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CHAPTER 2 - SITE CHARACTERISTICS 

This section contains information on the geological, seismological, hydrological, meteorological, 
and demographic characteristics of the Millstone site and vicinity to show the adequacy of the site 
from the safety viewpoint.

2.1 GEOGRAPHY AND DEMOGRAPHY

2.1.1 SITE LOCATION AND DESCRIPTION

2.1.1.1 Specification of Location

The Millstone site is located in the Town of Waterford, New London County, Connecticut, on the 
north shore of Long Island Sound. The 524-acre site occupies the tip of Millstone Point between 
Niantic Bay on the west and Jordan Cove on the east and is situated 3.2 miles west-southwest of 
New London and 40 miles southeast of Hartford.

The Millstone 3 containment structure is located immediately north of Millstone 1 and 2. The 
geographical coordinates of the centerline of each reactor are as follows: 

2.1.1.2 Site Area

The site is owned by two tenants in common: Connecticut Light & Power Company and Western 
Massachusetts Electric Company, except for that portion of land designated for the Millstone 
Nuclear Power Station, Unit 3 site which is owned by its participants in ownership. Figures 2.1-1 
through 2.1-4 identify the site.

2.1.1.3 Boundaries for Establishing Effluent Release Limits

Millstone Point was thoroughly investigated for acceptability as a nuclear power plant site and 
found to be suitable by the Atomic Energy Commission before the Millstone 1 Construction 
Permit was issued in 1966, before the Millstone 1 Operating License DPR-21 was granted in 
1970, prior to the issuance of the Millstone 2 Construction Permit in December 1970, and prior to 
the Millstone 2 Operating License DPR-65 in August 1976.

Unit Latitude and Longitude Northing and Easting 

Millstone 3 N 41° 18'41" N 174, 710

W 72° 10'06" E 759, 770

Millstone 2 N 41° 18'35" N 174, 090

W 72° 10'06" E 759, 825

Millstone 1 N 41° 18'32" N 173, 800

W 72° 10'04" E 759, 965
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Studies and reviews in the areas of marine biology, meteorology, hydrology, and environmental 
radiation monitoring have been conducted since 1966.

The exclusion area, as described in Section 2.1.2, is considered the restricted area. The restricted 
area has been conspicuously posted and administrative procedures, including periodic patrolling, 
have been imposed to control access to the area. For the purpose of radiological dose assessment 
of accidents, the exclusion area boundary (EAB) was considered the actual site boundary for 
overland sectors, except in the Fox Island/discharge channel area on the south end of the site. For 
all water sectors, the nearest land site boundary distance was used.

The EAB boundary shown in Figure 2.1-3 is an example for a Millstone 3 containment release. 
The actual EAB distance varies as a function of the release point. The actual distances used for 
each sector for each release point are given in Table 2.3-34.

Any significant normal releases from Millstone 3 are discharged to the atmosphere via the 
Millstone stack or through various Millstone 3 vents. The distance from the Millstone stack to the 
nearest residential property boundary in the Millstone Point Colony development (Point A on 
Figure 2.1-3) is approximately 2,415 feet. This development, adjacent to the eastern site 
boundary, consists of single family homes on 104 half-acre lots. It was developed from 1951 to 
the present.

The Colony development has its own beach and boat docking facility, shown as Recreation Area 
on Figure 2.1-3, extending westward along Jordan Cove. The land is owned by Mr. H. Gardiner, 
Jr., who permits residents to use it for a fee of $1.00 per year.

The land of the Colony development, the private beach, and the Millstone site were all originally 
owned by Mr. Gardiner. One of the conditions of the sale of the site to the Hartford Electric Light 
Company and the Connecticut Light and Power Company was that permanent dwellings would 
never be permitted in the beach area. Because of this restriction, normal release doses are 
calculated at Point A rather than at the nearest point on the site boundary. The distance from the 
Millstone 3 turbine building to Point A is approximately 2,750 feet. Point A is northeast of both 
the Millstone 3 turbine building and the Millstone stack. The distance to the nearest land for each 
sector for each release point used in dose calculations for normal effluents is given in 
Section 2.3.4.2.

2.1.2 EXCLUSION AREA AUTHORITY AND CONTROL

2.1.2.1 Authority

The Millstone Nuclear Power Station site is owned by Dominion Nuclear Connecticut, Inc. 
(DNC). Figures 2.1-1 through 2.1-4 identify the site.

The exclusion area is equivalent to the area within the site boundary which is identified on 
Figure 2.1-3. DNC, the operating company for all three units at the Millstone site, has the 
controlling authority for the exclusion area. Accordingly, DNC has the authority to determine all 
activities within the exclusion area.
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2.1.2.2 Control of Activities Unrelated to Plant Operation

The exclusion area is wholly owned as indicated above; DNC as the operating company has 
complete control of activities within the exclusion area, except for the passage of trains along the 
Providence & Worcester (P&W)/Amtrak Railroad track which runs east-west through the site.

To ensure the safety of people within the exclusion area during an emergency, an emergency plan 
(Section 13.3) for the site has been prepared. The plan includes provisions for alarms both inside 
and outside buildings and delineates the evacuation routes and assembly areas to be used. The 
safety of people living or working adjacent to the exclusion area is protected during emergencies 
according to the procedures outlined in the emergency plan. The State of Connecticut Emergency 
Plan also provides for the control of activities in that portion of the exclusion area extending 
offshore through a written agreement between the Applicants and the U.S. Coast Guard at their 
station in New London, Connecticut.

The owners have encouraged public use of portions of the site. Ownership rights have not, 
however, been relinquished, and the owners can, and have provision to, fulfill their obligations 
with respect to 10 CFR 20, “Standards for Protection Against Radiation”.

A portion of the exclusion area is leased to the Town of Waterford for public recreation and is 
used primarily for soccer and baseball games. Figure 2.1-3 shows the general location of these 
activities. No attempt is made to restrict the number of persons using these facilities. Estimates of 
maximum attendance indicate that about 2,000 visitors could be within the exclusion area at any 
one time at the soccer and baseball fields. The Emergency Plan provides for removal of the 
visitors on site. The number and configuration of roads and highways assure ready egress from 
the areas described above (Figures 2.1-2, 2.1-3 and 2.1-4).

2.1.2.3 Arrangements for Traffic Control

Should the need ever arise, provisions to enforce traffic control have been made through the 
Connecticut State Police, as described in the Millstone Nuclear Power Station Emergency Plan 
(Section 13.3).

2.1.2.4 Abandonment or Relocation of Roads

On August 30, 1965, a town meeting was called to close and discontinue roads to Millstone Point.

On April 30, 1966, when the 8-month time for public appeal had passed, discontinuance of 
Millstone Road became effective.

On May 31, 1966, the Connecticut Public Utility Commission gave approval to construct a new 
limited access highway with a new bridge being built to highway specification 20-44 over the 
present ConRail/Amtrak rail line approximately 305 meters (1,000 feet) east of Old Millstone 
Road Bridge No. 45.07.
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On December 2, 1966, entrances to Millstone Point from the east via Gardners Wood Road and 
Jordan Road and from the west via Jordan Cove Road were closed. All access to Millstone Point 
was shifted to the new limited access highway, which is shown as New Millstone Road on 
Figure 2.1-3.

No further road closing is necessary.

2.1.2.5 Independent Spent Fuel Storage Installation (ISFSI)

Located on the east side of the site is an area that has been developed for an Independent Spent 
Fuel Storage Installation (ISFSI). The licensing basis of the ISFSI includes the Transnuclear 
Safety Analysis Report (SAR), Certificate of Conformance (C of C) No. 1004, Safety Evaluation 
Report (SER), and the 10 CFR 72.212 report which details compliance of the Millstone site with 
the requirements of the SAR, C of C and SER. The general location of the area is south of the 
switchyard, west of the Millstone access road between the switchyard and the crossing of the 
main rail spur, north of the Main Stack. The approximate location is shown in Figures 2.1-3 and 
2.1-4. This area consists of reinforced concrete storage pads and approach aprons.

A heavy haul road is defined between the Unit 3 Railroad Canopy and the ISFSI area. This haul 
path has been evaluated to adequately support the loads imparted by the ISFSI equipment. 

2.1.3 POPULATION DISTRIBUTION

2.1.3.1 Population Distribution within 10 miles

The total 1990 population within 10 miles of the station was estimated to be 120,443. This 
population is expected to increase to about 129,846 people by the year 2000 and to a total of 
approximately 142,277 people by the year 2030 (New York State Department of Economic 
Development, 1989 (Reference 2.1-1); State of Connecticut Office of Policy and Management, 
1991 (Reference 2.1-2); US Department of Commerce, Bureau of the Census, 1990 Census of 
Population (Reference 2-1-3). The 10 mile area includes portions of, or all of, New London and 
Middlesex Counties in Connecticut and a small portion of Suffolk County on Fishers Island which 
is part of the town of Southold, New York. Figure 2.1-5 shows counties and towns within the 10 
mile area. Town populations and population densities are provided in Table 2.1-1.

The Town of Waterford, in which Millstone 3 is located, contained a total population of 17,930 
people in 1990 at an average density of 547 people per square mile (US Department of Commerce 
Bureau of the Census 1991) (Reference 2.1-3). The population growth of Waterford was small 
with the 1990 total representing only a 0.5 percent increase over its 1980 population. Compared to 
towns immediately surrounding it, with the exception of New London, Waterford had the lowest 
increase in population between 1980 and 1990 (US Department of Commerce Bureau of the 
Census, 1991 (Reference 2.1-3)).

Waterford's growth has been consistently slowing down over the past 30 years, as shown in 
Table 2.1-2. This slow growth is projected by state demographers to continue at a low rate 
through the year 2000, at which time the population is expected to reach 18,480. After that, it is 
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projected to decrease in population. By the year 2010 (the last year of projections), the town's 
population is projected to be 18,080 (Connecticut Office of Policy and Management, Interim 
Population Projections, 1991 (Reference 2.1-2)). Population distribution by sector for the area 
within 20 Km of Millstone 3 for 1985 (the expected first year of operation) is shown in  
Table 2.1-3 and Figure 2.1-6 (Office of Policy and Management, State of Connecticut, Population 
Projections to the Year 2000, February 1980 (Reference 2.1-4)). Population distribution by sector 
for the area within 10 miles of Millstone 3 is shown for the years 1990, 2000, 2010, 2020 and 
2030 in Tables 2.1-4 through 2.1-8, which are keyed to the population sectors identified in 
Figure 2.1-7.

Population distribution within 10 miles is based on 1990 US Census data by Census Block 
(Reference 2.1-3). The population within a Census Block was assumed to be distributed evenly 
over its land area, unless USGS 7.5 minute quadrangle maps indicated the population to be 
concentrated in only one portion of the Block. The proportion of each Block area in each grid 
sector was determined and applied to the Block total population, yielding the population in each 
grid sector. Population projections, by municipality, supplied by Connecticut's Office of Policy 
and Management provided growth factors for projection of populations (State of Connecticut 
Office of Policy and Management, Interim Population Projections, 1991 (Reference 2.1-2)).

2.1.3.2 Population Distribution within 50 Miles

The area within 50 miles of Millstone 3 includes portions, or all, of eight counties in Connecticut, 
four counties in Rhode Island and one county in New York. Figure 2.1-8 shows counties and 
towns within the 50 mile area. In 1990, the 50-mile area contained approximately 2,835,159 
people (U.S. Department of Commerce), 1990 Census of Population and Housing (Reference 2.1-
5)). This population is projected to increase to about 3,223,654 by the year 2030 (Connecticut 
Office of Policy and Management, 1991 (Reference 2.1-2); New York State Department of 
Economic Development, 1989 (Reference 2.1-1); Rhode Island Department of Administration, 
1989 (Reference 2.1-6); US Department of Commerce, 1990 Census of Population and Housing, 
1991 (Reference 2.1-5)). Population distribution by sector for the area within 80 Km of Millstone 
3 for 1985 (the expected first year of operation) is shown in Table 2.1-9 and Figure 2.1-9 (Office 
of Policy and Management, State of Connecticut, Population Projections to the Year 2000, 
February 1980 (Reference 2.1-4); Economic Development Board, State of New York, Population 
Projections, 1978 (Reference 2.1-7); Rhode Island Statewide Planning Program, Population 
Projections, Technical Paper No. 83, Revised April 1979 (Reference 2.1-8)). Population 
distribution by sector for the area within 50 miles of Millstone 3 is shown for the years 1990, 
2000, 2010, 2020 and 2030 in Tables 2.1-10 through 2.1-14, which are keyed to the population 
sectors identified in Figure 2.1-10.

Population distribution and projections within the 50 mile region surrounding Millstone 3 were 
calculated based on population by municipalities and were assigned to sectors based on land area 
allocation. Projections for the 50 mile area were based on country-wide projections.
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2.1.3.3 Transient Population

Seasonal population increases resulting from an influx of summer residents total approximately 
10,500. However, many of the beaches and recreation facilities in the area are used by residents, 
and therefore, do not represent any increase in population but instead a slight shift in population. 
There are, however, a number of schools, industries, and recreation facilities which create daily 
and seasonal variations in sector populations. Tables 2.1-15 through 2.1-17 show annular sector 
population variations resulting from school enrollments, industrial employment, and recreation 
facilities (with documented attendance).

2.1.3.4 Low Population Zone

The low population zone (LPZ) surrounding Millstone 3 encompasses an area within a radial 
distance of about 2.4 miles. The distance was chosen based on the requirements of 
10 CFR 100.11. Figure 2.1-11 shows topographical features, transportation routes, facilities, and 
institutions within the LPZ.

The LPZ contained approximately 9,846 people in 1990, with an average density of 545 people 
per square mile. By the year 2030, the LPZ population is projected to increase to about 11,629, or 
an average density of 643 people per square mile (US Department of Commerce, Bureau of the 
Census, 1991 (Reference 2.1-3); Connecticut Office of Policy and Management, 1991 (Reference 
2.1-2); US Geological Survey (Reference 2.1-9)). The LPZ population distribution for 1990 and 
2030 is shown in Table 2.1-18. Table 2.1-19 shows the 1991-1992 school and employment 
distribution within the LPZ. Both tables are keyed to Figure 2.1-12.

Daily and seasonal variations due to transient population are minimal within the LPZ. Several 
beaches are located within the area; however, they are predominantly used by local residents and 
generally have no facilities for parking or accommodation of large groups. Three schools, Great 
Neck Elementary and Southwest Elementary in Waterford, and Niantic Elementary in East Lyme, 
are located within the LPZ. Major employment consists of the Connecticut National Guard 
facility and Hendel Petroleum. The New London Country Club is also located within the LPZ.

2.1.3.5 Population Center

The closest population center to Millstone 3 (as defined by 10 CFR 100 to contain > 25,000 
residents) is the City of New London which contained a 1990 population of 28,540 people at an 
average population density of 5,189 people per square mile (US Department of Commerce 
Bureau of the Census 1991). The distance between Millstone 3 and the city's closest corporate 
boundary is about 3.3 miles to the northeast, just beyond the minimum distance requirement set 
by 10 CFR 100.

The city of New London is part of the New London - Norwich Metropolitan Statistical Area 
(MSA) which contained an estimated 266,819 people in 1990 (US Department of Commerce 
Bureau of the Census, 1991 (Reference 2.1-3). An MSA is an area, defined by the US Census 
Bureau, that always contains a city or cities of specified population, with contiguous cities or 
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towns where the economic and social relationships meet the specified criteria of metropolitan 
character and integration.

The region within 50 miles of Millstone 3 includes portions, or all, of 11 MSAs. The populations 
of these areas are shown in Table 2.1-20.

There were 38 population centers within 50 miles of Millstone 3, containing 25,000 or more 
people in 1990. They are listed in Table 2.1-21 with the populations indicated.

2.1.3.6 Population Density

The population of the area within 50 miles of Millstone was approximately 2,835,159 in 1990, 
with an average density of 361 people per square mile. This density is lower than the NRC 
comparison figure of 500 people per square mile (NRC Regulatory Guide 1.70, Revision 3). 
Within 30 miles of Millstone, the population density is considerably less, at an average of 189 
people per square mile. By 2030, the 50-mile population is projected to increase to 3,223,654 or 
an average population density of about 410 people per square mile, considerably lower than the 
NRC comparison figure for end-year plant life of 1,000 people per square mile. Within 30 miles, 
the average density will be 223 persons per square miles by the year 2030. Population densities by 
sector for the areas within 20 km and 80 km of Millstone 3 for 1985 (the expected first year of 
operation) are shown in Table 2.1-22 and 2.1-23, respectively. Population densities by sector for 
1990 and 2030 are shown for within 10 miles of Millstone in Tables 2.1-24 and 2.1-25
respectively, which are keyed to Figure 2.1-7, and for within 50 miles of Millstone in Tables 2.1-6
and 2.1-27, respectively, which are keyed to Figure 2.1-10. Cumulative population densities for 
the areas within 80 km of Millstone 3 for 1985 (the expected first year of operation) are shown in 
Table 2.1-28. Cumulative population densities 1990 and 2030 are shown in Tables 2.1-29 and  
2.1-30 respectively.

2.1.4 REFERENCES FOR SECTION 2.1

2.1-1 New York State Department of Economic Development, Interim County, MSA and 
Region Projections, 1980-2010, 1989.

2.1-2 Connecticut Office of Policy Management, Interim Population Projections Series 91.1, 
1991.

2.1-3 US Department of Commerce, Bureau of the Census, 1990 Census of Population, P.L. 
94-171 Counts by Census Block, 1991.

2.1-4 Office of Policy and Management, Comprehensive Planning Division, State of 
Connecticut, Population Projections for Connecticut Municipalities and Regions to the 
year 2000, February, 1980.

2.1-5 US Department of Commerce, Bureau of the Census, 1990 Census of Population and 
Housing - Connecticut, 1990 CPH-1-8, 1991.
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2.1-6 Rhode Island Department of Administration, Projections by County, 1990-2020, 1989.

2.1-7 Economic Development Board, State of New York, Official Population Projections for 
New York State Counties, 1978.

2.1-8 Rhode Island Statewide Planning Program, Rhode Island Population Projections by 
County, City and Town, Technical Paper No. 83, Revised April 1979.

2.1-9 U.S. Geological Survey, 7.5-Minute Quadrangle maps.

2.1-10 US Nuclear Regulatory Commission, Regulatory Guide 1.70, Revision 3.
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NOTES: 

Based on 1990 US Census of Population and Housing.

Includes total 1990 population of all municipalities totally or partially within 10 miles of the site.

TABLE 2.1-1  1990 POPULATION AND POPULATION DENSITIES CITIES AND 
TOWNS WITHIN 10 MILES OF MILLSTONE 

MUNICIPALITY
1990 POPULATION 

TOTAL

1990 POPULATION 
DENSITY 

(People/Square Mile)

                                                         
1980 - 1990 

CHANGE (%)

East Lyme 15,340 451 10.6 

Groton (including City) 45,144 1,442 9.9 

Ledyard 14,913 391 8.6 

Lyme 1,949 61 7.0 

Montville 16,673 397 1.3 

New London 28,540 5,189 -1.0 

Old Lyme 6,535 283 6.1 

Old Saybrook 9,552 637 2.9 

Waterford 17,930 547 0.5 

Southold, New York  
(Fishers Island) 

19,836 394 3.5 
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TABLE 2.1-3  POPULATION DISTRIBUTION 1985 (0-20 km) 

Distance (km) 

Direction  0-2 2-4 4-6 6-8 8-10 10-20 Total

N 152 1,306 1,341 136 585 9,463 12,983 

NNE 12 1,186 1,958 584 2,819 9,676 16,235

NE 326 1,250 763 15,113 8,239 13,641 39,332

ENE 267 513 3,063 3,559 8,491 19,484 35,377

E 366 896 1,169 976 534 4,816 8,757

ESE 0 127 0 0 0 1,184 1,311

SE 0 0 0 0 0 0 0

SSE 0 0 0 0 0 0 0

S 0 0 0 0 0 0 0

SSW 0 0 0 0 0 340 340

SW 0 25 81 0 0 0 106

WSW 0 1,183 193 757 1,960 2,309 6,402

W 0 727 1,102 411 428 8,463 11,131

WNW 0 1,298 1,266 90 140 3,430 6,224

NW 0 852 799 426 418 3,758 6,253

NNW 311 694 902 795 503 6,321 9,526

Total 1,434 10,057 12,637 22,847 24,117 82,884 153,976
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MPS3 UFSAR
TABLE 2.1-9  POPULATION DISTRIBUTION 1985 (0-80 km) 

Distance (km) 

Direction 0-20 20-40 40-60 60-80 Total 

N 12,983 24,346 48,558 22,966 108,853

NNE 16,235 48,297 28,695 42,400 135,627

NE 39,332 13,723 24,719 224,759 302,533

ENE 35,377 27,604 33,732 117,868 214,581

E 8,757 14,326 8,982 122 32,187

ESE 1,311 0 674 0 1,985

SE 0 2,038 0 0 2,038

SSE 0 4,457 0 0 4,457

S 0 8,906 2,657 0 11,563

SSW 340 8,979 21,915 2,602 33,836

SW 106 5,869 20,269 210,804 237,048

WSW 6,402 554 0 20,268 27,224

W 11,131 33,197 98,419 361,418 504,165

WNW 6,224 16,353 124,272 276,965 423,814

NW 6,253 12,395 102,235 483,164 604,047

NNW 9,526 13,152 55,071 129,100 206,849

Total 153,977 234,196 570,198 1,892,436 2,850,807
2.1-17 Rev. 30



MPS3 UFSAR
TABLE 2.1-10  POPULATION DISTRIBUTION WITHIN 50 MILES OF MILLSTONE - 
1990 CENSUS 

Distance to Plant 

Sector 0-10 10-20 20-30 30-40 40-50 Total

N 5,721 22,283 26,357 32,610 18,658 105,629

NNE 16,221 34,824 23,730 27,465 35,598 137,838

NE 42,848 9,444 11,334 29,987 199,334 292,947

ENE 24,354 23,914 16,498 43,001 99,721 207,488

E 5,999 10,712 7,992 10,920 0 35,623

ESE 508 0 0 836 0 1,344

SE 0 0 807 0 0 807

SSE 0 0 2,420 0 0 2,420

S 0 1,614 13,541 0 0 15,155

SSW 0 2,443 12,569 14,807 4,498 34,317

SW 14 938 22,042 8,252 143,933 175,179

WSW 1,682 2,471 0 0 20,389 24,542

W 5,782 27,956 34,384 184,723 267,465 520,310

WNW 6,981 12,474 27,895 148,259 259,824 455,433

NW 5,473 6,215 31,331 191,767 365,578 600,364

NNW 4,860 8,809 17,850 115,424 78,820 225,763

Total 120,443 164,097 248,750 808,051 1,493,818 2,835,159
2.1-18 Rev. 30



MPS3 UFSAR
TABLE 2.1-11  POPULATION DISTRIBUTION WITHIN 50 MILES OF MILLSTONE - 
2000 PROJECTED 

Distance to Plant 

Sector 0-10 10-20 20-30 30-40 40-50 Total

N 6,166 24,028 28,707 35,404 20,273 114,578

NNE 17,487 37,551 25,721 29,926 38,135 148,820

NE 46,203 10,183 12,196 31,611 206,940 307,133

ENE 26,256 25,744 17,663 45,998 105,848 221,509

E 6,467 11,497 8,553 11,687 0 38,204

ESE 551 0 0 895 0 1,446

SE 0 0 878 0 0 878

SSE 0 0 2,635 0 0 2,635

S 0 1,759 14,742 0 0 16,501

SSW 0 2,660 13,688 16,122 4,897 37,367

SW 14 1,022 24,000 8,985 156,725 190,746

WSW 1,810 2,641 0 0 22,201 26,652

W 6,228 29,887 36,343 195,006 281,709 549,173

WNW 7,524 13,340 29,762 156,623 273,153 480,402

NW 5,901 6,660 33,435 200,205 380,339 626,540

NNW 5,239 9,492 19,194 121,620 83,732 239,277

Total 129,846 176,464 267,517 854,082 1,573,952 3,001,861
2.1-19 Rev. 30



MPS3 UFSAR
TABLE 2.1-12  POPULATION DISTRIBUTION WITHIN 50 MILES OF MILLSTONE - 
2010 PROJECTED 

Distance to Plant 

Sector 0-10 10-20 20-30 30-40 40-50 Total

N 6,352 24,773 30,056 36,785 21,101 119,067

NNE 18,031 38,716 26,730 31,421 39,720 154,618

NE 47,626 10,499 12,626 32,221 210,368 313,340

ENE 27,072 26,652 18,530 48,258 109,494 230,006

E 6,669 11,986 8,981 12,272 0 39,908

ESE 593 0 0 940 0 1,533

SE 0 0 920 0 0 920

SSE 0 0 2,761 0 0 2,761

S 0 1,847 15,445 0 0 17,292

SSW 0 2,788 14,344 16,896 5,132 39,160

SW 15 1,073 25,151 9,416 164,248 199,903

WSW 1,867 2,689 0 0 23,267 27,823

W 6,417 30,426 37,096 199,100 286,889 559,928

WNW 7,757 13,590 30,311 159,776 278,156 489,590

NW 6,081 6,807 34,052 202,762 384,902 634,604

NNW 5,403 9,778 19,778 123,964 85,735 244,658

Total 133,883 181,624 276,781 873,811 1,609,012 3,075,111
2.1-20 Rev. 30



MPS3 UFSAR
TABLE 2.1-13  POPULATION DISTRIBUTION WITHIN 50 MILES OF MILLSTONE - 
2020 PROJECTED 

Distance to Plant 

Sector 0-10 10-20 20-30 30-40 40-50 Total

N 6,549 25,541 31,470 38,219 21,963 123,742

NNE 18,584 39,916 27,784 32,989 41,349 160,622

NE 49,105 10,825 13,051 32,748 213,221 318,950

ENE 27,907 27,557 19,336 50,343 112,285 234,428

E 6,874 12,452 9,376 12,811 0 41,513

ESE 615 0 0 981 0 1,596

SE 0 0 965 0 0 965

SSE 0 0 2,894 0 0 2,894

S 0 1,939 16,184 0 0 18,123

SSW 0 2,922 15,033 17,707 5,379 41,041

SW 15 1,127 26,355 9,869 172,131 209,497

WSW 1,922 2,737 0 0 24,383 29,042

W 6,611 30,974 37,863 203,283 292,190 570,921

WNW 8,000 13,844 30,871 162,992 283,254 498,961

NW 6,269 6,957 34,678 205,354 389,518 642,776

NNW 5,572 10,070 20,382 126,369 87,794 250,187

Total 138,023 186,861 286,242 893,665 1,643,467 3,148,258
2.1-21 Rev. 30



MPS3 UFSAR
TABLE 2.1-14  POPULATION DISTRIBUTION WITHIN 50 MILES OF MILLSTONE - 
2030 PROJECTED 

Distance to Plant 

Sector 0-10 10-20 20-30 30-40 40-50 Total

N 6,746 26,332 32,953 39,716 22,860 128,607

NNE 19,156 41,155 28,879 34,637 43,058 166,885

NE 50,620 11,159 13,494 33,286 216,112 324,671

ENE 28,772 28,495 20,176 52,519 115,158 245,120

E 7,087 12,937 9,789 13,375 0 43,188

ESE 642 0 0 1,024 0 1,666

SE 0 0 1,011 0 0 1,011

SSE 0 0 3,033 0 0 3,033

S 0 2,036 16,957 0 0 18,993

SSW 0 3,062 15,755 18,558 5,637 43,012

SW 15 1,183 27,619 10,342 180,394 219,553

WSW 1,979 2,787 0 0 25,554 30,320

W 6,809 31,532 38,647 207,551 297,607 582,146

WNW 8,247 14,102 31,441 166,276 288,449 508,515

NW 6,459 7,110 35,317 207,981 394,192 651,059

NNW 5,745 10,373 21,003 128,835 89,919 255,875

Total 142,277 192,263 296,074 914,100 1,678,940 3,223,654
2.1-22 Rev. 30
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MPS3 UFSAR
Notes: 

* Daily summer attendance based on 90% of yearly attendance from April through September.

** Includes campers from April 15 to September 15.

Source:

State of Connecticut DEP - Office of Parks and Forests, 1990 Park Attendance.

TABLE 2.1-17  TRANSIENT POPULATION WITHIN 10 MILES OF MILLSTONE 
STATE PARKS AND FORESTS (WITH DOCUMENTED ATTENDANCE) 

FACILITY LOCATION
TOTAL ANNUAL 

ATTENDANCE
SUMMER DAILY 

ATTENDANCE

State Parks:

Bluff Point ENE/E 6-8 97,641 490 *

Fort Griswold ENE 5-6 58,965 200 *

Haley Farm ENE/E 7-9 11,675 60 *

Harkness Memorial E 2-3 157,962 790 *

Rocky Neck W 3-5 412,495 2,360 ** 

State Forests:

Nehantic WNW/NNW 7-10 81,146 400 * 
2.1-25 Rev. 30



MPS3 UFSAR
Sources: 

1990 Census of Population and Housing. 

Connecticut Office of Policy and Management, Interim Population Projections Series 91.1, 4/91.

TABLE 2.1-18  LOW POPULATION ZONE PERMANENT POPULATION 
DISTRIBUTIONS 

DIRECTION 1990 CENSUS 2030 PROJECTED 

N 1,298 1,536

NNE 903 1,065

NE 1,144 1,351

ENE 768 909

E 760 899

ESE 179 212

SE 0 0

SSE 0 0

S 0 0

SSW 0 0

SW 3 3

WSW 429 506

W 1,025 1,211

WNW 1,046 1,233

NW 1,167 1,377

NNW 1,124 1,327

TOTAL LPZ 9,846 11,629
2.1-26 Rev. 30



MPS3 UFSAR
Notes: 

1991-1992 Student Enrollment. 

Firms with 50 employees or more. 

Source: 

Telephone survey conducted in March 1992; Connecticut Department of Education school listing.

TABLE 2.1-19  LOW POPULATION ZONE SCHOOL ENROLLMENT AND 
EMPLOYMENT 

DIRECTION SCHOOL EMPLOYMENT 

N 310 0 

NNE 0 0

NE 0 75

ENE 0 0

E 292 0

ESE 0 0

SE 0 0

SSE 0 0

S 0 0

SSW 0 0

SW 0 0

WSW 0 0

W 0 0

WNW 345 0

NW 0 500

NNW 0 0

TOTAL 947 575
2.1-27 Rev. 30



MPS3 UFSAR
Notes:

PMSA - Primary Metropolitan Statistical Area.

MSA - Metropolitan Statistical Area.

Total population of metropolitan areas completely or only partially within 50 miles of the site.

Source:

1990 Census of Population

TABLE 2.1-20  METROPOLITAN AREAS WITHIN 50 MILES OF MILLSTONE 1990 
CENSUS POPULATION 

AREA 1990 POPULATION

Bridgeport - Milford, CT PMSA 443,722

Bristol, CT PMSA 79,488

Fall River, MA-RI PMSA 157,272

Hartford, CT PMSA 767,899

New Haven - Meriden, CT MSA 530,240

Nassau - Suffolk, NY PMSA 2,609,212

New Britain, CT PMSA 148,188

New London - Norwich, CT-RI MSA 266,819

Providence, RI PMSA 654,869

Waterbury, CT MSA 221,629

Middletown, CT PMSA 90,320
2.1-28 Rev. 30



MPS3 UFSAR
TABLE 2.1-21  POPULATION CENTERS WITHIN 50 MILES OF MILLSTONE 

STATE MUNICIPALITY 1990 POPULATION

Connecticut Branford 27,603

Bristol 60,640

Cheshire 25,684

East Hartford 50,452

East Haven 26,144

Enfield 45,532

Glastonbury 27,901

Groton 45,144

Hamden 52,434

Hartford 139,739

Manchester 51,618

Meriden 59,479

Middletown 42,762

Milford 49,938

Naugatuck 30,625

New Britain 75,491

New Haven 130,474

New London 28,540

Newington 29,208

Norwich 37,371

Shelton 35,418

Southington 38,518

Stratford 49,389

Vernon 29,841

Wallingford 40,822

Waterbury 108,961

West Hartford 60,110

West Haven 54,021

Wethersfield 25,651

Windsor 27,817
2.1-29 Rev. 30



MPS3 UFSAR
Notes:

Municipalities with 25,000 people or more.

Municipalities completely or only partially within 50 miles.

Source: 1990 U.S. Census of Population and Housing.

Rhode Island Coventry 31,083

Cranston 76,060

Johnston 26,542

Newport 28,227

Warwick 85,427

West Warwick 29,268

New York Brookhaven 407,779

Southampton 44,976

TABLE 2.1-21  POPULATION CENTERS WITHIN 50 MILES OF MILLSTONE 

STATE MUNICIPALITY 1990 POPULATION
2.1-30 Rev. 30



MPS3 UFSAR
NOTE:

* People per square kilometer. 

TABLE 2.1-22  POPULATION DENSITY* 1985 (0-20 km) 

Distance (km) 

Direction 0-2 2-4 4-6 6-8 8-10 10-20
Average 

0-20

N 194 575 345 25 83 161 166

NNE 15 522 504 106 405 169 212

NE 566 557 194 2,970 1,759 234 525

ENE 1,214 218 786 1,990 1,255 334 482

E 1,538 386 403 1,903 482 305 383

ESE 0 279 0 0 0 142 147

SE 0 0 0 0 0 0 0

SSE 0 0 0 0 0 0 0

S 0 0 0 0 0 0 0

SSW 0 0 0 0 0 126 126

SW 0 305 686 0 0 0 520

WSW 0 1,153 270 1,187 980 178 369

W 0 545 308 80 61 171 167

WNW 0 727 324 17 20 60 83

NW 0 550 217 78 63 64 82

NNW 492 969 286 154 71 107 126

Average 409 546 375 570 428 166 236 
2.1-31 Rev. 30



MPS3 UFSAR
TABLE 2.1-23  POPULATION DENSITY 1985 (0-80 km) 

Distance (km) 

Direction 0-20 20-40 40-60 60-80

N 166 103 124 42

NNE 212 205 73 77

NE 525 58 63 412

ENE 482 117 86 402

E 383 198 167 364

ESE 147 0 29 0

SE 0 87 0 0

SSE 0 98 0 0

S 0 88 96 0

SSW 126 104 122 112

SW 520 142 134 471

WSW 369 194 0 907

W 167 151 302 781

WNW 83 69 316 504

NW 82 53 260 879

NNW 126  56 140 235

Average 236 104 163 416
2.1-32 Rev. 30
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MPS3 UFSAR
TABLE 2.1-28  CUMULATIVE POPULATION DENSITY 1985 

Distance (km) 

Direction 0-20 20-40 40-60 60-80

N 166 119 122 87

NNE 212 207 132 108

NE 525 171 111 242

ENE 482 204 138 216

E 383 242 215 216

ESE 147 147 61 61

SE 0 86 86 86

SSE 0 98 98 98

S 0 86 88 88

SSW 126 105 116 116

SW 520 144 136 370

WSW 369 344 344 640

W 167 155 233 469

WNW 83 73 208 338

NW 82 60 172 482

NNW 126 73 110 165

Average 236 134 150 260
2.1-37 Rev. 30
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2.2  NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES

2.2.1 LOCATIONS AND ROUTES

The area around the Millstone site contains three major industrial facilities (Dow Chemical 
Corporation, Pfizer Corporation, and Electric Boat Division of General Dynamics Corporation); 
two transportation facilities (Groton/New London) Airport and the New London Transportation 
Center; and four military installations (U.S. Navy Submarine Base, U.S. Coast Guard Academy, 
Camp Rell, and Stone's Ranch Military Reservation).

There is also an interstate highway (Interstate 95), passenger and freight railroad lines, gas 
distribution lines, above ground gas and oil storage facilities and two major waterways (Long 
Island Sound, Thames River) in the vicinity of the Millstone site.

There are no major gas transmission lines, oil transmission or distribution lines, underground gas 
storage facilities, drilling or mining operations, or military firing, or bombing ranges near the site.

The locations of the major industrial, transportation and military facilities are shown on  
Figure 2.2-1. Aircraft patterns and routes are shown on Figures 2.2-2 and 2.2-3. Figure 2.2-4
shows the road and highway system in the area of the Millstone site.

2.2.2 DESCRIPTIONS

2.2.2.1 Description of Facilities

A summary of the significant industrial, transportation, military, and industrial related facilities is 
shown in Table 2.2-1, as listed below.

1. Dow Chemical Corporation of Allen Point, Ledyard, Connecticut is located on the 
east bank of the Thames River approximately 10 miles north-northeast of the site. 
Dow Chemical is a producer of synthetic compounds and employs approximately 
115 persons.

2. Pfizer Corporation of Eastern Point Road, Groton, Connecticut is located on the 
east bank of the Thames River, approximately 4.9 miles east-northeast of the site. 
Pfizer Corporation is a producer of pharmaceutical and medical supplies, 
employing approximately 3,000 persons.

3. Electric Boat Division of General Dynamics of Eastern Point Road, Groton, 
Connecticut is located approximately 5 miles east-northeast of the site. Electric 
Boat employs approximately 12,000 persons, and is a producer of submarines and 
oceanographic equipment for commercial industry and the U.S. Navy.

4. Groton/New London Airport, approximately 6 miles east-northeast of the site, 
handles regularly scheduled commercial passenger flights (Section 2.2.2.5). 
Approximately 13 persons are employed at Groton/New London Airport on a 
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full-time basis, excluding airline and car rental employees. The National Guard 
has an aircraft repair facility at the airport that has approximately 140 full-time 
employees.

5. The New London Transportation Center, located at City Pier, New London on the 
west bank of the Thames River, is approximately 4 miles northeast of the site. 
Approximately 20 persons are employed there on a full time basis.

6. U.S. Navy Submarine Base, Groton, Connecticut is located on the east bank of the 
Thames River, approximately 7 miles northeast of the site. The base population 
includes approximately 8,500 military personnel. In addition, there are about 1,800 
civilian employees at the base.

7. The U.S. Coast Guard Academy, New London, Connecticut is located on the west 
bank of the Thames River, approximately 5.6 miles northeast of the site. 
Approximately 900 cadets attend the academy, while approximately 360 military 
and civilian personnel are employed here.

8. The Connecticut National Guard facility, located approximately 2 miles northwest 
of the site, is a training headquarters for the Connecticut Army National Guard. It 
is owned and operated by the Military Department of the State of Connecticut. On 
a full-time basis, it employs 16 persons (military and civilian), including the 
headquarters for the Connecticut Military Academy, Post Operations personnel, 
and the 745th Signal Company. On a part-time basis, during various weekends, 
Camp Rowland is occupied by varying numbers of troop units for administrative 
training maneuvers, billeting, and supply functions for the Connecticut Army 
National Guard. During the training maneuvers there may be from 300 to 1,200 
people at the facility.

9. In addition to the Connecticut National Guard facility, the Military Department of 
the State of Connecticut also maintains a field training facility known as Stone's 
Ranch Military Reservation, located approximately 7 miles northwest of the site. 
Fourteen persons are employed here full-time for two regional motor vehicle and 
equipment maintenance shops. It is also occupied on a part-time basis by varying 
numbers of troop units for periods of field training for the Connecticut Army 
National Guard. During some weekend training sessions there may be up to 500 
people at the facility.

10. Hess Oil Corporation of Eastern Point Road, Groton, Connecticut is located on the 
east bank of the Thames River, approximately 5 miles east-northeast of the site. It 
is located north of Pfizer Corporation, and south of General Dynamics-Electric 
Boat Division and services as a fuel storage facility. There are about 14 persons 
employed there on a full time basis.
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11. There is one medium-sized propane storage area in the proximity of the Millstone 
site. Hendel Petroleum Company, is located in Waterford, approximately 2.5 miles 
northeast of the site on Great Neck Road, and employs about 75 people.

On the Millstone site, at the Fire Training Facility located approximately 2,800 
feet to the north of the protected area (3,400 feet to Unit 3 Control Room), are two 
1,000 gallon propane cylinders. The two cylinders are used to supply propane to 
the fire simulator.

12. Montville Station is a Fossil Fuel powered electric generating plant operated by 
Connecticut Light & Power Company in Montville, Connecticut. It is located on 
the west bank of the Thames River, approximately 9.5 miles north-northeast of the 
site. Approximately 67 people are employed there.

2.2.2.2 Description of Products and Materials

1. Dow Chemical produces organic compounds, such as Styron, Styrofoam, and a 
base product of latex paints. All materials are moved to and from the company by 
truck and/or railroad.

2. Pfizer Corporation produces organic compounds and pharmaceutical materials, 
such as citric acid, antibiotics, synthetic medicines, vitamins and caffeine. All 
materials are moved to and from Pfizer Corporation by truck and/or railroad.

3. The nature of products produced at Electric Boat requires that they handle 
substantial amounts of nuclear material which is licensed under the Naval Reactors 
Division. All material is moved by truck, railroad, and/or barge to and from the 
company with the exception of completed ships which leave under their own 
power.

4. Groton/New London Airport (Section 2.2.2.5)

5. The New London Transportation Center is a large complex in downtown New 
London in the City Pier area. It encompasses numerous facilities, including a train 
station, several ferry companies, commercial and private boat slips, an interstate 
bus terminal, local bus interchangers, and commercial land transportation 
facilities. It serves as the prime entrance and exit for New London for civilian and 
commercial travel. 

6. The U.S. Navy Submarine Base provides logistics as well as training and operation 
of the base and its ships (nuclear and non-nuclear). All materials are moved by 
truck, railroad, barge and/or ship to and from this government installation.

7. The U.S. Coast Guard Academy is headquarters for indoctrination and training of 
future officers in the Coast Guard. All materials used at the academy are of the 
software nature and are moved by truck.
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8. The Connecticut National Guard facility is an administrative training center for 
troops of the Connecticut Army National Guard. Because of the solely 
administrative nature of its occupancy, the camp's operation has no effect on the 
Station's operation.

9. Stone's Ranch Military Reservation is a military field training facility for the 
Connecticut Army National Guard. Limited quantities of munitions and explosives 
are stored in underground bunkers at this facility. These materials are used in 
quarry operations for the Connecticut Army Corps of Engineers. No live 
ammunition is used at the facility. All materials are moved to and from Stone's 
Ranch by truck.

In addition, a small paved utility landing strip is located at Stone's Ranch. While 
capable of handling light, fixed-wing aircraft, the strip is not routinely used except 
for occasional rotary-wing operations. Because of its distance from the site, the 
limited quantity of materials stored and used, and the type of aircraft operations 
occurring at the facility, Stone's Ranch Military Reservation does not pose any 
hazard to the Millstone station.

No other military operations such as firing ranges, bombing ranges, ordnance 
depots, or missile sites exist near the Millstone site.

10. Hess Oil Corporation operates a fuel distribution and storage facility for home 
heating oil and kerosene. There are large above ground tanks capable of storing 
heating oil, residual fuel oil, and kerosene. The fuel arrives by ships or barges and 
is distributed by trucks.

11. Hendel Petroleum Company operates a fuel distribution facility for commercial 
and residential use. There are 5 above ground tanks (3-30,000 gallons and 2-
16,000 gallons) which are capable of storing 126,000 gallons total of propane gas. 
The facility also stores 40,000 gallons of gasoline, and 40,000 gallons of No. 2 fuel 
oil. The propane for the facility arrives by train and truck, and is distributed by 
truck.

The Fire Training Facility was constructed in 1994 for the purpose of training 
Millstone's fire brigade members. The Training Facility consists of six live burn 
“mock-ups” which replicate nuclear power plant fire hazards. Propane is used to 
fuel these “fireplaces.”

Two 1,000 gallon propane storage cylinders are located at the Training Facility. 
These two cylinders are positioned such that their ends are pointed away from the 
Millstone site. Both cylinders are above ground domestic storage cylinders 
designed per ASME Code for Pressure Vessels, Section VIII Division 1-92.

12. The Montville Station Electric Generating Station is capable of providing 498 mW 
of electric power. Its generators are powered by fossil fuel. The fuel is stored in 
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three large above ground tanks, capable of storing approximately 175,000 barrels 
of fuel each, two medium above ground tanks, capable of storing approximately 
12,000 barrels of fuel each, and two small above ground tanks, capable of storing 
approximately 250 barrels of fuel each. The fuel arrives by barges or trucks.

2.2.2.3 Pipelines

There are no major transmission lines within 5 miles of the site. There are two medium pressure 
gas distribution lines in the near proximity of the site. The nearest gas distribution line is 
approximately 2.9 miles from the site, located along Rope Ferry Road in Waterford. This 35 psi 
gas distribution line is a 6-inch plastic pipeline, buried approximately 3 feet deep. The control 
valve for this line is located at the intersection of Clark Lane and Boston Post Road in Waterford. 
The second gas distribution line, in place and pressurized, ends at and serves the shopping center 
complex, near the intersection of I-95 and Parkway North, approximately 4 miles north of the site. 
This 35 psi gas distribution line is an 8-inch plastic pipeline buried approximately 3 feet deep. The 
control valve for this line is located at the complex where it intersects with Parkway North.

There are no oil transmission or distribution lines within 5 miles of the Millstone site.

2.2.2.4 Waterways

Ships that pass by the site in the shipping channels of Long Island Sound are of two types: general 
cargo freighters, usually partially unloaded, with drafts of 20 to 25 feet, and deep draft tankers 
with drafts of 35 to 38 feet. Both of these classes of ships must remain at least 2 miles offshore to 
prevent running aground on Bartlett Reef.

No oil barges pass to the shore side of Bartlett Reef, and since there are no tank farms in Niantic 
Bay, no oil barges pass within 2 miles of the site. The largest oil barges have a capacity of 60,000 
barrels and draw 15 feet 6 inches of water.

Barge traffic in the vicinity of the site has been diminishing over the past several years due to the 
decrease in the amount of oil used by area facilities. Barge traffic is heaviest during the winter 
months, and averages only 1 barge per day during these months. On the average of once a month, 
a barge carrying 15,000 barrels of sulfuric acid is towed past the site outside of Bartlett Reef. 
Approximately 10 ships per day traverse the Reef in the vicinity, 6 miles of the site.

For these reasons, it is concluded that shipping accidents would not adversely affect Millstone 3 
safety related facilities.

2.2.2.5 Airports

There is one airport within 6 miles of the site: The Groton/New London Airport.

Groton/New London Airport, approximately 6 miles east- northeast of the site, handles regularly 
scheduled commercial passenger flights. It is served by two airlines: Action Airlines, and U.S. Air 
Express. It has two runways: 5-23, 5,000 feet long; and 15-33, 4,000 feet long; which are both 
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illuminated. There is a control tower at Groton/New London, with ILS (Instrument Landing 
System) and VOR (Very High Frequency Omni Range). ILS is available on runway 5. As shown 
on Figure 2.2-2, the landing patterns used do not direct traffic near the Millstone site.

The largest commercial aircraft to use Groton/New London Airport on a regularly scheduled basis 
are Beachcraft 1900's which carry approximately 19 passengers. The only jets using the airport on 
a regular basis are two small chartered Cessna Citation which carry 10 passengers.

During fiscal year 1980-1981, an average of 96,000 civilian takeoffs and landings occurred at 
Groton/New London Airport. Comparatively, during Calendar Year 1995, about 78,700 civilian 
takeoffs and landings occurred.

The largest military aircraft to use Groton/New London Airport on an occasional basis is C-130's. 
There are also two C-23's. Additionally, there are several military helicopters stationed at the 
airport.

In 1995 there were approximately 4,490 military flights, approximately half of which were 
military helicopters. Millstone station is not in the flight path of these flights, and pilots are 
briefed to avoid the site.

The largest aircraft to ever use Groton/New London Airport is a Boeing 727. However, the use of 
this and other large aircraft at Groton/New London is limited and very infrequent.

As shown on Figure 2.2-3, the air lane nearest the site is V58 which is approximately 4 miles 
northeast of the site. Other adjacent air lanes include V16, which is approximately 6 miles 
northwest of the site, and V308, which is approximately 8 miles east of the site. The nearest 
high-altitude jet route, J121-581, passes approximately 9 miles southeast of the site. A second jet 
route, J55, passes approximately 12 miles northwest of the site.

2.2.2.6 Highways

The area around the Millstone site is served by interstate, state, and local roads. These are shown 
on Figure 2.2-4.

The nearest major highway which would be used for frequent transportation of hazardous 
materials is U.S. Interstate 95, which is located 4 miles from the Millstone site.

Other principal highways which pass near the site include U.S. Highway 1 which is located 3 
miles from the site, and State Highway 156, located 1.5 miles from the site.

These separation distances exceed the minimum distance criteria given in Regulatory Guide 1.91, 
Revision 1 and provide assurance that any transportation accidents resulting in explosions or toxic 
gas releases of truck size shipments of hazardous materials would not have a significant adverse 
effect on the safe operation or shutdown capability of the unit. See Section 2.2.3 for a more 
detailed evaluation of potential accidents.
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2.2.2.7 Railroads

The site is traversed from east to west by a Providence & Worcester (P&W)/Amtrak railroad 
right-of-way. The mainline tracks are about 1,795 feet from the Millstone 3 containment structure.

Both P&W and Amtrak trains are currently diesel powered. However, Amtrak, the operator of the 
passenger train service, plans to electrify its passenger trains, and has embarked on a project to 
construct overhead electric lines to power the trains. The project is currently scheduled for 
completion in 1997. These new lines will be 23 feet above the rails and will not affect the site nor 
the overhead transmission lines leading out of the site which traverse the railroad line above the 
tracks. Additionally, Amtrak is considering raising the track bed as much as 3 feet at various 
points along the railroad line, but does not plan to do this where it traverses the Millstone site.

2.2.2.8 Projections of Industrial Growth

Pipelines 

No expansion of facilities is presently planned in the area for oil distribution within the 
southeastern region of Connecticut. The gas distribution line along Rope Ferry Road ends at 
Waterford High School, approximately 2.9 miles from the Millstone site. The gas distribution line 
at I-95 and Parkway North ends at, and serves the shopping complex approximately 4 miles from 
the Millstone site.

Withheld under 10 CFR 2.390 (d)(1) 
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Waterways 

As previously mentioned, ship and barge traffic in the area of the Millstone site has decreased 
over the past several years. No new ship or barge traffic is anticipated at this time in the Niantic 
Bay area on Long Island Sound near the location of the intake structures.

Airports 

No expansion of facilities at Groton/New London Airport is proposed although some 
improvements to the facility, such as expansion of the approach lights, and upgrading of the 
terminal and runways is planned. Southeastern Connecticut Regional Planning Agency (SCRPA) 
recommends that a master plan be prepared for the airport before any major physical 
improvements are made. The agency has previously adopted the policy that Groton/New London 
Airport should remain a small feeder airport providing connection to larger airports and direct 
service to a limited number of cities within a 500-mile radius.

Highways 

Three major highway improvements were made for the area around the Millstone site. The section 
of Route 85 between I-95 and Route I-395 (Formally Route 52) was widened in 1989 in 
connection with the new shopping mall built on Route 85, the widening of “Cross Roads” 
between I-95 and Route 85 in 1990 for another new shopping mall on Cross Roads, and a new 
bridge between Waterford and East Lyme was completed in 1991 to replace the Niantic River 
Bridge with a high rise bridge one mile long. This high-level draw bridge replaced the older lower 
swing bridge, creating a smoother flow of traffic along State Highway 156.

Railroads 

In 1982 there was a transfer of the operating rights of freight service over coastal trackage from 
ConRail to the Providence & Worcester (P&W) railroad. While this involved the trackage near 
the site, there was no appreciable change in either the amount or the nature of freight traffic.

Evaluation of potential accidents and identification of design basis events are discussed in 
Section 2.2.3.

2.2.3 EVALUATION OF POTENTIAL ACCIDENTS

The evaluation of potential accidents includes analysis of hazardous materials from both offsite 
industrial, transportation, and military facilities within a 5-mile radius of the Millstone site, as 
well as from specified onsite sources. Section 2.2.1 defines industrial, transportation, and military 
facilities that exist within 10 miles of the Millstone site. All major industrial plants are more than 
5 miles from Millstone. Likewise, due to the innocuous nature of operations at nearby military 
installations, as well as the location of the Groton/New London airport and the nature of traffic 
and the flight routes into and out of the airport, no potential accidents from military installations 
or from aircraft have been postulated concerning the safe operation or shutdown capability of the 
plant.
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Ships that pass by the site in the shipping channels of Long Island Sound are of two types: general 
cargo freighters, which usually are partially unloaded, with drafts of 20 to 25 feet, and deep draft 
tankers with drafts of 35 to 38 feet (Section 2.2.2.4). Both of these classes of ships must remain at 
least 2 miles offshore to avoid running aground on Bartlett Reef. Approximately ten ships per day 
transverse the shipping channels in the vicinity of the site (Section 2.2.2.4).

Since there are no tank farms in Niantic Bay, oil barges do not pass to the shore side of Bartlett 
Reef or within 2 miles of the site. Barge traffic is heaviest in the winter, averaging only one 
loaded oil barge daily, the largest having a capacity of 60,000 barrels and a draw of 15 feet-6 
inches of water (Section 2.2.2.4). On the average of once a month, a barge carrying 15,000 barrels 
of sulfuric acid is towed past the site, outside of Bartlett Reef. Total round-trip traffic is less than 
10 ships per day.

Section 2.2.2.4 defines the nature of water use relative to commercial shipping and recreational 
boating. The only safety related structure subject to this evaluation is the circulating and service 
water pumphouse. Since there is no commercial water traffic in the area of the pumphouse, the 
only consideration that exists is the remote possibility of a runaway barge colliding with the 
pumphouse.

The possible damage to the pumphouse by a drifting barge was investigated. The barge can 
approach the pumphouse only through the intake channel, which is perpendicular to the front of 
the pumphouse. The relatively shallow bay bottom surrounding the intake channel prevents the 
barge from hitting the side of the pumphouse. Should a barge hit the pumphouse from the front, 
damage would be limited to the front wall of the recirculation tempering water gallery, which 
projects seaward from the pumphouse. The service water pumps, which are the only safety related 
equipment housed in the pumphouse, are located approximately 50 feet from the front wall. The 
operation of these pumps would not be impaired and the water intake source would not be 
blocked, as the water intake source lies between elevations (-) 28 feet 0 inch and (-) 8 feet 0 inch.

For these reasons, it is concluded that shipping accidents would not adversely affect safety related 
facilities.

The possibility of facility impacts due to explosion or release of hazardous materials from 
industrial facilities was considered for two facilities listed in Section 2.2.2. Hendel Oil Company 
and Hess Oil Company were selected for evaluation based on proximity to the site and volume of 
material stored. Several incident conditions were modeled for each facility using “Automated 
Resource for Chemical Hazard Incident Evaluation” (ARCHIE) version 1.00 produced by FEMA/
USDOT and USEPA. ARCHIE is a software planning tool which provides an integrated method 
for assessment of vapor dispersion, fire and explosion impacts related to the discharge of 
hazardous material into the terrestrial environment.

Inputs to the model include physical properties of the hazardous material such as molecular 
weight, boiling point, and vapor pressure for various temperatures. These were obtained from the 
Chemical Engineer's Handbook, Fifth Edition, 1973. The type and quantity of hazardous material 
on-hand at each facility was obtained from the facility managers. Conservative assumptions were 
made where applicable, the most notable of which was that all the tanks at a facility should be 
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treated as one large tank for the purpose of calculating risks associated with fire or explosion. 
Non-fire or explosion hazards, such as toxic vapor dispersion were projected using the largest 
single tank at each facility, since a major fault in more than one storage tank in the absence of an 
explosion was considered unlikely.

The first event considered was the potential for toxic concentrations of propane to reach the site 
from a release of propane gas from a commercial facility, other than by explosion. A nearly 
instantaneous release (1 minute duration) coupled with stability class “F” (most stable) and a low 
wind velocity (4.5 mph) was chosen to minimize diffusion of the puff of propane. Hendel Oil 
Company has a 30,000 gallon tank which is located 2.5 miles from the site. The plume is 
conservatively assumed to be transported by the wind directly towards the Control Room 
ventilation intakes. The maximum concentration reached at the intakes will be approximately 
7,311 ppm 31 minutes after tank rupture. Using the same input parameters and methodology to 
assess infiltration to the pressurized control room as in FSAR section 2.2.3.1.4, the concentration 
inside the control room should reach a maximum value of 13.4 ppm 61 minutes after the tank 
rupture. Both values are well below the toxic vapor limit of 20,000 ppm. The only scenario in 
which concentration anywhere on the Millstone site reaches or exceeds the toxic vapor limit 
would occur in the case of an instantaneous release of the contents of all 5 tanks (126,000 gallons) 
of propane from Hendel Oil Company without explosion or fire. In this unlikely event, 
concentrations at the control room intakes could reach 29,146 ppm 31 minutes after the start of 
the release. Concentrations inside the Control Room would reach 58 ppm (well below the toxic 
vapor limit), 61 minutes after the release.

