trending ridge north of the site, is massive to flaggy and exhibits 
well-developed joint systems. 
 
Beneath its uppermost member, the Mahantango is comprised of 120 to 150 feet of hard, dark 
gray calcareous siltstone.  It is harder and more resistant to erosion than the uppermost 
member, forming the east-west trending bedrock ridge just north of the reactor location and 
underlying the site to past the southern limit of the site area.  The principal plant structures are 
founded on it. 
 
These two upper members of the Mahantango Formation are similar in lithology and occur at 
the same stratigraphic position as the Harrell shale and underlying Tully limestone.  However, 
the characteristic fossils of the Tully are not present in the site area which require these 
members to be assigned to the Mahantango Formation. 
 
As exposed in the foundations, the unweathered bedrock is a dark gray, massive to thick 
bedded slaty siltstone, homogeneous in appearance and lacking the bedding plane fissility that 
is normally associated with less well indurated shaly rocks.  The rock also exhibits a variably 
developed slaty cleavage or fracture cleavage, further indication of its indurated nature.  
Typically the rock is slightly calcareous and has intermittent fossiliferous zones which display 
impressions of brachipods, crinoids, corals, bryozoa and trilobites.  Scattered veinlets and joint 
fillings consist of white, crystalline calcite or a mixture of calcite and quartz. 
 
The rock weathers to a brown color, with iron oxide stains on joint and cleavage surfaces.  
Weathering progresses initially by dissolution of calcite from joint and fracture fillings, followed 
by more pervasive weathering of the rock mass and refilling of joints and veinlets with clay and 
other weathered material. Advanced weathering on exposed, natural surfaces evidently 
proceeded mainly along cleavage planes, so that on well weathered outcrops the platy cleavage 
fabric dominates greatly over jointing or bedding.  Lack of significant weathering of the rock 
surface is often associated with areas where there is evidence of considerable glacial scour or 
fluvial erosion of the rock.  Additional information on the engineering characteristics of the 
bedrock at the site is given in Subsection 2.5.1.2.5. 
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2.5.1.2.3  Structural Geology 
 
2.5.1.2.3.1  Major Geologic Structures in Site Vicinity 
 
The major structural features in the vicinity of the site are the Berwick Anticlinorium and the 
Lackawanna and Eastern Middle synclinoria which are discussed in Subsection 2.5.1.1.3. 
Structurally the site is situated slightly north of the axis of the Berwick Anticlinorium.  The term 
"anticlinorium" as used herein is defined as a series of minor, intermittent anticlinal structures so 
arranged that they form a general arch or anticline. 
 
Virtually all structural elements in the site area are related to Paleozoic crustal compression.  
These elements include kink bands which occur on all scales (Ref. 2.5-31 and 2.5-32) and most 
likely account for the Berwick and Lackawanna folds, contraction (reverse and bedding-plane) 
faults, and small scale flexural slip folds.  These structures occur on all scales (e.g., Ref. 2.5-30 
and 2.5-31).  Where exposed it can generally be inferred that the small scale kink bands, 
contraction faults, and flexural slip folds are cogenetic, developed early in the tectonic history 
and were rotated by later, larger scale, genetically related folds.  For example, at Station JW-3 
(Figure 2.5-12) bedding strikes N70-751E and dips 70-75NW.  A reverse fault strikes N80E, 
dips 70NNW, and displays slickensides which rake 85 in the direction S80W.  The axis of the 
associated drag fold plunges 15 in the direction N85E.  The enveloping bedding on a small 
kink fold at this same exposure is oriented N70E:  70NW and the kink band is oriented N68E:  
60SE. Similarly, at Stations DF-34 and DF-55 the geometric relations among cleavage, faulting 
and folding strongly suggest these structures are all coeval. 
 
Like the folds, contraction faults also occur at different scales.  At least some of the larger faults 
appear to have developed in response to a space problem created by the development of tightly 
appressed folds.  An example of this is noted at Station JW-30, where the strain energy 
associated with a tight kink fold was released along one fairly large reverse fault (which parallels 
bedding on the hanging wall and cross cuts bedding on the foot wall) and several smaller faults 
which strike parallel to the larger one yet dip in the opposite direction. At JW-30 bedding, the 
kink fold and the associated faults all show nearly parallel trends; slickensides on the faults and 
bedding surfaces deformed by the kink band rake approximately 90.  Similar observations have 
been made elsewhere in the Fold and Thrust Belt (Valley and Ridge Province) and, as 
described by Faill and Nickelsen (Ref. 2.5-31), all of these structures are kinematically 
congruent, i.e., cogenetic. 
 
Besides the aforementioned structures, local evidence of lateral movement was recognized 
along the north-south segment of the Susquehanna River at Stations JW-3 and JW-60.  At 
JW-3, slickensides rake 20 in the direction S05E on a surface striking N05W and dipping 
70W.  At JW-60, slickensides rake 20 in the direction S10W on a surface striking N10E and 
dipping 50E. 
 
This movement appears to be related to cross faulting in which case it, too, would be cogenetic 
with the other structures (Subsection 2.5.1.1.3).  In any case lateral movement along this 
segment of the river was too small to produce any perceptible displacement on the map scale of 
1:24,000. 
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As indicated in Subsection 2.5.1.1.3, all of these structural elements developed during the Late 
Paleozoic. No evidence was observed in outcrops within five miles of the site which would 
suggest that they have been active since that time. 
 
Minor structural features were observed in Pleistocene sediment at a few locations in the site 
vicinity.  Two small faults (exhibiting 18 inches and 2.5 inches of vertical separation) were 
observed at the margin of an apparent ice melt collapse feature in kame or kame terrace 
deposits at station DF-47. Asymmetric, reclined folds in unconsolidated sand and silt were 
observed at stations DJU-3, DJU-7, DF-7 and DF-47 (Figure 2.5-12).  A small scale fault 
oriented N30-35E:  73-75SE with approximately 2 mm of dip slip separation occurs at DJU-9. 
This apparent reverse fault dies out upward.  A coal bearing sand which lies about 6 cm above 
the observed displacement is not disturbed. Similar features at the site have been related to 
syndepostional slump, differential compaction and ice contact phenomena (Subsection 
2.5.1.2.3.3). 
 
 
2.5.1.2.3.2  Geologic Structures at the Site 
 
During preconstruction exploration at the site, geologic structures in the bedrock at the site were 
defined and evaluated. Since bedrock exposures at the site were scarce (see Figure 2.5-17), 
most of this information was obtained from borehole cores, supplemented by geophysical 
logging of boreholes, seismic refraction surveys, cross-hole and down-hole measurements, test 
pits and trenches, and geologic mapping of the surface.  Presented herein is a summary 
discussion of the geologic structures at the site as defined from the preconstruction exploration, 
followed by a description and discussion of the geologic structures that were observed in the 
excavations for the principal plant facilities. 
 
The principal structural features in bedrock beneath the site are shown on Figure 2.5-18.  The 
axis of a minor anticline crosses the site generally along the east-west base line (approximately 
N341,700).  To the north of this base line, the strata dip to the north at between 20 degrees and 
35 degrees.  South of the base line, dips are to the south at between 5 degrees and 15 degrees. 
The predominant strike of the strata is N75E. 
 
The prominent joint directions are parallel and perpendicular to the strike of the strata.  The 
major joints strike parallel to bedding.  This joint set is nearly perpendicular and dips opposite in 
direction to the dip of the bedding. A more open but less frequent series of vertical joints strikes 
parallel to the direction of dip of the strata.  High angle joints healed by secondary calcite and 
quartz mineralization are present in the vicinity of minor shear zones. 
 
The most prevalent type of rock displacements occurring in the region generally are low angle 
thrust faults.  It has been indicated (Ref. 2.5-21) that many low angle thrusts shear upward 
through competent rocks utilizing incompetent strata as glide zones.  Small shear planes that 
step stratigraphically from one shale-siltstone layer to another by shearing across intervening 
sandstone or conglomerate strata have been reported exposed in numerous road cuts and strip 
pits (Ref. 2.5-21). 
 
Based on interpretation of initial data obtained for the PSAR from 100 and 200 series borings, 
particularly those located near coordinate line E2,442,400 (location of Section A-B, Figure 
2.5-22), two areas of minor shearing were recognized at the site; namely, one in the vicinity of 
N341,200, slightly east of the reactor facilities and the other in the vicinity of N342,700.  The 
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evidence of shearing is manifested by the presence of slickensides, calcite-healed gash 
fractures, and breccia zones. 
 
The shears are of the low-angle type generally parallel to the bedding and are mechanically 
associated with the forces that acted to produce the folding of the strata. 
 
The shear zone which occurs to the north of N342,600 is characterized by a series of bedding 
plane slips associated with breccia, slickensides, thin clay seams, and numerous fractures.  The 
shear zone is contained within the less competent upper member of the Mahantango Formation 
and the lower portion of the Trimmers Rock Formation.  The shear zone probably terminates at 
depth in the more competent calcareous member of the Mahantango. 
 
No evidence of displacement was encountered in the main body of the more competent strata of 
the calcareous member of the Mahantango Formation between N341,950 and N342,600.  The 
stresses that acted on these strata were taken up by the development of joints and fracture 
cleavage.  Detailed inspection of the rock cores extracted from this area reveals microshear 
offsets along the cleavage planes.  The net effect of this mechanism is to thicken the strata as 
revealed by the stacking and shortening of sandy stringers.  The cleavage planes are generally 
healed by secondary lithification of the rock matrix. 
 
The contact between the top of the Mahantango Formation and the base of the Trimmers Rock 
Formation was encountered in borings 117, 108, 122 and 126, all located north of N342,550.  
Detailed examination of bedding planes observed in the rock cores from these borings indicated 
that the dip of the strata increases with increasing depth.  This is confirmed by borehole 
geophysical data.  The numerous breccia, slickensides, thin clay seams and fractures 
encountered in borings 122 and 126, and to a lesser extent in boring 108, represent a zone of 
en echelon shear planes, both parallel and subparallel to the bedding.  These shears are related 
to the original tectonic stresses which produced the regional folding. 
 
A petrographic examination of the clay and rock encountered in some of these borings in the 
northern part of the site was conducted by Dr. Charles Thornton of Pennsylvania State 
University.  The examination indicated that the rock and clay in the broken zones were 
mineralogically similar to the intact rock obtained from the core above and below the broken 
zones.  Since no secondary mineralization was encountered in association with the clay and 
broken rock, it appears that this condition was mechanically induced and is not a result of 
chemical alteration and/or weathering. 
 
In the second area of minor shearing identified above, evidence of structural adjustment which 
may be called a shear zone is present as slickensides and healed breccia at various depths in 
borings 125, 127, 132 and 103 as indicated on the subsurface section (Figures 2.5-21A and 
2.5-21B), and in borings 100, 217 and to a minor extent in 105 perpendicular to the section.  
These borings are in the area adjacent to and immediately east of the reactor facilities. Based 
on this evidence, this zone of structural adjustment strikes east-northeast and dips southerly at 
approximately 10 degrees.  If this zone of structural adjustment extended northward beyond 
boring 102, it has been subsequently removed by erosion. 
 
Detailed inspection of the microstructure in the rock core extracted from the borings at the site 
reveal shear-fold structural relationships similar to those encountered on a larger scale across 
the site.  The displacements observed in the rock core are completely healed by secondary 
calcite and quartz mineralization. 
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It is probable that the bedrock at the site served as an intervening buffer or adjustment zone 
during the regional folding of the strata. 
 
Stresses that formed the Berwick Anticlinorium and synclinal structures appear to have been 
absorbed within the rocks of Mahantango and underlying Marcellus formations, as flexural slip, 
disharmonic folding and glide thrusting.  The stresses that were necessary to produce these 
structural features were compressional from the southeast.  These structural features were 
formed no later than the close of the Paleozoic Era, approximately 200 million years ago. 
Based on thorough consideration of all the information provided by the pre-construction 
foundation exploration, it was concluded that the minor structural conditions observed at the site 
are not of significance with respect to siting or design for the use of the site for its intended 
purpose.  An evaluation of subsequent data assembled from additional boring exploration and 
from geologic mapping of the foundations, confirms the initial conclusion. 
 
During excavation and clean-up of the rock at Unit 1 reactor and turbine foundations, at the 
circulating water pumphouse, and along the trench for the hot water intake pipeline to Unit 1 
cooling tower, a bedding plane shear showing strong slickensides was uncovered.  This 
bedding plane shear is the same shear plane that was identified in the early phases of the site 
exploration and is herein referred to as "bedding plane shear A" (refer to Figures 2.5-18 and 
2.5-19). 
 
In the northeast corner of the Unit 1 reactor foundation, bedding plane shear "A" strikes N85E 
and dips 7SE.  The surfaces of the bedding plane contain 1/4-inch to 3/4-inch thick laminae of 
calcite, siltstone and some quartz.  The calcite laminae are approximately 1/16-inch thick, 
alternating with thinner siltstone laminae.  The entire exposed area of this bedding plane 
contains prominent slickensides trending N30 to 40W, with a 6 to 7SE plunge.  Up-dip and 
closer to top of rock, the bedding plane contains a 1/2 to 1-inch wide, iron-stained zone, and it 
also shows extensive leaching of the minerals filling the shear. 
 
In places, the adjacent rock is weathered to a granular sandy soil.  The calcite which fills the 
bedding plane shows no sign of crushing.  The weathering and staining on the bedding plane 
shear occurs only near top of rock where surface water and groundwater could penetrate along 
the plane; at foundation grade which is well below the weathered zone, the unweathered 
laminae have the properties of firm rock. In places the bedding plane shear is apparently not a 
prominent feature in the unweathered rock.  For example, it was identified only as a slickenside 
surface with associated jointing in boring 105 and as horizontal jointing planes in boring 351 
(geologic section E-E', on Figure 2.5-19). 
 
A second essentially parallel bedding plane shear striking N75E and dipping 7SE was 
exposed in the trench for the circulation pipe, at the intersection of column lines 19 and G.  
Slickensides trending N30W with a 7SE plunge are also exposed on this plane.  The surface 
is coated with a 1/8 to 1/4-inch-thick layer of unweathered calcite.  This shear plane is 
designated "bedding plane shear B" on Figure 2.5-18.  Although similar in appearance to 
bedding plane shear A at this location, apparently this shear is more restricted in a real extent, 
because it was not recorded on the logs of nearby bore holes nor was it mapped in the 
radwaste foundation area where it should have been exposed if it had continued that far north. 
 
It proved possible to collect intact samples from the sheared portion of bedding plane shear "A" 
for more detailed analysis, including petrographic thin sectioning.  The mineralization along the 
bedding plane consists of thin, parallel bands of intergrown calcite and quartz.  The bands, 0.5 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-35 

to 5.0 mm wide, are separated by thin films of dark shaly material on which slickensided 
striations caused by shearing have formed.  Within the bands, the majority of quartz grains 
shows recrystallization into interlocking, strain-free grains up to 5 mm long, but becoming 
cryptocrystalline in the thinner bands.  These relationships suggest that the quartz-calcite 
mineralization was not a late, post-tectonic occurrence, but rather was probably introduced in 
association with shearing, which is known to have taken place at the end of the Paleozoic (refer 
to discussion at the end of this Subsection 2.5.1.2.3.2).  Undeformed microscopic veinlets of 
calcite can be observed to cut across the bands at nearly right angles.  These veinlets are not 
themselves offset, and therefore constitute mineralization that has not been crushed or 
deformed since its deposition.  Similar instances of undeformed calcite veinlets crossing 
slickensided bedding planes are observed on a megascopic scale in the site excavation.  
Figures 2.5-20a through 2.5-20g illustrate such occurrences. 
 
Bedding plane shear "A" was mapped in the excavations westward from the northeast corner of 
the Unit 1 reactor foundation to the west slope of the circulating water pumphouse excavation 
(Figure 2.5-18).  It was also exposed in the trench for the Unit 1 cooling tower hot water intake 
piping and in two pedestal (No. 6 and No. 7) excavations for the tower itself.  Although it 
displays minor undulations, the average strike of the bedding plane shear is close to N85E 
eastward from the turbine and reactor foundations, approximately parallel to the axis of the 
minor anticline at the site and to the regional structural trend.  Near the Unit 1 cooling tower, the 
bedding plane shear strikes about N70E, consistent with measured bedding attitudes in that 
area. Representative dip measurements on the shear plane in the foundations were between 5 
and 8S, which is parallel to the dip of bedding. The trend of the slickenside lineation on this 
bedding plane shear across the foundation area ranges between S10E and S40E, most 
between S20E and S30E, a direction consistent with regional north-northwest compression 
during folding. 
 
Drill hole data were utilized to project bedding plane shear "A" down-dip. Geologic sections E-E' 
and F-F' on Figure 2.5-19 show profiles of the shear through the reactor and turbine 
foundations.  The source of data for these profiles is from foundation geologic mapping and 
elevation surveys, supplemented by subsurface data from the boring logs.  It is evident that the 
foundation mapping and boring log data are in very good agreement, and that the minor shear 
zone originally identified in this area from exploratory borings is identical to the bedding plane 
shear "A" identified during construction (see Figures 2.5-21A and 2.5-21B, which was prepared 
before excavation for the plant structures began).  Although this figure suggests that bedding 
plane shear "A" may not be completely parallel to bedding, no evidence was found during later 
exploration and excavation to indicate that the shear plane transects bedding. 
 
Bedding plane shear "A" can be traced updip along the Unit 1 hot water intake pipeline trench to 
the excavation for Unit 1 cooling tower pedestals 6 and 7, where the shear plane crosses the 
axis of the minor anticline that trends through the site.  At pedestal 6 which was excavated to 
Elevation 667 feet, the weathered bedding plane shear was exposed and dips gently south, 
conformable to bedding (Figure 2.5-18).  At the adjacent pedestal 7 which was excavated to 
elevation 668 feet, the same weathered bedding plane shear was again exposed, but here it 
dips gently north, again conformable to bedding.  At these locations the weathered shear is two 
to three inches thick.  Where unweathered, the shear is tightly healed with calcite and quartz 
mineralization; where weathered, these minerals have been partially removed and replaced with 
claylike material.  A roller-bit probe made during the Unit 1 cooling tower foundation exploration 
recorded a thin seam of soft rock in the vicinity of pedestals 8 and 9 at about elevation 662 feet, 
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which was probably a penetration of bedding plane shear "A", and, together with measured 
bedding attitudes, reveals a continuation of the northward dip of the shear plane.  West and 
south of the circulating water pumphouse, undulations in the bedding are evidenced by local 
northward dips of 5 to 10 degrees.  Elevations at which shears were intersected by boreholes 
318, 321 and B-5 suggest that bedding plane shear "A" closely parallels the undulations of the 
strata in this area.  These structural relationships are shown in profile in geologic section G-G' 
on Figure 2.5-19.  The fact that the shear plane is folded in conformance to local structure 
demonstrates that the shear plane originated before or during the time of folding and effectively 
dates its formation at 200 million years ago or earlier, which is the minimum age of Appalachian 
deformation in the region (Refer to Subsection 2.5.1.1.3 and the discussion at the end of this 
Subsection 2.5.1.2.3.2). 
 
Other slickensides were recorded on many joint planes at the site, particularly on low-angle joint 
planes.  Most of these slickensides plunge southeast.  The geologic map (Figure 2.5-18) shows 
these measurements.  Numerous slickensided joint planes had been recorded in bedrock cores 
in the early stages of the site exploration see boring logs, holes 100-132 and 210-219, Figures 
2.5-23a through 2.5-23t); they were also observed in rock removed during foundation 
excavation.  Many of these low-angle slickensided joint planes are calcite-coated, and some are 
undulatory in form rather than planar.  They were noted in some instances to splay out from the 
more prominent bedding-plane shears described above.  Evidently, differential movement which 
occurred principally along bedding planes was transmitted laterally to the encompassing 
bedrock mass along these bifurcating slickensided joints or shear planes.  Such slickensides 
and shears should be expected in view of the tectonic history and the nature of deformation 
which the region has undergone. 
 
Significantly, regardless of the orientation of the planes on which slickensides occur (whether 
they dip north or south), the trend of the slickenside lineation is almost invariably in the 
northwest-southeast quadrant, clustering N20-35W (or S20-35E).  This direction is completely 
consistent with the northwesterly-directed tectonic compressive stress that produced the 
regional folding and thrust faulting during the Appalachian orogeny, and is further evidence that 
the slickensides that occur at the site are geologically old; that is, they originated over 200 
million years ago.  Their consistent orientation suggests deformation during a single tectonic 
episode, rather than recurrent deformation at different times in geologic history. 
 
Bedding plane shear "A" intersects the top of bedrock surface in the diesel generator and Unit 1 
turbine and reactor area.  During excavation, two exposures of this intersection were examined 
to determine the nature of this contact (exposures at intersections of grid line N341,400 with 
column line G and with column line N (Figure 2.5-18), and photographs (Figures 2.5-20b 
through 2.5-20e) were taken.  Glacial deposits overlay the rock at these points.  In each case 
the eroded rock surface was continuous across the trace of the bedding plane without 
displacement or offset.  If displacement had occurred subsequent to erosion of the rock surface, 
this would be apparent as an angular, sharp projection of rock into the overlying glacial 
deposits; instead, the rock surface across the trace of the bedding plane is smoothed by 
erosion.  Figures 2.5-20b through 2.5-20d show this relationship.  In the area north of this 
intersection, the bedding plane shear had been eroded away, thus confirming the original 
evaluation based on exploratory borings (compare geologic section E-E', Figure 2.5-19 with 
geologic section B-C, Figures 2.5-21A and 2.5-21B).  The erosion of the rock surface would 
necessarily have occurred prior to the deposition of the overlying glacial deposits, which have 
been established as being more than 50,000 years old (refer to Subsection 2.5.1.2.2.1).  
Consequently, this relationship shows that any displacement along bedding plane shear "A" 
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occurred more than 50,000 years ago.  Actually, regional relationships plus the fact the plane is 
folded indicate that any displacements are a result of the tectonic forces which occurred prior to 
the late Triassic, over 200 million years ago. 
 
Thus, the original preconstruction appraisal of shears which occur at the site as reported in the 
PSAR remains the same.  These minor shears and structural conditions are consistent with the 
mode of deformation which occurred during the Appalachian orogeny, over 200 million years 
ago.  They are not significant to the plant site or to the operation of the plant. 
 
Cleavage.  Secondary cleavage is variably as developed in the rock exposed at the site; in 
some places, such in the slopes of the ESSW pipe trench north of the circulation water 
pumphouse and in parts of the cooling tower areas, it forms the dominant structural feature of 
the rock, both on fresh and on weathered exposures.  The strike of the cleavage is oriented 
east-northeast, approximately parallel to the trend of the major fold axes, and dips with variable 
steepness to the south, but generally in the range of 40-80.  Where the dip of the cleavage 
locally becomes fairly shallow, such as along the eastern perimeter of the south cooling tower, it 
is sometimes difficult to distinguish cleavage planes from bedding planes.  The fact that the 
cleavage is oblique to bedding demonstrates its secondary origin, apparently during the episode 
of regional tectonic deformation, 200 million or more years ago. 
 
Joints and Fractures.  Jointing in the rock excavated for foundations is fairly well developed.  
Figure 2.5-18 maps the principal joints encountered at foundation grade, which is at a sufficient 
depth below top of rock to be in essentially unweathered material.  Here joints are tight and 
either uncoated or coated with calcite or a mixture of quartz and calcite.  Relatively few joints at 
foundation level contained significant iron staining; some iron-stained joints are mapped in the 
radwaste foundation area.  Toward the surface these joints generally become more heavily 
iron-stained with greater degree of weathering, and calcite coatings tend to be leached out, 
resulting in open joints, in joints partly coated with quartz or in clay-filled joints in the zone of 
weathering.  
 
The most abundant joint set in the principal foundations area (Figure 2.5-18) strikes 
east-northeast (N60-85E), roughly parallel to the major regional fold axes and to the 
secondary fold axis at the site.  North of the anticlinal axis at N341,300, these joints strike 
N70-85E and dip, with some scatter about the vertical, 75S-75N, most 85S- 85N.  South of 
N341,100 similar but more numerous joints, shown diagrammatically on Figure 2.5-18, strike 
N50-60E, dip uniformly 50-60SE, and appear to comprise a distinguishable set.  Less 
numerous but quite prominent joints with a similar east to east-northeast trend dip gently 
northward at 10-18 and are best represented along the vicinity of coordinate line N341,200. 
 
Other dominant joint sets are steeply dipping to vertical north-northwest to northwest joints, and 
north-south joints.  Dips in both sets are usually greater than 70 with both east and west dips 
represented although the majority of those measured dip toward the west. 
 
Many joints are filled with white calcite or a mixture of calcite and quartz, but there appears to 
be no preferential orientation for these filled joints. The low-angle joints are commonly 
slickensided (discussed above).  In the turbine building excavation, two vertical, calcite-filled 
joints cut across bedding plane "B".  The calcite in these vertical joints is continuous across the 
bedding plane with no offset, showing that the joints were formed and the calcite was deposited 
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in the joints subsequent to the development of the slickensides on the bedding plane.  
Photographs were taken of this exposure (Figures 2.5-20e through 2.5-20f). 
 
In addition to these principal joints, high-angle, discontinuous, white calcite and quartz-calcite 
veinlets are typically exposed locally throughout principal plant foundations.  These veinlets 
probably represent fractures that originated during Late Paleozoic tectonic deformation.  They 
tend to occur most abundantly in the vicinity of bedding plane shears (discussed below) and as 
such may have arisen as gash fractures, as for example the veinlets mapped in the vicinity of 
N341,350-E2, 441,550 (Figure 2.5-18).  At this same location is a singular occurrence of 
numerous west-dipping open vugs and seams up to several inches wide containing 
undeformed, euhedral quartz crystals up to 2 inches long.  These seams were here exposed 
several feet above a bedding plane shear (see description above).  Chunks of loose, coarsely 
crystalline white calcite also occur in the vugs.  It is evident that these vugs had originally been 
relatively wide (up to 5 inches) gash fractures containing a coarsely crystalline quartz-calcite 
mineral filling; later the rock weathered and the calcite was selectively dissolved by circulating 
ground water (Refer to Subsection 2.5.1.2.5.1). 
 
Bedrock Configuration at the Site.  Figure 2.5-17, a map showing top of rock contours at the 
site, illustrates the general original configuration of the bedrock surface.  It is evident that the 
major erosional feature of this surface is a buried, east-west bedrock valley in the northern part 
of the site, including the spray pond location.  Here glacial or pre-glacial erosion has incised the 
bedrock surface approximately 100 feet below the general top of rock elevations to the south.  
In detail, the bedrock surface is very irregular due to the action of glacial plucking and 
subsequent glacio-fluvial erosion.  The large pothole over 30 feet deep and 30 feet wide was 
found in the Unit 1 turbine building excavation; other smaller ones also occur at the site.  
Additional discussion of erosional features in bedrock at the site is presented in Subsections 
2.5.1.2.1 and 2.5.1.2.3.3. 
 
Relation of Site Geologic Structure to Regional Structure.  Geologic mapping at the foundation 
excavations for the plant structures, together with subsurface borehole data, shows that bedding 
plane shear "A", the only shear plane traceable across a significant part of the foundations area 
is, within the accuracy of the data, parallel to bedding and follows the folds which the bedding 
defines, indicating that the bedding plane shear was either formed prior to folding, or, more 
likely, developed in conjunction with folding (refer to geologic section G-G' on Figure 2.5-19).  
Therefore, knowledge of the age of folding would provide a minimum date of origin of the 
bedding plane shears exposed at the site.  With that objective in mind, the literature was 
examined first to determine whether or not the structures of the site are consistent with the 
regional structure, and second to date as accurately as possible the age of deformation. 
 
The attitude of the sheared bedding planes and the trend of the slickensides on the planes may 
be compared to the nearest major tectonic structure (The Berwick Anticlinorium) to the site that 
is an obvious and consistent member of the pattern of regional deformation in the Valley and 
Ridge province.  The strike of the sheared bedding planes (N75-85E) are essentially parallel 
to the axis of the Berwick Anticlinorium (N75-80E) immediately south with compressive forces 
from the southeast which caused the folding in the region, and of the Berwick Anticlinorium in 
particular.  The Berwick Anticlinorium is one of a series of folds in the Pennsylvania Valley and 
Ridge Province. It is located in the northwestern part of the province near the Allegheny plateau.  
Rocks involved in this deformation within the Valley and Ridge province range as recent as 
Permian in age, and the intensity of deformation increases toward the southeast -- from broad, 
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gentle open folding at the Allegheny front to overturned, recumbent folds and nappes 
complicated by thrust faulting at the Blue Ridge. 
 
Arndt and Wood (Ref. 2.5-64) have classified this progressive deformation resulting from 
compressive stresses originating to the southeast into a number of stages, each stage being 
categorized by effects of successively more intense deformation.  Thus, the effects of 
deformation were transmitted with time northwestward over an increasingly greater distance, 
and deformation acted at any one locality with increasingly greater intensity with time.  It follows 
that "the areas of most complex structures to the southeast underwent each of the first four 
stages of deformation, whereas the least intensively deformed area to the northwest was 
subjected only to the last orogenic force and contains features characteristic of only the first 
stage of deformation" (Ref. 2.5-64). 
 