Withheld under 10 CFR 2.390 (d)(1)
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Due to its further distance from the site (5 miles), and the lesser volatility of the kerosene, #2 fuel 
oil, and residual fuel oil stored there, there is no impact on the Millstone plant from a fire or 
explosion at the Hess Oil facility. For these reasons, it is concluded that explosion or release of 
hazardous material from any of these facilities would not adversely affect the safe operation or 
shutdown capabilities of the plant.

Other land and water uses prevailing in the Millstone Point vicinity are such that the unit's intake 
of cooling water is not jeopardized by ice blockage and/or damage (the ocean temperatures 
prohibit significant icing), or release of corrosive chemicals or oil (only remote and distant 
offshore releases are possible). 
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The determination of design basis events therefore provides an analysis and discussion of:

1. missiles generated by offsite events near Unit 3;

2. unconfined vapor cloud explosion hazard;

3. hydrogen storage at the site; and

4. toxic chemicals stored at the site.

2.2.3.1.1 Missiles Generated by Events near the Millstone Site

The guidelines of NUREG-0800 state that the aggregate probability of exceeding plant design 

criteria associated with all identified external man made hazards be less than 10-6. In particular 
the total probability of penetrating site proximity missile strikes on safety- related structures 

should be shown to be less than 10-7 per year or the design bases be modified to accommodate 
them.

The relative importance of potential sources of missiles is derived from two primary factors: (1) 
the nature of shipment loading, and (2) shipment frequency past the site. Several studies show that 
shipment of flammable compressed gases are the most likely sources to produce transportation 
tank fragments in the event of an accident. Depending on the nature of hazardous material and the 
actual accident scenario the tank fragments may travel sufficient distances and create a potential 
threat of damage upon impact to a safety related structure at the site.

The following algorithm is used to estimate the aggregate probability of a violent rupture or 
explosion from a rail shipment of hazardous materials capable of producing large missiles able to 
reach safety related structures at the site:
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(2.2.3-1)

where:

Pr = Aggregate probability of missiles generating ruptures or explosions from 
rail accidents of significance to safety related structures (events/year) 

R = Number of hazardous materials likely to produce violent ruptures or 
explosions with significant missiles generating capability (dimensionless) 

E = Frequency of events which result in explosions or violent ruptures capable 
of producing significant missiles (events/shipment) 

Si = Shipment frequency of i-th hazardous material past site (shipment/year) 

Li = Track exposure length for the i-th material (miles) 

Ti = Average shipment trip length for i-th material (miles) 

Number of Hazardous Materials, R 

The hazardous materials considered likely to produce significant missiles in terms of size and 
potential range were selected from the Hazardous Materials Link Report (ConRail, 1980) between 
New Haven and New London, Connecticut, from January 1978 through June 1979. These 
materials were also found to be prevalent in more recent accident/incident data contained in 
special DOT Research and Special Programs Administration computer outputs of March 26, 1981 
(Research and Special Programs Administration, U.S. Dept. of Transportation, March 1981), and 
April 15, 1981 (Research and Special Programs Administration, U.S. Dept. of Transportation, 
April 1981) tank car rupture data from the Railroad Tank Car Safety Research and Test Project 
Report, RA-01-2-7 (Association of American Railroads and Railway Progress Institute, 1972), 
and several other pertinent railroad accident reports by the National Transportation Safety Board 
(October 1971 through July 1980).

The materials selected (Table 2.2-2) are flammable compressed gases since they are known to 
produce a characteristic tank rupture event. The rupture event may range from a single 
over-pressure followed with fire to a boiling liquid vapor explosion (BLEVE).

Frequency of Events, E 

The incidence of significant missile generating events is relatively infrequent in the transport of 
hazardous materials and the material specific data is unreliable to be useful for the present 
probabilistic analysis. In addition, specific data supplied by ConRail for the period March 30, 
1976, through December 31, 1979, contained no incidents involving explosions. Instead, a 

Pr i=1( )RE
SiLi

Ti
---------- 
 =
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comparison was made for propane transport by Battelle Memorial Institute in PNL-3308, Report 
of March 1980 (Giffen et al., 1980), and the DOT data in accident/incident bulletins for the years 
1975-1979. In terms of violent tank car ruptures or explosions per tank car mile, the predicted 
values were as follows: 

PNL-3308 3.1 x 10-9 events/tank car mile 

DOT (75-79) 1.5 x 10-9 events/tank car mile

The Battelle report considers non-accident related tank ruptures as well as transportation 
accidents and it is further stated that about 20 percent of ruptures occur in non-accident situations. 
We have used Battelle event frequency in the present analysis, even though we recognize it to be 
demonstrably conservative. The present analysis also accounts for the contribution to the average 
rate from slightly higher incidence for propane and LPG shipments.

Shipment Frequency, Si 

Shipment frequencies are derived from applicable data in the ConRail link report for the period 
January 1978 through June 1979 (ConRail, 1980). Tank cars per year and per train for the 
commodities in question appear in Table 2.2-2.

More recent shipment frequency shipment data was obtained for the time period January 1992 
through December 1992. Frequency of shipment of anhydrous ammonia has remained steady at 5 
cars per year. Propane shipments have decreased to 35-40 cars per year. This evaluation was 
conservatively based on the January 1978 through June 1979 shipment data.

Average Shipment Trip Length, Ti 

The average shipment lengths for each hazardous material derived from one percent Waybill 
Sample of U.S. Tank Car shipments, or Appendix E to the Final Phase O2 Report, Accident 
Review, AAR-RPI No. RA 02-2-18 (1982).

Withheld under 10 CFR 2.390 (d)(1) 

   

 
 
 
 
 

 

2.2-14 Rev. 30



MPS3 UFSAR
Aggregate Probability of Missile Generating Ruptures, Pr 

The results from the above analysis are summarized in Table 2.2-4. The aggregate probability of 
tank car violent ruptures or explosions which can produce significant missiles is conservatively 

estimated to be 5.6 x 10-9 per year. This is considerably below the NUREG-0800, Section 3.5.1.5, 

suggested limit (1 x 10-7) for conservatively estimated explosion probability. 

We have used NASA Report 3023 computer program entitled “THRUST” to calculate the 
acceleration velocity and displacement distances of fragments propelled by a liquified 
compressed gas. The NASA analysis assumes that a large portion of the vessel containing a 
liquid/gas mixture, in equilibrium at greater than atmospheric pressure, separates from the rest of 
the storage vessel. As the liquid under pressure converts to gas when exposed to atmospheric 
pressure a thrust is produced causing the fragment to move away from the scene of accident.

The types of tank car fragments are illustrated in Table 2.2-5. In type A, the tank is shown to 
rupture in two equal halves. In type B, the tank car is assumed to split in 2:1 ratio and the smaller 
fragment is assumed to move away from the accident scene. Type C and D ruptures are not 
considered in this analysis because:

1. In type C, the man-way has no significant amount of liquid to provide it with 
thrust.

2. In type D, the leak is relatively too slow to create a violent change in vapor/liquid 
equilibrium within the tank.

Withheld under 10 CFR 2.390 (d)(1) 
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Discussion of Results 

The Federal Railroad Administration retrofit standards “J”, “S”, and “T”, for pressurized tank car 
require thermal insulation protection head puncture shields, self-couplers, and upgraded safety 
relief valve capacities. According to Folden (Personal Communication between S.N. Bajpai, 
SWEC, and Robert Folden, Federal Railroad Administration, 1982), these retrofits have been 
installed on existing tank cars. The new compressed gas tank cars also meet these provisions in 
compliance with Docket HM144 and modified in subsequent notices under Titles 173 and 174. 
The compliance with retrofit standards is expected to result in substantial reduction in severity of 
violent ruptures. The Federal Railroad Administration believes that compressed flammable gas 
tank car head punctures and fire induced violent ruptures are greatly reduced or eliminated in 90 
percent of the cases as a result of the improvements.

According to Folden, the “S”, “J”, and “T” retrofit requirements together with self-couplers have 
reduced the violent ruptures considerably. The ruptures in ammonia tank cars are principally due 
to material degradation. However, ruptures in ammonia tank are not violent. Folden described one 
incident involving ammonia in which “the tank just opened up along the seam and the ammonia 
escaped without any thrusting fragments.”

The present analysis is based on the data from past experience and does not include the safety 
improvements resulting from DOT required safety retrofits. This analysis also includes the 
contribution of non-accident ruptures because the Battelle (Giffen et al., 1980) propane risk 
assessment study has been used as the reference point for the calculation of the probability of 
catastrophic ruptures of other hazardous materials.

The overall risk to the Millstone plant due to catastrophic ruptures resulting from transport of 
hazardous materials is subject to additional reducing factors. These factors are included in 
NUREG-0800, Section 3.5.1.5, and according to the following model:

Pt = Pe x Pmr x Psc x Pp x N (2.2.3-2)

where:

Pt = Total probability per year of a damaging missile strike

Pe = Probability of an explosion or rupture potentially capable of missile generation

Pmr = Probability of a missile reaching the plant (that is, distance to safety related 
structures)

Psc = Probability of a missile striking a critical area

Pp = Probability of a missile energy exceeding the energy required to penetrate the safety 
related structures

N = Number of missiles per explosion
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Railroad cars carrying hazardous materials and involved in a derailment do not necessarily result 
in tank car ruptures. Furthermore, not all ruptures result in the generation of missiles. In fact, data 
in AAR-RPI No. RA-01-2-7 (1972) shows that in approximately one-third of major ruptures, no 
significant missiles are generated. Therefore, it is reasonable to incorporate a conditional 
probability (Pm) of missile generation to the model. Thus the conditional probability of missile 
generation Pm = 0.67.

The tank car fragments (e.g., elliptical head) have different punching-shear characteristics than a 
“flying telephone pole” moving at 200 mph. Tank car head missiles have been known to demolish 
brick walls, but tend to bounce off built stonewalls with little damage to the structure (Personal 
Communication between S.N. Bajpai and Robert Folden 1982). 

Withheld under 10 CFR 2.390 (d)(1)
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2.2.3.1.3 

Compressed liquified gases are shipped over the railroad line adjacent to the Millstone site. These 
gases normally are propane and anhydrous ammonia. In the event of a catastrophic rupture, the 
liquified gas is released to the atmosphere under pressure, and a fraction of the liquid is vaporized. 
The remaining liquid, due to the cooling effect, remains as chilled liquid and vaporizes further 
upon contact with the ground. The rapid loss of lading results in the formation of an unconfined 
vapor cloud which is at least partially mixed with air.

The probability of a vapor cloud explosion on the railroad line adjacent to the Millstone site is 
based on the probability of a catastrophic rupture event, the probability of flammable vapor cloud 
formation, the probability of wind direction from the railroad sector (bounded by the 1 psi 
over-pressure radius), and the probability of the vapor cloud encountering an ignition source.

The probability of a flammable vapor cloud explosion is thus:

 (2.2.3-3)

Withheld under 10 CFR 2.390 (d)(1) 
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where:

Pve = Probability per year of vapor cloud explosion

R = Number of hazardous materials likely to produce vapor cloud

Pri = Probability of catastrophic rupture events per year for the i-th hazardous material

Pvfi = Probability of forming a flammable vapor cloud

fw = Frequency of wind speed which promotes transport and mixing with air

Pii = Probability of finding an ignition source given that a flammable vapor cloud is 
formed by the i-th hazardous material

Number of Hazardous Materials, R 

The hazardous materials likely to produce an unconfined vapor cloud explosion due to a 
catastrophic rupture event on the railroad line adjacent to the Millstone Site are propane and 
anhydrous ammonia.

Probability of Catastrophic Rupture Events, Pri 

The probability of catastrophic rupture events per year involving the i-th hazardous material is 
estimated using the model described in Section 2.2.3.1.1 of this report. These probabilities are 
presented in Table 2.2-4.

Probability of Forming a Flammable Vapor Cloud, Prfi 

All catastrophic rupture events involving flammable compressed gases do not necessarily result in 
the formation of vapor clouds. The usual case is that ignition source is available in the immediate 
vicinity of accident and a fire usually results. Depending on the actual accident scenario, the fire, 
at worst, would cause the tank car contents to be released and result in the formation of a 
“fireball.” The fireball accident scenario has no incident pressures associated with it to be of 
concern for the plant structures. However, the formation of a flammable vapor cloud and its 
subsequent ignition is of potential safety concern. The formation of a flammable vapor cloud also 
implies that an ignition source was not available in the immediate vicinity of the scene of 
accident.

Accidental spill data (U.S. Dept. of Transportation, March 1981) was used to estimate the 
probability of forming a vapor cloud given a catastrophic rupture event. This probability was 
conservatively estimated as 0.1.

Wind Speed Frequency, fW 

Favorable wind speed would allow optimum transport and mixing of air with the vapor cloud. The 
probability of favorable wind speed is assumed to be 1.0.
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Probability of Encountering an Ignition Source, Pii 

In a catastrophic rupture event involving flammable compressed gases, an immediate encounter 
with an ignition source would typically result in a torching effect. In this case, the released gas is 
consumed immediately and the flames are confined locally. The torching effect can lead to an 
enlarged fire or, at worst, the formation of a “fireball.” The probability of encountering ignition is 
1.0 in the immediate vicinity of the accident and decreases away from it. The probability of 
ignition for the torching effect, fire, and fireball formation is therefore, nearly 1.0.

The formation of a flammable vapor cloud in or around the scene of an accident implies that an 
immediate ignition source was not encountered. The probability of an unconfined vapor cloud 
encountering an ignition source then decreases from nearly one to some value less than 1.0, which 
is dependent upon the area of the vapor cloud.

The probability of ignition was estimated using Table 9-2 of the Battelle PNL 3308 Report 
(Giffen et al., 1980). The use of this table requires an estimation of the area of the vapor cloud for 
a conservatively estimated instantaneous release of the compressed liquid.

The area of the unconfined vapor cloud was estimated by calculating: (1) the weight, i.e., vapor 
volume, of the liquid which vaporizes upon exit from a tank car and, (2) the depth of the 
unconfined vapor cloud above the ground.

The weight fraction, which vaporizes upon exit from a tank car, is given by:

 (2.2.3-4)

where:

Cv = Liquid heat capacity 

λ = Heat of vaporization

Tb = Normal boiling point

Ti = Initial temperature of the stored liquid

f = Fraction of the liquid that flash vaporizes.

The fraction vaporized, for both the hazardous materials, was under 0.4. To be on the conservative 
side, the fraction vaporized was taken to be 0.5. Thus, knowing the weight of tank car lading 
which was vaporized, the volume of the vapor cloud was estimated. The fraction of air entrained 
in the vapor cloud was ignored for this purpose.

The thickness of the vapor cloud above ground level was estimated by the following relation 
given by Kaiser and Griffiths (1982):

f 1
Cv

λ
------ Tb Ti–( )exp–=
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(2.2.3-5)

where:

L = 2

h = Thickness of the vapor cloud

Δρ = Density differences between cloud vapor and ambient air

ρa = Density of air

u* = The vapor cloud spreading velocity

The spreading velocity was assumed to be equal to the wind velocity.

The estimated ignition probabilities are presented in Table 2.2-7.

The Probability of an Unconfined Vapor Cloud Explosion 

The probability of an unconfined vapor cloud explosion at Millstone 3 was calculated using the 
model discussed above. These probabilities are presented in Table 2.2-8.

The aggregate estimated probability of an unconfined vapor cloud explosion is 2.54 x 10-11, 
which is several orders of magnitude lower than the recommended range in Regulatory Guide 
1.91. The unconfined vapor cloud and associated explosion pressure, therefore, does not 
constitute a design basis event for the Millstone 3 plant.

2.2.3.1.4 Hydrogen Storage at the Site

Section 2.2.3.1 describes the generator hydrogen storage facility. Each high pressure storage tube 
is restrained from movement by its supporting frame and is provided with an approved shutoff 
valve, bursting disc assembly, and vent. The installation is posted with NO SMOKING signs 
located no further than a distance of 25 feet away. A fire wall is constructed between the hydrogen 
storage facility and the east-west access road. Unauthorized entry is prevented by chain link 
fencing and a locked gate. Since the generator hydrogen facility poses no hazard to safety related 
structures, systems, or components, no further consideration is therefore required.

2.2.3.1.5 Toxic Chemicals

The assessment of control room habitability following a postulated accidental release of 
hazardous chemicals includes both onsite and offsite sources. The analysis is based on Regulatory 
Guide 1.78, “Assumptions for Evaluating the Habitability of a Nuclear Plant Control Room 
During a Postulated Hazardous Chemical Release.” The release of any hazardous chemical stored 

L ghΔp

ρau2

*
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onsite in a quantity greater than 100 pounds is considered, along with other potential releases 
from facilities within 5 miles of the control room. Transportation sources of hazardous chemicals 
frequently passing within 5 miles of the control room are also evaluated. Frequent shipments are 
defined as exceeding 10 per year for truck shipments, 30 per year for rail shipments, and 50 per 
year for barge shipments.

For the Millstone 3 site, two potential accidents involving two toxic chemicals were analyzed 
prior to Licensing Application. Chlorine was stored onsite in two separate 55 ton railroad tank 
cars. In addition, liquid propane had been transported prior to 1982 by ConRail within 5 miles of 
the site at a frequency greater than 30 railroad carloads per year. The chlorine tanks were removed 
in September 1986.

The effect of an accidental release of each of the chemicals on control room habitability was 
evaluated by calculating vapor concentrations as a function of time both outside and inside the 
control room. This calculation was performed using methodology outlined in NUREG-0570, 
Toxic Vapor Concentrations in the Control Room Following a Postulated Accidental Release, and 
utilizing the assumptions described in Regulatory Guide 1.78. A brief description of the 
underlying assumptions follows.

In a postulated accident, the entire contents of the largest single storage container are released, 
resulting in a toxic vapor cloud and/or plume which is conservatively assumed to be transported 
by the wind directly toward the control room intakes. The formation of the toxic cloud or plume is 
dependent upon the chemical nature of the release and ambient environmental characteristics. The 
entire amount of the chemical stored as a gas is treated as a puff or a cloud which has a finite 
volume determined from the quantity and density of the stored chemical. A toxic substance stored 
as a liquid with a boiling point below the ambient temperature forms an instantaneous puff, due to 
flashing (rapid gas formation) of some fraction of the quantity stored. The remaining liquid forms 
a puddle which quickly spreads into a thin layer on the ground, subsequently vaporizing and 
forming a ground-level vapor plume. A liquid that has a boiling point above the ambient 
temperature forms a puddle which evaporates by forced convection, resulting in a ground-level 
plume with no flashing involved. In all cases, the puff and/or ground-level plume is dispersed by 
atmospheric turbulence as it is transported by the wind directly toward the control room intakes. 
The effects of this postulated accident scenario are described in Section 2.2.3.2.

The habitability of the control room is evaluated by comparing the calculated chemical 
concentrations inside the control room with known human toxicity limits. These limits are 
determined to be the lowest concentration of a chemical that could interfere with an operator's 
ability to function properly and are obtained from Regulatory Guide 1.78 and other appropriate 
references. The control room is considered to be uninhabitable when toxic limits are exceeded by 
estimates of control room concentration. The input data required for the analysis include the 
chemical's physical properties, control room parameters, atmospheric stability, wind speed, 
distance from the spill to the control room air intakes, quantity of chemical released, and toxicity 
limits. For low boiling point liquids (i.e., chlorine and propane), the boiling point, puff density, 
heat of vaporization, specific heat, and liquid density are required as input.
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For the Millstone 3 toxic chemical evaluation, various atmospheric stability and wind speeds 
representing a wide range of meteorological conditions along with an ambient dry bulb 
temperature of 30°C (80°F), were utilized to obtain the condition which would result in a 
maximum control room concentration.

The control room parameters that were used as input to the propane analysis consisted of the 
following:

• Air intake height above ground: 65 feet 

• Control room volume: 191,940 ft3 

• Normal ventilation flow rate: 1450 cfm 

The control room volume used in this analysis is conservative relative to the actual value 
presented in Table 15.6-12.

A description of the operation of the control room pressurization system is presented in FSAR 
Section 9.4.1. For propane chemical sources, the contents of the largest single storage container 
were used as the amount of chemical released during a postulated accident.

2.2.3.2 Effects of Design Basis Events 

The accidents involving transportation of propane and anhydrous ammonia have the potential of 
forming flammable vapor clouds as well as rail tank car missiles. However, the probability of 

these events near the Millstone 3 site is lower than the 1.0 x 10-7 per year for consideration of 
such events as recommended by NUREG-0800 (USNRC 1981a), Section 2.2.3. The 
transportation accidents on the ConRail rail line near the Millstone 3 site do not form a design 

basis event. Therefore, probable effects of these accidents are not discussed. The results of the 
toxic chemical analysis are presented in Figure 2.2-5 for propane. 

Withheld under 10 CFR 2.390 (d)(1) 
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TABLE 2.2-2  LIST OF HAZARDOUS MATERIALS POTENTIALLY CAPABLE OF 
PRODUCING SIGNIFICANT MISSILES 
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TABLE 2.2-3  SUMMARY OF EXPOSURE DISTANCE CALCULATION 
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TABLE 2.2-4  AGGREGATE PROBABILITY OF EXPLOSION OR VIOLENT 
RUPTURE CAPABLE OF MISSILE GENERATION 
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TABLE 2.2-5  TYPES OF TANK CAR MISSILES  

A. Tank Splits at Mid-Seam. 

 

B. Tank Splits in 2:1 Ratio with the Smaller Section “Thrusting”. 

 

C. Manway Separates 

 

D. Tank Punctured at Head. 
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TABLE 2.2-6  TANK CAR FRAGMENT RANGE (FEET) AT 10-DEGREE LAUNCH 
ANGLE

Hazardous Material

Postulated Missile Type (Table A) 

Type A Type B Type C Type D 

1. Propane 142 370 - - 

2. Anhydrous ammonia 264 803 - - 
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TABLE 2.2-7  ESTIMATED IGNITION PROBABILITIES

Hazardous Materials Ignition Probabilities
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TABLE 2.2-8  PROBABILITY OF AN UNCONFINED VAPOR CLOUD EXPLOSION

Hazardous Material 
Probability of Unconfined Vapor Cloud 

(Explosion Per Year)
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2.3 METEOROLOGY 

This section provides a meteorological description of the site and its surrounding areas. 
Supporting data are included in accompanying tables. Tables 2.3-1 through 2.3-18, 2.3-20 through 
2.3-30 and 2.3-33 provide information about the site climatology and meteorology. They are the 
historical record for the site and are not updates on a continual basis. Table 2.3-19 also provides 
meteorological information but the information continues to be of interest and use to station 
personnel. As such, it will be updated to reflect major changes which affect plant safety or as 
needed. Tables 2.3-31 and 2.3-32 provide information regarding the ongoing site meteorological 
monitoring program and will be updated as necessary. Tables 2.3-34 through 2.3-77 provide 
information regarding atmospheric diffusion estimates. They also provide historical record for the 
site and are not updated on a continual basis. 

2.3.1 REGIONAL CLIMATOLOGY

The climatology of the Millstone site region may be reasonably described by data collected by the 
National Weather Service at Bridgeport, Connecticut. The National Weather Service Station for 
Bridgeport is located at the Sikorsky Memorial (Bridgeport Municipal) Airport, approximately 50 
miles west-southwest of the site. The airport is located on a peninsula which protrudes into Long 
Island Sound in a similar manner to the Millstone site peninsula.

The Bridgeport meteorological data are reasonably representative of the climate at the Millstone 
site since both Bridgeport and the site are influenced by similar synoptic scale and mesoscale 
meteorological conditions. Temperature data prior to January 1, 1948, and precipitation and 
snowfall data prior to March 1, 1948, are from cooperative observers in the Bridgeport area. 
Following these dates, all data were collected at Bridgeport Municipal Airport locations. From 
May 16, 1953, to February 29, 1960, and June 1, 1981, to June 30, 1982, the Bridgeport weather 
station was closed between the hours of 11 p.m. and 6 a.m. During these time periods, hourly data 
were recorded 16 hours per day by the National Weather Service (NOAA 1971, 1990).

2.3.1.1 General Climate

The general climate of the region is described with respect to types of air masses, synoptic 
features, general airflow patterns, temperature, humidity, precipitation, and relationships between 
synoptic-scale atmospheric processes and local meteorological conditions.

2.3.1.1.1 Air Masses and Synoptic Features

The Millstone site region has a continental climate, modified by the maritime influence of Long 
Island Sound and the Atlantic Ocean, immediately to the south and southeast. The general 
eastward movement of air encircling the globe at middle latitudes transports large air masses into 
the region. Four types of air masses usually produce the meteorology in the region of the 
Millstone site: cold, dry continental polar air originating in Canada; warm, moist tropical air 
originating over the Gulf of Mexico and the Atlantic Ocean; cool, damp maritime air originating 
over the North Atlantic; and modified maritime air originating over the Pacific Ocean. Constant 
interaction of these air masses produces a large number of migratory cyclones and accompanying 
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weather fronts, passing near or over the site region throughout the year. These weather systems 
are strongest during the winter and decrease in intensity during the summer. Infrequently, a storm 
of tropical origin affects the Millstone site region.

2.3.1.1.2 Temperature, Humidity, and Precipitation

The mean annual temperature is approximately 51°F at Bridgeport, Connecticut. Due to the 
proximity of Long Island Sound and the Atlantic Ocean, both the heat of summer and the cold of 
winter are moderated. During the summer months, normal monthly temperatures near the 
shoreline average 3°F to 5°F cooler than nearby inland stations. Temperatures of 90°F or greater 
occur an average of seven days per year at Bridgeport, while temperatures of 100°F or greater 
have occurred only in July and August; with an extreme maximum of 103°F occurring in July 
1957. Freezing temperatures have not been recorded during the summer months (NOAA 1990). 

Winters are moderately cold, but seldom severe. Minimum daily temperatures during the winter 
months are usually below freezing, but subzero (°F) readings are observed, on the average, less 
than one day every two years. Below zero temperatures have been observed in each winter month, 
with an extreme minimum of -20°F occurring in February 1934 (NOAA 1971, 1990). 

Table 2.3-1 presents monthly, seasonal, and annual averages and extremes of temperature at 
Bridgeport (NOAA 1970, 1975, 1975, 1978, 1981; Weather Bureau 1959; Weather Bureau 1960), 
while Table 2.3-2 gives the mean number of days with selected temperature conditions (NOAA 
1970, 1974, 1975, 1978, 1981). 

The normal annual precipitation at Bridgeport is well distributed throughout the year. Migratory 
low-pressure systems, and their accompanying frontal zones, produce most of the precipitation 
throughout the year. From late spring through early fall, bands of thunderstorms and convective 
showers produce considerable rainfall. These storms, often of short duration, frequently yield the 
heaviest short-term precipitation amounts. During the remainder of the year, the heaviest amounts 
of rain and snow are produced by storms moving up the Atlantic coast of the eastern United 
States. Precipitation of 0.01 inch or more occurs approximately 117 days annually (NOAA 1990). 

On the average, relative humidity values are lowest during the winter and spring months in the 
early afternoon. Relative humidity values are at a maximum during the summer and fall months in 
the early morning hours. On occasions, the humidity is uncomfortably high for periods up to 
several days during the warmer months. Table 2.3-3 (NOAA 1970, 1974, 1975, 1978, 1981; 
NOAA 1949-1980) gives the monthly, seasonal, and annual averages and extremes of relative 
humidity.

2.3.1.1.3 Prevailing Winds

The weather pattern in the region is controlled by the global band of prevailing westerly winds 
throughout most of the year. These winds act as the steering currents for synoptic scale weather 
systems which produce day-to-day weather changes.
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During the winter months, the predominating northwesterly winds transport cold, dry air from the 
northern United States and Canada into the region. From April through September, warm and 
often humid southwesterly winds occur most frequently. Winds from the south through the 
west-southwest sectors occur nearly 42 percent of the time during the summer months, displaying 
the increased activity of a sea breeze during these months. Table 2.3-4 presents monthly, seasonal, 
and annual frequency distributions of wind direction at Bridgeport, while Table 2.3-5 (NOAA 
1949-1980) shows directional persistence. Winds were assumed to persist if they remained in the 
same 22.5-degree sector for at least 5 consecutive hours. 

The annual frequency of calm winds (less than 2 mph) is 2.9 percent. The highest frequency of 
calm and light winds (less than or equal to 3 mph) occurs during the summer season. Higher wind 
speeds commonly occur from November through April when weather systems of synoptic scale 
are strongest. Wind speeds greater than 25 mph occur 6.2 percent of the time during the months of 
December through February. Table 2.3-6 (NOAA 1949-1980) gives the frequency distributions of 
wind speed at Bridgeport.

2.3.1.1.4 Relationships of Synoptic to Local Conditions 

The inland terrain in Connecticut is not pronounced enough to produce any significant local 
modifications of synoptic conditions at the shoreline. The shoreline areas do, however, experience 
local modifications of synoptic patterns because of the temperature differences between air over 
land and air over water. The most pronounced modification is the development of a diurnal sea 
breeze, commonly experienced in the months of April through October on sunny days. During the 
daytime on these days, solar heating of land causes relative low pressure over land near ground 
level and relative high pressure over water offshore. This results in the setup of a mesoscale wind 
circulation near the shoreline from water to land, with a return flow aloft. This sea breeze is 
sometimes strong enough to set up in the face of an offshore pressure gradient (i.e., northerly 
winds) but it most commonly occurs as a reinforcement of the typical summertime southwesterly 
wind flow associated with an offshore high pressure system. 

2.3.1.2 Regional Meteorological Conditions for Design and Operating Bases 

Seasonal and annual frequencies of severe weather phenomena are provided in this subsection. 

2.3.1.2.1 Strong Winds 

Strong winds, usually caused by intense low pressure systems, tropical cyclones, or passages of 
strong winter frontal zones, occasionally affect the region. For the period from 1961 through 
1990, the fastest mile wind speed recorded at Bridgeport was 74 mph occurring with a south wind 
in September 1985. Table 2.3-7 lists extreme wind speeds on a monthly, seasonal, and annual 
basis (NOAA 1990). 

Fastest-mile wind speeds of 50, 60, 70, 75, and 90 mph are expected to recur at the site in 
intervals of approximately 2, 10, 25, 50, and 100 years, respectively, according to a study by 
Thom (1968). Based on observations from Montauk Point (located about 23 miles southeast of 
Millstone Point on the eastern tip of Long Island), the maximum reported wind speed in the 
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region was associated with the passage of a hurricane during which sustained winds of 115 mph, 
with short-term gusts up to 140 mph (Dunn and Miller 1960) were observed.

2.3.1.2.2 Thunderstorms and Lightning

Thunderstorms most commonly occur during the late spring and summer months, although they 
have been observed during all months of the year. Severe thunderstorms with strong winds, heavy 
rain, intense lightning, and hail have infrequently affected the region. Table 2.3-8 presents the 
monthly, seasonal, and annual frequency of thunderstorm days at Bridgeport (NOAA 1990).

A study of storm data indicates that intense lightning often accompanies strong thunderstorms in 
the region. Lightning strikes have injured or killed people and animals, caused numerous power 
failures, and have damaged or destroyed dwellings by setting them afire (NOAA 1959-1981).

The frequency of lightning strikes during a thunderstorm is dependent upon the storm's intensity 
and development. A nomograph of the number of lightning strikes per year (normalized for a 
region with 30 thunderstorm days per year) as a function of isolated object height, indicates about 
2 strikes per year for a 450-foot object located on level terrain (Viemeister 1961).

The quantity of charge flowing out of a single stroke is typically 20 coulombs with a range from 

10 to 50 coulombs (Tverskoi 1965). The current strength may reach 1.0 to 1.5x105 amperes; but 

for 80 percent of the measured cases, it does not exceed 2.0x104 amperes (Tverskoi 1965).   A 

reasonable estimate of 2.0 to 2.5x104 amperes (Tverskoi 1965; Neuberger 1965) is common for a 
fully developed thunderstorm.

2.3.1.2.3 Hurricanes

Storms of tropical origin occasionally affect the region during the summer and fall months. 
According to a statistical study by Simpson and Lawrence (1971), the 50-mile segment of 
coastline on which Millstone is located, was crossed by five hurricanes during the 1886 through 
1970 period.

2.3.1.2.4 Tornadoes and Waterspouts

From a study of tornado occurrences during the period of 1955 through 1967 (augmented by 
1968-1981 storm data reports), the mean tornado frequency in the one-degree (latitude-longitude) 
square where the Millstone site is located is determined to be approximately 0.704 per year 
(NOAA 1959-1981; Pautz 1969). Applying Thom's method for determining the probability of a 
tornado striking a point on the Millstone site, it is conservatively estimated to be 0.00055 per year 
with a recurrence expected every 1,804 years (Thom 1963). Section 2.3.2.3.1 discusses the design 
basis tornado.

Waterspouts have been observed over the waters of Long Island Sound (NOAA 1959-1981). Six 
waterspouts were observed off shore of Connecticut from 1955 through 1967 (Pautz 1969).
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2.3.1.2.5 Extremes of Precipitation

The normal annual precipitation at Bridgeport is 43.63 inches. Since 1894, annual totals have 
ranged from a minimum of 23.03 inches in 1964, to a maximum of 73.93 inches in 1972. Monthly 
precipitation totals have ranged from 0.07 inch in June 1949 to 18.77 inches in July 1897. Since 
1949, the maximum measured 24-hour rainfall has been 6.89 inches occurring in June 1972 
(NOAA 1971, 1990). 

Table 2.3-9 lists normal precipitation amounts and extreme 24-hour and monthly rainfall values at 
Bridgeport (NOAA 1970, 1974, 1975, 1978, 1981 and January - June 1982; Weather Bureau 
1960). Table 2.3-10 lists estimated extreme short term precipitation quantities (Hershfield 1961).

2.3.1.2.6 Extremes of Snowfall

Measurable snowfall has occurred in the months of November through April, although heavy 
snowfall occurrences are usually confined to the months of December through March. The mean 
annual snowfall at the present Bridgeport location is 25.3 inches, with totals since 1932 ranging 
from 8.2 inches in the 1972-1973 season, to 71.3 inches in the 1933-1934 season. The maximum 
monthly snowfall, occurring in February 1934, was 47.0 inches. Since 1949, both the maximum 
measured snowfall in 24 hours (16.7 inches), and the greatest snowfall in one storm (17.7 inches) 
occurred during the same storm in February 1969. The maximum measured snowfall in 24 hours 
(16.7 inches) was matched again in January 1978. Snowfalls of 1.0 inch or more occur 
approximately 7 days annually. Table 2.3-11 gives the monthly, seasonal, and annual snowfall 
statistics (NOAA 1971, 1990).

The 100-year recurrence maximum snow load is estimated to be 31 lb/sq ft (ANSI 1972). 
Assuming a snow-to-water ratio of 8.7 to 1 (calculated using data from 10 snowstorms of 
0.10-inch precipitation or more during 1974 and 1975 (NOAA 1974-1975), the corresponding 
100-year snow depth is estimated to be about 52 inches. The 48-hour probable maximum winter 
precipitation snow accumulation is about 48 inches (Riedel et al., 1956). When added to a 
snowpack of 52 inches, the total snow depth is about 100 inches. Snow load data available from a 
study conducted by the Housing and Home Finance Agency (1952) also suggests that the total 
weight of the 100-year recurrence maximum snow load when added to the maximum probable 
single storm accumulation would be about 60 lb/sq ft, or total depth of about 100 inches. (See 
Section 2.3.2.3.3 for design snow load information.)

2.3.1.2.7 Hailstorms

Large hail, which sometimes accompanies severe thunderstorms, occurs infrequently in the 
Millstone area. Based on a 1955 through 1967 study (Pautz 1969), hailstones with diameters 
greater than or equal to 0.75 inch occur at an average of 1.4 times per year in the 1-degree 
(latitude-longitude) square where the Millstone site is located. During the period of 1959 through 
1981, the largest hailstones observed in the 1-degree square containing the site were qualitatively 
described as “baseball” size, and occurred in Groton, Connecticut (5 miles northeast of the site), 
on May 29, 1969 (NOAA 1959-1981). Most hail reported in the area is less than 0.5 inches in 
diameter.
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2.3.1.2.8 Freezing Rain, Glaze, and Rime

Freezing rain and drizzle are occasionally observed during the months of December through 
March, and only rarely observed in November and April. An average of 18.5 hours of freezing 
rain and 8.5 hours of freezing drizzle occur annually in the region. In the 32-year period, 1949 
through 1980, all cases of freezing precipitation were reported as light (less than 0.10 inch per 
hour), except for 1 hour of moderate (0.10 to 0.30 inch per hour). Table 2.3-12 presents average 
monthly, seasonal, and annual occurrences of freezing precipitation at Bridgeport (NOAA 
1949-1980).

According to a study by Bennett (1959), based on 9 years of data, ice accumulations of greater 
than 0.25 inch due to freezing precipitation may be expected to occur about one time per year. Ice 
accumulations greater than 0.50 inch may be expected about once every two years. The maximum 
ice accumulation is estimated to be 1.68 inches based on Bridgeport observations (NOAA 1949 
through 1981), and assuming a conservative average rainfall of 0.07 inch per hour.

2.3.1.2.9 Fog And Ice Fog

The average annual fog frequency (with visibility less than 7 miles) is 13.3 percent at Bridgeport, 
with the maximum monthly frequency of fog (16.4 percent) occurring in May (NOAA 
1949-1980). The average annual ground fog frequency is 2.2 percent, with October having the 
maximum monthly frequency of 3.4 percent. Only 1 hour of heavy ice fog, a winter phenomenon, 
has been recorded during the period of 1949 through 1980.

Heavy fog (visibility of 0.25 mile or less) occurs an average of 1.5 percent of the time, on about 
29 days annually (NOAA 1970, 1974, 1975, 1978, 1981), and predominantly during the months 
of December through June. The maximum number of consecutive hours of heavy fog observed 
during the period 1949 through 1964 was 26. Table 2.3-13 presents monthly, seasonal, and annual 
frequencies of various fog conditions based on 1949 through 1980 data at Bridgeport, Connecticut 
(NOAA 1949-1980).

2.3.1.2.10 High Air Pollution Potential

The Millstone site is in an area of relatively infrequent episodes of high air pollution potential. 
The continuous progression of large scale weather systems across North America frequently 
changes the air mass in the region and allows only infrequent extended periods of air stagnation. 
According to Holzworth (1972), high meteorological potential for air pollution occurs an average 
of about two times per year. A stationary high-pressure system over the eastern United States is 
generally the cause of these high air pollution potential days.

2.3.1.2.11 Meteorological Effects on Ultimate Heat Sink

A depression of water levels in Long Island Sound may result from an intense storm or hurricane 
moving up the Atlantic coast. The most conservatively calculated depression (NNECO 1974a) 
does not exceed the operable depth of safety related service water pumps in the intake structure 
(Section 2.4).
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2.3.2 LOCAL METEOROLOGY

Local meteorology for the Millstone site is described by weather observations taken over a 
32-year period (1949 through 1980) at Bridgeport and by data collected during a 8-year period 
(1974 through 1981) by an instrumented meteorological tower at Millstone. The Bridgeport 
weather facility at Sikorsky Airport is located southeast of Bridgeport (an urban industrial area) 
and about 1 mile from Long Island Sound. The Millstone meteorological tower is located on a 
point of land right at the shore and is surrounded by water on three sides. The water temperatures 
in the eastern end of Long Island Sound (Millstone area) tend to be somewhat cooler than water 
temperatures in the western end (Bridgeport) because of water exchange with the Atlantic Ocean. 
This is particularly true in the summer. In spite of these differences in location, the meteorological 
conditions are similar. Millstone data for a 8-year period (1974 through 1981) were compared 
where possible to Bridgeport data for the same period. The comparisons indicated that 
meteorological conditions at the two locations were similar and thus that the 32-year Bridgeport 
data base can be used to reasonably represent long-term meteorology at Millstone.

2.3.2.1 Normal and Extreme Values of Meteorological Parameters

2.3.2.1.1 Wind Conditions

Table 2.3-14 shows monthly and annual summaries of wind speed and direction at Bridgeport for 
1949 through 1980. Table 2.3-15 shows monthly and annual summaries of wind speed and 
direction at Millstone for 1974 through 1981, taken from the 10-meter level on the meteorological 
tower.

Table 2.3-16 compares the frequency of wind directions by quadrant at Millstone and Bridgeport 
for the comparison period (1974 through 1980, and 1974 through 1981) and relates both to the 
short-term (8-year) and long-term Bridgeport data base. There is good statistical agreement 
between the sites. Table 2.3-17 compares the frequency of wind speeds by quadrant in a similar 
manner. Wind speeds at Bridgeport are somewhat higher; this may be due to the greater elevation 
of the wind sensor at Bridgeport for a part of the comparison period and most of the long-term 
period. Nonetheless, there is reasonable agreement between the sites. Table 2.3-18 shows the 
directional persistence by compass sector of 10-meter winds at Millstone from 1974 through 
1981. Table 2.3-5 shows the directional persistence by compass sector of winds at Bridgeport 
from 1949 through 1965.

2.3.2.1.2 Air Temperature and Water Vapor

Tables 2.3-1 and 2.3-3 give the normal and extreme values of air temperature and humidity for 32 
years of Bridgeport data. Table 2.3-19 presents normal and extreme values of air temperature, 
dewpoint temperature, absolute humidity, and relative humidity for 19 years of Millstone data at 
the 10-meter level. Tables 2.3-20 and 2.3-21 compare Bridgeport and Millstone data for the same 
data period. Temperatures at Millstone are slightly cooler than at Bridgeport, probably reflecting 
cooler water temperatures around Millstone, the presence of an urban heat island affecting 
Bridgeport, and closer proximity of the Millstone instrumentation to the shoreline. Dewpoint 
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temperatures are about the same at both sites. Relative humidity values are slightly higher at 
Millstone than at Bridgeport, reflecting the cooler temperatures at Millstone.

2.3.2.1.3 Precipitation

Tables 2.3-9 through 2.3-12 give the normal and extreme values of precipitation based on long 
term Bridgeport data. No precipitation data are collected at Millstone.

2.3.2.1.4 Fog and Smog

Table 2.3-13 provides a summary of fog conditions based on long term Bridgeport data. Most of 
the heavy fog in the Millstone area is an advection type caused by the passage of warm moist air 
over relatively cold water. Since Millstone has greater exposure to the cooler waters of eastern 
Long Island Sound and the Atlantic Ocean, the frequency of heavy fog there is expected to be 
somewhat greater than the frequency at Bridgeport. This expectation is borne out in Table 2.3-22, 
which compares heavy fog occurrence at Bridgeport to that at Block Island (NOAA 1970, 1974, 
1975, 1978, 1981). Block Island has greater exposure to cool waters in all directions and 
experiences a higher frequency of heavy fog than Bridgeport. The frequency of occurrence of 
heavy fog at Millstone is probably greater than that at Bridgeport but less than that at Block 
Island. The Millstone meteorological tower at one time had a visibility monitor, and joint 
frequency summaries of visibility, wind direction, and atmospheric stability are provided for 
Millstone data in Table 2.3-23. The visibility monitor reflects the occurrence of haze, rain, and 
snow as well as fog and consequently may not be directly compared to either Bridgeport or Block 
Island fog occurrence data, which are derived from actual visual observations of fog.

Table 2.3-24 provides monthly frequencies of the duration of poor visibility conditions (less than 
1 mile) as measured by the Millstone visibility monitor for a 8-year period. Similar information 
for Bridgeport is not available.

2.3.2.1.5 Atmospheric Stability

Table 2.3-25 shows the percentage distribution of stability data within the seven classes specified 
by Regulatory Guide 1.23 (Table 1.8-1) for the period 1949 through 1980 at Bridgeport. The 
method used to assign a datum to a particular stability class is based on a parameterization of 
incoming solar radiation and wind speed and is known as the STAR method. This method yields a 
low percentage of cases in the A stability class (Pasquill classification method) at Bridgeport 
because a solar angle of at least 60 degrees is required concurrent with relatively clear skies; this 
requirement is fulfilled only on sunny June and July days for a few hours around solar noon. Also, 
E, F, and G stabilities are constrained to occur only during nighttime hours by this program, and 
the Bridgeport data are thus unable to reflect daytime occurrences of stable conditions such as 
those associated with the shallow inversions of a sea breeze.

Table 2.3-26 shows the percentage distribution of stability data within seven classes for the 1974 
through 1981 period at Millstone, based on vertical temperature difference measurement at three 
levels on the meteorological tower. Table 2.3-27 shows the same information, based on wind 
direction variance measurements at the four wind instrument levels on the tower.
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Table 2.3-28 compares the stability class distribution at Bridgeport for the period 1974 through 
1980 to that at Millstone for the period 1974 through 1981. The distributions are not particularly 
comparable because of the differences in methodology.

Table 2.3-29 shows cumulative frequency distributions of the duration of inversion conditions (E, 
F, and G stability class) by month for the 1974 through 1981 data at Millstone, based on vertical 
temperature difference measurements at three levels on the meteorological tower.

2.3.2.1.6 Seasonal and Annual Mixing Heights

Seasonal and annual mixing height data for Millstone are adapted from Holzworth (1972) and 
shown in Table 2.3-30. No direct measurements of mixing height are made.

2.3.2.2 Potential Influence of the Plant and Its Facilities on Local Meteorology

Millstone 3 uses a once-through cooling water system, discharging its cooling water into an 
existing quarry, into which Millstone Units 1 and 2 also discharge, and then into Long Island 
Sound. Thin wisps of steam fog occasionally form over the quarry and less frequently over the 
discharge plume during the winter months, depending on tidal conditions and temperature 
differences between air and water. This fog dissipates rapidly as it moves away from the water 
area. The areal extent of the steam fog is negligible.

2.3.2.3 Local Meteorological Conditions for Design and Operating Bases

2.3.2.3.1 Design Basis Tornado

The design basis tornado for Millstone 3 (used for missile damage estimates) was developed from 
Regulatory Guide 1.76 (Table 1.8-1). The specifications are as follows:

Maximum wind speed 360 mph

Rotational speed 290 mph 

Maximum translational speed 70 mph

Pressure drop 3.0 psi

Rate of pressure drop 2.0 psi/sec

Based on descriptions of Connecticut tornadoes (NOAA 1959-1981; Pautz 1969), a tornado more 
severe than this has never been recorded in Connecticut.

2.3.2.3.2 Design Basis Hurricane

The design basis hurricane for Millstone (used for flooding and setdown estimates) was 
developed in the Millstone 3 PSAR (NNECO 1974b). The specifications are:
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Central pressure index 27.26 inches

Peripheral pressure 30.56 inches

Radius to maximum winds 55 miles

Angle of maximum wind from direction of travel 115 degrees

Maximum gradient wind 124 mph

Speed of translation 17 mph

This design hurricane is considerably more intense than the worst on record (Hurricane of 1938).

2.3.2.3.3 Snow Load

The design total snow load (Section 2.3.1.2.6) for Millstone (used for Category I building design) 
is 60 lb/sq ft (depth of 100 inches). This is assumed to consist of a preexisting snowpack of depth 
48 inches and a 2-day winter snowstorm delivering another 52 inches. Conditions like this have 
not been recorded on the Connecticut shoreline. The roofs of safety-related structures are 
designed for a snow load of 60 lb/sq ft. The roofs of nonsafety-related structures (convention) are 
designed for a snow load of 40 lb/sq ft which exceeds the ANSI requirement of 30 lb/sq ft. 

2.3.2.3.4 Rainfall

The design maximum rainfall rate for Millstone (used in the original site flooding estimate) was 
9.4 inches in 1 hour. Roof drainage was originally designed for a rainfall rate of 6.5 inches per 
hour. Site flooding and roof drainage have since been assessed for a rainfall rate of 17.4 inches in 
1 hour. The maximum 24 hour rainfall recorded at Bridgeport was 6.89 inches in June 1972.

2.3.2.3.5 Adverse Diffusion Conditions

The occurrence of adverse diffusion conditions (low winds, high stabilities, sea breeze 
fumigation, long periods of directional persistence of winds, or long periods of persistence of high 
stabilities) used for diffusion estimates at Millstone, are considered in the methodology of the 
diffusion estimates that appear in Sections 2.3.4 and 2.3.5.

2.3.2.4 Topography

The topography around Millstone is marked by low rolling hills rising inland from the shoreline. 
The maximum height of the surrounding terrain within 5 miles of the site is about 250 feet above 
mean sea level (msl) at 3.2 miles to the north-northwest. To the south of the site, from east 
through west, is open water. Figure 2.3-1 shows the general topography of the Millstone area. 
Figures 2.3-2 and 2.3-3 show vertical profiles of maximum elevations versus distance from the 
plant for each of 16 compass sectors to 5 miles. Figures 2.3-4 through 2.3-5 are the vertical 
profiles to 50 miles.
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2.3.3 ON-SITE METEOROLOGICAL MEASUREMENTS PROGRAM

The meteorological monitoring program at the Millstone site began in August 1965 to collect 
preoperational wind and temperature data for Millstone 1. The program initially consisted of 
collecting analog data from a 140-foot instrumented tower and manually digitizing these data into 
hourly values which served as the basis for appropriate joint frequency distributions and 
atmospheric diffusion analyses for both Millstone 1 and 2. After the publication of Regulatory 
Guide 1.23 (as Safety Guide 23 in 1972), the on-site meteorological program was found to be 
deficient with respect to the requirements of this guide regarding both data recovery rates and 
instrumentation specifications. In late 1973, a new meteorological tower which met the 
requirements of Regulatory Guide 1.23 was erected and instrumented. Eight full calendar years of 
data (1974, 1981) from this new tower are used in the climatological summaries presented in this 
section. The following sections refer only to the new tower and the on-site program after late 
1973. 

In 1992 a backup meteorological mast was installed near the EOF. The backup mast provides a 
secondary source of on-site meteorological data in the event data from the primary tower is not 
available. This mast consists of wind speed and direction instrumentation at the 33 foot level 
above grade. Atmospheric stability can be estimated using the variance of the wind direction. The 
backup mast 33 foot wind data can be extrapolated upward to provide estimates of wind at heights 
which correspond to the primary tower wind measurement elevations.

2.3.3.1 Measurement Locations and Elevations

All primary measurements are made at the meteorological tower. The tower is located on a point 
of land about 1,200 feet south-southeast of the Millstone 1 turbine building, which is the nearest 
large structure. The top of this building is at elevation 105 feet, msl. The base of the tower is at 
approximate elevation 15 feet msl; plant grade for Millstone 1 and 2 is 14 feet msl, and for 
Millstone 3 is 24 feet msl. The top of the tower is at 465 feet msl; the top of the Millstone stack is 
389 feet msl. Figure 1.2-1 shows the tower location with respect to plant layout. The tower 
measures meteorological parameters at five levels. All measurements are taken on the tower 
except solar radiation which is taken to the south of the tower in a shadow-free area. Table 2.3-31
lists the measurements and their elevations. All measurements are continuous.

Backup meteorological measurements are made at the backup meteorological mast. The base of 
the backup mast is at 73 feet (MSL).

2.3.3.2 Meteorological Instrumentation

The instruments used on the tower and mast were selected for conformance with the 
recommendations of Regulatory Guide 1.23 and are listed in Table 2.3-32. All temperature 
sensors are mounted in aspirated radiation shields. 

All instruments are calibrated quarterly by a trained instrument technician. Wind speed and 
direction sensors are removed from the tower and mast at least semiannually and replaced with 
newly calibrated sensors. The removed wind speed sensors are sent to an instrument vendor for 
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replacement of worn components, recalibration to initial specifications, and certification. The 
removed wind direction sensors are reconditioned by an instrument technician by replacement of 
worn components, recalibration to initial specifications, and certification. Temperature sensors 
and temperature difference sensors are calibrated quarterly on the tower by immersion of both in 
ice baths; the resultant output is compared to 0°C.

Routine inspection visits to the tower and mast are conducted by instrument technicians who 
execute a checklist designed to identify any instrument problems. Additionally, emergency visits 
are made when a company meteorologist or other qualified person identifies an instrument 
problem through daily inspection of telemetered data. These procedures ensure prompt repair of 
any malfunctioning instrument and a high rate of data recovery.

2.3.3.3 Data Recording Systems and Data Processing

Tower and mast data is digitized and processed by data loggers. One data logger is located within 
the instrument shelter at the base of the tower and receives tower and solar radiation data and one 
data logger is located within the instrument shelter adjacent to the Site Training Facility and 
receives mast data. These data loggers provide digital data to the Unit 2 and Unit 3 plant process 
computers and to each of two Environmental Data Acquisition Network (EDAN) field 
minicomputers, through separate transmission paths. Tower and mast data is available for display 
at each of these four, redundant digital recording systems.

An EDAN host computer collects and saves data from all EDAN field minicomputers. Once 
loaded on the host computer, the data are available for inspection, editing, and analysis. Data is 
saved on a mirrored disk system on the host computer. Periodic database backups are performed 
to protect against data loss. Additionally, recent data is available on each field computer for 
restoration to the host, if necessary.

The EDAN field minicomputers are checked for correct operation during scheduled inspections 
by technicians. Emergency visits are made if inspection of telemetered data indicates the field 
minicomputer is malfunctioning. Correct operation of the host computer is checked every work 
day by a computer operator. Transfer of the data between the field and host computers is 
monitored by both a computer operator and by an automated process for detecting the failure of 
field computers to report to the host computer. Both field and host minicomputers undergo 
rigorous preventive maintenance programs. Troubleshooting is accomplished by on-call computer 
technicians. These procedures assure prompt repair of any malfunctioning component. 

2.3.3.4 Quality Assurance for Meteorological System and Data

Figure 2.3-7 is a simplified diagram of the procedures developed to ensure that the entire path 
from sensor to the final data used for analyses is as free from errors as possible, that the data are of 
assured quality, that questionable or bad data are corrected or deleted, and that an adequate rate of 
data recovery is achieved. Table 2.3-33 shows the monthly and annual recovery rates for 8 years 
(1974, 1981) of Millstone meteorological data. Records are kept of the data in the form received 
(raw data) and in the final form (edited data). Records are also kept for the editing operations 
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performed and the basis for these operations, such as calibration adjustments and the deletion of 
data during periods of instrument malfunction.

2.3.3.5 Data Analysis

The digital data recording system produces 15-minute average data that are directly suitable for 
input into site climatology or atmospheric diffusion models.

Monthly and annual joint frequency distributions of wind speed, wind direction, and atmospheric 
stability for each level on the meteorological tower are contained in Tables 2.3-15 and 2.3-18. 
These analyses are based on Millstone data collected during 1974 through 1981. Section 2.3.2
compares these analyses with the long- term Bridgeport data (1949 through 1980). The data used 
to prepare these analyses are available in printed form or on magnetic tape and upon request may 
be obtained from the Environmental Programs Department.

2.3.4 SHORT-TERM (ACCIDENT) DIFFUSION ESTIMATES

2.3.4.1 Objective

Accidents at Millstone 3 are assumed to result in airborne radioactive releases from various 
release points. For various time periods after an accident, atmospheric diffusion factors (X/Q) 
were calculated for emissions from Millstone 3 at the exclusion area boundary (EAB) and low 
population zone (LPZ) for each downwind sector.

The distances from each release point to the EAB in each sector are given in Table 2.3-34. The 
LPZ is taken to be 3860 meters in all sectors from any release point.

2.3.4.2 Calculation

Accident X/Q's were calculated using the basic methods of Regulatory Guide 1.145. For elevated 
releases, the X/Q's for the first four hours are calculated using a seabreeze fumigation model 
adapted from Regulatory Guide 1.3. X/Q values for the control room were calculated using 
approved methods such as Regulatory Guide 1.194.

2.3.4.3 Results

The calculated X/Q's used in DBA radiological consequence calculations are presented with the 
list of assumptions used in each calculation.

2.3.5 LONG TERM (ROUTINE) DIFFUSION ESTIMATES

2.3.5.1 Calculation Objective

Low levels of radioactivity are routinely released from the Millstone stack and the MP3 vent. 
Atmospheric Diffusion Factors (X/Q) based on site meteorological data are calculated for various 
downwind receptor locations of interest. The meteorological data is used to calculate the dose 
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consequences to the public from routine airborne effluents. The calculated doses are submitted 
annually to the NRC.

2.3.5.2 Calculations

2.3.5.2.1 Release Points and Receptor Locations

Routine releases occur from both the MP3 vent and the Millstone stack. Releases from the 
Millstone stack are considered elevated. The distances from each release point to the nearest land 
and nearest residence in each downwind sector are listed in Table 2.3-34 and used in X/Q 
calculation.

2.3.5.2.2 Database

Calculations are performed on a quarterly basis using the actual meteorology for that period.