The first stage of deformation is characterized by horizontal strata cast into broad, open folds 
without significant thrust faulting.  The second stage, which characterizes the area in which the 
Berwick Anticlinorium is located, exhibits low-angle thrusting and imbricate faulting followed by 
formation of subsidiary folds on the larger folds to develop anticlinoria and synclinoria. 
Structures in the vicinity of the site are consistent with this categorization.  Subsidiary flexures at 
the site are broad, open features (refer to geologic section G-G', Figure 2.5-19), and low-angle 
thrust faulting is represented by the decollement in the site vicinity as discussed in Subsection 
2.5.1.1.3. Subsequent stages, in which the folds are overturned and then additionally folded and 
faulted, are absent from the Berwick anticline area.  Arndt and Wood (Ref. 2.5-64, p. B134) 
state, "the process of structural evolution appears to have been continuous and the result of a 
single orogeny that was not necessarily punctuated by pulsations.... The orogeny began after 
rocks of Pennsylvanian age were consolidated and prior to deposition of rocks of Late Triassic 
age."  It is obvious from this model of deformation that thrust faulting was a logical and integral 
accompaniment to folding, rather than being part of some separate tectonic episode subsequent 
to folding. 
 
In this process of deformation, "rocks of the more competent units characteristically folded into 
generally concentric, symmetric to asymmetric anticlines and synclines broken variably by 
faults.  The rocks of the less competent units developed disharmonic folds broken by 
decollements, low angle thrust and bedding faults, and commonly separate discordant folds in 
the more competent rocks" (Ref. 2.5-21, p. 160).  As a result, it is expected that rocks least able 
to withstand great shear pressures, such as shales, would display evidence not only of large 
magnitude differential movement as is found near the major thrust zones, but also of lesser but 
more prevalent minor structural adjustments, such as shears, incipient bedding plane faults, 
zones of closely spaced joints or fractures, slickensides, slaty cleavage, and so on.  Thus, it 
would be surprising if the Mahantango Formation which occurs at the site did not show at least 
some of these features produced during Appalachian deformation. 
 
"Northwestward-directed stresses of the late Paleozoic Appalachian orogeny were largely 
responsible for the development of the tectonic framework of the Anthracite region and the 
remainder of the Valley and Ridge province in Pennsylvania" (Ref. 2.5-21).  There is general 
agreement that the time of the Valley and Ridge deformation, which is equated with the 
"Appalachian Revolution" (Ref. 2.5-28, p. 645), also termed the "Alleghany" or "Allegheny 
orogeny" (Ref. 2.5-65), ended before late Triassic time over 200 million years ago, but there is 
surprisingly little evidence to indicate a more exact dating of the events. As Rodgers (Ref. 2.5-
34, p. 34) states, "traditionally...the deformation has been dated at the end of the Paleozoic, and 
in fact for generations American students were taught that it was the event that marked the end 
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of the era."  The youngest known deformed strata are lower Permian in age (in the Georges 
Creek syncline just west of the province boundary in Maryland) (Ref. 2.5-34, p. 64).  Therefore, 
typical Valley and Ridge folding and faulting occurred in the Permian and perhaps continued 
into the early Triassic; apparently it formed most if not all the major structural features of the 
province (Ref. 2.5-34, p. 64). 
 
According to Woodward (Ref. 2.5-65, p. 2320), "there is no tangible evidence regarding the time 
of this deformation save that part of it must have occurred after the Pennsylvanian (or after the 
early Permian) and all of it before the late Triassic...Nothing fixes its appearance specifically at 
the end of the Permian; even its latest movements could have ceased by Middle Permian.  They 
could also have continued through the Middle Triassic for any evidence to the contrary."  The 
Upper Triassic shale and red bed deposits in their tilted and downfaulted basins provide an 
upper age limit for the Allegheny orogeny (Ref. 2.5-34, p. 115) because it is thought that the 
pervasive northwest-southeast compressive force field required for the northwest-directed thrust 
faulting and folding during the Allegheny orogeny could not have been present during the 
formation of the Upper Triassic basins, which required essentially extensional or tensional 
stress acting in the east-west or northwest-southeast direction. 
 
In several places undeformed Triassic features are directly superimposed on Valley and Ridge 
structures, establishing an upper limit for Valley and Ridge deformation, of which the Berwick 
anticline is a part.  Between the Schuylkill and Susquehanna Rivers, Triassic basin sediments 
rest directly on and truncate the recumbent folds and nappes (Ref. 2.5-66) developed in the 
southeast part of the Valley and Ridge province.  These upper Triassic sediments were 
deposited on a peneplained surface; thus, the Valley and Ridge structures had become inactive 
and were exposed and eroded to near base level before upper Triassic time over 200 million 
years ago.  Late Triassic diabase dikes are shown on the Tectonic Map of the United States 
(Ref. 2.5-67) crossing Appalachian fold structures about 20 miles northwest of Harrisburg near 
the mouth of the Juniata River.  Since these dikes are neither deformed nor offset by Valley and 
Ridge faults, they also establish a pre-late Triassic age for Valley and Ridge tectonism. 
 
According to Dr. Gordon H. Wood of the U. S. Geological Survey (verbal communication, 1974) 
there are no local specific field relationships in the Anthracite basin which could be used to 
supply a definite date for faulting and folding in the Anthracite basin.  The only known date for 
Appalachian structures is supplied by regional relationships such as the Triassic events.  
However, Dr. Wood stated that all faulting related to Appalachian structures, except possibly for 
some very minor Triassic faulting, is Paleozoic in age. 
 
On the basis of the foregoing discussion, it is concluded that thrust faulting, shearing, bedding 
plane faults and other similar features in the area near the site, and the slickensides and 
striations in the foundation rock underlying the site, were formed during the "Allegheny orogeny" 
or "Appalachian Revolution" which produced the folds and thrusts of the Valley and Ridge 
province, of which the Berwick Anticline is a part; thus, these events became tectonically 
inactive before upper Triassic time or over 200 million years ago.  The slickensides and 
shearing which are evident on various bedding planes and joint planes in the foundation rock at 
the Susquehanna Site are therefore of no significance to the plant structures. 
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2.5.1.2.3.3  Geologic Features in Surficial Materials at the Site 
 
Surficial material in the site vicinity consists of glacial drift deposited near the Olean terminal 
moraine (refer to Subsection 2.5.1.2.2.1).  The glacial deposits near the Susquehanna site have 
been studied in some detail by Peltier (Ref. 2.5-5, p. 25).  He describes the various features and 
processes associated with the terminal moraine near Beach Haven (3 miles southwest of the 
site) as follows: 
 

(The Moraine) is a gravel moraine and is composed largely of poorly sorted, coarse 
kame gravel, medium-grained valley train gravel, and sand.  These gravels were 
deposited in marginal channels between a stagnant tongue of ice, which lay in the center 
of the valley, and the valley walls...  During the early stages of kame terrace 
development, the marginal channels flowed at a level which was high above the valley, 
and, at the front of the ice, fell sharply to the valley floor.  At the ice front a steep alluvial 
deposit, composed largely of coarse gravel, was formed.  Continued ablation of the ice 
in the valley probably caused the marginal streams to flow at successively lower leves.  
These streams, where they flowed along the ice, both eroded the earlier deposits and 
filled in their channels; where they crossed the "terminal moraine" they cut channels in 
the previously deposited alluvium and laid down sand and gravel on more gently sloping 
gradients toward the river valley beyond it.  In this manner any till deposited at the ice 
front became buried or eroded. 

 
At the site, little till was exposed in the excavations for the principal plant structures, in 
conformance with Peltier's nearby observations.  Essentially all of the glacial material excavated 
consist of stratified drift in the form of kame delta and terrace deposits, alluvial outwash and 
stream gravels, much of it probably reworked in the manner described by Peltier.  Indeed, the 
scoured and fluted bedrock surface, large potholes, and steep and even undercut contacts 
between bedrock and glacial drift attest to the torrential flow of water which at one time evidently 
cascaded across the site; and the coarse boulder gravels and erosion channels within the 
outwash indicate energetic reworking of the materials.  In keeping with this glacio-fluvial mode 
of deposition, contemporaneous sedimentary features, such as those resulting from slumps at 
undercut or eversteepened stream banks, from differential compaction of materials deposited on 
irregular surfaces, and from other adjustments during deposition, may be expected (see for 
example (Ref. 2.5-68, p. 184-185).  A few minor features such as sedimentary creep or small 
slumps were observed in the stratified drift, as for example north of the radwaste building, where 
they are associated with an undulating, fluted rock surface.  Apparently these features, which 
terminate above the rock surface, arose through differential compaction across the irregular 
bedrock surface. 
 
None of the sedimentary features exposed in the glacial materials were observed to extend 
downward to intersect the bedrock surface.  It is concluded that all such features observed in 
the surficial materials at the site are consistent with their known mode of origin by glacio-fluvial 
process that occurred near the terminal moraine of the Olean glaciation. 
 
2.5.1.2.3.4    Hazards from Storage in Local Geologic Structures 
 
The unconsolidated Quaternary deposits in the vicinity of the Susquehanna SES are unsuitable 
for storage or disposal.  While storage in unconsolidated strata is feasible, the thickness and 
extent of the Quaternary strata in the site area is insufficient.  For example, with regard to 
aquifer storage of natural gas, the minimum depth of overburden necessary to maintain 
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adequate deliverability at the well head is about 500 ft., while depths in excess of 1500 ft. are 
desirable for an efficient operation. 
 
As discussed in Subsection 2.4.13, none of the bedrock formations in the site vicinity have a 
high primary transmissivity.  Both the primary porosity and permeability of these well 
consolidated rocks are generally low.  Ground water utilization is dependent upon secondary 
permeability developed through tectonic fracturing and jointing or solution processes.  Thus, 
while the anticlinal structure in the site vicinity may provide geometry suitable for aquiter storage 
or disposal, no suitable reservoir strata are known to be present. 
 
Deep well injection into fracture porosity zones in impermeable rock might be considered as a 
potentially feasible method of waste disposal in the site vicinity.  However, based on existing 
literature and considering current technology, this method of disposal is the least desirable.  
Reservoir strata with some degree of primary permeability are preferred (Ref. 2.5-116). 
 
It is believed that the Precambrian basement, at depths in excess of 30,000 feet in the vicinity of 
the Susquehanna SES, does not contain the Fold and Thrust Belt Fracture System (Subsection 
2.5.1.1.3).  The nature and extent of any fracturing in these rocks is unknown.  Recent 
advances in drilling technology suggest that the technical capability to construct a disposal well 
at depths in excess of 30,000 feet may be available in the near future.  In the U.S. there has 
been at least one instance of disposal of chemical waste into Precambrian age crystalline rock 
(Ref. 2.5-117).  However, rocks of this type with transmissibilities dependent solely on fracture 
porosity are not generally considered to be suitable storage or disposal reservoirs (Refs. 
2.5-118, 2.5-119 and 2.5-120). 
 
A discussion of the potential hazard resulting from a subsurface storage facility would be 
dependent upon the type of facility and the type of material being stored.  In view of the low 
potential for the development of such a facility in the near vicinity of the Susquehanna SES, a 
discussion of potential hazard is unwarranted. 
 
 
2.5.l.2.4  Site Geologic History 
 
The geologic history of this region can be traced from Precambrian times.  Rocks beneath the 
Paleozoic strata at the site form the Grenvillian cratonic basement, approximately 1 billion years 
old. The sediments that were deposited to form the Precambrian rocks in the region were 
subjected to magmatic intrusion, metamorphism and erosion before the onset of Cambrian time. 
 
Paleozoic sedimentary strata in the site vicinity are estimated to be on the order of 30,000 feet 
thick (Ref. 2.5-28 and 2.5-38). The deposition and deformation of these strata is related to the 
opening and closing of the Proto-Atlantic Ocean (Ref. 2.5-69). 
 
Although deformation in the Appalachian Orogen culminated three times in the Paleozoic -- the 
Taconic, the Acadian, and the Alleghenian (Appalachian) orogenies -- the effects of the first two 
orogenies in the folded Appalachians in which the site occurs were mainly sedimentologic rather 
than structural, being evidenced as unconformities and as changes in provenance, lithology and 
in sedimentation characteristics, in contrast to the intense folding, faulting, volcanism and 
metamorphism which occurred at these times on the Mobile Belt during the Taconic and 
Acadian events.  The Alleghenian orogeny, on the other hand, resulted in the structural 
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configuration at the site today.  The structural evolution of the Fold and Thrust belt is described 
in Subsection 2.5.1.1.3. 
 
Crustal divergence in Late Precambrian, Cambrian and Early Ordovician time allowed the 
accumulation of a thick sequence of miogeosynclinal sediment in the Appalachian Basin 
(Subsection 2.5.1.1.2). The Taconic Orogeny beginning in Middle Ordovician time signifies 
convergence and uplift in the Mobile Belt. 
 
The highly deformed early Paleozoic strata are unconformably overlain by less deformed, 
coarser grained clastic sediment which is in turn overlain by the Siluro-Devonian carbonate 
sequence.  This sequence is thickest in the east and thins westward. 
 
Northeastward from the site the carbonate strata interfinger with clastic detritus. Late Paleozoic 
strata are clastic through most of the Appalachian Basin (Subsection 2.5.1.1.2). 
 
These strata reflect the closing of the Proto-Atlantic Ocean.  At the peak of the Taconic Orogeny 
along the cratonic margin to the east, ophiolitic rocks (presumably oceanic crust) were obducted 
from the eugeosyncline, and the miogeosynclinal strata (carbonate and detrital alike) were 
thrust onto the craton.  The geologic setting at the site is the result of this activity.  Folding and 
thrust faulting occurred through mechanical detachment from rigid basement rocks along 
decollements in shaly strata near the base of the Paleozoic section (Ref. 2.5-38).  The site rests 
on the northern limb of one such fold, the Berwick Anticlinorium.  The deformation progressively 
increased in intensity toward the southeast, from broad, gentle open folding northwest of the 
Allegheny front to overturned, recumbent folds and nappes complicated by thrust faulting at the 
Blue Ridge.  The effects of final convergence and translation during the Late Paleozoic appear 
to be limited to the Mobile Belt (Subsection 2.5.1.1.3 and 2.5.2.2). 
 
The Appalachians appear to have undergone erosion through most of the Mesozoic Era.  
Tectonic activity related to the opening of the Atlantic Ocean appears to have had no significant 
structural effect in the Fold and Thrust Belt and Stable Interior (Subsections 2.5.1.1.3 and 
2.5.2.2) until the Cretaceous Period.  At that time, subsidence of the Atlantic continental margin 
allowed transgression of the sea well inland of the site vicinity. 
 
During Cenozoic uplift, major drainage in the area followed relatively straight southeastward 
courses through the Cretaceous sedimentary strata to the Atlantic.  The Ancient Little Schuylkill 
River flowed past the site toward the present day Delaware Bay.  The ancient north branch of 
the Susquehanna River flowed through Wilkes-Barre, Pennsylvania toward Trenton, New 
Jersey.  As the Appalachians were exhumed, the east-northeast structural fabric began to 
exhibit control of the drainage pattern.  The present course of the north branch of the 
Susquehanna River resulted from stream capture of the Ancient Little Schuylkill and ancient 
north branch through their east-northeast tributaries by the main branch of the Susquehanna 
River (Ref. 2.5-3). 
 
Northeastern Pennsylvania has undergone at least three glaciations during the last 150,000 
years and possibly one or more prior to that date.  Till at the site was deposited during the 
Olean substage about 55,000 to 60,000 years ago (Ref. 2.5-5 and 2.5-6).  Older Illinoisan drift 
occurs in the valley of the Susquehanna River between the Olean terminal moraine at Beach 
Haven (about 3 miles southwest of the site) and the confluence of the north and west branches 
of the Susquehanna River.  Post-Olean advances did not reach the site vicinity (Ref. 2.5-5 
and 2.5-6). 
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Peltier (Ref. 2.5-5) mapped discontinuous kame terraces along the Susquehanna River in the 
site vicinity.  The highest such terrace formed by ice marginal streams occurs at about 650 feet 
above sea level at the site.  Refer to Subsections 2.5.1.2.2 and 2.5.1.2.3.3 for further discussion 
of Pleistocene erosion and deposition at the site. 
 
Since the retreat of the Wisconsinan ice sheets from the region, broad regional uplift appears to 
have occurred, probably at least in part as a result of crustal rebound subsequent to the removal 
of ice load.  Erosion has continued and soil profiles have formed. 
 
 
2.5.l.2.5  Engineering Geology Evaluation 
 
Site subsurface exploration is described and discussed in Subsection 2.5.4.3. 
 
Laboratory tests of foundation materials, and in situ geophysical tests of the foundation 
materials are discussed in Subsections 2.5.4.2 and 2.5.5. 
 
Geologic mapping of the final foundations is described in Subsections 2.5.1.2.2,2.5.1. and 
2.5.4.1.3.  It was concluded from these studies and evaluations that the site geologic and 
foundation conditions are entirely suitable for the construction and operation of the plant. 
 
 
2.5.1.2.5.1  Geologic Conditions Under Category 1 Structures 
 
All Seismic Category 1 plant facilities, except the spray pond, Engineered Safeguard Service 
Water (ESSW) pumphouse and pipeline, and the diesel generator 'E' fuel tank are founded on 
bedrock.  The ESSW pipeline trench is excavated partly in soil and partly in rock.  The location 
of these facilities is shown on Figure 2.5-24. 
 
The foundation rock is a hard, indurated siltstone, a member of the Devonian Mahantango 
Formation.  In the foundations area it is quite massive and lithologically homogeneous, with 
bedding generally not well defined, and lacking the bedding plane fissility usually associated 
with less well indurated shaly siltstones and silty shales.  In places the rock exhibits a slaty 
cleavage, further evidence of its indurated nature.  All Category 1 rock foundations were 
excavated to unweathered bedrock.  Geologic maps and sections of the Category 1 excavations 
in rock are shown in Figures 2.5-18 and 2.5-19.  More detailed discussion of the foundation 
geologic conditions is contained in Subsections 2.5.1.2.2 and 2.5.1.2.3.  Engineering properties 
of the foundation rock are described in Subsection 2.5.4. 
 
The spray pond is situated over a glacial or preglacial, east-west trending bedrock valley as 
outlined by contours on top of bedrock (Figure 2.5-17).  The valley is filled with dense gravelly 
and sandy glacial outwash and till deposits which attain a maximum thickness of about 110 feet 
adjacent to the spray pond area.  They were deposited no later than the Olean substage (early 
Wisconsinan) of the Wisconsinan glaciation which occurred over 50,000 years ago.  In general, 
the deposits are permeable and consist of a sequence of sand, gravel, and boulders overlain by 
sand and gravel, overlain in turn by silty sand.  The entire sequence is highly variable in grain 
size distribution and sorting, and contains discontinuous pockets of similar materials.  As a rule, 
grain size decreases and sorting increases toward the top of the sequence. 
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The southwestern tip of the spray pond is cut into bedrock while the remainder was excavated 
in these permeable glacial materials.  The thickness of the glacial deposits beneath the bottom 
of the spray pond ranges from zero at the rock contact to 93 feet at the eastern end of the pond.  
The spray pond is lined to minimize seepage losses to the underlying permeable glacial 
deposits.  The foundation of the pumphouse structure located at the southeastern corner of the 
pond is underlain by 35 to 60 feet of glacial material.  The ESSW circulation pipelines between 
the pumphouse and the plant intersect bedrock at an elevation of 668 feet, approximately 260 
feet southeast of the pumphouse (refer to Figure 2.5-17A).  A geologic map of the spray pond 
area is presented on Figure 2.5-15.  Further discussion of conditions at the ESSW pumphouse 
and spray pond are contained in Subsections 2.5.1.2.2, 2.5.3 and 2.5.5. 
 
The area underlying the diesel generator 'E' fuel tank consists of a dense to very dense glacial 
outwash and till deposit.  The deposit consists of a sequence of sand, gravel, cobbles, and 
boulders overlain by sand and gravel, overlain in turn by crushed stone. 
 
 
2.5.1.2.5.2  Landslide Potential 
 
Natural slopes adjacent or close to the principal plant structures are relatively flat.  Most of these 
slopes are composed of soil; few rock slopes occur (Figure 2.5-17 shows areas of rock 
outcrops). 
 
North of the spray pond the Trimmers Rock Formation forms a relatively steep ridge rising 
approximately 380 ft. above the pond.  The south-facing slope of this ridge is essentially a rock 
slope underlain by flaggy, resistant sandstone thinly mantled with soil and rock fragments.  The 
closest approach of this slope to the spray pond is along the northern perimeter of the pond; the 
toe of the slope, at elevation 710-720 feet, is 250 feet or more from the edge of the pond (at 
elevation 679 feet).  The maximum slope along the ridge is about 2 horizontal to 1 vertical, with 
an overall slope of 3-1/2 horizontal to 1 vertical, a relatively flat slope for competent rock.  Figure 
2.5-56 shows a typical profile along the steepest portion of this slope north of the spray pond 
area.  Bedding in the rock dips approximately 30 to the north into the slope; thus, it is favorably 
oriented for slope stability.  Data of McGlade, et al. (Ref. 2.5-56, p. 147) indicate that natural 
slopes eroded on Trimmers Rock strata are "steep and stable." 
 
No old landslides, rock slips, or landslide scars have been noted near the plant structures.  It is 
concluded that the natural slopes present no significant hazards to plant structures. 
 
Stability of excavated and fill slopes is discussed in Subsection 2.5.5. 
 
 
2.5.1.2.5.3  Areas of Potential Subsidence, Uplift, or Collapse 
 
Potential sources of subsidence or collapse in the Pennsylvania Valley and Ridgeregion include 
coal mines and karst terrain; however, neither of these conditions are known to occur within 
several miles of the site and therefore they are not significant to the site. 
 
No coal beds are present beneath the site; the nearest coal measures are about 3-1/2 miles 
north of the site near Shickshinny, which is at the extreme western end of the anthracite 
producing belt in the Lackawanna syncline (Figures 2.5-25 and 2.5-26).  The nearest 
underground coal workings are about 2 miles east of Shickshinny (Ref. 2.5-70); the nearest that 
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have been associated with surface settlement are near Nanticoke, Pennsylvania, approximately 
10 miles northeast of the site.  Rocks in the site area have no known potential for oil or gas 
production.  The nearest oil or gas field is located 25 miles northeast of the site. 
 
The shallowest carbonate rock that may be present beneath the site occurs below the 
Marcellus-Manhantango sequence as limy beds within the Upper Silurian, Tonoloway and Wills 
Creek Formations and the Lower Devonian, Keyser, Old Port, and Onondaga Formations (refer 
to Subsection 2.5.1.1.2.3 and Figure 2.5-14).  Some of these units crop out on the flank of the 
Berwick anticlinorium north of Bloomsburg about 10 miles west-southwest of the site, but most 
are absent nearer than this to the site having been removed by erosion or faulting (Subsection 
2.5.1.1.2.3).  None have been mapped within five miles of the site (Figure 2.5-12).  The 
Onondaga may occur in the subsurface near Berwick, five miles west-southwest of the site, 
inasmuch as mud-filled caves have been encountered during well drilling operations at Berwick; 
however, since the secondary porosity along joints and bedding planes in the Onondaga has 
been characterized as of only "medium" magnitude (Ref. 2.5-56), such cavities would be 
expected to be neither large in size nor extensively developed.  If the Onondaga does extend 
eastward beneath the site, it would be at a depth probably exceeding 1,000 feet and beneath 
the Marcellus-Mahantango shale and siltstone sequence (Figure 2.5-14). At this depth of burial 
beneath the site, carbonate beds possibly present would have no significant potential for 
subsidence or collapse at ground surface. 
 
The site is not known to be in an area experiencing localized doming or subsidence.  Relative 
rates of regional uplift or subsidence are not well defined for this area, but some recent studies 
have been presented in the literature.  Brown and Oliver (Ref. 2.5-54, Figures 5 and 7) show a 
releveling profile across the Appalachians at the latitude of Harrisburg about 60 miles south of 
the site.  This profile suggests that the Valley and Ridge province at the latitude of Harrisburg is 
rising uniformly at the rate of about 5 mm per year.  They find in general that "the Appalachian 
Highlands are being uplifted with respect to the Atlantic Coast at rates up to 6 mm per year" 
(Ref. 2.5-54, p. 31).  Because the measurements are referenced to a given station, it is not 
possible to determine absolute vertical crustal velocities.  Since Brown and Oliver (Ref. 2.5-54. 
p. 31) also state the "Atlantic Coastal Plain... is tilting away from the continental interior" the 
data may indicate simply that the Appalachian Highlands are nearly stationary, or that they are 
subsiding more slowly than the coastal region.  Inasmuch as differential rates of this magnitude 
are greater than the geologic record suggests could be sustained over geologic time, the 
authors presume an oscillatory mode of continental interior uplift or coastal depression with time 
on the order of 106 years per oscillation. 
 
Superimposed on these broad, regional differentials are smaller, secondary variations in the 
rate of vertical movement within the Appalachian Highland on the order of 1 to 3 mm per year 
total amplitude (Ref. 2.5-54, Figures 7 and 8).  The location of some of these secondary maxima 
or minima appear to correlate spatially with seismicity; others do not.  The wave length between 
such secondary maxima is on the order of 300 km, a distance suggestive of origin in "large 
scale movements of the earth's crust" (Ref. 2.5-54, p. 27).  Although the authors speculate there 
may be, in some areas, a possible association of these secondary peaks in the vertical velocity 
profiles with seismicity, they acknowledge (Ref. 2.5-54, p. 30) that "without further data it is 
impossible to demonstrate that the relationship is more than coincidental."  In any event, flexure 
of a very few millimeters over hundreds of kilometers is very broad indeed and is not significant 
to structures. 
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In eastern New York, post-glacial offsets in shales and slates are documented by Oliver, et al. 
(Ref. 2.5-51).  The nearest locality listed by Oliver, et al. (Ref. 2.5-51) is near Hyde Park, New 
York, about 120 miles east of the site.  The authors wonder whether the cause of these offsets 
"might stem from crustal rebound following removal of the ice load or from still more broadly 
based tectonic or orogenic forces" (Ref. 2.5-51, p. 586).  However, it is significant that these 
high-angle reverse offsets of the glacial striations in bedrock are on the order of only one inch or 
less of displacement.  The authors also mention other possible mechanisms such as "...thermal 
changes, hydration, or a chemical process in the shales," and conclude the data "do not seem 
adequate to resolve this point" (Ref. 2.5-51, p. 569). Another assessment of the same data 
concluded the offsets arise from either frost heave or glacial rebound.  If related in some way to 
frost action or the severity of frost, then one might expect the effects of heave, such as on 
precise leveling monuments, to be more pronounced with altitude. Precisely such a correlation 
of secondary velocity maxima with elevation was noted and discussed by Brown and Oliver 
(Ref. 2.5-54, p. 27). 
 
Additional independent evidence on the magnitude of general Appalachian uplift, or lack thereof, 
in the Pliocene and Quaternary is provided by Owens (Ref. 2.5-52), who based his assessment 
on the assumption that uplift in the source area is accompanied by erosional transport of clastic 
material to adjacent basins.  He found that Pliocene and Quaternary sediments of the Atlantic 
coastal plain from New Jersey southward are only 50 feet or less in thickness, indicating no 
great intensity of uplift through this period; and moreover that there are no marked 
accumulations of sediment in centers of deposition, suggesting a general, uniform uplift, or even 
static conditions, of the entire Appalachians.  
 
Therefore, the total geologic record strongly suggests that unusual regional crustal instability 
has not recently occurred in the Appalachians.  Brown and Oliver (Ref. 2.5-54, p. 31) conclude, 
"Although the rates of relative vertical movements determined from leveling seem large by 
comparison with rates deduced from some forms of geological evidence...these velocities do not 
seem unreasonable in terms of other types of geological information." Further, "the rates of 
vertical crustal movement presented . . . compare very favorably with those found in other 
portions of the world."  Relative rates of vertical uplift observed for the site region therefore 
appear to be quite typical compared to observations elsewhere, and accordingly do not seem to 
be reflective of abnormal conditions. 
 
The balance of evidence favors Appalachian crustal activity restricted to generally uniform uplift, 
probably differing slightly in local areas, and perhaps having an oscillatory character with time.  
Little if any evidence has been presented to demonstrate that these may be significant to 
engineering planning or seismic risk evaluation. No faulting has been shown to be involved in 
this recent activity, and correlation with seismicity is likewise not established.  In areas adjacent 
to the Appalachians, small-scale post-glacial offsets have not been correlated with seismicity 
and tectonic origin of the offsets has not been established. 
 
It is concluded that the available data do not indicate that existing or future uplift or subsidence, 
as from man's activities or from geologic conditions such as regional warping, will be significant 
to the site. 
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2.5.1.2.5.4  Behavior of Site During Prior Earthquakes 
 
There is no evidence at the site of any effects, such as landslides, fissuring or subsidence, 
which could be attributed to the occurrence of prior earthquakes. 
 
No Pennsylvania earthquakes have been reported as felt in the site vicinity. Within historical 
times, approximately fourteen earthquakes originating outside Pennsylvania could have been 
felt at the site, with the probable maximum intensity of IV on the Modified Mercalli Scale.  The 
nearest of these earthquakes occurred 90 to 100 miles from the site (Wilmington, Delaware, 
1871, epicentral Intensity VII).  Ground motion at this intensity (IV) would have had no effect on 
the site. 
 
 
2.5.1.2.5.5  Zones of Deformation or Structural Weakness 
 
As reported in the PSAR, the preconstruction investigation defined a number of structural 
features at the site such as folds, joints, fractures, cleavage, slickensided joint planes, and 
bedding plane shears.  The PSAR stated (p. 2.5-16),  
 

The prominent joint directions are parallel and perpendicular to the strike of the strata.  
The major joints...(strike) parallel to bedding.  This joint set dips nearly perpendicular 
and opposite in direction to the dip of the bedding.  A more open but less frequent series 
of vertical joints strikes parallel to the dip of the strata. High angle joints healed by 
secondary calcite and quartz mineralization are present in the vicinity of minor shear 
zones.  The observed fractures, while relatively numerous in the upper 20 feet of rock, 
decrease with depth.  At a depth of about 20 feet into rock, the fractures are tight 
(generally healed with calcite filling) and would not adversely affect foundation 
performance. 