2.3.5.2.3 Models

All X/Q and D/G values are calculated from hourly in-site meteorological data via methods 
adapted from Regulatory Guide 1.111 using a conventional Gaussian plume model.
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TABLE 2.3–1 MONTHLY, SEASONAL, AND ANNUAL AVERAGES AND EXTREMES 
OF TEMPERATURE AT BRIDGEPORT, CONN. (1901-1981)  

CLICK HERE TO SEE TABLE 2.3-1
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TABLE 2.3–2 MEAN NUMBER OF DAYS WITH SELECTED TEMPERATURE 
CONDITIONS AT BRIDGEPORT, CONN. (1966-1981)

CLICK HERE TO SEE TABLE 2.3-2
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TABLE 2.3–3 MONTHLY, SEASONAL, AND ANNUAL AVERAGES AND EXTREMES 
OF RELATIVE HUMIDITY AT BRIDGEPORT, CONN. (1949-1981) 

CLICK HERE TO SEE TABLE 2.3-3
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TABLE 2.3–4 MONTHLY, SEASONAL, AND ANNUAL FREQUENCY 
DISTRIBUTIONS OF WIND DIRECTION AT BRIDGEPORT, CONN. (1949-1980) 

CLICK HERE TO SEE TABLE 2.3-4
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TABLE 2.3–5 OCCURRENCE OF BRIDGEPORT WIND PERSISTENCE EPISODES 
WITHIN THE SAME 22.5-DEGREE SECTOR (1949-1965) 

CLICK HERE TO SEE TABLE 2.3-5
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TABLE 2.3–6 MONTHLY, SEASONAL, AND ANNUAL FREQUENCY 
DISTRIBUTIONS OF WIND DIRECTION AT BRIDGEPORT, CONN. (1949-1980) 

CLICK HERE TO SEE TABLE 2.3-6
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TABLE 2.3–7 MONTHLY, SEASONAL, AND ANNUAL WIND SPEED EXTREMES AT 
BRIDGEPORT, CONN. (1961-1990) 

CLICK HERE TO SEE TABLE 2.3-7
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TABLE 2.3–8 MEAN NUMBER OF DAYS OF THUNDERSTORM OCCURRENCE AT 
BRIDGEPORT, CONN. (1951-1981) 

CLICK HERE TO SEE TABLE 2.3-8
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TABLE 2.3–9 MONTHLY, SEASONAL, AND ANNUAL AVERAGES AND EXTREMES 
OF PRECIPITATION AT BRIDGEPORT, CONN. (1901-JUNE 1982)  

CLICK HERE TO SEE TABLE 2.3-9
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TABLE 2.3–10 ESTIMATED PRECIPITATION EXTREMES FOR PERIODS UP TO 24 
HOURS AND RECURRENCE INTERVALS UP TO 100 YEARS 

CLICK HERE TO SEE TABLE 2.3-10
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TABLE 2.3–11 MONTHLY, SEASONAL, AND ANNUAL AVERAGES AND EXTREMES 
OF SNOWFALL AT BRIDGEPORT, CONN. (1893-JUNE 1990) 

CLICK HERE TO SEE TABLE 2.3-11
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TABLE 2.3–12 MONTHLY, SEASONAL, AND ANNUAL AVERAGES OF FREEZING 
RAIN AND DRIZZLE AT BRIDGEPORT, CONN. (1949-1980) 

CLICK HERE TO SEE TABLE 2.3-12
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TABLE 2.3–13 AVERAGE MONTHLY, SEASONAL, AND ANNUAL HOURS AND 
FREQUENCIES (PERCENT) OF VARIOUS FOG CONDITIONS (1949-1980) AT 

BRIDGEPORT, CONNECTICUT 

CLICK HERE TO SEE TABLE 2.3-13
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TABLE 2.3–14 MONTHLY AND ANNUAL WIND DIRECTION AND SPEED 
DISTRIBUTIONS FOR SURFACE WINDS, AT BRIDGEPORT, CONN. (1949-1980) 

CLICK HERE TO SEE TABLE 2.3-14
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TABLE 2.3–15 MONTHLY AND ANNUAL WIND DIRECTION AND SPEED 
DISTRIBUTIONS FOR 33-FOOT WINDS AT MILLSTONE (1974-1981) 

CLICK HERE TO SEE TABLE 2.3-15
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TABLE 2.3–16 COMPARISON OF WIND DIRECTION FREQUENCY DISTRIBUTION 
BY QUADRANT AT BRIDGEPORT, CONN. AND MILLSTONE 

CLICK HERE TO SEE TABLE 2.3-16
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TABLE 2.3–17 COMPARISON OF AVERAGE WIND SPEED BY QUADRANT AT 
BRIDGEPORT, CONN. AND MILLSTONE 

CLICK HERE TO SEE TABLE 2.3-17
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TABLE 2.3–18 OCCURRENCE OF WIND PERSISTENCE EPISODES WITHIN THE 
SAME 22.5-DEGREE SECTOR AT MILLSTONE (1974-1981) 

CLICK HERE TO SEE TABLE 2.3-18
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MPS3 UFSAR
TABLE 2.3–20 COMPARISON OF MONTHLY AND ANNUAL AVERAGE DRY-BULB 
AND DEWPOINT TEMPERATURE AVERAGES AT BRIDGEPORT, CONN. AND 

MILLSTONE 

CLICK HERE TO SEE TABLE 2.3-20
2.3-44 Rev. 30



MPS3 UFSAR
TABLE 2.3–21 COMPARISON OF MONTHLY AND ANNUAL AVERAGE RELATIVE 
HUMIDITY AVERAGES AT BRIDGEPORT AND MILLSTONE 

CLICK HERE TO SEE TABLE 2.3-21
2.3-45 Rev. 30



MPS3 UFSAR
TABLE 2.3–22 MEAN NUMBER OF DAYS WITH HEAVY FOG AT BRIDGEPORT, 
CONN. AND BLOCK ISLAND, RHODE ISLAND (1951-1981) 

CLICK HERE TO SEE TABLE 2.3-22 
2.3-46 Rev. 30



MPS3 UFSAR
TABLE 2.3–23 WIND DIRECTION/STABILITY CLASS/VISIBILITY JOINT 
FREQUENCY DISTRIBUTION AT MILLSTONE 

CLICK HERE TO SEE TABLE 2.3-23 
2.3-47 Rev. 30



MPS3 UFSAR
TABLE 2.3–24 PERSISTENCE OF POOR VISIBILITY (≤ 1 MILE) CONDITIONS AT 
MILLSTONE (HOURS) (1974-1981) 

CLICK HERE TO SEE TABLE 2.3-24 
2.3-48 Rev. 30



MPS3 UFSAR
TABLE 2.3–25 BRIDGEPORT PASQUILL STABILITY CLASS DISTRIBUTION (1949-
1980) 

CLICK HERE TO SEE TABLE 2.3-25 
2.3-49 Rev. 30



MPS3 UFSAR
TABLE 2.3–26 MILLSTONE STABILITY CLASS DISTRIBUTION USING DELTA-T 
FOR STABILITY DETERMINATION 

CLICK HERE TO SEE TABLE 2.3-26 
2.3-50 Rev. 30



MPS3 UFSAR
TABLE 2.3–27 MILLSTONE STABILITY CLASS DISTRIBUTION USING SIGMA 
THETA FOR STABILITY DETERMINATION

CLICK HERE TO SEE TABLE 2.3-27 
2.3-51 Rev. 30



MPS3 UFSAR
TABLE 2.3–28 COMPARISON OF PASQUILL STABILITY CLASS DISTRIBUTION AT 
BRIDGEPORT, CONN. AND MILLSTONE 

CLICK HERE TO SEE TABLE 2.3-28 
2.3-52 Rev. 30



MPS3 UFSAR
TABLE 2.3–29 PERSISTENCE OF STABLE CONDITIONS (E, F, AND G STABILITIES) 
AT MILLSTONE (1974-1981) 

CLICK HERE TO SEE TABLE 2.3-29 
2.3-53 Rev. 30



MPS3 UFSAR
TABLE 2.3–30 SEASONAL AND ANNUAL ATMOSPHERIC MIXING DEPTHS AT 
MILLSTONE

CLICK HERE TO SEE TABLE 2.3-30 
2.3-54 Rev. 30



MPS3 UFSAR
TABLE 2.3–31 ON-SITE METEOROLOGICAL TOWER MEASUREMENTS  

* Base of tower at 15 ft msl
** Mounted on a platform to south of tower
*** Base of mast at 73 ft msl

PRIMARY METEOROLOGICAL TOWER

Elevation (above base) *

Measurements(ft) (m)

447 136.3 Wind Speed and Variance  
Wind Direction and Variance  
Air Temperature  
Temperature Difference to 10 m 
Level

374 114.0 Wind Speed and Variance  
Wind Direction and Variance  
Temperature Difference to 10 m 
Level 

142 43.3 Wind Speed and Variance  
Wind Direction and Variance  
Temperature Difference to 10 m 
Level

64 19.5 Air Temperature 

33 10.0 Wind Speed and Variance  
Wind Direction and Variance  
Air Temperature  
Humidity

5 1.5 Solar Radiation **

BACKUP METEOROLOGICAL MAST 

Elevation (above base) ***

Measurements (ft) (m)

33 10.0 Wind Speed and Variance  
Wind Direction and Variance
2.3-55 Rev. 30



MPS3 UFSAR
TABLE 2.3–32 MILLSTONE METEOROLOGICAL TOWER INSTRUMENTATION

Parameter Sensor Model 

Wind Speed Climatronics F460 

Wind Direction Climatronics F460 

Temperature Climatronics 100093 

Temperature Difference Climatronics 100093 

Humidity Climatronics 100098 

Solar Radiation Eppley 848 
2.3-56 Rev. 30



MPS3 UFSAR
TABLE 2.3–33 MONTHLY SUMMARY OF DATA RECOVERY RATES/
METEOROLOGICAL SYSTEM 

CLICK HERE TO SEE TABLE 2.3-33 
2.3-57 Rev. 30
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2.4  HYDROLOGIC ENGINEERING 

The information given here is sufficient for making an independent hydrological engineering 
review of hydrologically related design bases, performance requirements, and bases for operation 
of structures, systems, and components important to safety. It considers the hydrological 
phenomena and conditions associated with the site. It also gives the flooding protection 
requirements and the emergency operation requirements.

2.4.1 HYDROLOGIC DESCRIPTION

This section describes the site and all safety related elevations, structures, exterior accesses, 
equipment, and systems from the standpoint of hydrologic considerations.

2.4.1.1 Site and Facilities

Millstone Point is located on the north shore of Long Island Sound. To the west of the site is 
Niantic Bay and to the east is Jordon Cove. Figure 2.4-1 shows the topography of the site, and 
Figure 2.3-1 shows the general topography of the Millstone area. As discussed in Section 2.4.5, 
the large radius, slow forward speed of translation, probable maximum hurricane (RL/ST PMH) 
was used to calculate the maximum still water level, or surge, and the design basis flood level 
(maximum combination of storm surge and wave runup). All safety related unit structures and 
equipment, except the circulating and service water pump house, are protected from flooding due 
to storm surge by the site grade of elevation +24 feet msl. Flood protection of the pump house and 
other safety related structures and facilities from hydrologically or hydrometeorologically 
induced flooding is discussed in Section 3.4.1.

2.4.1.2 Hydrosphere

The public water supplies within a 20 mile radius of the site are identified on Figure 2.4-2. The 
surface and groundwater supplies within a 20 mile radius are identified and their characteristics 
are listed in Table 2.4-1. This information was furnished by the Water Supplies Section, Bureau of 
Health Promotion and Disease Prevention of the Connecticut State Health Department. The 
nearest surface water supply is the New London Water Company's Lake Konomac, 6 miles north-
northwest of the site. No surface drainage from the site could affect these reservoirs due to the 
distance involved, the topography, the expected groundwater gradient between the reservoir areas 
and the site, and the generally impervious nature of the overburden on and near the site.

The bedrock surface outcrops at the south end of Millstone Point and is generally covered with a 
layer of dense glacial till towards the north end. Groundwater flows across the site through the 
pervious outwash sands in a northeast-southwest direction towards Long Island Sound at 
approximately a 2-percent gradient, as shown on Figure 2.5.4-37. Some surface water collects in 
depressions in the marshy areas north of the site.

Section 2.4.13 describes the groundwater hydrology in the vicinity of the site.
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An abandoned granite quarry is located on the southeast side of Millstone Point. Rock outcrops on 
the promontories with beach deposits located in the protected areas of the shoreline. Much of the 
southern portion of Millstone Point is protected from wave action by concrete seawalls adjacent 
to the intake structures of the three Millstone units.

Normal tides at Millstone Point are semidiurnal with a mean range of 2.7 feet and a spring range 
of 3.2 feet. Tides in excess of the mean high water occur on an average as follows: in excess of 3 
feet about once a year, in excess of 2 feet about 5 times a year, and in excess of 1 foot about 98 
times a year. Mean high water (mhw) at Millstone Point is 1.3 feet msl. Mean low water (mlw) is 
-1.4 feet msl.

Tidal current measurements were made at various locations in the vicinity of Millstone Point, by 
the Essex Marine Research Laboratory in 1965, and by the U. S. Coast and Geodetic Survey 
(USC&GS, now NOAA) in August and September of 1965. Figure 2.4-3 shows the location of 
the survey stations.

The results of the Essex Marine Laboratory tidal current survey (Figure 2.4-4), taken at the index 
station indicate an asymmetry between the flood and ebb tides, with the flood tide achieving a 
peak velocity of 1.75 fps and the ebb tide reaching a peak velocity of 1.48 fps. The USC&GS 
1965 data are generally consistent with the data collected by the Essex Marine Laboratory.

Bottom profiles (Figure 2.4-5) were run by Essex Marine Laboratory from Station 1 through 
Station 2 to the shoreline, and from Station 4 to Station 3 to the shoreline, with a continuous 
recording fathometer. Using a mean velocity of 0.857 fps for the tidal cycle beginning 1 hour 
before low slack water on September 2, 1965 (obtained from the current survey) calculations 
show a mean tidal flow of 126,287 cfs in the Twotree Island Channel, and 79,186 cfs across the 
section running from Station 4 northeast toward the shore.

2.4.2 FLOODS

This section reviews the flood history in the vicinity of Millstone Point, flood design 
considerations, and the effects of local intense precipitation.

2.4.2.1 Flood History

The only sources of flooding that could affect Millstone 3 are direct rainfall and storm surge. 
Section 2.3.1 discusses historical rainstorms. Historical hurricanes and the resulting surges are 
described in this section.

Since Millstone Point is a peninsula projecting into Long Island Sound, it is subjected to tidal 
flooding from severe storms. The highest such flooding has resulted from the passage of 
hurricanes. The literature (NOAA 1968, U.S. Army Corps of Engineers 1965, Harris 1963, and 
Redfield et al., 1957) indicates that twelve severe hurricanes have crossed coastal southern New 
England since 1635 and that four of these storms occurred in the past 40 years.
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These four are listed below along with the location where each storm center entered southern New 
England and its distance from Millstone Point. The tabulation also gives maximum flood tide 
levels recorded in the vicinity of Millstone Point.

Figure 2.4-6 is a frequency plot of tidal flooding at New London, Connecticut, about 10 miles east 
of Millstone Point. This figure was based on information presented in Plate 1-6 of the U.S. Army 
Corps of Engineers report (1965). The plot is based on 25.5 years of records (July 1938 - 
December 1963) at a recording tide gage located at the State Pier in New London since July 1938 
and 149 year record (1815- 1963) of high water marks. The continuous tide record was used to 
define the lower end of the frequency curve, and the record of high water marks was used to 
establish the upper portion of the curve. Because of the proximity of Millstone Point to New 
London and because of the similar exposure of the two areas to tidal flooding, the frequency plot 
is representative of Millstone Point tidal flood frequencies. This plot indicates that the 9.7-foot 
level recorded during the 1938 hurricane would have a recurrence interval of about 335 years and 
the 8.9-foot level reached in 1954 would have a recurrence interval of about 100 years.

2.4.2.2 Flood Design Considerations

The controlling event for flooding at the Millstone site is a storm surge resulting from the 
occurrence of a probable maximum hurricane (Section 2.4.5). As discussed in Section 2.4.5, the 
maximum still water level is +19.7 feet msl, and the associated wave runup elevation is +23.8 feet 
msl. All safety related unit structures and equipment, except the circulating and service water 
pumphouse, are protected from flooding due to storm surge by the site grade elevation for Unit 3 
of +24.0 feet msl. The service water pumps and motors are located at elevation +14.5 feet msl 
inside watertight cubicles of the pumphouse. The walls of the cubicles are watertight to elevation 
+25.5 feet msl, protecting the pump motor control centers and associated electrical equipment 
from flooding due to wave action and storm surge. The front wall of the intake structure extends 
to elevation +43.0 feet msl; it is designed to withstand the forces of a standing wave or clapotis 
with a crest elevation of +41.2 feet msl. Section 3.4.1 gives further flood design considerations on 
storm surge and wave action.

Storm Center Flood Tide 

Date of 
Hurricane Inland Crossing 

Distance from 
Millstone Point 

Flood Tide Levels 
(msl in feet) 

9/21/38 15 miles east of New Haven 20 miles west 9.7

9/14/44 Between Charlestown, RI, 
and Pt. Judith, RI

35 miles east 6.2

8/31/54 Vicinity of Millstone Point Within vicinity 8.9

9/12/60 Vicinity of Millstone Point Within vicinity 6.0
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The design basis flood levels for the Millstone site comply with Regulatory Guide 1.59, Revision 
2, as follows:

1. The design basis flood levels comply with Regulatory Guide 1.59, Revision 2, 
Positions C.1.b, C.1.e, and C.4.

2. Regulatory Guide 1.59, Revision 2, Positions C.1.a, C.1.c, C.1.d, C.2.a, C.2.b, 
C.2.c, C.2.d, and C.3 are not applicable.

Refer to Section 1.8 for clarification to Position C.1.

No commitments for compliance are made or implied for the “to be issued” appendices.

2.4.2.3 Effect of Local Intense Precipitation

Hydrometeorological Report No. 33 (U.S. Weather Bureau 1956) was used to develop the design 
basis probable maximum precipitation (PMP) for the site. In addition, the most recent PMP 
guidance available on rainfall depth-duration relations, Hydrometeorological Reports No. 51 
(Schreiner 1978) and No. 52 (Hansen 1982), collectively referred to as HMR-51/52, was used to 
determined the impact of this ultra- conservative PMP-induced site flooding on plant safety-
related structures.

The all season envelope PMP for the site based on HMR-51/52 is tabulated below. PMP values 
for durations of 5 to 15 minutes for drainage basins of less than 1 square mile are applicable to the 
Millstone site.

The storm drains are designed to pass, without flooding, a rainfall intensity of 6.5 iph for an 
unlimited duration.

A study was performed to determine the impact of the HMR-51/52 PMP intensity on the roof. 
Roof area and ponding level due to PMP for Category I structures are presented in Table 2.4-12. 
Results of the study show that roofs of safety related structures are capable of withstanding loads 
due to accumulation of rainwater (see Table 2.4-9). Scuppers are provided in parapet walls of the 
control, hydrogen recombiner, and containment enclosure buildings to preclude the possibility of 

Probable Maximum Precipitation 

Duration Rainfall Depth for 1 mi2 Area (inches) 
Hydromet 

Report Number 

5 min 5.86 52

15 min 9.22 52

30 min 13.2 52

1 hr 17.4 52

6 hr 26.0 51
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a large depth of standing water remaining on the roof in the unlikely event that the roof drains 
were plugged. Details of scuppers are provided on Figure 2.4-34. Roof ventilators are 
weatherproof and are located above the level of maximum ponding on the roofs.

Covers of equipment removal hatches are located on curbs which are higher than the roof parapet 
walls with the exception of the hydrogen recombiner building, control building, and the 
circulating and service water pumphouse. The hydrogen recombiner building hatch is flush with 
the roof slab. The entire roof is covered with a waterproof sheet membrane. The membrane is 
covered with a 6 inch thick reinforced concrete wearing slab. No leakage is anticipated. The 
intake pumphouse and control building hatch cover seals remain structurally intact under 
hydrostatic loading, which is not capable of overcoming the dead weight of the concrete hatch 
covers acting on the seals. Details for sealing of the hatch covers are provided on Figures 2.4-35, 
2.4-36, and 2.4-37.

The overflow lengths of the parapet wall on the roof used in PMP analysis for Category I 
structures are presented in Table 2.4-13.

It was estimated that the seal of the hatch cover on the control building roof would be under a 
maximum depth of 3 inches of water for a short duration, during the peak roof ponding due to a 
PMP event. To make the seal watertight, a continuous 0.5 inch thick by 4 inch neoprene pad is 
cemented to the sill angle, which is embedded along the perimeter of the hatch cover curb. The  
0.5 inch thickness envelopes the permitted tolerance in the construction of the hatch cover and the 
curb.

Site ground elevation surrounding all buildings is elevation 24.0 feet msl with all safety related 
building entrances and ground level floors set at elevation 24.5 feet except the Demineralized 
Water Storage Tank (DWST) Block House and Refueling Water Storage Tank (RWST)/SIL Valve 
Enclosure. The entrance elevation for the DWST Block House is elevation 24.33 feet with ground 
level floor set at elevation 24.0 feet msl and the entrance and ground level floor for the RWST/SIL 
Valve Enclosure are set at elevation 24.33 feet msl. The yard area north of the control building 
and the waste disposal building is depressed below elevation 24.0 feet to create a swale to drain 
the PMP flood flow. The site was considered to be rendered impermeable due to saturation prior 
to the onset of the precipitation of highest intensity.

The site was divided into drainage basins according to the revised topography and plant layout as 
shown on Figure 2.4-7. Runoff hydrographs were developed using the U.S. Army Corps of 
Engineers HEC-1 flood hydrograph computer program. The surface area of buildings that were 
within the drainage basins were included in the runoff calculations. The following two 
conservative assumptions were made for this analysis: (1) no credit was taken for the site storm 
drainage system, and (2) zero infiltration rate was assumed for the analysis. Data for the drainage 
basins, runoff coefficients, and computed flows are presented in Table 2.4-10.

Modifications were made to the grading plan at the site boundary to prevent water in Basins A 
and B from flowing into Basins C and D where the safety related structures are located.
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Flow from three Drainage Basins (C, C′ and D as shown on Figure 2.4-7) on site affects water 
levels at safety related structures. Basin C consists of the yard area north of the control building 
and waste disposal building. Basin C′ consists of the yard area north of Basin C as constricted by 
existing structures. Basin D consists of the yard area south of the containment building. Flood 
water from basin C flows west past the waste disposal building to the area north of the control 
building, and then over the roadway to the west of the site. Water from Basin C′ has been 
conservatively assumed to contribute totally to Basin C flows. Water from Basin D flows east 
between the containment building and the railroad tracks, through the Unit 2 area and on to the 
quarry southeast of the site.

The computed flows were then used to determine the water surface profile for each basin by 
utilizing the latest version of the U.S. Army Corps of Engineers HEC-2 Computer Program 
(Water Surface Profiles, Computer Program 723-X6-L202A). The swales and depressions that 
form drainage channels were divided into reaches to construct the model. Cross sections were 
taken to accurately describe the channel, site topography, and project features such as road crowns 
and railroad tracks. The locations of the cross sections are shown on Figure 2.4-7. Conservative 
values for Manning's coefficient were chosen as follows: lawn areas 0.05, paved areas 0.015, 
combination paved and gravel areas 0.020 and gravel covered areas 0.025. PMP runoff was 
proportioned into local incremental flows and then introduced at the appropriate cross sections.

The computed water surface elevations at the safety related structures are summarized in  
Table 2.4-11. In Drainage Basin C, the computed water surface elevation exceeds the door sill 
elevation of 24.5 feet at the auxiliary building. In Drainage Basin D, the computed water surface 
elevation exceeds the door sill elevation of 24.5 feet at the main steam valve, auxiliary, 
engineered safety features, fuel and hydrogen recombiner buildings. A detailed analysis 
considering the effects of doors A-24-5 and A-24-6 in Drainage Basin D show that the water will 
not exceed elevation 25 feet inside door A-24-5. A ramp and curb are installed inside auxiliary 
building door A-24-5. The curb has a top elevation of 25.0 feet to keep runoff from Drainage 
Basin D from entering the auxiliary building.

Results of a detailed analysis of the hydrogen recombiner and main steam valve buildings showed 
that the depth of any potential inleakage would be on the order of 0.16 feet which is substantially 
less than the base of any safety related equipment. Detailed analysis of the engineered safety 
features building showed that the depth of any potential inleakage would be in the order of 0.44 
feet in the worst location which is substantially less than the base of any safety related equipment. 
Detailed analysis of the auxiliary building in Drainage Basin C and the fuel building in Drainage 
Basin D showed that any potential inleakage would be insignificant and would not affect any 
safety related equipment.

In Drainage Basin D, the computed water surface elevation 24.85 feet exceeds the entrance floor 
elevation of 24.33 feet at the DWST Block House and the RWST/SIL Valve Enclosure. The worst 
submergence level of 24.85 feet would not affect any safety related equipment in the DWST 
Block House and RWST/SIL Valve Enclosure.

Service building exterior door may allow a small amount of inleakage into the service building. 
This water may leak into the auxiliary building or control building. The total inleakage into the 
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auxiliary building or control building would be insignificant and result in submergence levels 
much less than that used for the environmental design of mechanical and electrical equipment as 
identified in Section 3.11.

Since the intensity of winter PMP is only about half of the annual PMP (U.S. Weather Bureau 
1956) and the snow accumulation on the road is plowed regularly, flooding at the site is not 
anticipated in the winter.

2.4.3 PROBABLE MAXIMUM FLOOD ON STREAMS AND RIVERS

There are no major rivers or streams in the vicinity of Millstone Point, nor are there any 
watercourses on the site. A number of small brooks flow into Jordan Cove, east of the site, and 
into the Niantic River and thence to Niantic Bay, west of the site. Any flooding of these brooks, 
even as a result of the probable maximum precipitation, would not significantly raise the water 
levels in Niantic Bay, Jordan Cove, or Long Island Sound in the vicinity of the site. Additionally, 
in each area, local topography precludes flooding of any portion of the site from the landward 
side.

2.4.4 POTENTIAL DAM FAILURES, SEISMICALLY INDUCED

Since there are no major rivers or streams in the vicinity of Millstone Point, the effects of 
potential dam failures, seismically induced, are not applicable.

2.4.5 PROBABLE MAXIMUM SURGE AND SEICHE FLOODING

2.4.5.1 Probable Maximum Winds and Associated Meteorological Parameters

The meteorological characteristics used to calculate the probable maximum storm surge at the 
Millstone Point site are those associated with the PMH as reported by the U.S. National Oceanic 
and Atmospheric Administration (NOAA) in their unpublished report HUR 7-97 (NOAA 1968). 
HUR 7-97 describes the PMH as “...a hypothetical hurricane having that combination of 
characteristics which will make it the most severe that can probably occur in the particular region 
involved.” The hurricane should approach the point under study along a critical path and at an 
optimum rate of movement. The hurricane characteristics used in establishing the PMH include:

1. Central Pressure Index (CPI) - the minimum surface pressure in the eye of the 
hurricane

2. Radius of Maximum Wind (R) - the distance from the eye of the hurricane to the 
locus of maximum wind

3. Forward Speed (T) - the rate of forward movement of the hurricane center (eye)

4. Maximum Gradient Wind (Vgx) - the absolute highest wind speed in the belt of 
maximum winds
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5. Peripheral Pressure (Pn) - the surface pressure at the outer limits of the hurricane 
where hurricane circulation ends

HUR 7-97 presents values for each of those characteristics for each degree of north latitude along 
the East Coast United States. Single values are presented for CPI and P and three values are given 
for both R and T. Since Vgx is dependent upon Pn, CPI, and R, three values are also given for this 
parameter. At the Millstone Point latitude (approximately 41 degrees north) the following PMH 
characteristics are recommended in HUR 7-97 (NOAA 1968). 

1. CPI: 27.26 in Hg 

2. R for small radius storm (RS): 8 nmi

R for medium radius storm (RM): 24 nmi

R for large radius storm (RL): 48 nmi

3. T for slow forward speed (ST): 15 knots 

T for high forward speed (HT): 51 knots 

T for high forward speed (HT): 51 knots

4. Vgx for RS: 131 mph (114 knots) 

Vgx for RM: 128 mph (111 knots) 

Vgx for RL: 124 mph (108 knots) 

5. P: 30.56 in Hg 

The PMH maximum gradient wind speeds are used for surge analysis only, design wind loads for 
structures can be found in Section 3.3.1.

2.4.5.2 Surge and Seiche Water Levels

Although frontal storms and squall lines cause tidal flooding in the Millstone Point area, by far the 
most severe flooding has resulted from hurricanes. For this reason, the PMH as defined in HUR 
7-97 (NOAA 1968) was used to compute the design storm surge level at the site. The calculated 
total surge height or still water level includes the wind setup, the water level rise due to 
barometric pressure drop, the astronomical tide and forerunner or initial rise.

Calculation of the total surge height used a computerized bathystrophic storm surge model, which 
is based on procedures described in Freeman et al. (1957), Bodine (1971), Bretschneider et al. 
(1963), and Marinos et al. (1968). This theory was derived from the momentum and continuity 
equations with basic physical assumptions (Freeman et al., 1957, Bodine 1971). The model has 
been used to predict hurricane surge with good agreement with observed data (Bretschneider et 
al., 1963, Marinos et al., 1968). Use of this model requires that the storm be brought ashore from 
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the edge of the continental shelf in a direction perpendicular to the general trend of the bottom 
contours. The surge is computed along the path of the locus of maximum winds as the storm 
moves onshore. In determining the maximum surge at Millstone Point, the locus of maximum 
winds is brought inshore along a track which passes just to the east of the eastern end of Long 
Island. This track produces the maximum surge heights at the mouth of Long Island Sound and 
consequently at Millstone Point.

Use of the bathystrophic storm surge program requires the input of several meteorological and 
physical parameters, including: the central pressure, the peripheral pressure, the maximum wind 
speed, the radius to maximum wind, the speed of translation, the initial rise, the astronomical tide, 
the bottom profile along the track of the maximum winds, the bottom friction coefficient, and the 
shape of the curve describing the relationship between the ratio of wind speed at any point to 
maximum surface wind speed and the ratio of the radius at any point to the radius to maximum 
wind. In addition, provision is made to enter a wind stress correction factor.

In general, the maximum surge and maximum wave need not be coincidental. For this reason, 
surge, wave heights, and corresponding runup at different times were considered. The maximum 
combination of the surge and runup on various plant structures were considered as the most severe 
flood level for the site.

Memorandum HUR 7-97 (NOAA 1968) gives three different values for both radius to maximum 
wind and speed of translation; therefore, it was necessary to compute nine different surge levels 
using all of the possible combinations of meteorological parameters. These calculations indicated 
that the large radius (RL) slow speed of translation (ST) storm yields the highest surge level at 
Millstone Point. The input parameters for this storm are as follows:

Central pressure 27.26 inches Hg

Peripheral pressure 30.56 inches Hg

Maximum gradient wind 124 mph (108 knots)

Radius to maximum wind 48 nmi

Speed of translation 15 knots

Astronomical tide (10 percent exceedance high tide) 2.4 feet above msl

Initial rise (Regulatory Guide 1.59, Table C.1) 1.0 feet

Bottom friction 0.0025

Wind stress coefficient factor 1.10

Bottom profile (Figure 2.4-8)

Hurricane track (Figure 2.4-12)

Surge analyses based on different types of hurricanes show that the large radius, slow forward 
speed hurricane produces the maximum stillwater level at the Millstone site.
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The resulting maximum surge stillwater level is +19.7 feet msl. Additional surge data, including 
surge hydrographs for all three large radius storms, are shown on Figures 2.4-9 through 2.4-11.

2.4.5.3 Wave Action

Wave characteristics are dependent upon wind speed and duration, wind direction, fetch length, 
and water depth. Millstone Point is sheltered from the direct onslaught of open ocean waves by 
Long Island. Moreover, the unit itself is located on the western side of the Point and a 
considerable distance (about 2500 feet) inland from the southernmost tip. Thus, the topography of 
the Point itself protects the unit area from breaking waves during the period of peak tidal flooding 
when the winds are from the southeast quadrant.

For maximizing hurricane effects, the hurricane track was bent in order to have the maximum 
wind attack the site for the maximum possible time. The tracks are shown on Figures 2.4-12 
through 2.4-14. Because of the location of the site, two possible methods of generating maximum 
waves, deep- and shallow-water waves, were considered.

2.4.5.3.1 Deep Water Waves

The first method was to generate deep-water waves offshore of the continental shelf and let them 
propagate over the shelf to Block Island Sound, finally reaching the Millstone location. Two 
independent analyses, one graphically by Wilson (1955, 1963) and the other computational by 
Bretschneider (1972) provide comparison for deep water waves.

Wilson Analysis 

Wave forecasting in deep water depends on a number of empirical relationships involving the 
variables of significant wave height H, significant wave period T, wind velocity U, wind duration 
t, and length of the fetch F.

These relationships are as follows:

(2.4.1)

(2.4.2)

where:
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 H = Wave height (ft)

 U = Wind velocity (fps)

 c = Deep water velocity of significant waves (fps)

 x = Finite fetch over deep water (ft)

 g = Acceleration due to gravity (ft/sec2)

By using Equations 2.4-1 and 2.4-2 and the fact that the group velocity of the wave is half of its 
wave celerity, a H-t-F-T diagram covering the variables H, T, U, t, and F was constructed 
according to Wilson's graphical method. A transect along the forward direction on the hurricane 
wind field was then chosen, such that the wind components represent the maximum energy 
available for the wave generation. At this time, a space-time field of the wave generating wind 
component was constructed in conjunction with the hurricane forward velocity.

By adjusting the space-time field in the t-F quadrant of the H-t-F-T diagram, different significant 
wave heights and wave periods can be obtained for specific locations of the hurricane. This 
method was applied to the RL ST, RL MT, and RL HT probable maximum hurricanes, with the 
results given in Table 2.4-2. The low speed hurricane exhibited higher deep water waves than the 
medium or high speed hurricanes.

Special adaptation of the H-t-F-T diagram also gave information regarding time lags between 
surge levels and wave heights. This was accomplished by determining distances from the 
hurricane eye to the actual wave and noting that the hurricane travels at its translational velocity 
and the wave at its group velocity.

Bretschneider Analysis 

The analysis by Bretschneider (1972) uses empirical data of 51 typical hurricanes to determine 
nondimensional, stationary deep water wave field models. The maximum significant wave height 
due to a stationary hurricane is as follows:

 (2.4.3)

where: 

HR k' RΔP=
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k′ is determined from the 51 model hurricanes

HR = Maximum significant wave height at R, stationary hurricane (ft) 

R = Radius to maximum wind (nmi) 

ΔP = Central pressure reduction from normal (in Hg)

For a hurricane moving forward at a speed equal to or less than the critical forward speed (VCR = 
16.3 exp RΔP/200), it can be shown that:

 (2.4.4)

 ΔU = 1/2 V cos θ (2.4.5)

where:

H′R = Maximum significant wave height (feet, corrected for forward speed of hurricane)

UR = Maximum wind speed (knots)

V = Forward speed of hurricane (knots)

θ = Angle position of the radius measured counter-clockwise from its axis (degrees)

It was found that Bretschneider's estimate of hurricane waves produced by slow moving 
hurricanes was in agreement with the graphical solution of Wilson (Table 2.4-2). Bretschneider 
also provided formulation for calculating the critical wave speed. The medium and high-speed 
hurricanes were found to have forward speeds higher than the critical speed computed. Since 
Bretschneider's method included assumptions applying only to the slow moving storms, no 
comparison was possible with the waves generated by medium and high speed storms.

2.4.5.3.2 Shallow Water Waves

The second method considers shallow water wave generation. The geographic characteristics of 
Long Island Sound prevent deep-water waves from propagating through Long Island Sound. 
However, as hurricanes follow the track, moving over Long Island Sound and turning north-
eastward as shown on Figures 2.4-12 through 2.4-14, wind generates waves within the Sound. As 
a wave grows in height and length, the attenuation of energy by bottom friction begins to hinder 
its growth. The wave attack on site thus depends on the complex interaction of shoaling, bottom 
friction, refraction, wind duration, and available fetch.

Energy loss due to bottom friction has been studied by Putnam and Johnson (1949), Bretschneider 
and Reid (1954), and Bretschneider (1954a). Combining the deep-water wave relationship given 
by Wilson (1963) and the shoaling and energy dissipation by friction Putnam and Johnson (1949), 
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Bretschneider and Reid (1954), Bretschneider (1954a, b) used a numerical method to study 
shallow water wave generation.

Bretschneider's method (1954b) is extensively used in this study with a conservative friction 
coefficient of 0.01 as suggested by the U.S. Army Corps of Engineers, Shore Protection Manual 
(1977). However, instead of using a constant wind, a variable wind for generating the wave was 
taken to be the wind component along the specific direction of the hurricane.

Actual bottom topography along the specific direction was also used. The location and bottom 
topography of the three transects considered for Long Island Sound are shown on Figure 2.4-15. 
Wave heights generated by the slow, medium, and high speed PMH are shown in Tables 2.4-3 
through 2.4-5.

2.4.5.3.3 Wave Shoaling

Changes in deep-water waves occur as they cross the continental shelf into intermediate water 
depths. The effects which must be included are the combined effects of bottom friction, the 
continued action of the wind, and the forward speed of the hurricane. All of these effects were 
taken into account by a computer program following the method developed by Harrison and 
Wilson (1964).

The above method also makes use of dissipation functions, introduced by Putnam and Johnson 
(1949), which obtain the reduction factor due to friction for any bottom slope, depth, initial wave 
height, or wave period. The continued action of the wind was taken into account by using 
Bretschneider's (1954a) determination of energy added to wind stress. The results of wave height 
reduction due to shoaling, with dissipation functions included, are shown in Table 2.4-2.

2.4.5.3.4 Wave Refraction

The process of refraction causes water waves to change direction when going from deep water to 
shallow water, because the inshore portion of the wave front travels at a lower velocity than does 
the portion in deep water. It is this change in orthogonal directions which causes the wave heights 
to be either magnified or reduced.

A program by Harrison and Wilson (1964) was adopted for the wave refraction study.

With the depth information on the constructed grid layout and the incident wave period and angle, 
the program constructed the wave rays inside the grid layout. In each ray construction step, a 
linear interpolation from wave celerities at four adjacent grid points was used. Wave refraction 
was considered to be significant for waves traveling through the Block Island Sound grid (along 
with shoaling) and the Millstone grid (Figure 2.4-16). The actual areas considered, along with 
refraction diagrams at various angles of approach, are shown on Figures 2.4-17 through 2.4-21. 
The resulting wave heights after shoaling and refraction are shown in Table 2.4-2.
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2.4.5.3.5 Wave Runup

The wave data at three critical transects (Figures 2.4-22 through 2.4-25) was used to compute the 
elevation of maximum wave runup. Saville's method of composite slopes (U.S. Army Corps of 
Engineers 1977) was used, which relies on laboratory data to form curves relating the runup to 
wave steepness, structure type, and the depth at the structure toe. In order to obtain a maximum 
runup, the method of composite slopes was applied to several wave periods within the permissible 
range along with several controlling depths. The maximum runup for transects B and C, which 
occurs during the slow speed PMH, was calculated to be +23.8 feet msl and +21.2 feet msl, 
respectively.

2.4.5.3.6 Clapotis on Intake Structure

The water depth at the intake structure and the characteristics of the incident waves determine 
what type of waves would be formed at the intake, i.e., nonbreaking, breaking, or broken waves. 
Detailed analysis of incident waves showed only nonbreaking and broken waves are possible at 
the intake of Millstone 3. The bottom profile leading to the intake structure is shown on 
Figure 2.4-23.

Using the Miche-Rundgren (U. S. Army Corps of Engineers 1977) method, the maximum water 
level on the intake structure was calculated to be +41.2 feet msl. The maximum high water 
occurred for the slow speed PMH at the time of the peak surge of +19.7 feet msl and a wave 
height of 16.2 feet. Using this information, the maximum wave loading on the front of the intake 
structure was calculated and is shown on Figure 2.4-26.

2.4.5.4 Resonance

Resonance phenomena in a water body excited by incident waves from the open sea are 
associated with one or more of that body's natural periods. These natural periods vary with the 
size, shape, and depth of the water body. The extent of amplification at resonant period decreases 
with an increase in the order of harmonics considered. Therefore, in a resonant study, only the 
first few lower harmonics are of concern.

For the Millstone Point quarry in particular, neither the storm surge nor the waves associated with 
a PMH would cause the type of wave oscillations that are common in some harbors. The storm 
surge is a long wave whose period is far greater than the natural period of the quarry which is 
estimated to be about 1 minute. The net effect of the surge is to cause the water level in the quarry 
to vary slowly in accordance with the water level variations in the immediately adjacent areas of 
Long Island Sound.

During the peak surge period, general flooding of the Millstone Point area causes the quarry to 
become part of the open sea where resonance is not of concern. At a lower surge level, both before 
and after the peak surge period, the quarry is connected to Long Island Sound by the discharge 
channel which would allow waves to be transmitted in the quarry. However, because the incoming 
wave period would be in the order of 10 seconds, about one-sixth of the estimated natural period 
along the long axis of the quarry, there would be no significant amplification of the waves 
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transmitted into the quarry. Moreover, the shape of the quarry is irregular and its boundary walls 
are not vertical resulting in scattering and imperfect reflection of waves and thereby greatly 
dampening the available wave energy.

Because the quarry is deep (about 100 feet), the wind fetch is short (about 1,400 feet), and there is 
an outlet from the quarry to the Sound, there would be no natural period seiching in the quarry due 
to variable hurricane winds.

2.4.5.5 Protective Structures

All safety related structures and equipment, except the circulating and service water pumphouse, 
are protected from flooding due to storm surge and wave action by the site grade elevation of +24 
feet above msl. The effects of wave action on the pumphouse is the only topic discussed in this 
section, flood protection of the pumphouse is discussed in Sections 2.4.1 and 3.4.1.

The seaward wall of the intake structure is constructed of reinforced concrete designed to 
withstand the forces of a standing wave, or clapotis, with a maximum crest elevation of +41.2 feet 
msl. The resultant hydrostatic pressure distribution on the intake wall is shown on Figure 2.4-26.

To determine the maximum uplift pressure on the pumphouse floor, several combinations of surge 
level and coincident wave height for three different speed PMHs were examined. The maximum 
uplift pressure on the watertight cubicles within the pumphouse was generated by the maximum 
surge level of 19.7 feet msl and coincident wave height of 16.2 feet. The maximum net uplift 
pressure on the pumphouse floor with openings was generated by a surge level at the same level 
as the bottom of the pumphouse floor (11.5 feet msl) and a coincident wave height of 16.9 feet.

The calculated maximum uplift pressure on the watertight cubicles is 863 psf. The calculated 
maximum net uplift pressure on the pumphouse floor with openings is 557 psf. The pumphouse 
floor, including the watertight cubicles, is designed to withstand pressure of more than 863 psf.

The water level fluctuations within the pumphouse, resulting from storm surge and wave action, 
would be dampened by the energy lost in passage through the restricted openings in the trash 
racks, traveling screens, and operating deck. Internal water level fluctuations would be further 
attenuated because water must enter the structure through a submerged opening (elevation -7 to 
-30 feet) through which the pressure response factor would be less than unity.

Scour protection for the service water lines located behind the pumphouse is provided by a 
concrete retaining wall extending north from the west wall of the pumphouse.

Shoreline protection in the vicinity of the pumphouse to prevent beach erosion is discussed in 
Section 2.5.5.1.

2.4.6 PROBABLE MAXIMUM TSUNAMI FLOODING

The areas of the North American continent most susceptible to tsunamis are those bordering the 
Pacific Ocean and the Gulf of Mexico. Millstone Point is located on the North Atlantic coastline 
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where there is an extremely low probability of tsunamis. Therefore, tsunamis are not considered 
to be credible natural phenomena which might affect the safety of the Millstone site.

2.4.7 ICE EFFECTS

There is no history of ice in Niantic Bay or ice jam formation in the area of the circulating and 
service water pumphouse. It is considered highly unlikely that ice would form or collect in a 
manner or amount sufficient to obstruct the flow to safety related pumps (Section 2.2.3).

A reinforced concrete curtain wall located at the front of the pumphouse and extending to -7.0 feet 
msl precludes floating or partially submerged ice from entering the pumphouse and damaging or 
blocking the bar racks.

Frazil ice formation takes place in the presence of supercooling, where turbulence is too great to 
allow surface ice to form, and can adhere to surfaces with a temperature equal to or less than the 
freezing point of water. However, at velocities of less than 2 fps, submerged frazil ice rises to the 
surface and form sheet ice (Bureau of Reclamation 1974). Since the water velocity in the area of 
the bar racks is approximately 1 fps, the possibility of submerged frazil ice adhering to the bar 
racks is considered unlikely.

2.4.8 COOLING WATER CANALS AND RESERVOIRS

There are no cooling water canals or reservoirs which would have any effect on safety related 
equipment.

2.4.9 CHANNEL DIVERSIONS

There are no channel diversions to the cooling water supply which would have any effect on 
safety related equipment.

2.4.10 FLOODING PROTECTION REQUIREMENTS

Section 3.4.1 discusses the flooding protection of safety related structures, and Section 2.4.2 gives 
a detailed discussion of the design criteria for site and roof drainage facilities.

Section 2.4.13 states that there is one Technical Requirements Manual item and one plant 
procedure that describe the requirements for protection of safety related equipment and facilities 
due to flooding.

2.4.11 LOW WATER CONSIDERATIONS

2.4.11.1 Low Flow in Rivers and Streams

Since Millstone 3 does not depend on either rivers or streams as a source of cooling water, this 
section is not applicable.
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2.4.11.2 Low Water Resulting from Surges, Seiches, or Tsunamis

Probable minimum low water level at the Millstone 3 intake structure resulting from an 
occurrence of a PMH oriented so as to cause maximum depression of the water surface (setdown) 
at the site, is calculated to be -5.85 feet msl.

This estimate is based on a one-dimensional model with (U.S. Army Corp of Engineers 1977) 
with conservative assumptions regarding the hurricane track, wind field orientation, bottom 
profile, traverse line, and pressure effects. In addition, the model itself is inherently conservative 
because it does not consider return flow along the sides of the negative surge axis.

The large radius, slow speed of translation (LR/ST) PMH, with characteristics as specified in 
Section 2.4.5.1, is assumed to be the critical storm since the higher translational velocities of the 
high and medium speed of translation storms result in lesser offshore wind speeds on the 
backsides of those storms. The storm is assumed to approach along a track which is normal to the 
shoreline and which intersects the coast in western Rhode Island (Figure 2.4-27). The isovel 
pattern of the LR/ST PMH is assumed to be the overwater isovel pattern, (Figure 2.4-28) 
neglecting friction effects of overland traverse on the offshore part of the storm circulation. The 
wind field at Millstone results from the advection of this isovel pattern along the specified track 
and is shown on Figure 2.4-29. For the purpose of computing wind stress and resultant setdown, 
the offshore wind directions considered to apply are from 315 degrees clockwise through 045 
degrees (with respect to true north). For the time period during which the winds are within this 
offshore direction, the average offshore wind speed is 82 mph. This wind speed is assumed to be 
applied along the traverse line (axis) of an outward moving surge under steady state conditions 
where the water surface level is balanced by the wind stress. A constant wind direction parallel to 
the surge traverse line is also assumed as a steady state condition.

The surge traverse and bottom profile lines assumed for the model (Figure 2.4-27) are 
conservative assumptions because the effects of Long Island are ignored and the surge is assumed 
to be directed into the open ocean; that is, a traverse line inside Long Island Sound would not 
produce as much setdown because the length of available fetch would be much shorter and 
bottom friction effects more pronounced due to shallower water.

The setdown at Millstone under the above assumptions was calculated for a wind speed of 82 
mph. Figure 2.4-30 shows a plot of calculated setdown versus wind speed for a range of wind 
speeds from zero to 90 mph, added to the suggested 10-percent exceedence spring low tide level 
of -0.75 feet mlw. At 82 mph the probable minimum low water level is calculated to be -4.45 feet 
mlw or -5.85 feet msl.

The design low water level of the service water pumps is -8.0 feet msl, compared to a 
conservatively estimated -5.85 feet msl for probable minimum low water. Therefore, continuous 
operation of the service water pumps is ensured. The fire water pumps are supplied from two 
250,000 gallon storage tanks connected to the public water system of the Town of Waterford. 
Probable minimum low water has no effect on these pumps.
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2.4.11.3 Historical Low Water

Historical low tides at New London, Connecticut, from 1938 to 1974 are given in Table 2.4-6. 
The minimum tide level recorded at New London was about -4.8 feet msl on December 11, 1943.

2.4.11.4 Future Control

Consideration of future control of the cooling water source is unnecessary since the plant uses 
water from Niantic Bay. The use of water from the Bay by future users would not affect the 
cooling water supply because of the abundance of water available.

2.4.11.5 Plant Requirements

The ultimate heat sink consists of a single source of safety related cooling water, Long Island 
Sound. Long Island Sound contains sufficient volume to provide cooling for extended time 
periods (greater than 30 days) to permit safe shutdown of the unit. The minimum safety related 
cooling water flow required during accident conditions is provided in Table 9.2-1. Safety related 
plant water requirements for all modes of operation are given in Table 9.2-1.

During normal plant operation, cooling water is withdrawn from Long Island Sound and delivered 
by two of four available 15,000 gpm rated capacity service water pumps, enclosed in a Seismic 
Category I structure; the circulating and service water pumphouse (CSP). Figure 3.4-1 (sheets 3 
and 4) shows the CSP (Section 3.4), configuration and minimum design operating water level. 
Each service water pump is designed to operate with a minimum submergence requirement of 4 
feet.

2.4.11.6 Heat Sink Dependability Requirements

The ultimate heat sink for Millstone 3 is Long Island Sound. Sensible heat removed from both 
safety and non-safety related cooling systems during normal operation, shutdown, and accident 
conditions is discharged via the circulating and service water systems, through the quarry, and 
into Long Island Sound. Both the circulating and service water systems have as their source of 
water Niantic Bay, which is fed from Long Island Sound. The ultimate heat sink (Section 9.2.5) 
satisfies the requirements of Regulatory Guide 1.27.

Long Island Sound is capable of dissipating waste heat under all environmental and operating 
conditions. Table 2.4-7 lists the heat loads rejected under various operating modes.

The design low water level of elevation -8.0 feet msl for the service water pumps includes added 
conservatism to the calculated extreme low water level of elevation -5.85 feet msl (Section 
2.4.11.2). The suction bells of the Millstone 3 circulating and service water pumps are located at 
elevation -19.5 feet msl and elevation -13.0 feet msl, respectively; well below the low water 
levels. Therefore, during all operating conditions, sea water is available to the safety related 
service water pumps. Table 9.2 1 gives the minimum cooling water flow required accident 
conditions for safety related service water loads. The circulating water system cooling water flow 
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required during normal operating conditions is 912,000 gpm. Circulating water is not required 
during accident conditions.

The temperature extremes of the water in Niantic Bay and Long Island Sound are 80°F maximum 
and 33°F minimum (see Section 9.2.1.1). Long Island Sound and Niantic Bay can provide a 30 
day supply of service water that does not exceed the design temperature, under any 30 day 
meteorological conditions that result in maximum evaporation.

The applicants have no knowledge of any history of significant ice formation in Niantic Bay. It is 
considered highly unlikely that ice would form or collect in a manner or amount sufficient to 
obstruct the flow to the service water and circulating water pumps (Sections 2.4.7 and 2.2.3). A 
reinforced concrete curtain wall located at the front of the pumphouse and extending down to 
elevation - 7.0 feet msl acts as an air seal and also prevents floating or partially submerged debris 
and ice from entering the pumphouse. Additionally, the flow velocity at the bar racks is low 
enough to cause frazil ice to rise to the surface and form sheet ice, such that there would not be 
blockage affecting the service water pumps.

Sedimentation that would affect the safety function of the service water pumps is considered 
unlikely. The suction bells of the circulating water pumps are at an elevation 6.5 feet lower than 
the suction bells of the service water pumps. The rated flow capacity of the circulating water 
pumps is approximately ten times larger than that of the service water pumps. Therefore, any 
sediment that might settle in the pump bays downstream of the traveling screens would be 
removed by suction through the circulating water pumps before it could block the inlets to the 
safety related service water pumps. In the event that significant sedimentation should deposit on 
the floor of the pumphouse bays, it would be removed by occasional dredging.

2.4.11.7 Dispersion, Dilution, and Travel Times of Accidental Releases of Liquid Effluents in 
Surface Waters

Dispersion characteristics and dilution capability of Niantic Bay and Long Island Sound for an 
accidental release through the circulating water discharge tunnel is the only case discussed here. 
Section 2.4.13 discusses the effects of contamination of groundwater, which subsequently flows 
into Long Island Sound.

Predictions of the dispersion and dilution of the accidental releases of liquid effluents in surface 
water are divided into two regions:

1. In the near-field, the dilution is due to momentum induced mixing and turbulence 
mixing created by the surface discharge jet from the quarry through the quarry cut 
into Long Island Sound.

2. In the far-field, the dilution is due to ambient tidal current in Niantic Bay and Long 
Island Sound.

It is assumed that no dilution occurred within the quarry. In the near-field at the edge of mixing 
zone, the dilution factor was estimated to be 3 (E. E. Adams 1999). In the far-field dilution factors 
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were calculated using the two dimensional, vertically averaged numerical model as discussed in 
Regulatory Guide 1.113. The velocity field was computed from the following vertically integrated 
two-dimensional equations of mass and momentum conservation:

Mass:

(2.4.6)

Momentum:

(2.4.7)

(2.4.8)

where:

h = The wave height

h = The mean water depth 

t = Time coordinate

u and v = Velocity components in the x and y directions, respectively

y = A source term which is defined as the discharge or intake rate per unit area at a 
specified grid point

g = Gravitational constant

Pa = Atmospheric pressure

f = 2Ω sin ψ = the Coriolis parameter

in which:

Ω = The angular velocity of the earth

ψ = The latitude

Γw and Γb = Shear stresses at the water surface and the bottom, respectively.

(2.4.9)
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(2.4.10)

where:

C = The Chezy coefficient

Equations 2.4-6 and 2.4-7 represent a two-dimensional transient hydrodynamic mathematical 
model in a general form. The source term ϒ is included because it would simulate the intake and 
discharge flow effects on the ambient flow patterns. If the interested area is relatively small, Pa
can be assumed to be constant, and if there is no source or sink in the area (ϒ = 0), then Equations 
2.4-6 through 2.4-7 are those shown in page 1.113-15 of Regulatory Guide 1.113.

The numerical solution of Equations 2.4-6 through 2.4-8 was developed and a computer program 
was written. In using the computer program, a collection of square cells, with the height equal to 
the average water depth, is used to simulate Niantic Bay and the adjacent portion of Long Island 
Sound. A grid size of 1,000 by 1,000 feet was used. Figure 2.4-31 illustrates the area modeled by 
280 cells. The solid line defines the closed boundary which was chosen to closely approximate the 
shoreline geometry from Black Point to Seaside Point. The dashed line defines the open boundary 
which extends through the open water of Long Island Sound. The model boundary also includes 
the Niantic River estuary.

The model used tidal level information from the 1974 hydrographic hydrological survey as input 
to obtain flow pattern predictions (NUSCo. 1975). Current data from the same survey were used 
for comparison and calibration. The bottom roughness (Manning's coefficient) was assumed to 
equal one of three values (0.02, 0.03, or 0.045) depending on the bathymetric conditions and the 
velocity profiles obtained. A phase lag of 10.5 minutes was used across the model region (east to 
west). With these inputs and refinements, the model predicted the flow field and tidal heights 
within the model region. A comparison of the predicted flow field velocities at points where 
current meter measurements were available was performed (NUSCo. 1975). Reasonably good 
agreement between current direction and magnitude existed between predicted and observed data.

The output of the model indicates that during the strength of flood the flow pattern shows a 
general westward circulation with maximum velocities of 2 fps in the Twotree Island Channel. 
The high slack stage occurs approximately 0.52 hour after high tide. The flow pattern at this stage 
shows the low velocities and mixed directions characterizing this period of tide reversal. The tidal 
current stage of the Niantic River estuary lags in time and still shows a moderate flooding current 
(NUSCo. 1975).

The strength of ebb develops about 4.05 hours after high tide and the flow pattern is from west to 
east. Finally, low slack water occurs and a general mixed flow pattern precedes a reversal 
direction. The tidal current stage of the Niantic River still lags the outer bay and shows an ebbing 
flow.
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The general flow patterns are similar to those observed in past field surveys. They also indicate 
two phenomena recently noted in the summer 1973 survey data (NUSCo. 1975). First, there are 
no completely slack water conditions between the flood and ebb tides, a characteristic of rotary 
tidal current. Second, the time of lowest velocity does not always coincide with the high and low 
tide, as is observed in other bays along open coastlines, but rather exhibits a lag of from 1/2 to 1 
hour usually (NUSCo. 1975).

The resulting velocity field then becomes the advective mechanism in the following vertically 
averaged conservation equation for the dissolved constituent concentration C (from Regulatory 
Guide 1.113):

(2.4.11)

where:

H = Depth from water surface to bottom

Kx and Ky = Dispersion coefficients in the x and y directions, respectively

l = Decay coefficient

In the numerical computation, an initial concentration Co is arbitrarily assigned as one of the 
input data. The computer program computes the concentration, C(x,y), at every grid point in the 
interested area. The dilution factor, D, is given by:

 (2.4.12)

The dispersion coefficients, kx, ky, used in the model described above were determined by using 
the thermal plume survey data obtained in July 1977. In the process of calibrating the model for a 
two-unit operation, a sensitivity analysis shows that using a dispersion coefficient of 450 sq ft/sec 
with a limiting depth of 18 feet, the model yields results compatible with those from the dye 
survey (Liang and Tsai 1979).

Principal users of Niantic Bay or Long Island Sound waters in the vicinity of the plant are 
recreational users. Table 2.4-8 summarizes areas of recreational water use and their corresponding 
dilution factors. To be conservative, no travel time from the accidental release point (quarry cut) 
to users was taken into consideration in calculating the concentrations of liquid contaminants.
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The nearest industrial user of Long Island Sound water is the Pfizer Corporation located 5.5 miles 
east-northeast of Millstone Point. Normal or accidental releases from the site are not expected to 
affect this plant because of its distance from the site. No potential future users of Niantic Bay or 
Long Island Sound water are known at this time.

2.4.12 GROUNDWATER

2.4.12.1 Description and Onsite Use

Groundwater is not used as a source of plant water supply.

2.4.12.2 Sources

The Millstone site has several shallow wells near it, the nearest being about one-third of a mile 
from the station proper. None of these provides domestic drinking water, but one is used to water 
a nearby baseball field and to supply a drinking fountain at the field.

Three shallow wells (Figure 2.4-32) are located within 1.5 miles of the site; one nearly 1.5 miles 
to the north-northeast, one approximately 1 mile to the northeast, the third approximately  
0.5 mile to the northwest.

Figure 2.4-2 identifies the public water supplies within a 20 mile radius of the site.

Groundwater conditions on Millstone Point have been documented in previous studies for 
Millstone 1 and 2, and have been observed by water level observations in borings drilled for the 
Millstone 3 site study in 1972 (Section 2.5.4.6).

Prior to development of the site as a nuclear power facility, there existed a granite quarry located 
approximately 1,200 feet south- southeast of the Millstone 3 area. Observations of the water 
levels in the granite quarry show that the water level in the quarry before the existing discharge 
channel opened it to the ocean, typically lay approximately 17 feet below the level of the adjacent 
Long Island Sound. It is significant that this quarry was worked for over 100 years (1830-1960) at 
distances of as little as 200 feet from the waters of Long Island Sound without experiencing 
notable inflows of water indicating that the permeability of the bedrock is very low.

Pressure tests (Table 2.5.4-16) were conducted in the vicinity of the quarry and in the containment 
area as part of the Millstone 3 site study. These tests indicate that the bedrock is generally massive 
with slight to moderate interconnected jointing. Geologic mapping of the site bedrock indicated 
that the bedrock is fresh, hard crystalline rock with tight, moderately spaced joints. Very little 
inflow of water was noticed entering the excavations through the bedrock. These observations 
also suggest that the permeability of the bedrock is very low, and that very little groundwater or 
seawater seeps through the site bedrock.

Both the basal till and the overlying ablation till are relatively impervious. The ablation till soils 
are more pervious than the basal tills and occasionally exhibit partial stratification, including 
sporadic sand lenses; accordingly, the upper portions of the soil transmit water more readily than 
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the underlying dense basal tills. Groundwater levels appear to be subject to considerable seasonal 
fluctuations. In addition, borings taken prior to the 1972 Millstone 3 observations near the 
shoreline exhibited tidal fluctuations, suggesting that the occasional sand lenses can be quite 
permeable (Bechtel 1972).

Water levels measured in borings taken at the site in early 1972 indicate a groundwater 
piezometric surface with a gradient generally sloping from northeast to southwest (Figure 
2.5.4-37).

Localized perched groundwater conditions probably exist because of the irregular distribution of 
ablation till materials of varying gradation and porosity. It is also likely that shallow, ponded 
water exists in localized bedrock troughs. The prevalence of bedrock outcrops to the north and 
northwest of the site indicate that bedrock acts as groundwater divide, isolating the soils of the tip 
of Millstone Point from soils further inland.

Since there is no plant use of groundwater, and the plant area is isolated from soils further inland, 
there is no effect on groundwater on the site or surrounding areas.

Groundwater recharge would primarily be due to infiltration of local precipitation, with probable 
migration to the waters of the immediately-adjacent Long Island Sound. As previously described, 
little groundwater is present in the crystalline bedrock, and virtually all of the groundwater 
movement is restricted to the soil overburden. Measurements taken during previous investigations 
(Goldsmith 1960) showed average influx rates into test pits of about 8 gph and concluded that 
both the ablation and basal tills are relatively impervious.

2.4.12.3 Accident Effects

Within a 5-mile radius of the Millstone 3 containment structure, public water supplies originate 
from ground sources, most of which are shallow wells and distant from the site. Three shallow 
wells shown on Figure 2.4-32 are located within 1.5 miles of the site. There are ridges in between 
the Millstone 3 location and the wells which are undoubtedly underlaid by rock. They create a 
drainage divide, the groundwater flowing to the east and west and to the south. Water or 
chemicals accidentally released during operation or accident conditions to the site surface would 
not reach these wells. Accidental waste discharges would not affect public groundwater supplies 
since the Niantic River and Niantic Bay lie west and northwest of the site while accidental 
spillage in the soil or rock column at the site while the Jordan Cove drainage basin is east of the 
site. Any accidental spillage in the soil or rock column at the site would be interrupted by these 
bodies of water and would prevent contamination of distant groundwater sources. Elevations 
exceeding those of the site and at-surface bedrock ridges preclude migration of contaminated 
groundwater to the north.

An investigation of possible diffusion in the groundwater was made, in case of an accidental 
liquid release of waste on the site outside the normal flow paths.
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Liquid Release from Boron Recovery Tank 

It is estimated that 80 percent of tank volume (120,000 gal) liquid would be discharged into the 
ground and eventually would reach the groundwater following the assumed tank failure. The 
location of the boron recovery tank is such that the bedrock and basal till overlaying the rock 
(both with very low permeability) have higher elevations to the south, east, and west of the 
location. The rock contours to the northwest of the boron recovery tank indicate a depression 
considered a channel through which the fluid might flow toward the trench for the circulating and 
service water pipelines. The granular backfill to be used in this trench is estimated to have a 
higher permeability than other surrounding soils (tills); hence, the trench offers the most probable 
path for discharging the boron recovery tank liquid to Niantic Bay. Under these conditions, the 
length of the possible flow path (Figure 2.4-33) is approximately 1,230 feet.

Once the boron recovery tank liquid reaches the groundwater, it is diluted by the groundwater 
through diffusion. In addition, the radioactive constituents in the liquid undergo radioactive decay. 
The filtering action and ion exchange action of the soil on particulates and solubles, respectively, 
in the discharged liquid are neglected.

The coefficients of permeability for each beach and outwash sand and the structural backfill have 
been determined using constant head and falling head tests. The permeabilities obtained during 

testing ranged between 1.2 x 10-4 to 2.7 x 10-3 cm/sec for the beach and outwash sand and 

between 1.6 x 10-4 to 4.0 x 10-4 cm/sec for structural backfill. The coefficients of permeability for 

the beach and outwash sand and the structural backfill are assumed equal 10-3 cm/sec.

Because the normal groundwater level at the location of the boron recovery tank is at elevation 
+22 feet and Niantic Bay is at Elevation 0 feet, the hydraulic gradient along the flow path is:

(2.4.13)

The effective porosity, ne, determined by porosity tests of soil samples from the site, equaled 0.1.

The seepage velocity in the groundwater is given by Darcy's Law:

(2.4.14)

The time for the discharged liquid to travel from the boron recovery tank to the point of discharge 
into Niantic Bay is given by:

i 22
1230
------------ 0.0179 or 1.79%= =

u
ki

ne
----- 3.28x10

5–
 x 0.0179

0.1
------------------------------------------------- 5.87x10

6–
ft/sec= = =
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(2.4.15)

The dispersion coefficients are related to the flow velocity by the dispersivity (Bredehoeft and 
Pinder 1973), i.e:

(2.4.16)

where:

Kx,y = The horizontal dispersion coefficients; Kx is the component in the direction of the 
flow, Ky is in the direction perpendicular to the flow

αx,y = The corresponding longitudinal transverse components of the dispersivity

u = Seepage velocity

Values are assigned to, based on a best fit between the results of a mathematical model and the 
field data for the Snake River Plain aquifer (Robertson 1974). The former is an analytical 
approach to the three dimensional dispersion problem which simulates the continuous release of a 
contaminant in a vertical line source. This calibration establishes a value for of 59 feet. 
Bredehoeft and Pinder (1973) suggest the relation:

(2.4.17)

These results are generalized to other sites by assuming that, all other properties being equal, the 
property of an aquifer that fixes the dispersivity is the porosity, such that:

(2.4.18)

where:

t D
u
---- 1230

5.87x10
6–

------------------------- 2.095 x 10
8
 sec 6.64 yr= = = =

Kx y, αx y, u=

αx
10
3
------αy=

αy αys

nes

ne
------- 
 =
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αy = Transverse dispersivity for the aquifer of interest

αys = Transverse dispersivity for Snake River aquifer

ne = Effective porosity for the aquifer of interest

nes = Effective porosity for Snake River aquifer

Because the local groundwater velocity (Equation 2.4.16) can be used to compute the horizontal 
dispersion coefficients, it is subsequently assumed that Kz = ky.

As the liquid from the boron recovery tank reaches the groundwater, several factors contribute to 
its dispersion and dilution. These include advection, hydraulic dispersion, radioactive decay, and 
ion exchange. If the fluid flow is uniform, steady, and parallel to the x-axis, the hydraulic 
dispersion coefficients are homogeneous, anisotropic and orders of magnitude greater than the 
molecular diffusion coefficients, and the radioactive decay and sorption processes are not 
considered, the equation governing the distribution of contaminant is:

(2.4.19)

where:

C = Contaminant concentration

u = Seepage velocity

M' = Rate of release of mass per unit volume of aquifer

The solution of Equation 2.4.19 for an instantaneous volume source in an aquifer of finite depth 
is:

(2.4.20)

where:
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x
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Co = Initial contaminant concentration at source location

l, b = Source dimensions in the x and y direction, respectively

H1, H2 = Upper and lower surface of the volume source

H = Aquifer thickness

x, y, z = Coordinates in the longitudinal, transverse, and vertical direction, respectively

t = Time from initial release

When input data are substituted in Equation 2.4.9, the minimum dilution factor for the 
groundwater, Co/C, equals 73.

The discharged liquid on reaching Niantic Bay is diluted further in that body of water. The 
method used to calculate the dilution in Niantic Bay and Long Island Sound is the same method as 
described in Section 2.4.12. The only difference is that the released point is in the intake area 
instead of the circulating water discharge tunnel. The dilution factor upon entering Niantic Bay at 
the Intake area is calculated to be 13,052 and at 1,000 feet from the point of discharge into Niantic 
Bay is calculated to be 32,151. One-thousand feet was chosen arbitrarily as the point to calculate 
the dilution factor in Niantic Bay so as to show the large dilution factor obtained in the bay.

2.4.12.4 Monitoring or Safeguard Requirements

Since the potential for groundwater contamination is minimal, as discussed in Sections 2.4.13.2
and 2.4.13.3, procedures and safeguards to protect groundwater users are not necessary.

2.4.12.5 Design Bases for Subsurface Hydrostatic Loading

There is no safety related permanent dewatering system for lowering groundwater levels for 
Millstone 3. Safety related structures are designed for water pressure and buoyancy forces applied 
from their respective foundation levels to the design piezometric surface levels, as shown in 
Figure 2.5.4-37 assuming saturated soil conditions to the water surface. Section 2.5.4.6 includes a 
discussion of groundwater conditions with respect to plant structure design and construction and 
Section 3.4 includes a discussion of flood design for Seismic Category I structures and 
components. Section 9.3.3 includes a description of the sump systems installed in the ESF 
Building for removal of groundwater inleakage collected in the porous concrete groundwater 
sump.

2.4.13 TECHNICAL SPECIFICATION AND EMERGENCY OPERATION REQUIREMENTS

In order to minimize the water associated impact of adverse hydrologically related events on 
safety related equipment and facilities, Millstone 3 has no related Technical Specification 
discussion. However, Technical Requirements Manual 3/4.7.6, Flood Protection, describes the 
measures required to provide flood protection for the service water pump cubicles.
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The service water pumps are designed to operate at a low water level of elevation -8.0 feet msl, 
which is 3.2 feet lower than the historical low water level (Section 2.4.11.3) and are enclosed in a 
flood protected portion of the circulating and service water pumphouse (Sections 2.4.1.1 and 
3.4.1). Other safety related structures and components are protected from flooding by the site 
grade of elevation 24.0 feet msl. AOP 3569 addresses safety measures to be taken in the case of 
severe weather conditions. These measures ensure that all watertight doors are in place and the 
pump cubicle sump drain lines are isolated and thus all safety-related structures and components 
are protected from flooding. 

Section 2.4.2.3 states that there is no water associated impact in the safety related facilities, 
resulting from local rainfall as severe as the probable maximum. Therefore, no technical 
specifications or emergency operating procedures are required, except as discussed above for the 
pumphouse.

2.4.14 REFERENCES FOR SECTION 2.4

2.4-1 Bechtel Corporation 1972. Final Safety Analysis Report, Millstone Nuclear Power 
Station, Unit 2, Docket No. 50-336, Sections 2.5 and 2.7.

2.4-2 Bodine, B.R. 1971. Storm Surge on Gulf Coast: Fundamentals and Simplified 
Predictions. Technical Memorandum 35. U.S. Army Corps of Engineers, Coastal 
Engineering Research Center, Washington, D.C.

2.4-3 Bredehoeft, J.D. and Pinder, G.F. 1973. Mass Transport in Flowing Groundwater. Water 
Resources Research, Vol 9, p 194-210.

2.4-4 Bretschneider, C.L. 1954a. Field Investigation of Wave Energy Loss of Shallow Water 
Ocean Waves. Technical Memorandum 46. U.S. Army Corps of Engineers, Beach 
Erosion Board, Washington, D.C.

2.4-5 Bretschneider, C.L. 1954b. Generation of Wind Waves Over a Shallow Bottom. 
Technical Memorandum 51. U.S. Army Corps of Engineers, Beach Erosion Board, 
Washington, D.C.

2.4-6 Bretschneider, C.L. 1972. The Nondimensional Stationary Hurricane Wave Model. 
Offshore Technology Conference, Preprint No. OTC 1517, Houston, Texas.

2.4-7 Bretschneider, C.L. and Collins, J.I. 1963. Prediction of Hurricane Surge: An 
Investigation for Corpus Christi, Texas, and Vicinity. NESCO Technical Report SN-120. 
National Engineering Science Co. for U.S. Army Engineering District, Galveston, 
Texas.

2.4-8 Bretschneider, C.L. and Reid, R.O. 1954. Modification of Wave Height Due to Bottom 
Friction, Percolation and Refraction. Technical Memorandum 45. U.S. Army Corps of 
Engineers, Beach Erosion Board, Washington, D.C.
2.4-29 Rev. 30



MPS3 UFSAR
2.4-9 Bureau of Reclamation 1974. Design and Operation of Shallow River Diversions in 
Cold Regions. REC-ERC-74-19. Engineering and Research Center, Denver, Colorado.

2.4-10 Chow, V.T. 1964. Handbook of Applied Hydrology. McGraw Hill.

2.4-11 Department of the Army 1952, Rev. 1965. Standard Project Flood Determinations. Civil 
Engineer Bulletin No. 52-8. Washington, D.C.

2.4-12 Ebasco Services Incorporated 1966. Design and Analysis Report, Millstone Nuclear 
Power Station, Unit 1, Docket No. 50-245, Section II-5.0, Geology and Seismology.

2.4-13 Essex Marine Laboratory 1965. Study on Current Velocity, Temperature and Salinity 
Measurement in the Millstone Point Area. Wesleyan University, Middletown, Conn. 
06457.

2.4-14 Freeman, J.C. Jr; Baer, L; and Jung, G.H. 1957. The Bathystrophic Storm Tide. Journal 
of Marine Research, Vol 16, No. 1.

2.4-15 Goldsmith, R. 1960. Surficial Geologic Map of the Uncasville Quadrangle, Connecticut, 
U.S. Geologic Survey, Quadrangle Map, GQ-138, Washington, D.C.

2.4-16 Hansen, E.M., Schreiner, L.C., and Miller, J.F. 1982. Application of Probable Maximum 
Precipitation Estimates - U.S. East of the 105th Meridian. Hydrometeorological Report 
No. 52. National Weather Service, NOAA, U.S. Department of Commerce, Washington, 
D.C.

2.4-17 Harris, D.L. 1963. Characteristics of the Hurricane Storm Surge. Technical Paper No. 
48. U.S. Weather Bureau (now NOAA), Washington, D.C.

2.4-18 Harrison, W. and Wilson, W.S. 1964. Development of the Methods for Numerical 
Calculation of Wave Refraction. Technical Memorandum 6. U.S. Army Corps of 
Engineers.

2.4-19 Housing and Home Finance Agency 1952. Snow Load Studies, Housing Research Paper 
19, Washington, D.C.

2.4-20 Liang, H.C. and Tsai, C.E. 1979. Far-Field Thermal Plume Prediction for Units 1, 2, and 
3, Millstone Nuclear Power Station, NERM-49, Stone & Webster Engineering Corp., 
Boston, Mass.

2.4-21 Marinos, G. and Woodward, J.W. 1968. Estimation of Hurricane Surge Hydrographs. 
Journal of Waterways Harbors Division, ASCE, Vol 94, WW2, 5945, p 189-216.

2.4-22 National Oceanic and Atmospheric Administration 1968. Interim Report - 
Meteorological Characteristics of the Probable Maximum Hurricane, Atlantic and Gulf 
2.4-30 Rev. 30



MPS3 UFSAR
Coasts of the United States. Memorandum HUR 7-97. Office of Hydrology, 
Hydrometeorological Branch, Silver Springs, Md.

2.4-23 Northeast Utilities Service Company 1975. Summary Report, Ecological and 
Hydrographic Studies, May 1966 through December 1974. Millstone Nuclear Power 
Station, Berlin, Conn.

2.4-24 Putnam, J.A. and Johnson, J.W. 1949. The Dissipation of Wave Energy by Bottom 
Friction. Trans. American Geophysical Union, Vol 30, No. 1.

2.4-25 Redfield, A.C. and Miller, A.R. 1957. Water Levels Accompanying Atlantic Coast 
Hurricanes. Meteorological Monographs, Vol 2, No. 10. American Meteorological 
Society, Boston, Mass.

2.4-26 Robertson, J.B. 1974. Digital Modeling of Radioactive and Chemical Waste Transport in 
the Snake River Plain Aquifer at the National Reactor Testing Station, Idaho, USGS 
IDO-22054. U.S. Geologic Survey, Washington, D.C.

2.4-27 Schreiner, L.C. and Riedel, J.T. 1978. Probable Maximum Precipitation Estimates, U.S. 
East of the 105th Meridian. Hydrometeorological Report No. 51. National Weather 
Service, NOAA, U.S. Department of Commerce, Washington, D.C

2.4-28 Adams, E. E. 1999. Historical Review of Dilution Calculations for Millstone Nuclear 
Power Station, MIT, Cambridge, Mass.

2.4-29 US Army Corps of Engineers 1965. Hurricane Protection Project Design Memorandum 
No. 1. New London Hurricane Barrier. New England Division, Waltham, Mass.

2.4-30 US Army Corps of Engineers 1977. Shore Protection Manual. Coastal Engineering 
Research Center, Fort Belvoir, Va.

2.4-31 US Coast and Geodetic Survey 1965. Study on Tidal Current Data. In Units 1 and 2 
Environmental Report Docket No. 50-245 and 50-336, Appendix B, Section III-H, 
Washington, D.C.

2.4-32 US Weather Bureau (now NOAA) 1956. Seasonal Variation of the Probable Maximum 
Precipitation East of the 105th Meridian for Areas from 10 to 1,000 square miles and 
durations of 6, 12, 24, and 48 hours. Hydrometeorological Report No. 33, Washington, 
D.C.

2.4-33 Wilson, B.W. 1955. Graphical Approach to Forecasting of Waves in Moving Fetches. 
Technical Memorandum 73. U.S. Army Corps of Engineers, Beach Erosion Board, 
Washington, D.C.

2.4-34 Wilson, B.W. 1963. Deep Water Wave Generation by Moving Wind Systems. ASCE 
Transaction 128, Part IV, p 104-131.
2.4-31 Rev. 30



MPS3 UFSAR
TABLE 2.4–1 CONNECTICUT PUBLIC WATER SUPPLIES WITHIN 20 MILES OF 
MILLSTONE 3 

CLICK HERE TO SEE TABLE 2.4-1 
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TABLE 2.4–2 MAXIMUM WAVE HEIGHTS GENERATED BY SLOW, MEDIUM, AND 
HIGH SPEED STORMS (DEEP-WATER FETCH) 

CLICK HERE TO SEE TABLE 2.4-2 
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TABLE 2.4–3 MAXIMUM SHALLOW WATER WAVES (AFTER REFRACTION) 
SLOW SPEED PROBABLE MAXIMUM HURRICANE 

CLICK HERE TO SEE TABLE 2.4-3 
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TABLE 2.4–4 MAXIMUM SHALLOW WATER WAVES (AFTER REFRACTION) 
MEDIUM SPEED PROBABLE MAXIMUM HURRICANE 

CLICK HERE TO SEE TABLE 2.4-4 
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TABLE 2.4–5 MAXIMUM SHALLOW WATER WAVES (AFTER REFRACTION) 
HIGH SPEED PROBABLE MAXIMUM HURRICANE 

CLICK HERE TO SEE TABLE 2.4-5 
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TABLE 2.4–6 LOWEST TIDES AT NEW LONDON, CONNECTICUT 1938-1974 

CLICK HERE TO SEE TABLE 2.4-6 
2.4-37 Rev. 30



MPS3 UFSAR
M

P
S

3 
U

F
S

A
R

2.
4-

38
R

ev
. 3

0

N
O

T
E

S
: 

(1
) 

T
he

se
 a

re
 m

ax
im

um
 h

ea
t l

oa
ds

. 

(2
) 

S
ee

 T
ab

le
 9

.2
-2

. 

(3
) 

A
n 

ap
pr

ox
im

at
e 

va
lu

e 
fo

r 
op

er
at

io
n 

w
it

h 
1 

to
 5

 in
ch

es
 o

f 
ba

ck
pr

es
su

re
 o

n 
th

e 
tu

rb
in

e.
 

T
A

B
L

E
 2

.4
–7

 C
IR

C
U

L
A

T
IN

G
 W

A
T

E
R

 S
Y

S
T

E
M

 A
N

D
 S

E
R

V
IC

E
 W

A
T

E
R

 S
Y

S
T

E
M

 H
E

A
T

 L
O

A
D

S
 

N
or

m
al

 
O

p
er

at
in

g 

C
on

d
it

io
n

 (1
)  

(1
06  B

tu
/h

r)

N
or

m
al

 U
n

it
 

C
oo

ld
ow

n
 

C
on

d
it

io
n

 

(1
06  B

tu
/h

r)

L
O

C
A

 C
oi

n
ci

d
en

t 
w

it
h

 L
O

P
 

L
os

s 
of

 P
ow

er
 (

L
O

P
) 

M
in

im
u

m
 

E
n

gi
n

ee
re

d
 S

af
et

y 
F

ea
tu

re
s 

(1
06  B

tu
/h

r)

N
or

m
al

 
E

n
gi

n
ee

re
d

 S
af

et
y 

F
ea

tu
re

s 

(1
06  B

tu
/h

r)

H
ot

 
S

h
u

td
ow

n
 

(1
06  B

tu
/y

r)

C
ol

d
 

S
h

u
td

ow
n

 

(1
06  B

tu
/y

r)

S
er

vi
ce

 W
at

er
 

S
ys

te
m

17
8.

97
 

 (2
)

 (2
)

(2
)

 (2
)

 (2
)

C
ir

cu
la

ti
ng

 W
at

er
 

S
ys

te
m

8,
20

0 
(3

)  
0 

 
(a

ft
er

 R
H

R
 c

oo
li

ng
 

co
m

m
en

ce
s)

0
0

0
0

T
O

TA
L

83
78

.9
7

 (2
)

 (2
)

(2
)

(2
)

(2
)



MPS3 UFSAR
NOTES: 

* For discharge from Millstone 2 and 3

** For Millstone 2 and 3 operation within 500 to 1,000 ft from the discharge point (quarry cut)

TABLE 2.4–8 DILUTION FACTORS AND TRAVEL TIME *

Usage Location Dilution Factor Travel Decay Time (hr) 

Pleasure Beach 12.6 0.0

Harkness Memorial 36.0 0.0

Waterford State Park 36.0 0.0

Ocean Beach Park 21.0 0.0

Crescent Beach 40.0 0.0

Rocky Neck State Park 30.0 0.0

McCook Point 43.0 0.0

Edge of Initial Mixing Zone** 3.0 0.0

Far Field 36.0 0.0

(7,000 ft south of discharge)
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NOTES: 
A = Difference between drain low point and top of parapet.
B = Difference between drain low point and top of lowest roof curb.
C = Difference between drain low point and bottom of overflow scupper.

D = Maximum load (lb/ft2) applied by maximum ponding (assume that roof drains are 
clogged); H2O @ 4°C (62.4 pcf).

TABLE 2.4–9 CATEGORY I STRUCTURES - ROOF SURVEY 

Structure A* (ft) B* (ft) C* (ft) D* (lb/ft2)
Number and Size of 

Scruppers

Control Building 1.58 0.63 99 2 at 128 in2 = 256 in2

Auxiliary Building

North 0.50 34

South 0.50 42

Fuel Building

El 106'-0" 1.65 108

El 101'-9" 1.67 109

El 93'-10" 1.88 122

El 61'-5" 1.15 88

Main Steam Valve Building

El 85'-11 1/4" 0.25 35

El 71'-2" 0.25 73

Engineering Safety Features 
Building

El 56'-9" 0.75 47

Containment Enclosure 
Building

2.06 0.83 118 8 at 128 in2 = 1024 

in2

Circulating and Service Water 
Pumphouse (CSWP)

El 39'-0" 1.98 1.31 87

El 26'-0" 1.31 87

Hydrogen Recombiner 
Building

0.92 57 2 at 90 in2 = 180 in2
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TABLE 2.4–9 CATEGORY I STRUCTURES - ROOF SURVEY

A AB

WHERE APPLICABLE

C

CSWP ROOF ONLY OTHER SAFETY RELATED 
STRUCTURE ROOFS
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NOTES:

1. Drainage areas A and B are graded such that their flows do not contribute to the areas of safety 
related structures.

2. Drainage areas C and C1 are conservatively combined to provide worst case water flows.

TABLE 2.4–10 INPUT DATA TO PROGRAM HEC-2 WATER SURFACE 
COMPUTATIONS 

Drainage Basin
Surface Area 

(acre)
Concentration Time 

(minutes)

Computed Flow (cfs) 
at Down stream End 

of Drainage Basin

C & C1 (2) 9.58 14.8 267

D 6.43 12.6 351
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TABLE 2.4–11 COMPUTED WATER SURFACE ELEVATIONS AT 
SAFETY-RELATED STRUCTURES  

Drainage Basin Structure

Maximum W. S. 
Elevation at Doors 

to Structure (ft msl)

C Auxiliary Building 24.85

C Control Building 24.27

C Emergency Generator Enclosure 24.27

D Main Steam Valve Building 24.85

D Hydrogen Recombiner Building 24.85

D Auxiliary Building 24.85

D Engineered Safety Features Building 24.85

D Fuel Building 24.85

D RWST/SIL Valve Enclosure 24.85

D Demineralized Water Storage Tank Block House 24.85
2.4-43 Rev. 30
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TABLE 2.4–13 OVERFLOW LENGTH OF THE PARAPET WALL ON THE ROOF 
USED IN PMP ANALYSIS - CATEGORY I STRUCTURES 

CLICK HERE TO SEE TABLE 2.4-13 
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2.5 GEOLOGY, SEISMOLOGY, AND GEOTECHNICAL ENGINEERING 

This section provides information regarding seismic, geologic, and geotechnical characteristics of 
the site and the surrounding region.

The following companies and personnel performed tests on materials from the site:

1. American Drilling and Boring Company, Providence, Rhode Island, under the 
direction of Stone & Webster Engineering Corporation (S&W), drilled test 
borings, performed standard penetration tests, sampled soil, cored rock, performed 
pressure tests on selected holes, and installed piezometers.

2. Weston Geophysical Engineers, Incorporated, Westboro, Massachusetts, 
conducted cross-hole and down-hole surveys and refraction and reflection surveys 
to determine in situ seismic wave velocities and the varying depths to founding 
strata. S&W performed additional cross-hole surveys using an impact source.

3. Geotechnical Engineers, Inc., Winchester, Massachusetts, performed cyclic triaxial 
and resonant column tests on beach sands in the vicinity of the circulating and 
service water pumphouse.

4. Geochron Laboratories, Cambridge, Massachusetts, performed potassium-argon 
(K-Ar) dating to determine the age of rock and fault gouge samples.

5. Dr. R. T. Martin, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, and Dr. R. C. Reynolds of Dartmouth College, Hanover, New 
Hampshire performed x-ray diffraction tests to determine the clay mineral 
composition of the fault gouge samples.

6. Dr. R. A. Wobus, Williams College, Williamstown, Massachusetts, performed 
petrographic analysis of thin sections from fault zones.

7. Dr. E. Ingerson, University of Texas, Austin, Texas, analyzed quartz crystals found 
in the fault zone to determine the conditions of formation.

8. Dr. D. W. Caldwell, Groton, Massachusetts, performed consulting services to 
determine the age of till at the Millstone site.

9. Dr. K. Tsutsumi, Tufts University, Medford, Massachusetts, performed unconfined 
compression strength tests on rock specimens taken from borings.

10. Dr. Robert F. Black, University of Connecticut, Storrs, Connecticut, performed 
consulting services regarding the age and origin of features found in site glacial 
deposits.
2.5-1 Rev. 30
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The information contained in this section was obtained from the following:

1. Review of published geologic literature and maps.

2. Detailed mapping of rock after the removal of overburden and the excavation of 
structures.

3. Interviews with authorities on regional geology.

4. Rock and soil borings.

5. Laboratory tests of representative soil and rock samples.

6. Interpretation of aerial photographs, Earth Resources Technology Satellite (ERTS) 
imagery, gravity, and aeromagnetic maps.

7. Geophysical surveys on the site.

8. Piezometer installations and groundwater monitoring.

9. Bedrock pressure testing (holding test and pressure flow test).

10. Age dating of rock samples.

11. Fluid inclusion studies.

12. Petrographic studies.

13. Blast monitoring.

The site is located on a low peninsula on the north shore of Long Island Sound and the east shore 
of the Niantic River. Bedrock is highest on the eastern portion of the site and dips to the west 
towards Long Island Sound. The reactor containment and most other Category I structures on the 
eastern side of the site are founded on bedrock, whereas the control, emergency generator, waste 
disposal enclosure, turbine building, are founded on dense basal till which overlies the rock. The 
circulating and service water pumphouse is also founded on bedrock. The bedrock surface falls 
off sharply from the main site area to approximately el -32 feet in the area of the pumphouse.

Section 2.5.1 presents the regional and site area geology and geologic history. A discussion of 
regional faulting and tectonics and their relationship to rock types at the site is discussed in detail.

Section 2.5.2 presents the regional seismicity and describes the selection of the site safe shutdown 
earthquake (SSE) of 0.17 g and the operating basis earthquake (OBE) of 0.09 g.

Section 2.5.3 describes the faulting encountered at the site during construction. A description of 
the origin and nature of the faults mapped at final excavation grades is included in this section.
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Section 2.5.4 presents the results of geotechnical investigations and studies related to the stability 
of subsurface materials and plant structures. Field and laboratory investigations are described in 
detail, and stability and liquefaction analyses based on these studies are also included in this 
section, as well as maps and tables from the geological mapping program.

Section 2.5.5 presents the results of stability analyses on two safety related slopes at the site: the 
containment excavation and the shoreline slope.

Embankments or dams (Section 2.5.6) are not included in the plant design.
2.5-3 Rev. 30
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2.5.1 BASIC GEOLOGICAL AND SEISMIC INFORMATION

As shown on Figure 2.5.1-1 the site lies in the Seaboard Lowland section of the New England 
physiographic province. The site is located in a geologically complex region characterized by 
metamorphosed and folded rocks of Ordovician-Silurian age. This area has been affected by four 
orogenies: the Avalonian (575 million years ago m.y.a.), the Taconian (465-445 m.y.a.), the 
Acadian (400-370 m.y.a.), and the Alleghenian (230-260 m.y.a.). The surrounding region has also 
been affected by rifting ranging in age from Triassic to Jurassic. Since then the region has been 
stable, with the exception of epeirogenic uplift during Cretaceous and Tertiary times, and isostatic 
rebound, resulting from the removal of the weight of ice covering the region during Pleistocene 
time.

The site lies in an area of low seismic activity. Only 13 earthquakes of Intensity V, Modified 
Mercalli (MM) or greater, have been recorded within a distance of 50 miles of the site in more 
than 300 years. The nearest significant earthquake was at East Haddam, Connecticut, in 1791. Its 
epicenter was approximately 25 miles north of the site. Even though this earthquake is recorded in 
the Earthquake History of the United States (USCGS 1965) as having an intensity of VIII MM, 
detailed studies by Rev. Linehan, Director, Weston Geophysical Observatory, based on newspaper 
accounts and other records of the time, indicate that the intensity was no higher than VI to VII 
MM. Maximum intensity of ground motion experienced at the site in approximately 300 years of 
recorded history has not exceeded Intensity V MM, which would correspond to an acceleration of 
0.02 to 0.03g.

Faults believed to be related to Triassic tectonics have been found in the excavation for Millstone 
3. Potassium-argon methods of dating clay gouge found within the faults indicate that the last 
activity along these faults occurred approximately 142 m.y.a.; therefore, these faults are not 
capable features (NNECO. 1975, 1976, 1977, 1982). There is no capable fault at or near the site.

A thick layer of very dense basal till blankets the site. The bedrock surface is irregular and was 
glacially smoothed. Most major plant safety related structures are founded on hard, crystalline 
bedrock. The control building is founded on structural backfill overlying till and bedrock.

There has been no commercial mining in the area other than the now inactive granite quarry, 
located approximately 1,200 feet to the southeast of the Millstone 3 plant area. The soils and rock 
underlying the site are strong, stable materials that are not susceptible to loss of strength, 
subsidence, or other instabilities during earthquake motion. The gradation and the density of the 
till are such that liquefaction is precluded. The soils and rock underlying the site are of very low 
permeability. The groundwater table is highest in the northern part of the site and slopes gradually 
towards the shoreline. There are some isolated wells in the area; however, there is no industrial, 
domestic, or municipal use of groundwater from these wells.

2.5.1.1 REGIONAL GEOLOGY

New England is characterized by a series of intensely folded anticlinoria and synclinoria trending 
to the northeast. The geology of these folds has been made more complex by igneous activity, 
metamorphism, and faulting. Extensive glaciation has modified landforms and deposited or 
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reworked most unconsolidated surficial deposits. The physiography, geological setting, 
stratigraphy, tectonics, and geologic history of the New England region are discussed in the 
sections that follow.

2.5.1.1.1 Regional Physiography and Geomorphology

The Millstone site is located in the Seaboard Lowland section of the New England physiographic 
province (Figure 2.5.1-1). The New England province is divided into five sections by Fenneman 
(1938): the Taconic, the Green Mountain, the White Mountain, the New England Upland, and the 
Seaboard Lowland. The Connecticut Valley Lowland is discussed by Fenneman (1938), but not 
considered as a separate province. Just southwest of Millstone Point along the coast of 
Connecticut lies the Coastal Plain province. These sections are not necessarily characterized by 
uniform geological terrain, but are defined primarily by similar topographic expression.  
Section 2.5.1.2 discusses the local physiography and its significance to the site.

The Seaboard Lowland section is a smooth, low-lying belt extending from Connecticut north to 
New Brunswick. In Connecticut, the Lowland varies in width from 6 to 16 miles, and as it swings 
northward in Rhode Island and Massachusetts, it widens to approximately 50 miles in 
southeastern Massachusetts. The relatively low altitude of the seaboard section is not primarily 
due to a difference in rock resistance, though the parts underlain by the Carboniferous sediments 
are lower and flatter than the rest (Fenneman 1938). Along Long Island Sound, it is probable that 
a narrow zone was covered by Cretaceous formations of the coastal plain (Fenneman 1938). This 
zone has a steeper seaward slope than the upland and is considered by Fenneman (1938) to be part 
of the pre-Schooley peneplain. In the Millstone site area, this zone is characterized by glacial 
outwash and moraines with some swamp deposits.

The Taconic section, the westernmost subdivision of the New England province, extends from 
approximately 12 miles southeast of Poughkeepsie, New York, northward to approximately 
Rutland, Vermont. The zone is fairly narrow with a maximum width of about 25 miles, and the 
area is mostly mountainous. The mountains consist mainly of strongly metamorphosed sediments, 
now predominantly schists and slates.

The Green Mountain section borders the Taconic section to the northeast. This highland section 
extends from western Massachusetts into Canada. The Green Mountains are underlain by resistant 
crystalline rocks of Precambrian age.

The White Mountain section consists of a series of mountain ranges from the White Mountains of 
New Hampshire northeastward to the Katahdin group in Maine. This section is underlain mainly 
by metamorphosed sedimentary and volcanic rocks of Paleozoic age and igneous rocks of the 
White Mountain Plutonic-Volcanic series (Billings 1956).

The New England Upland section, the largest section of the New England physiographic 
province, extends from Canada to the “Highlands” area of southeastern New York and northern 
New Jersey. This section typically reflects underlying fold belts and has the appearance of a 
plateau dissected by narrow valleys and containing scattered monadnocks (Fenneman 1938). It 
was first believed that a single peneplain existed at one time and extended from Long Island 
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Sound to the Green Mountains. This peneplain ranged from sea level at the Sound to 
approximately 2,000 feet in the Green Mountain area (Fenneman 1938).

The exact origin of the peneplain is still questioned. Two hypotheses have been brought forth for 
the origin of the plateau: marine terracing and terracing by normal erosion (Fenneman 1938). 
Neither explanation is widely accepted, although a combination of the two seems more plausible.

The Connecticut Valley Lowland trends northerly through the New England Upland section from 
the Connecticut shore to just north of Greenfield, Massachusetts. The Lowland is underlain by 
sandstone, conglomerate, and shale, which is less resistant to weathering, and diabase which is 
more resistant. There is an abrupt change to crystalline rocks on both sides of the depression.

South of the New England Lowland section is the Atlantic Coastal Plain physiographic province. 
This section (Figure 2.5.1-1) encompasses Cape Cod, Long Island, southern New Jersey, and the 
offshore islands and shoals. In the site area, the Coastal Plain sediments are submerged by the 
Atlantic Ocean. These sediments are of late Cretaceous and Tertiary ages and thicken seaward. 
Figure 2.5.1-2 shows a distribution of pre-Pleistocene sediments off the New England coast. The 
basement is believed to be a continuation of that found underlying southern New England.

Glaciation has greatly changed much of New England. The rock outcrops have been rounded and 
smoothed and the valleys filled with glacial deposits. The rivers in many cases had to develop 
new channels after being dammed by glacial deposits.

Pleistocene glacial deposits are widespread throughout New England. End moraines occur along 
the southern margins and are prominent along Long Island, Block Island, Martha's Vineyard, 
Cape Cod, and in southern Rhode Island and Connecticut (Schafer and Hartshorne 1965). End 
moraines have been mapped in the site area by Flint (1975) and Goldsmith (1964) and are shown 
on the Site Surficial Map (Figure 2.5.1-3).

2.5.1.1.2 Regional Structure

The Millstone site area lies in the northern portion of the Appalachian Mountain system. The 
Appalachians extend from Alabama to Newfoundland as a series of ranges formed by a number of 
successive deformations during the Paleozoic era.

The northern Appalachians can be separated into a number of distinct geologic sections. The 
westernmost area, the foreland, is relatively undeformed. This area includes the Catskill Plateau, 
the Hudson-Champlain and the St. Lawrence Lowlands, and consists mainly of gently dipping, 
sedimentary rocks of Early Paleozoic age.

A narrow belt of deformed and metamorphosed lower Paleozoic carbonate rocks, east of the 
foreland, forms the northern extension of the Valley and Ridge province. These rocks are similar 
to those of the Catskill Plateau: however, they have undergone at least two deformations and have 
been broken by thrust faults and high-angle gravity faults.
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Further eastward lie the Taconic Mountains which consist of allochthonous rocks of Cambrian 
and Ordovician ages. The Taconics are mainly sedimentary and metasedimentary rocks that have 
slid westward into place above middle Ordovician shales (Figures 2.5.1-4 and 2.5.1-5).

The New England section is a series of north-south anticlinoria and synclinoria that parallel the 
general trend of the Appalachian Mountain belt. They are, from west to east: the Green Mountain 
anticlinorium, the Connecticut-Gaspe synclinorium, the Bronson Hill anticlinorium, the 
Merrimack synclinorium, and the Rockingham anticlinorium, the Merrimack synclinorium, and 
the Rockingham anticlinorium. The Merrimack synclinorium in southeastern New England ends 
abruptly on the east along the Clinton-Newbury and Lake Char fault zones. East of the fault zone 
lies a belt of Precambrian and Lower and Middle Paleozoic igneous and metamorphic rocks of 
various lithologies. Figure 2.5.1-4 shows the major stratigraphic units associated with these 
structural belts and Figure 2.5.1-5 shows the structural units.

The Green Mountain anticlinorium is made up of a series of massifs that are intensely sheared and 
metamorphosed Paleozoic rocks with a Precambrian core. They are, from north to south: the 
Green Mountain, the Berkshire, and the Housatonic massifs.

The Hudson Highlands group of rocks including schists, gneisses, granites, and minor marbles of 
Precambrian age are exposed along much of the anticlinorium. This structural high is believed to 
separate the miogeosynclinal sequence on the west from the eugeosynclinal sequence on the east.

The eugeosynclinal sequence is generally considered as a homoclinal sequence, of intensely 
folded and sheared rocks of early Paleozoic age. In the trough of the Connecticut-Gaspe 
synclinorium is a series of domes surrounded by the entire synclinorial sequence. The 
synclinorium is a major tectonic unit that extends from Long Island Sound along the Connecticut 
River to the Gaspe Peninsula and into Newfoundland. The east limb is masked by the younger 
clastic sediments and basalt flows of the Connecticut Valley Triassic Basin.

The crest of the Bronson Hill anticlinorium coincides with an echelon series of Ordovician gneiss 
domes (Naylor 1968, Thompson et al., 1968). The metamorphosed sediments and volcanic rocks 
of Ordovician and Devonian ages are stratigraphically continuous with those of the Connecticut-
Gaspe synclinorium. The gneiss domes are believed to have been the loci of volcanic islands 
within the eugeosynclinal trough during Early Paleozoic time (Naylor 1968, Thompson et al., 
1968).

The Merrimack synclinorium shares its west limb with the Bronson Hill anticlinorium, which 
includes metamorphosed lower and middle Paleozoic clastic sediments. Metamorphism and 
plutonism have greatly confused the geology of the area. Metamorphic grade increases from north 
to south within the synclinorium. The synclinorium has been intruded by rocks belonging to the 
Devonian New Hampshire Plutonic series (Billings 1956, Page 1968, Foland et al., 1971). The 
southern extent of the Merrimack synclinorium is obscured by the Honey Hill fault and the local 
doming and refolding of the Ordovician rocks south of the Honey Hill fault.
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In New Hampshire and Maine, the east limb of the Merrimack synclinorium is shared with the 
Rockingham anticlinorium (Billings 1956). This anticlinorium consists of lower and middle 
Paleozoic metamorphic units of primarily sedimentary origin.

The Merrimack synclinorium and the Rockingham anticlinorium end abruptly along the Clinton-
Newbury fault zone. East of this fault and the Lake Char fault lies a belt of Precambrian and lower 
and middle Paleozoic igneous and metasedimentary rocks. Granites, granite gneisses, schists, and 
volcanic deposits are characteristic of this area. The Precambrian basement of southeastern New 
England is younger than that of the Green Mountains to the west (Naylor 1975). The geologic 
terrain in this southeastern New England belt is comparable to that of the Avalon Peninsula in 
Newfoundland (Rodgers 1972). A number of Late Paleozoic basins have been superimposed on 
these rocks: Boston, Norfolk, Woonsocket, North Scituate, and Narragansett Basins. The 
Narragansett Basin is slightly to moderately metamorphosed with a maximum staurolite grade in 
the southwest corner (Weston Observatory 1976). The Boston Basin is only slightly 
metamorphosed (Rodgers 1970).

Along the southern New England coast is an east-west belt of rocks extending eastward from the 
eastern edge of the Connecticut Valley Triassic Basin (Figure 2.5.1-4). In Connecticut, the strip is 
made up of complexly folded metasediments and a number of gneiss domes. The domes range in 
age from late Precambrian to early Paleozoic (Naylor 1968, Rodgers 1970). The Millstone site is 
located in this region adjacent to the Lyme Dome (Section 2.5.1.2). In Rhode Island, the strip 
consists of massive, relatively undeformed Late Pennsylvanian or Early Permian granites 
(Narragansett Pier and Westerly Granite) which intrude the Narragansett Basin deposits, and 
Precambrian gneisses.

Cretaceous and post-Cretaceous sediments have masked the seaward extension of the 
Appalachian structures to the south and east. Figure 2.5.1-2 shows the inferred distribution of the 
coastal plain material. Figure 2.5.1-5 shows what is considered to be the seaward thickening 
wedge of Cretaceous, Tertiary, and Quaternary sediments dipping to the southeast. These 
sediments unconformably overlie the pre-Cretaceous rock surface that dips seaward at a low 
angle. Recent work by Sheridan (1974) indicates that there are some very deep, possibly fault-
bounded basins beneath the outer shelf and beyond, containing carbonates and evaporates of 
Jurassic-Triassic and Permo-Carboniferous age (Figure 2.5.1-6). A number of somewhat 
shallower Triassic and Permo-Carboniferous basins have been hypothesized in papers by Ballard 
and Uchupi (1972, 1975) (Figure 2.5.1-6). Table 2.5.1-1 gives the lithologies, ages, and thickness 
of the coastal plain sediments off the southern New England coast. Figure 2.5.1-2 shows the 
extent of the Cretaceous sediments and the unconformably overlying Tertiary sediments. A thin 
veneer of reworked glacial outwash and clastic material covers most of the shelf area (Hoskins 
1967). Relief on the surface of the continental shelf of the Long Island, Block Island, and Rhode 
Island Sounds and in the Buzzards Bay area has been observed by seismic profiling. Tagg and 
Uchupi (1967) believe these irregularities to be caused by fluvial erosion and modified by glacial 
erosion and deposition.

Geophysical studies in the Gulf of Maine indicate that its tectonic history is similar to that of the 
New England coast. Late Paleozoic and Early Mesozoic basins are also believed to exist in this 
area (Ballard and Uchupi 1972, 1975). These structures are covered by differing amounts of post-
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Jurassic deposits (Figure 2.5.1-2). Well defined unconformities beneath Georges Bank are 
inferred to separate the upper Cretaceous sediments from the Tertiary and lower Pleistocene 
sediments and the Tertiary-lower Pleistocene strata from the Pleistocene glacial deposits (Ballard 
and Oldale 1973). Moraine deposits cover much of the Gulf of Maine and Georges Bank area 
(Ballard and Oldale 1973). The topographic expression is believed by Ballard and Oldale (1973) 
to be due to the result of stream erosion during Tertiary and early Pleistocene time.

2.5.1.1.3 Regional Stratigraphy

The generalized regional geologic map (Figure 2.5.1-4) shows the distribution of significant rock 
types in the region surrounding the Millstone site. The regional geologic section (Figure 2.5.1-5) 
was taken trending east-west from the Appalachian Plateau in New York to the eastern edge of the 
Triassic sediments and then southeastward through the Millstone site to the Coastal Plain 
sediments.

The regional stratigraphic correlation chart (Figure 2.5.1-7) gives a number of stratigraphic 
columns with correlations between regions of similar latitude as well as correlations between 
regions of similar longitude. Therefore, correlations are given parallel to and across the regional 
trend. Figure 2.5.1-8 gives more detailed stratigraphic information for areas within the site region. 
A detailed description of the rock units shown on this chart is included as Tables 2.5.1-1 through 
2.5.1-7.

2.5.1.1.4 Regional Tectonics

The Northern Appalachians have been affected by four major orogenies: the Avalonian, Taconian, 
Acadian, and possibly the Alleghenian. The Avalonian and the Alleghenian orogenies mainly 
affected the southeastern portions of New England. The first three of these orogenies have 
produced a complex series of anticlinoria and synclinoria that constitute the New England land 
mass. The prominent structural belts are the Green Mountain anticlinorium, the Connecticut 
Valley-Gaspe synclinorium, the Bronson Hill anticlinorium, the Merrimack synclinorium, and the 
Rockingham anticlinorium, all discussed in Section 2.5.1.1.2 and shown on Figure 2.5.1-6. These 
anticlinoria and synclinoria trend parallel to the Appalachian Mountain belt. Section 2.5.1.1.5
discusses the geologic history.

A detailed description of regional tectonics is included in this section, which forms the basis for 
the subdivision of New England into tectonic provinces (Section 2.5.2.2).

2.5.1.1.4.1 Domes and Basins

As mentioned in Section 2.5.1.1.2, gneiss domes are present in the Connecticut Valley 
synclinorium and the Bronson Hill anticlinorium.

These domes differ geologically because the gneiss cores of those in the synclinorium may consist 
partly of Precambrian basement from beneath the Paleozoic sequence, whereas, the core gneisses 
on the anticlinorium seem to be intrusions into the pre-Silurian part of the rock sequence (Rodgers 
1970). The Lyme and Willimantic domes (Figure 2.5.1-5) lie east of the Bronson Hill 
2.5.1-6 Rev. 30



MPS3 UFSAR
anticlinorium. These domes are important to the geology of the Millstone site. Millstone is 
located just east of the Lyme dome. Both domes are overlain by an early Paleozoic sequence 
(Hebron Gneiss, Brimfield Schist, Tatnic Hill Formation, and Quinebaug Formation) and have a 
Precambrian-Cambrian core (Ivoryton Group, Plainfield Formation, and Sterling Plutonic Group) 
(Lundgren and Ebblin 1972).

The most prominent basins in the region are the Triassic basins of the Connecticut Valley and 
New York-New Jersey and Pennsylvania areas, and the Carboniferous basins of southeastern New 
England (Figure 2.5.1-6). Offshore basins have been located by geophysical methods south of 
New England and in the Gulf of Maine (Section 2.5.1.1.2).

2.5.1.1.4.2 Faulting

The effects of the different stages of mountain building are widespread throughout New England. 
The varying types of faults present in different sections have allowed a reconstruction of the 
geologic history and an increased understanding of the tectonic forces related to each orogeny. 
Characteristic crustal structures have been left by the Taconian and Acadian orogenies and later 
by the rifting during the Triassic-Jurassic period.

The area most affected by the Taconian orogeny is along the Hudson River from approximately 
Sudbury, Vermont, to the vicinity of Poughkeepsie, New York, and eastward into western 
Massachusetts. The region exhibits a number of gravity slices that slid off an uplifted block to the 
east during middle to late Ordovician time (Bird 1969).

A number of thrust faults are noticeable in New England. The Ammonoosuc fault in western New 
Hampshire (Figure 2.5.1-6) trends N25E (Rodgers 1970) and dips at approximately 38 degrees to 
the northwest. Silicified zones have been noted along the fault and the displacement has been 
estimated to be 7,000 feet (Billings 1956). The fault offsets the metamorphic isograds associated 
with the Acadian orogeny: however, it is intruded by granitic rocks associated with the White 
Mountain magma series (Billings 1956). Potassium-argon studies on biotite from the Conway 
Granite yield a radiometric age of 172 3 m.y.a. (Foland et al., 1971) indicating no movement 
along this fault since the granitic intrusion. Rodgers (1970) suggests that the Ammonoosuc may 
be a normal fault; however, Billings (1956) considers it a thrust fault.

Another major thrust fault system, the Lake Char-Honey Hill, lies in southern and eastern 
Connecticut. The Honey Hill, the east-west segment, extends from Chester near the Connecticut 
River eastward to south of Preston. The Lake Char section runs north-south from Lake Char in 
Massachusetts to Preston, Connecticut. The fault system is characterized by zones of cataclastic 
rocks up to 2,500 feet thick (Dixon and Lundgren 1968). The plane of the fault is an irregular, 
warped surface. The dip of the Honey Hill section is generally at low angles to the north with a 
maximum at 55 degrees in the Preston area; the Lake Char section dips westward at 
approximately 10 degrees (Dixon and Lundgren 1968). The Honey Hill part of the system is 
approximately 14 miles from the Millstone site.

The thrust fault activity along the Lake Char-Honey Hill system is thought to have begun in the 
middle to late Devonian and continued into the Permian period (170-225 m.y.a.). Movement on 
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the Honey Hill fault may have begun during metamorphism as part of the eastward displacement 
of the recumbent Chester syncline, which is not cut by the fault (Lundgren 1963). The major 
movement on the fault plane was toward the southeast (Dixon and Lundgren 1968). Dixon and 
Lundgren (1968) believe that movement associated with the Lake Char-Honey Hill system 
comprised the last pre-Triassic activity in the area.

Recently, Lundgren and Ebblin (1972) have hypothesized that the thick zones of cataclastic rock 
are related to relative upward movement of basement at different places and at different times 
from late Devonian to Permian. This intense folding developed major cataclastic units in zones of 
high shear between mantling rock and basement complexes. Three different episodes of uplift 
brought about the present alignment of structure in southern Connecticut.

Rodgers (1970) indicates that late movements occurred sometime after Carboniferous, but before 
the late Triassic. The Honey Hill fault is cut by faulting believed to be related to Triassic rifting 
(Rodgers 1970, Goldsmith 1967c).

Further to the northeast in Massachusetts is another large thrust fault system, the Clinton-
Newbury, paralleling the Bloody Bluff system. Skehan (1969, 1973), Castle et al. (1976), and 
Dixon (1976) have suggested that the Clinton-Newbury - Bloody Bluff system is a continuation of 
the Lake Char-Honey Hill system of Connecticut. The Clinton-Newbury -Bloody Bluff zones run 
northeasterly from south of Worcester to Newburyport and into the Gulf of Maine (Skehan 1969). 
Detailed mapping linking the Lake Char to the Bloody Bluff has yet to be done. Exposures in the 
Wachusett-Marlboro tunnel indicate that these faults dip to the northwest and are reverse in nature 
(Skehan 1968). The average direction of tectonic transport is to the east, similar to that of the 
Lake Char-Honey Hill fault. The dominant faulting is later than the metamorphism and is 
probably late Paleozoic to mid-Mesozoic (Skehan 1968). A prominent number of northerly 
trending, younger, high-angle faults have been observed throughout the New England area, some 
cutting the thrust faults associated with the Clinton-Newbury system.

The northern border of the Triassic Newark Basin is bounded by a series of closely spaced 
subparallel faults that commonly trend N30E to N50E and dip to the southeast. This Ramapo fault 
system has a complex history of movements dating back to late Precambrian (Ratcliffe 1971). 
Late Triassic rejuvenation of the old fracture system produced the Newark depositional basin. 
Normal faulting associated with the regional rifting and the deposition of the coarse 
conglomerates in the basin continued into the Jurassic (Ratcliffe 1971). Page et al. (1968) have 
reported recent seismic activity in the vicinity of the Ramapo, but there has been no movement 
detected at the surface.