 
Minor bedding plane slips at depth have been observed in the site area, both north and 
south of the interior ridge. Those slips have not experienced movements in more than 
200 million years.  A minor slip of this nature could be exposed in any large excavation 
anywhere in the area; however, it would not affect the structural design of the facilities. 

 
Excavation during construction confirmed the PSAR evaluation and supplied additional data.  
During excavation, numerous slickensided joint planes were exposed and mapped (Figure 
2.5-18).  Thin, slickensided bedding plane shears, well healed with laminar quartz and calcite 
mineralization, were also exposed in the foundations.  The field data indicate these shear 
planes are folded in the same manner as the bedding (Figure 2.5-19).  They are, moreover, cut 
by vertical, calcite-filled joints which are continuous across the shears with no offset.  In 
addition, where the shears can be traced to an intersection with a smooth, glacially eroded 
surface forming the top of rock, the eroded surface displays no displacement or offset across 
the shear plane.  Since the erosion of the rock surface would necessarily have occurred prior to 
the deposition of the overlying glacial deposits, which have been established as being more 
than 50,000 years old (refer to Subsection 2.5.1.2.2.1), this relationship shows that any 
displacement along the shearing occurred more than 50,000 years ago.  In reality, the most 
probable age of the shearing is pre-Triassic, or over 200 million years ago.  This is indicated by 
regional relationships plus the fact that the shear plane is folded (A detailed presentation and 
analysis of the relationship between site and regional structure is presented at the end of 
Subsection 2.5.1.2.3.2). 
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All features arising from tectonic deformation at the site are geologically old.  In the foundation 
rock, all shears and joints are tight or are fully healed with calcite and quartz mineralization; 
accordingly, they do not adversely affect the strength, bearing capacity or compressibility of the 
foundation rock.  They are therefore not significant to the plant structures.  The conclusion 
stated in the PSAR (P. 2.5-18) that "the minor structural conditions observed at the site are not 
of significance with respect to siting or design for the use of the site for its intended purpose," 
has been confirmed. 
 
 
2.5.1.2.5.6  Zones of Alteration or Irregular Weathering 
 
Bedrock beneath the seismic Category I structures is a dark gray, indurated, massive siltstone.  
It is not susceptible to rapid weathering; no appreciable slaking of fresh rock exposures was 
observed in the foundations.  Depth of weathering below original top of rock varies from zero to 
about 20 feet.  The rocks occupying depressions in the bedrock surface are generally 
unweathered.  However, open fractures were encountered to a depth of about 20 feet.  Below 
that depth, fractures are not common but where they do occur, they are generally "healed" with 
calcite filling. 
 
Weathering appears to have progressed initially downward by dissolution of calcite from 
calcite-coated joints, seams and shear planes, and refilling by clay or other weathered material.  
In one exceptional case, weathering along joints and fractures, as distinguished from 
weathering of the rock itself, was observed nearly 70 ft. below original top of rock.  In this 
instance, which was between the circulating water pumphouse and the Unit 1 cooling tower, the 
bedrock originally formed a knoll and contained numerous low angle, slickensided, calcite and 
quartz-filled joint planes and abundant vertical, calcite-filled fractures, forming an intersecting, 
permeable network of channels through which water readily percolated downward, dissolving 
the soluble carbonate joint and fracture fillings.  Notwithstanding the depth of weathering here, 
the design elevation of the bottom of the circulating water pumphouse is below the depth to 
which this zone is weathered, and this structure was founded on sound unweathered bedrock. 
 
 
2.5.1.2.5.7  Potential for Unstable or Hazardous Rock or Soil Conditions 
 
Foundation rock at the site is hard, indurated, unweathered siltstone, a member of the Middle 
Devonian Mahantango Formation.  Similar materials underlie the site to a depth of over 1,000 
feet.  This rock does not contain unstable minerals; it provides highly stable foundation 
conditions and does not constitute a source of potential hazard to the plant. 
 
Soils at the site are, except for the uppermost few feet, glacial in origin and consist of resistant 
fragments of rock that were transported from the region north of the site.  Most were deposited 
by flowing melt water from the glaciers under torrential flow conditions, and some of the soils 
probably have been overridden by ice sheets.  These glacial soils are noncalcareous and over 
four-fifths of the rock in them consists of sandstone (Ref. 2.5-5). 
 
The origin and mineralogy of the soils is such that they present no hazardous conditions.  
Detailed engineering characteristics of soils in regard to slope stability, bearing capacity, 
stability under dynamic loads and consolidation characteristics under structural loads are 
discussed in Subsections 2.5.4 and 2.5.5. 
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All foundations for the Category 1 plant structures that are founded on rock are excavated to or 
into essentially unweathered material.  No significant irregular alteration or weathering, or zones 
of structural weakness due to weathering, shearing or fracturing were encountered at the 
bearing elevation for those structures designed to rest on unweathered rock. 
 
 
2.5.l.2.5.8  Unrelieved Residual Stress on Bedrock 
 
No indications were found during excavation and construction at the site of the presence of 
significant stress in bedrock.  No popping or spalling rock was observed.  There were no 
indications of heave at the base of rock slopes or in the bottom of excavations.  Some vertical 
joints close to and subparallel to vertical excavated slopes opened very slightly, but this was 
attributed to gravity forces, not in situ stresses.  If significant in situ stresses did in fact exist in 
the rock, evidence of this should have been noted in the excavation; no such indications were 
noted.  For example, a thin mudmat was routinely placed on the rock after evacuation to 
foundation grade.  If significant heave had occurred, it would have been readily detected by 
cracking of the mudmat.  No such cracking was observed. 
 
 
2.5.l.2.5.9  Conclusions and Summary 
 
Consideration of all engineering geologic factors at the Susquehanna site leads to the 
conclusion that the site is well suited for the construction and operation of the plant.  There is no 
geologic feature or condition at the site or in the surrounding area which precludes the use of 
the site for a nuclear generating facility.  The bedrock in the construction area is competent and 
provides satisfactory foundation support for all major structures. 
 
 
2.5.1.2.6  Site Groundwater Conditions 
 
The groundwater table beneath the site generally occurs within 35 feet of the ground surface.  
The notable exception is in the deep, easterly sloping, buried bedrock valley present about 1000 
feet north of the center of the plant, where a water table depth of as much as 79 feet was 
recorded.  Generally, the lower part of the overburden deposits is saturated, although over 
portions of the upland area on the site, the groundwater level is found only in the underlying 
bedrock.  Depth to bedrock is variable and ranges from zero to over 100 feet.  The groundwater 
level contours shown in Figure 2.4-31 appear to be controlled to a large extent by the top of 
bedrock contours (Figure 2.5-17). 
 
Groundwater movement on the site is generally in an easterly direction.  With the exception of a 
few springs on site.  Most of the groundwater is believed to discharge ultimately to the 
Susquehanna River.  The average groundwater velocity is estimated to be between 1.5 and 2.0 
feet per day along flow paths from the station to the Susquehanna River. 
 
The site is not located in a recharge zone for any aquifer.  However, groundwater recharge to 
the unconsolidated sand and gravel does occur over the site area.  The predominantly siltstone 
strata of the Mahantango Formation beneath the site constitutes a source of limited domestic 
water supply.  Because of its relatively low transmissibility characteristics, the Mahantango 
cannot be considered to be an aquifer. 
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From a hydrologic standpoint, there are two general types of aquifers in the region.  The first 
type consists of sandstone and occasional limestone strata which occur within the 
predominantly shale sections of the Paleozoic age bedrock.  The second type is unconsolidated 
Quaternary deposits which consist for the most part of Pleistocene stratified drift, till, or kames 
which are often overlain by a thin recent soil cover.  From a survey of domestic water supplies 
within two miles of the station, it was found that nearly all of the wells are completed in shale 
bedrock. 
 
Detailed information on groundwater conditions and movement on the site and in the region is 
given in Subsection 2.4.13. 
 
 
2.5.2  VIBRATORY GROUND MOTION 
 
A discussion and evaluation of the seismotectonic characteristics of the Susquehanna SES site 
and the surrounding region is presented in this section.  The purpose of this investigation is to 
present the seismic design criteria for major structures at the station in conformance with 
guidelines as outlined in Standard Format and Content of the Safety Analysis Reports for 
Nuclear Power Plants, and Appendix A of 10 CFR, Part 100. 
 
A description and results of the field investigation and laboratory testing program, which 
provided background information for this investigation, is presented in detail in Subsection 2.5.1. 
 
 
2.5.2.1  Seismicity 
 
The station is situated in a region which has experienced only a minor amount of moderate 
earthquake activity in historic time.  The record of earthquake occurrences in the region dates 
back to the middle 16th century.  Many earthquakes have been reported since that time and 
minor structural damage has been associated with several of the events; however, none of 
these earthquakes were considered to be of major or catastrophic proportion.  Because this 
region has been fairly heavily populated since the early 18th century, it is quite certain that any 
significant earthquake activity (MM Intensity VII or greater as defined by the Modified Mercalli 
Intensity Scale, 1931, see Table 2.5-1) would have been reported in local newspapers, private 
journals or diaries.  The lack of any such documentation is indicative of the absence of 
significant major earthquake activity in the region during this period. 
 
Structural damage is the primary rating criterion for larger shocks.  The effects of earthquakes 
on the rather large variety of construction materials used in older structures such as chimneys, 
rock walls, etc., are highly variable, making intensity evaluations based on such reports 
imprecise.  The rather long period of record, however, and the evenly distributed population 
provide a reasonable basis for estimates of future activity. 
 
Table 2.5-2 lists all events within 200 miles of the station with magnitudes (Richter) greater than 
3.0 or MM intensities greater than III, and all seismic events within 50 miles of the station.  
Figures 2.5-8A and 2.5-8B displays these events on the regional structure of the area around 
the station, along with the significant earthquakes (MM Intensity V and greater) which have 
occurred outside the 200-mile radius. 
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The largest events to have occurred in the immediate station vicinity were the Wilkes-Barre 
disturbances of February 21 and 23, 1954 (local dates), with assigned intensities of VII and VI, 
respectively.  These intensities were based on the damage inflicted upon a very small area, 
about 0.15 square miles of the city.  These disturbances occurred only 16 miles from the station; 
however, they are considered to have resulted from mine collapse as discussed in detail in 
Appendices 2.5A and 2.5B. Thus, these shocks need not be considered in the analysis of 
earthquake risk as regards the station. 
 
The largest event to have occurred within 200 miles of the station was the Intensity VII-VIII 
shock at Attica, New York, on August 12, 1929, some 150 miles northwest of the station.  This 
earthquake imposed some moderate damage at Attica and villages in the immediate vicinity of 
the epicenter, but was not reported as felt in the Berwick area (Ref. 2.5-71).  
 
Four Intensity VII earthquakes have occurred at a distance of about 100 miles from the station:  
two (1737 and 1884) were near New York City, one (1927) near Asbury Park, New Jersey and 
one (1871) near Wilmington, Delaware. 
 
The closest of these Intensity VII events was the shock which occurred in the vicinity of 
Wilmington, Delaware on October 9, 1871, approximately 100 miles to the south of the station.  
Based on damage reports and intensities felt, the epicenter has been located near Wilmington, 
whereas the shock was felt from near Chester, Pennsylvania on the north to Middletown, 
Delaware, on the south and from Salem, New Jersey on the east to Oxford, Pennsylvania on 
the west.  The initial shock was followed by a much smaller shock just after midnight on October 
10.  A contemporary newspaper account indicates that the initial shock was felt at Wilmington 
"with greater distinctness." Buildings were shaken severely and a number of chimneys were 
damaged in the surrounding towns of Oxford, Pennsylvania, and New Castle and Newport, 
Delaware.  An interesting aspect of this earthquake is the fact that it was accompanied by a very 
loud sound, as of an explosion.  This loud noise, in fact, led to the belief that the shock was 
caused by an explosion, probably at the powder mill of the E.I. DuPont deNemours Company, 
near Wilmington.  This possibility was carefully investigated at the time and it was concluded 
that the shock was a legitimate earthquake.  Existing reports, however, do not report the shock 
being felt in the Berwick area. 
 
The two events near New York City, about 118 miles from Berwick, may have been felt at the 
station, but with an intensity certainly no greater than III.  The 1884 shock affected an area 
extending from Portsmouth, N.H., to Burlington, Vt., southwest to Binghamton, N.Y., 
Williamsport, Pa., southeast to Baltimore, Md., and Atlantic City, N.J.  At Bradford, 
Pennsylvania, reports were made of panes of glass broken in a large hotel, and other moderate 
damage was sustained.  All hotels in Brooklyn, New York were shaken violently. In 1927, a 
similar shock listed as Intensity VII was centered near Asbury Park, New Jersey.  Several 
successive waves, described as seeming to travel from west to east, caused homes near 
Asbury Park to shake and oscillate perceptibly. 
 
Several Intensity VI earthquakes have occurred less than 100 miles from the station. On May 
31, 1908, 48 miles from the site, Allentown, Pennsylvania was shaken by what was believed to 
be a mild earthquake.  The shock lasted about a second and was described as a rumbling 
sound followed quickly by a report which "sounded like the falling of chimneys of a building" 
(The Lehigh Register June 3, 1908).  The Philadelphia Inquirer adds, "The only other place 
where the shock was felt was Catasauqua, three miles away. At first it was thought that a 
battery of boilers in some local industry might have exploded, but no such accident was 
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reported.  The quake was accompanied by a low rumbling noise and lasted about two seconds 
but was only felt over an area of some 50 square miles.  On January 7, 1954, an Intensity VI 
shock occurred approximately 54 miles from the station.  This was the first of a series of minor 
shocks in Berks County.  The Reading Times reported on January 8, 1954, that a "minor" 
earthquake shook Berks County communities, and succeeding tremors of lesser intensity were 
experienced mainly by residents in West Reading, Wyomissing, West Louwe, West 
Wyomissing, Wyomissing Hills and Sinking Spring.  Continued mild aftershocks shook the 
downtown area of Sinking Spring which appeared to be the epicentral area for these 
disturbances.  The damage was described (Ref. 2.5-72) as minor:  broken chimneys, breaks in 
brick and plaster walls, and broken dishware.  Similar damage, including broken windows, was 
reported in other communities west of the Schuylkill River. The main shock was recorded by 
seismograph stations at Fordham, Palisades (Columbia University) and the U.S. Coast & 
Geodetic Survey at Washington, D.C. Dr. Jack Oliver of Columbia University described the 
initial tremor as "a typical east coast earthquake." 
 
According to the Philadelphia Inquirer, as of January 8, 1954, the earth tremors which had been 
recorded in Berks County since 1900 were: 
 

- August 30, 1902 
- June 6, 1915 
- February 28, 1925 
- November 1, 1935 
- June 8, 1937 
- February 18, 1938 
- September 4, 1944 

 
The events of 1902, 1915 and 1938 are not reported in the standard catalogues and are, 
therefore, considered as very small, localized disturbances for which there is only local record.  
The shocks of 1925 and 1944 were large events in the St. Lawrence River near Quebec, 
Canada and Massena, New York which were felt with intensities of less than III at the station. 
 
Shocks on January 24, 1954 and on August 11, 1954 affected Sinking Hole, Pennsylvania, 
according to the Reading Times (August 11, 1954).  These shocks were attributed by the 
U.S.G.S. to the caving of solution cavities.  Similar conclusions about the "sinking of the earth in 
general" were reached by Penn State University scientists after the event on September 24, 
1954 which was assigned an Intensity II at Sinking Spring Borough,5 miles west of Reading, 
Pennsylvania. 
 
Another shock of Intensity VI occurred 63 miles southeast of the station, near Cornwall, 
Pennsylvania, on May 12, 1964.  Coffman and Von Hake (Ref. 2.5-72) report a cracked wall, 
fallen plaster, and small landslides.  The Lebanon Daily News reported: "...the tremor was so 
mild that many persons slept right through it."  However, Dr. B.F. Howell, Jr., Chairman of the 
Geophysics Department at Penn State University, reported that the quake was the most 
intensive to hit the state in l0 years. 
 
On September l, 1895, an event of Intensity VI near Philadelphia, 76 miles from the station, was 
felt from Sandy Hook, New Jersey to Brooklyn, New York to Darby, Pennsylvania, and 
Wilmington, Delaware.  Another shock of Intensity VI occurred on March 23, 1957 in the same 
general vicinity, 79 miles southeast of the station.  These shocks were not reported felt in the 
Berwick area. 
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Five shocks (Intensity VI, III, V, III, and IV) occurred in central and southern New Jersey on 
August 23, 1938, 116 to 128 miles from the station. The largest shock was felt from northern 
New Jersey to Wilmington, Delaware. 
 
Although it is indicated that several of the large, distant shocks listed above were probably felt at 
the station, no damaging effects were experienced.  No Pennsylvania earthquakes have been 
reported as felt in the area of the Susquehanna SES. 
 
In summary, there are no reports from the Berwick area of Pennsylvania which would indicate 
that ground motions from any historical earthquake in the east have exceeded (or even 
equalled) an intensity as great as IV on the competent rock on which the station is located. 
 
 
2.5.2.2  Geologic Structures and Tectonic Activity 
 
2.5.2.2.1  Tectonic Provinces 
 
The area within a 200 mile radius of the Susquehanna SES includes parts of six tectonic 
provinces (Figures 2.5-8A and 2.5-8B).  The provinces are, from west to east, Stable Interior, 
Fold and Thrust Belt, Blue Ridge-Highlands, Conestoga Valley, Inner Piedmont, and Coastal 
Plain. 
 
The tectonic province concept used to define these provinces is based on an evolutionary 
model of the Appalachian orogen (Ref. 2.5-73) and derived from early studies in the region 
(Ref 2.5-74).  This concept was used in this study to provide the province boundaries of 
significance to the station. 
 
 
2.5.2.2.2  Tectonic Differentiation of the Appalachian Orogen 
 
The outline and discussion presented below summarizes the relationships and derivations of 
tectonic provinces of the Appalachian orogen, as displayed in Figures 2.5-8A and 2.5-8B any 
parts of which occur within 200 miles of the station.  
 
1. Craton 
 

a. Eastern Belt 
(1) Blue Ridge-Highlands 

 
b. Western Basin 

(1) Stable Interior 
(2) Fold and Thrust Belt 

 
2. Mobile Belt 
 

a. Eastern Cratonic Margin 
(1) Conestoga Valley 
(2) Inner Piedmont 
(3) Coastal Plain 
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Considering the tectonic evolution of the Appalachian orogen, it is subdivided as above into two 
fundamental areas;  the part affected only by convergent diastrophism (craton), and the part 
affected by initial divergent, convergent, translational, and final divergent diastrophisms (mobile 
belt).  The mobile belt, as defined in this report, is situated east of the great anticlinoria cored by 
Grenvillian rocks; i.e., east of the Long Range (Nova Scotia), the Green Mountains, the 
Berkshire Highlands, the Hudson-New Jersey Highlands-Reading Prong, and the Blue Ridge 
Mountains.  The mobile belt thus corresponds to the Appalachian eugeosyncline and includes 
the quasi-cratonic margins.  The western edge of the mobile belt parallels and lies to the west of 
what was originally the eastern edge of the North American continent during Cambro-Ordovician 
time as defined by Rodgers (Ref. 2.5-74). 
 
 
2.5.2.2.3  Tectonic Differentiation of the Craton 
 
The cratonic portion of the Appalachian Highlands is underlain by continental crust composed of 
1000 million-year-old crystalline rocks which were deformed during the Grenvillian orogenic 
cycle.  On the eastern edge of the craton, these rocks crop out at the surface as great 
anticlinoria.  West of these elevated anticlinoria lies an elongated, downwarped segment of the 
continental crust forming the asymmetric Appalachian basin. The floor of this basin is formed of 
Grenvillian rocks greatly depressed in the east (up to 40,000 feet below sea level) and gradually 
rising toward the west.  The basin is filled with largely unmetamorphosed sedimentary rocks 
(both clastic and carbonate) ranging in age from Early Cambrian to Carboniferous.  These rocks 
form a sedimentary wedge, thickening to the southeast, reflecting the asymmetry of the basin 
floor. 
 
Blue Ridge - Highlands Tectonic Province 
 
The eastern portion, termed here the Blue Ridge - Highlands, constitutes a tectonic province 
and is characterized by Grenvillian rocks deformed during the Paleozoic convergent stage. 
 
Characteristically, the terrain is mountainous and exhibits exposure of some of the oldest rocks 
in the eastern U.S. (1000-1100 million years).  Earthquakes no greater than Intensity VI are 
characteristic of this tectonic regime, and none have been related to specific structures. 
 
Stable Interior Tectonic Province 
 
The Stable Interior Tectonic Province of the western basin is characterized by the absence of 
intense deformation and the presence of shelf-delta type Paleozoic sediments.  
 
The rocks display gentle folding as opposed to the intensely folded and faulted rocks of the Fold 
and Thrust Belt immediately to the southeast.  The largest significant earthquake to have 
occurred in this province (within the regional scope of this study) was the 1929 Attica, New 
York, event (initially cataloged as Intensity VII-VIII) approximately 168 miles from the station. 
This shock and an accompanying concentration of lesser events has been spatially related to 
the Clarendon-Linden Fault, an anomalous structure in the essentially untectonized rocks 
making up this portion of the Stable Interior.  A small concentration of activity, apparently related 
to doming of the Adirondak massif, occurs 150 to 200 miles northeast of the station.  With the 
exception of these moderately active areas, the province is virtually aseismic. 
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Fold and Thrust Belt Tectonic Province 
 
The Fold and Thrust Belt tectonic province is characterized by tightly folded and thrust-faulted 
Paleozoic sedimentary strata deposited as flysch or molasse.  The northwestern boundary of 
this province generally marks a transition between gently folded strata on the northwest (Stable 
Interior) and intensely folded and faulted strata on the southeast, thus marking the western limit 
of Paleozoic thrusting (Ref. 2.5-75). 
 
The largest earthquake which has been recorded in the Fold and Thrust Belt tectonic provinces 
was the Giles County, Virginia, Intensity VIII shock of 1897, over 350 miles from the station, and 
in the southerly division of the Fold and Thrust Belt. Other earthquakes in this province are 
widely scattered with only two events as large as Intensity VI occurring within 200 miles of the 
station. 
 
 
2.5.2.2.4  Tectonic Differentiation of the Mobile Belt 
 
The mobile portion of the northern Appalachian orogen within the region of interest for this study 
includes the eastern cratonic margin, which is underlain by continental crust of predominantly 
Grenvillian age (Inner Piedmont and Conestoga Valley tectonic provinces). 
 
The eastern cratonic margin is bounded on its western side by the Blue Ridge - Highlands 
tectonic province and on its eastern side by the eastern most extent of Grenvillian basement. 
 
This eastern boundary is interpreted principally from a line of gneiss domes of one billion 
year-old continental crust including the Pine Mountain belt, the Sauratown Mountains 
anticlinorium, the Baltimore Gneiss domes, and, possibly, the Chester dome of Vermont.  This 
boundary corresponds to the eastern limit of the ancient continental margin of North America 
(Ref. 2.5-76 and 2.5-77).  It also coincides with several significant geological and geophysical 
changes (Ref. 2.5-76).  First, it parallels the main gravity high of the Appalachians (Ref. 2.5-78).  
Second, it is marked by contrasting seismic refraction profiles that reflect deep crustal contrast.  
Finally, it is a zone of faulting, contrasting structural style and contrasting metamorphic facies. 
 
This cratonic margin is divided into two tectonic provinces north of Virginia, the Conestoga 
Valley province and the Inner Piedmont province.  The boundary between these provinces 
corresponds to the Martic Line in Pennsylvania (Ref. 2.5-79) and the southward extension of 
Cameron's Line in western Connecticut. 
 
Conestoga Valley Tectonic Province 
 
The Conestoga Valley tectonic province is characterized by a miogeosynclinal assemblage 
overlapping an older clastic assemblage.  Triassic Basins of the Newark Group are 
characteristic of the Conestoga Valley province (and, to a lesser extent, the Inner Piedmont and 
Coastal Plain) and are found in the area between Massachusetts and North Carolina.  Triassic 
rocks have been encountered in borings at Bowling Green and Edgehill, Virginia and near 
Brandywine, Maryland. 
 
These basins were formed during Triassic time as downfaulted and folded elongategraben 
structures.  Non-marine arkosic sediments and intercalated lava flows filled these basins as they 
were down-faulted and tilted.  At the close of the period, the processes of erosion continued to 
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modify the topography of the eastern section to form the base forde position of Coastal Plain 
sediments. In the Triassic Basins and associated down-faulting, intrusions of Trio-Jurassic age 
are cut and displaced, indicating a post-Trio-Jurassic age for some of the faulting.  
 
Similar intrusions in the Inner Piedmont are not disrupted or offset in this manner. Earthquakes 
no larger than Intensity VI have been noted in the Conestoga Valley province, although some 
small events, up to Intensity VI, are reported and have been tentatively associated with Triassic 
basin border faults. 
 
Inner Piedmont Tectonic Province 
 
The Inner Piedmont Tectonic Province is characterized by a eugeosynclinal assemblage over 
an older clastic assemblage, which is characterized in this region by a northeast-southwest 
trending belt of Precambrian to early Paleozoic schists, gneisses, slate, metaconglomerates and 
some igneous intrusions.  These rocks are interrelated in a complex manner by faulting and 
folding. 
 
Earthquakes ascribed to the Inner Piedmont should include the boundary (Inner 
Piedmont-Coastal Plain) Intensity VII events at Wilmington, Delaware (1871) and Asbury Park, 
New Jersey (1927) as well as several Connecticut valley events of Intensity VII which occurred 
over 200 miles from the station, albeit, in the Inner Piedmont Province (Ref. 2.5-73).  No larger 
events have been recorded in this province and none of the historical shocks can be 
satisfactorily related to specific structures. The Inner Piedmont is, in general, apparently the 
most seismically active portion of the area within 200 miles of the station.  Concentrations of 
moderate events are apparent in the New York City area in and the Central Virginia seismic 
zone near Charlottesville as described by Bollinger (Ref. 2.5-80).  Both of these zones are 
characterized by low to moderate seismic activity.  Seismicity elsewhere in the province is 
relatively rare and apparently random. 
 
Coastal Plain Tectonic Province 
 
The Coastal Plain tectonic province is characterized by the development of a miogeosynclinal 
wedge during the advanced phases of the final crustal divergence.  In the region south and east 
of the station, this province is characterized by a stratigraphic sequence of interbedded sands, 
gravels, clays and silty sands of both marine and continental origin.  These materials were 
deposited on the downwarped basement complex from Early Cretaceous to Quaternary time.  
The strata wedge out at the Fall Zone to form a wedge-shaped mass that thickens to the 
southeast.  The average dip of these strata varies from 75 feet per mile within the Cretaceous 
sediments to approximately 10 feet per mile in the upper Tertiary formations. 
 
Few geologic structures are known in the Coastal Plain Province.  The Salisbury Embayment is 
a structural low in the basement rocks between Newport News, Virginia and Atlantic City, New 
Jersey.  The Embayment is marked by a deep accumulation of Mesozoic and Cenozoic 
sediments, which approach a thickness of 3,500 to 7,500 feet at the Maryland coastline.  The 
feature is fairly prominent in the basement rocks but loess form in the younger sedimentary 
sequences, suggesting that it is predominately a pre-Tertiary feature.  The Coastal Plain 
underwent regional epeirogenic movements from Pliocene to Quaternary time, which lifted a 
portion of the continental terrace above sea level.  The significant seismic activity in the Coastal 
Plain includes the Intensity X event at Charleston, South Carolina, and, for the sake of 
conservatism, the Wilmington, Delaware event of Intensity VII. 
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2.5.2.3  Correlation of Earthquake Activity with Geologic Structures or Tectonic Provinces 
 
Only a few of the historical earthquakes in the northeastern United States can be satisfactorily 
related to specific structures at this time.  Therefore, a consideration of the significant events 
which could influence the seismic design for the Susquehanna SES will rely, for the most part, 
on an approach based on the tectonic settings discussed above.  To augment the tectonic 
province approach, the concept of the seismic zones within the provinces as discussed by 
Bollinger (Ref. 2.5-80) and Hadley and Devine (Ref. 2.5-81) will be addressed. 
 
Those events which constitute the largest earthquakes of record in the Eastern United States 
and which embrace all significant considerations for the Safe Shutdown Earthquake for the 
station, are listed below: 
 

1) The large events (maximum Intensity IX) such as those in the St. Lawrence 
Valley and Ottawa-Bonnechere Graben area 

 
2) The large events such as those (maximum MM Intensity VIII) which occurred in 

the Cape Ann Massachusetts area 
 

3) The (originally categorized as Intensity VII-VIII) Attica shock (1929) in western 
New York State 

 
4) The Intensity (IX to X) Charleston, South Carolina earthquake in the Coastal 

Plain 
 

5) The Intensity VIII Giles Co., Virginia earthquake of 1897 
 

6) The Intensity VII events such as those shocks which have been recorded in and 
around New York City, Wilmington, Delaware, Asbury Park, New Jersey, and 
Lake George, New York, and 

 
7) The Intensity VI events which occur only infrequently in the general region 

 
St. Lawrence Valley 
 
The St. Lawrence Valley and the Ottawa-Bonnechere Graben area are contained in the Ottawa 
Basin tectonic province (Ref. 2.5-73).  Earthquakes as large as Intensity IX are reported in this 
region.  The structural interpretation shows that this area is the extension of a transverse trough 
and mobile zone into the stable interior (Ref. 2.5-73). 
 
Because of the obvious historical confinement of seismic activity to this region marked by an 
intraplate weakness, recurrence of such large shocks are expected to remain in the area and 
are thus not translatable to the station. 
 
Boston-Cape Ann 
 
The large (Maximum Intensity VIII) events in the Boston-Cape Ann area were formerly 
historically associated with the Boston-Ottawa trend of earthquake activity (Ref. 2.5-82) which 
included the Ottawa-Bonnechere Graben area.  However, a recent re-evaluation (Ref. 2.5-73) 
has resulted in the identification of tectonic regimes which separate the former "Boston-Ottawa 
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trend" into specific tectonic provinces.  On the basis of this, the Cape Ann Intensity VIII event, 
being the largest event to have occurred in the Avalon Platform province (Ref. 2.5-73) would be 
restricted to a distance from the site of no less than 250 miles.  Moreover, according to Ballard 
and Uchupi (Ref. 2.5-83), it is possible that the significant Boston-Cape Ann seismic activity is 
associated with the faulted northwestern boundary of the Avalon Platform. 
 
For these reasons it is not deemed necessary to translate this activity (Maximum VIII) out of the 
Avalon Platform. 
 
Western New York 
 
The shock of 1929 near Attica, New York is anomalous with respect to the exceedingly sparse 
seismicity of this portion of the Stable Interior.  It does mark, however, a noted concentration of 
earthquakes which are spatially related to the well-recognized feature of the immediate area, 
the Clarendon-Linden Structure (Ref. 2.5-114). It is generally accepted that any recurrence of a 
similar event would be confined to the Attica area.  Therefore, the postulation of a recurrence of 
this shock at the closest approach of Stable interior to the station is not warranted.  A 
recurrence of the largest event at any location along the Clarendon-Linden Structure could 
result in only minimal ground motion at the station (less than Intensity IV).  
 
Charleston, South Carolina 
 
The largest events to occur in the eastern United States were the events of approximately 
Intensity X at Charleston, South Carolina in 1886. 
 
The concentration of seismic activity (over 400 events) in the immediate vicinity of Charleston is 
unique to the Atlantic Coastal Plain; moreover, such a confined density of epicenters is 
unmatched anywhere in the central and eastern United States, with the possible exception of 
the New Madrid, Missouri region.  On the strength of this areal distribution alone, it would be 
concluded that a specific tectonic anomaly is responsible for this localized activity. Independent 
lines of investigation have recently suggested a structural regime which may be responsible for 
the observed seismicity.  On the basis of seismic reflection profiles parallel to the coast of South 
Carolina, Dillon (Ref.  2.5-84) has reported evidence of northwest-trending faults in the 
continental shelf along the South Carolina coast, and states that this would seem to be the only 
zone of active faulting in the United States south of Cape Hatteras and east of the 
Appalachians.  Possible evidence of faulting is noted in the basement rocks offshore and in the 
Tertiary rocks of the continental margin. This possible faulting aligns with the northwest-trending 
seismic zone (Ref. 2.5-80) and has been postulated to be the extension of an active oceanic 
fracture zone into the continental block (Ref. 2.5-84, and 2.5-82). 
 
More locally, a mild, breached fold in the shallow sediments several miles west-southwest of 
Charleston has been identified by Colquhoun and Comer (Ref. 2.5-85) as the Stono Arch.  The 
axis of this arch trends west-northwest and has possible associated faulting. The trend of this 
structure is aligned with, and grossly parallel to, the seismic zone and the offshore structure 
discussed above, and represents the only known deformation in the immediate vicinity of 
Charleston.  Thus, it may be a near-surface expression of the more regional (and deeper) 
anomaly suggested by offshore reflection surveys and magnetic anomaly trends (Ref. 2.5-86). 
 
Transverse to the strike of these structural features are the northeast-trending axes of two 
structural highs which are identified along the coast, from Savannah, Georgia to just south of 
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Charleston, as the Beaufort-Burton High and the Yamacraw Ridge (Ref. 2.5-84).  According to 
Dillon et al. (2.5-84), the Beaufort-Burton High may be a shallow expression of the deeper lying 
Yamacraw Ridge.  The intersection of these structures with the suggested northwest trends in 
the vicinity of Charleston may, at least, be an expression of deeper basement complexity in the 
area, and lends support to a definition of structure responsible for the well-defined cluster of 
seismic activity in the Charleston area.  No other structural anomalies of significance are known 
in this area of the Coastal Plain. Therefore, the unique density of earthquake activity in the 
Charleston area is considered to be associated with localized structure, the character and 
extent of which are only grossly suggested at the present time.  In this respect, an earthquake 
similar to the largest Charleston shock would be expected to recur in the same locale, and 
would not be subject to translation throughout the Atlantic Coastal Plain tectonic province. 
 
Giles County, Virginia 
 
The Giles County, Virginia earthquake of 1897 is the largest shock to have occurred in the 
southern Appalachian region.  It is listed (Ref. 2.5-72) as Intensity VIII, and occurred in the 
Southern Appalachian Seismic Zone near its intersection with the Central Virginia Seismic Zone 
(Ref. 2.5-80), more than 350 miles from the station.  This intersection is marked by a definite 
break in the continuity of the activity of the northeast-trending Southern Appalachian Seismic 
Zone and lies well to the south of an area of apparent differentiation of the system of tectonic 
stresses along the Appalachians called the Central Appalachian Salient in southern 
Pennsylvania. 
 
This salient was probably initiated during early crustal divergence in late Precambrian time (Ref. 
2.5-73 and 2.5-87) resulting in a profound difference between the northern and southern 
portions of the Appalachian orogen as evidenced by three stages of the orogen's development: 
 

1. In late Precambrian the initial rifting stage developed with a bend, offsetting the 
northern and southern portions of the continental margin. 

 
2. During the end of the convergent stage (middle to late Paleozoic), the 

Alleghenian orogeny was pronounced only in the south and translation was 
restricted to the northern Appalachians. 

 
3. In the Jurassic during the final rifting stage, different stress regimes prevailed in 

the northern and southern portions (Ref. 2.5-88). 
 
The Central Appalachian Salient occurs where the NNE to NE trends, common to the 
Appalachians, change to EW in the vicinity of 40N latitude.  The EW trend has been interpreted 
to be a major crustal structure by several authors (Ref. 2.5-89 and 2.5-90) based largely on 
circumstantial evidence of interpreted offsets of geophysical anomalies, isopach contours, and 
geologic map patterns. Drake and Woodward (Ref. 2.5-90) have suggested that 80-90 miles of 
dextral offset has occurred on this feature and that no evidence of post-Cretaceous movement 
has been found.  Figures 2.5-8A and 2.5-8B shows the approximate location of this structure as 
defined by Woodward (Ref. 2.5-89).   
 
Even though its surficial expression cannot be well-defined, the Central Appalachian Salient 
clearly divides the northern and southern portions of the orogen.  This is borne out by inspection 
of the historical seismicity shown on Figures 2.5-8A and 2.5-8B, wherein consistent changes in 
the seismicity within the described provinces are noted from north to south.  The virtually 
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aseismic character of that portion of the Fold and Thrust province containing the station has 
been noted by the Nuclear Regulatory Commission (Ref. 2.5-91). 
 
Thus, in consideration of the tectonic development, the inferred geological and geophysical 
evidence, and seismicity, the existence of a fundamental boundary between the northern and 
southern orogen is herein considered and illustrated as a zone on Figures 2.5-8A and 2.5-8B. 
 
This change of seismotectonic style is further corroborated by Hadley and Devine (Ref. 2.5-81, 
Sheet 3) who have shown a seismotectonic province generally recognizing the earthquake 
activity of Bollinger's (Ref. 2.5-80) Southern Appalachian Seismic Zone within the Fold and 
Thrust Belt.  At its northern extent, their boundary stops at the southern Pennsylvania border 
about 125 miles from the station.  They describe the zone as an area where epicentral 
distribution or relation to known structure indicated a limiting structural factor, and where at least 
one earthquake of Intensity VII or VIII (Giles County event, 1897) has been recorded. 
 
Because of (1) the notable change in tectonic style in the Fold and Thrust Belt in Province South 
of the Pennsylvania border, (2) the reduction in seismicity north of the Central Appalachian 
Seismic Zone, (3) the assignment of a different seismotectonic character to the Fold and Thrust 
Belt south of Pennsylvania, and (4) the historical record which shows a sparsity of earthquakes 
in Pennsylvania, we consider that a translation of an Intensity VIII event (Giles County 
recurrence) closer than 100 miles to the Susquehanna SES is not warranted. 
 
Intensity VII Events 
 
Consideration must be given to the likelihood of Intensity VII events which are known to occur 
occasionally in this region of the northeast.  Within 200 miles of the station, nine shocks of 
Intensity VII have been documented.  Five of these are early reports (1568, 1574, 1584, 1592, 
and 1791 - See Table 2.5-2) of concentrated activity in the Connecticut Basin about 200 miles 
from the site.  This area lies within the Inner Piedmont Tectonic Province.  The other four 
occurred within the Piedmont province, or at its (eastern) boundary with the Coastal Plain near 
New York City and northern Delaware.  The closest approach to the station of the tectonic 
province containing these events would be 50 miles.  Such an event would attenuate to about 
Intensity V even on unconsolidated materials at the station, according to conservative central 
U.S. attenuation characteristics (Ref. 2.5-92), and would be less on competent rock. 
 
The Intensity VII event at Lake George in northern New York, although over 200 miles from the 
station, is spatially associated with a general concentration of smaller earthquakes.  Hadley and 
Devine (Ref. 2.5-81, Plate C) confine this Lake George event to (1) a tectonic province whose 
nearest approach to the Susquehanna SES is greater than 150 miles, and (2) a bounded area 
of seismic activity "in which known faults are associated with epicentral alignments or 
distribution in such a way as to indicate that movements on the known faults or closely related 
faults have been the source of recorded earthquakes."  This seismic area boundary approaches 
no closer than 150 miles to the station. 
 
It is seen, then, that Intensity VII events can be confined to approaches of tectonic provinces, 
seismic zones, and/or structure which are no closer than 50 miles to the Susquehanna SES. 
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Intensity VI Events 
 
Within 200 miles of the station, a few scattered Intensity VI events are noted (Figures 2.5-8A 
and 2.5-8B).  The two closest events occur about 48-60 miles due south at the closest approach 
of their tectonic province and are, at least spatially, related to Triassic border faults (Ref. 
2.5-81).  Several others are concentrated in the immediate vicinity of the Clarendon-Linden 
structure in northwestern New York State.  It should be noted that in the station province (Fold 
and Thrust Belt) no Intensity VI events occur north of the Central Appalachian Salient in 
southern Pennsylvania, a distance of over 100 miles from the station.  In the Stable Interior, an 
Intensity VI event in northern New York, 180 miles north of the station, is not related to known 
structure, and could conservatively be translated to the closest approach of its province to the 
station, a distance of about 40 miles. 
 
 
2.5.2.4  Maximum Earthquake Potential 
 
The previous section defined the maximum potential earthquake in terms of the closest 
postulated approach of maximum historical events to the Susquehanna SES.  Consideration 
was given in each case to a conservative utilization of tectonic province models, recognized 
seismic zones, and/or any associated tectonic structure.  The resulting candidates for the Safe 
Shutdown Earthquake (SSE) are:  
 
Intensity (MM) Closest Approach to Site Maximum Site Intensity 

 
X 450 miles V 
IX 300 miles V 
VIII 100 miles V-VI 
VII 50 miles V-VI 
VI 40 miles IV-V 

 
In deriving the maximum Intensity to be felt at the station from the above candidates, the 
attenuation curves developed for the central United States (Ref. 2.5-92) were used.  These 
curves are the most conservative available for the United States in that both western (California) 
and eastern (Canada, New York, Charleston, S.C.) data show a greater attenuation of Intensity 
with distance than does the central United States experience.  It should be noted, also, that 
such attenuation relations are based on isoseismal maps which tend to record the maximum 
Intensity felt in a given locale, usually on poor soil conditions. It is likely, then, that the Intensities 
(damage potential) actually experienced on solid foundation material of the Susquehanna SES 
would be somewhat less than those levels specified in the foregoing table which are used in the 
Safe Shutdown Earthquake derivation in Subsection 2.5.2.6 below. 
 
From inspection of the above candidates, a station intensity of less than VI is the maximum 
consistent with the tectonic model seismic zones, and/or associated structure. This is entirely in 
keeping with the historical earthquake record which shows that the area of the station is virtually 
aseismic.  Moreover, there are no known faults which appear capable of generating other than 
minor disturbances well below damaging levels of ground motion. 
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2.5.2.5  Seismic Wave Transmission Characteristics 
 
The static and dynamic properties of the subsurface materials at the station are presented in 
Subsection 2.5.4.2.  The analyses presented in this referenced section are based on 
characteristic ground motion and significant frequencies generated by the maximum potential 
earthquake described above and quantified below. 
 
2.5.2.6  Safe Shutdown Earthquake (SSE) 
 
As a result of the derivations discussed above, an SSE of less than Intensity VI is the maximum 
earthquake consistent with tectonic models and historical evidence presented for the site.  
However, an SSE generating a horizontal ground acceleration of l0 percent of gravity (g) has 
been selected in compliance with the minimum design requirement of the regulatory agencies. 
 
To justify the conservative nature of this design level as an anchor for design response spectra, 
the acceleration/intensity correlations which have been developed for an Intensity of VI are 
discussed, although this Intensity is not expected to be felt at the station on the basis of the 
discussions above. 
 
Recent correlations between Intensity and peak horizontal ground acceleration have made use 
of currently available data for the western United States (Ref. 2.5-113) and worldwide (Ref. 
2.5-93).  The results of these current studies do not differ greatly from prior parallel studies, but 
are generally more conservative.  Therefore, these investigations can be used as a general 
guide for an expected value of acceleration (from an Intensity VI event) on which to anchor 
design response spectra.  These studies show an expected acceleration level of about 6 to 7 
percent of gravity as a result of a Intensity VI event.  On the basis of these relationships, the 
design acceleration for the Susquehanna SES for structures founded on rock is conservatively 
selected as the required minimum of 10 percent q in accordance with 10CFR100, Appendix A.  
This level is used to anchor the design response spectra shown on Figure 2.5-27.  For 
structures founded on soil, the NRC required that the SSE be increased 50 percent or to 0.15 g 
in order to accommodate any amplification of ground motion in the soil overlying the bedrock.  It 
should be noted, however, that the maximum earthquake for the station is less than Intensity VI, 
which correlates with an acceleration of no more than 0.06 g.  If this value were increased by 
50% to accommodate amplification due to soils, the resulting SSE for structures founded on soil 
would not be more than 0.10 g.  Thus, the selected value of 0.15 g provides a large margin of 
safety.  The 0.15g value is applied at foundation level. 
 
The duration of strong motion from the SSE is not expected to exceed 5 seconds (Ref. 2.5-95 
and 2.5-96) and in all probability, would be considerably less at frequencies critical to design.  
Duration of motion from a larger, more distant event such as the Charleston, South Carolina 
event (X) would be relatively longer than that from the design event, but the low accelerations 
which are characteristics of long period motion from distant large events will be adequately 
enveloped by response spectra anchored at the minimum level of l0 percent g. 
 
 
2.5.2.7  Operating Basis Earthquake (OBE) 
 
On the basis of the historical seismicity described above wherein a maximum Intensity felt at the 
station from historical earthquakes was no larger than IV, an Operating Basis Earthquake (OBE) 
which would, during the life of the facility, generate a ground acceleration at the station no 
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higher than 5 percent g (l/2 SSE) has been selected.  This level of acceleration will not be 
exceeded by the occurrence of even an Intensity V shock adjacent to the station or a recurrence 
of large, regional events at a distance.  According to Trifunac and Brady (1975), a felt Intensity 
of V will result in acceleration levels below 4 percent g.  Return periods for such ground motion 
at the station are of an extremely low order of probability, as evidenced by the fact that no local 
(Pennsylvania) shocks have been reported as felt at the station.  Figure 2.5-28 is the design 
spectra anchored at the OBE level of 5 percent g.  For structures founded on soil, an OBE of 
0.08 g was used for design. 
 
 
2.5.3  SURFACE FAULTING 
 
Based on the data contained in Subsections 2.5.1 and 2.5.2 and the interpretations and 
conclusions therein, there is no capable fault (Appendix A, 10 CFR, Part 100) within at least five 
miles of the Susquehanna Steam Electric Station. 
 
A detailed description of the lithologic, stratigraphic and structural conditions at the site and the 
surrounding region is contained in Subsection 2.5.1.  All historical reported earthquakes within 
50 miles of the site, and all earthquakes within 200 miles of the site with magnitudes (Richter) 
greater than 3.0 or MM intensities greater than III are detailed in Subsection 2.5.2. 
 
The above referenced information clearly indicates that surface faulting is not of significance to 
the Susquehanna Steam Electric Station. 
 
 
2.5.4  STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS 
 
2.5.4.1  Geologic Features 
 
General. The upper bedrock at the site area includes the Middle Devonian Mahantango 
Formation. The upper part of the Mahantango is a dark gray siltstone, with bedding generally 
delineated by thin, consistent, light gray, fine-grained sandstone stringers. Beneath the upper 
member, the Mahantango is comprised of 120 to 150 ft of dark gray, hard calcareous siltstone, 
typically having bedding obscure to absent and displaying cleavage. This member which 
supports the power block structures is harder, more massive, and more resistant to erosion than 
the upper member. 
 
The irregular bedrock surface underlying the site is the result of a combination of preglacial 
weathering and stream erosion, glacial scour, later erosion by glacial melt waters, and the 
varying resistance of the rock units to erosion. The bedrock is blanketed by till and glacial 
outwash which grades upward from a gravelly boulder zone to a surface layer of silty fine sands 
and sandy silt. The surface layer is believed to be reworked loess. The maximum thickness of 
overburden is around 40 ft in the southern half of the site, with bedrock occasionally cropping 
out at the surface. North of the east-west bedrock ridge situated just north of the reactors, the 
glacial deposits fill a valley eroded into bedrock to a depth exceeding 100 ft. 
 
Structurally, the site is situated on the north limb of the Berwick Anticlinorium; its axis passes 
just south of the site. The anticlinorium trends east-northeast and plunges gently to the 
northeast. As with the regional picture, folding is the most characteristic feature of the site area. 
Minor faulting in the form of small bedding-plane slips and intraformational shear zones occur, 
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but they are of no significance to the site. They apparently developed during the Paleozoic 
(more than 200 million years ago) during the Appalachian orogeny. The zones are typically 
healed with calcite and quartz (Additional description of site geologic conditions is presented in 
Subsection 2.5.1.2). 
 
All Seismic Category I plant structures except the spray pond, the Engineered Safeguard 
Service Water (ESSW) pumphouse and pipeline are founded on bedrock. The ESSW pipeline 
trench is excavated partly in soil and partly in rock. Most of the other major plant structures, 
including the cooling towers, are also founded on bedrock. 
 
Site geologic and foundation conditions are entirely suitable for the construction and operation 
of the Susquehanna SES. 
 
 
2.5.4.1.1  Areas of Potential Subsidence, Uplift, or Collapse 
 
The potential for significant uplift or subsidence at the site, due to man's activities or geologic 
conditions such as regional warping, is negligible. 
 
The shallowest carbonate rock that may be present beneath the site is the Onondaga 
Formation, above which occurs more than 2,000 ft of Middle Devonian shales and siltstones 
(Figure 2.5-14). At that depth the Onondaga Formation, if present, would not be expected to 
have a significant potential for subsidence or collapse even if it contained solution cavities. No 
coal beds are present beneath the site; the nearest coal measures are about 3-1/2 miles north 
of the site near Shickshinny. Rocks in the site area have no known potential for oil or gas 
production. The nearest oil or gas field is located 25 miles northeast of the site. Precise leveling 
surveys and other data in the literature provide no indication that the Site is in an area 
experiencing any abnormal regional warping, uplift, or subsidence. More detailed discussion of 
the potential for uplift or subsidence at the site is presented in Subsection 2.5.1.2.5.3. 
 
 
2.5.4.1.2  Previous Loading History of the Foundation Materials 
 
Bedrock at the site had been buried and deformed during the Appalachian orogeny (over 200 
million years ago) with sufficient intensity to impose secondary cleavage in places and to 
mobilize calcite and to some extent quartz, resulting in a hard, indurated rock lacking the 
bedding-plane fissility normally associated with less well indurated silty shales and shaly 
siltstones. During Quaternary time, at least two ice lobes advanced over the site; the only direct 
effect this additional load might have on the bedrock at the site would be a tendency to scour 
loose or weathered rock from the rock-soil interface. Any pre-existing surficial deposits not 
removed by the glaciers would have been preconsolidated and thereby strengthened by ice 
loading. 
 
Surficial material at the site consists of glacial drift largely, if not wholly, deposited by the Olean 
advance of the Wisconsin ice sheet.  These deposits, which are described in Subsection 
2.5.4.1, would be expected to have varying consolidation or preloading characteristics 
depending on local depositional history.  Soils in the spray pond excavation (including the 
ESSW pumphouse excavation) and in the pipeline excavations leading to the spray pond are of 
particular interest because they support Seismic Category I facilities in these areas. Here 
geologic mapping shows that these soils consist of well stratified outwash sands and gravels, 
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together with poorly stratified to unstratified kame-like gravels (refer to geologic maps, Figures 
2.5-15 and 2.5-18).  They evidently were deposited during or subsequent stagnation of the final 
ice advance in the site area, since they are not overlain by a till blanket, nor do the strata show 
structural evidence of having been overridden by ice.  Geologic evidence, therefore, indicates 
that the stratified surficial materials exposed in the excavations for the soil-supported Seismic 
Category I facilities are likely to be normally consolidated and not preloaded by ice during or 
subsequent to deposition. 
 
As the overburden soils in the area were not preloaded, no correction is necessary for the 
influence of preloading on the SPT or on the relative density shown in Figure 2.5-32, and the 
cyclic shear stress ratio at failure as shown on Table 2.5-14.  The lateral earth pressures shown 
on Figure 2.5-39 refer to pressures due to compacted backfill and are not influenced by the 
previous loading history of the site soils.  
 
 
2.5.4.1.3  Structures and Zones of Weathering, Disturbance, or Weakness in Foundation 
 Materials           
 
Foundation materials consist of two basic types; namely, glacial till and outwash in the spray 
pond area, and siltstone or indurated slaty shale in the remainder of the principal plant 
foundations. 
 
A geologic map of the foundation rock for the principal plant structures is presented on Figure 
2.5-18.  It shows joints, shears, attitudes of bedding and other features.  All foundations shown 
were excavated so that structures are founded on firm bedrock, the Devonian Mahantango 
Formation.  Geologic sections through the foundations are shown on Figure 2.5-19.  A geologic 
map for the spray pond is presented on Figure 2.5-15. 
 
The southwestern tip of the spray pond is cut into bedrock while the remainder is excavated in 
glacial materials. The thickness of the glacial deposits beneath the bottom of the spray pond 
ranges from zero at the rock contact to 93 ft at the eastern end of the pond. The foundation for 
the pumphouse structure, located at the southeastern corner of the pond, is underlain by 35 to 
60 ft of glacial material. The water circulation pipelines, between the pumphouse and the plant, 
intersect bedrock at an elevation of 668 ft, approximately 260 ft southeast of the pumphouse. 
 
The vicinity of the spray pond is situated over a glacial or preglacial, east-west trending bedrock 
valley as outlined by contours on top of bedrock (Figure 2.5-17).  Total relief of the bedrock 
surface is about 130 ft.  The valley is filled with dense, permeable gravelly and sandy glacial 
outwash and till deposits that attain a maximum thickness of about 110 ft in the spray pond 
area.  They were deposited during the Olean substage (early Wisconsinan) of the Wisconsin 
glaciation which occurred at least 50,000 years ago, and there is a possibility that at least some 
of the bedrock erosion and overlying glacial deposits are the result of an earlier Illinoisan 
glaciation (refer to Subsection 2.5.1.2). In general, the deposits consist of a sequence of sand, 
gravel, and boulders overlain by sand and gravel, overlain in turn by silty sand.  The entire 
sequence is highly variable in grain size distribution and sorting, and contains discontinuous 
pockets of similar materials.  As a rule, grain size decreases and sorting increases toward the 
top of the sequence.  The glacial materials in the deposit are noncalcareous; most of the rock 
particles consist of indurated sandstones.  The origin and composition of the deposit are such 
that it is not susceptible to significant weathering or alteration. 
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In the power block and cooling tower foundations, the principal structural feature is a minor 
anticline, the axis of which trends about N85 E and was exposed in the radwaste and Unit 1 
cooling tower foundations (Figure 2.5-18).  South of this feature, bedding generally dips gently 
south with minor undulations; to the north, beds dip more steeply north.  Bedding, which 
generally strikes N70 to 85E, is obscure in the foundations; the foundation rock is quite 
massive and is not characterized by weak zones developed along bedding or cleavage planes.  
Where observed, the bedding planes as a rule are smooth and uncontorted with only minor 
undulations.  In the turbine and reactor building foundations, the bedding dips 5 to 10 degrees to 
the south, while north of the circulating water pumphouse the dips are in places up to 5 to 8 
degrees north to northeast, reflecting this minor undulatory variability of bedding.  Small-scale 
folds a few feet in dimension occur but are not prevalent in the site area; one such small 
anticlinal fold was recognized at the north edge of the circulating water pumphouse excavation.  
Cleavage is variably developed, strikes generally parallel to the strike of bedding, and dips 
steeply south.  Jointing in the rock excavated for foundations is fairly well developed. 
Figure 2.5-18 shows the principal joints encountered at foundation grade, which is at sufficient 
depth below the top of the rock to be in essentially unweathered material. Here joints are tight 
and either uncoated, or coated with calcite or a mixture of quartz and calcite.  Few joints at 
foundation level contained significant iron staining; some iron-stained joints are mapped in the 
radwaste foundation area.  Toward the surface these joints generally become more heavily 
iron-stained with greater degree of weathering, and calcite coatings tend to be leached out, 
resulting in open joints, in joints partly coated with quartz, or in clay-filled joints in the zone of 
weathering.  The major joint set strikes east-northeast (N60-85E), and dips vertically (within 15 
of vertical). Other steeply dipping to vertical joint sets strike northwest to north-northwest, and 
north-south.  Less steeply dipping joints generally have an east-northeast strike; one group dips 
gently northward at 10-18, and another, in the southern part of the excavation, dips 50-60SE.  
Some of the joint surfaces, particularly the low-angle joints, are slickensided.  In addition to 
these principal joints, high-angle, discontinuous, white calcite and quartz-calcite veinlets are 
typically exposed locally throughout principal plant foundations. 
 
A few minor shear planes, originally recognized in the cores obtained during the early phase of 
site exploration, were exposed during foundation excavation and are mapped on Figure 2.5-18.  
One shear plane, traced from the northeast corner of the Unit 1 reactor foundation northward to 
the Unit 1 cooling tower, was found to be oriented parallel to bedding and is denoted "bedding 
plane shear A" on Figure 2.5-18.  The surfaces of the bedding plane shear are healed with 1/4 
to 3/4 in. thick laminae of calcite, siltstone and some quartz.  The calcite laminae are 
approximately 1/16 in. thick, alternating with thinner siltstone laminae.  The entire exposed area 
of this bedding plane contains prominent slickensides trending N30 to 40W, with a 6 to 7SE 
plunge.  Updip and closer to the top of the rock, the bedding plane contains a 1/2 to 1 in. wide, 
iron-stained zone, and it also shows extensive leaching of the minerals filling the shear. In 
places the adjacent rock is weathered to a granular sandy soil.  The calcite which fills the 
bedding plane shows no sign of crushing.  It should be emphasized that the weathering and 
staining on the bedding plane shear occurs only near the top of the rock where surface water 
and groundwater could penetrate along the plane; at foundation grade which is well below the 
weathered zone, the unweathered laminae have the properties of firm rock.  In places the 
bedding plane shear is apparently not a prominent feature in the unweathered rock.  For 
example, it was identified only as a slickensided surface with associated jointing in boring 105 
and as horizontal jointing planes in boring 351 (shown in profile on Figure 2.5-19). 
 
Foundation mapping reveals that the bedding plane shear is warped in conformance to the 
folding of bedding.  The shear can be traced northward to the excavation for the Unit 1 cooling 
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tower (Figure 2.5-18).  Measured attitudes of bedding show that the axis of the minor anticline 
described above occurs near the foundations for pedestals 6 and 7 of the cooling tower.  South 
of pedestal 7, the bedding plane shear dips gently south; north of pedestal 6, the bedding plane 
shear dips gently north.  Additional subsurface data from bore holes farther south and north 
strongly suggest that the configuration of the bedding plane closely follows the undulations in 
bedding (Figure 2.5-19).  No evidence was found at the site to indicate that the shear plane 
substantially deviates from bedding planes. 
 