The Triassic Connecticut Valley Basin extends from the Connecticut shore northward to the 
Massachusetts-Vermont border. The basin averages about 20 miles in width and exposes clastic 
sedimentary deposits interlayered with basalt flows and sills generally dipping to the east. At the 
eastern edge, the deposits are abruptly ended by a west dipping normal fault zone. It has been 
generally accepted that the Connecticut portion of the basin was formed by faulting that was 
contemporaneous with the deposition of the clastic sediments, and the fault zone of the east side 
brings into contact the Triassic sediments with the Paleozoic crystalline rocks to the east (Wheeler 
1939, Sanders 1960). The northern part of the Triassic Basin may have had a slightly different 
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origin. Bain (1932) indicates that sections of the eastern contact between the Triassic and the 
Paleozoic sediments are depositional contacts with no evidence of faulting. Faulting along the 
northern portion of the basin has been established in the Mineral Hill area of Montague, 
Massachusetts (NUSCO. 1974). This fault has been interpreted as a thrust fault, which was later 
reactivated with minor normal displacement. Potassium-argon radiometric dating of fault gouges 
found along this fault and other small faults in the region yielded dates between 140 and 180 
m.y.a. (NUSCO. 1974). These dates reflect the movement related to the extension tectonics of the 
Jurassic-Triassic period.

A number of smaller faults are associated with the Carboniferous basins of eastern Massachusetts 
and eastern Rhode Island. Some of these faults bound the basin. Many of the faults associated 
with the Boston Basin are thrust faults. These are smaller splays off the large Bloody Bluff fault 
system previously mentioned (Nelson 1976). These faults were originally formed during the 
compressional forces associated with the Acadian orogeny. Movement along the faults is believed 
to be associated with the climax of the regional metamorphic event (Nelson 1976). Nelson (1976) 
indicates that another near-surface fault system is post-Pennsylvanian in age, and that this system 
may be related to the faulting of the Pennsylvanian rocks of Rhode Island.

The eastern margin of the Woonsocket and North Scituate Basins is bounded by high angle faults 
(Quinn and Oliver 1962). Although a short portion of the western boundary of the Narragansett 
Basin is a normal fault (Quinn 1971), silicification along this fault may indicate some association 
with Triassic activities (Rodgers 1970). Other small faults on the northeast edge of the 
Narragansett Basin bring Pennsylvanian sedimentary rocks in contact with older plutonic rocks. 
Geophysical studies by Ballard and Uchupi (1975) indicate a number of basins in the Gulf of 
Maine and the Georges Bank. These basins were postulated to be bounded by faults associated 
with the Triassic-Jurassic period. As shown on Figure 2.5.1-6, these authors suggest a 
Carboniferous basin extending offshore northeast of the Boston Basin. However, rock samples 
recovered from these areas by Ballard and Uchupi (1975) fail to support the existence of these 
geophysically-inferred basins.

Offshore geophysical studies by McMaster (1971) indicate a fault occurring southwest of Block 
Island. Recent work performed by Weston Geophysical Engineers, Inc., for New England Power 
Company (1976) and by the USGS (Needell and Lewis 1982) has indicated that this fault, named 
the New Shoreham fault, lies slightly east and extends further northward then originally indicated 
by McMaster (1971). It is a normal fault, striking approximately N30-50W and dipping at 
approximately 75 degrees to the northeast. The fault displaces sediments identified as Cretaceous; 
however, Pleistocene deposits are undisturbed. The nearest approach of the New Shoreham fault 
is approximately 21 miles southeast of Millstone Point (Figure 2.5.1 6).

Many faults have recently been investigated throughout New England. These investigations 
indicate that the last episode of movement was associated with Jurassic-Triassic tectonics. Lyons 
and Snellenburg (1971) have investigated three normal faults in New Hampshire. The study 
included the radiometric dating of the clay gouge generated during faulting. Radiometric testing 
performed on the illite portion of the clay gouge yielded ages between 157 and 164 m.y.a.
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The Triassic Border fault was studied in detail in the Montague, Massachusetts area, and 
radiometric age determinations on clay gouge yielded dates between 140 and 180 m.y.a (NUSCO. 
1974).

North-south trending high-angle faults have been analyzed in the Charlestown, Rhode Island area. 
Potassium-argon test results on the illite clay gouge indicated dates ranging from 169 to 226 
m.y.a. (NEPCo. 1976).

High-angle, north-south trending normal faults uncovered in the excavation of Millstone 3 have 
also been investigated (NNECO 1975, 1976, 1977) and are discussed in greater detail in 
Section 2.5.3.2. Radiometric age determinations on clay gouge indicate dates ranging from 109 to 
200 m.y.a.

High-angle normal faults are quite common in southern New England. Two of these faults, the 
Lantern Hill (Rodgers 1970) and the unnamed fault in the Uncasville quadrangle, (Goldsmith 
1967c), cut the Honey Hill fault. The unnamed fault in Uncasville (Goldsmith 1967c) dies out 
approximately 10.5 miles northeast of Millstone Point. These faults are believed to be related to 
the rifting associated with the Trassic-Jurassic period because radiometric age dating indicates 
that the last activity along some of these faults occurred in that period. Rodgers (1975), Skehan 
(1975), and Goldsmith (1973) believe that the hydrothermal activity, typically silicification, along 
faults of this type represents the youngest known tectonically related event in southern New 
England.

2.5.1.1.4.3 Tectonic Summary

The structural pattern of New England (Figure 2.5.1-6) is characterized by strong north-northeast 
trends. The major anticlinoria and synclinoria, the alignment of domes and basins, the trend of the 
faulting, and the alignment of most of the granitic intrusions indicate a constant and pervasive 
tectonic force acting in the same orientation for a prolonged period of time.

Many of the features are the result of compressional forces acting throughout the region during 
much of the Paleozoic era. The area has undergone folding, igneous intrusion, refolding, and 
subsequently, thrust faulting.

The Mesozoic era was characterized by faulting and igneous activity differing from that of the 
Paleozoic era. Normal faulting associated with extensional forces is well developed in the 
southern New England area. The intrusion of diabase dikes and sills is also associated can be 
observed, physiographic and tonal. Tonal linear features may be due to a change in vegetation, 
whereas physiographic lineaments generally are due to topographic expression accentuated by 
erosion. These features are probably related to structural discontinuities, chiefly faults, shear 
zones, and joints (O'Leary et al., 1976).

2.5.1.1.4.4 Remote Sensing

Land Satellite (LANDSAT) photographs of Connecticut, Rhode Island, southern Massachusetts, 
and eastern New York were studied to identify linear features or lineaments. A lineament is 
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defined as a mappable linear feature of a surface, with parts aligned in a rectilinear or slightly 
curvilinear relationship and which differs distinctly from the patterns of adjacent features and 
presumably reflects a subsurface phenomenon (O'Leary et al., 1976). Two types of lineaments can 
be observed, physiographic and tonal. Tonal linear features may be due to a change in vegetation, 
whereas physiographic lineaments generally are due to topographic expression accentuated by 
erosion. These features are probably related to structural discontinuities, chiefly faults, shear 
zones, and joints (O'Leary et al., 1976).

Figure 2.5.1-9 shows the LANDSAT photographs used for the study, and Figure 2.5.1-10 shows 
the lineaments greater than 10 miles long identified on the photographs. The explanation for the 
lineations shown on Figure 2.5.1-10 are given in Table 2.5.1-8. The linear features shown on 
Figure 2.5.1-10 are grouped into three categories:

1. Those coinciding with mapped faults

2. Those coinciding with mapped geologic contacts

3. Those which are not identifiable with either of the above, but associated with 
topographic expression

The lineaments shown on Figure 2.5.1-10 are, for the most part, due to differences in topography. 
These differences may be due entirely to the resistance to erosion of the varying rock units. The 
majority of the lineaments coincide with geologic contacts which have been accentuated by the 
erosion of rivers and streams. As can be seen on Figure 2.5.1-10 and listed in Table 2.5.1-8, 
planes of weakness within rock masses have also accounted for a number of the lineaments. 
Regional joint patterns and mapped faults are easily identifiable on the LANDSAT photographs. 
These often correspond to topographic lows due to the erosion of the broken and more easily 
weathered material.

2.5.1.1.4.5 Structural Significance of Geophysical Studies

Geophysical studies have aided in the interpretation of the geology of New England. The 
aeromagnetic and Bouguer gravity maps relating to regional geologic features are presented on 
Figures 2.5.1-11 and 2.5.1-12, respectively.

The aeromagnetic information shown on Figure 2.5.1-11 generally conforms to the regional 
geologic trends observed in New England.

A number of areas exhibit strong alignment or high intensity of magnetic character. The Lake 
Char-Honey Hill system in Connecticut and the Clinton-Newbury fault zone in Massachusetts are 
the most prominent lineations on the aeromagnetic map. The Cape Ann area, north of Boston, is 
characterized by its high magnetic intensity. This is caused by the combination of the high 
intensities related to the basic rock of the Salem Gabbrodiorite and the existence of a highly 
faulted and brecciated zone. The northwestern and southern boundaries of the Cape Ann area 
closely coincide with the Clinton-Newbury, the Bloody Bluff, and the Boston border faults 
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(Barosh and Pease 1974). The other obvious magnetic anomalies correspond to the plutons of the 
White Mountain series of New Hampshire and Maine.

Smaller, less striking anomalies occur in the site area, in the Cape Cod area, and in central 
Massachusetts just east of the Connecticut River Valley Triassic Basin. The anomaly in the 
Millstone area follows the folded pattern of the interlayed metasedimentary and metavolcanic 
rocks. The rock with very high susceptibilities apparently wraps around the structural features 
adjacent to the site (Lyme dome, Figures 2.5.1-13 and -14) and extends out into Long Island 
Sound (Barosh and Pease 1974). The anomalies on Cape Cod are probably due to large basic 
intrusive bodies (Barosh et al., 1974). The north-south trending anomaly east of the Triassic Basin 
in central Massachusetts is related to the presence of metavolcanic rocks of high magnetic 
susceptibility. Barosh and Pease (1974) indicate that the metavolcanic rocks to the south are less 
magnetically susceptible due to the effects of retrograde metamorphism and they are not noted on 
the aeromagnetic map.

Small isolated anomalies can be observed on the east side of the axis of the Green Mountain 
anticlinorium. A series of ultramafic bodies extending from Canada southward to Massachusetts 
(Skehan 1961) may be the cause of these anomalies.

Figure 2.5.1-12 shows the regional gravity in relation to the geologic structures of New England 
and the trend of the gravity anomalies corresponding to the differing structural alignment. The 
most prominent anomaly is along the axis of the Green Mountain anticlinorium. This gravity high 
appears to be caused by the relative uplift of a dense lower crust (Kane et al., 1972). In the eastern 
portion of New England, it is still apparent that the gravity anomalies follow the structural trend. 
This trend is sharply broken by the large negative anomaly encompassing the White Mountains of 
New Hampshire. Other locally pronounced anomalies are found throughout New England and 
are, for the most part, associated with igneous masses. The large anomaly on Cape Ann is 
probably due to mafic rock underlying the Cape Ann series.

2.5.1.1.5 Regional Geologic History

The Regional Geologic Map (Figure 2.5.1-4) shows the distribution and generalized age 
relationships of rocks in the New England area.

The geologic history of New England is complex because the region has been subject to several 
orogenies during the Precambrian and Paleozoic eras. The early and middle Paleozoic rocks 
represent geosynclinal sequences which have been deformed and recrystalized to varying degrees 
during the disturbances discussed below.

Younger, relatively unchanged rocks are found in the Carboniferous basins in southeastern New 
England and in the Triassic-Jurassic basins in south-central New England and New Jersey-
Pennsylvania.

The youngest igneous activity in New England took place in the Mesozoic Era. The passive 
emplacement of the White Mountain series during the Jurassic and Cretaceous periods, and the 
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slightly younger activity of the Monteregian Hills during the Cretaceous period, appear to be the 
last tectonic activity.

Precambrian

Differences have been recognized between the Precambrian rocks in the western part of New 
England and those of eastern New England. Basement rocks of western New England belong to 
the Grenville province. The older Precambrian rocks in this province include those in the core of 
the Adirondack Mountains and those of the Green Mountain, Berkshire, Housatonic, and Hudson 
Highlands massifs (Figure 2.5.1-6). Isachsen (1964) considers the Manhattan Prong to be 
Precambrian and is considered by Naylor (1975) to be part of the western basement. These rocks 
are characterized by high temperature, high pressure (granulite facies) metamorphism at 1,100 to 
1,200 m.y.a. and may include units that formed significantly earlier (Naylor 1976). Rodgers 
(1968a) suggests that the eastern edge of the North American continent during the Cambrian and 
Early Ordovician periods coincided with the eastern edge of these massifs.

Precambrian rocks of eastern New England are believed to be associated with the Avalonian 
orogeny (Rodgers 1972). At Hoppin Hill, Massachusetts, the Dedham Granodiorite is 
unconformably overlain by lower Cambrian slate that is lithologically similar to sequences in 
Newfoundland (Skehan 1968). The eastern basement is considered to be a thick sequence of 
predominantly mafic volcanic rocks with intercalated metasedimentary rocks and granitic to 
gabbroic plutons lying underneath fossiliferous lower and middle Cambrian strata (Naylor 1976). 
Rubidium-strontium (Rb-Sr) whole-rock ages for the Hoppin Hill Granite, Northbridge and 
Milford Granite, and the Dedham Granodiorite date from 514 to 591 m.y.a. (Fairbairn et al., 
1967). The eastern basement is nowhere characterized by granulite facies metamorphism and has 
not yielded zircon or rubidium-strontium whole-rock ages greater than 650 m.y.a. This basement 
represents a period of widespread volcanism and plutonism with peak activity between 600 and 
650 m.y.a. (Naylor 1975). The eastern basement lies, for the most part, east of the Lake Char-
Clinton Newbury fault system. Naylor (1976) considers the gneisses along the southeastern coast 
of Connecticut to be part of the eastern basement and not an eastward extension of the Bronson 
Hill sequence. The Millstone site lies in this sequence and it is discussed in greater detail in 
Section 2.5.1.2. Late Precambrian through early Devonian stratified sequences occupy most of 
the area between the eastern and western basements (Naylor 1975).

Early Paleozoic

Two bands of Cambrian rocks are observed in New England; one along the Hudson and 
Champlain Valleys extending northward to Quebec, and the other in scattered outcrops along the 
present-day coast (Theokritoff 1968). The western band was a sand-carbonate shelf sloping 
steeply eastward and grading into a basin of mud deposition. The eastern band consists mainly of 
mud deposits around nonvolcanic islands. During early and middle Cambrian, Pacific province 
faunas occupied sites on the shelf and adjacent parts of the basin, whereas Acado-Baltic faunas 
occupied sites around the island chains (Theokritoff 1968).

Sedimentation continued into the Ordovician period. In early middle Ordovician, much of both 
the platform carbonates and terrain to the east were folded and became emergent (Berry 1968). 
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Breaks in deposition are noted by unconformities throughout New England. The uplifts caused 
instabilities including the submarine gravity slides of the Taconics, the folding and emergence of 
land masses to the east, and the deposition of deltaic sediments westward from these lands (Berry 
1968). The uplifts were the surface effects of the orogenic deformation at depth accompanied by 
low-grade metamorphism (Rodgers 1970). Also associated with these events, referred to as the 
Taconian orogeny, was the intrusion of plutons related to the Highlandcroft magma series (Berry 
1968). During much of middle Ordovician time, a series of volcanoes and islands existed along 
the present day Bronson Hill anticlinorium. Much of eastern Connecticut is underlain by 
metasedimentary, metavolcanic, and plutonic rocks related to this volcanic-island chain.

Activity related to the Taconian orogeny occurred as a discontinuous series of disturbances 
between 450 to 500 m.y.a. with the area of maximum deformation located in western New 
England (Rodgers 1970).

Middle Paleozoic

During the Silurian period, those areas uplifted by the Taconian orogeny were gradually 
encroached upon and eventually covered (Boucot 1968). Volcanic rocks continued to be deposited 
along the Bronson Hill anticlinorium and volcanic activity became apparent along the Avalonian 
belt from southern New Brunswick through southeastern Maine to eastern Massachusetts 
(Rodgers 1970). A belt coinciding with the present-day Merrimack synclinorium was the locus of 
the thickest sequence of Silurian sediment in the New England region (Boucot 1968). 
Graywackes and thick argillaceous sandstones characterize this sequence.

Carbonate sequences reached a maximum in the earliest part of the Devonian period in western 
New England (Rodgers 1970, Boucot 1968). Clastic material was deposited upon this calcareous 
sequence as the land mass to the east expanded westward (Boucot 1968).

By middle Devonian, deposition had ceased throughout the region and the area then underwent its 
most severe deformation, metamorphism, and granitic intrusions (Rodgers 1970). The Acadian 
Orogeny is responsible for most of the folding in the rocks presently exposed through the region. 
The belt of maximum intensity of this activity extends southward from central Newfoundland to 
eastern Connecticut (Rodgers 1970). Faulting related to the Acadian Orogeny is widespread 
throughout the region. Disturbance of the regional metamorphic isograds indicates that folding 
and faulting continued after the peak of metamorphism (Thompson et al., 1968).

Late Paleozoic

The deposition of material from this period is concentrated in the southeastern part of the region. 
The Boston Basin of eastern Massachusetts and the Narragansett, Norfolk, Woonsocket, and 
Scituate Basins of Rhode Island and southeastern Massachusetts are the only remnants of 
sedimentation. Rocks in these basins consist generally of coarse clastic sediments of continental 
origin. The basins are controlled by faulting; the Boston Basin by high-angle reverse faulting 
(Nelson 1976) and the Narragansett by high-angle normal faulting (Weston Observatory 1976). 
Metamorphism has only slightly affected the Boston Basin, whereas the Narragansett Basin has, 
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in the southwest portion, been metamorphosed to staurolite grade, with the grade of 
metamorphism decreasing to essentially none at the northern extent of the basin.

Deformation during the late Paleozoic is not widespread throughout New England. The 
Alleghenian orogeny has affected some areas of southern New England. The major manifestation 
of this orogeny is the granitic intrusion in southern Rhode Island and Connecticut. The gentle 
folding and the metamorphism of the Narragansett Basin sediments may also be attributed to the 
Alleghenian orogeny. Activity along the region's extensive system of thrust faults may have 
continued into the Permian period. A thermal disturbance yielding K-Ar dates of 230 to 260 
m.y.a. has been observed in an area 60 to 80 miles wide extending northward from the southern 
Connecticut coast to southwestern Maine, the cause of which is still unknown (Zartman et al., 
1970). The igneous activity in Rhode Island and Connecticut may account for the southern extent; 
however, Permian granitic intrusions are not observed further north. Granitic and pegmatitic 
intrusions related to the Westerly Granite intrude the Monson Gneiss at the Millstone site. 
Potassium-argon dating (NNECO. 1975) also indicates that the Monson Gneiss at the site has 
been affected by the thermal disturbance described by Zartman et al. (1970) (Section 2.5.1.2).

Mesozoic and Cenozoic

Toward the end of the Triassic period, a series of linear, generally fault-bounded troughs formed 
in which continental clastic sediments and volcanics accumulated. Two of these basins are 
apparent in this region: the Connecticut Valley Triassic Basin and the Newark-Delaware Basin 
(Figure 2.5.1-9). Similar basins beneath and beyond the continental shelf off the eastern and 
southern coasts of New England have been inferred by geophysical studies (Sheridan 1974, 
Ballard and Uchupi 1972 and 1975, Mayhew 1974). Dikes of Triassic-Jurassic age are common 
throughout the region. High-angle faulting related to the rifting is also widespread throughout 
southern New England (Section 2.5.1.1.4.2).

Igneous activity in the region continued with the intrusion of the White Mountain 
plutonic-volcanic series. These rocks are found from northern to southeastern New Hampshire, 
southern Maine, and east central Vermont. Age determinations indicate that activity associated 
with the White Mountain series began in the Triassic and continued into the early Cretaceous 
period, 216 to 112 m.y.a. (Foland et al., 1971, Armstrong and Stump 1971). This plutonism-
volcanism represents the last known localized tectonic activity that has occurred in the region of 
the site. Further north, igneous activity continued with the intrusion of the Monteregian Hills 
plutonic rocks. The latest activity associated with the Monteregian Hills is approximately 100 
m.y.a. (NUSCO. 1974).

The Appalachian Mountains have apparently undergone continuous erosion since late Paleozoic 
except in the areas of down-dropped Triassic fault blocks (Rodgers 1967). After Jurassic 
peneplanation of the Piedmont Plateau and what presently underlies the Coastal Plain, a broad 
area parallel to the coast was submerged. Material eroded from the exposed Piedmont was 
deposited in the coastal area in the form of a seaward thickening wedge. This wedge is 
dominantly Cretaceous in age (Figures 2.5.1-2 and 2.5.1-5), but includes some thin deposits of 
Tertiary age.
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During the Pleistocene epoch, all of New England was covered with ice. Before glaciation began, 
the principal valleys, ridges, and hills had already been shaped by long-continued erosion and, 
except in detail, were similar to those of today (Flint 1975). The ice scoured the land leaving 
scattered deposits throughout the area and advancing to and beyond the southern New England 
coast. Glacial deposits are the sole rock type exposed on eastern Long Island, Cape Cod, and 
Nantucket. The ice began to retreat from the Connecticut coast approximately 15,000 years ago 
(Flint 1975). Temporary advances and retreats of the front of the glacier caused deposits of end 
moraines prominent throughout southern Connecticut and Rhode Island (Flint 1975). Pleistocene 
deposition on the submerged Coastal Plain is dominated by a complex series of sedimentary 
sequences separated by unconformities. These relationships are the result of fluvial and marine 
processes active during regressions and transgressions of the sea (Knott and Hoskins 1968).

2.5.1.2 SITE GEOLOGY

The Millstone site is located at the southern tip of Millstone Point in Waterford, Connecticut. The 
site is a low lying peninsula within the Seaboard Lowland section of the New England 
physiographic province. Its physiography is discussed in Section 2.5.1.2.1.

The Millstone area, like the rest of New England, was covered with glacial ice until 
approximately 15,000 years ago. The glaciers deposited a thick layer of glacial till and, as they 
receded, left end moraine and outwash deposits. The surficial geology of the area surrounding the 
Millstone site is shown on Figure 2.5.1-3.

The bedrock geology is characterized by extensive deformation, metamorphism, and intrusion by 
igneous bodies. The bedrock geology of the 5-mile radius is shown on Figure 2.5.1-13.

The geology of the eastern portion of Connecticut is made difficult to decipher by the complex 
folding and faulting of the Late Paleozoic era. The tectonic features of the eastern section of 
Connecticut are shown on Figure 2.5.1-14. As shown on this figure, the Millstone site lies 
approximately 30 miles east of the Triassic Border fault, and approximately 15 miles south of the 
Honey Hill fault. The area south of the Honey Hill fault is complexly folded. The site lies on the 
east limb of the recumbent Hunts Brook syncline which mantles the Lyme dome. The site location 
with relation to these structures is shown on Figure 2.5.1-14.

2.5.1.2.1 Site Physiography

The Seaboard Lowland section of the New England physiographic province narrows along the 
Connecticut coast, as shown by Figure 2.5.1-1. In the Millstone Point area, this section narrows to 
approximately 15 miles, bordered on the north by the New England Upland section and just south 
of the site by the Coastal Plain physiographic province.

The most striking topographic expression in the area is the north-south trending ridges and 
valleys. The area is drained by a number of brooks and also the Thames, Niantic, and the 
Connecticut Rivers, the latter approximately 8 miles west of the site.
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Glacial deposits dominate the Seaboard Lowland province in the Millstone area. Till covers much 
of the bedrock surface on both hills and smaller valleys, showing that the bedrock had been 
sculptured, by weathering and rainwater runoff, essentially to its surface existing before glaciation 
occurred (Flint 1975). End moraine and glacial stream deposits are also prevalent throughout the 
region (Figure 2.5.1-3).

The Millstone site is located on a small peninsula near the mouth of the Niantic River. Wave 
action has eroded the blanket of till from the promontories of Millstone Point, exposing rock. The 
reworked material was deposited as beach sand in the protected areas. Eolian deposits are found 
in some locations, and tidal marshes and swampy areas are common.

Much of the plant area has been graded and backfilled during the construction of the three units of 
the power generating facilities now at Millstone Point.

There is no physiographic evidence indicative of actual or potential localized subsidence, mass 
wasting, or landslides in the vicinity of the site.

2.5.1.2.2 Local Stratigraphy

The site surficial and site bedrock maps are shown as Figures 2.5.1-3 and 2.5.1-13, respectively. 
These maps cover approximately the area within the 5-mile radius of the site. The age 
relationships and descriptions of the differing bedrock units found within this region are shown on 
Figure 2.5.1-13.

The site is underlain by the Monson gneiss of pre-Silurian age and the Westerly Granite of 
Pennsylvanian or younger age. The bedrock units shown on Figure 2.5.1-13 are dominated by 
metasedimentary and metavolcanic rocks of Cambrian or possibly Precambrian or Ordovician 
age. The metasedimentary and metavolcanic units have been intruded by several granitic masses, 
of which the Sterling Plutonic Group is the oldest. The granitic gneisses seem to have been 
emplaced at fairly deep levels in the crust, for they are associated with migmatites and are 
intimately intermingled with, and grade into, some associated metasedimentary and metavolcanic 
gneisses (Goldsmith and Dixon 1968). The Sterling gneiss units have not been noted 
stratigraphically above the Monson gneiss in the site area. The younger granitic intrusions are the 
nodular granites located in the Lyme dome and the Westerly Granite located along the coastline. 
These granites are believed to be Permian in age (Goldsmith 1967b).

The distribution of Quaternary surficial material is shown on Figure 2.5.1-3. This material 
includes such glacial deposits as glacial till, end moraine deposits, and stream deposits. Younger 
swamp, littoral, alluvial, and eolian deposits also occur.

2.5.1.2.3 Site Stratigraphy

The excavation for Millstone 3 has been extensively mapped. These maps are shown and 
described in Section 2.5.4.1. In the site area, the bedrock surface is very irregular and completely 
covered with glacial till. Construction activities from Millstone 1 and 2 disturbed the naturally 
deposited material in the site area which, for the most part, was replaced with artificial fill.
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The Monson gneiss is the main rock found at the site, as shown on Figure 2.5.1-13. This rock is a 
biotite-quartz-andesine gneiss. Petrographic analyses indicate that the main constituents are: 
plagioclase (45 percent), quartz (35 percent), and biotite (15 percent). Sericite, garnet, apatite, 
epidote-clinozoisite, and zircon are also present (NNECo. 1975). The Monson gneiss is medium-
grained, light gray with strong biotite foliation. A number of biotite segregation bands were 
observed throughout the excavation (Section 2.5.4).

The Monson gneiss is intruded by pegmatite and granite sills related to the Westerly Granite 
which was quarried on Millstone Point until 1960. The distinction between a granitic and a 
pegmatitic intrusion is a subtle one. Both intrusions are related to the same source and variable 
grain sizes are inherent in each. The Westerly Granite is considered to be a dike rock consisting of 
gray to pink, fine-to-medium-grained, equigranular granite composed of oligoclase, microcline, 
and quartz. The pegmatitic intrusions are similar in composition to the Westerly Granite 
intrusions except for their coarser grain size. Biotite, muscovite, and accessory minerals are also 
present in smaller percentages (Goldsmith 1967b, Lundgren 1967).

The entire bedrock surface at Millstone is covered by a layer of glacial till consisting of both basal 
and ablation tills. The basal till is a dense, unsorted soil material plastered and compacted into 
place by the weight and dynamic pressure of an actively moving glacier. The ablation till was 
deposited as the ice retreated. It is generally an unsorted material and, because it was subjected to 
a lighter load than the basal till, it is less dense.

The basal till consists of a mixture of cobble and boulder size rock fragments, gravel size 
material, sand, and some silt binder. The ablation till is irregularly stratified with lenses of sand 
and gravel and mixtures of cobbles, gravel, sand, and silts.

Glacial stream deposits are also present on Millstone Point (Figure 2.5.1-3), for the most part 
consisting of stratified sands with some silts and gravel.

Younger beach, swamp, and marsh deposits are also observed in the site area (Figure 2.5.1-3). The 
beach deposits are chiefly well sorted sand and pebbly gravel deposited by current and wave 
action.

2.5.1.2.4 Local Structural Geology

The Millstone site lies on the southeastern coast of Connecticut. The regional tectonic map 
(Figure 2.5.1-6) shows the location of the site with respect to the major structural features of New 
England. Figure 2.5.1-14 illustrates the generalized tectonic elements of eastern Connecticut and 
Figure 2.5.1-13 shows the structure within the 5-mile radius.

The tectonic map of eastern Connecticut (Figure 2.5.1-14) shows the major folds and faults that 
have affected the region. Three orogenies (Taconian, Acadian, Alleghenian) have structurally left 
their imprint on a series of complexly deformed rocks. As shown by the site bedrock geology map 
(Figure 2.5.1-13), the Lyme dome, Hunts Brook syncline, and two smaller anticlines lie within the 
site area. The larger structural features, such as the Bronson Hill anticlinorium, the Merrimack 
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synclinorium, and the Lake Char-Honey Hill fault system, have been discussed in 
Sections 2.5.1.1.2 and 2.5.1.1.4.2 and are shown on Figure 2.5.1-6.

The structural trend south of Honey Hill is generally east-west, whereas, in the remaining portions 
of the state, the structural trends are north-south, paralleling the regional trend.

The north-south and east-west structures tend to meet in the Killingworth dome. This is not a 
simple dome and must have reached its present form and acquired its complicated internal 
structure in several stages (Lundgren and Thurrell 1973). Recumbent isoclinal folds are common 
throughout and the dome itself may consist of a series of antiforms and synforms.

The Lyme dome, east of the Killingworth dome (Figure 2.5.1-14), also appears to be a simple 
anticlinal structure; however, the dome is mantled by the folded isoclinal Hunts Brooks syncline. 
The extent of the dome is marked by the contact between the Mamacoke Formation, Monson 
gneiss, or the Brimfield schist with the Plainfield Formation (Figure 2.5.1-13). The broad internal 
structure of the dome is indicated by the pattern of the middle unit of the Plainfield Formation and 
the alaskite units (Sterling Plutonic Group) and by the foliation pattern (Lundgren 1967). 
Distribution of the stratigraphic units indicates that the dome is a northward plunging anticline. 
The Lyme dome lies just west of the Millstone site (Figure 2.5.1-13).

The Selden Neck dome, which parallels the Honey Hill fault, is the last major dome south of the 
fault. This dome is essentially an overturned, possibly recumbent, anticline having a folded axial 
surface that dips north or northwest (Lundgren 1966).

The Hunts Brook syncline, which separates the Selden Neck dome from the Lyme dome, is the 
last prominent fold south of the Honey Hill fault. The isoclinal syncline bends around the Lyme 
dome and the trace of the axial plane lies within the belt of the Brimfield schist and the Tatnic Hill 
Formation. The axial plane of the Hunts Brook syncline dips away from the Lyme dome; in the 
Millstone area, the syncline dips to the east with the site lying on the overturned limb.

The Hunts Brook syncline meets the Chester syncline in the Killingworth dome area. Lundgren 
(1966) has proposed two theories concerning the relationship between these two synclines. If the 
Hunts Brook syncline is a folded overturned syncline with a nearly horizontal axis, then this axis 
probably meets the axis of the Chester syncline at a right angle, implying that the Hunts Brook 
formed after or during the development of the recumbent Chester syncline. However, if the Hunts 
Brook syncline plunges steeply to the northwest, then it could merge with the Chester syncline 
beneath the Selden Neck dome (Lundgren 1966).

The Chester syncline is a recumbent isoclinal syncline trending north from the Killingworth dome 
region and exhibiting a complexly folded axial plane which parallels the Monson anticline until it 
reaches a point north of the Honey Hill fault which it parallels for some distance  
(Figure 2.5.1-14).

Two smaller anticlines are shown on Figure 2.5.1-13. Both are overturned isoclinal anticlines with 
their axial planes dipping to the northwest. The area is complexly folded and it appears that the 
two anticlines may actually be one.
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Faulting is not conspicuous on quadrangle maps within the site area; however, faulting has played 
an important role in the geological history of southern Connecticut.

The Honey Hill fault (Section 2.5.1.1.4.2) lies approximately 15 miles north of the Millstone site. 
The closest mapped fault is approximately 10 miles northeast of the site in the Uncasville 
quadrangle (Figure 2.5.1-14). This fault trends north-south and is believed by Goldsmith (1973) 
to be a normal fault related to Triassic tectonics. The amount of displacement is unknown, but it is 
shown to cut the Honey Hill fault (Goldsmith 1967c). This faulting is thought to be related to the 
Lantern Hill fault further to the east due to its similar attitude. The Triassic Border fault lies 
approximately 30 miles west of the site (Figure 2.5.1-14).

A number of faults have been uncovered during the construction of Millstone 3 and are discussed 
in detail in Section 2.5.3.2.

2.5.1.2.4.1 Site Structural Geology

The Millstone site lies on the overturned eastern limb of the Hunts Brook syncline 
(Figure 2.5.1-13). The axial plane of the syncline in the site area dips to the east as shown on 
Section A-A of Figure 2.5.1-13. Detailed mapping of the excavation has yielded much 
information on the geology of Millstone Point (Sections 2.5.3.2 and 2.5.4.1).

The site is founded for the most part on the Monson gneiss which is part of a series of lower 
Paleozoic metavolcanic and metasedimentary rocks and granitic gneisses that underlie most of 
eastern Connecticut (Goldsmith and Dixon 1968). The Monson gneiss at the site area is light gray, 
medium grained, thinly layered with light feldspathic and dark biotite and hornblendic layers 
(Goldsmith 1976b). It consists of plagioglase (45 percent), quartz (35 percent), and biotite (15 
percent) with accessories of garnet, apatite, epidote-clinozoisite, and zircon (NNECo. 1975). The 
foliation is a well defined alignment of biotite flakes. Figure 2.5.1-15 is a lower hemisphere plot 
showing the foliation readings taken from final grade mapping. The average foliation attitude for 
344 points is N67W, 48NE. Segregation bands of biotite are apparent throughout the site.

The Monson gneiss has been intruded by a series of pegmatite and granite bodies. For the most 
part, these granitic intrusions are parallel to the foliation and believed to be related to the injection 
of the Westerly Granite (Goldsmith 1967b), which is a prominent intrusion throughout 
southeastern Connecticut and Rhode Island (Goldsmith 1967b).

Jointing is well developed at the site with the major joint set striking N03W and dipping 63NE. 
Figure 2.5.1-16 gives a contour diagram of poles to joint planes for the joints observed while 
mapping final grade. Minor joint sets have attitudes of N02W, 78SW; N69E, 74SE; and N48W, 
07NE. The joints generally exhibit smooth, planar surfaces with a majority having a coating of 
chlorite and some showing iron oxide staining. Jointing at the site is discussed further in 
Sections 2.5.3.2.3. Slickensides were found in 241 locations. Figure  2.5.1-17 gives the contour 
plot of these data. The points are concentrated along the east-west axis, indicating that the major 
direction of displacement is east-west. The points also indicate the association of the slickensides 
with high angle planes, thus implying a minor readjustment of dip-slip type.
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Eleven separate fault zones with numerous minor associated faults have been uncovered at the 
Millstone site. Section 2.5.3.2 discusses these faults in greater detail. All but one of the faults 
trend northerly and dip at high angles east or west. The other fault is a minor low angle thrust. 
Figure 2.5.1-18 shows the location of these faults. The faults are all incapable features with the 
last activity occurring approximately 142 m.y.a. Slickenside information and a section through 
fault 18 in the Millstone 2 and 3 condensate polishing facilities indicate that the faulting is of the 
normal type, with some oblique dip-slip movement.

2.5.1.2.5 Site Geological History

The geological history of southeastern Connecticut is obscured by the complex folding and 
metamorphism that the area has undergone. The Taconian, Acadian, and Alleghenian orogenies 
have affected the area to a varying extent (Goldsmith and Dixon 1968).

The ages of the rocks present in the site area are still in doubt. The Monson gneiss, the New 
London gneiss, the Mamacoke Formation, and the Plainfield Formation are pre-Silurian in age, 
and most probably the rocks range in age from late Precambrian or Cambrian to Ordovician, 
(Goldsmith 1976). The Brimfield schist, which lies unconformably beneath the Bolton Group, is 
similar to and can be traced into the Partridge Formation and the Ammonoosuc volcanics of 
Middle Ordovician age (Goldsmith and Dixon 1968). Two major plutonic rocks are present in the 
site area, the Sterling Plutonic Group and the Westerly Granite. The older Sterling Plutonic Group 
is believed to be Cambrian or older in southern Connecticut and does not occur stratigraphically 
above the Monson Gneiss around Millstone Point (Goldsmith and Dixon 1968). However, the 
Sterling Group is younger that the Monson gneiss, so the Sterling may be Ordovician or younger. 
The youngest rock type present in the site area is the Westerly Granite, which is regarded as 
Permian (Lundgren 1967). A granitic intrusion other than the Sterling Plutonic Group or Westerly 
Granite occurs in the Lyme dome. This nodular granite is believed to be older than the Westerly 
Granite and younger than the granitic intrusions of the Sterling Plutonic Group (Goldsmith 
1967b).

The relationship of the rocks within the site area is shown on the stratigraphic chart for the 
surrounding area (Figure 2.5.1-7) and described in Tables 2.5.1-1 through 2.5.1-7. Figure 2.5.1-13
shows the distribution of the bedrock units.

The origin of the oldest rocks found in the site area, the Plainfield and the Mamacoke Formations, 
is obscure. These probably were originally quartz sandstone, limestone and dolostone, and shale 
(Lundgren 1966). The age of these rocks is still questioned, although it is believed that the rocks 
are of Cambrian age (Page 1976). The remaining rocks in the site region with the exception of the 
Nodular and Westerly Granites are probably Ordovician in age.

The Monson and New London gneisses are believed to be metamorphosed andesitic and dacitic 
volcanics and associated intrusions (Lundgren 1967). As mentioned in Section 2.5.1.1.5, the 
present day Bronson Hill anticlinorium was the location of a series of volcanoes and islands 
which served as a source area for much of the middle Ordovician period.
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The Sterling Plutonic Group is present throughout much of the site area. The youngest unit it 
intrudes is the Monson gneiss. The age of the Sterling Group is still questioned. Radiometric dates 
for contiguous granitic gneisses in southern Connecticut suggest a Cambrian or older age 
(Goldsmith and Dixon 1968). However, the Monson gneiss, outside of the site area, has been 
dated as 472 m.y.a. ±15 (Brookins and Hurley 1965) and radiometric work by Zartman et al. 
(1965) implies that the Quinebaug Formation, correlated with the Monson, is middle Ordovician. 
The Sterling gneisses seem to have been emplaced at fairly deep levels in the crust, for they are 
associated with migmatites and are intimately intermingled with and grade into some associated 
metasedimentary and metavolcanic gneisses (Goldsmith and Dixon 1968). The Sterling Plutonic 
Group is widespread in Rhode Island, underlying most of the central portion of the state and 
considered to be late Precambrian or Cambrian in age.

Thus, the age relations are problematic and have not been resolved to date.

The Brimfield schist consisted originally of shale imbedded with minor amounts of quartz, 
sandstone, limestone, andesitic and basaltic pyroclastics, and manganese-bearing chert. The 
deposition of this pelitic unit represents a major change in the character of sedimentation, as 
volcanic rocks are of subordinate importance in the section above the base of the Brimfield and 
Tatnic Hill Formations (Lundgren 1964). The Brimfield and Tatnic Hill Formations may have 
been deposited as geographically separate facies of a single stratigraphic unit (Lundgren 1964). 
The Brimfield schist is the youngest pre-Pennsylvanian rock found within the site area.

Much of the deformation that occurred in the Millstone area has been attributed to the Acadian 
orogeny, which affected much of central and eastern New England. The initial stages in the 
formation of the complex structure now observed are the north-south trending recumbent isoclinal 
folds (Monson anticline and Chester syncline) which were formed in response to an east-west 
compression during early stages of post-Silurian metamorphism (Figure 2.5.1-14) (Lundgren 
1964). Deformations continued with the development of the east-west trending anticlines and 
synclines, the Selden Neck dome and Hunts Brook syncline, respectively. Most of the major 
features of the map pattern in the rocks south of the Honey Hill fault are the combined result of 
the formation of the Lyme dome and the antiform at Chester. This uplift deformed the Hunts 
Brook syncline, the Selden Neck dome, and the Honey Hill fault, resulting in the present 
structural configuration.

Metamorphism accompanied the structural development mentioned above. Metamorphism of all 
the rocks produced assemblages characteristic of the upper amphibolite facies (Lundgren 1966). 
Lundgren (1964) believes the metamorphism took place when the rocks were deeply buried, 
probably at depths of 15 to 20 kilometers where the temperature was 550 to 650°C. 
Metamorphism presumably began during the Devonian period but may have continued into the 
Permian (Lundgren 1963).

The Honey Hill faulting also was initiated during the Acadian orogeny as part of the eastward 
displacement of the recumbent Chester syncline. Movement along the Honey Hill fault is believed 
to be southeasterly, continuing beyond the period of peak metamorphism (Dixon and Lundgren 
1968).
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Lundgren and Ebblin (1972) have proposed that the Honey Hill fault zone is related to the 
shearing between the Putnam Group and the underlying Ivoryton and Sterling Plutonic Groups 
during the folding and uplifts of the Acadian orogeny. Movement along the Honey Hill fault may 
have continued into the Permian period.

Following the highly active Acadian orogeny was a milder period of gentle folding, granitic 
intrusion, and localized thermal activity. The Alleghenian orogeny affected only the southeastern 
portion of New England, mainly Rhode Island and southeastern Connecticut. The main 
manifestation of the Alleghenian orogeny was the intrusion of the Narragansett Pier Granite and 
the Westerly Granite. The Pennsylvanian sediments of the Narragansett Basin of Rhode Island 
exhibit folding associated with this orogeny. The thermal activity is exhibited by a narrow band 
extending from southern Connecticut to southwestern Maine. These rocks yield potassium-argon 
dates of 230 to 260 m.y.a. The actual cause of this disturbance is still questioned although it could 
be attributed to contact metamorphism related to contemporaneous igneous activity, alteration 
associated with major faulting, regional metamorphism in late Paleozoic time, or burial followed 
by uplift and erosion (Zartman et al., 1970).

The Millstone site has been affected by thermal disturbance and granitic intrusion. Granitic 
intrusions parallel to the foliation of the Monson gneiss, folded and overturned during the 
Acadian orogeny, are widespread throughout the site area.

Potassium-argon dating of biotite from the gneiss and the granitic intrusions at the site yielded a 
range of ages from 208 to 273 m.y.a. (NNECo. 1975). At Millstone Point, the thermal disturbance 
could be attributed to contact metamorphism during emplacement of the Westerly Granite.

The most recently known expression of tectonic activity in the local area is faulting related to 
Triassic-Jurassic rifting. Small high angle faults and joints associated with the larger Triassic 
faults of the Triassic Basin (Figure 2.5.1-14) are common in the Clinton quadrangle to the west 
(Lundgren and Thurrell 1973) and in the Moodus and Colchester quadrangles to the north 
(Lundgren et al., 1971). Goldsmith (1967a) shows two small high-angle faults in the Uncasville 
quadrangle northeast of the site, which he believes to be related to the Triassic-Jurassic tectonics 
(Goldsmith 1973). No faults are shown adjacent to the site on the quadrangle maps. In the process 
of mapping the excavation at the Millstone site, eleven fault zones were uncovered 
(Section 2.5.3.2). Potassium-argon dating of clay gouge from some of these fault zones indicates 
that the last activity along these zones occurred about 142 m.y.a. Also associated with the 
Triassic-Jurassic periods are the deposits of arkosic clastic sediments in the Connecticut Basin, 
extrusive igneous activity, and related injection of basic dikes throughout southern New England. 
Hydrothermal activity, typically silicification, is commonly found along faults related to the 
Triassic-Jurassic tectonics. Rodgers (1975), Skehan (1975), and Goldsmith (1973) believe that the 
hydrothermal activity represents the youngest known tectonically related event in southern New 
England.

Recent study of dikes in southwestern Rhode Island and eastern Connecticut indicates that a few 
lamprophyre dikes may be as young as Cretaceous. Their relation to hydrothermal activity is not 
known.
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Lundgren (1966) estimates an uplift of 15,000 to 20,000 feet occurred between the Permian and 
late Triassic periods. A long, continuous period of erosion followed, shaping principal valleys, 
ridges, and hills, similar to those of today (Flint 1975). Cretaceous and Tertiary sediments are 
present south of the site (Figure 2.5.1-2). The northernmost previous extent of these deposits is 
unknown. During Tertiary and Quaternary time, alternating periods of transgression and 
regression occurred along the coast of southern New England. The two major regressions took 
place during the Oligocene epoch and during the Pleistocene glaciation (Garrison 1970).

Evidence from outside the site area indicates that during the last million years or more, 
Connecticut was covered by continental glaciers at least twice, and possibly several times, 
however, evidence of only one glaciation is found locally (Flint 1975). The ice at its maximum 
reached its outer limit along a line on, or south of, what is now Long Island and culminated 
approximately 18,000 years ago (Flint 1975). Pollen studies and radiocarbon dates on samples 
taken in New London show that glaciation took place more than 13,000 years ago (Goldsmith 
1960, 1962a). Caldwell (Appendix 2.5A), after visiting the Millstone site, indicated that the last 
deposition of till was approximately 18,000 years ago and that ice covered the area until about 
14,000 years ago. The cumulative effect of the glaciation was to smooth, round off, and widen 
some of the valleys and to remove most of the pre-existing regolith (Flint 1975).

The Millstone area is covered with glacial till, end moraine deposits, and outwash sands as shown 
on Figure 2.5.1-3. The end moraines are common across Rhode Island and southern Connecticut. 
They were deposited when the recession of the glacial margin slowed or stopped for some period 
(Flint 1975).

Excavations along the discharge tunnel uncovered slumped and faulted ablation till and outwash 
deposits. These features were found to be quite common in the outwash and are believed to be 
related to penecontemporaneous soft sediment deformations, in some cases associated with 
melting out of buried ice blocks (NNECO. 1982).

Since the glacial period, the surficial geology has been most drastically changed by the rise in sea 
level, which reworked the glacial outwash and eroded till and rock promontories, then depositing 
this material on the beach to be reworked by the wind to form dunes.

2.5.1.2.6 Site Engineering Geology

All Category I structures at Millstone 3 are founded on rock, dense basal till, or compacted 
granular backfill. The properties of the subsurface materials are given in Section 2.5.4.2.

The country rock at the site is the Monson gneiss. This gneiss exhibits a well-developed foliation 
due to the alignment of biotite flakes. Segregation bands of biotite were also uncovered at the site. 
Figure 2.5.1-15 shows that the attitude of the foliation is quite consistent at N67E, 48NE. Jointing 
at the site is also very well-developed. The contour plot of the Lower Hemisphere projection 
(Figure 2.5.1-16) indicates one major joint set with three minor sets. The most prominent set has 
an average attitude of N03W, 63NE. The minor sets have attitudes of N02W, 78SW; N69E, 74SE; 
and N48W 07NE.
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The combination of the weakness planes, joints, and foliation indicates that a potential for 
instability of rock slopes exists. This potential is explained in detail in Section 2.5.4.14.

The geology of the excavation is also described in Section 2.5.4.1. Maps showing the geology of 
the floors and walls of structure excavations accompany this description. During the mapping of 
the excavation, eleven fault zones were uncovered. The relationship between these faults is shown 
on Figure 2.5.1-18 and shown in greater detail on the geology maps associated with 
Section 2.5.4.1.

An old granite quarry is located in the Westerly Granite about 1,200 feet south-southeast of the 
plant area. This quarry was in operation as an open pit, unsupported excavation from 1830 to 
1960. The rock is sound and self-supporting, and this excavation does not influence the stability 
of the site in any way. Neither the Westerly Granite nor the Monson gneiss are ore-bearing and 
there are no mining activities at present and none are anticipated in the future.

Both the basal and overlying ablation tills are relatively impervious. The only water flow through 
the gneiss noted during construction was along intersecting joints that extended upward to the 
surface. This flow was handled quite readily by sumps located throughout the excavation. 
Permanent sumps have been located around the structures to take care of this groundwater flow 
during the operation of the plant. The site groundwater conditions are covered in detail in 
Section 2.4.13 and the structure dewatering system is described in Section 3.8.5.1.
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TABLE 2.5.1–1 ROCK FORMATIONS OF THE COASTAL PLAIN OFF SOUTHERN 
NEW ENGLAND 

CLICK HERE TO SEE TABLE 2.5.1-1 
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TABLE 2.5.1–2 ROCK FORMATIONS OF WESTERN CONNECTICUT 

CLICK HERE TO SEE TABLE 2.5.1-2 
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TABLE 2.5.1–3 ROCK FORMATIONS OF EASTERN CONNECTICUT AND WESTERN 
RHODE ISLAND 

CLICK HERE TO SEE TABLE 2.5.1-3 
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TABLE 2.5.1–4 ROCK FORMATIONS OF CENTRAL RHODE ISLAND (AND NOT 
INCLUDED IN PREVIOUS DESCRIPTIONS) 

CLICK HERE TO SEE TABLE 2.5.1-4 
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TABLE 2.5.1–5 ROCK FORMATIONS IN NORTHERN AND EASTERN RHODE 
ISLAND AND SOUTHERN MASSACHUSETTS 

CLICK HERE TO SEE TABLE 2.5.1-5 
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TABLE 2.5.1–6 ROCK FORMATIONS OF CENTRAL MASSACHUSETTS 

CLICK HERE TO SEE TABLE 2.5.1-6 
2.5.1-42 Rev. 30



MPS3 UFSAR
TABLE 2.5.1–7 EAST OF CLINTON-NEWBURY FAULT SYSTEM, EASTERN 
MASSACHUSETTS, AND NEW HAMPSHIRE 

CLICK HERE TO SEE TABLE 2.5.1-7 
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TABLE 2.5.1–8 DESCRIPTIONS OF LINEAMENTS FROM LANDSAT 
PHOTOGRAPHS (SHOWN ON FIGURE 2.5.1-10) 

CLICK HERE TO SEE TABLE 2.5.1-8 
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2.5.2 VIBRATORY GROUND MOTION 

The site region is characterized by earthquakes of low to moderate intensity. During the past 300 
years, only 13 earthquakes greater than or equal to Intensity V Modified Mercalli (MM) have 
been reported within 50 miles of the site. The site lies in the Southeastern New England-Maritime 
Tectonic Province. The largest earthquake in this province was an Intensity VI (MM) event which 
occurred in 1904 east of Eastport, Maine. Two moderate size earthquakes have occurred in the 
Moodus, Connecticut area, located in the adjacent New England Province, in 1568 (Intensity VII 
(MM)) and 1791 (Intensity VI-VII (MM)). The maximum earthquake potential at the site is 
assumed to be due to an earthquake of Intensity VII (MM) occurring close to the site. This 
corresponds to a peak ground acceleration of 0.10 g. The safe shutdown earthquake (SSE) has 
conservatively been specified as 0.17 g. The operating basis earthquake (OBE) has been specified 
as 0.09 g, which corresponds to approximately half the SSE.

2.5.2.1 SEISMICITY

Most of the information on earthquake activity in the northeastern United States is based on 
historical reports, old diaries, and newspaper accounts. These earthquakes are classified on the 
basis of intensity corresponding to the Modified Mercalli scale. This scale, developed in 1931 and 
described in Table 2.5.2-1, is based on observations of the effects of earthquakes and damage to 
structures. The instrumental monitoring of earthquakes began in the mid 1920s in the northeastern 
United States. Magnitude, a measure of earthquake energy, is determined from instrumental data. 
The number of seismographic stations has greatly increased in recent times. At present, Weston 
Observatory of Boston College, Lamont-Doherty Geological Observatory of Columbia 
University, Massachusetts Institute of Technology, University of Connecticut, Pennsylvania State 
University, and Delaware Geological Survey operate seismographic stations in the northeast and 
coordinate the publication of the Northeastern United States Seismic Network (NEUSSN) 
bulletin. Figure 2.5.2-1 shows the location of stations in this network and Table 2.5.2-2 lists the 
locations and other pertinent data for these stations. Historical reports of earthquakes and 
information obtained from instrumental coverage in recent years form the basis of this 
examination of the seismicity of the site region.

2.5.2.1.1 Completeness and Reliability of Earthquake Cataloging

Even though major historical catalogs carry entries dating back almost three centuries, the 
coverage of this period is not continuous. The completeness and reliability of the data are related 
to population distribution and, recently, to the seismograph network coverage. Therefore, 
accuracy of epicentral coordinates and the assigned maximum intensities must be evaluated 
carefully.

For the earlier historical events, epicenters were located closer to population centers due to the 
absence of reports from the true epicentral area. The intensity of an earthquake at a given location 
depends not only on accurate and complete human observations, but also on foundation 
conditions, design, type, and quality of building construction. Construction practices, particularly 
of chimneys in the earlier centuries, were certainly not those envisioned in the Modified Mercalli 
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scale. Interpretation of historical damage reports, without consideration of construction practices 
or subsurface conditions, may result in erroneously high intensities.

Seismological information for the instrumental period (since 1900) must also be evaluated 
carefully. Seismic instrumentation began in the early 1900s in the United States and Canada with 
progressively improved quality of earthquake data. Epicentral locations based on felt reports were 
complemented and somewhat controlled by instrumental data. From the 1900s until the 1960s, 
only a few seismographs operated in the eastern United States. Most of these stations were part of 
the regional network operated by the Jesuit Seismological Association. In the early decades, 
numerous factors, such as the type of instrumental response, lack of accurate time control, 
awkward configuration, use of graphical methods, and limited knowledge of crustal velocities 
were potential sources of errors. These produced large uncertainties in the epicentral coordinates 
which, in many cases, amounted to tens of kilometers.

Since the 1960s, increased interest in understanding local seismicity has resulted in the 
implementation of dense seismographic networks. Seismic data in the northeastern United States 
are now gathered by NEUSSN and reported in its bulletin. NEUSSN reports earthquake 
hypocentral locations and magnitudes determined through the cooperation of several institutions. 
Although the coverage of this network is uneven, it is now capable of detecting and locating all 
earthquakes in New England of magnitude greater than or equal to 2.0 (Chiburis 1979; Sbar and 
Sykes 1977). Chiburis (1979) has recently examined the seismicity of New England based on 
recent earthquakes and has reevaluated the location and intensity of several earlier events.

2.5.2.1.2 Earthquake History

Studies of the earthquake history of the site region are based on the Chiburis (1979) catalog. Table 
2.5.2-3 lists all earthquakes with intensity greater than or equal to IV (MM) within 200 miles of 
the site and all instrumentally located earthquakes regardless of magnitude. The table also lists the 
date, origin time, epicentral coordinates, epicentral intensity, magnitude, seismic moment, and a 
description of location. Except for the seismic moments, which were determined by Street and 
Turcotte (1977), all other information is from Chiburis (1979). The earthquakes listed in Table 
2.5.2-3 and plotted on Figure 2.5.2-2 show that the site is located in an area of low to moderate 
seismicity.

The cumulative historical seismicity data (Figure 2.5.2-2) reveal the presence of several distinct 
areas of concentrated seismic activity. They are: Moodus, Connecticut; Narragansett Bay, Rhode 
Island; Cape Ann, Massachusetts; the area around Ossipee, New Hampshire; northern New York; 
southeastern New York; northeastern New Jersey; and the Hudson River Valley. These are 
discussed in terms of their location, areal extent, level of historical seismicity, and their tectonic 
framework as inferred from current research.

Activity in Southern New England

Areas of central Connecticut, near East Haddam and Moodus, and the region near Narragansett 
Bay in Rhode Island and southeastern Massachusetts have experienced a low level of activity.
2.5.2-2 Rev. 30



MPS3 UFSAR
The largest events for this region are the Intensity VII (MM) (1568), and the Intensity VI-VII 
(MM) (1574, 1791) East Haddam earthquakes. More recent activity is restricted to several lesser 
events ranging in magnitude to approximately 3.5.

Activity in Southeastern New York and Northeastern New Jersey

The seismic activity in southeastern New York, eastern Pennsylvania, and New Jersey is 
characterized by several repeated occurrences of Intensity VII (MM) earthquakes. Three of these 
events occurred near New York City in 1737, 1884, and 1927. Two others occurred in 
southwestern New Jersey in 1840 and 1871. Several Intensity VI events are also distributed 
throughout this area of low level activity.

Recent investigations by Page et al. (1968), Aggarwal and Sykes(1978), and Sbar and Sykes 
(1977) propose a spatial correlation of instrumentally recorded, small earthquakes with the 
Ramapo fault system, which extends in a northeasterly direction parallel to the Appalachian trend 
in this region. Available focal mechanism solutions for this area, by Aggarwal and Sykes (1978), 
suggest high angle reverse faulting along planes that parallel mapped or inferred segments of the 
northeast-trending Ramapo system.