During excavation, this bedding plane shear was traced updip to its intersection with the top of 
rock at a steep, glacially eroded contact.  The eroded rock surface was continuous across the 
trace of the bedding plane, without displacement or offset (Figures 2.5-20a through 2.5-20g).  
Since the erosion of the rock surface would necessarily have occurred prior to the deposition of 
the overlying glacial deposits, which have been established as being more than 50,000 years 
old (refer to Subsection 2.5.1.2.2.1), this relationship shows that any displacement along 
bedding plane shear A occurred more than 50,000 years ago.  In reality, the most probable age 
of the shearing is pre-Triassic or over 200 million years ago.  This is indicated by regional 
relationships plus the fact that the shear plane is folded (A detailed presentation and analysis of 
the relationship between site and regional structure is presented at the end of Subsection 
2.5.1.2.3.2). 
 
A second bedding plane shear (Shear B), a few feet below and parallel to the first bedding plane 
shear, was exposed near the northwest corner of the Unit 1 turbine building foundation.  It is 
similar in appearance but apparently more restricted in a real extent than the first.  Two vertical, 
calcite-filled joints cut across this second bedding plane (Figures 2.5-20a through 2.5-20g).  The 
calcite in these vertical joints is continuous across the bedding plane with no offset, showing 
that the joints were formed and the calcite was deposited in the joints, subsequent to 
development of the slickensides on the bedding plane. 
 
The conclusion stated in the PSAR (p. 2.7-2) regarding the significance of these shear planes is 
still appropriate and deserves restatement: "Minor bedding plane slips at depth have been 
observed in the site area, both north and south of the interior ridge.  Those slips have not 
experienced movements in more than 200 million years.  A minor slip of this nature could be 
exposed in any large excavation anywhere in the area; however, it would not affect the 
structural design of the facilities." 
 
All deformational features observed in rock at the site are geologically old and are not significant 
to plant structures.  In unweathered rock, minor shears that do occur are tightly healed with 
calcite and quartz mineralization, and joints are likewise tight and unweathered.  All foundations 
for plant structures designed to rest on sound rock were excavated to, or into, unweathered 
bedrock.  No structurally weak zones were encountered in these foundations (Refer to 
Subsection 2.5.1.2.5.5). 
 
Further description of depth of weathering and geologic structures at the site and in the 
foundations is presented in Subsections 2.5.1.2.3.2 and 2.5.1.2.5.6. 
 
 
2.5.4.1.4  Unrelieved Residual Stresses in Bedrock 
 
No indications were found during excavation and construction at the site of the presence of any 
significant stress in bedrock (refer to Subsection 2.5.1.2.5.8 for additional discussion). 
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2.5.4.1.5  Potential for Unstable or Hazardous Rock or Soil Conditions 
 
Foundation rock at the site is a hard, indurated, unweathered siltstone, a member of the Middle 
Devonian Mahantango Formation.  Similar materials underlie the site to a depth of at least 1,000 
ft.  This rock contains no unstable minerals and provides highly stable foundation conditions.  
 
Soils at the site are glacial in origin, deposited mostly by flowing glacial meltwater, much under 
torrential conditions.  The soil is noncalcareous.  Most of the rock fragments consist of indurated 
sandstones.  The origin and mineralogy of these soils is such that they present no hazardous 
conditions (refer to Subsection 2.5.1.2.5.7). 
 
 
2.5.4.2  Properties of Subsurface Materials 
 
A few of the safety-related principal plant structures are founded on soil.  These structures 
consist of the Engineered Safeguard Service Water (ESSW) pumphouse, the spray pond, and 
portions of the Seismic Category I pipeline linking the reactor building to the spray pond and the 
diesel generator 'E' fuel tank.  Most other plant structures are founded on rock.  The location of 
these structures is shown on Figure 2.5-24; soil and rock foundations are identified on Figure 
2.5-17A. 
 
The static and dynamic engineering properties of the site bedrock and overburden soils were 
determined by field investigation and laboratory testing.  The results of laboratory testing of the 
materials sampled from the project site are covered in two reports (Ref. 2.5-97 and 2.5-98). 
 
A detailed study of the soil properties at the site of the spray pond and ESSW pumphouse is 
given in Subsection 2.5.5. 
 
 
2.5.4.2.1  Properties of Foundation Rock 
 
The Category I reactor buildings and diesel generator buildings, as well as the non-Category I 
turbine and radwaste buildings (see Figure 2.5-24) are founded on unweathered siltstone 
bedrock.  The siltstone, a member of the Mahantango Formation of Devonian age, is hard and 
indurated, and in the foundations area is lithologically homogeneous with bedding generally not 
well defined, and lacking the bedding plane fissility usually associated with less well indurated 
shaly siltstones and silty shales.  In places the rock exhibits cleavage, further evidence of its 
indurated nature. 
 
In the area of the principal plant structures, bedrock bedding where observed generally dips 
gently (less than 10) south; locally, such as north of the circulating water pumphouse, beds dip 
slightly north.  At the north end of the radwaste building and the north side of the Unit 1 cooling 
tower, bedding dips more steeply north.  The cleavage is steeply inclined to the south.  Minor 
slickensided bedding plane shears and joint planes occur in the foundations as described in 
Subsections 2.5.4.1 and 2.5.1.2.3.  All such shears beneath the principal plant foundations are 
fully healed with unweathered calcite and quartz mineralization and do not adversely affect the 
strength and competence of the foundation rock.  Further evidence of the healed nature of these 
shears is furnished by the RQD values and core recovery rates in borings that penetrated 
bedding plane shear A (refer to Figure 2.5-18 and discussion in Subsection 2.5.4.1) at 
elevations below the bottom of the foundation of the principal plant structures, such as in 
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borings 302, 309, and 314.  In all cases RQD values are above 35 percent through the shear 
plane; in most cases, RQD values exceed 80 or 90 percent and core recovery was close to 100 
percent (Further information on foundation geologic conditions is presented in Subsection 
2.5.4.1). 
 
Typical values of unconfined compressive strength of unweathered siltstone underlying the 
principal plant foundations range from 3,650 to 16,000 psi (see Table 2.5-3).  The modulus of 
deformation determined from these laboratory tests on core samples ranges from 3.1x106 to 
9.4x106 psi.  These values indicate strong, competent rock. 
 
P-wave measurements were made by Dames and Moore in the laboratory on individual core 
specimens.  The cores were from borings 303, 314, and 315 which are located, respectively, 
near the Unit 1 turbine building condensate pump pit at the center of the Unit 1 reactor, and at 
the center of the Unit 2 reactor.  The average seismic P-wave velocity determined for 10 
samples at or below foundation grade beneath power block structures is 13,236 fps.  For three 
samples from boring 303 in the Unit 1 turbine building, the average Vp value is 14,272 fps, or 
approximately 14,000 fps.  These determinations are listed in Tables 2.5-4 and 2.5-5. 
 
Rock quality designation (RQD) measurements made by Dames and Moore on rock cores from 
below the foundation elevations in the reactor, turbine, radwaste, diesel generators, and 
circulating water pumphouse foundations exceed 80 percent (refer to boring logs, Ref. 2.5-97 
and 2.5-121). 
 
In the reactor area, cross-hole and down-hole measurements of in situ seismic velocities show 
high values.  The measurements were made by Weston Geophysical Engineers, Inc., June 8 - 
August 6, 1971 using boreholes 105, 303, 307, 314, 315, and 316 (refer to Figure 2.5-29).  
Values obtained from the cross-hole array for the elevation interval 550-640 ft MSL are 16,000 
fps for the P-wave velocity and 7500 fps for the S-wave velocity in the reactor area (design 
elevation of bottom of reactor foundations, 639 ft MSL).  The results of the down-hole 
measurements yield values that are slightly lower, by a factor of about 15 percent; that is, a Vp 
value of about 14,000 fps and Vs of about 6,200 fps.  These in site results are in good 
agreement with the laboratory determinations.  Additional cross-hole and up-hole in situ seismic 
velocity measurements were made in the spray pond area (Ref. 2.5-99). Results of the 
cross-hole explorations at the site are further discussed in Subsections 2.5.4.2.2 and 2.5.4.4. 
 
Plate load tests were carried out on sound rock near the center of the Units 1 and 2 reactor 
building excavation in the vicinity of boring 105 (refer to Figure 2.5-18).  Plates 24, 13.5, and 8 
in. in diameter were subjected to successively increasing total loadings of 7, 22, and 60 tons per 
square foot (tsf), respectively.  A total deflection of .062 in. occurred when the 24 in. plate was 
loaded to a maximum of 7 tsf.  An additional deflection of 0.036 in. was recorded on subsequent 
loading to 22 tsf, and another 0.036 in. of deflection on application of the 60 sf maximum load, 
producing a total settlement of 0.134 in. for the three-stage loading to 60 tsf.  Recovery of the 
rock by elastic rebound upon release of these loads was substantial: 68, 75, and 80 percent 
repeatable elastic recovery of the total deflections were recorded after release of the 7, 22, and 
60 tsf loadings, respectively.  Additional deflections due to cyclic loading were small. Application 
of 14 cycles of load at 7, 15, and 30 tsf resulted in additional settlements of only 0.012, 0.003, 
and 0.002 in., respectively, over the corresponding single loadings. These results are consistent 
with the high modulus values and seismic velocities of the foundation rock, and indicate 
structurally strong, competent material for foundations in unweathered rock. 
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It is concluded from the engineering properties of the unweathered bedrock of the Mahantango 
Formation that the rock provides adequate support for the major plant structures under both 
static and dynamic conditions.  Settlement of structures under static loading is insignificant.  It 
consists of pseudo-elastic compression of the underlying rocks and occurs essentially upon load 
application.  Moreover, the bedrock will undergo no loss of strength and will experience 
negligible additional settlement under earthquake loading. 
 
A summary of the properties of the foundation rock is compiled in Table 2.5-5. 
 
 
2.5.4.2.2  Properties of Foundation Soils 
 
The results of detailed exploration of the soils in the spray pond area are given in Subsection 
2.5.5.  Only information on the properties of the pumphouse and diesel generator 'E' fuel tank 
foundation soils is given in this subsection. 
 
The natural soils at the pumphouse and diesel generator 'E' fuel tank sites are normally 
consolidated and consist predominantly of sand, gravel, cobbles, and boulders.  The soils are 
poorly stratified, starting as sand or sandy gravel at the surface and grading to mostly cobbles 
and boulders near bedrock.  The depth of the soil deposit below foundation grade ranges from 
about 35 ft at the south end of the pumphouse to about 60 ft at the north end.  About eight (8) 
feet and twenty (20) feet of sand, gravel and boulders are below the foundation grade of diesel 
generator 'E' fuel tank at north end and south end respectively.  A subsurface cross-section 
through the pumphouse site is shown on Figure 2.5-30, cross-section D-D.  The soils below the 
foundation level are predominantly sandy gravels with large amounts of cobbles and boulders.  
The properties of these sandy and gravelly soils are as follows: 
 

a) Grain Size Distribution 
 

Grain size distribution tests were made on most of the split spoon samples for 
classification purposes.  Sieve and hydrometer analyses were performed 
according to ASTM Procedure D-422.  The range of grain size curves is shown 
on Figure 2.5-31.  The mean grain size (D50) of the gravelly soils, which are the 
predominant material below the pumphouse and diesel generator 'E' fuel tank 
was found to be in the range of 4.5 to 25.0 mm. Wherever the sand is present 
below the pumphouse, the D50 size is in the range of 0.14 to 3.0 mm. 

 
 

b) Relative Density 
 

Relative density data were derived from standard penetration test results using 
the Gibbs and Holtz procedure (Ref. 2.5-100).  This procedure is valid for 
normally consolidated sands. 

 
Values of relative density obtained in this way are summarized on Figure 2.5-32.  
A direct comparison of relative density from 'N' values given in Figure 2.5-32 and 
from undisturbed samples and/or in site density tests cannot be made because 
no relative density tests were made.  The soil deposits are glacial in nature.  The 
deposits are quite variable in particle size and sorting and contain discontinuous 
sand pockets and gravel pockets. Grain size in general increases with depth.  At 
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the foundation level of the pumphouse and diesel generator 'E' fuel tank, the 
maximum sizes of the particles are in the range of 3 to 12 inches.  Undisturbed 
tube samples could not be obtained in the gravelly soils.  The gravel also will 
influence the results of in site density tests so that they may not represent the in 
site condition as a whole.  The Standard Penetration resistance versus elevation 
is given on Figure 2.5-33.  The 'N' values will be influenced by gravel.  Because 
of this the higher blowcounts were not considered representative of site 
conditions.  A value of N = 40 was selected for design.  Of the 49 standard 
penetration tests made beneath the foundation level at the ESSW Pumphouse 
and 2 standard penetration tests beneath the diesel generator 'E' fuel tank, 45 
exceeded 40 blows per foot.  Of the 6 values that were less than 40 blows per 
foot only one was less than 30 blows per foot. 

 
c) Static and Dynamic Shear Strength 

 
Undisturbed sampling of gravelly soils was not possible.  Therefore, shear 
strength testing was conducted only on the sands.  The shear strength of the 
gravelly soils was then conservatively assumed to be equal to that of the sands. 

 
The details of the testing procedures and selection of design strengths are given 
in Subsection 2.5.5.  The effective angle of internal friction was selected from the 
test data to be 35 (Figure 2.5-34).  The cyclic shear stress ratios at the two 
effective consolidation pressures 1.0 ksf and 6.0 ksf were determined to be 0.320 
and 0.260, respectively, for 5 loading cycles (Figure 2.5-35, Subsection 2.5.5).  A 
linear relationship was assumed in computing cyclic shear stress ratios at other 
effective consolidation pressures. 

 
d) Shear Wave Velocity and Shear Moduli 

 
Cross-hole shear wave velocity measurements were performed by Weston 
Geophysical Engineers, Inc. (Ref. 2.5-99).  Compressional and shear wave 
velocities obtained from the measurements are given on Figure 2.5-36. 

 
Shear moduli were computed from the values of shear wave velocity: 

 
2
sVg

G 
  

Where: 
 

G = shear modulus, psf 
 

 = unit weight, pcf 
 

g = gravitational acceleration, ft/sec2 
 

V = shear wave velocity, fps 
 

A discussion on how the shear modulus is influenced by the confining pressure, 
the strain amplitude, and the relative density is given in Subsection 2.5.5.2. 
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2.5.4.3  Exploration 
 
The location of all field explorations is shown on the plot plan, Figure 2.5-22. 
 
A total of approximately 250 exploratory borings was made in soil and rock at the site. Borings 
were logged in detail; boring logs are contained in Ref.s. 2.5-97, 2.5-98 and 2.5-99 and 
Appendix 2.5C.  The soils were classified in accordance with the Unified Soil Classification 
System. Rock logs include RQD (rock quality designation) values.  Coring in rock was 
performed using NX double-tubed coring equipment. 
 
Drilling was conducted in late 1970 (100 and 200 series borings) to establish general geologic 
relationships over the site area and to determine general soil and rock conditions at the site.  A 
more intensive program (300 series borings) was conducted in the Spring of 1971 to define 
foundation conditions in the principal plant structures area. Four 45-degree angle holes were 
drilled in the reactor area.  Additional exploration drilling was necessary to locate the site for the 
Susquehanna River intake and discharge structures (700-800 series borings), to define soil and 
rock conditions at the spray pond and ESSW pumphouse site (1100 series and some 400 series 
borings), and to investigate foundation conditions for the cooling towers (borings B1 to B10) and 
the railroad spur and bridge over State Highway 11 (borings 417 to 455 and 929 to 940).  An 
investigation program (borings 1 through 7) was conducted in 1983 to determine soil and rock 
conditions in the area of the deisel generator 'E' building.  Boring logs are contained in Appendix 
2.5C.  Because of the safety-related (Category I) function of the spray pond and ESSW 
pumphouse, the exploration program for these facilities was comprehensive and included split 
spoon and undisturbed samples, laboratory testing, hydrologic surveys, permeability tests, and 
seismic cross-hole and up-hole surveys.  Split spoon sample laboratory testing, hydrologic 
surveys, and permeability tests were also performed in the area of the diesel generator 'E' fuel 
tank.  After completion of geologic borings, static water levels were measured in some of the 
borings drilled on the site.  Perforated plastic pipes were installed in a number of the borings to 
allow collection of future water level data.  These borings are denoted on the plot plan, 
Figure 2.5-22. 
 
Forty-seven test pits were excavated by backhoe at selected locations to observe soil and rock 
conditions.  Two north-south trenches totalling over 700 ft in length were excavated to obtain 
information on physical properties, structure, and variability of the near-surface materials at the 
site.  Logs of the test pits and trenches are compiled in Appendix 2.5C. 
 
A geologic map of the Category I and other principal plant foundations is presented on Figure 
2.5-18.  A geologic map of the excavation for the spray pond is shown on Figure 2.5-15.  
Geologic profiles are identified on Figures 2.5-18, 2.5-22, 2.5-30 and shown on Figures 2.5-19, 
2.5-21A, 2.5-21B, 2.5-30, 2.5-40 and 2.5-56.  
 
Photographs depicting significant features in the principal plant foundation excavations are 
shown on Figures 2.5-20a through 2.5-20g. 
 
 
2.5.4.4  Geophysical Surveys 
 
Seismic refraction profiles and cross-hole, up-hole and down-hole measurements were 
conducted at the site during the Fall of 1970, Summer of 1971, and Summer of 1974. The 
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seismic refraction lines totalled over 40,000 1f of coverage.  They are identified on Figure 
2.5-29.  The refraction profiles collected in Appendix 2.5C. 
 
As interpreted from refraction measurements, overburden at the site consists of a surficial layer 
of unconsolidated, unsaturated material up to 15 ft thick, constituting at least in part the soil 
horizon, underlain by more consolidated, partly or fully saturated till and compact outwash, 
which extend to the bedrock surface.  Compressional (P-wave) velocity of the surficial material 
is typically about 1500 fps.  Velocities in the lower till and outwash material generally range 
between 3,000 and 4,500 fps, although in some places velocities attain 6,000 fps (north-south 
baseline at boring 107). 
 
The refraction survey obtained a persistent P-wave value of 12,000 to 14,000 fps for 
unweathered bedrock, which in many places is coincident with the top of rock. Frequently, 
however, lower velocities were recorded in a zone 0 to 20 ft thick near the top of rock.  These 
lower compressional velocities are in the range of 6,000 to 9,000 fps, and are indicative of the 
zone of surficial weathering near the top of rock.  At the site, material having a P-wave velocity 
of 4,000 to 6,000 fps may represent either dense soil or more thoroughly weathered or fractured 
bedrock; construction experience at the site indicates that here such material is generally 
correlative with dense soil. 
 
Seismic cross-hole velocity measurements were performed in the reactor and spray pond areas, 
the principal sites of the Category I structures.  Two arrays were employed in the spray pond 
area; namely, a north-south array across the location of the ESSW pumphouse, and an 
east-west array over the approximate location of lowest top of rock elevations in the spray pond.  
Both latter arrays provided data from which were calculated values for the dynamic moduli of 
the soil materials.  In addition, down-hole measurements were made in the reactor area and 
up-hole measurements in the spray pond area.  Figure 2.5-29 shows the borings that were used 
for the cross-hole arrays. 
 
In the spray pond area, the seismic characteristics of the subsurface materials as measured in 
each array are similar.  The material overlying bedrock has a P-wave velocity ranging from 
4,200 to 4,800 fps and an S-wave velocity ranging from 1,600 to 1,900 fps.  It is overlain by 
lower velocity material at about elevation 658 at the ESSW pumphouse location and at about 
elevation 643 farther west in the spray pond.  At the ESSW pumphouse, this upper material has 
P-wave and S-wave velocity ranges of 2,300 to 2,400 fps and 1,300 to 1,350 fps, respectively, 
while farther west beneath the pond the materials between approximate elevations 643 and 673 
have P-wave and S-wave velocity ranges of 3,000 to 3,300 fps and 1,450 to 1,500 fps, 
respectively. Table 2.5-6 summarizes the results of the seismic velocity measurements in the 
spray pond area and lists dynamic moduli computed from these data. 
 
In the reactor area, cross-hole measurements were made on material above and below 
foundation grade.  Above foundation grade the bedrock was weathered to a depth of about 10 ft 
below original top of rock.  P-wave velocity of this weathered material was 7,600 fps and 
S-wave velocity, 3,600 fps.  A P-wave velocity of 14,800 fps for the interval 640 to 660 ft MSL 
indicates the top of unweathered rock is at about 660 ft.  At and below foundation grade in the 
reactor area high seismic velocities were recorded (Vp = 16,000 fps, Vs = 7,500 fps) indicating 
the presence of strong, competent foundation rock.  Table 2.5-7 lists the results of the in situ 
cross-hole velocity measurements made in the reactor area; Table 2.5-5 lists the moduli values.  
Further discussion of the properties of the underlying soils and bedrock are given in 
Subsections 2.5.4.2 and 2.5.5. 
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2.5.4.5  Excavations and Backfill 
 
2.5.4.5.1  Extent of Seismic Category I Excavations, Fills, and Slopes  
 
Figure 2.5-37 shows the location and limits of excavations, fills, and backfills associated with 
Seismic Category I structures at the site.  Typical foundation sections for seismic Category I 
structures are shown. 
 
 
2.5.4.5.2  Excavation Methods and Dewatering 
 
2.5.4.5.2.1  Excavations in Rock 
 
All Seismic Category I rock foundations were carried to or well below unweathered bedrock. 
Rock foundations for the turbine and radwaste buildings, although they are not Seismic 
Category I structures, were prepared according to the same general procedures and criteria 
used in preparing the Seismic Category I rock foundations. 
 
Excavation of rock proceeded by initial ripping of any weathered surficial rock material followed 
where necessary by line blasting and presplitting in holes drilled to provide slopes of 1 
horizontal to 4 vertical.  Essentially vertical slopes in unweathered rock proved stable 
throughout the duration of construction and no special protective measures were required. 
Weathered rock was cut on slopes of 1 horizontal to 2 vertical.  In a few places, wire mesh was 
used for protection of higher weathered rock slopes that were exposed for extended periods. 
 
The surface of the excavated foundation rock was scaled to remove loose debris and jetted with 
water or air to remove loose fragments and to prepare the surface for concrete.  Before 
placement of structural concrete or concrete backfill to design elevation, all Seismic Category I 
foundations were inspected by an engineering geologist to verify the suitability of the rock and 
its proper surface preparation to receive concrete.  All foundation rock bearing a Seismic 
Category I structure was geologically mapped (see Figure 2.5-18) or geologically cross 
sectioned (see Figures 2.5-19 and 2.5-30A). 
 
Foundations for each of the cooling towers (nonseismic-Category I structures) consist of 40 
individual pedestals supporting the columns and extended to bedrock.  Excavation proceeded 
by cutting a ring trench and preparing for each pedestal a suitable surface in unweathered or 
partly weathered bedrock by ripping or blasting as necessary, followed by scaling and jetting. 
 
During construction of principal plant structures founded on rock, excavations extended below 
the water table and some dewatering was required.  Due to the low permeability of the rock, 
groundwater inflow was small.  Dewatering was accomplished by surface drains and sumps. 
 
 
2.5.4.5.2.2  Excavations in Soil 
 
The excavation for the spray pond, ESSW Pumphouse and diesel generator 'E' fuel tank was 
predominantly in soils. Excavation proceeded initially by using large earth moving equipment, 
then finished by using more refined procedures.  On completion of excavation, the surface layer 
of the natural soil formation was recompacted as follows: 
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a) For soils having not more than 12 percent passing the No. 200 sieve size, 80 
percent relative density as determined by ASTM D2049 

 
b) For all other soils, 95 percent of maximum dry density as determined by ASTM 

D1557 
 
Test Results are included in Appendix 2.5C.  The location of test specimens with respect to the 
spray pond is shown on Figure 2.5-59.  A statistical analysis of the test results was made and is 
summarized on Figure 2.5-60.  The required compaction was met or exceeded. 
 
A protective concrete mat was immediately placed over the compacted soil under the ESSW 
Pumphouse and a minimum of 5 in. thick reinforced concrete liner placed over the entire spray 
pond area. 
 
All temporary slopes in soil were formed at a maximum slope of 1 1/2 horizontal to 1 vertical.  
The temporary slopes in the vicinity of the ESSW Pumphouse were protected with a 3 in. layer 
of concrete to maintain the natural soil formation intact.  All permanent slopes in soil were 
formed at a slope of 3 horizontal to 1 vertical. 
 
The excavation for the Seismic Category 1 pipelines in soil was carried out similarly.  All slopes 
were cut at a maximum of 1 1/2 horizontal to 1 vertical.  The minimum clearances were 1 ft 
beneath the pipe and 2 ft to the sides. 
 
The excavation for diesel generator 'E' building was carried to unweathered bedrock by using 
soldier beams and laggings.  All timber laggings were treated with preservative by pressure 
process.  The soldier beams and laggings were left in place.  The disturbed soils adjacent to the 
soldier beams and laggings were densified by compaction grouting.  The results of compaction 
grouting were verified by standard penetration tests.  The results of standard penetration tests 
indicate that the blow count numbers are equal to or exceed those of original soils. 
 
The excavation for diesel generator 'E' fuel tank was carried out to open cut.  All slopes were cut 
at a maximum of 1 1/2 horizontal to 1 vertical. 
 
 
2.5.4.5.3  Backfill and Compaction 
 
Generally, the excavated area, for a minimum distance of 10-ft surrounding the major 
structures, was backfilled with a non-corrosive lean mix concrete known as sand-cement-flyash 
backfill.  A minimal amount of backfilling has taken place using granular backfill, with the 
exception of the spray pond and vicinity addressed later in this section. 
 
The excavated area for the diesel generator 'E' fuel tank was backfilled with sand-cement-flyash 
to two (2) feet below finished grade. 
 
The Seismic Category I pipelines were generally backfilled with the sand-cement-flyash; 
otherwise granular material was used. 
 
All category I structures and a portion of the ESSW pumphouse (below approximately elevation 
676 feet) was backfilled with sand-cement-flyash.  The backfill was placed a minimum of 10 feet 
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in width all around the building structures.  There is no concern with differential settlement at the 
interface between structure-supported and ground-supported parts of pipelines and conduits. 
 
Buried Seismic Category I electrical ductbanks are composed of reinforced concrete 
encasements around plastic or metal ducting; the concrete encasement being cast directly 
against the excavated grade.  Granular or sand-cement-flyash backfill was used the same as for 
buried pipes.  The properties of these respective backfills were as follows: 
 

a) Sand-Cement-Flyash 
 

Weight - 110 lb/cu ft minimum 
Slump  - 3 in. minimum 
Slump  - 6 in. maximum 
Strength - 40 psi minimum at 28 days 

 
Sand-cement-flyash used on the Susquehanna SES project has been obtained from two 
sources, namely as follows: 
 

a) Metropolitan Edison, Portland Plant, Reading, Pennsylvania 
b) Michigan Ash Sales, Essexville, Michigan. 

 
The sand-cement-flyash backfill that was mixed on-site used flyash furnished by Michigan Ash 
Sales.  The sand-cement-flyash backfill that was furnished by an off-site supplier (Galli Ready 
Mixed Concrete) used flyash from Metropolitan Edison. 
 
During January 1979, the pH value of each source of flyash and the pH value of the fresh 
sand-cement-flyash mix was investigated.  The results are as follows: 
 

a) Metropolitan Edison Flyash 
 

pH flyash = 4.36 to 4.42 
pH sand-cement-flyash mixture = 11.7 to 12.8 

 
b) Michigan Ash Sales Flyash 

 
pH flyash = 4.2 to 8.2 
pH sand-cement-flyash mixture = 12.2 

 
The above tests adequately demonstrated that the sand-cement-flyash backfill used on the 
Susquehanna SES project is not corrosive. 
 

b) Granular 
 

Granular backfill was well-graded, sound, dense, and durable material.  It 
consisted of sand, gravel or crushed rock and did not contain any topsoil, humus, 
brush, roots, peat, sod, cinders, shale, rubbish or other perishable materials, or 
portions of clay, waste concrete, trash, or frozen material.  No more than five 
percent by weight passed the No. 200 sieve.  The maximum size of the material 
was 4 in. in confined areas where hand tamping was required and 6 in. in other 
areas. 
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The placement specification of these respective backfills was as follows: 
 

a) Sand-Cement-Flyash 
 

Sand-cement-flyash backfill was either mixed at the batch plant or obtained from 
an offsite source, conveyed to the point of placement by truck, and placed in lifts 
not exceeding 30 in. in height.  The maximum rate of pour did not exceed 4 ft/hr.  
It was vibrated in place with approved equipment.  It was protected from freezing 
temperatures for a minimum of 3 days. 

 
b) Granular 

 
Granular backfill was placed in maximum 8 in. loose horizontal layers, moisture 
conditioned, and compacted to at least 80 percent relative density as determined 
by ASTM D2049. 

 
Backfill material within 2 ft of structures and in areas where large construction 
equipment could not be used or where there was a danger of damage to 
structures was compacted to the specified density by hand operated equipment. 

 
Small areas resulting from dental excavation beneath the spray pond concrete 
liner received a shallow leveling course.  The material and placement 
specification for this type of fill (arbitrarily designated Fill Type A) was as follows: 

 
Fill Type A, Material 

 
The maximum size of this material was 4 inches and no more than 5 percent by 
dry weight passed the No. 200 sieve.  

 
 

Fill Type A, Placement 
 

Fill Type A was placed in maximum 6 inch uncompacted layers, moisture 
conditioned, and compacted to at least 80 percent relative density as determined 
by ASTM D2049. 

 
The area to the south and south-east of the spray pond was filled in a controlled manner.  The 
material and placement specification for this type of fill (arbitrarily designated Fill Type 'B') was 
as follows: 
 

Fill Type B, Material 
 

The maximum size of this material was 12 inches and no more than 35 percent 
by dry weight passed the No. 200 sieve. 

 
Fill Type B, Placement 

 
Fill Type B was placed in a 15 inch maximum uncompacted layer thickness, 
moisture conditioned, and compacted to satisfy both of the following 
requirements: 
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a) At least 80% relative density as determined by ASTM D2049 for material 
having not more than 12% passing the No. 200 sieve or 90% of maximum 
dry density as determined by ASTM D1557 for all other material. 

 
b) Irrespective of the compacting effort required to satisfy part a) above, the 

fill was compacted in one of the following manners as a minimum effort: 
 

i) Using a crawler tractor having a weight at least equal to that of a 
D8 Caterpillar tractor with bulldozer blade.  Each track overlapped 
the preceding track by not less than four inches.  When the tractor 
has made one entire coverage of an area in this manner, it was 
considered to have made one pass.  Each fill lift was compacted 
with four passes. 

 
ii) Using a vibratory roller of minimum weight 20,000 pounds having 

a rolled width of approximately 60 minches.  The roller had a 
vibrator frequency range of between 1100 and 1600 vibrations per 
minute and had a minimum vibratory dynamic force of 40,000 
pounds.  The roller speed did not exceed 3 mph and each track 
overlapped the preceding one by a least 4 inches.  When the roller 
had made one entire coverage of an area in this manner, it was 
considered to have made one pass.  Each fill lift was compacted 
with four complete passes. 

 
iii) Using a hand controlled vibratory compactor in locations 

inaccessible by tractor or vibratory compactors was on the basis 
of the demonstrated ability of the compactor to compact the 
material to the same density as the continuous backfill. 

 
Test results are included in Appendix 2.5C.  The location of test specimens with respect to the 
spray pond is shown on Figure 2.5-59.  A statistical analysis of the test results was made and is 
summarized on Figure 2.5-60.  The required compaction was met or exceeded. 
 
To compute the lateral pressures acting on subterranean walls, all backfill was conservatively 
assumed to be granular.  The static and dynamic engineering properties of this granular backfill 
was assumed as follows: 
 

Bulk unit weight,     = 135 pcf 
Saturated unit weight,    = 140 pcf 
Coefficient active earth pressure, KA  =  0.30 
Coefficient earth pressure "at-rest", Ko  =  0.70 

 
The computation of static and dynamic lateral soil pressures acting on subterranean walls is 
addressed in Subsection 2.5.4.10.2. 
 
A statistical analysis for the sand-cement-flyash backfill is shown in Fig. 2.5-61. 
 
Figure 2.5-61 shows the distribution for the majority of test reports falls within the specification 
requirement of 40 PSI minimum at 28 days and 100 psi maximum at 90 days.  There are 
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however a sufficient quantity of tests that fall outside these limits and therefore justification is 
required.  The reasons for acceptability are as follows: 
 

1) Slump - The slump requirements of 3 inch minimum and 6 inch maximum were 
for reasons of workability during field pouring operations and as one of the 
measurements to ensure that a sufficient compressive strength would be 
obtained.  Therefore a deviation from the specification requirement does not 
constitute unacceptability, since the only basis would be an altered compressive 
strength and these items have their own acceptability limits. 

 
2) 90 day compressive strength - The requirement for the 100 psi (150 psi 

maximum strength for the diesel generator 'E' facility) maximum strength was a 
convenience item only.  The purpose for this upper limit was to facilitate ease of 
excavation in an area previously backfilled with sand-cement-flyash material.  A 
deviation from the specification requirement in this area in no way limits the 
intended use of the material. 

 
3) 28 day compressive strength - the requirement for minimum compressive 

strength was chosen such that the compressive strength would be in the same 
range as the bearing value of compacted granular backfill.  The 40 psi strength 
converts to 5,760 lb./ft2 whereas compacted granular backfill has bearing values 
on the order of 3,000 to 6,000 lb./ft2.  However, on SSES the sand-cement-flyash 
material has not been used for fill beneath any structure.  Therefore, the higher 
bearing value is not required.  The sand-cement-flyash backfill has been used 
only as general backfill for pipes, conduits, and along the sides of buildings.  It 
has therefore been determined that the 20 psi (2,880 lb/ft2) minimum value that 
may be found in some areas is completely adequate to satisfy the conditions for 
which the fill is being used. 

 
Strength and Slump tests were conducted every 100 cu. yds, placed or every 
placement, whichever occurred first. 

 
Slump and Compressive strength samples of sand-cement flyash were taken at 
the Batch Plant, or in the case of samples taken from an offsite source, from the 
concrete mixer agitator truck. 

 
 
2.5.4.5.4   Bedding Material for Seismic Category I Pipes and Electrical Duct Banks 
 
The bedding material was sand-cement-flyash as defined in Section 2.5.4.5.3 of the FSAR. 
 
The excavation was made to original ground or in sand-cement-flyash backfill to required 
bedding subgrade.  The bedding subgrade was inspected and verified to be sound and dense 
meeting visual requirements for backfill adequate for support of bedding material, thus meeting 
specification intent.  The subgrade was also inspected for unsuitable material such as water, 
frozen, organic or deleterious material.  Such material, when found, was removed. 
 
The sand-cement-flyash bedding material was either mixed at the batch plant or obtained from 
an approved offsite source.  The sand-cement-flyash was then placed in lifts not exceeding 30 
inches in height nor 4 feet per hour.  For pipes the pour was brought to the pipe spring line and 
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was allowed to set.  For duct banks the bedding was not placed until the duct bank concrete 
reached the required strength.  Sand-cement-flyash was then poured to the top of the duct bank 
and allowed to set. 
 
Analysis of the relevant field tests for bedding material is included in the summary given in 
Figure 2.5-61. 
 
 
2.5.4.6  Groundwater Conditions 
 
Special measures for control of groundwater levels beneath Seismic Category I plant structures 
founded on rock are not required.  However, control of groundwater levels and seepage is 
needed at the spray pond; discussion of design criteria for stability of the spray pond is 
presented in Subsection 2.5.5. 
 
Periodic water level readings were obtained in the vicinity of the principal plant (power block) 
structures between December 1970 and August 1972.  Groundwater fluctuations ranged from 
1.5 ft in drill holes 209, 311, to 6.2 ft in drill hole 213. 
 
The maximum groundwater level measured in the plant structures area during this 
preconstruction period ranged from approximately 690 ft at the west edge of the site of the 
turbine building, to about 655 ft at the east edge of the site of the reactor buildings (refer to 
Figure 2.5-55).  These levels were obviously influenced by the topographic high of 749 ft just 
west of the site of the power block structures.  However, subsequent excavation and grading in 
these areas preclude water levels from rising to this height in the future. 
 
During construction, the area just west of the power block structures was graded to elevation 
710 ft or less.  Excavations for the foundations of the principal plant structures extended below 
the water table and some minor dewatering was required.  Due to the low permeability of the 
rock, groundwater inflow was small and was confined to seepage from fractures.  Dewatering 
was accomplished by pumping from low areas and sumps.  Where seeps were noted issuing 
from fractures in the rock, holes were drilled into the fractures and pipes caulked in the holes to 
control water while the mudmat was placed.  In the foundation for the reactor building (elevation 
639 ft) and in the turbine condensate pump pit (at elevation 635 ft), hydrostatic pressure caused 
lifting of small areas of the 3 inch thick concrete mudmat that had been placed over the 
impervious membrane.  Approximately 20 relief wells drilled through the mudmat released the 
pressure and allowed the mat to settle back to its original position.  The weight of the structural 
concrete slab subsequently placed on this mudmat was more than sufficient to resist any uplift 
pressures. 
 
The highest seeps noted in the foundation rock during construction were at elevation 642 ft in 
the radwaste building excavation and at about the same elevation in the pipe trench in the 
southern part of the Unit 2 turbine building.  Some seeps were also noted in the foundation rock 
for the reactor buildings at elevation 639 ft and in sumps below this.  To the west of the turbine 
building in the circulating water pumphouse excavation, water was noted to enter the excavation 
to an elevation of approximately 660 ft. Hydrostatic lifting (described above) of the impervious 
membrane did not occur at foundation elevations above 640 ft. 
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Excavation for diesel generator 'E' building extended below the water table and some minor 
dewatering was required.  The groundwater which seeped into the excavation area was diverted 
to a sump at a low point and was removed by pumping. 
 
Additional information with regard to groundwater monitoring and water table fluctuations in the 
principal plant structures area is provided in Subsection 2.4.13 and Tables 2.4-31 and 2.4-32. 
 
At the spray pond, water level information taken between July 29, 1974 and August 4, 1975, 
and from January through March 1977, indicate a minimum water level fluctuation of 4.0 ft 
recorded at observation wells 1111 and 1113, and a maximum fluctuation of 7.0 ft in 1115.  
Additional discussion of groundwater fluctuations in the spray pond area can be found in 
Subsection 2.5.5.  Because groundwater levels at the pond will be higher than the maximum 
projected flood elevation (refer to Figure 2.5-38 and Subsection 2.4.3, respectively), flooding 
conditions will not significantly affect the groundwater levels.  
 
Local wells within two miles of the plant site were inventoried and the information is given in 
Table 2.4-22. 
 
Groundwater flows away from the principal plant structures area to the north, east, and south.  
However, the predominant direction of flow is to the east and southeast at gradients of 0.05 and 
0.06, respectively.  The flow rate in bedrock is estimated to be less than 1 ft per day as 
discussed in Subsection 2.4.13.  Groundwater contours at the site are shown on Figure 2.5-38. 
 
Permeability of the intact bedrock at the site is less than 1 ft/year.  The average permeability of 
the glacial materials at the spray pond is 2,000 ft/year; however, this value has been 
considerably exceeded in some tests. For a complete description of permeability at the spray 
pond and plant structures areas, consult Subsections 2.5.5 and 2.4.13, respectively.  Measured 
permeability values may be found in Tables 2.4-33 and 2.4-34. 
 
 
2.5.4.7  Response of Soil and Rock to Dynamic Loading 
 
2.5.4.7.1  Response of Rock to Dynamic Loading 
 
Rock at the site would be unaffected by dynamic loading from earthquakes. During historical 
time, no Pennsylvania earthquakes have been felt at the site.  Approximately 14 earthquakes 
originating outside Pennsylvania could have been felt at the site, but with a probable maximum 
intensity of only IV on the Modified Mercalli Scale.  Ground motion at this intensity would have 
had no effect on the site. 
 
The compressional and shear wave velocities of sound, unweathered foundation rock in the 
reactor area (Vp = 14,000 to 16,000 fps; V = 6,200 to 7,500 fps) indicate that the rock possesses 
a high rigidity and provides effective resistance against dynamic loads for all structures founded 
upon it (refer to Table 2.5-5).  Such rock will not be subject to any loss of strength under 
earthquake loadings. 
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2.5.4.7.2  Response of Soil to Dynamic Loading 
 
The analysis of earthquake-induced soil strain and settlement of the spray pond and ESSW 
pumphouse are given in Subsection 2.5.5.  Evaluation of potential soil settlement under the 
diesel generator 'E' fuel oil storage tank is provided in Reference 2.5-121.  If the sands at the 
site behave like dry sand during an earthquake, the settlement will be less than 0.05 in.  If the 
sand deposits are saturated and excess pore pressures develop, they will reconsolidate 
following the earthquake and settlements up to 1.2 in. at the east end of the pond and up to 1.0 
in. at the ESSW pumphouse may be expected.  Settlement under the diesel generator 'E' fuel 
tank will be minor and will take place as soon as the loads are applied.  There will be no long 
term settlement. 
 
The bearing capacity of the pumphouse mat footing was evaluated by the following equation 
(Ref. 2.5-115): 

 12/1'  qfd NDNBq   
 
where: 
 

'
dq  = ultimate bearing capacity 

 
B = width of the footing 

 
 = unit weight of the soil 

 
Df = depth of surcharge 

 
N, Nq = bearing capacity factors  

 
This equation was derived for the static condition; however, a conservative evaluation of the 
bearing capacity for the dynamic condition can be made by assuming that, during dynamic 
loading, the footing has an effective width equal to 1/3 of the actual footing (Ref. 2.5-115).  
Substituting all values given in Subsection 2.5.4.10.2 into the equation but using B=21.3 ft 
instead of 64 ft, the ultimate bearing capacity was calculated to be 52 kips/sq ft.  The 
corresponding factor of safety against bearing failure is 17. 
 
 
2.5.4.7.3  Soil Structure Interaction 
 
Soil structure interaction has been addressed in Subsection 3.7.2.4.  The analysis and design of 
buried pipelines has been addressed in Subsection 3.7.3.12. 
 
 
2.5.4.8  Liquefaction Potential 
 
For the soil supported spray pond, ESSW pumphouse, diesel generator 'E' fuel oil storage tank 
and Seismic Category I pipelines, the liquefaction potential was evaluated. The soil underneath 
these structures is predominantly sand, gravel, cobbles, and boulders. 
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The liquefaction potential of the soils beneath the spray pond and the ESSW pumphouse is 
discussed in detail in Subsection 2.5.5.  The minimum factor of safety against liquefaction for 
these structures was found to be 1.26, which is larger than the minimum acceptable factor of 
safety of 1.20. 
 
The soil supported diesel generator 'E' fuel oil storage tank and Seismic Category I pipelines are 
underlain by the same glacial deposits as the spray pond area and the maximum predicted 
water level below the pipelines is lower than that under the pond.  Hence, liquefaction potential 
of the soils beneath the diesel generator 'E' fuel oil storage tank and seismic Category I 
pipelines is no greater than that of soils beneath the spray pond. 
 
 
2.5.4.9  Earthquake Design Bases 
 
The design bases for the SSE and OBE are addressed in Subsections 2.5.2.6 and 2.5.2.7. 
 
 
2.5.4.10  Static Stability 
 
2.5.4.10.1  Static Stability of Safety-Related Structures Supported on Rock 
 
The reactor buildings, control structure, and the diesel generator buildings, all of which are 
Seismic Category I structures, are founded on sound, unweathered siltstone bedrock.  The 
Seismic Category I pipelines linking the reactor buildings with the spray pond are trenched 
partly in soil and partly in bedrock. 
 
The strength of the unweathered bedrock amply accommodates the loads of the plant providing 
highly stable foundation conditions.  As measured in the Seismic Category I reactor area, 
compressional velocities are in the range of 14,000 to 16,000 fps; shear wave velocity ranges 
between 6,200 and 7,500 fps. Static deformational moduli as measured on rock cores vary 
between 3.1 to 9.4x106 psi (refer to Table 2.5-3). Measurements of unconfined compressive 
strength of unweathered foundation rock from the vicinity of the principal plant structures were 
between 3,650 and 16,000 psi (Table 2.5-3).  Static properties of the foundation rock are 
summarized in Table 2.5-5. Loads induced by the plant structures are less than the allowable 
bearing pressure of the rock and far below the ultimate bearing capacity.  The structural loads 
will produce no significant total or differential settlement of the foundations. 
 
Safety-related structures founded on rock were designed for a hydrostatic groundwater loading 
caused by a maximum groundwater level of 665 ft.  This is higher than the expected maximum 
water level, as discussed in Subsection 2.4.13. 
 
 
2.5.4.10.2   Static Stability of Safety-Related Structures Supported on Soil 
 
The mat footing of the ESSW pumphouse is 112 ft long, 64 ft wide, and 3 ft thick.  The total 
dead and live loads are 20,000 kips and 2,100 kips, respectively.  The corresponding unit 
pressures are 2.80 ksf and 0.30 ksf, respectively.  The bottom of the mat is at elevation 657 ft. 
 
The ultimate bearing capacity of the mat foundation was found to be 158 kips/sq ft.  The factor 
of safety was computed to be 51, which indicates no danger in overstressing the supporting 
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granular soil.  Therefore, the allowable bearing pressure and settlement of the mat footing were 
evaluated by the method of limiting settlements suggested by Peck, Hanson, and Thornburn 
(Ref. 2.5-116).  The allowable bearing pressure for a maximum settlement not to exceed 2 in. 
was computed by the formula: 
 
 qa  = 0.22 Cn Cw N 
 
Where: 
 

qa  = allowable bearing pressures, tsf 
 
N = number of blows per foot in the standard penetration test 
 
Cn ,Cw = correction factors for "N", for the effects of overburden pressure and 

location of groundwater surface 
 
A conservative N value of 40 was selected to represent the soils below the mat foundation 
(Elevation 657 ft, Figure 2.5-38).  The Standard Penetration Tests below the foundation level 
were made at an average overburden pressure of about 6,000 psf (Figure 2.5-39); the 
corresponding correction factor C was obtained from Figure 19.6 of Ref. 2.5-115 to be 0.63.  
Assuming that the groundwater surface is at 7 ft below the mat and no surcharge, the correction 
factor Cw was computed to be 0.55 by equation 19.4 of Ref. 2.5-115. 
 
The allowable bearing pressure was computed to be 6.0 kips/sq ft based on the values of N, Cn, 
and Cw given above.  At this bearing pressure, the settlement of the mat foundation should be 
less than 2 in. and the differential settlement should be less than 3/4 in.  Therefore, by 
proportion, for a design total pressure of 3.1 kips/sq ft, the corresponding maximum and 
differential settlements would be less than 1 in. and ½ in., respectively.  Settlement in sand and 
gravel deposits occurs almost simultaneously with the application of load.  Since more than 80 
percent of the total load is dead load, then less than 0.2 in. of settlement is expected after the 
completion of the construction. 
 
The same equations and procedures can be applied to compute the ultimate bearing capacity of 
the foundation soils and the allowable bearing pressure for a maximum settlement not to exceed 
2 inches. 
 
The foundation mat for the diesel generator 'E' fuel tank is 17 feet wide, 57 feet long and 5 feet 
thick.  The total dead and live loads are 111.4 kips and 684.8 kips respectively.  The 
corresponding unit pressures are 0.12 ksf and 0.71 ksf respectively.  The bottom of the 
foundation mat is at elevation 645.0 feet. 
 
The ultimate bearing capacity of the foundation soils was found to be 42.0 ksf.  The factor of 
safety against shear failure was computed to be 50 which indicates that there is no danger of 
shear failure. 
 
The allowable bearing pressure was found to be 12.0 ksf for a maximum settlement not to 
exceed 2 inches.  By proportion, the maximum and differential settlement corresponding to a 
design total pressure of 0.83 ksf would be less than 1/8 in. and 1/16 in. respectively. 
 
The structural stability of the ESSW pumphouse is discussed in Subsection 3.8.4 and 3.8.5. 
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The sustained load from the spray pond is less than the weight of overburden removed; 
therefore, there is an adequate factor of safety against overstressing the underlying soil.  Soil 
rebound during excavation in granular soils of the type found at the spray pond is insignificant. 
 
The maximum predicted elevation of the water table is below the base of the spray pond and 
ESSW pumphouse; therefore, hydrostatic water loadings were not considered in the design of 
these structures.  A full discussion of the water table in this vicinity is in Subsection 2.5.5. 
 
The lateral earth pressure acting on subterranean walls of Seismic Category I structures was 
computed assuming granular backfill having the properties stated in Subsection 2.5.4.5.3.  The 
coefficient of earth pressure "at-rest" was used. Additionally, the walls were designed for 
surcharge loadings and dynamic soil pressures as appropriate.  The typical pressure diagrams 
and combinations are shown on Figure 2.5-39. 
 
Water levels in the spray pond area are discussed in Subsection 2.5.5.1.2.  Contours of the 
groundwater table in the spray pond area are shown on Figure 2.5-38.  Profiles of measured 
and projected profiles of the groundwater table beneath the spray pond are shown on Figure 
2.5-40. 
 
 
2.5.4.11  Design Criteria 
 
2.5.4.11.1  Design Criteria of Safety-Related Structures on Rock 
 
The plant structures founded on rock are designed for a maximum acceleration of 0.10g from an 
occurrence of the SSE event.  From consideration of its engineering properties, it is evident that 
the foundation rock will not be measurably affected by seismic loadings, and negligible 
additional foundation settlement will accompany these maximum potential dynamic loads.  The 
maximum contemplated total static and dynamic loads of 40 tsf are only a fraction of the bearing 
capacity of the rock, thus ensuring an ample margin of safety. 
 
 
2.5.4.11.2  Design Criteria of Safety-Related Structures on Soil 
 
The spray pond slopes are designed for a maximum acceleration of 0.15g from an occurrence 
of the SSE event at the site.  The spray pond riser pipe columns, the Seismic Category 1 buried 
pipes, and the ESSW pumphouse are designed for a maximum acceleration of 0.15g from an 
occurrence of the SSE event at the site. 
 
The allowable bearing pressure under both static and dynamic conditions satisfies these 
conditions: 
 

a) Sustained dead load plus live load with a minimum factor of safety of 3 
b) Sustained dead load plus maximum live load with a minimum factor of safety of 2 
c) Sustained dead load plus live load keeping settlement within tolerable limits. 

 
At the spray pond, a liner has been designed to restrict the seepage rate from the pond in order 
to limit buildup of a groundwater mound in the glacial materials underlying the pond.  The pond 
has been designed for a maximum groundwater elevation of 665 ft. Detailed description of 
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design criteria for control of groundwater levels and seepage at the spray pond and the stability 
of the pond are in Subsection 2.5.5. 
 
 
2.5.4.12  Techniques to Improve Subsurface Conditions 
 
2.5.4.12.1  Foundations in Rock 
 
No special treatment was required to improve foundation conditions beneath the Seismic 
Category I structures bearing on rock.  During construction, high loads were carried by the 
gantry crane rails, one of which was adjacent to the top of the temporary vertical slope on the 
east side of the reactor building excavation.  As a precautionary measure to ensure stability of 
this slope during construction, tensioned rock bolts were installed in the slope.  One large 
pothole was encountered in the Unit 1 turbine building area, necessitating over excavation of 
some 23 ft below design base elevation.  The resulting hole, which was in fresh, unweathered 
rock, was backfilled with 574 cubic yards of concrete (f1c = 2,000 psi) to foundation grade. 
 
 
2.5.4.12.2  Foundations in Soil 
 
No improvement of the natural soil formation at this site was required. 
 
 
2.5.4.13  Subsurface Instrumentation 
 
2.5.4.13.1  Instrumentation for Rock Foundations 
 
Since settlements are negligible for the safety-related facilities founded on rock (refer to 
Subsections 2.5.4.7 and 2.5.4.10), no instrumentation to monitor such settlements is necessary. 
 
 
2.5.4.13.2  Instrumentation for Soil Foundations 
 
The foundation design for the ESSW pumphouse was based on measured soil parameters 
obtained by field and laboratory testing.  The actual settlement should not exceed tolerable 
limits for the structure and its piping connections.  A systematic monitoring program was 
therefore instituted to study the settlement performance of the structure.  The following 
instrumentation program was carried out: 
 

a) Permanent Bench Marks:  Two permanent bench marks were installed as 
reference points for measurements. 

 
b) Settlement Pins:  A total of six settlement pins were cast into the structural mat 

and 5 settlement pins were installed in the pumphouse floor at Elev. 685'-6".  
Details are shown on Figure 2.5-41 and Figure 2.5-62. A survey reading was 
taken on each pin at approximately monthly intervals. The total settlement and 
differential settlement of the mat foundation was therefore deduced. 

 
Survey readings will be taken on the five pins located at ESSW pumphouse floor 
elevation 685'-6".  These readings will be recorded until 1983.  This will give 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-88 

recordings of at least 4 years from the pumphouse completion.  In addition to the 
a survey of these pins shall be conducted after any of the following events: 

 
1) Earthquake 
2) 100 year storm 
3) Major leakage or break in a water pipe in the pumphouse fill area. 

 
Initial results are shown on Table 2.5-8.  Subsequent results are retained in the 
appropriate SSES records file.  All results are within the projections described in 
FSAR Section 2.5.4.10.2.   

 
 
2.5.4.14  Construction Notes 
 
During the construction phase excavated material was temporarily stored at the spray pond 
area which was used for approximately two years as a laydown area for construction materials.  
This material was then excavated under specification C36 and since the material was unable to 
meet the requirements of fill type "A" or "B" as outlined in Specification C36 it was removed from 
the spray pond area.  Such removal was ensured as the excavation line for the pond was below 
the original ground contour.  
 
During construction of the spray pond liner, cracking was observed in several areas, the most 
extensive being the area along the southwest edge of the spray pond.  The remainder of the 
cracking was distributed between areas just north and south of the spillway and two small areas 
located along the north and south central portions.  The cracks along the southwest and 
spillway area were approximately 50 feet in length while the cracks along the central area 
averaged 7 to 10 feet in length.  The cracks in all areas ranged from 1/2" to 1 1/2" in depth.  The 
cracks located above elevation 676'-6" and the cracks wider than 1/16" below elevation 676'-6' 
were "V" grooved to a depth of 1/2" and sealed with Horn Flex L sealant A manufactured by W. 
R. Grace Co.  Cracks below elevation 676'-6" and having widths smaller than 1/16" were left as 
is. 
 
The hairline cracking which is predominant in the southwest section of the pond is coincident 
with the concrete liner being placed directly on bedrock.  Since the liner in contact with the 
bedrock is more restrained during the initial concrete curing and shrinkage period it has been 
determined that these shrinkage forces were the major cause for cracks in this area.  In addition 
two slabs in this area were displaced by hydrostatic uplifting forces causing some additional 
cracking.  This uplift occurred during the construction phase when the pond was empty of water.  
The hydrostatic uplift pressure was relieved by means of 2-inch diameter core drills through the 
liner.  These relief holes were then filled with grout just prior to filling the pond with water. 
 
A slab located south of the spray pond spillway was displaced by means of frost heave and 
resulted in cracking.  This action also took place during the construction phase when the pond 
was empty of water.  The displaced section was removed and repaired in accordance with 
section 7.14 of specification C36.  The cracks were repaired as described above. 
 
Uplift due to hydrostatic pressure up to design elevation and frost heave are of no design 
concern when the pond is filled with water as required during plant operation. 
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In areas where the liner was placed on soil very little hairline cracking has occurred.  As a result 
there has been no indication of cracks being caused by soil settlement. 
2.5.5  STABILITY OF SLOPES 
 
Natural slopes at the site are depicted in the site topographic map, Figure 2.4-1.  Final plant 
grades are shown on Figure 2.5-24. 
 
Few rock slopes are present at the site that need to be considered with respect to possible 
adverse effects on the safety-related operation of the plant.  Within the area impounded by the 
spray pond, bedrock forms a portion of the southwest slope, cut on a gradient of 3 horizontal to 
1 vertical.  North of the spray pond, a natural slope formed on Trimmers Rock sandstone rises 
at a maximum gradient of 2 horizontal to 1 vertical to a height of approximately 380 ft above the 
bottom of the pond (refer to Figure 2.5-56).  As discussed in Subsection 2.5.5.2.3.1, such rock 
slopes would present no significant hazard to safety related plant structures. 
 
The soil slopes to be considered are those forming and surrounding the spray pond. 
 
 
2.5.5.1  Slope Characteristics 
 
The slopes analyzed include the cut slopes of the spray pond and the slopes of the railroad 
embankment adjacent to the spray pond.  The failure of either slope could affect the normal 
operation of the spray pond.  The stability of these slopes is also dependent upon the stability of 
the spray pond itself.  Therefore, the safety analyses of the slopes and the stability of the spray 
pond are investigated and discussed together in this section. 
 
The cut slopes of the spray pond consist of two portions separated by a 20 ft service road; both 
were made at 3 horizontal to 1 vertical (Figures 2.5-42 and Dwg. C-63, Sh. 1).  The lower 
portion is a 17.5 ft slope between the service road (Elevation 685.5) and the pond bottom 
(Elevation 668).  The upper portion extended from the service road to daylight, the height of the 
slopes varies from 0 ft at the east end to about 40 ft at the west end of the pond.  Except for a 
few cut slopes that are made in bedrock, the majority of the slopes are made of granular 
material. 
 
The slopes of the railroad embankment adjacent to the spray pond were made of shot-rock.  
The slopes are at 3 horizontal to 1 vertical with a maximum height of 30 ft. 
 
 
2.5.5.1.1  Geologic Conditions 
 
The vicinity of the spray pond is situated over a glacial, or preglacial, east-west trending bedrock 
valley as outlined by contours on top of bedrock (Figure 2.5-17).  These contours indicate that 
the bedrock surface of the valley was eroded about 100 ft below the average elevation of 
bedrock to the south and considerably more than that below bedrock elevations to the north.  
Total relief of the bedrock surface is about 130 ft.  The valley is filled with dense gravelly and 
sandy glacial outwash and till deposits which attain a maximum thickness of about 110 ft in the 
spray pond area.  They were deposited during the Olean substage (early Wisconsinan) of the 
Wisconsin glaciation, which occurred approximately 50,000 years ago, and there is a possibility 
that some of the bedrock erosion and overlying glacial deposits are the result of an earlier 
Illinoisan glaciation known to have occurred here (refer to Subsection 2.5.1.2).  In general, the 
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deposits are normally consolidated and consist of a sequence of sand, gravel, and boulders 
overlain by sand and gravel, overlain in turn by silty sand.  The entire sequence is highly 
variable in grain size distribution and sorting, and contains discontinuous pockets of similar 
materials.  As a rule, grain size decreases and sorting increases toward the top of the 
sequence.  Topsoil of variable thickness, consisting of brown sandy silt and organic matter, 
overlies the glacial drift. 
 