White Mountains Plutons

The area of central New Hampshire and northeastern Massachusetts, including the Cape Ann 
area, once considered to be a segment of a continuous Boston-Ottawa seismic trend by Sbar and 
Sykes (1973), is presently interpreted as a separate seismic region. Recently, Sbar and Sykes 
(1977) have recognized the presence of a seismicity gap in Vermont and western New Hampshire.

Extensive regional investigations, geological and geophysical, conducted for the Preliminary 
Safety Analysis Report (PSAR) of Pilgrim Unit 2 (BECo 1976a), have stressed the individual 
entity of this seismic zone. The largest events to affect this region are the Intensity VIII (MM) 
Cape Ann earthquake of 1755 and three Intensity VII (MM) events, one near Cape Ann in 1727, 
and two near Ossipee, New Hampshire on December 20 and 24, 1940. Street and Turcotte (1977) 
suggest a magnitude of 5.4 for the Ossipee events, based on reanalysis of several seismograms. 
The larger earthquakes in the Ossipee and Cape Ann areas have been individually correlated to 
certain plutons of the White Mountains series in combination with anomalous country rock 
faulting in the Pilgrim Unit 2 PSAR (BECo 1976a), whereas the Nuclear Regulatory Commission 
has associated these earthquakes with a larger zone of weakness, and the United States Geological 
Survey, following Hadley and Devine (1974), has correlated the earthquakes with northeast-
trending faults.

Recent activity in this region, including central New Hampshire and the Cape Ann area, appears 
to be low. Two events ranging in magnitude to just over 3.0 have been reported in the last decade.
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Northern Coastal Zone

The seismicity of Maine, characterized by a maximum Intensity VI (MM), is spatially distributed 
in the central and west-central regions, the New Brunswick border area, and the Quebec border 
region near northern New Hampshire.

Two Intensity VI (MM) earthquakes, one located in the ocean off Portland in 1957 and the other 
near the Maine-Quebec border in 1973, are both assigned magnitudes of 4.8. For the 1973 event, 
Wetmiller (1975) determined an oblique strike-slip focal mechanism with nodal planes oriented 
NO4E and N37W.

Hudson River Valley

Few earthquake epicenters have been located in the Hudson River Valley. The largest of these 
earthquakes was Intensity VII (MM) near Lake George, New York, on April 20, 1931.

Although a number of large earthquakes (Intensity IX-XI (MM)) have occurred in the St. 
Lawrence River Valley, these earthquakes fall outside the 200-mile radius and, therefore, are 
discussed in Section 2.5.2.4 with relation to maximum earthquake potential at the site.

The cumulative historical seismicity data, carefully interpreted, can yield valuable information on 
the spatial and temporal distribution of larger and more significant earthquake events and the 
location of zones of concentrated activity. Four years of operation of the NEUSSN have produced 
a complete record of accurately located events of magnitude 1.8 to 2.0 and larger in the region. 
Sbar and Sykes (1977) and Chiburis (1979) have noted that the spatial distribution of this 
instrumental seismicity closely tracks the distribution of less accurately located historical events, 
thus reinforcing confidence that older events are fairly well located and that areas of seismic 
activity are relatively stationary.

2.5.2.1.3 Seismicity within 50 Miles of the Site

Earthquake activity within 50 miles of the site is listed in Table 2.5.2-4 and shown on 
Figure 2.5.2-3. There have been 50 earthquakes of intensity greater than or equal to Intensity IV 
(MM). Almost half of this earthquake activity has occurred in the Moodus-East Haddam area, 
about 25 miles northwest of the site. A temporary microearthquake network (five stations) has 
been installed in this area by Professor E. Chiburis of Weston Observatory to examine the nature 
and significance of this activity.

Large earthquakes have occurred in the Moodus area in 1568, with epicentral Intensity VII (MM), 
and on May 16, 1791, with Intensity VI-VII (MM) (Chiburis 1979). The earthquake of May 16, 
1791, was felt over an area of 35,000 square miles extending from Boston to New York. Several 
aftershocks were reported for the next few days.

Since 1791, at least 40 earthquakes have been lightly felt in the East Haddam-Moodus area. A 
moderate earthquake took place in the same epicentral area on November 14, 1925 and, although 
it reportedly did some minor damage at Hartford and Windham, it was not strong enough to be 
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recorded on seismographs in Cambridge, Massachusetts, or New York City. The last felt 
earthquake to occur in this general area took place on November 3, 1968 with an instrumentally 
determined epicenter about 19 miles northwest of the site. The earthquake had a maximum 
intensity of IV (MM) and was generally felt from Old Lyme, Connecticut, on the south to East 
Hartford on the north. The most recent earthquake in the Moodus area was of magnitude 2.2 in 
1976.

Earthquake activity within 10 miles of the site has been limited to four very slight earthquakes 
with maximum intensities of Intensity III (MM). Two of these earthquakes occurred in New 
London on November 23, 1894 and August 9, 1935; one occurred in Groton on August 1, 1852; 
and the fourth was felt in Mystic, Moodus, and Norwich on September 20, 1938.

2.5.2.1.4 Earthquakes Felt at the Site 

To determine the earthquake hazard at the site, it is necessary to examine how severely the site has 
been affected by large earthquakes in the past. This examination for Millstone 3 is based on 
available historical records. A discussion of these earthquakes follow.

June 11, 1638 (46.5°N, 72.5°W, Intensity IX (MM)) 

This earthquake, centered in the St. Lawrence River Valley, probably near Three Rivers, Quebec, 
was felt throughout New England with no damage reported except to chimneys at Plymouth and 
Salem, Massachusetts. Perley (1891) described the chimneys at Plymouth as follows: “The 
chimneys of the first houses here were built on the outside at the ends of the houses, with the tops 
rising just above the roof. They were massive piles of rough and uneven stones, generally some 
six feet square, besides being nearly perpendicular. Imperfectly built, without mortar except for 
filling, they readily yielded to the terrible shaking they received, and the tops of many of them fell 
off, striking on the house or on the ground.” Felt (1899) reported that the shock was felt in 
Connecticut, Narragansett, Pascataquack, and surrounding areas. Based on available reports and 
the intensity attenuation characteristics of other earthquakes occurring in the vicinity of the St. 
Lawrence River Valley, the estimated maximum intensity of the earthquake at the site was IV-V 
(MM).

February 5, 1663 (47.6°N, 70.1°W, Intensity X (MM)) 

This earthquake was centered in the St. Lawrence River northeast of Quebec City and was felt 
over a 750,000-square-mile area of eastern North America, accompanied by landslides along the 
St. Maurice, Batiscan, and St. Lawrence Rivers. Other damage was confined to cracked chimneys 
and the like. Effects in New England were similar to those of the 1638 earthquake. Brigham 
(1871) reported that “on the shore of Massachusetts Bay, houses were shaken so that pewter fell 
from the shelves and the tops of several chimneys were broken.” Based on available reports and 
intensity attenuation characteristics of other earthquakes occurring in the vicinity of the St. 
Lawrence River Valley, the estimated maximum intensity of this earthquake at the site was IV-V 
(MM).
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November 9, 1727 (October 29, 1727 Old Calendar) (42.8 ±0.5°N, 70.55 ±0.1°W, 
Intensity VII (MM)) 

The epicenter of this earthquake was located off the coast of northeastern Massachusetts. 
Maximum damage in the intensity range of VI to VII (MM) occurred near the mouth of the 
Merrimack River where “no buildings were thrown down but parts of walls of several cellars fell 
in and the tops of many chimneys were shaken off” (Crowell, 1868). Slight damage equivalent to 
Intensity V (MM) consisting of cracked chimneys was noted as far north as Portsmouth, New 
Hampshire; as far west as Lowell, Massachusetts; and as far south as Boston, Massachusetts. The 
earthquake was felt over an estimated area of 75,000 square miles from the Kennebunk River in 
Maine to the Delaware River south of Philadelphia. The intensity distribution of this earthquake is 
shown on Figure 2.5.2-4. Based on available reports, the estimated maximum intensity of this 
earthquake at the site was IV (MM). 

September 16, 1732 (45.5°N, 73.6°W, Intensity VIII (MM)) 

This earthquake was centered near Montreal where 300 homes were damaged and 7 people were 
killed. It was felt in Boston and throughout New England and possibly as far south as Maryland. 
Based on available reports and the intensity attenuation characteristics of other earthquakes 
occurring in the vicinity of the St. Lawrence River Valley, the estimated maximum intensity of 
this earthquake at the site was IV (MM).

December 18, 1737 (40.8°N, 74.1°W, Intensity VII (MM)) 

This earthquake appears quite similar to the earthquake of August 10, 1884, in that it was felt 
from Boston, Massachusetts, to New Castle, Delaware and the epicenter was located in the New 
York City area where some chimneys were thrown down and bells rang. Although the damage in 
the epicentral area appears similar, it is possible that the epicentral intensity of the 1737 
earthquake may have been one intensity less (or Intensity VI (MM)) due to the difference in the 
construction quality over the 147-year interval between earthquakes. Based on available reports 
and a comparison of this earthquake with the 1884 earthquake, the probable intensity in the 
vicinity of the site was IV (MM) with an estimated maximum intensity of V (MM). 

November 18, 1755 (42.7 ±0.1°N, 70.3 ±0.1°W, Intensity VIII (MM)) 

This earthquake had its epicenter off the Massachusetts coast, east of Cape Ann. It was felt over 
an estimated area of 300,000 square miles from the Chesapeake Bay in Maryland on the south to 
the Annapolis River in Nova Scotia on the north and from Lake George in New York on the west 
to approximately 200 miles east of Cape Ann (ship thought to have run aground). Most of the 
damage (Intensity VI (MM) or greater) from this earthquake occurred along the coast from the 
New Hampshire-Massachusetts line south to the Boston area. Some slight damage to chimneys 
(Intensity V (MM)) occurred as far north as Portland and Brunswick, Maine; as far south as 
Scituate, Massachusetts; and as far west as the Lowell, Massachusetts and Nashua, New 
Hampshire area. The intensity distribution for this earthquake is shown on Figure 2.5.2-5. 
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The only damage reported from the Connecticut River Valley was at Springfield, Massachusetts, 
where a vane atop a church was “bent to a right angle” (Winthrop 1757). Based on available 
reports, the estimated maximum intensity of this earthquake at the site was V-VI (MM).

May 16, 1791 (41.5°N, 72.5°W, Intensity VI-VII (MM)) 

The epicenter of this earthquake was located in the vicinity of East Haddam, Connecticut. This 
earthquake was felt over an area of 35,000 square miles extending from Boston to New York. 
Examination of the dates and times mentioned in the technical references suggests that a number 
of earthquakes occurred; the first and largest on May 16, 1791, at 8:00 pm, with a number of 
aftershocks during the next few days.

The only reports of damage were from the East Haddam area where stone walls and the tops of 
chimneys were thrown down and latched doors were thrown open. Linehan (1964) reports that a 
group of professors from Wesleyan University visited the East Haddam area in 1841 and was able 
to confirm these reports. However, contrary to the original reports, the professors found that only 
one large stone had been displaced (it was in a tenuous position to begin with) and that no fissures 
had opened in the earth. 

Forty houses of pre-1791 construction were still occupied in the East Haddam-Middletown area 
as late as 1938. “A study of the houses in the East Haddam area shows that they were not of sturdy 
construction nor had deep foundations, yet none were structurally damaged in the 1791 
earthquake. The fact that some stone walls or chimneys might have been damaged could be 
attributed to an earthquake of intensity not more than V (MM), as there was little brick used and 
the stones were glacial cobbles. Clay and fibers made up the morta” (Linehan 1964). 

Previous reports of this earthquake placed the intensity at VIII (MM). However, Linehan (1964) 
concludes that the intensity of the seismic event which was felt in East Haddam on May 16, 1791 
was no greater than V-VI (MM). If the disturbance was of Intensity VIII (MM), the damage 
would have been considerable in ordinary substantial buildings, with partial collapse, as defined 
by the MM scale. There is no record of any damage to buildings, even though most of these were 
poorly constructed. Therefore, the intensity of these earthquakes could have been no higher than 
VI-VII (MM).

Newspaper accounts indicate that the earthquake was strongly felt without any reported damage 
at Hartford or New Haven, Connecticut. The intensity distribution for this earthquake is shown on 
Figure 2.5.2-6. Based on Linehan's analysis of the earthquake's effects in the East Haddam-
Moodus area and other available accounts, the estimated maximum intensity of the earthquake in 
the vicinity of the site was V (MM).

October 17, 1860 (47.5°N, 70.1°W, Intensity VII to IX (MM)) 

This earthquake had its epicenter in the St. Lawrence River Valley, northeast of Quebec City, and 
was felt over an area of 700,000 square miles extending as far south as Newark, New Jersey, and 
as far west as Auburn, New York and included most of New England. The earthquake was 
strongly felt in Maine, but no damage was reported there or elsewhere in New England. Based on 
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available reports and the intensity attenuation characteristics of other earthquakes occurring in the 
vicinity of the St. Lawrence River Valley, the estimated maximum intensity of this earthquake at 
the site was IV (MM).

October 20, 1870 (47.4°N, 70.5°W, Intensity IX (MM))

This earthquake was centered near Baie-St. Paul, Quebec, and was felt over a 1,000,000 square-
mile area of eastern Canada and the northeastern United States. The damage reported in the 
United States included some bricks thrown from chimneys in Lewiston, Maine and some window 
glass broken in Portland, Maine. In Springfield, three distinct periods of vibration were noticed 
with the longest estimated at 7 to 8 seconds; while at Hartford, a single shock lasting a minimum 
of 20 seconds was felt.

Based on available reports, the estimated maximum intensity of this earthquake at the site was IV 
(MM).

August 10, 1884 (40.6°N, 70.4°W, Intensity VII (MM))

This earthquake was felt over an estimated 70,000 square-mile area of the northeastern United 
States and had its epicentral location in the New York City area. The greatest damage occurred in 
Jamaica and Amityville on western Long Island, New York, where some walls were cracked, 
accounting for the epicentral intensity of VII (MM). The epicentral location is further evidenced 
by a moderate aftershock which took place on August 11, 1884, and was felt in a number of towns 
on western Long Island.

An analysis of this earthquake by Rockwood (1885) resulted in the isoseismal map shown on 
Figure 2.5.2-7. Rockwood's map was based on more than 215 observations, of which 30, all 
within Rockwood's Isoseismal IV, reported some damage such as fallen bricks and cracked 
plaster. As shown on the figure, the site is located within Rockwood's Isoseismal III.

In the southern Connecticut area, damage included some bricks shaken from chimneys and a few 
cracked walls at New Haven, and dishes thrown from shelves and broken at Bridgeport. The 
shock was strongly felt at Hartford, but no damage was reported.

In New London, the earthquake was felt by everyone and the water in the harbor was reportedly 
agitated. Reports also indicate a few instances of cracked and fallen plaster but no damage to 
chimneys (The Day 1884).

Based on Rockwood's data and other available reports, the estimated maximum intensity in the 
site area was V (MM).

February 10, 1914 (45N, 76.9°W, Intensity VII (MM), Magnitude 5.5)

This earthquake had its epicenter about 25 miles west of Lanark, Ontario, and was felt over a 
200,000 square-mile area including New England, New York State, and Pennsylvania. Some 
damage was reported in New York State with minor damage noted as far east as Albany. The 
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earthquake was strongly felt throughout New England although no damage was reported. 
Intensities of III to IV (MM) were noted as far south as Boston, Hartford, and New Haven. Based 
on available reports of this earthquake, the estimated maximum intensity at the site was IV (MM).

March 1, 1925 (47.6°N, 70.1°W, Intensity IX (MM), Magnitude 7.0)

This earthquake, which had its epicenter in the St. Lawrence River Valley northeast of Quebec 
City, was felt over approximately 2,000,000 square miles of North America, extending as far 
south as Virginia and west to the Mississippi River. Important damage was confined to a narrow 
belt along the St. Lawrence River Valley. Isoseismals prepared by the Dominion Observatory of 
Canada and shown on Figure 2.5.2-8 indicate that most of New England experienced intensities 
of III and IV (MM), the exception being extreme northern Maine, which probably experienced an 
intensity of V to VI (MM). The shock was generally felt throughout Connecticut with a maximum 
intensity of IV (MM) in the site area.

November 14, 1925 (41.5°N, 72.5°W, Intensity V to VI (MM))

This earthquake was felt over an 850 square-mile area of central Connecticut. Minor damage was 
reported at Hartford where some plaster fell and at Windham where dishes fell from shelves. 
Newspaper reports indicated that the earthquake was strongly felt from the Haddam-Middletown 
area to Hartford.

Along the southern Connecticut coast, the earthquake was generally felt but no damage reported. 
Available reports indicate intensities of III to IV (MM) in the site area.

December 20, and 24, 1940 (43.8N, 71.3W, Intensity VII (MM), Magnitude 5.8)

The epicenters of these earthquakes were located near Lake Ossipee, New Hampshire. Damage of 
Intensity VII (MM) occurred at Tamsworth and Wonalancet, New Hampshire, while damage of 
Intensity VI (MM) was noted in a dozen localities in central New Hampshire and western Maine. 
The shocks were felt over a 150,000 square-mile area of the United States including all of New 
England, New York, and New Jersey. The earthquakes were noticeably felt in the vicinity of the 
site but no damage was reported.

The isoseismal map prepared by the Northeast Seismological Association, Figure 2.5.2-9, 
indicates that the intensity of these earthquakes in the vicinity of the site was IV (MM).

2.5.2.2 GEOLOGIC STRUCTURES AND TECTONIC ACTIVITY

The site region encompasses a large segment of the northern Appalachian region. This region has 
undergone at least four orogenies, Mesozoic rifting and igneous activity, epeirogenic uplift, and 
glaciation. The tectonics and geologic history are discussed in Section 2.5.1. Figure 2.5.2-2 shows 
the regional geologic structure and the locations of epicenters within the 200 mile radius of the 
site.
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Portions of 10 tectonic provinces are located within this 200 mile radius (Figure 2.5.2-10). Three 
of the 10 -- the Southeastern New England-Maritime Province, the New England Province, and 
the White Mountains Plutonic Province -- comprise most of the area. The remaining provinces 
are: the Coastal Plain, the Blue Ridge and Piedmont, the Northern Valley and Ridge, the 
Appalachian Plateau, the Central Stable Region, the Grenville, and the Monteregian Plutonic 
Province. The provinces are delineated on the basis of the following criteria:

1. Style and degree of deformation

2. The age of orogenic, igneous, or tectonic activity

3. The age of the basement rocks

These provinces are shown on Figure 2.5.2-10.

Southeastern New England-Maritime Province

The site is located in the southwestern edge of the Southeastern New England-Maritime Province. 
The western boundary follows the Honey Hill Lake Char-fault system northward into 
Massachusetts. The rock fabric and structural trends are different than those of the New England 
Province to the west. The province is characterized by Late Precambrian basement rock overlain 
by mildly metamorphosed rocks of Carboniferous age. Unlike the remainder of New England, the 
effects of the Alleghenian orogeny are apparent within the province.

The Southeastern New England area is considered by Skehan (1973) to be a piece of the Paleo-
African continental plate with the Clinton-Newbury fault zone being the collision boundary. 
Rodgers(1970) considers the rocks east of the Clinton-Newbury fault to be similar to those of the 
Avalon Peninsula of Newfoundland. The reopening of the Atlantic Ocean, which began in the 
Mesozoic, isolated the pieces of the African continent. Gravity and magnetic data also indicate 
that the province boundary represents a juncture between two discrete crustal blocks in near 
isostatic equilibrium.

Reverse faulting is prominent in the intensely faulted zone between the Clinton-Newbury and 
Lake Char faults and the Boston Border fault, although transcurrent or strike-slip components 
may exist. Northeastward along the Norumbega fault, the movement has been right lateral and 
may exceed several hundred kilometers. Skehan (1973) considers the area to be an ancient 
subduction zone, although all the elements have not been demonstrated. Certainly, large scale 
underthrusting has played a major role in the development of the province.

New England Province

Just west of the Southeastern New England-Maritime Province lies the New England Province, 
extending southward to 4030'N latitude. The New England Province is structurally similar to the 
Piedmont. The region has been strongly affected by the Taconic and Acadian Orogenies, whereas 
the Blue Ridge and Piedmont Province and the Valley and Ridge Province to the south were 
affected by the Alleghenian orogeny. Grenville-age basement is exposed in the cores of the 
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Berkshire-Green Mountain anticlinorium and the Reading prong and shows evidence of 
involvement in the earlier Paleozoic deformations. As discussed in Section 2.5.1.1, the 
Precambrian basement disappears beneath the high grade metamorphic rocks of the Merrimack 
synclinorium to the east. The structural fabric of the province suggests a Paleozoic compressive 
stress directed from the east or southeast. The presence of the New Hampshire Plutonic series 
emplaced during the Acadian Orogeny aids in distinguishing the New England Province from the 
Southeastern New England-Maritime Province.

White Mountains Plutonic Province

The emplacement of magmas of the White Mountains Plutonic-Volcanic Series began in the 
Mesozoic and overprinted the Paleozoic effects. The series was intruded along a north-northwest 
trend extending offshore of Cape Ann, Massachusetts, into northern New Hampshire, Vermont, 
and southern Quebec, crossing the older structural grain of the Appalachians. Radiometric dating 
has shown that the igneous activity began in and continued sporadically throughout the Mesozoic 
Era (BECo 1976a). All the plutons are related in age, shape, magnetic signature, gross 
mineralogy, and mode of intrusion. The zone has been spatially correlated with a region of 
seismic activity in New Hampshire and Massachusetts.

This zone is defined to include all mapped occurrences of White Mountains Plutonic-Volcanic 
Series rocks and is extended offshore to include a group of magnetic anomalies similar to the 
onshore structures. It extends northwestward to include Mt. Ascutney in Vermont and northward 
to encompass Mt. Megantic in southern Quebec. Southeastward, it includes the Agamenticus 
complex and Cape Nedick pluton.

Monteregian Plutonic Province

This province, which represents an overprinting similar to the White Mountains intrusives, is 
composed mainly of alkaline, basic, and ultrabasic intrusives of Cretaceous age. They intrude 
early Paleozoic folded metasedimentary and undeformed sedimentary rocks of the New England 
Province. The trend of the plutonic belt cuts across the Paleozoic structural grain. The Cretaceous 
age, duration and mode of emplacement, size of plutons, extreme alkalic nature, contact 
relationships, and evidence of explosive activity distinguish the Monteregian plutons from the 
White Mountain Series. The zone is defined to include all known occurrences of Monteregian 
type rocks including several subsurface magnetic anomalies. It extends to the Oka Complex on 
the northwest and surrounds Mt. Shefford and Mt. Brome on the northeast. The zone includes the 
Cuttingsville stock near Rutland, Vermont, and all known alkalic dike occurrences in the 
Champlain Valley. It has also been the site of a moderate amount of seismic activity and includes 
the September 16, 1732, Intensity VIII (MM) event near Montreal.

Coastal Plain Province

The Atlantic Coast section of this province lies seaward of the Piedmont, New England, and 
Southeastern New England-Maritime Provinces. It is characterized by gently seaward-dipping, 
unconsolidated Jurassic, Cretaceous, and Tertiary sediments overlying Precambrian or Early 
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Paleozoic bedrock. Somewhere on the continental slope, or a little beyond, the continental 
basement rocks of the underlying Appalachian system give way to oceanic crust.

Tectonically, the province is characterized as a zone of subsidence, occurring mainly since the 
Jurassic and persisting through most of the Tertiary. Several arches and embayments exist in the 
basement rocks and serve to subdivide the Coastal Plain into distinct sedimentary basins, some of 
which contain between 10 and 12 km (32,800 and 39,400 ft) of sediments of Jurassic age and 
younger. Most of the deposits were placed in relatively shallow water indicating a progressive 
downwarping of the edge of the continent toward the oceanic floor.

Grenville Province

The Grenville Province borders the New England Province on the northwest and forms a belt 250 
miles wide from Lake Huron to the Atlantic in Labrador. The rocks of the province are divided 
almost evenly between medium grade marbles, quartzites and gneisses, and higher grade gneisses 
and plutonic rocks of a slightly older series. An appendage of the Grenville Province occurs in 
New York State as the Adirondack uplift. Distinctive anorthosite bodies of the Adirondacks are 
included in the Grenville Province because they were deformed during the Grenville orogeny 
between 1.1 and 1.3 billion years ago. The Grenville Province appears to be an orogenic belt built 
against the stabilized older part of the shield and is more nearly comparable to the orogenic belts 
of the Paleozoic.

Lower Paleozoic platform rocks do exist in the Ottawa-Bonnecherre graben west of Logan's Line 
as a thin veneer on Grenville basement rocks. They represent a portion of the Central Stable 
Region which has been isolated by the uplift of the intervening Adirondacks. Their tectonic 
stability is related to the general stability of the underlying Grenville and, therefore, for simplicity, 
they are included in the Grenville Province.

Piedmont-Blue Ridge Province

The Piedmont-Blue Ridge Province is characterized by metamorphosed Precambrian and Early 
Paleozoic eugeosynclinal rocks which were deformed during the Taconic and Alleghenian 
orogenies and may have been recrystallized during the Acadian orogeny. It includes the Blue 
Ridge anticlinorium, a relatively narrow belt of folded and faulted upper Precambrian crystalline 
schists and gneisses which were thrust westward several kilometers over the rocks of the valley 
and ridge. Terrains of intrusive igneous rocks are notable in the Piedmont of Virginia and North 
Carolina. Long, narrow, graben structures filled with continental deposits of late Triassic age are 
superimposed intermittently on the crystallines from Pennsylvania to South Carolina. The effects 
that each orogeny had on the rocks in the Piedmont are not yet fully understood due to the lack of 
outcrop, lack of fossils, and the strong recrystallization.

The southern and eastern boundaries of the Piedmont are drawn at the present westward limit of 
Cretaceous Coastal Plain deposits. Piedmont geology certainly continues beneath the Coastal 
Plain for some distance but the line where Coastal Plain mobility becomes the dominant force is 
presently not well established. The northern boundary of the Piedmont with the New England 
Province is hidden beneath the Triassic Newark Basin.
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Appalachian Plateau Province

The Appalachian Plateau Province borders the Central Stable Region on the east and on the south 
at its limit in New York. Geologically, the province is a broad, gentle, elongated basin whose 
youngest rocks are of probable Early Permian age. The basin forms the western part of the former 
Appalachian geosyncline with sediments thickening generally southeastward from the Cincinnati-
Findlay arch. Grenville basement dips beneath the province in the same direction. The basement 
gradient steepens through central Ohio demarking the westernmost edge of Appalachian Plateau 
Province (USNRC 1977). Deformation of the province had its greatest development during the 
post-Early Permian Allegheny orogeny and resulted in gentle folding and uplift of the 
sedimentary pile with perhaps some decollement movements along weak units within the section. 
Mild epeirogenic movements have been the only tectonic events to affect the province since Late 
Paleozoic time.

Valley and Ridge Province

The Valley and Ridge Province lies east of the Appalachian Plateau except at the north end where 
the New England Province intervenes. The Valley and Ridge Province contains the major portions 
of the sediments which were deposited in the Appalachian geosyncline, of which it comprises the 
southeastern part. The province is characterized by unmetamorphosed Paleozoic sediments that 
were tightly folded and faulted during the Allegheny orogeny, about 250 million years ago.

Intense pressure exerted from the southeast folded the sediments into large synclines and 
anticlines, some strongly overturned to the northwest. Thrust faults were commonly developed, 
particularly south of Central Virginia. The Valley and Ridge Province has been divided into 
northern and southern sections based on the difference in structural styles. The northern section is 
dominated by folding, whereas the southern section is characterized by thrust faulting. In 
addition, the southern section has historically experienced a higher level of seismic activity while 
the northern section is nearly aseismic (USNRC 1977, USNRC 1978). The boundary between the 
two provinces is somewhat indistinct but is believed to occur between Roanoke and the James 
River in Central Virginia, roughly along latitude 37°-45' north. A striking change in the trend of 
Valley and Ridge structures also occurs at this line; the folds to the north trend about N25 E, 
whereas the faults to the south trend N70°E. The nature of the structural discontinuity is not 
known but may be related to basement transcurrent faulting (Cardwell, et al., 1968).

Central Stable Region

The Central Stable Region is the westernmost tectonic province of concern to the analysis 
contained herein. The province is bounded on the east by the Appalachian Plateau Province and 
the north and northeast by the Grenville Province and the New England Province. The Coastal 
Plain bounds the province on the south. The Central Stable Region extends westward to the east 
flank of the Rocky Mountains and includes a wide variety of morphology and structure. The 
province is made up of a foundation of Precambrian crystalline rock with a veneer of sedimentary 
cover which varies widely in thickness. It represents the craton or central stable area of the North 
American crustal plate. Deformation since the Precambrian has been restricted to the 
development of several broad basins, arches, domes, and similar features. Several of the basins 
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contain in excess of 10,000 feet of strata, while some of the arches expose Precambrian rocks. 
Tectonic movements since the Paleozoic have been mostly a series of epeirogenic uplifts and 
downwarps followed by long periods of erosion. The eastern boundary of the province represents 
the western limit of effects from the Allegheny orogeny. The boundary follows the steepening of 
the basement contours as the gradient increases to form the Appalachian Basin.

2.5.2.3 CORRELATION OF EARTHQUAKE ACTIVITY WITH GEOLOGIC STRUCTURES 
OR TECTONIC PROVINCES

The relationship between earthquake locations and geologic structures is important in assessing 
earthquake hazard for a particular site. The absence of major spatial displacements through 
historical times that might be associated with tectonic activity in eastern United States makes the 
association of larger historical earthquakes with specific structures difficult. Only during the past 
10 to 15 years have seismologists been able to determine earthquake locations with sufficient 
precision to relate them to geologic structures.

2.5.2.3.1 Correlation with Geologic Structures

White Mountain Plutons

The majority of the significant seismic activity in New England has been associated with the 
White Mountains Plutonic Province. The strong concentration of events in southern New 
Hampshire and northeastern Massachusetts has been spatially associated with plutons of the 
White Mountains (Figure 2.5.2-2). A detailed investigation of the White Mountains Plutons has 
indicated that the Ossipee, New Hampshire, earthquakes and the Cape Ann earthquake are 
associated with the plutons (BECo 1976a). The largest activity was located off Cape Ann in 1755. 
It was assigned Intensity VIII (MM). Also, there have been a number of Intensity VII (MM) 
events, two in Ossipee, New Hampshire in December 1940, and another located off Cape Ann in 
1727.

Ramapo Fault

The Ramapo fault system, which bounds the Triassic-Jurassic Newark graben on its northwest 
side in northeastern New Jersey and southeastern New York, has been known for about 100 years 
and has been commonly presumed to be an inactive fault. Aggarwal and Sykes (1978) have 
observed a spatial correlation of some epicenters in southeastern New York with surface traces of 
faults in the area. A large majority of events lie on or very close (0.5 to 1.2 miles) to the faults. 
Furthermore, an examination of focal mechanism solutions shows that for each of the solutions, 
one of the nodal planes trends north to northeast, which is also the predominant trend of the faults 
in this area. The spatial correlation of one nodal plane with the trend of the mapped faults suggests 
that earthquakes in this area occur along pre-existing faults.

Considering both geology and seismicity, the Ramapo fault is not considered capable in 
accordance with the criteria for capable faults in 10 CFR 100, Appendix A. This was established 
by the Atomic Safety and Licensing Board (USNRC 1977) in 1977, after extensive hearings on 
the issue.
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2.5.2.3.2 Correlation with Tectonic Provinces

As most earthquake activity in the site region cannot be correlated with geologic structures, it is 
assumed (in accordance with 10 CFR 100, Appendix A) that these earthquakes are associated 
with the tectonic provinces (Figure 2.5.2-10) in which they occur. A discussion of earthquake 
activity in various tectonic provinces follows.

Much of the seismicity of the Grenville Province is associated with the LaMalbaie seismic zone 
and the Monteregian Plutonic Zone, considered to be separate source areas and described below. 
The remaining activity is confined to a broad belt of epicenters extending from the Adirondack 
uplift northwestward into southwestern Quebec and eastern Ontario to the vicinity of Kirkland 
Lake. The largest historical events in this province were the 1944 Cornwall-Massena event of 
Intensity VIII (MM) and the 1935 Timiskaming, Quebec earthquake of magnitude 6.2 which had 
an epicentral intensity of VII (MM).

The Monteregian Plutonic Province overprints the older structural features of the Grenville and 
New England Provinces. Its seismicity includes the easternmost part of the prominent belt of 
epicenters which trends northwestward across the Grenville Province. The largest historical 
earthquake within the Monteregian Plutonic Province occurred at Montreal in 1732. Earlier 
catalogs have listed this event as Intensity IX (MM); however, recent evaluations of original 
accounts (Chiburis 1979; NYSE&G 1978) conclude that the epicentral intensity did not exceed 
VIII (MM).

The LaMalbaie Seismic Zone lies outside the 200-mile radius on the boundary between the 
Grenville Province and the New England Province. It occurs as a distinct concentration of 
epicenters extending northeast from Quebec City. The LaMalbaie Zone is the most important 
seismic source in the northeast in terms of energy released. Historically, numerous large 
earthquakes have occurred in this zone with intensities ranging from VII to X (MM). A 
conjunction of the Charlevoix meteoritic impact structure with the tectonic boundary between the 
Grenville Province and the Appalachian structures of the New England Province has been 
described by Leblanc and Buchbinder (1977) as a likely structural basis for the concentration of 
strain release in this zone.

The major seismicity of the New England Province is related to the White Mountains Plutonic 
Province described above. The remainder of the province is characterized by a band of activity 
which trends along the coast from northern New Jersey to eastern Connecticut. This area has 
experienced earthquakes up to Intensity VII (MM). These have occurred in 1737 and 1884 at New 
York City and 1791 at Haddam, Connecticut. Another diffuse pattern of epicenters of maximum 
Intensity VI (MM) occurs in coastal and central Maine. Minor microearthquake activity is also 
reported to originate along the Ramapo fault in New Jersey and New York (Aggarwal and Sykes 
1978).

Earthquakes in 1568 and 1791 near East Haddam, Connecticut, are also part of the New England 
Province since these have not been associated with any specific geologic structures or faults. An 
investigation is currently in progress to study the Moodus “noises”. However the noises have not 
been associated with specific faults.
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The Southeastern New England-Maritime Province is an area of low seismicity. Most of the 
activity in southeastern Massachusetts, offshore, and in eastern Maine has been lower than 
Intensity V (MM). The largest earthquake in this province was an Intensity VI (MM) event which 
occurred in 1904 east of Eastport, Maine.

The Atlantic Coastal Plain Province has experienced a number of minor earthquakes throughout 
the historic record. Exclusive of the Charleston, South Carolina area, the largest events have been 
of Intensity VII (MM). These occurred in 1871, 1884, and 1927 near the boundary with the New 
England and Piedmont Provinces in northern New Jersey and near New York City.

The Piedmont-Blue Ridge Province exhibits a fairly low level of seismicity throughout its length 
with diffuse areas of higher activity in central Virginia and western South Carolina. The largest 
historical earthquake in the province was of Intensity VII (MM). It occurred in central Virginia in 
1875.

2.5.2.4 MAXIMUM EARTHQUAKE POTENTIAL

The maximum earthquake potential for the site is evaluated by utilizing maximum earthquakes 
associated with all nearby tectonic provinces and geologic structures. This analysis is made for 
two different sets of conditions. First, actual site intensities resulting from larger historical 
earthquakes are determined. Second, the maximum potential site intensities resulting from 
hypothetical events are calculated. These hypothetical events are specified as the largest known 
earthquakes in each adjoining tectonic province. Each is postulated to occur at the point where its 
province or structure most closely approaches the site.

2.5.2.4.1 Maximum Historical Site Intensity

A detailed analysis of large historical earthquakes in the northeastern United States indicates 
(Section 2.5.2.1.4) that four earthquakes have been felt with intensities of V (MM) or greater at 
the site. The 1755 Cape Ann earthquake caused damage corresponding to Intensity V-VI (MM) at 
towns near the site. The East Haddam-Moodus earthquake of 1791 was reportedly felt strongly 
but no damage resulted at such localities as Hartford and New London, indicating an intensity of 
approximately V (MM). A similar intensity value is indicated for the Millstone site. Data 
collected by Rockwood indicate that the 1884 earthquake, with an epicenter approximately in the 
New York City area, was felt at the site with a probable intensity of V (MM). Bricks were thrown 
from chimneys and a few walls were cracked at New Haven, and plaster was cracked and 
dislodged at New London. The 1737 earthquake with epicentral location also in the New York 
City area appears similar to the 1884 earthquake and may have been felt with an intensity of V at 
the site.

It is clear that these four earthquakes in the site region caused Intensity V or V-VI (MM) at the 
site. The epicentral intensity of these four earthquakes was either VII, VI-VII, or VIII (MM). In 
the site region, the 1755 Cape Ann earthquake was of highest intensity (VIII (MM)). Earthquakes 
larger than the 1755 Cape Ann, for example, have all occurred outside the site region in the 
LaMalbaie area of the St. Lawrence River Valley. Large earthquakes in this zone are estimated to 
have caused Intensity IV-V (MM) at the site. The 1886 Charleston earthquake of Intensity X 
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(MM) caused Intensities II-III (MM) at the site. Therefore, from historical data, it is concluded 
that the site experienced maximum intensity of V-VI (MM).

2.5.2.4.2 Maximum Earthquake Potential from Tectonic Province Approach

To account for the possibility of large errors in epicentral determination, especially for events 
occurring prior to 1950 and in the absence of capable faults, the largest known earthquake in each 
province was attenuated to the site from points of nearest approach of the tectonic province in 
which the earthquakes occurred, using the conservative attenuation relationship of Howell and 
Schultz (1975). Justification for this procedure is that individual epicenters are not properly 
located and, therefore, cannot be associated with specific structures.

The site is located in the Southeastern New England-Maritime Tectonic Province. The largest 
earthquake in this province was of Intensity VI (MM). The New England Tectonic Province is 
very near the site and several earthquakes of Intensity VII (MM) have occurred in this province 
(1568 and 1791 at Moodus and 1737 and 1884 at New York City). Assuming that these 
earthquakes occur at the nearest approach point of the New England Province to the site (20 km), 
intensity at the site would be VII (MM). The Coastal Plain Province is also close to the site (about 
10 km). The 1927 earthquake near Asbury Park, New Jersey, was in the Coastal Plain Province 
and had an epicentral intensity of VII (MM). A similar earthquake in the Coastal Plain Province 
near the site would cause Intensity VII (MM) at the site. Only one earthquake of Intensity VIII 
(MM) is associated with any of the provinces or structures in the site region. This earthquake 
occurred near Cape Ann, Massachusetts, in the White Mountains Plutonic Province. Such an 
earthquake occurring in that province at a minimum distance from the site (170 km) would cause 
site intensity of V-VI (MM). In other tectonic provinces in the site region, the maximum intensity 
of earthquakes was VII (MM). Therefore, the effect of these earthquakes would be less than VII 
(MM).

In the eastern United States, earthquakes with intensities greater than VIII (MM) have occurred 
only in LaMalbaie, Quebec; Charleston, S.C.; and New Madrid, Missouri. Earthquake activity at 
these places is assumed to be associated with specific structures and, based on historical data, 
would not cause greater effects at the site than Intensity IV-V (MM). Therefore, the maximum 
earthquake potential at the site due to earthquakes occurring within 10 to 20 km of the site is 
Intensity VII (MM).

2.5.2.5 SEISMIC WAVE TRANSMISSION CHARACTERISTICS OF THE SITE

Properties of subsurface materials at the site are discussed in detail in Section 2.5.4. The 
compressional and shear wave velocities of in situ materials are tabulated in Section 2.5.4.4.3 and 
other properties of the in situ materials are described in Section 2.5.4.2. The groundwater 
conditions at the site are discussed in Section 2.5.4.6.

The safe shutdown earthquake (SSE) value of 0.17 g is applied to the bedrock surface. For 
structures founded on soils, the effect of the overburden on the earthquake motion has been 
considered in soil-structure interaction computations, as discussed in Section 3.7B.2.4.
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2.5.2.6 SAFE SHUTDOWN EARTHQUAKE

As discussed in Section 2.5.2.4, the maximum earthquake potential at the site is an Intensity VII 
event occurring 10 to 20 km from the site. Murphy and O'Brien (1977) have published an analysis 
of acceleration-intensity correlations using a new worldwide data base and a variety of statistical 
models. Their correlation equation relating Intensity I (MM) and peak horizontal ground 
acceleration (Ah) is: 

log Ah = 0.25 I + 0.25 

where Ah is in cm/sec2. For a Modified Mercalli Intensity VII earthquake, this equation gives an 
average horizontal component peak acceleration of 0.10 g. In order to be conservative in the 
Millstone 3 plant design, the SSE is specified as 0.17 g. The duration of strong ground motion 
associated with an Intensity VII earthquake is estimated at 6 seconds using an assumed threshold 
acceleration value of 0.05 g according to Bolt (1973). 

2.5.2.7 OPERATING BASIS EARTHQUAKE 

A study of the earthquake history of the site region has shown that the maximum historical 
intensity at the site has been V-VI (MM), corresponding to a peak horizontal ground acceleration 
of 0.05 g (Murphy and O'Brien 1977). In accordance with 10 CFR 100, Appendix A, the 
operating basis earthquake is taken to be at least one half of the SSE, or 0.09 g.
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TABLE 2.5.2–1 MODIFIED MERCALLI (MM) INTENSITY SCALE OF 1931
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CLICK HERE TO SEE TABLE 2.5.2-3 
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2.5.3 SURFACE FAULTING 

None of the published geology maps show faults in the vicinity of the site. Figure 2.5.1-13 shows 
a composite bedrock geologic map for the area surrounding the site. The closest mapped fault to 
the site is in the Uncasville quadrangle, 10.5 miles northeast of the Millstone site (Goldsmith 
1967a). Faulting has also been observed in the Clinton quadrangle, approximately 17 miles west 
of the site, and in the Moodus and Colchester quadrangles, approximately 15 miles north of the 
site (Lundgren et al., 1971; Lundgren and Thurrell 1973). These faults are all believed to be high-
angle faults related to extension tectonics of Late Triassic-Jurassic time (Lundgren et al., 1971; 
Lundgren and Thurrell 1973; Goldsmith 1973).

Sixty-two faults were found during the mapping of the rock excavation for Millstone 3 between 
July 1979 and July 1982. Forty of the faults have apparent displacements equal to or less than one 
foot with the remaining faults exhibiting apparent displacements greater than one foot. The extent 
of the areas mapped shows eleven separate fault zones with numerous minor associated faults. 
Figure 2.5.1-18 shows the general location of these faults. Table 2.5.3-1 lists the faults mapped at 
the site and provides a reference for those faults discussed in previous reports (NNECo. 1975; 
1976; 1977; 1982).

Samples from the gouge zone of faults T-2, T-3, 1541, and 2819 were taken at final excavation 
grade in the containment structure and discharge tunnel excavations. Petrographic analyses, x-ray 
diffraction studies, and potassium-argon radiometric dating were performed on these samples. 
X-ray diffraction studies were performed on material from faults 1940, 2282, 2339, and 2781 
which indicated that the material was not suitable for age dating. The results of these tests are 
discussed in detail in Section 2.5.3.2. Table 2.5.3-2 describes the samples and shows the tests 
performed. The analyses and tests show excellent agreement with previous studies performed at 
the site (NNECo. 1975; 1976; 1977).

2.5.3.1 GEOLOGIC CONDITIONS OF THE SITE

Section 2.5.1.2 discusses the stratigraphy, structural geology, and geologic history of the site area 
in detail. The bedrock geologic map and cross section of the site area and the tectonic setting of 
eastern Connecticut are shown on Figures 2.5.1-13 and 2.5.1-14, respectively.

2.5.3.2 EVIDENCE OF FAULT OFFSET

The published geologic maps which include the site area do not indicate the presence of faulting. 
A study of LANDSAT photographs (Figure 2.5.1-9) of southern New England identifies 72 
lineaments greater than 10 miles long. None falls within the 5-mile radius of the site. 
Figure 2.5.1-10 shows the lineaments and Section 2.5.1.1.4.4 discusses them.

A number of small faults were uncovered at the site during excavation and were mapped in detail. 
The larger faults were observed and mapped both at top of rock and at final excavation grade. One 
fault (508) (NNECo. 1975) was mapped at top of rock and not observed at final grade; others 
found at final grade were not observed at the rock surface. Figure 2.5.1-18 shows all of the faults 
uncovered during the mapping at the site. The larger faults exhibiting brecciated and silicified 
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zones are identified by “T” on this figure and throughout this report. Figure 2.5.1-18 identifies the 
smaller faults by numbers.

Eleven fault zones (T-1, T-2, T-3, 18, 471-1541, 1599, 1940, 2250, 2282-2295, 2339-2347, and 
2380) have been found in the main site area and pumphouse excavations. Figure 2.5.1-18 also 
shows the remaining ancillary faults. Two of the smaller faults, 508 and 368, terminate within the 
limits of the main site excavation. Fault 508 is the only fault that was mapped at top of rock that 
was not noted at final grade. The other faults extend beyond the boundary of the excavation at 
least in one direction. Fault 1541 in the auxiliary building was mapped as fault 461 in the 
containment excavation. Displacement along this fault dies out before intersecting the 
southwestern wall of the containment.

Most of the faults trend to the north and dip at high angles either to the east or to the west. 
Table 2.5.3-1 lists their characteristics. Slickenside information (Figure 2.5.1-17) indicates that 
the sense of movement was in an east-west direction (dip slip). Slickenside information in the 
T-2, T-3, and 2339 fault zones indicates that the motion along the fault was oblique. Exposures of 
the faults (T-2, 18, and 1541) in the excavation walls indicate that they are normal (gravity) faults. 
Therefore, the oblique motion along the larger faults has a greater dip slip component.

Two of the larger faults, T-2 and T-3, were previously studied in detail immediately after their 
discovery during the mapping of the bedrock surface (NNECo. 1975). Figures 2.5.3-1 through 
2.5.3-3 show the detailed maps of these faults at final excavation grade. Both faults are 
characterized by a zone of gouge, breccia, microbreccia, and cataclasite derived from the Monson 
Gneiss and igneous rocks which intrude the Monson Gneiss. Hydrothermal fluids have permeated 
the gouge zones of these faults. Free-growing crystalline quartz was found in the T-2 zone, and 
drusy quartz coated the fracture surfaces and vugs in the breccias and cataclasite of the T-3 fault 
zone. Drusy quartz was also found in open cavities adjacent to T-2.

The brecciated zone of T-2 varies in thickness from 4 to 6 inches. However, in some areas the 
zone widens to 1.5 feet, and in others narrows to a single, nearly clean fracture. For the most part, 
the breccia is partially to completely rehealed. The clay gouge varies in thickness along the fault 
zone although it rarely exceeds 1.0 inch. The T-3 brecciated zone is similar to that of T-2, except 
in dimensions. The fault zone varies in thickness from 6 inches to 2 feet, and the clay gouge 
typically forms a thin, 0.5 to 2 inch, continuous seam. It is occasionally found as a thin filling 
between brecciated blocks. Both zones are moderately to severely weathered with much of the 
area stained by iron oxide.

Fault T-2 trends N15W, dips at 70 degrees to the east, and is located on the eastern side of the 
containment excavation. The geologic maps of the walls of the containment and of the discharge 
tunnel, Figures 2.5.4-11 through 2.5.4-14 and 2.5.4-3 through 2.5.4-5, respectively, show a 
section across the fault in four locations. The largest fault at the site, T-3, lies on the western edge 
of the rock exposure in the excavation. T-3 strikes N28W and dips 70 degrees to the east.

Table 2.5.3-1 shows the apparent displacements of the faults in the horizontal plane and lists the 
calculated displacements, determined from the offset pegmatite veins and from slickenside 
information. The eastern blocks of T-3, T-2, 1599, and most of the faults in the pumphouse appear 
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to be downthrown relative to the western block, whereas with faults T-1, 18, 461-1541, 368, 
2251, and 2426, the western block appears to have been downthrown relative to the eastern block. 
A complex irregular pegmatitic intrusion has obscured the contacts in the vicinity of faults 2250 
and 2282 making it impossible to determine the sense of development.

Fault 1940 shows low-angle thrust displacement of between 1.0 and 2.0 inches toward the 
northeast. The southwest dipping fault zone consists of a zone of weathered and fractured rock 
and clay varying from less than 1.0 inch to about 10 inches thick. The fault ends at joint 198 but is 
paralleled by a similar zone about 3 feet below it. This parallel zone crosses joint 198 but ends at 
fault T-2 in a southwesterly direction. Projection of 1940 updip places the intersection of the fault 
with the rock surface in the vicinity of the demineralized water storage tank. Geologic mapping of 
this area did not reveal the trace of the fault at the surface. Hydrothermal activity along the fault is 
evident by the presence of smectite clay in the gouge which is probably related to the same period 
of hydrothermal activity shown in the high angle faults at the site.

Four separate fault zones were uncovered in the pumphouse excavation (2250, 2282, 2330 plus 
2347, and 2380) with smaller faults splaying from these zones, as shown by Figures 2.5.1-18 and 
2.5.4-8. These faults are similar in trend, fault zone composition, and amount and type of 
displacement to those faults uncovered in the main excavation. The shear zones of the faults in the 
pumphouse were characterized by hydrothermal quartz. Clay gouge was generally restricted to 
very thin coatings on fracture surfaces.

Four other faults (2781, 2817, 2818, and 2819) were found in the discharge tunnel excavation and 
are included in Figure 2.5.1-18 and in Figures 2.5.4-19 through 2.5.4-22. A separate report has 
been submitted detailing the investigation of these faults (NNECo. 1982).

Fault 2781 dips 45 degrees to the west and shows reverse displacement of a biotite seam of 2.5 
inches. Clay from the 0- to 4-inch thick fault zone was found unsuitable for age dating. Till and 
outwash directly overlying the fault was examined and found to be not disturbed. The largest fault 
uncovered in this portion of the discharge tunnel consists of three related faults, numbers 2817, 
2818, and 2819. Offset of pegmatite veins up to 1.5 feet were observed across 2817 and 2818, 
whereas no continuity could be determined across 2819 in the width of the excavation. Fault 
gouge material from 2819 produced a K/Ar age date of 142 million 6 million years. The zone was 
filled with undisturbed drusy quartz and also showed no disruption of overlying stratified and 
unstratified glacial deposits. Faults 2894 and 2899 (NNECo. 1982) show 4-inch and 0.5-inch 
displacements, respectively, on very narrow fault zones. Displacements on both faults were 
observed to end within the excavation.

2.5.3.2.1 Petrographic Analysis

Six samples were taken from the T-2 and T-3 fault zones at final excavation grade to determine 
the geologic history of the faulting. Figures 2.5.3-1 through 2.5.3-3 show the location of these 
samples. Table 2.5.3-2 lists the samples and gives a general description of each.

Appendix 2.5B includes a report on the petrographic analyses performed by Dr. Reinhard A. 
Wobus of Williams College, Williamstown, Massachusetts. The work described herein 
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supplements previous studies performed on these faults (NNECo. 1975) from samples taken at the 
bedrock surface.

Petrographic analyses of the samples indicate that the fault zones have undergone at least one 
period of deformation, and possibly more. The cataclasite samples (2F, 5F, 6F, 9F, and 11F) 
consist mainly of a very fine-grained matrix of subhedral quartz prisms. For the most part, these 
prisms exhibit no preferred orientation. Chlorite is also common in the matrix, along with some 
plumose muscovite. The remainder of the cataclasite is made up of quartz, plagioclase, and mica 
fragments. The fragments indicate that large pieces have undergone some deformation. The 
quartz crystals are highly strained and the plagioclase twin lamellae have been deformed. All of 
the larger fragments have been altered and chlorite is present between many of the crystals. 
Chlorite has replaced the plagioclase in many places, and, where it has not been replaced, the 
plagioclase has been altered to a highly-birefringent clay (Appendix 2.5B).

Sample 12F is a sample of the Monson Gneiss taken adjacent to the T-3 fault zone. Hand 
specimens of the gneiss appear to be sheared. The analysis indicates that quartz present in the thin 
section is very highly strained and that the plagioclase has been altered to highly birefringent clay. 
Wobus (Appendix 2.5B) classifies this as an altered biotite-quartz-andesine gneiss.

The petrographic analysis by Wobus (Appendix 2.5B) indicates that the material from the two 
different fault zones, T-2 and T-3, is similar. He has classified the material in the zones as 
hydrothermally altered and silicified cataclasite. Samples taken from the bedrock surface 
mapping also indicate the same results (NNECo. 1975).

The geologic history inferred from the petrographic study is as follows:

1. Formation of a breccia and cataclasite from faulting of Monson Gneiss and the 
pegmatites.

2. The injection of hydrothermal fluids producing a matrix of subhedral quartz, and 
altering the original breccia to produce a highly birefringent clay.

3. Fracturing and granulation of the crystallized quartz matrix.

4. Continuation of hydrothermal activity resulting in the development of chlorite and 
plumose muscovite in the cracks and fractures.

5. Weathering effects, varying with the degree of silicification.

2.5.3.2.2 Clay Mineralogy, Fluid Inclusion Analysis, and Radiometric Dating

Samples of the clay gouge in the fault zones were taken at final excavation grade. Table 2.5.3-2
lists these samples, their location, and the tests performed. Six samples were analyzed by x-ray 
diffraction and radiometrically dated using the potassium-argon (K/Ar) method. Five of the 
samples (7F, 10F, 13F, 14F, and 15F) were taken from the larger T-2 and T-3 fault zones. Sample 
1F was taken from a small fault shown as 1541-461 on Figures 2.5.1-18 and 2.5.4-6. The 
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locations of the samples taken from the T-2 and T-3 fault zones are shown on Figures 2.5.3-1 
through 2.5.3-3, respectively.

The samples were analyzed to determine their composition by x-ray diffraction techniques prior 
to being radiometrically dated. Dr. R. T. Martin of the Massachusetts Institute of Technology, 
Cambridge, Massachusetts performed these analyses. His report is included as Appendix 2.5C. 
Prior studies made by Dr. Martin on clay gouge materials have been reported in detail in Geologic 
Mapping of the Bedrock Surface (NNECo. 1975) and Report on Small Fault in Warehouse 5 - 
Millstone 2 and Condensate Polishing Facility (NNECo. 1976).

The samples were comprised mainly of quartz and clay. Feldspar is noted in three of the samples 
(7F, 13F, and 14F); however, the amount is small enough to have no effect on the age determined 
by K/Ar methods. The clay portion of the gouge consists of smectite, chlorite, and illite.

The 1Md, 1M, and 2M polymorphs are the mica polymorphs (illite) of the clay size fraction. The 
relative amounts of the polymorphs are summarized below from Dr. Martin's report  
(Appendix 2.5C):

Complete loss of argon is possible as a result of intense cataclastic deformation (Sutter 1971). 
Lyons and Snellenburg (1971) have previously performed K/Ar dating of illite gouge and have 
indicated that the 1Md mica polymorphs are developed at the time of faulting and are authigenic. 
The 1Md polymorph is a low temperature mineral. Both the 1Md and the 1M polymorphs appear 
to be metastable, even at low temperatures (Velde 1965). With increasing temperature, the 1Md, 
1M, 2M reaction takes place (Yoder and Eugster 1955). The temperature necessary for the 
initiation of the reaction from 1Md to 1M at low pressures is no greater than 250°C (Velde 1965).

Quartz crystals found in the brecciated zones of T-2 and T-3 at the bedrock surface were tested to 
determine their temperature of formation by Dr. Earl Ingerson of the University of Texas at Austin 
(NNECo. 1975). The temperature range for the hydrothermal formation of these quartz crystals is 
118°C to 198°C. This information, together with Dr. Martin's analysis indicating the relative 
amounts of the mica polymorphs, infers that some of the 1Md polymorphs may have reverted to 
the 1M polymorph. Apparently, the hydrothermal activity was not intense enough or long enough 
to complete the reaction.

The 2M polymorph was noted in only one sample, 7F. Because it appears in only one sample, it 
seems unlikely that the 2M polymorph is caused by the completion of the reaction. The 2M 
polymorph is common in most igneous and metamorphic rocks (Velde 1965). Since both rock 
types are involved in the faulting at Millstone, the 2M polymorph in Sample 7F may be a 

1F 7F 10F 13F 14F 15F

2M 0 0.12 0 0 0 0

1M 0 0.13 0.42 0.22 0.20 0.42

1M 0.17 0.28 0.09 0.24 0.18 0
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contaminant from the country rock, and the date obtained may be slightly older than the actual 
faulting. Sample 7F yielded the oldest date of all samples of fault gouge tested from Millstone.