Bedrock beneath the spray pond is correlated with the uppermost strata of the Middle Devonian 
Mahantango Formation.  Strata of the overlying Trimmers Rock Formation crop out along the 
ridge north of the spray pond; the contact between these two formations is buried by glacial 
material, but has been inferred from drill hole data to occur immediately north of the spray pond 
along the buried south-facing bedrock slope (refer to Subsection 2.5.1.2.2.2 and Figures 2.5-40 
and 2.5-56).  The strata, which consist of dark gray, noncalcareous siltstone with fine sandstone 
stringers in the upper Mahantango grading to more sandy material in the Trimmers Rock 
Formation, strike N75E and dip 15 to 40 north. 
 
The southwestern tip of the spray pond is cut into bedrock while the remainder is excavated in 
glacial materials.  The thickness of the glacial deposits beneath the bottom of the spray pond 
range from zero at the rock contact to 93 ft at the eastern end of the pond.  The ESSW 
pumphouse structure located at the southeastern corner of the pond is underlain by 40 to 80 ft 
of glacial material.  The water circulation pipelines between the pumphouse and the plant 
overlie glacial material having a maximum depth of 65 ft. They intersect bedrock at an elevation 
of 668 ft, approximately 260 ft southeast of the pumphouse (refer to Figure 2.5-17A). 
 
North of the spray pond, the Trimmers Rock Formation forms a steep ridge rising approximately 
380 ft above the spray pond.  The south-facing slope of this ridge is essentially a rock slope 
underlain by resistant sandstone thinly mantled with soil and rock fragments.  The sandstone is 
massive to flaggy and exposures exhibit well developed joint systems.  The lower portions of the 
Trimmers Rock are less sandy and occur beneath the surface from the base of this high ridge 
southward to the northern part of the spray pond area (Figure 2.5-56). 
 
Geologic conditions elsewhere at the site are reviewed in Subsection 2.5.4.1. 
 
 
2.5.5.1.2  Groundwater Conditions 
 
The groundwater table elevations and contours shown on Figure 2.5-38 are based on water 
level measurements made June 30, 1971 in the vicinity of the major plant structures, and on 
measurements made August 6, 1974 in the spray pond area. Water level measurements in the 
plant structures area were discontinued before the observation wells in the spray pond area 
were installed, and the wells were destroyed during construction of the plant.  The water level 
data show that the groundwater table is in bedrock beneath the major plant structures, whereas 
beneath most of the spray pond it is in the glacial drift. Modification (lowering) of the water table 
by excavation in the major plant structures area is described in Subsection 2.4.13.5.  However, 
some movement of groundwater from the plant structures area toward the spray pond to the 
north can still be expected, even though the major direction of movement is toward the 
Susquehanna River to the east.  The direction of groundwater movement from the spray pond is 
also easterly toward the Susquehanna River.  The undisturbed groundwater table elevation 
beneath the southwest end of the spray pond is about 670 ft where it is in bedrock.  At the east 
end of the pond, it is in soil at an elevation of 615 ft. 
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The observation wells installed in the spray pond area have not been monitored long enough to 
allow a close determination of a maximum high water level. Monitoring of the observation points 
was discontinued in August 1975 and was resumed in January 1977. The recorded 
measurements suggest that, in some cases, up to 11 ft of fluctuation has occurred.  However, 
the measurements taken during October 1974 are considered to be incorrect; therefore, they 
are not included in the evaluation.  Eliminating those measurements, the maximum fluctuation is 
7 ft (Table 2.5-9).  Intermittent measurements of water levels at observation wells in the area of 
the principal plant structures were taken by Dames & Moore over a period of 11 months (1970 
through 1971).  These data indicate fluctuation of less than 10 ft.  Using these limited data, it is 
estimated that the maximum rise of groundwater levels beneath the spray pond will not be 
greater than 10 ft above those on August 6, 1974. 
 
 
2.5.5.1.3  Field Sampling and Testing 
 
The field exploration for the spray pond was carried out from June 27, 1974 through August 15, 
1974.  The drilling subcontractor was American Drilling and Boring Company of Providence, 
Rhode Island.  The boring locations are shown on Figure 2.5-44. 
 
At the time of the investigation, the spray pond area had been used as a spoil area for 
excavation from the plant site.  As much as 33 ft of soil and rock was dumped above natural 
ground.  The majority of this was in the east half of the spray pond area. At the west end of the 
spray pond, a railroad fill consisting in large part of shot rock skirted the spray pond.  The 
railroad fill was 30 ft deep at Boring 1120.  The area between Borings 1110 and 1107 was the 
only area without any spoil. 
 
Underlying the spoil material is glacial drift which in turn overlies siltstone bedrock.  The depth of 
glacial material varies from 0 ft at Borings 1118 and 1121 to 108 ft at Boring 1104.  The bedrock 
surface generally slopes to the east. At the southwest end of the site, bedrock is exposed at 
ground surface.  The natural soils consist predominantly of sand, gravel, cobbles, and boulders.  
The soils are poorly stratified, starting as sand or sandy gravel at the surface and grading to 
mostly cobbles and boulders near bedrock.  However, cobbles and boulders were encountered 
at various depths in most of the borings.  Some of the sands and gravels were silty.  
Generalized sections through the pond area are given on Figure 2.5-30. 
 
Twenty-five test borings were drilled.  Ten holes were completed for the geophysical survey, ten 
for permeability and five as groundwater observation wells. Also shown on Figure 2.5-44 are 
borings in the 300 and 400 series made in 1971 and 1972 (Ref. 2.5-97 and 2.5-98).  Information 
provided by these early borings was used for preparing the generalized sections given on 
Figure 2.5-30.  The details of the drilling and sampling program are included in Subsection 
2.5.5.3 along with logs of borings. 
 
Permeability tests, using either packers or driven casing to isolate zones to be tested, were 
conducted in nine holes in the spray pond site.  The method of analysis used is described in US 
Bureau of Reclamation Earth Manual, Designation E-18.  One hole (1124) was constructed for 
permeability testing using the field permeameter method, as described in the US Bureau of 
Reclamation Earth Manual, Designation E-19.  Locations of these test holes are shown on 
Figure 2.5-44, and results of the tests are listed in Table 2.5-10. 
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The tests were conducted primarily to determine permeability characteristics of the glacial drift 
and the contact zone between the glacial drift and the bedrock (siltstone of the Mahantango 
formation).  Permeability testing of the Mahantango Formation was performed during 
investigation of the railroad bridge (Table 2.5-11).  The siltstone beneath the spray pond is 
similar to that tested at the railroad bridge, and these data are taken as representative of the 
intact bedrock beneath the spray pond. 
 
One of the test sections in the spray pond was isolated in the weathered and fractured siltstone 
(Boring 1117) immediately below the contact with the glacial drift.  The calculated average 
permeability of that test (Table 2.5-10) is markedly higher than any of the tests performed in the 
intact bedrock, as would be expected.  The exploratory holes in the spray pond area penetrated 
no more than 10 ft of the more permeable weathered bedrock.  Three of the tests (Borings 
1112, 1113, and 1114) measured permeability of the contact zone (including from 5 to 10 ft of 
the weathered bedrock with overlying glacial drift in the test section), and the balance of tests in 
the spray pond measured permeability of different materials in the glacial drift. 
 
The boring logs indicate that the glacial drift is primarily outwash deposits consisting of 
permeable sands and gravels, with some discontinuous lenses of less permeable silty sands.  
The materials tend to be coarser and, presumably, more permeable toward the base of the 
deposits filling the small valley.  The tests summarized in Table 2.5-10 indicate that the 
permeability of these materials varies considerably.  Permeability of the predominant sand and 
gravel deposits is greater than 2,000 ft/yr (Borings 1111 and 1115).  The silty sand lenses are 
much lower in permeability (Boring 1122 through 1125). 
 
These data indicate that the average permeability of the glacial drift is considerably higher than 
that of the intact bedrock.  The range of permeability in the glacial drift is greater, with 
permeability of some silty sands as low as some of the bedrock. 
 
The maximum measured permeability of intact bedrock is 277 ft/yr, and the median value of the 
41 tested intervals (Table 2.5-11) is 81 ft/yr.  Assigning an average permeability of 200 ft/yr to 
the bedrock appears conservative.  For purposes of seepage analysis, it can be assumed that 
bedrock is impermeable and groundwater movement occurs in the glacial drift. 
 
The high permeability of the glacial outwash deposits is indicated by the two tests in which the 
capacity of the measuring equipment was exceeded.  Also, during drilling of eight of the 
exploratory holes, there was considerable difficulty because of loss of drilling fluid (see Table 
2.5-12).  Commonly, it was necessary to drive casing to seal off highly permeable zones.  The 
coarse nature of these lost-circulation zones precluded attempts to perform meaningful 
permeability tests.  Further, the permeable nature of the glacial drift is demonstrated by the 
performance of the two plant site water wells for construction use (Figure 2.5-38).  Each of 
these wells has a capacity of 150 gpm, and at least one is operating continuously.  These wells 
draw from a maximum of 60 ft of saturated glacial drift.  From the relationship of specific 
capacity of a water well to the thickness of the aquifer, the permeability of the aquifer can be 
estimated (Ref. 2.5-101). This method indicated 4,000 ft/yr as the apparent minimum average 
permeability at these wells. 
 
An average permeability of 2,000 ft/yr for the glacial drift was used in the seepage analysis.  
Considering the evidence that highly permeable materials are present, the results of the 
permeability tests, and the yield from the wells, assumption of an average permeability of 2,000 
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ft/yr is conservative in relating seepage losses to groundwater levels and safety against 
liquefaction. 
 
In the seepage analyses, the possible differences of vertical and horizontal permeabilities must 
be considered.  The vertical permeability of glacial outwash deposits can be as small as 
one-fifth the horizontal permeability.  Because groundwater in the saturated zone moves in a 
predominantly horizontal direction, the effective permeability is the horizontal permeability.  In 
analyzing seepage through the unsaturated zone, however, movement of groundwater may be 
predominantly vertical; thus, the possibly lower vertical permeabilities were considered.  
Beneath the spray pond lenses of materials with low permeability are thin and discontinuous 
and therefore do not appear to cause a significantly lower permeability in the vertical direction.  
This is confirmed by the fact that no perched water has been detected in the area. 
 
 
2.5.5.1.4  Laboratory Testing 
 
2.5.5.1.4.1  General 
 
In general, the granular deposits underlying the spray pond consist of silty sand at shallow 
depth, underlain by sandy gravel with boulders and cobbles.  The test program was conducted 
only on the sands because of difficulties in collecting undisturbed gravel samples.  The 
undisturbed samples were obtained in sand zones which had lower standard penetration blow 
counts than in the coarser material.  The relative locations of soil samples for which the tests 
were made are shown on the generalized cross sections E and F, on Figure 2.5-45. 
 
The laboratory test results are summarized in Table 2.5-13.  For detailed information on test 
procedures and results, see Ref. 2.5-102. 
 
 
2.5.5.1.4.2  Grain Size Distribution 
 
Grain size determinations were made on most of the split spoon samples and on Shelby tube 
samples for classification purposes and to determine the D50 size that can be used as an index 
for evaluating the potential susceptibility of granular soils to liquefaction. 
 
Sieve and hydrometer analyses were performed according to ASTM Procedure D 422-63, 1972.  
The range of grain size curves for the granular deposits is shown on Figure 2.5-31.  The mean 
grain sizes (D50) of the samples of sand and gravel were found to be in the range of 0.14 to 3.0 
mm and 4.5 to 25.0 mm, respectively. 
 
 
2.5.5.1.4.3  Unit Weight 
 
Unit weights were obtained for all undisturbed Shelby tube samples on which strength tests 
were performed.  The undisturbed samples were obtained by cutting the Shelby tubes into 
approximately 7 in. lengths by a tube cutter.  The length and weight of each sample section was 
determined while in the tube for unit weight computations.  The unit weight is required to 
determine the relative density of the site soils. 
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2.5.5.1.4.4  Maximum-Minimum Densities 
 
Maximum dry density values were obtained using two procedures; namely, impact compaction 
and vibratory compaction.  Both tests were performed on samples obtained by mixing bulk 
samples from Test Pit No. 1. 
 
The impact compaction tests were performed using ASTM Procedure D 1557-70, method D, 
modified so that each of the five layers was compacted with 20 blows of a 10 lb hammer 
dropping 18 in., i.e., a total compaction energy equal to 20,000 ft.lb/ft3 of soil.  The vibratory 
compaction test was performed according to ASTM Procedure D 2049-69 using a 0.1 cu ft mold 
and the wet method. 
 
The maximum dry density obtained from these two tests were 106.1 pcf and 108.2 pcf, 
respectively. 
 
The minimum dry density was also performed on bulk samples obtained from Test Pit No. 1 
according to ASTM Procedure D 2049-69.  The minimum dry density obtained was 91.5 pcf. 
 
The relative density of the in site soils was determined using the maximum and minimum 
densities. 
 
 
2.5.5.1.4.5  Relative Density 
 
Relative density data were obtained from two sources: densities of the undisturbed Shelby tube 
samples were correlated to the maximum-minimum dry densities, and correlations were made 
with standard penetration test results obtained during the drilling operations using the Gibbs and 
Holtz procedure (Ref. 2.5-100).  
 
The relative densities based on maximum-minimum dry densities were determined using the 
relationship: 
 

 
 minmax

minmax 100








xDd  

 
as given in ASTM Procedure D 2049-69, where 
 

Dd = relative density, percentage 
 
max = maximum dry density, pcf 
 
min = minimum dry density, pcf 
 
 = dry density of undisturbed samples, pcf 

 
There was insufficient data to directly determine the relative density of each of the samples of in 
site soils.  Therefore, the relative density of undisturbed samples was not used in the analyses.  
The design engineering properties of the site soils were based on tests on undisturbed samples. 
During drilling operation, a Standard Penetration Test was performed every 3 ft in each of the 
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drill holes.  From these data and the values of effective overburden pressure at the location of 
each Standard Penetration Test, the relative densities were determined from the correlation 
between standard penetration resistance, effective overburden pressure, and relative density of 
granular soils given by Gibbs and Holtz (Ref. 02.5-100).  The Gibbs and Holtz procedure is valid 
for normally consolidated sands.  Values of relative density obtained in this way are summarized 
on Figure 2.5-46. 
 
Relative density determinations of well stratified outwash sands and gravels, together with 
poorly stratified to unstratified kame-like gravels by currently available test procedures is not 
meaningful as the maximum and minimum density values will not be representative of the 
maximum and minimum density values of individual strata or lenses.  Therefore no attempt was 
made to measure relative density directly.  Furthermore, for the same reasons it is not possible 
in deposits such as those at the spray pond site, to select "the most appropriate maximum and 
minimum density values." 
 
In deposits like these an indication of the relative density can be obtained from a conservative 
evaluation of the Standard Penetration test data.  This was done by estimating the relative 
density from the lower bound values of the blowcounts by using the Gibbs and Holtz procedure 
(Ref. 2.5-100).  Since the deposit is normally consolidated the Gibbs and Holtz procedure can 
be used to estimate relative density. 
 
A direct comparison between measured relative density and Standard penetration test results 
cannot be presented as relative density was not measured directly. 
 
 
2.5.5.1.4.6  Static Triaxial Shear Test 
 
Eight static consolidated-drained triaxial tests were performed on undisturbed samples. The 
purpose of the test was to obtain the strength data required to evaluate the static stability of the 
cut slopes. 
 
The tests were carried out in triaxial cells and the test specimens were saturated by the back 
pressure method.  The saturation was checked by determining the value of Skempton's B 
coefficient (Ref. 2.5-103).  Specimens were considered to be saturated when the B coefficient 
was 0.95 or higher.  The specimens were obtained by cutting the 3 in. Shelby tubes into 7 in. 
lengths.  They were then extruded and trimmed.  The specimens were consolidated isotropically 
under effective consolidation pressures ranging from 0.50 to 6.0 ksf.  These confining pressures 
represent the range of effective overburden pressures at the site.  The results of these tests are 
presented on Figure 2.5-34 which also shows the selected design parameters. 
 
 
2.5.5.1.4.7  Cyclic Triaxial Shear Tests 
 
Twenty-five cyclic loading triaxial shear tests (CR) were performed to determine the cyclic shear 
strength of the soils. Sixteen tests were performed on undisturbed samples. Nine tests were 
performed on remolded samples.  Undisturbed specimens were prepared in the same manner 
as for static triaxial tests.  After completion of the tests on selected undisturbed specimens, they 
were oven dried, broken down, and compacted by vibration to the same dry density as the 
original undisturbed specimen.  Test specimens were saturated as in the case of the static 
triaxial tests and consolidated under an isotropic pressure equal to either 1.0 ksp or 6.0 ksf.  
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During the cyclic shear tests, a symmetrical cyclic deviator stress was applied at a constant 
frequency ranging between 1 cycle per 2 to 3 seconds while measuring axial deformation, axial 
load, and pore pressure continuously by means of electric transducers and a chart recorder.  
The results of all CR tests including the number of cycles to reach a total strain of 5 percent are 
given in Table 2.5-14.  The undisturbed specimens were generally found to be more resistant to 
cyclic loading than the corresponding remolded specimens prepared at the same dry density.  
The loss of shear resistance may be due to changes in the original soil structure and destruction 
of slight cementation which exists in the soil in the undisturbed state.  The test results on 
undisturbed samples are shown on Figure 2.5-35. 
 
Also shown on Figure 2.5-35 are the results of four cyclic triaxial tests reported by Dames & 
Moore (Ref. 2.5-98).  In general, the Dames & Moore samples yielded higher cyclic strength.  
The reason for the difference may be due to the difference in the method of sampling.  The 
undisturbed samples tested by GEI (Ref. 2.5-102) were sampled with a thin-walled Shelby tube 
sampler which was pushed by hydraulic pressure in accordance with ASTM D1587-67.  
However, the undisturbed samples tested by Dames & Moore were obtained with the "Dames & 
Moore" sampler.  The area ratio of the "Dames & Moore" sampler is large compared to the 
thin-walled Shelby tube sampler, and the greater area ratio may result in greater disturbance to 
the sample. Since the amount of disturbance could not be evaluated and since the GEI samples 
yielded lower cyclic strength, the Dames & Moore results were not used in the liquefaction 
analysis for conservatism. 
 
 
2.5.5.2  Design Criteria and Analyses 
 
2.5.5.2.1  Design Criteria for Spray Pond 
 
The design criteria adopted for the analysis of the spray pond and the slopes surrounding the 
spray pond include criteria for ground surface acceleration, liquefaction, and slope stability. 
 
 
2.5.5.2.1.1  Ground Surface Acceleration 
 
The horizontal ground accelerations used for design of the spray pond are 0.15g for the Safe 
Shutdown Earthquake (SSE) and 0.08g for the Operating Basis Earthquake (OBE). 
 
 
2.5.5.2.1.2  Liquefaction 
 
For the most adverse water level conditions at the spray pond site, the factor of safety provided 
against liquefaction should not be less than 1.2 for the SSE condition. 
 
 
2.5.5.2.1.3  Slope Stability 
 
The slopes in the area of the spray pond must be designed to provide a minimum factor of 
safety of 1.5 for the static condition and 1.1 when subjected to an SSE event.  
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2.5.5.2.2  Design Analyses for Spray Pond 
 
The design analyses, including the seepage analysis, liquefaction potential of the spray pond, 
stability of slopes, and the earthquake induced settlement, are given in the following four 
Subsections. 
 
 
2.5.5.2.2.1  Spray Pond Seepage Analysis 
 
The total inventory that determines the spray pond capacity includes sufficient water to 
compensate for losses that could occur over the 30 day shutdown period.  Additionally, seepage 
losses must be controlled during normal operation so that the groundwater table is not artificially 
elevated to a level that would aggravate the safety margin against liquefaction.  Seepage 
analyses were made to determine what design parameters are required for the spray pond to 
meet these restrictions.  It was first determined that seepage from an unlined pond does not 
meet these restrictions, and that a lining of the pond is required.  The second case determines 
the design parameters for a lining that will sufficiently control the quantity of seepage to satisfy 
liquefaction requirements. 
 
To maintain the groundwater level below the levels necessary to ensure an adequate factor of 
safety against liquefaction, an unsaturated zone must be maintained beneath the spray pond.  A 
liner must be designed that will sufficiently restrict seepage and prevent groundwater levels from 
rising above the design levels.  Seepage from the pond will increase the total groundwater 
underflow beneath the pond and develop a groundwater mound.  That is: Total Underflow = 
Pond Seepage and Base Flow (the present underflow). 
The groundwater flow path from the pond is eastward along the trough in bedrock which is filled 
with glacial deposits.  The downstream discharge point of the groundwater mound is assumed 
to be at the surface at elevation 600 near a present spring.  The quantity of underflow, Q, 
beneath the pond may be calculated using Darcy's law: 
 
 Q = KIA 
 

Where: 
 

Q = quantity of underflow (ft3/yr) 
 

K = permeability (ft/yr) 
 

I = average hydraulic gradient (ratio) 
 

A = cross sectional area of flow path (sq ft)  
 
The controlling permeability for this case is the average permeability of the glacial drift, 2,000 
ft/yr.  The average hydraulic gradient may be taken as the difference in elevation between the 
elevation of the assumed discharge point, 600 ft, and the elevation of the water table beneath 
the center of the pond over the distance between the two points, 1,850 ft.  Gradients were 
determined for several assumed elevations beneath the pond.  The average cross-sectional 
area of saturated glacial draft along the flow path was determined for each assumed elevation 
of the groundwater mound beneath the pond. 
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An average base underflow of 4.3 X 105 ft3/yr was calculated for the undisturbed groundwater 
conditions, represented by water levels shown on Figure 2.5-38. The amount of total underflow 
was then calculated for several assumed groundwater elevations beneath the center of the 
pond.  The seepage which is producing the groundwater mound can be determined by 
subtracting the base flow of 4.3 X 105 ft3/yr from the total underflow.  Then, by using a form of 
Darcy's Law (Ref. 2.5-105): 
 

qaQand
d
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;
 

 
Where: 
 

q = quantity of seepage through one square foot of liner assumed to be 
saturated 

 
K = effective liner permeability (ft/yr) 

 
p = head of water in pond (ft) 

 
d = liner thickness (ft) 

 
Q = effective seepage losses through the liner (ft3/yr) 

 
A = area of the spray pond (sq ft) 

 
The seepage loss as related to maximum groundwater level beneath the pond can be 
calculated.  Then, the liner thickness and permeability that would restrict the amount of seepage 
sufficiently to maintain the selected groundwater elevation can be calculated. This provides a 
relationship between liner parameters and the elevation of the groundwater mound.  The 
groundwater elevations beneath the pond that would be maintained by specific liner parameters 
are listed in Table 2.5-15 and shown on Figures 2.5-38 and 2.5-40.  The relationship between 
seepage losses and the groundwater elevation beneath the pond is shown on Figure 2.5-47.  To 
maintain the groundwater level below the maximum allowable level determined by the 
liquefaction analysis, 665 ft, a reinforced concrete liner has been constructed.  The concrete 
liner has expansion, contraction and construction joints at appropriate spacing to control 
cracking.  Both expansion and construction joints have impermeable rubber waterstops 
incorporated. 
 
The relationship between the thickness of the liner, permeability of the liner and seepage loss is 
shown on Figure 2.5-57.  The permeability of reinforced concrete is conservatively 1 X 10-2 feet 
per year.  The minimum thickness of liner provided over the entire pond is 5 inches.  Therefore, 
during normal operation, the seepage loss from the spray pond is estimated to be 5.9 X 104 
gallons per 30 days.  More than 5 times this amount is required to raise the groundwater level to 
the design value of 665 feet which was used for the liquefaction analysis. 
 
Accident conditions and their possible effect on the integrity of the liner and on seepage losses 
have also been examined. 
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Should a tornado-generated missile having a frontal area of 20 square feet puncture the liner, 
the additional leakage would be  
 
1.6 X 104 gallons per 30 days.  This volume of water would not be sufficient to elevate the water 
table to an unacceptable level. 
 
In the event of an SSE, the soils analysis covering slope stability, discussed in Subsection 
2.5.5.2.2.3.2, shows that the cut slopes will remain stable.  No credit is taken in the analysis for 
the presence of the concrete liner. Subsection 2.5.5.2.2.4 discusses the settlement which might 
result from an earthquake induced motion.  The relative settlement across the pond would be 
very small, less than 1 inch in 500 ft.  It is therefore anticipated that the liner will not undergo 
any significant displacement as a result of an SSE.  Some additional cracking could occur.  
However, since a very conservative approach has been taken in providing a liner with a 
permeability well below that required to establish liquefication potential, the additional cracking 
can be tolerated. 
 
 
2.5.5.2.2.1.1  Spray Pond Seepage Monitoring 
 
A total of six (6) permanent observation wells in soil along the perimeter of the spray pond are 
used to monitor seepage from the spray pond.  These piezometer installations consist of two 
inch (2") minimum diameter well point casings with base elevations of 645' along the west 
section of the spray pond to a low elevation of 625' east of the pond.  Every six months readings 
of these wells will be taken to monitor the elevation of the ground water table beneath the 
concrete liner.  A seventh well (piezometer number 2) is located in bedrock and therefore 
cannot be used to assess the possibility of liquefaction of the soil. 
 
Seepage from the spray pond was documented by measuring pond levels, precipitation and 
evaporation.  Meteorology and evaporation data was collected.  Data collected included the 
following:  Pan evaporation, air temperature relative humidity, wind speed, precipitation, solar 
radiation and cloud cover.  Measurements were taken on a daily basis for a period of 33 days 
from 4/25/81 to 5/27/81 to perform the seepage study of the spray pond liner.  Data collected as 
a result of this study is included in the quality assurance files. 
 
Groundwater levels will be monitored every six months using the six (6) permanent piezometer 
wells (located in soil) discussed above.  When it has been determined that the actual 
groundwater level has reached EL 663 feet at any one (1) of the six (6) piezometer locations, 
the following actions will be taken: 
 

(1) NRC will be notified of the high (EL 663') groundwater condition; 
 

(2) Steps will be taken to identify the cause of the rise in the water level; 
 

(3) An assessment of the safety impact of the occurrence will be performed; 
 

(4) Appropriate action(s) will be taken based on the findings of the safety impact 
analysis. 
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2.5.5.2.2.2  Liquefaction Potential 
 
2.5.5.2.2.2.1  Method of Analysis 
 
The evaluation of the liquefaction potential of the soils at the site was made by comparing the 
shear strength of the soils under cyclic loading conditions to the dynamic shear stress induced 
in the soils by the vibratory motion associated with the SSE.  The ratio of shear strength to 
induced shear stress is termed the factor of safety against liquefaction.  Since both the shear 
strength of the soils and the induced shear stresses are dependent on depth below ground 
surface, determinations of the factor of safety against liquefaction were made at various depths. 
 
Soil profiles and the corresponding groundwater levels representative of the site conditions were 
chosen for the study.  The SSE was applied at the ground surface and deconvolved downward 
to bedrock using the SHAKE 3 Computer Program (Ref. 2.5-106).  
 
The soil profiles used in the analyses were conservatively assumed to consist only of sand even 
though they included gravel, boulders, and cobbles in places as discussed in Subsection 
2.5.5.1.  Based on limited information available (Ref. 2.5-107), the resistance to liquefaction of 
gravel, boulders, and cobbles is equal or better than that of sand.  For instance Kishida (Ref. 
2.5-112) has indicated that soils with D 60 less than 2 mm and with uniformity coefficients less 
than 10 are most susceptible to liquefaction (Ref. 2.5-98).  The saturated unit weight of the sand 
was taken to be 130 pcf and the buoyant unit weight to be 67.5 pcf.  The spray pond was 
simulated as a material with a low shear modulus value of 1.0 ksf.  Because water does not 
transmit shear waves, the simulation was necessary so that the computer program SHAKE 3 
could be used to compute the shear stresses induced by the earthquake.  Use of this small 
modulus has an insignificant influence on the induced shear stresses. 
 
 
2.5.5.2.2.2.2  Soil Profiles and Positions of Groundwater Table 
 
As disclosed by the field investigation, the thickness of overburden varies at the site of the spray 
pond.  The bedrock contours are shown on Figure 2.5-17.  At the southwest end, bedrock was 
exposed at the ground surface and over 90 ft of granular deposits were encountered at the 
northeast end.  Therefore, to evaluate the liquefaction potential, three soil profiles were chosen 
to represent three thicknesses of overburden. The depths from the bottom of the pond 
(Elevation 668 ft) to the bedrock for the three soil profiles were 93 ft (Profile 1 - east end of 
spray pond), 57 ft (Profile 2 - central section, and pumphouse), and 20 ft (Profile 3 - west end of 
spray pond).  The predicted maximum groundwater levels that will occur beneath a lined pond 
as discussed in Subsection 2.5.5.2.2.1 were used at each profile. 
 
To evaluate the liquefaction potential at other locations in the spray pond, the same soil profiles 
were used and the groundwater table was varied in accordance with the predicted maximum 
water table elevations given on Figure 2.5-40. 
 
Figure 2.5-48 shows the soil profiles and the maximum groundwater levels used at Profiles 1, 2, 
and 3 in the analyses. 
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2.5.5.2.2.2.3  Shear Moduli 
 
Cross-hole shear wave velocity measurements were performed during August and September 
1974 (Ref. 2.5-99).  Compressional and shear wave velocities were measured in situ to depths 
of about 100 ft by the cross-hole procedure.  The average shear wave velocities obtained from 
the measurement are presented on Figure 2.5-36. As shown on the figure, the shear wave 
velocity increases linearly with depth.  The average shear wave velocities used for soil and rock 
in the liquefaction analyses are also shown. 
 