Geochron Laboratories, Cambridge, Massachusetts, dated the samples analyzed by Dr. Martin. 
The results of the potassium-argon testing performed by Geochron Laboratories on samples from 
final excavation grade are included in Appendix 2.5D and are summarized in Table 2.5.3-3. The 
samples ranged in age from 109 to 200 m.y.a. Three samples from T-3 (10F, 13F, and 15F) were 
analyzed and yielded dates of 182±7, 155±6, and 178±7 m.y.a. Dates of 200±7 and 165±6 m.y.a. 
were obtained on samples taken from T-2 (7F and 14F). Sample 1F was taken from a smaller 
fault, 1541. The age indicated by the K/Ar method for this sample was 109±5 m.y.a.

All of the samples tested yield results that are consistent with previous tests performed on samples 
from Millstone, with the exception of 1F. Table 2.5.3-3 lists the dates of samples previously tested 
at Millstone. These samples had a range of ages between 168 to 198 m.y.a. Excluding the date 
from Sample 1F, the average age of faulting from all tests performed on the clay gouge from the 
Millstone site is 176 m.y.a.

The date on Sample 1F is considerably lower than the other dates. Compared to the other samples 
taken at final grade, this sample had considerably smaller amounts of the illite fraction 
(Appendix  2.5C), and a higher ratio of smectite to illite. The smectite may have formed after the 
gouge material, due to weathering, hydration of the illite, or by hydrothermal alteration. The 
younger date may reflect the interference of the smectite portion of the sample. As mentioned in 
Section 2.5.3.2.1, hydrothermal alteration is quite prominent, and the fault zone has been 
influenced by weathering.

Five samples of gouge were taken from fault 1940 in the engineered safety features building and 
faults 2282 and 2339 in the Millstone 3 pumphouse. Dr. R. C. Reynolds of Dartmouth College 
analyzed the clay mineralogy of these samples. His reports are included as Appendix 2.5E.

Large amounts of smectite and little illite were present in the samples (B, C, and D) from fault 
1940 which precluded K/Ar dating of the material. Samples P-1 and P-2, taken from faults 2282 
and 2339, respectively, were composed mostly of kaolinite with a small percentage of 
montmorillinite (Appendix 2.5E). A trace of illite was noticed in sample P-2 but neither sample 
could be dated.

The form and quantity of the smectite present in the samples from fault 1940 does, however, 
indicate a probable hydrothermal origin for the material. The kaolinite from the faults in the 
pumphouse (P-1 and P-2) was found to have a crystalline structure, also indicative of a 
hydrothermal origin. The date of the last hydrothermal event, as indicated by the studies of faults, 
T-2 and T-3, is between 168 and 198 m.y.a.

Clay gouge samples from faults 2781 and 2819 (NNECo. 1982) in the discharge tunnel were also 
analyzed by Dr. R. C. Reynolds. His study indicated the material from fault 2781 was not suitable 
for age dating, as it comprised mostly original micas from the parent rock. The material from 
2819 was found to contain sufficient authigenic illite and was suitable for age dating. It produced 
a K/Ar age date of 142 million +1-6 million years.
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2.5.3.2.3 Conclusions

The K/Ar age dating, petrographic analysis, x-ray diffraction studies, soils mapping, and the 
detailed mapping of the fault zones indicate that the faults at the Millstone site are incapable 
features. The petrographic analysis shows that the cataclasite has been silicified and 
hydrothermally altered, and that the fractures and cracks have been filled with chlorite. Prismatic 
quartz crystals, drusy quartz, and the silicified cataclasite found in the fault zones would be 
fractured and/or granulated if any additional movement had occurred.

The radiometric age dates on the fault gouge indicate that the last activity along the faults 
occurred approximately 142 m.y.a. Silicified breccias, microbreccias, and cataclasites within the 
T-2 and T-3 zones indicate that earlier episodes of movement and silicification occurred. The 
presence of the 1M mica polymorph indicates that the unordered 1Md has undergone changes 
initiated by the heat associated with the introduction of hydrothermal fluids along the fault zones. 
The tabulation in Section 2.5.3.2.2 summarizes the relative amounts of polymorphs from the 
x-ray diffraction analysis reported in Appendix 2.5C. It was found that the clay gouge is 
comprised mainly of 1M and 1Md polymorphs. Therefore, the dates obtained by radiometric 
analysis indicate some hydrothermal heating of the clay gouge zone - the last activity along the 
faults.

The petrographic and radiometric studies are reinforced by the published geologic history of the 
region (Section 2.5.1.1.5) and of the site area (Section 2.5.1.2.4.1). Detailed mapping of the 
excavation showed that the most prominent joint set trends northerly and dips at high angles to the 
east or west, as shown on Figure 2.5.1-16. All of the smaller faults parallel the prominent jointing, 
indicating that the same tectonic forces were responsible for their formation. Slickenside 
information (Figure 2.5.1-17) and exposures in the excavation indicate that the major component 
of movement is down-dip. Regionally, a prominent northerly joint set exists. Many of these 
surfaces also exhibit slickensides (Lundgren et al., 1971; Lundgren and Thurrell 1973). West of 
the site, the Triassic-Jurassic Basin is bordered by a northerly trending, high angle fault (Rodgers 
1970). The Clinton quadrangle to the west and the Moodus and Colchester quadrangles to the 
north of the site are cut by numerous high-angle faults related to the major Triassic faults to the 
west (Lundgren et al., 1971; Lundgren and Thurrell 1973). All available information indicates 
that the forces necessary to develop most of the jointing and faulting at Millstone Point are related 
to the extensional regime of the Juro-Triassic period. The compressional forces evident by faults 
1940 and 2781 may have resulted from shear couples associated with the tensional forces or may 
have been the result of pre-Triassic tectonism during the Allegheny Orogeny. Hydrothermal 
activity along the faults represents the youngest known fault-related event in southern New 
England (Goldsmith 1973; Skehan 1975; Rodgers 1975).

Millstone Point, like much of New England, is covered by a layer of glacial till. The till has been 
observed to overlie several faults at the site. No disturbance of the till has been noted (NNECo, 
1975, 1982). Caldwell (Appendix 2.5A) estimated the age of the till at the site to be 
approximately 18,000 years old. Flint (1975) estimates that the margin of the glacier had melted 
back to the line of the present Connecticut coast about 15,000 years ago.
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Considering all the geologic data presented, it is concluded that the faults at the Millstone site are 
not capable. The last activity along them occurred approximately 142 m.y.a. This indicates that 
the faulting at the site is related to the Triassic-Jurassic rifting as stated in Section 2.5.1.1.4.2 or 
older events as in the case of fault 1940.

2.5.3.3 EARTHQUAKES ASSOCIATED WITH CAPABLE FAULTS

There is no evidence of capable faults within the 5-mile radius of the site. As stated in 
Section 2.5.2.3.1, the majority of the significant seismic activity has been associated with the 
White Mountain Plutonic Province. Some activity has been associated with the Ramapo fault 
system (Aggarwal and Sykes 1978); however, the fault is not considered capable (NRC 1977).

2.5.3.4 INVESTIGATION OF CAPABLE FAULTS

There are no capable faults within the site area. The faults uncovered in the excavation are 
discussed in Section 2.5.3.2.

2.5.3.5 CORRELATION OF EPICENTERS WITH CAPABLE FAULTS

As discussed in Section 2.5.2.3.2, there has been no spatial correlation between earthquakes and 
faults in the site region. Some correlation has been suggested with the Ramapo fault in New York 
and New Jersey. As discussed in Section 2.5.2.3.1, however, the Ramapo is not considered 
capable (NRC 1977).

2.5.3.6 DESCRIPTION OF CAPABLE FAULTS

There are no capable faults within 5 miles of the site.

2.5.3.7 ZONE REQUIRING DETAILED FAULTING INVESTIGATION

Eleven incapable fault zones have been uncovered during excavation at the site. These faults have 
been mapped in detail and are discussed in Section 2.5.3.2. Figure 2.5.4-6 shows the map of the 
floors of structures. There are no other zones requiring detailed investigation.

2.5.3.8 RESULTS OF FAULTING INVESTIGATION

There is no evidence of capable faulting within the 5-mile radius of the site. The faults at the site 
are related to the rifting associated with the Triassic-Jurassic Period or older, with the last activity 
occurring approximately 142 m.y.a.
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TABLE 2.5.3–1 LIST OF FAULTS  

CLICK HERE TO SEE TABLE 2.5.3-1 
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TABLE 2.5.3–2 LIST OF SAMPLES 

CLICK HERE TO SEE TABLE 2.5.3-2 
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TABLE 2.5.3–3 LIST OF K/AR AGE DETERMINATIONS OF FAULT GOUGE 

CLICK HERE TO SEE TABLE 2.5.3-3 
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2.5.4 STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS 

The stability of the soil and rock underlying the Millstone Nuclear Power Station - Unit 3 
foundations was evaluated using the results of detailed field and laboratory investigations, both 
prior to and during construction. The field investigations consisted of borings, standard 
penetration tests, piezometer installations, water pressure tests, geologic mapping, and seismic 
surveys to determine compressional and shear wave velocity. Laboratory testing was conducted to 
determine the physical properties of the soil and rock. A detailed listing of the site investigation 
program is included at the beginning of Section 2.5. Evaluations of the subsurface conditions, soil 
and rock properties, and results of stability analyses are presented herein. Analyses incorporate 
the vibratory ground motion associated with the safe shutdown earthquake (SSE) where 
appropriate.

2.5.4.1 GEOLOGIC FEATURES

The geologic setting and site structural geology of the Millstone 3 site is discussed in 
Sections 2.5.1.2 and 2.5.3, and the local geology is shown on the site bedrock geology map 
(Figure 2.5.1-13).

The rock surface, mapped prior to excavation, is fresh with few zones of weathering. The 
weathering is not excessive and occurs generally in highly jointed areas or along a fault zone. The 
top of rock has been glacially smoothed and eroded by outwash waters. Many of the joints have 
been filled with glacial till. In the southern portion of the main excavation in the discharge tunnel 
area, six low angle joints (394, 398, 424, 425, 577, 645) exhibiting slight displacement due to the 
wedging action of the glacial ice have been mapped. The location of these joints are shown on 
Figures 2.5.4-1 through 2.5.4-5.

No evidence of large stress concentrations developed during the rock excavation for Millstone 3. 
There was no observable stress relief in the form of popping rock, rock bursts, or notable rock 
movement. No significant problems were noted from rock stresses in the Millstone Point quarry 
(Dale and Gregory 1911; Dale 1923). However, Niles (1975-76) indicated that the thin webs of 
rock between closely spaced holes had popped while line drilling, and that the drills had become 
bound.

The close spacing of the drill holes and the binding of the drills were probably caused by the 
release of the residual stress in the rock mass.

Geologic Mapping During Construction

Final excavation grades and most of the top of rock were geologically mapped during excavation 
for the safety related structures. A summary report of the mapping of the bedrock surface and 
three subsequent reports concerning faults subsequently uncovered at the site have been 
submitted to the Nuclear Regulatory Commission (NRC) (NNECo. 1975, 1976, 1977, 1982). 
Results of site geologic mapping are discussed in Sections 2.5.1.2 and 2.5.3. Field sketches were 
prepared for the floors of structures at the scale of 1:120, and the walls and the major fault zones 
were prepared at a scale of 1:60. These scales have been reduced in this document for publication 
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purposes. The geologic maps of final excavation grades of the safety related structures are shown 
on Figures 2.5.4-1 through 2.5.4-27. The identifying numbers adjacent to the joint lines, foliation 
symbols, and slickensides correspond to descriptions listed in Tables 2.5.4-1, 2.5.4-2, and 2.5.4-3, 
respectively.

The geologic maps of the containment and engineered safety features (ESF) building excavation 
walls are shown on Figures 2.5.4-10 through 2.5.4-14 and 2.5.4-18. Tables 2.5.4-4, 2.5.4-5, and 
2.5.4-6 list the joint, foliation, and slickenside information for the containment and ESF buildings, 
respectively.

The excavation walls of the auxiliary building pipe tunnel pit and the north wall of the excavation 
are shown on Figures 2.5.4-15 through 2.5.4-17. The service water pipeline walls and discharge 
tunnel excavation floor and walls are shown on Figures 2.5.4-1 through 2.5.4-5 and 2.5.4-19 
through 2.5.4-27. Lists of joint, foliation, and slickenside information are given in Tables 2.5.4-7, 
2.5.4-8, and 2.5.4-9, respectively.

The igneous intrusions and biotite concentrations that cross the site are numbered for continuity 
and for distinguishing the different intrusions that cross discontinuities caused by faulting and 
elevation differences in the excavation.

The faults uncovered at the site are shown on Figures 2.5.4-6 and 2.5.4-19 and are listed in 
Table 2.5.3-1. The nature and age of the faults are discussed in detail in Section 2.5.3.2.

2.5.4.2 PROPERTIES OF SUBSURFACE MATERIALS

A series of investigations was conducted in the field and in the laboratory to determine the 
properties of the subsurface materials existing at the site and the compacted backfill materials 
processed from offsite sources. Materials underlying the site include beach sand, unclassified 
stream deposits, ablation till, basal till, and hard, crystalline bedrock of the Monson Gneiss 
formation. The field investigations included soil and rock borings, geologic mapping, piezometer 
installation and monitoring, water pressure testing of the bedrock, seismic refraction and 
reflection surveys, and cross-hole and up-hole seismic surveys. The field testing is described in 
detail in Section 2.5.4.3. The laboratory investigations included index property and gradation 
determinations of onsite soils, moisture-density relations, and direct shear testing of compacted 
backfill, shear modulus, and damping determination and cyclic and static triaxial testing of beach 
sands, unconfined compression testing of bedrock core samples, and joint and foliation friction 
determination for bedrock surfaces.

Laboratory testing of site soils and backfill source materials was conducted in the Stone & 
Webster Engineering Corporation (SWEC) Soils Laboratory. Field testing for backfill control 
during placement was conducted in the SWEC Field Quality Control Laboratory, located onsite. 
Compacted backfill test results are discussed in Section 2.5.4.5.2. Intact rock core specimens were 
tested for unconfined compressive strength and unit weight by Prof. K. Tsutsumi of Tufts 
University. Results of these tests are presented in Table 2.5.4-10. Direct shear tests along jointed 
and foliated rock surfaces on specimens selected from NX core samples were performed in the 
SWEC Soils Laboratory. A description of these tests is presented in Section 2.5.5.2 and data are 
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tabulated in Table 2.5.4-11. Cyclic triaxial, resonant column, and small strain cyclic triaxial (E) 
tests were conducted by Geotechnical Engineers, Incorporated (GEI) on the beach sands adjacent 
to the pumphouse. The results of this study are presented in the GEI report, Appendix 2.5F. 
Consolidated undrained (CIU) tests were also performed on samples of the beach sands in the 
SWEC Soils Laboratory. The results of these tests are tabulated in Table 2.5.4-12 and 
Appendix 2.5G.

Overlying the bedrock at the Millstone site are five groups of soils. They are from youngest to 
oldest: artificial fill, beach deposits, unclassified stream deposits, ablation till, and basal till. Each 
of these is discussed in the following sections.

2.5.4.2.1 Artificial Fill

Artificial fill material is comprised of a mixture of till, waste rock materials excavated from the 
Millstone 1 and 2 sites, and some quarry waste. Consequently, it is a heterogeneous mixture. 
These fill materials were not placed in controlled thin-lift construction and are not a satisfactory 
foundation material for structures of any kind. All artificial fill has been excavated when 
encountered and no structures, pipelines, or electrical ducts are founded on this material.

2.5.4.2.2 Beach Deposits

The beach deposits are the youngest naturally occurring material in the site area. These are 
present for the most part only in the cove east of Bay Point, in the area of the circulating and 
service water pumphouse. For the most part they consist of uniform silty sand. The beach deposits 
are generally denser than the alluvium deposits due to wave action from Long Island Sound.

Static and cyclic triaxial and resonant column tests were performed on the beach deposits to 
investigate liquefaction potential and obtain shear strength parameters for slope stability analyses 
of the shoreline area. The results of these tests are tabulated in Table 3 of Appendix 2.5F. These 
analyses are discussed in Section 2.5.4.7, 2.5.4.8, and 2.5.5.2.

Composite plots of relative density and corrected blow count (N) vs effective overburden stress 
based on Gibbs-Holtz relations are presented on Figures 2.5.4-28 and 2.5.4-29, respectively. 
These plots show that the beach sand is a medium dense deposit with an average relative density 
of approximately 70 percent, with most points denser than 60 percent. Some points do plot lower, 
but these low density values are generally indicative of the looser, unsaturated sand near the 
ground surface.

No major plant structure, pipeline, or duct is founded on the beach deposits. This material was 
excavated and replaced with compacted select backfill under portions of the service water line, 
but remains in place along the shoreline, adjacent to the circulating and service water pumphouse.

2.5.4.2.3 Unclassified Stream Deposits

Unclassified glacial stream deposits west and southwest of Millstone 3 consist of sands with some 
silts and gravels. Thicknesses of the deposits vary, and exposed cuts reveal the sediment to be 
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somewhat stratified. In general, the deposits are medium dense to dense cohesionless materials, 
with loose deposits occurring within limited zones above the basal till overlying bedrock. The 
extent of the unclassified stream deposits is shown on the site surficial geology map 
(Figure 2.5.1-3).

No major plant structure, pipeline, or duct is founded on unclassified stream deposits. Prior to 
installation of any foundations, all underlying loose deposits were removed to sound basal till or 
bedrock and replaced with compacted backfill, as discussed in Section 2.5.4.5.2.

2.5.4.2.4 Ablation Till

Ablation till overlies the dense basal till in the area where the major plant structures are located. 
This material consists of glacially transported debris which was deposited as the supporting and/
or enclosing ice melted away from it. The ablation till has not been compacted by ice and is, 
therefore, less dense than the basal tills, but is still a strong, stable soil. Both the basal till and the 
overlying ablation till are relatively impervious. The ablation till is more pervious than the basal 
till because it is irregularly stratified with lenses of sand and gravel and mixtures of cobbles, 
gravels, sands, and silts.

Gradation analyses and moisture content determinations were conducted on split spoon samples 
of the ablation till. The gradation curves indicate that the ablation till is a silty sand, with typically 
20 to 40 percent finer than the No. 200 sieve. The gradation curves are presented on 
Figure 2.5.4-30 plotted with the Lee & Fitton (1969) and Kishida (1969) gradation envelopes of 
soils most likely to liquefy during the earthquake. The ablation tills at the Millstone site are 
significantly more widely graded and coarser than the soils typified by these envelopes. The 
natural moisture content of the ablation till varies from 5 to 15 percent. Moisture content 
determinations from split spoon samples of various overburden materials at the site is presented in 
Table 2.5.4-13.

Approximately 500 feet of the circulating water discharge tunnel in the vicinity of Millstone stack 
is founded on crushed stone and concrete fill overlying ablation till. At all other structures, the 
ablation till was removed to sound basal till or bedrock and replaced with compacted backfill, if 
required, as discussed in Section 2.5.4.5.2.

2.5.4.2.5 Basal Till

Basal till overlies bedrock at the site area, varying in thickness from less than 5 feet in the 
pumphouse area on Niantic Bay to over 40 feet under the turbine building. The basal till is a very 
dense material of low permeability consisting of a widely graded mixture of cobble and boulder-
size rock fragments, gravel-size material, sand, and some silt binder. The basal till was overridden 
and compacted by ice during the glacial period, accounting for its characteristic very dense state 
and high strength.

Gradation analyses and moisture content determinations were conducted on split spoon samples 
of the basal till. Although only the minus 1 inch portion of the basal till was tested, the gradation 
curves presented on Figure 2.5.4-30 show that the basal till consists of a widely graded silty sand 
2.5.4-4 Rev. 30



MPS3 UFSAR
(SM) with 10 to 25 percent finer than the No. 200 sieve and a coefficient of uniformity (D60/D10) 
of approximately 80. The natural moisture content for the basal till, presented in Table 2.5.4-13, 
varies from 6 percent to 14 percent. A list of structures founded on basal till is presented in 
Table 2.5.4-14. A detailed discussion of the liquefaction potential of the basal till is presented in 
Section 2.5.4.8.2 and a discussion of the static stability of structures founded on basal till is 
included in Section 2.5.4.10.1.

Elastic constants have been determined by seismic cross-hole and up-hole surveys. Details of this 
study are presented in Section 2.5.4.4.3 and Appendix 2.5H. The average Young's modulus (E) 

determined for the basal till was 4 x 105 psi and the average shear modulus (G) determined was 

1.4 x 105 psi. A Poisson's ratio of 0.44 has been calculated based on these values of E and G.

2.5.4.2.6 Monson Gneiss

The country rock at the site is the Monson Gneiss. At the site area, the Monson Gneiss is thinly 
layered with light feldspathic and dark biotitic and hornblendic layers. The foliation is well 
defined and exhibits a consistent northwest trend. Based on data accumulated during geologic 
mapping at the site during excavation, the average foliation attitude of the Monson Gneiss is 
N67W, 48NE, (N54W, 48NE grid north). A stereonet projection of the foliation is presented on 
Figure 2.5.1-15.

Jointing at the site is characterized by an average attitude of N03W, 63NE (N10E, 63SE). (All 
strikes are referenced to true north, which is 13.5 degrees east of grid north. Bearings in 
parentheses represent grid north.) Minor joint sets observed at the site are N02W, 78NW, (N11E, 
78NW) and N69E, 74SE (N82E, 74SE). A low angle joint set oriented at N48W (N35W) dips 7 
degrees northeast. A lower hemisphere stereonet plot of poles to the joint planes is shown on 
Figure 2.5.1-16 and a complete list of all measured joints and foliations is presented in 
Tables 2.5.4-1, 2.5.4-4, 2.5.4-7 and 2.5.4-2, 2.5.4-5, and 2.5.4-8, respectively. In general, the 
joints are linear and tight and exhibit smooth surfaces. A large number of the joints are coated 
with chlorite and many exhibit iron oxide staining.

Direct shear tests were performed on several joint and foliation surfaces. These tests indicate that 
the average residual shear stress for joint surfaces is 34.5 degrees, and the average residual shear 
stress for the foliation is equal to 32 degrees. Details of the testing program are presented in 
Appendix 2.5I.

Unconfined compression and density tests were performed on nine core samples of Monson 
Gneiss and two samples of Westerly Granite. The unconfined compressive strength of the 
Monson Gneiss varied from approximately 4,000 to 14,000 psi, with an average value of 10,000 
psi. The unit weight of Monson Gneiss ranged from 161 to 168 pcf, with an average value of 165 
pcf. The Westerly Granite was slightly stronger and less dense. The average unconfined 
compressive strength of the two samples was approximately 13,000 psi and the unit weight 
averaged 157 pcf. The results of the rock compression tests are tabulated in Table 2.5.4-10.
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A geophysical survey was performed, consisting of measuring compressional “P” wave and 
transverse “S” wave velocities using both down-hole and cross-hole techniques. Average values 
for Young's modulus (E), shear modulus (G), and Poisson's ratio were conservatively determined 

to be 4 x 106 psi, 1.5 x 106 psi, and 0.33, respectively. The geophysical investigations are 
discussed in detail in Section 2.5.4.4.3 and Appendix 2.5H.

2.5.4.3 EXPLORATION

A total of 95 test borings, both vertical and inclined, were drilled in the rock and soil at the site. 
The boring locations are presented on Figures 2.5.4-31 and 2.5.4-32. Table 2.5.4-15 is a listing of 
all boring coordinates, ground elevations, top of rock elevations, and groundwater elevations at 
the time of drilling. Complete boring logs are presented in Appendix 2.5J. The logs describe the 
soil and rock types, the location, elevation, and type of samples recovered, the standard 
penetration test value (N), and the core recovery and rock quality designation (RQD) of the 
bedrock. Geologic profiles are presented on Figures 2.5.4-33 through 2.5.4-35 and the basal till 
surface contour map is presented as Figure 2.5.4-36.

The locations of boreholes in which water levels were taken are shown on Figure 2.5.4-37. 
Groundwater elevations were monitored in borings 301 to 310 prior to construction, and the 
groundwater fluctuations over a 2-year period for borings 303, 310, 311, 312, and 317 are shown 
graphically on Figure 2.5.4-38. These wells were disturbed during construction; therefore, there is 
no record reported in these wells subsequent to December 1973. Site groundwater conditions, 
based on regional data, site piezometers, and observations during construction, are discussed in 
detail in Sections 2.4.13 and 2.5.4.6.

Water pressure tests were performed in three borings to assess the degree of weathering and 
permeability of the bedrock. The results of the tests are presented in Table 2.5.4-16.

A seismic refraction survey to determine compression wave velocities and depths to various strata 
was performed by Weston Geophysical Engineers, Incorporated (WGEI) and is discussed in 
Section 2.5.4.4.1. The location of the seismic refraction lines and the seismic profiles are 
presented in Appendix 2.5K.

Seismic cross-hole and up-hole techniques were employed at the site in order to determine the 
values of dynamic moduli and Poisson's ratio for the ablation till, basal till, and bedrock. The 
results are tabulated and discussed in Section 2.5.4.4.3. The WGEI report on these tests is 
presented as Appendix 2.5H.

2.5.4.4 GEOPHYSICAL SURVEYS

Geophysical surveys were conducted to determine the nature and extent of subsurface materials at 
the site. The studies included a seismic refraction survey of the site in the vicinity of the major 
structures, an offshore seismic and bathymetric survey employing refraction and reflection 
techniques, and seismic cross-hole and down-hole surveys to determine compressional and shear 
wave velocities of subsurface materials.
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2.5.4.4.1 Onshore Seismic Refraction Survey

A seismic refraction survey was performed by WGEI to investigate subsurface conditions at the 
site. The purpose of the study was to determine compression wave velocities and depths of 
subsurface materials, and to prepare a preliminary bedrock contour map of the site area.

Field procedures employed during the refraction survey are detailed in Appendix 2.5K.

The refraction survey identified three major strata at the site according to seismic velocity. The 
near surface overburden material, identified as ablation till and discussed in detail in 
Section 2.5.4.2.4, typically has a seismic velocity ranging from 1,500 to 2,000 fps, indicative of a 
medium dense to dense, unconsolidated material. The transition between saturated ablation till 
and moderately dense basal till corresponds to a zone with a seismic velocity between 5,000 and 
5,600 fps. The very dense basal till, discussed in detail in Section 2.5.4.2.5, has a seismic velocity 
of approximately 6,700 fps. The thickness and extent of each of the overburden strata are shown 
on the subsurface profiles in Appendix 2.5K.

A sharp increase in the seismic velocity was observed at the bedrock surface, indicating the 
absence of any extensive zones of weathered rock. This was verified during excavation for 
structures. Typical seismic velocity values for the bedrock were approximately 12,000 fps, 
indicative of a hard, massive, unweathered rock type. The soundness of the rock has been verified 
from the logging of rock cores from boreholes and from geologic mapping. The rock contour map 
obtained from the seismic survey and shown on Sheet 3 of 8 in Appendix 2.5K agrees with the 
contour map of the bedrock surface shown on Figure 2.5.4-39, which is based on actual survey 
data of the rock surface measured during construction.

2.5.4.4.2 Offshore Seismic and Bathymetric Survey

A seismic and bathymetric survey was conducted by WGEI to contour the Long Island Sound 
bottom and the bedrock surface offshore from Millstone Point, in the vicinity of the intake and 
discharge structures, as shown on Figure 1 of Appendix 2.5L. Detailed profiling of the bedrock 
surface was obtained in some areas by means of continuous reflection techniques. Velocity values 
for the different materials were determined from a seismic refraction survey. These values were 
used in computing depths to the reflecting horizons and for identifying the type of overburden 
material and the quality of the bedrock.

The bedrock and bottom contour maps for the four areas surveyed are presented in 
Appendix 2.5L.

2.5.4.4.3 Seismic Velocity Measurements

Seismic velocity measurements using an “explosive” source were conducted at the site to 
determine compressional “P” wave velocities and transverse, or shear, “S” wave velocities of the 
underlying materials. Both down-hole and cross-hole techniques were utilized. Elastic parameters 
for basal till and bedrock obtained from these tests were used as the design basis for foundations 
on these materials. The field procedure is described in detail in Appendix 2.5H.
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In the containment area, where bedrock is shallow, velocity measurements in the rock using cross-
hole techniques were uniform throughout the depths investigated, which ranged from el +10 feet 
to el -50 feet. Down-hole velocity measurements were made from el +5 feet to el -99 feet. There 
was good agreement in the values between the two techniques.

Velocity measurements of the overburden materials further distinguish between the two tills at the 
site. Shear wave velocity for the ablation till is approximately one-third lower than for the denser 
basal till.

The following seismic velocity profile is representative of materials in the vicinity of the turbine 
building:

The following seismic velocity profile is representative of materials in the vicinity of the reactor 
containment structure:

Seismic velocity measurements were made using an “impact” source of shear wave energy to 
determine “P” and “S” wave velocities of materials underlying the discharge tunnel in the area of 
the Millstone stack. Bedrock is overlain by basal till, ablation till, alluvium, and fill. The 
overburden in this area is up to 60 feet in thickness. In these tests, geophones were lowered into 
2-inch receiving holes to pick up arrival times generated from impact blows on a split-spoon 
sampler positioned at the same elevation. The following seismic velocity profile is representative 
of materials in the vicinity of the discharge tunnel near the ventilation stack:

Elevation (ft) Material
Seismic 

Technique
“P” Wave 

(fps) “S” Wave (fps)

+15 to +4 Ablation Till Cross-hole 5,600 1,400

+ 4 to -24 Basal Till Cross-hole 6,800 2,200

-24 to -44 Bedrock Cross-hole 12,800 6,500

Elevation (ft) Material
Seismic 

Technique “P” Wave (fps) “S” Wave (fps)

+10 to -50 Bedrock Cross-hole 12,800 6,500

+ 5 to -99 Bedrock Down-hole 13,500 6,500

Elevation (ft) Material “P” Wave (fps) “S” Wave (fps)

+14 to + 2 Fill 1,363-3,060 814-1,238

+ 2 to -13 Alluvium 4,820-5,818 383-684

-13 to -18 Ablation Till 6,053-6,597 398-654

-18 to -30 Basal Till 7,539-7,603 1,246-2,387
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The following elastic constants were determined from field seismic velocity measurements, based 
on low strain “P” wave and “S” wave velocity measurements from “explosive” and “impact” 
sources.

The values below are for low strain values from field generated tests and may not necessarily be 
used as design input. Final values used in design are calculated for individual structures.

2.5.4.5 EXCAVATIONS AND BACKFILL

The extent of excavations and backfill for major Seismic Category I structures is shown on 
Figure 2.5.4-40. Final grading, which includes dredging and backfilling in the vicinity of the 
circulating and service water pumphouse, is shown on Figure 2.5.4-41. Profiles delineating the 
extent of the excavation and backfill are shown on Figures 2.5.4-33 through 2.5.4-35. Geologic 
mapping of the excavated surfaces is described in Section 2.5.4.1.

2.5.4.5.1 Excavation

The founding materials for major plant structures are listed in Table 2.5.4-14. Most of the major 
safety related structures are founded on bedrock, with the exception of the control building, 
emergency diesel generator building, and the hydrogen recombiner building. The control building 
is founded on basal till. Isolated zones of softened till were excavated and replaced with fill 
concrete or compacted structural backfill. The emergency generator enclosure building wall 
footings are founded on basal till. The diesel generator pads are supported on approximately 8 feet 
of structural backfill basal till as shown on Figure 2.5.4-55 (Geologic Profile J-J'). The hydrogen 
recombiner is founded on concrete fill overlying bedrock.

Most of the circulating water discharge tunnel is founded on bedrock. Near the ventilation stack, 
for a distance of approximately 500 feet, the discharge tunnel is founded on crushed stone and 
concrete fill overlying basal till. Section 2.5.4.8.4 and Figure 2.5.4-51 (Geologic Profile H-H") 
describe the founding conditions of the discharge tunnel in this area.

The service water intake lines are founded on bedrock in the main plant area; however, between 
the main plant area and the pumphouse they are founded on soil. When soil was encountered as a 
founding material, all unsuitable overburden was removed to sound basal till. Where the invert 
elevation was higher than the excavated grade, compacted structural backfill was placed in thin 
lifts to the subgrade elevation of the pipe encasement. All compacted structural backfill was 
placed in accordance with procedures described in Section 2.5.4.5.2. Figure 2.5.4-52 (Geologic 

Material
Young's Modulus, E 

(psi)
Shear Modulus, G 

(psi)  Poisson's Ratio

Rock 4 x 106 1.5 x 106 0.33

Basal Till 4 x 105 1.4 x 105 0.44

Ablation Till 2.7 x 104 9.0 x 103 0.49
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Profile I-I") shows the extent of structural backfill placed beneath the service water intake lines 
between the turbine building and the circulating and service water pumphouse.

The locations of field density tests of structural backfill placed beneath the service water intake 
lines near the pumphouse, where the deposit of beach and outwash sand was removed above the 
basal till, are presented in Figure 2.5.4-53. Table 2.5.4-19 summarizes the results of the density 
tests in this area.

Rock in the containment area was blasted and excavated in segmented areas, each approximately 
10 feet deep. Rock bolts, discussed in Section 2.5.4.12, were installed in the southwest sector of 
the excavation to prevent potential sliding failures along the foliation. In addition, intercept drains 
were installed into the southwest excavation face to reduce the hydrostatic pressure on the 
foliation and joint planes. No rock slides were noted during the time the excavation was in 
service. However, some areas were overbroken due to blasting and to subsequent scaling 
operations to remove loosened rock wedges. The overbreak areas were localized and generally 
limited in size to approximately 2 cubic yards and less. The surfaces of the wedges generally 
conformed to the predominant joint sets mapped at the site and discussed in Section 2.5.4.1. The 
nature and extent of overbreak experienced during site excavation is considered normal for 
bedrock of this type and does not indicate instability in the rock mass.

Various techniques were utilized when blasting near the perimeter of structures to limit overbreak 
and minimize damage to adjacent rock. The methods used include line drilling, cushion blasting, 
presplitting, and smooth wall blasting. The purpose of each of these techniques was to develop a 
shear plane along the perimeter of the excavation so that the excavated rock breaks cleanly from 
the face. In line drilling, the perimeter holes were closely spaced and left unloaded during the 
blast. Cushion blasting was used to blast a narrow berm left from a previous blast. A single row of 
closely spaced holes was drilled along the berm, lightly loaded, and fired simultaneously. 
Presplitting consisted of the firing of a single row of lightly loaded, closely spaced holes, prior to 
the primary blast. The purpose was to produce a crack along the line of presplit holes which the 
subsequent primary blast could break. Smooth wall blasting is similar to cushion blasting except 
that the lightly loaded perimeter holes were the last delay in the blast.

Controlled blasting techniques were used to limit the vibrations felt at Millstone 1 and 2 and to 
preclude any structural damage to concrete or bedrock near the blast. Peak particle velocity was 
measured for each blast, using Sprengnether 3 - component seismographs. No damage to any 
structure or component in the two operating units or the Millstone 3 construction site was 
observed as a result of the blasting.

The inflow of water into the excavation was controlled by means of pumping from local sumps. 
This was possible due to the low permeability of the soils and the tightness of the joints in the 
bedrock. Concrete working mats were poured on all foundation surfaces upon excavating each 
area in order to minimize the impact of construction activities on the undisturbed founding 
surfaces.

Some softening of the basal till in sections of the excavation was observed. The softening is 
attributable to the exposure of the till to the affects of weathering and construction traffic. When 
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this condition was encountered, the softened material was hand-excavated to firm, dry till and 
replaced with either fill concrete or compacted structural backfill. In the control building 
excavation, softened till approximately 1 foot in thickness was hand-excavated to firm till and 
replaced with structural backfill. The extent of the softening was verified by excavating two test 
trenches into the till to a depth of 4 feet. No additional softened till was encountered below the 
softened surface layer. The groundwater level was maintained below the subgrade by pumping 
from sumps outside the structure, and no seepage infiltrated the excavation after removal of the 
softened till and placement of the structural backfill.

2.5.4.5.2 Backfill

Category I structures founded totally or partially on structural backfill include the control building 
and emergency generator enclosure building. In addition, sections of the service water line and 
some of the buried electrical ducts are founded on Category I structural backfill.

Material used for Category I structural backfill is predominantly obtained from glacial outwash 
deposits located at the Romanella Pit in North Stonington, Connecticut. Test data on borrow 
material from the Romanella Pit have been previously reported in July and November 1974 and 
are included in Appendix 2.5M. A small percentage is obtained from other borrow sources having 
similar geologic characteristics. A description of the borrow material from three alternate sources 
located in the towns of North Stonington, Preston, and Canterbury is included in a report 
submitted in June 1976 and is included herein as Appendix 2.5M.

All structural backfill is processed at the borrow pit by means of passing the soil through a screen, 
ensuring that the maximum particle size and gradation meet the backfill specification 
requirements. For Category I structural fill, the gradation limits are:

Coefficient of Uniformity, Cu = D60/D10 ≥ 10. 

All structural backfill was compacted to 95 percent of the maximum dry density determined from 
the Modified Proctor Test, ASTM D1557, Method D. Moisture content was maintained within 4 

U.S. Standard 
Sieve Size

Cumulative 
Percent Passing

3 inches 100

3/4 inch 75 to 100

3/8 inch 65 to 90

No. 10 40 to 60

No. 40 15 to 35

No. 100 0 to 20

No. 200 0 to 15
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percent of optimum. Structural backfill for Category I structures was placed in loose lifts not 
exceeding 8 inches and uniformly compacted by heavy vibratory rollers.

A continuing program of testing, inspection, and documentation was in effect during construction 
to ensure satisfactory placement of backfill. Category I structural backfill was tested every 500 
cubic yards for conformance to the specified gradation limits prior to being allowed into the 
construction area. In addition, the maximum density was determined by ASTM D1557, Method 
D, for every 500 cubic yards of fill placed. Field density tests, using ASTM D1556, were 
performed for each lift of fill, but not less than one test for every 500 cubic yards of fill placed.

Locations of field density tests under the emergency generator enclosure and control building are 
shown in Figure 2.5.4-54, and the test results are summarized in Table 2.5.4-20. Cross-sections 
showing generalized subsurface profiles beneath these two structures are presented in 
Figures 2.5.4-55 (Section J-J') and 2.5.4-56 (Section K-K').

Shear strength of compacted backfill materials was determined from drained direct shear tests on 
samples compacted to 95 percent of maximum dry (ATMS D1557) density. Samples tested in the 
direct shear box contained only the minus No. 4 portion of the sample. For consistency, the 
maximum density was also determined on the minus No. 4 portion of the sample. However, the 
maximum density of the minus 3/4-inch fraction was tested in the field, and it can be assumed that 
the maximum density of the minus No. 4 fraction would be less than the maximum density 
attainable at the site on the whole sample. Consequently, testing the minus No. 4 fraction results 
in values of shear strength more conservative than would be expected for the whole soil sample. A 
comparison of maximum densities for the minus No. 4 and minus 3/4-inch fractions for 
representative samples from the major borrow areas used for Category I structural backfill is 
presented below: 

The maximum shear modulus and Young's modulus at static strain levels were calculated for the 
structural fill based on the Hardin and Richart (1963) equation for round-grained sands at very 
low strains:

Backfill Source

νd max 
(-3/4") 
(pcf)

νd max 
(-#4) RX 

(pcf)

φ @ 95% 
νd max 

(-#4) 
(deg)

φ @ 90% 
νd max (-#4) 

(deg)

Romanella Pit (Sample 
“R”)

136.4 129.5 41.5 --

Preston Pit 138.8 131.0 35.0 34.6

No. Stonington Pit 148.0 136.1 37.9 34.0

Canterbury Pit 140.0 131.6 39.4 34.0

Hathaway Pit (Waterford) 129.7 121.1 39.1 --

Ledyard Pit (Soneco) 132.6 122.9 41.4 --
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(2.5.4-1)

where:

Gmax = maximum shear modulus in psi

e = void ratio

σo = effective octahedral stress in psi

Void ratio was calculated assuming full saturation and a water content equal to 12 percent, which 
represents the water content at full saturation for a density of 95 percent of maximum, based on 
the moisture-density curve for Sample “R” in Appendix 2.5M. The octahedral stress was assumed 
to be equal to two-thirds of the effective overburden stress for a particular depth. The maximum 
shear modulus at a depth of 10 feet, which corresponds to the midpoint of the backfill layer 
beneath the emergency generator enclosure building, is 13,400 psi. A profile of Gmax vs effective 
confining pressure is plotted on Figure 2.5.4-42.

A resonant column test was performed on a sample of the structural backfill compacted to 95 
percent of a maximum dry density. The values of Gmax plotted on Figure 2.5.4-42 obtained from 
this test are in agreement with the Hardin and Black (1968) equation. The low strain damping 
ratio was calculated to be 1.4 percent.

Young's modulus for static strain levels was obtained through an iterative process where a value 
of vertical strain was used to obtain a reduction factor for the G value. The value of E was 
calculated using the equation:

E = 2G(1+u) (2.5.4-2)

where: 

u = Poisson's ratio 

The strain level assumed was checked with the expected strain level caused by the structural 
loading, using the equation: 

 (2.5.4-3)

Gmax
2630 2.17 e–( )2

1 e+
---------------------------------------- σo( )1/2

=

ε
Δσz

E
---------=
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where: 

e = Vertical strain 

Δσz = Increase in vertical stress from structure load 

E = Calculated value of Young's Modulus 

For the emergency diesel generator enclosure building, the calculated vertical strain was 

approximately 10-3, and Young's modulus at a depth of 10 feet was approximately 10,000 psi. The 
profile of E static vs effective confining pressure is also plotted on Figure 2.5.4-42.

Backfill placed behind concrete walls is described in Section 2.5.4.10.3.

2.5.4.5.3 Extent of Dredging 

To facilitate the flow of water into the service and circulating water pumphouse, an intake channel 
has been dredged to the limits shown on Figure 2.5.4-41. Side and longitudinal slopes of the 
intake channel are designed at 10 and 5 percent, respectively. The beach slope varies from 20 to 
10 percent and is protected with heavy armor, as discussed in Section 2.5.5.1.

Borings and laboratory testing in the beach area adjacent to the circulating and service water 
pumphouse indicate that the beach sands are generally moderately dense, with occasional thin 
zones of less dense material. Liquefaction analyses of these sands, discussed in 
Section 2.5.4.8.3.2, indicate that a general liquefaction of the sand adjacent to the pumphouse is 
highly unlikely. If the looser zones do liquefy, the extent of the failure would be strictly local and 
would not cause a massive soil movement into the dredged channel.

2.5.4.6 GROUNDWATER CONDITIONS

Groundwater observations have been documented in previous reports (Ebasco 1966; Bechtel 
Corporation 1969). Water level readings in borehole piezometers were taken for the Millstone 3 
site study between 1971 and 1973. In addition, pressure testing of rock in three boreholes and 
during installation of rock anchors in the turbine and service buildings was conducted to 
determine the permeability of the rock mass. Also, temporary drains were installed in sections of 
the containment excavation face and the inflow of water into all excavations was observed 
throughout construction. These observations form the design bases for groundwater at the site, as 
discussed below.

2.5.4.6.1 Design Basis for Groundwater

Groundwater observations at the site prior to construction were made in piezometers installed in 
several borings. Listings of the water elevations and dates of reading are presented in 
Table 2.5.4-17. Three borings, 303, 310, and 311, were continually monitored over a 2-year 
period. A plot of elevation vs date for water levels in these boreholes is shown on Figure 2.5.4-38. 
As a result of these observations, a stabilized groundwater level contour map, based on the water 
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levels measured in January 1972, shown on Figure 2.5.4-37, is used as the basis for determining 
hydrostatic loadings on structure foundations.

Localized perched groundwater conditions probably exist because of the irregular distribution of 
ablation till materials of varying gradation and porosity. It is also likely that shallow, ponded 
water exists in localized bedrock troughs. The prevalence of bedrock outcrops to the north and 
northwest of the site indicates that bedrock acts as a groundwater divide, isolating the soils of the 
tip of Millstone Point from soils further inland. Thus, groundwater recharge would primarily be 
due to absorption of local precipitation, with probable migration of the waters to the immediately 
adjacent Long Island Sound. Little groundwater is present in the crystalline bedrock, and virtually 
all of the groundwater movement is restricted to the soil overburden.

Measurements taken during previous investigations (Bechtel Corporation 1969) showed average 
influx rates into test pits of about 8 gallons per hour, and it was concluded that both the ablation 
and basal tills were relatively impervious. The ablation till soils are more pervious than the basal 
tills and occasionally exhibit partial stratification, including sporadic sand lenses. Thus, the upper 
portions of the soil transmits water more readily than the underlying dense basal tills.

All structures are designed for the groundwater levels shown in Table 2.5.4-14 which are based on 
groundwater contours plotted on Figure 2.5.4-37. No safety-related permanent dewatering system 
is required to lower groundwater levels. These groundwater contours represent average 
groundwater elevations of the site prior to the start of construction. A comparison of groundwater 
contours with the top of basal till contours on Figure 2.5.4-36 verifies that the primary medium 
for groundwater flow is the permeable surficial soil overlying the basal till. Recharge of the 
groundwater occurs mainly from precipitation infiltrating through the surficial soils, and flowing 
toward Long Island Sound and the outwash deposits above the till.

Construction of the plant results in large changes to the site geohydraulic conditions. Site grade 
has been lowered to a uniform elevation of +24 feet from the original site grade which varied 
from elevation 26 feet to 30 feet. The major plant structures are founded at approximately 
elevation 0 feet on blasted rock excavations and backfilled from subgrade level to the ground 
surface with fill materials of relatively high permeability. The backfilled zones under and around 
these structures and the circulating water intake pipelines provide a continuous hydraulic conduit 
for groundwater flow from the plant area to Long Island Sound. Therefore, the average water 
levels prior to construction are not necessarily representative of post-construction groundwater 
conditions. Design groundwater levels used in plant design are shown in Table 2.5.4-14.

A seepage diversion system, consisting of a series of underdrains and porous concrete, has been 
installed under and around several structures to minimize the amount of seepage into the 
basement of structures founded below the groundwater table. The quantity of seepage expected to 
be diverted through the system is small, due to the low permeability of the basal till and rock at 
the site. This system is not considered safety related because dewatering is not necessary to ensure 
the stability of any structure. However, enough leakage occurs to require pumping for equipment 
protection. The containment and all other Category I structures are protected from groundwater 
inflow by a waterproof membrane below the groundwater level. Water which penetrates or 
circumvents the membrane is diverted to the Engineered Safety Features Building porous 
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concrete groundwater sump via the underdrains and porous concrete. The groundwater collected 
in this sump is removed during normal operation, post-LOCA and LNP conditions using a non 
safety-related pump (see Section 9.3.3 for details of this system.)

Water levels measured in borings taken at the site in early 1972 indicate a groundwater 
piezometric surface with a 3-percent gradient generally sloping from northeast to southwest, as 
shown on Figure 2.5.4-37.

As discussed in Section 2.4.5.2, Flood Design Considerations, the controlling event for flooding 
at the Millstone 3 site is a storm surge resulting from the occurrence of the probable maximum 
hurricane (PMH). The maximum stillwater level resulting from hurricane surge was calculated to 
be elevation 19.7 feet msl. As shown on Figure 2.4-9, the water level drops significantly with 
time, so that after 2 hours the flood level is at elevation 17 feet and after 6 hours the surge level 
subsides to elevation 10 feet. A continuous hydraulic connection would occur across the site from 
the main structure area to the shorefront through the backfill placed around structures and the 
backfill placed in the circulating water pipeline trench. It can be expected that the maximum 
groundwater level due to flooding would not exceed elevation 19.7 feet and would probably be 
less because of head losses in the soil. According to Figure 2.4-9, the water level drops to 17 feet 
after 2 hours.

The design groundwater levels for major safety-related structures shown on Table 2.5.4-14 are all 
equal to or greater than elevation 19 feet with the exception of the hydrogen recombiner building, 
which has a design groundwater level of 18 feet. However, founding grade is at elevation 20 feet 
for this structure, which is founded on concrete fill placed directly on bedrock. Design criteria for 
flood conditions are discussed in Section 3.4.

2.5.4.6.2 Groundwater Conditions During Construction

During construction, the inflow of water into the excavations was controlled by pumping from 
sumps located outside of the building lines adjacent to structures. Most flow through the 
overburden was transported through the sand lenses. All water-softened material was removed 
and replaced with a fill concrete working mat as described in Section 2.5.4.5.1. The rate of inflow 
was sufficiently low to allow enough time to pour the concrete working mat without further 
softening of the till.

Drainage pipes were installed in the southwest face of the containment excavation in order to 
relieve the hydrostatic pressure on the bedrock joint and foliation surfaces. Very little water was 
observed flowing through these pipes, indicating that the quantity of flow through the bedrock is 
small and that the permeability of the rock is low.

Water pressure tests were performed in three boreholes prior to construction. These tests indicated 
that the rock within the site area is generally massive with slight to moderate interconnected 
jointing. A summary of the water pressure test data from the boreholes is included in 
Table 2.5.4-16. Additional pressure tests were performed prior to installation of rock anchors in 
the turbine and service buildings. These tests further verified the low permeability of the rock 
mass.
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These observations suggest that the permeability of the bedrock is extremely low, and that little or 
no groundwater or seawater is expected to seep through the fresh rock mass.

2.5.4.7 RESPONSE OF SOIL AND ROCK TO DYNAMIC LOADING

All Seismic Category I structures and associated piping are founded either on bedrock, basal till, 
or structural backfill. Portions of the circulating water discharge tunnel are founded on ablation 
till in the vicinity of the Millstone stack north of Millstone Unit 1. A listing of the founding strata 
for all Category I structures is included in Table 2.5.4-14.

Hard crystalline bedrock forms the basement complex of the area. The overlying dense basal till 
consists of a hard, compact soil which has been heavily preloaded by continental ice. Static and 
dynamic properties of the basal till and bedrock are discussed in Sections 2.5.4.2.5 and 2.5.4.2.6, 
respectively. Static and dynamic properties for the compacted structural backfill are discussed in 
Section 2.5.4.5.2.

The bedrock, basal till, ablation till, and structural backfill are stable materials under vibratory 
motion caused by the SSE. The basal till, ablation till, and structural backfill are not susceptible to 
liquefaction, as discussed in Section 2.5.4.8.

The soil-structure interaction analyses for Seismic Category I structures founded on soil were 
performed using the computer program PLAXLY-3. The nonlinear behavior of the subgrade was 
accounted for by use of the computer program SHAKE (LaPlante and Christian 1974) which was 
used to determine the strain-corrected soil properties. The subsurface material properties used in 
the SSI analysis are discussed in Section 2.5.4.7.1. The method of SSI analysis and the results are 
discussed in Section 3.7.2.4.

The response of buried piping to seismic loadings is discussed in Section 3.7.3.12.

The shorefront west of the circulating and service water pumphouse consists of a structural fill 
and beach and outwash and slope varying from 5H:1V to 10H:1V, protected by graded layers of 
armor stone. A plan showing the extent of the shoreline protection system is presented on 
Figure 2.5.4-41. A typical section is shown on Figure 2.5.5-1. Static and dynamic properties of 
the beach sands are discussed in Section 2.5.4.2.2 and documented in the reports in 
Appendix 2.5F and 2.5G. The liquefaction potential of the beach and outwash sand is discussed in 
Section 2.5.4.8. The stability of the shoreline slopes under static and dynamic loading is discussed 
in Section 2.5.5.2.

The service water intake pipes, between the circulating and service water pumphouse and the 
main plant area, are embedded in a rectangular concrete encasement. Soils encountered in the 
pipeline excavation include beach and outwash sands, unclassified stream deposits, and ablation 
till. These soils were removed under the pipeline to dense basal till and replaced with Category I 
structural backfill. The fill was placed at a 1:1 slope from the till surface to the base of the 
encasement and compacted to the requirements outlined in Section 2.5.4.5.2. The sides of the 
encasement were backfilled with nonstructural fill similar to the material used to backfill behind 
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retaining walls and described in Section 2.5.4.10.3. The backfill was compacted to 90 percent of 
maximum dry density as determined by ASTM D1557, Method D.

2.5.4.7.1 Subsurface Material Properties Used in SSI Analysis

The subsurface profiles used in the soil-structure interaction analyses for the control building and 
the emergency generator enclosure (EGE) are idealized, horizontal profiles based on subsurface 
explorations conducted at the site and described in Section 2.5.4.3. Both of these structures are 
founded on dense basal till overlying bedrock. The computer program SHAKE was used to 
determine strain corrected values of shear modulus obtained from low strain values previously 
determined from field testing, laboratory testing, or empirical formulae based on laboratory test 
data. The program iterates to obtain values of modulus that are compatible with strain levels 
induced in a particular soil layer by a specific earthquake. The strain levels normally induced by 
earthquakes of magnitudes similar to the Millstone SSE are several orders of magnitude higher 
than the low strain levels achieved during laboratory or field testing, resulting in a reduction in 
shear modulus when these properties are corrected for strain and input into PLAXLY-3.

The soil-structure model used in the EGE analyses is shown on Figure 2.5.4-72. This idealized 
profile was selected to conservatively model the subsurface conditions under the EGE and in the 
free-field. The geologic profiles presented in Figures 2.5.4-55, 2.5.4-56, and 2.5.4-71 indicate that 
the rock surface slopes from approximately elevation 0 feet at the east end of the structure to at 
least elevation -10 feet at the west end. In the north-south direction, the sloping evacuation face 
between the control building and the south end of the EGE was backfilled with structural fill over 
the basal till. The extent of structural fill is shown on Section J-J (Figure 2.5.4-55) and 
Figure 2.5.4-54. Because the depth and extent of the structural fill under the EGE is limited, it was 
assumed that the model used in the SHAKE analysis is sufficiently conservative to account for 
local variations in the subgrade and their effect on structural response.

The soil properties input into the SHAKE calculation are listed in Table 2.5.4-21A for the free-
field model and 2.5.4-21B for the structure-effects model. Three earthquake time histories, from 
the Taft, Helena and Parkfield earthquakes, were normalized to the site SSE peak acceleration 
value of.17g and input at bedrock. Shear modulus and damping iterations were performed within 
the SHAKE program in accordance with the curves marked “Resonant Column Test” on 
Figures 2.5.4-73 and 2.5.4-74. These curves were developed from empirical formulae and 
resonant column tests performed on samples of compacted structural fill from the Millstone site. 
These test results are presented on Figure 2.5.4-42. The tests show good correlation with curves 
present by Seed and Idriss in the SW-AJA report (1972).

The strain corrected values of shear modulus and damping in the free-field are presented in 
Table 2.5.4-21A. The mean value for each layer was calculated and used to represent the 
individual soil layer properties used in the PLAXLY model shown on Figures 3.7B-11 and 
3.7B-12. The Millstone site artificial earthquake was input at bedrock and the soil was modeled as 
a finite element mesh. The use of SHAKE to perform shear modulus and damping iterations 
precludes the need to iterate in the PLAXLY model. A discussion of the soil-structure interaction 
analysis is presented in Section 3.7B2.4.
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For the control building, the soil profile analyzed in SHAKE and used in the soil-structure 
interaction analysis was the section where rock was the deepest; i.e., top of rock at elevation -15 
feet. Shear wave velocities were used to define soil stiffness. The low strain and strain-corrected 
soil properties for the free field case are listed in Table 2.5.4-22.

2.5.4.8 LIQUEFACTION POTENTIAL

The foundation materials beneath some of the Seismic Category I structures consist of limited 
depths of dense to very dense basal tills and/or compacted select granular backfill. These 
materials are not susceptible to liquefaction under earthquake motions as described in the 
following sections.

2.5.4.8.1 Structural Backfill

Based on studies of soils where liquefaction has been observed (Seed 1968, Lee and Fitton 1969, 
Kishida 1969), it is concluded that the structural backfill described in Section 2.5.4.5.2 in areas 
below the groundwater table is not susceptible to liquefaction, as discussed below.

1. A liquefiable soil is generally a uniform sand with a uniformity coefficient of not 
more than 10 (Kishida 1969). The structural backfill has a uniformity coefficient 
ranging from 25 to 50 (Figure 2.5.4-44).

2. A soil having a relative density of more than 75 percent is not likely to liquefy 
(Kishida 1966, 1969; Koizumi 1966; Lee and Seed 1967; Seed and Lee 1966). 
Accordingly, compaction criteria of the structural backfill given in 
Section 2.5.4.5.2 have been designed to yield a relative density higher than 75 
percent.