The shear moduli of sand were computed from the values of shear wave velocity as follows: 
 

2
sVg

G 
  

Where: 
 

G = shear modulus, psf 
 

 = unit weight, pcf 
 

g = gravitational acceleration, ft/sec² 
 

Vs = shear wave velocity, fps 
 
The shear modulus is influenced by the confining pressure, the strain amplitude, and the relative 
density and, in general, these can be related by the equation: 
 

  108)-2.5 (Ref.2/11000 msKG   
 
Where: 
 

G = shear modulus, psf 
 

k = a variable parameter, dependent on relative density, shear wave 
velocity, and strain amplitude 

 
m  = mean principal effective stress, psf 

 
In the liquefaction analysis, the shear modulus values at the corresponding effective confining 
pressures obtained from the above equation, were used as initial values at very small strains.  
The strain-compatible shear moduli were then determined from the curve of shear 
modulus-shear strain relationship as given by Seed and Idriss (Ref. 2.5-108). 
 
 
2.5.5.2.2.2.4  Cyclic Shear Strength 
 
The results of cyclic triaxial shear tests are given in Table 2.5-14 and on Figure 2.5-35. The 
results are given in terms of the cyclic shear stress ratio (1 - 3) cy/2 c  and the number of 
loading cycles required for the test specimen to reach a total axial strain of 5 percent, where: 
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(1 - 3) cy = cyclic deviator stress 
 

c   = effective consolidation pressure 
 
The selected design cyclic shear strength is given on Figure 2.5-35.  Based on results of the site 
seismicity study and on the SSE having a magnitude less than 6, the cyclic shear strength at 5 
equivalent uniform load cycles was considered appropriate and this was used in evaluating the 
liquefaction potential at the pond (Ref. 2.5-96).  The cyclic tests were performed at two effective 
consolidation pressures, 1.0 and 6.0 ksf.  These pressures were selected to envelope the actual 
field conditions.  However, the 1.0 ksf was selected as a lower limit for the testing pressure.  
Testing of sand samples at very low pressure may not be relative.  From the test results, the 
cyclic shear stress ratios at these two effective consolidation pressures were determined to be 
0.320 and 0.260, respectively, for 5 loading cycles.  A linear relationship was assumed in 
computing cyclic shear stress ratios at other effective consolidation pressures.  The cyclic 
triaxial testing conditions differ from field conditions and to account for these differences, and 
also to permit the use of effective vertical pressures instead of effective consolidation pressures, 
a correction factor, C, must be applied to the test results before using them in liquefaction 
analyses.  The correction factor is a function of relative density and values have been published 
by Seed and Idriss (Ref. 2.5-108).  A value of 0.57 was used in the analyses.  This corresponds 
to an average field relative density of 50 percent for normally consolidated sands at the site.  
Using the above data, the following relationship was established between field cyclic shear 
strength, and the effective vertical pressure: 
 
 Cyclic Shear Strength,  N 012.032.057.0   
 
     or 
 

     
 
 ksfinand

 0068.0189.0 
 

 
The above expression permits the calculation of the cyclic shear strength at any depth down to 
bedrock. 
 
 
2.5.5.2.2.2.5  Determination of Dynamic Shear Stresses 
 
The vibratory motion of the SSE was applied at the ground surface and deconvolved downward 
to the bedrock; thus, inducing shear stresses into the soil.  The synthetic time history of ground 
surface acceleration during the SSE was used with a maximum acceleration of 0.15g as 
discussed in Subsection 2.5.2.6. 
 
The maximum shear stresses developed at various depths within the soil during the SSE were 
calculated using the computer program SHAKE 3 developed by Schnabel, Lysmer, and Seed 
(Ref. 2.5-106).  In addition to the SSE time history and maximum ground acceleration, the 
computer program uses the following parameters: 
 

a) Unit weights of the subsurface strata and depth to the groundwater table 
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b) Damping ratios of the subsurface strata and the variation of these damping ratios 
with shear strain 

c) Shear moduli of the subsurface strata and the variation of these moduli with 
shear strain 

 
The output of the SHAKE 3 computer program provides values of the peak shear stresses 
induced in the various strata during an SSE event.  However, for the liquefaction potential 
analysis, the equivalent uniform average shear stress is required. The average shear stress 
during the SSE has been taken to be equal to 0.65 times the peak shear stress (Ref.  2.5-107). 
 
The results of the average shear stress determinations for the various cases analyzed are 
compared with the cyclic shear strength. 
 
 
2.5.5.2.2.2.6  Design Earthquake 
 
The synthetic acceleration time history as discussed in Subsection 3.7b.1.2 was used in the 
evaluation of liquefaction potential. 
 
Based on the site seismicity studies discussed in Subsection 2.5.5.1.2, the ground acceleration 
of 0.15g was adopted for the SSE for structures founded on soil. 
 
 
2.5.5.2.2.2.7  Results of Liquefaction Analyses 
 
2.5.5.2.2.2.7.1  Liquefaction Potential Under the Design SSE 
 
The average shear stresses induced by the SSE of 0.15g and the corresponding shear 
strengths and factors of safety, for three different profiles and various groundwater levels, are 
given in Table 2.5-16. The factors of safety are also shown on Figure 2.5-49. 
 
Based on these values, it was possible to obtain and to interpolate the factor of safety at any 
particular location in the pond for the predicted maximum groundwater elevation as shown on 
Figure 2.5-38.  On Figure 2.5-50 the factors of safety at seven selected locations are shown 
along with the information on the elevation of maximum predicted water table and bedrock.  
The minimum factor of safety was found to be 1.26, which is larger than the minimum 
acceptable factor of safety of 1.20, as given in Subsection 2.5.5.2.1. 
 
As indicated by the results shown on Figure 2.5-50, the factor of safety decreases as the 
groundwater table rises, and at the same water level the factor of safety decreases as the depth 
to bedrock increases. 
 
 
2.5.5.2.2.2.7.2  Variations of Shear Moduli and Damping Ratios for Evaluation of 
 Liquefaction Potential        
 
As mentioned in Subsection 2.5.5.2.2.2.5, the "standard" relationship between the effective 
strain and the dynamic properties (shear moduli and damping ratios) given by Seed and Idriss 
(Ref. 2.5-108) was used in the liquefaction analysis for estimating induced cyclic stresses.  To 
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evaluate the effects of possible variations of these relationships, liquefaction studies were made 
initially in which the values of shear moduli and damping ratios were varied by 30 percent. 
 
A plot of damping ratio versus shear strain, used in the liquefaction analysis for the sandy 
deposits, is shown on figure 2.5-58.  The plot is similar to the average curve of damping ratio 
versus strain presented by Seed and Idriss (Reference 2.5-108).  In the liquefaction analysis, 
the curve was digitized and represented by a set of points connected by straight lines.  No 
damping tests were made on samples from the site.  However, the Seed and Idriss curves 
represent a summary of laboratory damping values determined for a wide range of granular 
materials and the data are given in Reference 2.5-108. 
 
In the liquefaction analyses variation of damping does not have a very significant effect on the 
magnitude of induced stresses.  For example, reducing the damping ratio by 30%, changes the 
average shear stress from 553 psf to 556 psf which is less than 1% (Table 2.5-17).  The effect 
on Factor of Safety (F.S.) of change in the damping ratio is shown on Figure 2.5-50A.  The trend 
established indicates that if the damping ratio was varied beyond 30%, the Factor of Safety 
would still be larger than the acceptable value of 1.2.  Also shown on Figure 2.5-50A is a line 
representing the F.S. vs. change of damping ratio if the shear modulus was varied by 50%.  
This line was projected based on data in Table 2.5-17.  As shown by this line, the minimum 
acceptable F.S. of 1.2 will still be satisfied by the combined variation of 50% shear modulus 
and -50% damping ratio. 
 
The most critical soil profile (Profile 2) with the maximum predicted water table at 665 ft was 
used in the study. 
 
The study included the following cases: 
 

a) Varying shear moduli 30 percent, damping ratios remain unchanged 
b) Varying damping ratios by 30 percent, shear moduli remain unchanged 
c) Change both shear moduli and damping ratios by 30 percent 

 
The average induced cyclic shear stresses, shear strengths, and factors of safety, along with 
the results using the standard relationship, are summarized in Table 2.5-17.  The maximum 
change of shear stress is found to be about 3 percent.  This reduces the minimum factor of 
safety to 1.23, but it is still larger than the acceptable value of 1.2 (Subsection 2.5.5.2.1).  The 
results of this study indicate that the effects of variations of moduli and damping are small and 
do not change the conclusion that there is an adequate factor of safety against liquefaction. 
 
A subsequent review of the results in Table 2.5-17 were made to determine the effect of varying 
the damping ratio by 50% and the shear modules by 50%.  The review was made by 
projecting the results.  A plot showing the effect on the factor of safety is given on Figure 
2.5-50A. 
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2.5.5.2.2.2.7.3  Results of Liquefaction Analyses Using Real Earthquake Records 
 
All the results of the liquefaction study, presented in the previous sections, were based on the 
design SSE of 0.15g at the ground surface.  Some real earthquake records obtained at sites 
with comparable geologic conditions and in the same range of magnitude were available and 
were used to check the liquefaction potential.  Three rock records: Golden Gate (M = 5.3, 1957), 
Helena (M = 6.0, 1935), and Parkfield (temblor Station, M = 5.6, 1966) were used for this 
purpose. 
 
Liquefaction studies were made using these records applied at rock outcropping for obtaining 
cycle shear stresses in the soil.  
 
The resulting factors of safety along with the factor of safety for the design SSE (Bechtel 
synthetic) are summarized on Table 2.5-18 and Figure 2.5-51.  The minimum factors of safety 
obtained from the real records were larger than the ones obtained from the synthetic 
earthquake.  The stresses induced by both the design SSE and the real earthquakes are also 
shown on Figure 2.5-52. 
 
 
2.5.5.2.2.3  Slope Stability Analyses 
 
2.5.5.2.2.3.1  Stability of Rock Slopes 
 
The southwestern tip of the spray pond is cut into bedrock.  However, since the cut slope is 3 
horizontal to 1 vertical, the slope will obviously be stable, considering the engineering properties 
of the bedrock as discussed in Subsection 2.5.4.  A detailed analysis of the stability of such a 
slope in rock is therefore not required. 
 
North of the spray pond, the Trimmers Rock Formation forms a steep ridge rising approximately 
380 ft above the bottom of the spray pond.  The south-facing slope of this ridge is essentially a 
rock slope underlain by flaggy, resistant sandstone thinly mantled with soil and rock fragments.  
The closest approach of this slope to the spray pond is along the northern perimeter of the 
pond; the toe of slope at elevation 710-720 ft is at least 150 ft from the top of the north slope of 
the pond at elevation 700-727 ft (Refer to Figure 2.5-24 for final site grades in this area).  The 
maximum slope along the ridge is about 2 horizontal to 1 vertical, and an overall slope of 3-1/2 
horizontal to 1 vertical, a relatively flat slope for rock.  Bedding in the rock dips approximately 
30 to the north into the slope; thus, it is favorably oriented for slope stability.  Data of McGlade 
(Ref. 2.5-56, p. 108) indicate that natural slopes eroded on Trimmers Rock strata are "steep and 
stable".  In consideration of the competency of the rock forming the slope and the favorable 
orientation of rock structure, together with the fact that such gentle rock slopes are normally 
stable in this region, it is concluded that there is an ample margin of safety against failure of the 
slope north of the spray pond. 
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2.5.5.2.2.3.2  Stability of Slopes in Soil 
 
Stability analyses were performed for the spray pond cut slopes and the fill slopes of the railroad 
embankment that are immediately adjacent to the pond.  Both cut and fill slopes are constructed 
at 3 horizontal to 1 vertical.  Except a small portion of cut slopes that are made in bedrock, the 
majority of cut slopes and all the fill slopes are made of granular materials.  The granular 
materials range from sand and sandy gravel for the cut slope to the shot rocks for the 
embankment slopes.  The shot rocks were obtained from the main plant excavation. 
 
To evaluate the stability of the slopes, the effective angle of internal friction of the sand deposits 
was found to be 35 from the test data shown on Figure 2.5-34.  For the sandy gravel and the 
shot rock, the effective angle of internal friction was conservatively assumed to be the same as 
that of the sand. 
 
The pond is lined and the maximum predicted groundwater level is below the bottom of the 
slopes.  Therefore, the infinite slope analysis and the yield acceleration analysis by Seed and 
Goodman (Ref. 2.5-109) are considered appropriate for evaluating the stability of the slopes. 
 
For static conditions, the infinite slope analysis was used to determine the factor of safety of soil 
slopes: 
 

i tan
tan

FS  

 
 
Where: 

 
  = friction angle of sand 
 
i = inclination of slope 

 
Therefore, for   = 35 and i = tan-1 (1/3), the factor of safety under static condition is found to 
be 2.10. 
 
For the dynamic condition the yield acceleration analysis was used.  The yield acceleration is 
defined as the acceleration at which sliding will begin to occur.  The yield acceleration 
coefficient (ky) is defined as: 
 
 kyg = tan (  - i)g 
 
where   and i were defined in the previous paragraph.  For   = 35 and i = tan-1 (1/3), ky is 
found to be 0.297.  Compared to the SSE of 0.15g, the factor of safety for the dynamic condition 
would be: 
 

98.1
150.0
297.0

FS  
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Consequently, the railroad embankment slopes and the cut slopes will be stable under both the 
static and dynamic conditions. 
 
 
2.5.5.2.2.4  Earthquake-Induced Soil Strain and Settlement 
 
Two methods were used for estimating the earthquake induced settlement.  Seed and Silver 
have proposed a method for determining settlement of sands that are sufficiently free draining in 
the field such that excess pore pressure cannot develop during an earthquake (Ref. 2.5-110).  
Lee and Albaisa have proposed a method that accounts for the reconsolidation settlement that 
results from dissipation of excess pore pressure following the earthquake (Ref. 2.5-111). 
 
Following the procedure suggested by Seed and Silver (Ref. 2.5-110), the distributions of 
average induced shear strain as a function of depth for the soil profiles shown on Figure 2.5-48 
were plotted and are shown on Figure 2.5-53. 
 
It was conservatively assumed that the relationship between vertical strain and cyclic shear 
strain for sand at 60 percent relative density, as shown on Figure 8b of Ref. 2.5-110, was 
applicable for the sand deposits at the site.  The corresponding values of vertical strain were 
then interpolated based on the values of shear strain as shown on Figure 2.5-53.  The 
settlement of each layer was obtained by multiplying the layer thickness and the vertical strain.  
The total settlement was then obtained by summing up the settlements of all layers.  By this 
approach, the vertical settlements at three Profiles 1, 2, and 3 shown on Figure 2.5-48 were 
found to be 0.05, 0.03, and 0.01 in., respectively.  The results of these computations are 
summarized in the first half of Table 2.5-19. 
 
To estimate the vertical settlement resulting from dissipation of excess pore pressure following 
the earthquake, the procedure proposed by Lee and Albaisa (Ref. 2.5-111) was followed.  The 
results of cyclic triaxial shear tests carried out by GEI (Ref. 2.5-99) and an analysis using the 
SHAKE 3 computer program were used in addition to the experimental data shown on Figures 6 
and 7 of Ref. 2.5-111. 
 
The stress ratio causing liquefaction is related to field conditions by the equation (Ref. 2.5-104): 

 
 
 orCa

dc
'

1
2 





  

in which 
 

2
dc

 = stress ratio 

 
and Cr = correction factor 
 
  = shear stress induced 
 
 'o = effective overburden pressure 
 
The stress ratios developed at various depths can be computed when the shear stress induced 
during an earthquake and the effective overburden pressure are known.  The stress ratios 
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developed at various depths were computed based on the values of induced shear stress given 
in Table 2.5-16, the computed effective overburden pressure, and a correction factor C = 0.57.  
Entering these stress ratios on Figure 2.5-35, the corresponding number of cycles (N1) to reach 
a total axial strain of 5 percent are obtained. A nondimensional cycle ratio (N/N1) is computed 
for each depth with N equal to 5. 
 
Figure 2.5-54 was prepared to show the relationship between the peak excess pore pressure 
and cycle ratio.  The correlation was based on the data obtained from the cyclic triaxial shear 
tests on undisturbed samples (Ref. 2.5-99).  This figure is similar to Figure 9 of Ref. 2.5-111.  
The peak excess pore pressure ratio (µ/3c) that will occur during an earthquake can be 
estimated from Figure 2.5-54 using the cycle ratio (N/N1) obtained previously. 
 
The volumetric strains were estimated from Figures 6 and 7 of Ref. 2.5-110 using the peak 
excess pore pressure data in Figure 2.5-54. Figure 6 of Ref. 2.5-110 was used first to obtain the 
volumetric strains for sand at 50 percent relative density.  These strains were then corrected to 
correspond to strains in sand at 60 percent relative density by multiplying by a factor of 0.8 
obtained from the curve shown on Figure 7 of Ref. 2.5-110. 
 
Lee and Albaisa assumed in their paper (Ref. 2.5-110) that vertical strain is equal to the 
measured volumetric strain in triaxial tests.  However, when lateral movement is restricted as is 
the case of the soil deposit at the Susquehanna site, the vertical strain is one-half of such 
volumetric strain.  Therefore, the volumetric strains obtained by the procedure of Lee and 
Albaisa were divided by two to obtain the appropriate vertical strains for the site conditions.  The 
vertical settlement of each layer was then determined by multiplying the thickness of each layer 
by the vertical strain in the layer. The total settlement was obtained by summing up the 
settlements of each layer.  The results of these computations are summarized in the second 
part of Table 2.5-19. 
 
The values of total vertical settlement are also summarized below: 
 
  

Resulting from Compaction of 
Dry Soils (Inches) 
 

Resulting from 
Reconsolidation of Saturated 
Soils (Inches) 

PROFILE 1 
(East End of Pond) 
 

0.05 0.1-1.2 

PROFILE 2 
(Central Section, 
Pumphouse, etc.) 
 

0.03 01.-1.0 

PROFILE 3 
(West End of Pond) 

0.01 0.01-0.2 

 
Based on the results given above, it is apparent that if the sands at the site behave like dry sand 
during an earthquake, then the settlement will be less than 0.05 in.  However, if the sand 
deposits are saturated and excess pore pressures develop, they will reconsolidate following the 
earthquake and settlements up to 1.2 in. at the east end of the pond and up to 1.0 in. at the 
ESSW pumphouse may be expected. 
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The settlements given above were based on soil profiles consisting of sand deposits (Figure 
2.5-48); the imposed dead and live loads on the mat footing of the pumphouse were not 
considered.  The imposed weight will increase the confining pressure of the soil, resulting in a 
higher reconsolidation volumetric strain.  However, according to Lee and Albaisa (Ref. 2.5-111), 
the influence of confining pressure is not strong and is only significant for developed excess 
pore pressure ratios greater than about 0.6.  As shown on Table 2.5-19, the only soil that may 
develop a pore pressure ratio greater than 0.6 is at a depth below 43 ft near the bedrock of 
Profile 2.  The soil at that depth, however, has a higher relative density than the 60 percent used 
for estimating the settlement. Since the volumetric strain decreases rapidly as the relative 
density increases (Ref. 2.5-111), the net combined effects of a larger pore pressure ratio 
developed and a higher relative density would result in a smaller volumetric strain.  Therefore, 
the results given above are still valid for the additional imposed weight at the surface. 
 
 
2.5.5.3  Logs of Borings 
 
Logs of 25 test borings and two test pits are presented in Appendix 2.5C.  
 
Standard Penetration Tests were made in 16 of these holes at 3 ft intervals. Undisturbed 
samples were taken in five of the split spoon holes where soil conditions permitted.  Ten holes 
were completed for the geophysical survey, 10 for permeability and five as groundwater 
observation wells.  The locations of borings and test pits are shown on Figure 2.5-44. Holes 
1118, 1119, and 1121 were planned but not drilled. 
 
Based on the results of the Standard Penetration Test borings, six borings (1106A, 1107A, 
1110A, 1112A, 1113A, and 1115A) were drilled immediately adjacent to six of the Standard 
Penetration Test borings for undisturbed sampling of strata in which, based on classification of 
the split spoon samples, it was believed undisturbed samples could be obtained.  Two test pits 
were dug with a Case backhoe to a depth of 12 ft to obtain bulk samples. 
 
Due to the large amounts of oversize material encountered, drilling operations were slow and 
difficult.  Frequent mud losses hampered drilling operations in spite of using additives in the 
drilling fluid.  The additives included walnut shells, sawdust, cotton waste and Quick-gel.  In 
some holes, it was necessary to case the hole in order to continue drilling. 
 
Soil sampling consisted of both split spoon (Standard Penetration Test) and undisturbed 
sampling.  The split spoon sampling was carried out in accordance with ASTM D1586-67.  The 
undisturbed sampling was conducted in accordance with ASTM D1587-67.  The undisturbed 
sampling was carried out using both Shelby tube and pitcher barrel sampler methods.  In both 
cases, the sample tubes were 3 in. outside diameter, 3 ft long and the tubes were of 16 gage 
steel. 
 
Undisturbed samples were difficult to obtain due to the large amount of gravel, cobbles, and 
boulders in the glacial drift.  The majority of undisturbed samples were obtained from Borings 
1106, 1106A, 1107A, 1113A, and 1122.  Where possible, every attempt was made to obtain 
samples below the proposed bottom elevation of the spray pond (Elevation 668 ft). 
 
All undisturbed samples were handled in the same manner.  The top end of the tube was 
cleaned out; a piece of plastic followed by damp paper towels was inserted and a plug was then 
formed with microcrystalline wax.  The bottom end of the tube was trimmed and an expandable 
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packer was installed.  The packers were perforated with a 1/16 in. diameter hole for drainage of 
free water from the sample.  Both ends of the tube were capped and dipped in wax.  The 
samples were stored vertically with the expandable packer on the bottom in the subcontractor's 
equipment trailer in special boxes supplied for this purpose.  The temperatures were well above 
freezing during the time they were stored so no provisions for heating were necessary. 
 
Soil samples selected for the laboratory testing are indicated on the boring logs.  The following 
symbols were used on the boring logs to indicate the type of laboratory test conducted. 
 
 CR - Cyclic Consolidated - Undrained Triaxial Test 
 
 S - Consolidated - Drained Triaxial Test 
 
 Gs - Specific Gravity Determination 
 
 Grain Size - Grain Size Determination 
 
 
2.5.5.4  Compacted Backfill 
 
Compacted fill is placed at the southeast corner of the spray pond to satisfy freeboard 
requirements.  This fill has been placed with a maximum slope of 3 horizontal to 1 vertical.  The 
material, placement, and testing specifications were as follows: 
 

a) Material 
 

Well graded, sound, dense, durable material.  It does not contain any topsoil, 
roots, brush, logs, trash or waste material, ice, or snow.  The maximum size of 
the material is 12 in. and no more than 35 percent by weight passed the No. 200 
sieve. 

 
b) Placement 

 
The material was placed in uniform horizontal layers so that when compacted it 
was free from lenses, pockets, and layers of material differing substantially in 
grading from surrounding material.  It was not placed on frozen ground.  
Placement for which moisture conditioning was required was suspended 
whenever the ambient temperature reached 34F and falling. 

 
The compaction requirements were specified as follows: 

 
Fill shall be placed in a 15 in. maximum uncompacted layer thickness, moisture 
conditioned to obtain the required compaction, and compacted to satisfy both of 
the following requirements: 

 
a) At least 80 percent relative density as determined by ASTM D2049 for 

material having not more than 12 percent passing the No. 200 sieve or 90 
percent of maximum dry density as determined by ASTM D1157 for all 
other material. 
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b) Irrespective of the compacting effort to satisfy part a) above the fill shall 
be compacted in one of the following manners as a minimum effort: 

 
i) Using a crawler tractor having a weight at least equal to that of a 

D8 Caterpillar tractor with bulldozer blade.  Each track shall 
overlap the preceding track by not less than 4 in. When the tractor 
has made one entire coverage of an area in this manner, it will be 
considered to have made one pass.  Each fill lift shall be 
compacted with four passes. 

 
ii) Using a vibratory roller of minimum weight 20,000 lb having a 

roller width of approximately 78 in. and a diameter of 
approximately 60 in.  The roller shall have a vibrator frequency 
range of between 1,100 and 1,600 vibrations per minute and have 
a minimum vibratory dynamic force of 40,000 lb. The roller speed 
shall not exceed 3 mph and each track shall overlap the preceding 
one by at least 4 in.  When the roller has made one entire 
coverage of an area in this manner, it shall be considered to have 
made one pass.  Each fill lift shall be compacted with four 
complete passes. 

 
iii) Using a hand controlled vibratory compactor in locations 

inaccessible by tractor or vibratory roller.  Approval to use hand 
controlled vibratory compactors will be on the basis of the 
demonstrated ability of the compactor to compact the material to 
the same density as the contiguous backfill. 

 
c) Testing 

 
The testing requirements were specified as follows: 

 
The in site density of the fill shall be determined in accordance with ASTM 
D1556 and performed at a frequency of at least one test per lift and every 
10,000 sq ft on plan. 

 
Tests in accordance with ASTM D2049 or ASTM D1557, as appropriate, 
shall be carried out on the same material extracted for the ASTM D1556 
test.  The frequency of this testing shall be once in every 10 ASTM D1556 
tests. 

 
Gradation tests in accordance with ASTM D422 shall be carried out at 
least twice in each 8 hours during placing operations. 

 
The railroad embankment to the north of the spray pond was constructed out of rock, obtained 
from the main plant area excavation. 
 
The material and placement specifications were as follows: 
 

a) Material 
 



SSES-FSAR 
Text Rev. 53 
 
 

FSAR Rev. 66 2.5-112 

Fill shall consist of rock derived from Class B and C excavation having a 
maximum size of 20 in.  Class B and C excavations are defined as follows: 

 
1) Class B Excavation 

 
Rock that cannot be excavated except by systematic ripping. 

 
Ripping shall not be judged necessary when the material can be cut by a 
bulldozer in the following manner:  A fifty-three and one-half (53 1/2) inch 
high bulldozer blade with standard rock or corner bits mounted on a 
caterpillar D-8 or equal tractor having 270 net flywheel horsepower 
moved through forty (40) feet of travel shall fill even with the top with a 
minimum angle of repose of forty-five (45) degrees, or a volume of ten 
(10) cubic feet per one linear foot of width of the blade. 

 
2) Class C Excavation 

 
Rock that cannot be excavated except by systematic drilling and blasting. 

 
Blasting shall not be judged necessary if the rock can be ripped by a 
tractor rated at not less than 385 net flywheel horsepower, equipped with 
a single shank beam, parallelogram type (72" for deep arrangement), and 
weighing not less than 40 tons fully equipped; i.e., with dozer blade, 
ripper and other accessories. Drawbar pull will not be less than the 
following ratios: 

 
1st gear - 95,000 lbs at 1 mph 
2nd gear - 48,000 lbs at 2 mph 
3rd gear - 30,000 lbs at 3 mph.  

 
Fill shall be placed in lifts not exceeding 24 in. in uncompacted thickness 
and in such a manner so as to produce a well graded matrix. 

 
b) Placement 

 
Fill shall be compacted in one of the following manners: 

 
1) Using a crawler tractor having a weight at least equal to that of a D8 

Caterpillar tractor with bulldozer blade.  Each track shall overlap the 
preceding track by not less than 4 in.  When the tractor has made an 
entire coverage of an area in this manner, it will be considered to have 
made one pass.  Each fill lift shall be compacted with four passes. 

 
2) Using a vibratory roller of minimum weight 20,000 lb having a roller width 

of approximately 78 in. and a diameter of approximately 60 in. The roller 
shall have a vibrator frequency range of between 1,100 and 1,600 
vibrations per minute and have a minimum vibratory dynamic force of 
40,000 lb.  The roller speed shall not exceed 3 mph and each track shall 
overlap the preceding one by at least 4 in. When the roller has made one 
entire coverage of an area in this manner, it shall be considered to have 
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made one pass.  Each fill lift shall be compacted with four complete 
passes. 

 
3) Using a hand controlled vibratory compactor in locations inaccessible by 

tractor or vibratory roller.  Approval to use hand controlled vibratory 
compactors will be on the basis of the demonstrated ability of the 
compactor to compact the material to the same density as the contiguous 
backfill. 
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FIGURE 2.5-24

FINAL PLANT GRADES
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FIGURE 2.5-25, Rev 47
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FIGURE 2.5-26, Rev 47
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FIGURE 2.5-27, Rev 47
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FIGURE 2.5-28, Rev 47
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FIGURE 2.5-29
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FIGURE 2.5-30A, Rev 47
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FIGURE 2.5-31, Rev 47
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FIGURE 2.5-32, Rev 47
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FIGURE 2.5-33, Rev 47
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FIGURE 2.5-34, Rev 47
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FIGURE 2.5-35, Rev 47
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FIGURE 2.5-36, Rev 47
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FIGURE 2.5-37
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FIGURE 2.5-47, Rev 47
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FIGURE 2.5-48, Rev 47
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FIGURE 2.5-50, Rev 47
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OF SAFETY AGAINST

LIQUIFICATION AT SELECTED LOCATIONS

SUSQUEHANNA STEAM ELECTRIC STATION
UNITS 1 & 2

FINAL SAFETY ANALYSIS REPORT



AutoCAD: Figure Fsar 2_5_50A.dwg

FSAR REV. 65

FIGURE 2.5-50A, Rev 47
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FIGURE 2.5-57, Rev 47

SPRAY POND,
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FIGURE 2.5-58, Rev 47
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FIGURE 2.5-59

SAMPLE LOCATIONS OF
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FIGURE 2.5-62, Rev 47

ESSW PUMPHOUSE
FLOOR PLAN EL. 685'-6"
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