3. According to the envelope of “most liquefiable soils” given by Lee and Fitton 
(1969), which also contains the envelope given by Kishida (1969), the average 
particle size, D, of the “most liquefiable soils” envelope is between 0.02 and 0.7 
mm, whereas the corresponding particle size of the structural backfill used is larger 
than 1.0 mm (Figure 2.5.4-44).

It is concluded, therefore, that the structural backfill compacted as outlined in Section 2.5.4.5.2 is 
not susceptible to liquefaction during the SSE.

2.5.4.8.2 Basal Tills

Based on the regional geologic history, the basal tills are very dense deposits consisting of well 
graded materials ranging in size from boulders to clay (Section 2.5.1.2.3). Figure 2.5.4-30 shows 
gradation curves for the basal till specimens. These specimens were recovered by split spoon 
sampling with a 1 3/8-inch inside-diameter sampler. The gradation curves show that the till is well 
graded with a uniformity coefficient of about 80 and many particles larger than 3/8 inch. Larger 
particles present in the till (1 3/8+ inches) could not be recovered by the split spoon. The actual 
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gradation curves for the samples would therefore be shifted to the left of those on the figures, 
resulting in a still wider graded soil than shown.

Envelopes of the most liquefiable soils are also shown in these figures. Lee and Fitton (1969) 
developed their envelope from cyclic triaxial tests in the laboratory. Kishida (1969) developed his 
envelope from sand deposits which liquefied in Japan. Kishida also notes that a criterion for 
“liquefiable soils” is that the uniformity coefficient is generally less than 10. The gradation curves 
for the basal till do not satisfy this criterion and are not enclosed within the envelopes developed 
by either Lee and Fitton or Kishida.

In conclusion, the well graded grain size characteristics and the high relative density of the basal 
tills preclude the possibility of liquefaction in terms of criteria developed by Kishida (1969) and 
Lee and Fitton (1969).

2.5.4.8.3 Beach and Glacial Outwash Sands

The circulating and service water pumphouse is located on the shorefront of Long Island Sound, 
approximately 200 feet west of the Millstone 2 intake structure. The pumphouse is founded on 
bedrock; however, the intake channel and adjacent slopes consist of beach and glacial outwash 
sand to approximately el -40 feet. Based on the results of grain size analyses of samples obtained 
from the pumphouse area, the beach and glacial outwash sands consist mostly of medium to fine 
and silty sand with a few layers of gravelly sand. High concentrations of mica are found 
throughout the sands in this area.

The grain size ranges for beach and outwash sands in the pumphouse area are shown on 
Figure 2.5.4-57. Envelopes of the most liquefiable soils are also shown on these figures.

The beach and outwash sands are saturated below sea level. Grain size analyses indicate that a 
liquefaction analysis of the sands should be performed to determine whether these sands could 
liquefy and slide into the intake channel, causing a potential blockage of the service water inlet 
pipes. The analyses described in Sections 2.5.4.8.3.1 and 2.5.4.8.3.2 show that the safety factor 
against liquefaction for the beach and glacial outwash sands is greater than 1.1 for the site SSE 
of.17g. Therefore, these sands would not liquefy as a result of the SSE.

2.5.4.8.3.1 Dynamic Response Analysis of Beach and Glacial Outwash Sands

The dynamic response analysis of the shorefront sand deposits has been evaluated to assess the 
potential amplification or deamplification of ground motions applied to the bedrock surface. This 
evaluation was made using the SHAKE (LaPlante and Christian 1974) computer program for 
analysis of the vertical transmission of horizontal shear stresses induced by the SSE through a 
layered system. This program treats the strain dependence of the shear modulus and damping ratio 
in an iterative manner.

A conservative, idealized profile was selected due to the variability of the rock surface and 
consisted of 40 feet of sand (the maximum sand thickness in the area) overlying 5 feet of basal till 
and bedrock. The sand layer was divided into four layers, each 10 feet thick, and the till was 
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analyzed as a single layer. Groundwater level was established at 10 feet below the ground surface, 
and corresponds to the mean high water level in Niantic Bay. The shear moduli and damping 
ratios of the sand were obtained from tests discussed in Section 2.5.4.2.2 and described in detail in 
Appendix 2.5F. The variation of shear modulus (G) with depth was incorporated into the 
computer analysis by assigning increasing values of G to each layer of the profile. The shear 
modulus of the basal till and bedrock was determined from geophysical surveys described in 
Section 2.5.4.4.1.

The values of shear modulus (G) and damping (D) used in the SHAKE analysis for each layer are: 

The reduction of Gmax with strain was performed through a series of iterations, based on the 
relationship

G = (2.5.4-4)

where: 

K2 = a constant that varies with shear strain, developed from resonant column tests and 
plotted on Figure 2.5.4-45, 

 σm = the mean principal effective stress in psf, and 

G = the shear modulus at a particular shear strain in psf. 

The time history of the following earthquakes, normalized to the site SSE value of 0.17g, were 
input at the bedrock surface: 

1. 1965 Olympia Earthquake (S86W component) 

2. 1935 Helena Earthquake (west component) 

3. 1971 San Fernando Earthquake (Pacoima Dam, N74W component) 

This analysis indicated that the average maximum acceleration would be 0.27g at ground surface 
for the free-field case of the beach prior to construction of the shoreline slopes. The average shear 

Layer Depth (ft) Soil Type Gmax (ksf) Dmax (%)

1 0-10 Sand 600 1.8

2 10-20 Sand 1,250 1.8

3 20-30 Sand 1,600 1.8

4 30-40 Sand 1,800 1.8

5 40-45 Till 2,500 1.8

1000K2 σm( )1/2
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stress induced by the earthquake, assumed to be 0.65 of the peak value, was calculated to vary 
from 107 psf at a depth of 5 feet to 410 psf at a depth of 42.5 feet for an effective strain level of 
less than 0.1 percent. Shear stresses vs depth are plotted on Figure 2.5.4-46.

2.5.4.8.3.2 Liquefaction Analysis of Beach and Glacial Outwash Sands

Procedures for liquefaction analyses, developed by Seed et al. (Seed and Lee 1966, Seed and 
Idriss 1967, 1971), require the following quantitative evaluations:

1. The magnitude of shear stresses induced at varying depths in the underlying sand 
due to earthquakes.

2. The resistance of the sands to liquefaction, which may be expressed as the cyclic 
shear stress necessary to cause “initial liquefaction” in the number of cycles 
estimated to occur in an earthquake of the intensity selected (also known as the 
significant number of cycles to cause liquefaction).

The resistance of a soil to liquefaction is expressed as a factor of safety, equal to the ratio of the 
shear strength available to resist liquefaction to the shear stresses induced by the earthquake.

The SSE at the site is based on an Intensity VI-VII earthquake which corresponds to a magnitude 
of approximately 5.3 using relationships developed by Gutenberg and Richter (1942). Based on 
Figure 2.5.4-58 from Seed, Idriss, et al. (1975), the irregular shear stress time history of the SSE 
can be represented by five equivalent cycles of loading.

The shear stresses induced by the SSE were calculated using the SHAKE program, assuming a 
maximum bedrock acceleration of 0.17g. A discussion of the analysis and results for the sand is 
included in Section 2.5.4.8.3.1.

The cyclic shear stress necessary to cause initial liquefaction, or the shear strength available to 
resist liquefaction, was determined from cyclic triaxial tests conducted on undisturbed samples 
from borings in the vicinity of the pumphouse. The testing program and results are described in 
detail in Appendix 2.5F.

The shear stress necessary to cause initial liquefaction in the field, τres, is calculated from the 
following equation:

(2.5.4-5)τres σv
σ1 σ3–

2σc

------------------ 
 

cyc

Cr=
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where:

σv= Vertical effective stress

 = Cyclic stress ratio 

Cr = Reduction factor to be applied to laboratory triaxial test data to obtain the stress 
conditions causing liquefaction in the field.

For the beach and glacial outwash sands at the site, the factor of safety was calculated at depths of 
10, 15, 25, 35, and 40 feet below the ground surface. The cyclic stress ratio for a particular depth 
and vertical effective stress was determined from Figure 2.5.4-47, a plot of cyclic stress ratio vs 
confining pressure. This plot is based on test data from Figure 21 of Appendix 2.5F, assuming 
liquefaction occurs at a strain of 10 percent double amplitude.

The factors of safety for liquefaction, based on Cr equal to 0.60, are shown in Table 2.5.4-18. The 
minimum factor of safety calculated from laboratory tests is 1.25 at a depth of 40 feet. This factor 
of safety is sufficiently large considering the conservative assumptions included in the analysis.

An additional method of assessing liquefaction potential can be developed by comparing standard 
penetration resistance data from the vicinity of the pumphouse structure with standard penetration 
resistance data from sites which have been subjected to earthquakes. This method, described in 
detail below, also indicates there is no danger of liquefaction in the beach sands at the site.

An empirical approach relating standard penetration resistance data (N values) to liquefaction 
potential was proposed by Seed, Arango, and Chan (1975), who presented cyclic strengths based 
on empirical data from sites which did and did not experience liquefaction during earthquakes. 
Also included were data from large-scale shake table tests by DeAlba, Chan, and Seed (1975) 
which were corrected to account for effects of stress history and multidirectional shaking. Based 
on these data, Figure 6-1 of Seed et al. (1975) (included herein as Figure 2.5.4-48) presents lower 
bounds of the cyclic stress ratios causing liquefaction versus the standard penetration resistances 
of sands for magnitudes 5 to 6 and 7 to 7 1/2 earthquakes, corrected to an effective overburden 
pressure of 1 ton per square foot (N1) based on the Gibbs and Holtz (1957) correlation of relative 
density of sands to blow count and effective stress. A plot of N1 values vs effective stress used in 
this method is the SPT blow count for borings P1 through P8 and I2, I3, I8, I9, and I10 is included 
as Figures 2.5.4-28 and 2.5.4-29. The mean value of corrected blow count for these borings was 
calculated as 20.0, which corresponds to a cyclic stress ratio of 0.278 for a magnitude 5 to 6 
earthquake, using Figure 2.5.4-48. When compared with the earthquake induced shear stresses 
obtained from the SHAKE analysis described in Section 2.5.4.7, the minimum factor of safety 
against liquefaction calculated by this method was 1.68 at a depth of 15 feet.

A very conservative factor of safety against liquefaction was also calculated using a cyclic stress 
ratio based on the mean corrected blow count less one standard deviation. An N1 value of 13.1 
was used to obtain a cyclic stress ratio of 0.185 from Figure 2.5.4-48. The minimum factor of 

σ1 σ3–

2σc

------------------ 
 

cyc
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safety calculated for the lower value of N1 was 1.13 at a depth of 15 feet. This is considered 
acceptable, considering the fact that the mean value of N1, less one standard deviation, is well 
below the mean value originally used by Seed et al. in determining the curves in Figure 2.5.4-48. 
An additional conservatism in the analysis is the use of the magnitude 6.0 relationship for 
determining the cyclic stress ratio. The SSE at the site is based on an Intensity VI-VII earthquake, 
which corresponds to a magnitude of approximately 5.3, using relationships developed by 
Gutenberg and Richter (1942).

The factor of safety against liquefaction at various depths for each analysis is presented on 
Figure 2.5.4-49. It can be concluded that liquefaction would not occur in the beach and glacial 
outwash sands adjacent to the circulating and service water pumphouse, and that the shorefront is 
stable against sliding failures due to liquefaction of the sand. The stability against sliding of the 
shorefront during the SSE is discussed in Section 2.5.5.2.

2.5.4.8.3.3 Liquefaction Analyses of Beach Area Sands using 2-Dimensional Dynamic Response 
Analysis

Liquefaction analyses performed on the sands at the shorefront and discussed in 
Sections 2.5.4.8.3.1 and 2.5.4.8.3.2 were based on the assumption that the subsurface conditions 
in this area could be modeled conservatively as a 40-foot deep uniform sand layer overlying 5 feet 
of basal till and bedrock. An additional analysis was performed in which the sloping bedrock and 
ground surfaces to the west of the circulating and service water pumphouse were incorporated 
into a 2-dimensional dynamic response model to determine earthquake-induced shear stresses. 
The section selected for the 2-dimensional dynamic response model is similar to the slope 
stability profile shown on Figure 2.5.5-4. The liquefaction potential of the saturated glacial 
outwash sands was determined by comparing the induced effective shear stresses calculated from 
the dynamic model with the dynamic shear strength of the sand available to resist initial 
liquefaction previously determined from corrected blowcount values obtained from standard 
penetration tests performed on beach area borings.

The computer program PLAXLY (Plane Strain Dynamic Finite Element Analysis of Soil-
Structure Systems) was used to calculate earthquake-induced shear stresses within the soil profile. 
The initial value of low strain shear modulus and damping, total unit weight, and Poisson's ratio 
of the elements were assigned in accordance with the following table.

Soil Type
Depth 

(ft)
Gmax 
(ksf)

Damping 
(min)

Unit Wt 
(pcf)

Poisson's 
Ratio

Outwash Sand 0-10 600 0.02 123 0.49

10-20 1,250 0.02 123 0.49

20-30 1,500 0.02 119 0.49

30-40 1,800 0.02 119 0.49

Basal Till 20,160 0.02 145 0.40
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Note: A Poisson's ratio of 0.25 was used for unsaturated sands.

The strain compatible shear moduli and damping ratios of the soil were determined through a 
series of iterations within the PLAXLY program. The time histories of the four earthquakes listed 
below were normalized to the site SSE peak acceleration of 0.17g and input at the rigid base of the 
model. These earthquake records were selected because they were recorded at rock sites or stiff 
soil sites and therefore would be expected to approximately match dynamic response at the 
Millstone site.

Taft S69E 1952 Kern County Earthquake

Helena N-S 1935 Montana Earthquake

Pacoima Dam S16F 1971 San Fernando Earthquake

Temblor N65W Parkfield Earthquake

The profile used in the analysis is shown on Figure 2.5.4-75.

Liquefaction potential was calculated at each element for the six sections shown on this figure. 
The results of the PLAXLY analysis and the calculated values of safety factor against liquefaction 
are presented in Table 2.5.4-24.

The blowcount data used in Sections 1 to 5 were obtained from onshore borings in the shorefront 
area. The blowcount data from boring I21 was used to represent soil conditions in Section 6 
because the borings indicate that the sands offshore are denser than the onshore sands. The 
dynamic shear strength of the sand was calculated by determining the corrected blowcount (N1) 
in accordance with methods established by Gibbs and Holtz (1957), in which the corrected 
blowcount data are corrected for an effective overburden stress of 1 tsf. The N1 values are plotted 
with vertical effective stress on Figures 2.5.4-28 and 2.5.4-29. The mean value of N1 was 
calculated from these data and used to determine the cyclic stress ratio to resist initial liquefaction 
from the Seed, et al, (1975) curve presented on Figure 2.5.4-48. The curve for Magnitude 6 
earthquakes was used to obtain a nonliquefaction cyclic stress ratio of 0.27, which was used in the 
analyses performed on Sections 1 to 5. For Section 6, a mean N1 value of 28 was calculated and a 
stress ratio of 0.42 was used in the liquefaction analysis.

The earthquake-induced shear stresses were computed by averaging the peak shear stress values 
obtained for each of the four earthquakes at each element in the PLAXLY model. The effective 
shear stress was obtained by multiplying the average of the four peak values by a factor of two-
thirds. Seed and Idriss (1971) recommend multiplying the absolute maximum shear stress value 
by a factor of 0.65 to obtain the equivalent uniform cyclic shear stress. This value was compared 

Bedrock 216,000 165 0.40

Armor Stone 0-14 900 150

Soil Type
Depth 

(ft)
Gmax 
(ksf)

Damping 
(min)

Unit Wt 
(pcf)

Poisson's 
Ratio
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with the dynamic shear strength of the soil at each element to obtain the safety factor against 
liquefaction.

The results of the analyses, presented in Table 2.5.4-24, indicate that the safety factor for elements 
1 to 5 are all greater than 1.25. Low safety factors were determined for Section 6, mainly because 
of the low vertical effective stress near the surface of the intake channel at elevation -29 feet. The 
effective stress increases to the west of this profile location as the side-slopes of the intake 
channel rise to meet the natural ocean bottom, making these low safety factors a local 
phenomenon limited to the intake channel only. The post-earthquake slope stability analysis 
presented in Section 2.5.5.2.1 was reanalyzed to consider the effect of liquefaction of the sand in 
the intake channel (Soil 7 on Figure 2.5.5-4) on stability of the shorefront slopes. The calculations 
show no change in the safety factor of the critical failure circle, indicating that the shorefront 
slopes would not fail in the event that the sand in the intake channel would liquefy.

It can be concluded from these analyses that liquefaction of the shorefront slopes would not occur 
and that liquefaction of the intake channel bottom would not affect the integrity of the shorefront 
slopes adjacent to the circulating and service water pumphouse or result in a condition that would 
make the service water system inoperable. The soil underlying the service water pipe encasement 
adjacent to the pumphouse is not susceptible to liquefaction.

Conservatively postulating that liquefaction could occur during the site SSE, a study was made to 
determine whether sliding of the slope into the intake channel would cause blockage of the 
service water intake pumps. Data from slides caused by liquefaction during the Alaskan 
Earthquake of 1964, (Seed, 1968) indicate that flow slides maintain a slope steeper than 5 percent. 
Assuming that the saturated sand overlying basal till adjacent to the pumphouse liquefies and 
flows toward the intake channel, with a final slope of 5 percent, then it can be shown that 7 feet of 
water remains available for suction below the pump intakes. Therefore, it can be concluded that 
even in the highly unlikely event that liquefaction of the glacial outwash sands were to occur, the 
plant would have an adequate supply of water available for cooling of safety-related systems.

2.5.4.8.4 Ablation Till

The circulating water discharge tunnel extends 1,700 feet from the main plant area to the 
Millstone quarry east of Millstone 1. For approximately 1,200 feet, the tunnel is founded on 
bedrock. However, in the vicinity of the ventilation stack north of Millstone 1, bedrock drops 
sharply to a trough. The maximum thickness of the overburden in this trough is approximately 60 
feet. Borings 402 through 412 were drilled in this area to determine the subsurface conditions. A 
cross-section of the trough along the discharge tunnel is presented on Figure 2.5.4-51. The 
location of the section is shown on Figure 2.5.4-31. In this area, which extends for approximately 
500 feet, the fill and alluvium overlying the ablation and basal tills were excavated and replaced 
with crushed stone and concrete fill to the base elevation of the discharge tunnel. Because the 
ablation till is a sandy material below the groundwater table, the liquefaction potential was 
analyzed. The analysis described in Section 2.5.4.8.4.1 shows that liquefaction of the ablation till 
is not possible under the site SSE. The structural fill and basal till have been shown to be 
nonliquefiable in Sections 2.5.4.8.1 and 2.5.4.8.2, respectively.
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2.5.4.8.4.1 Dynamic Response Analysis of Ablation Till

The dynamic response of the ablation till has been evaluated to determine earthquake-induced 
shear stresses caused by ground motions applied at the bedrock surface and amplified through the 
soil profile. This evaluation was made using the computer program SHAKE, similar to the 
analysis in Section 2.5.4.8.3.1.

A horizontally stratified idealized soil profile was selected to model the subsurface conditions 
input into the SHAKE analysis for the discharge tunnel. This profile was based on soil strata 
encountered in boring 411, which encountered the deepest rock, and represents the most 
conservative profile in the study area. The generalized soil profile (Figure 2.5.4-50) used in the 
analysis of the tunnel consisted of 5 feet of structural fill, 13 feet of ablation till, and 22 feet of 
basal till. Groundwater level was established at 10 feet below the ground surface, elevation +4 
feet, based upon the average groundwater levels measured in borings 407 and 411. (See 
Figure 2.5.4-31 for locations). The shear moduli values of the soils were obtained from cross-hole 
tests described in Section 2.5.4.4.3. The values of shear modulus (G) and damping (D) for low 
strain levels used in the SHAKE analysis for each layer are:

The reduction of Gmax with strain was performed through a series of iterations similar to the 
method described in Section 2.5.4.8.3.1 using the same earthquake records normalized to 0.17g.

This analysis indicated that the average maximum shear stress in the ablation till induced by the 
SSE, varied from 515 psf to 533 psf. The average shear stress is assumed to be 0.65 of the peak 
value.

2.5.4.8.4.2 Liquefaction Analysis of Ablation Till

Procedures used for liquefaction analysis of the ablation till were similar to the empirical 
approach described in Section 2.5.4.8.3.2.

Standard penetration resistance data (N1 values) were related to liquefaction potential in 
accordance with methods developed by Seed, Arango, and Chan (1975) and DeAlba, Chan, and 
Seed (1975). N1 values for the ablation till were obtained from borings taken at the discharge 
tunnel location (400 series) and samples of ablation till from the main plant borings (300 series).

Layer Elevation (ft) Depth (ft) Soil Type Gmax (ksf) Dmax (%)

1 +14 to -8 0-22 Discharge Tunnel -- 0.5

2 -8 to -13 22-27 Structural Fill 1.93 x 103 0.5

3 -13 to -26 27-40 Ablation Till 1.30 x 103 0.5

4 -26 to -48 40-62 Basal Till 2.0 x 104 0.5
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The following table summarizes the results of the liquefaction analysis. It compares earthquake 
induced shear stresses calculated from SHAKE with shear strength values determined from 
average corrected blow count values and average N1 values less one standard deviation (N1-σ): 

It can be concluded, therefore, that the ablation till under the discharge tunnel is not susceptible to 
liquefaction, even considering the ultraconservative case of the shear strength calculated from the 
mean corrected blow count less one standard deviation.

2.5.4.9 EARTHQUAKE DESIGN BASIS

A safe shutdown earthquake of 0.17g and a 1/2 SSE value of 0.09g in the horizontal direction and 
two-thirds of these values in the vertical direction, input at the bedrock surface, have been used as 
the design bases for seismic loading at the site. The derivation of these values is described in 
Sections 2.5.2.6 and 2.5.2.7.

For structures founded on soils, amplification effects have been considered by means of a soil-
structure interaction analysis using the computer program PLAXLY-3 described in detail in 
Section 3.7.2.4.

For the liquefaction analysis of the beach sands adjacent to the circulating and service water 
pumphouse, the SSE value of 0.17g was input at the bedrock surface, and the average amplified 
ground motion at the surface determined from the SHAKE program using three earthquake 
records and described in Section 2.5.4.8.3.1 was calculated to be 0.27g. Consequently, a value of 
0.25g was conservatively used for the entire soil column as the average seismic loading of 
shoreline slopes in the stability analysis described in Section 2.5.5.2.

2.5.4.10 STATIC STABILITY

2.5.4.10.1 Bearing Capacity

Table 2.5.4-14 summarizes the bearing pressures for mats or individual spread footings founded 
on various foundation materials.

The selection of the bearing capacity values used in footing design were based on the bearing 
capacity formulae (Terzaghi and Peck 1967, Vesic 1975) for an estimated angle of internal friction 
for basal till equal to 40 degrees and for structural backfill equal to 34 degrees. The total unit 

Midpoint of 
Layer 

Elevation 
(ft)

Induced 
Shear 
Stress 
(psf) Mean N1

Shear 
Strength 

(psf) F.S. N1-σ

Shear 
Strength 

(psf) F.S.

-15.2 515 28.7 1,079 2.10 15.5 578 1.12

-19.5 531 28.7 1,218 2.29 15.5 652 1.23

-23.9 533 28.7 1,357 2.60 15.5 726 1.36
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weight for the till was assumed to be equal to 145 pcf and for the structural backfill, a total unit 
weight equal to 140 pcf was used. Test values reported in Section 2.5.4.5.2 showed a range of 
angles varying from 35 to 41.5 degrees for the structural fill compacted to 95 percent of the 
maximum modified Proctor density. Inputting the relevant soil parameters described above, and 
taking into account the effect of the groundwater table, the bearing capacity formula for square 
footings or mats on basal till reduces to: 

qall = 1.9 D + 1.1 B (2.5.4-6) 

qall (max) = 12 ksf 

For structural backfill: 

qall = 0.9 D + 0.4 B (2.5.4-7) 

qall (max) = 8 ksf 

where: 

qall = Allowable bearing capacity in ksf with a minimum safety factor = 3 

D = Depth of embedment (feet) 

B = Width of footing (feet) 

Table 2.5.4-23, Bearing Capacity of Major Structures, presents a summary of the allowable 
bearing capacity for the material beneath each structure. In all cases, the factor of safety is greater 
than 3, which is the minimum required value. 

Based on Teng (1962), the design bearing capacity of foundations on rock is commonly taken as 
1/5 to 1/8 of the crushing strength (factor of safety of 5 to 8). A value of 200 ksf was selected for 
the maximum allowable bearing capacity of bedrock at the site. This corresponds to 
approximately 1/7 of the average unconfined compressive strength of approximately 1,440 ksf 
(10,000 psi) reported in Table 2.5.4-10. The 200 ksf value also corresponds to the presumptive 
surface bearing value given by the Connecticut Basic Building Code (1978) for massive 
crystalline rock, including granite and gneiss. 

From Table 2.5.4-14, the maximum average foundation pressure for a structure on rock is 8 ksf. 
Thus, the factor of safety against a bearing capacity failure is much greater than 3 for all structures 
founded on rock.

2.5.4.10.2 Settlement of Structures

Rock and soil supported Seismic Category I structures experience only elastic displacements 
under the design loads. Analyses using linear elasticity principals, assuming rigid foundations, 
indicate that the vertical settlements of structures founded on rock are very small under the design 
loads, as shown by the summary included in Table 2.5.4-14.
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The settlement of structures embedded in rock, such as the containment, was calculated using 
elastic solutions for circular rigid mats on a semi-infinite mass by Butterfield and Banjerjee 
(1971). The main steam valve, auxiliary, and engineered safety features buildings, founded on 
rock, were analyzed using equations for rigid rectangular mats on a semi-infinite mass developed 
by Whitman and Richart (1967). Structures founded totally or partly on soil, such as the control, 
emergency diesel generator enclosure, fuel, and waste disposal buildings, were analyzed using 
solutions obtained by Sovinc (1969) for rigid rectangles on a finite layer. The settlement of the 
underlying rock layer was also estimated using the Whitman and Richart equations.

Elastic properties of the rock and basal till are discussed in Section 2.5.4.4.3. The elastic modulus 
(E) for static strain levels was estimated equal to 10,000 psi, as discussed in Section 2.5.4.5.2.

Table 2.5.4-14 indicates that the maximum estimated settlement within any one structure occurs at 
the emergency generator enclosure building and is equal to 0.40 inch. Most of this settlement 
results from the conservative assumption that the south footing of the EGE is founded on 9 feet of 
structural fill. Maximum estimated differential settlement between adjacent structures occurs 
between the control building and the emergency generator enclosure building, and is equal to 
about 0.40 inch. The rate of these settlements would essentially be the same as the rate of loading 
because of elastic nature of the bearing material.

2.5.4.10.3 Lateral Earth Pressures

The magnitude and distribution of lateral earth pressures is a function of the allowable yielding of 
the wall, the backfill material characteristics, water pressure, surcharge loads from adjacent 
structures, and, for seismically designed structures, the earthquake loading. The concrete 
foundation walls were conservatively assumed to be rigid, unyielding walls. Therefore, the 
coefficient of earth pressure at rest, Ko, has been used in evaluating lateral loads on these walls. 
Compaction specifications prohibited the use of heavy vibratory compactors within 5 feet of all 
concrete structures. Light compactors were used when backfilling against structures in order to 
minimize residual lateral stresses in the fill due to the applied compactive effort. For the backfill 
at the site, a value of Ko = 0.5 was used.

Backfill placed behind walls consisted of well graded sands and gravels compacted to 90 percent 
of maximum density (ASTM D1557) to minimize the horizontal loads induced by high 
compactive stresses. Tests on similar soils, compacted to 90 percent of maximum dry density and 
reported in Section 2.5.2.5.2, resulted in friction angles in excess of 34 degrees.

Dynamic loadings include pressures due to the soil mass, water, and surcharge, accelerated in the 
vertical and horizontal directions. Methods of analysis are based on procedures proposed by 
Mononobe (1929), Okabe (1926), and Seed and Whitman (1970) and are graphically depicted on 
Figure 2.5.4-43.

2.5.4.11 DESIGN CRITERIA

The design criteria and minimum required factors of safety for bearing capacity, hydrostatic uplift 
(buoyancy), and sliding (against lateral pressures) are summarized below:
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1. Bearing Capacity - Minimum factor of safety of 3 against bearing capacity failure 
for all loading combinations is used in foundation design (Seed and Idriss 1967, 
Terzaghi and Peck 1967).

2. Hydrostatic Uplift - The determination of the buoyant force, and the weight of the 
structures can be made relatively precisely. Therefore, a factor of safety against 
hydrostatic uplifting of 1.1 was determined to be adequate under the normal water 
levels shown on Figure 2.5.4-37, considering the dead load of the structure only. 
For high water level conditions, the dead load of the structure plus equipment load 
is at least 1.1 times the buoyant force of water.

3. Sliding - Either of two methods has been used to determine the factor of safety 
against sliding. One method considers that only frictional forces at the base resist 
sliding. A minimum factor of safety of 1.1 is required. The second method 
includes base friction and the resisting force due to passive earth pressure. For this 
method, a minimum factor of safety of 2.0 is required.

A discussion of the bearing capacity analysis is included in Section 2.5.4.10.1. The loads used for 
determining lateral pressures on structures are discussed in Section 2.5.4.10.3.

The design limits for the foundations of all Category I structures are discussed in the structural 
acceptance criteria in Section 3.8.5.5.

2.5.4.12 TECHNIQUES TO IMPROVE SUBSURFACE CONDITIONS

All Category I structures are founded on either high quality, intact rock, undisturbed basal till, or 
compacted, select granular fill. Therefore, no improvement of the founding material below any 
structure was required.

Rock dowels were installed around the periphery of the auxiliary building to provide stability 
during seismic loading. These dowels consist of 2 1/4-inch diameter, grade 60 steel bar with 10 
mils of fusion bonded epoxy coating for double corrosion protection. The dowels were designed 
to act as a passive support system, with stressing occurring only during seismic loading. Six test 
dowels of varying lengths were loaded to the yield strength of the bar (240 kips) to verify design 
parameters.

Rock anchors were installed in the turbine building to provide resistance to overturning due to 
tornado loading. These anchors consisted of a 1 1/4-inch diameter, high strength steel bar 
sheathed in a corrugated PVC casing and fully grouted for double corrosion protection. Each 
anchor was proof loaded to 150 kips and then the load was reduced to 125 kips for 24 hours. The 
anchor was subsequently locked off at a permanent load of 25 kips and encased in the concrete 
foundation mat.

Rock anchors were installed in the service building to provide resistance to uplift loads due to 
buoyant forces and seismic forces. These anchors consisted of 1 3/8-in diameter, high strength 
steel bar sheathed in a corrugated PVC casing and fully grouted for double corrosion protection. 
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The ultimate strength of each anchor is 237 kips, with a working load equal to 60 percent of the 
ultimate strength, or 142 kips. Each anchor was tensioned to a test load of 168 kips and held at 
150 kips for a 24 hour period. Two anchors were proof tested to 190 kips. The anchors were 
locked off at a load of 40 kips, which corresponds to the hydrostatic uplift component of the 
anchor design load. The remaining capacity of the anchor is mobilized during seismic loading.

Temporary rock bolts were installed in the southwest sector of the containment excavation face to 
prevent potential sliding failures along the foliation planes. These bolts consisted of Grade 60 
steel, No. 11 reinforcing bars with a working load of 45 kips. Anchorage of the rock bolts was 
provided by Celtite polyester resin encapsulation.

Detailed geologic mapping of bedrock surfaces at the site, described in detail in Section 2.5.4.11, 
identified certain preferred joint surfaces that may cause potential sliding planes with the 
containment excavation face. As a result of these findings, a reinforced concrete ring beam was 
placed in the annular space between the excavation face and the containment exterior wall to 
stabilize the wedges. The slope stability analysis for the containment excavation is discussed in 
detail in Section 2.5.5.1. The structural analysis is discussed in Chapter 3.

2.5.4.13 STRUCTURE SETTLEMENT

Most of the Category I structures at the site are founded on sound bedrock. Predicted settlements 
listed in Table 2.5.4-14 for these structures are very small. Settlement predictions for structures 
founded on basal till or structural backfill indicate that the maximum expected settlement is less 
than 0.4 inch and that this settlement occurs over a relatively short period of time due to the elastic 
nature of the subsurface materials. Settlement has been monitored for the control, fuel, waste 
disposal, and emergency generator enclosure buildings during construction. A plan of the location 
of the settlement monitoring benchmark locations is shown on Figure 2.5.4-59. Plots of observed 
early settlement versus time for these structures are presented in Figures 2.5.4-60 through 
2.5.4-64. The records show no significant movement of any structure, although some heave has 
occurred due to rebound from excavation. Settlement of these structures has been periodically 
measured, and it has been determined that there does not appear to be any significant movement 
in the monitoring points. Records of these measurements are being maintained, in accordance 
with Procedure No. SP-CE-223, as permanent plant records.

2.5.4.14 CONSTRUCTION NOTES

No significant problems were encountered during construction that required extensive redesign of 
structures. A small amount of basal till was excavated and replaced with structural backfill 
beneath the control building due to inflow of groundwater during excavation. This occurrence is 
discussed in detail in Section 2.5.4.5.1.

The concrete backfill in the annular space between the containment exterior wall and the 
excavation face was modified because of data obtained from the geologic mapping program. The 
concrete backfill was revised to be a reinforced concrete structural support to resist the potential 
failure of rock wedges subjected to seismic loading and maintain the isolation of the containment 
structure from external forces. This “ring beam” is discussed in detail in Sections 2.5.5.1 and 3.
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TABLE 2.5.4–13 NATURAL WATER CONTENTS OF SPLIT SPOON SAMPLES 
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TABLE 2.5.4–16 SUMMARY OF WATER PRESSURE TEST DATA 

CLICK HERE TO SEE TABLE 2.5.4-16 
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TABLE 2.5.4–17 GROUNDWATER OBSERVATIONS 

CLICK HERE TO SEE TABLE 2.5.4-17 
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TABLE 2.5.4–18 FACTORS OF SAFETY AGAINST LIQUEFACTION OF BEACH 
SANDS 

CLICK HERE TO SEE TABLE 2.5.4-18 
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TABLE 2.5.4–19 IN-PLACE DENSITY TEST RESULTS ON CATEGORY I 
STRUCTURAL BACKFILL BENEATH THE SERVICE WATER INTAKE PIPE 

ENCASEMENT 

CLICK HERE TO SEE TABLE 2.5.4-19 
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TABLE 2.5.4–21B EMERGENCY GENERATOR ENCLOSURE - SOIL PROPERTIES 
WITH STRUCTURE EFFECTS FROM SHAKE ANALYSIS 

CLICK HERE TO SEE TABLE 2.5.4-21B 
2.5.4-63 Rev. 30
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TABLE 2.5.4–24 RESULTS OF TWO-DIMENSIONAL LIQUEFACTION ANALYSIS OF 
BEACH AREA SANDS 
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2.5.4-66 Rev. 30



MPS3 UFSAR
2.5.5 STABILITY OF SLOPES 

The topography in the plant area is generally flat with the final grade at el +24 feet in the major 
plant area. Detailed analyses were performed to determine static and dynamic stability of two 
man-made slopes at the site. The beach and outwash sand and armor stone slope at the shoreline, 
adjacent to the pumphouse, was analyzed using circular failure surfaces according to methods 
developed by Bishop (1955) and incorporated in the LEASE II (SWEC 1977) computer program. 
The analysis showed that the slope (Figure 2.5.5-1) was safe under an average amplified seismic 
loading of 0.25g and under static conditions.

The vertical rock cut excavated for the containment structure, (Figure 2.5.5-2) was analyzed by 
assuming failure planes developed along fully continuous joint and foliation surfaces. Methods 
developed by Hendron et al. (1971) and incorporated into the computer program SWARS-2P 
(SWEC 1974b) were used to analyze slope stability of this rock cut under both static and dynamic 
loading conditions. It was determined that the stability of these slopes was inadequate to maintain 
isolation of the containment structure walls from the external load applied by the rock wedges. As 
a result, a continuous structural hoop or ring beam was constructed in the annular space between 
the containment walls and the rock face. The purpose of this ring beam is to transfer any rock 
loading from the less stable areas where potential failure wedges may form to the more stable 
areas elsewhere around the containment, maintaining isolation of the rock loads from the 
containment exterior walls. Section 3.8.1.1 discusses the details of the ring beam design.

2.5.5.1 SLOPE CHARACTERISTICS

2.5.5.1.1 Shoreline Slope

A plan of the shoreline in the vicinity of the Millstone 3 pumphouse is shown on Figure 2.5.4-41. 
To the east of the pumphouse, a reinforced concrete seawall with post-tensioned rock anchors has 
been built between the pumphouse and the Millstone 2 intake structure to retain the earth and 
protect the structures from wave action. On the west side of the pumphouse, extending in a 
northerly direction, is a reinforced concrete retaining wall keyed into rock. The purpose of this 
wall is to protect the circulating and service water lines from being undermined due to wave 
action on the adjoining slope. To the west of the pumphouse, a variable slope has been cut in the 
beach and outwash sand to provide for a transition from the offshore intake channel at el -32 feet 
to the pumphouse area site grade at el +14 feet. The slope varies from five horizontal to one 
vertical immediately adjacent to the pumphouse, to ten horizontal to one vertical near Bay Point, 
the western extent of the beach. Compacted backfill was placed in areas where additional fill was 
required to meet these grade requirements.

A multilayer stone armor zone was placed on the slope for protection against wave action during 
the probable maximum hurricane. The maximum significant wave height of 13 feet was used to 
design the slope protection system. The techniques used are described in the U.S. Army Shore 
Protection Manual (USA CERC 1975).

The armor layer is designed as a 2-layer system. The weight of stone was obtained from the 
equation:
2.5.5-1 Rev. 30
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where: 

Wr = unit weight of the stone = 160 pcf

H = design wave height = 13 ft

Sr = specific gravity of rock with respect to seawater = 2.5

q = angle of slope = 5:1 = 11.3°

KD = stability coefficient = 3.5 (assuming 2 layers of randomly placed rough angular 
quarrystone, a breaking wave, and a structure trunk with 0 to 5 percent armor layer 
damage).

An individual stone weight of 6,000 pounds was obtained for the primary armor stone cover layer. 
A range of 0.75W to 1.25W was allowed in specifications. Stone sizes, based on cubic shapes, 
ranged from 3.0 to 3.6 feet.

The thickness of the 2 armor layers was calculated as 7.7 feet. A minimum still water level of 
elevation -3 feet was assumed in calculating the bottom of the primary armor layer at elevation 
-16 feet. A secondary rock protection layer, referred to as Type B material, was calculated to be 
500 pound stone. Two layers of secondary protection, varying in size from 300 pounds to 700 
pounds with 75 percent greater than 500 pounds, with a minimum thickness of 3.6 feet, were 
determined as necessary underlayment for the primary armor stone layer. This secondary layer 
was placed on a continuous filter fabric layer.

The in situ beach sands and compacted fill layers are overlain by filter fabric, which prevents 
migration of finer materials into the rock protection layers. Figure 2.5.5-1 shows a detailed cross-
section of the slope protection system. Stone for the slope protection was obtained from bedrock 
previously blasted during excavation at the site and from offsite sources.

Borings P1 through P10 and I1 through I12 were drilled onshore in the vicinity of the pumphouse. 
The P-series of borings included undisturbed sampling of the saturated beach sands using the 
Osterberg sampler. The location of these borings is shown on Figure 2.5.4-31. A geologic profile 
across this area is shown on Figure 2.5.4-35. The depth of sand along the beach varies from zero 
at Bay Point and the area just west of the Millstone 2 intake structure, where exposed rock is 
evident, to a maximum of approximately 40 feet in the vicinity of the Millstone 3 pumphouse. 
The beach and outwash sand deposits overlie a thin layer of basal till, generally less than 5 feet 
thick which covers the bedrock. The relative density of the beach sand determined from the 
Gibbs-Holtz correlation of blow count data averages approximately 70 percent. The data points 
are plotted on Figure 2.5.4-28. No extensive or continuous loose zones were detected in these 
borings.

W
Wr H

3

KD Sr 1–( )3
  cot θ

-----------------------------------------------=
2.5.5-2 Rev. 30
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2.5.5.1.2 Containment Rock Cut

The reactor containment building is founded on bedrock at approximately el -39 feet. Top of rock 
varies from approximately el 0 feet to el 20 feet, as shown on the bedrock surface contour map 
(Figure 2.5.4-39). The excavation walls are vertical, with a 9-inch bench at el -17 feet. The 
excavation of bedrock for the containment is described in detail in Section 2.5.4.5.1.

As a result of detailed geologic mapping of the bedrock surface during construction, described in 
Section 2.5.4.1.1, additional preferred joint sets were noted beyond those previously reported in 
the local geological literature (Goldsmith 1967). These joint sets have been interpreted from the 
stereonet projection plots for top of bedrock mapping previously reported (NNECo. 1975) and 
plotted from final excavation grade data on Figure 2.5.1-16. Cross sections through the critical 
wedges are shown on Figure 2.5.5-2.

The assumption that failure surfaces develop in the bedrock along joint and foliation surfaces is 
very conservative. For this to occur, joint and foliation surfaces must be at least as long as the 
horizontal projection of the wedge failure surfaces and must extend from the rock surface to a 
minimum elevation of -27 feet, which corresponds to the top of the containment mat. There is no 
firm evidence that this situation does occur around the containment structure, particularly with 
respect to the minor joint sets. However, for the purposes of analysis, the joint and foliation planes 
are modeled as flat, smooth continuous surfaces.

Direct shear tests were conducted on samples of both foliation and joints to determine the 
frictional values for each plane. A direct shear device capable of developing the low normal 
forces representative of field conditions and sensitive enough to measure the shear force was used 
to test NX core samples of rock from the borings previously taken in the vicinity of the 
containment structure. A description of the samples tested is shown in Table 1 of Appendix 2.5I. 
The peak and residual θ values are plotted on Figure 2 of Appendix 2.5I. For analysis, a friction 
angle θ of 32 degrees was used for the foliation, θ equals 34 degrees for the predominant joint set 
of N04E and θ equals 37 degrees for the minor joint sets. These values do not take into account 
the added strength of the asperities, which was significant for the higher normal stresses.

2.5.5.2 DESIGN CRITERIA AND ANALYSIS

2.5.5.2.1 Shoreline Slope

A computer program, LEASE II (Limiting Equilibrium Analysis of Slopes and Embankments) 
(SWEC 1977), was used to analyze the stability of the shoreline slope. This program, part of ICES 
(Integrated Civil Engineering System--VI M3, dated November 1969), is accepted and widely 
used by soil mechanics and foundation engineers for analyzing slope stability problems. This 
version is an update of an earlier version and provides for making dynamic analyses. LEASE II is 
presently being run on an IBM-370 Operating System, Model 165 at the SWEC Computer Center.

LEASE II calculates three different factors of safety. The methods of analysis include the 
simplified Bishop method of slices, the Fellenius method of slices, and the Rankine wedge 
method. The simplified Bishop method of analysis was used to compute factors of safety of the 
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slopes. It has been shown by Whitman and Bailey (1967) and Whitman and Moore (1963) that the 
answers obtained using the simplified Bishop method are more correct than other methods. 
Whitman and Bailey indicate that the error involved in the simplified Bishop method is usually 
less than 5 percent and, therefore, recommend it be used for slope stability analyses.

The shoreline slope shown on Figure 2.5.4-41 was analyzed for static, dynamic, and post-
earthquake conditions. The slope to the west of the circulation and service water pumphouse is 
bowl-shaped. It is 5H to 1V at the steepest portion and decreases to 10H to 1V adjacent to the 
intake channel. Conservative assumptions were made in constructing the analytical model for the 
slope stability analysis. The end constraints of three dimensional geometry were ignored and the 
entire slope was assumed to be 5H:1V. A section through the modeled slope together with a 
summary of the results of the slope stability analysis is presented on Figure 2.5.5-1. Factors of 
safety are defined as the available shear resistance along a postulated failure surface divided by 
the maximum driving forces along that surface.

Figure 2.5.4-37 shows a groundwater gradient from the main plant area toward Long Island 
Sound. Groundwater levels in boring 316, which is approximately 250 feet from the pumphouse, 
varied between elevations 6.4 and 8 feet. Water levels of elevation +6 feet onshore and -6 feet 
offshore were conservatively selected to maximize the destabilizing forces in the analysis. These 
levels represent approximately four times the normal tidal range, and elevation +6 feet 
corresponds to an appropriate flood tide level at the site.

Soil strength properties used in the stability analysis were selected on the basis of standard 
penetration tests and of cyclic triaxial and consolidated undrained (CIU) triaxial tests on 
undisturbed samples, as reported in Appendixes 2.5G and 2.5F, respectively. The effect of 
possible pore pressure buildup in the beach and outwash sands was accounted for in the stability 
analysis for the post-earthquake conditions.

A static slope stability analysis was conducted using the assumptions described above together 
with strengths for the various slope materials as shown on Figure 2.5.5-1. The effective internal 
friction angles assigned to the beach and glacial outwash sand were selected on the basis of 
standard penetration tests and of the CIU triaxial tests on undisturbed samples. The CIU tests (see 
Appendix 2.5G and Figure 2.5.5-5) revealed effective internal friction angles of 33 to more than 
40 degrees for the samples tested. For internal friction, an angle of 34 degrees was used in the 
analysis. The minimum factor of safety against slope failure for the static case is 2.9, which is 
adequate. The dynamic slope stability during the SSE was evaluated by using a pseudo-static 
approach and undrained shear strengths of the soils. Input horizontal and vertical accelerations of 
0.25g and 0.17g were based on the average amplified accelerations described in 
Sections 2.5.4.8.3.1 and 2.5.4.9. Acceleration directions were selected to maximize instability.

Undrained strength parameters for the beach and glacial outwash sands were derived based on 
undrained triaxial compression test results reported in Appendix 2.5G. Stress paths and data from 
these tests indicate that during undrained loading the average A parameter at maximum obliquity 
was 0.13. The values of A ranged from +0.33 to -0.16. An A parameter equal to 0.5 and an 
internal friction angle of 34° were used to derive the undrained strengths of the beach and glacial 
outwash sands. These values are considered to be conservative based on the in situ density and 
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loading conditions. The derived undrained strengths which are modeled as cohesion and a friction 
angle of zero are shown on Figure 2.5.5-1. The undrained strength is calculated as at the mid-level 
of each layer.

Results of the pseudo-dynamic stability analysis indicate that the minimum factor of safety 
against slope failure is 0.9 for the assumed conditions. This result is very conservative because of 
the assumptions made about slope geometry and end effects. An additional analysis was 
performed on this slope considering only the horizontal component of seismic loading, and a 
safety factor of 1.16 was calculated for the same failure circle.

Due to the low factor of safety obtained, an analysis was performed to estimate the deformations 
which could theoretically occur along the postulated failure surface during earthquake loading. 
The analysis is based on an approach presented by Newmark (1965) using the computer program 
SIDES (Seismically Induced Displacement of Embankments and Slopes, SWEC, 1979) which 
calculates the cumulative mono-directional sliding displacement of a rigid body shaken by an 
earthquake. An input earthquake accelerogram is represented by a maximum 12,000 point time 
history of acceleration. No motion is assumed to occur within the slope until the strength of the 
soil is exceeded; i.e., the limiting acceleration producing a safety factor of 1.0 is exceeded. 
Analytical equations governing rigid solution are then solved incrementally on the assumption 
that the input acceleration varies linearly from point to point, and that the displacements are 
cumulative throughout the duration of the earthquake. Each of the three earthquakes used to 
compute the dynamic response of the soil were used (Section 2.5.4.8.3). Their time histories were 
scaled to the appropriate average amplified accelerations (i.e., vertical acceleration of 0.17g and 
horizontal acceleration of 0.25g) described above. Results from each of these earthquakes 
indicate maximum cumulative slope movements less than 0.1 inch. The limiting horizontal and 
vertical acceleration used were 0.2g and 0.12g, respectively. These results indicate that if there is 
any movement of the slope during the SSE, the movement would be negligible. There would be 
no adverse effect to any safety related system component or structures.

A post-earthquake stability analysis was performed to quantify the effect of pore pressure 
generated by the earthquake. The magnitude of pore pressure buildup was estimated from results 
of cyclic triaxial tests (Appendix 2.5F) considering such factors as the number of equivalent 
cycles, cyclic shear stress levels, confining pressures, material density, and gradation. The pore 
pressure buildup for 5 cycles of loading on samples which most closely represent the in situ 
condition and dynamic loading was between 40 and 60 percent of the effective confining 
pressure. An estimated pore pressure buildup of 50 percent was used to evaluate the post-
earthquake slope stability. Therefore, the soil properties are the same as in the static case but the 
pore pressures are increased during the LEASE analysis. Results of the post-earthquake analyses 
reveal that the minimum factor of safety against slope failure is 1.4. This is considered acceptable. 
The analysis of slope stability indicates that the shoreline slope is stable under static, dynamic, 
and post-earthquake conditions.

In addition to the above analysis, where the shorefront slope was considered to consist of a 
uniform deposit of outwash sand to el -40 feet, the actual subsurface conditions were modeled to 
determine whether a more critical cross-section existed due to sloping bedrock conditions at the 
shorefront. The actual soil profiled in this area is shown on Figure 2.5.4-52. This condition was 
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modeled for LEASE and a static slope stability analysis was performed using both the simplified 
Bishop circular failure method and the Morgenstern-Price wedge failure method. The profile of 
the sloping rock condition used in the slope stability analysis showing soil properties and slope 
geometry is shown on Figure 2.5.5-4.

The minimum safety factor for static loading conditions is 3.2 for a circular arc failure surface. 
This compares to a safety factor of 2.9 for the circular failure surface in the analysis for a uniform 
depth of sand to el -40 feet indicating that the sloping rock profile is less critical than the uniform 
sand profile. Also, the dynamic analysis for the sloping rock profile is less critical than the 
uniform sand profile because the magnitude of the dynamic forces is reduced due to less 
amplification through the stiffer till and because of the shallower depth to bedrock. The minimum 
safety factor for dynamic loading conditions is comparable with the uniform sand profile when 
similar dynamic forces are assumed.

Morgenstern-Price wedge failure analyses were also performed to further investigate the sloping 
rock profile. Safety factors for static loading conditions of 4.14 for shallow wedge and 3.54 for 
deeper wedge failure surfaces were calculated. These safety factors against slope failure are 
higher than the circular arc safety factor of 3.2 and confirm the inherent conservatism of the 
circular arc failure analysis.

Liquefaction of the shoreline slopes was also investigated. The analyses (Section 2.5.4.8.3) show 
that the beach sands would not liquefy when subjected to the SSE.

2.5.5.2.2 Containment Rock Cut

Two computer programs have been developed to evaluate field data and compute the stability of 
rock slopes. JTPLOT(ST-212) (SWEC 1974a) is used to reduce data from joint and foliation 
surveys and to prepare contoured stereographic plots, such as those on Figures 2.5.1-15 and 
2.5.1-16. SWARS-2P (SWEC 1974b) is used to analyze the stability of tetrahedral rock wedges 
formed by the intersections of joint and foliations surfaces with the vertical excavation face. The 
data are input in geological notation and are converted internally to the format required for rock 
mechanics calculations. All possible combinations of joints are automatically considered. Effects 
of seismic loads, rock bolts, surcharges, point loads, and several types of piezometric loads are 
included in the analysis. In designing a restraining hoop or ring beam, the forces required to 
stabilize the sliding wedges are input into the program as hypothetical rock bolts, with the load 
distributed across the projected vertical area of the rock wedge. A minimum safety factor of 1.1 
was considered acceptable for determining required stabilizing forces.

In the analysis, the surcharge loading from adjacent structures was accelerated in the vertical 
direction, and soil surcharge was accelerated both vertically and horizontally. Water pressure was 
not applied to the rock wedge surfaces, on the assumption that the differential head acts directly 
on the containment wall. However, the buoyant weight of the rock was used to account for the 
presence of groundwater. This assumption is considered conservative because the buoyant weight 
effectively reduces the resistive forces. Wedges smaller than 100 cubic feet were disregarded, on 
the assumption that these wedges were formed by the intersection of two high angle joint sets, and 
were probably removed during blasting and scaling operations.
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Figure 2.5.5-6 shows the plan view of potential failure wedges that could develop on the west side 
of the containment excavation. Geologic mapping of this area (see Figure 2.5.4-6) does not 
exhibit a high density of fractures that could produce these wedges. Figure 2.5.5-7 is a photograph 
showing the rock surface commonly found in the area of the main steam valve building.

The forces applied by the rock wedges on the ring beam are shown on Figure 2.5.5-3. The 
maximum forces act in the southwest quadrant, due to the effect of the weaker foliation planes 
which dip into the excavation face in this area. Other areas of instability can be attributed to the 
high dip angles of the jointing, which are inherently unstable when subjected to seismic and 
surcharge loadings. The design of the structural support, or ring beam, which transfers this load 
around the excavation, maintaining the isolation of containment structure from these external 
loads, is discussed in detail in Section 3.8.1.1.

2.5.5.3 LOGS OF BORINGS

All boring logs are included in Appendix 2.5J. No borings were taken in borrow areas for 
materials used onsite.

2.5.5.4 COMPACTED FILL

Structural backfill used to raise the shoreline slopes to final design lines meets the requirements 
outlined in Section 2.5.4.5.2.
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2.5.6 EMBANKMENTS AND DAMS 

No embankments or dams have been constructed at the Millstone site.
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AGE OF TILL AT MILLSTONE POINT, CONNECTICUT

D. W. Caldwell, Ph.d.

Till at Millstone Point

The till exposures at Millstone are inadequate for the purpose of establishing their time of 
deposition. The best exposures exist along an embankment some 200 feet long and from 10 to 15 
feet high just to the west of the switchyard northeast of the plant. Part of this exposure has about 5 
feet of artificial fill, covered by six inches of concrete. Beneath the fill, a grey, compact, clay -
 rich till is exposed. This till has few large stones and the matrix is closely jointed. At the northern 
end of the embankment, the till is less compact and less jointed. The complete exposure is 
inadequate to determine the relationship between the two exposures of till, that is, whether one till 
definitely underlies the other or whether a single till simply changes in its texture and 
compactness from one exposure to another.

Because of the rarity of two-till exposures in New England, it is most probable that a single body 
of till, changing in its physical character from one place to the next, exists at the Millstone site. A 
small likelihood exists that there are two separate bodies of till at Millstone, a fact which can only 
be established by further and more extensive excavation.

Two-till Problem in New England

At several localities in southern New England there is evidence of two tills, believed to be of 
different ages (Schafer and Hartshorn, 1965; Pessl and Schafer, 1968). The older till is usually 
compact, contains much silt and clay and has closely spaced jointing. Oxidation in the older till 
ranges to depths of 10 or more feet. Drumlins are generally composed of the older till.

The younger till is generally less compact, is sandier and does not contain numerous joints or 
foliated structures. Oxidation is less than 3 feet and is usually absent altogether.

Age of Older Till

At three localities in New England organic material beneath the lower till has been dated. At New 
Sharon, Maine, wood embedded in weathered sand, lying between two tills, has a radiocarbon age 
of more than 44,000 years B.P. (W-910; Caldwell, 1959). Wood at the base of an exposure of till 
in Wallingford, Connecticut, has been dated as more than 40,000 years B.P. (Y-451). Peat overlain 
by drumlin sediments in Worcester, Massachusetts, has been dated as more than 38,000 years B.P. 
(W-647, L-380). All of these listed C-14 ages of the older till are (or were at the time of analysis) 
beyond the range of carbon-14 analysis, although they are probably post-Sangamon in age, that is, 
less than about 100,000 years old. Without deposits of organic material at other till localities in 
New England, it is not possible to relate them to these three till sites where dating has been 
possible.
2.5A-2 Rev. 30



MPS3 UFSAR
Age of the Younger Till

The emplacement of the younger till is more firmly established than that of the older till, but 
neither has been dated as completely and as consistently as they have been in the mid-west.

The last (Wisconsin) ice sheet covered all of New England and its terminal position is marked by 
the moraines on Long Island (Ronkonkoma moraine) and the Islands (Nantucket moraine on 
Martha’s Vineyard and Nantucket). The advance of this ice sheet is dated by organic material, 
older than the advance, incorporated in till at Harvard, Massachusetts (21,200 ±1,000 years B.P.; 
W-544), and shells in drift on outer Cape Cod (20,700 ±2,000 years B.P.). On Martha’s Vineyard 
plant material in clay (15,300 ±800 years B.P.; W-1187) is overlain by till from a slight readvance 
of the ice margin.

The Martha’s Vineyard moraine can be traced by underwater topography to Block Island and to 
Long Island and the Ronkonkoma moraine, about 50 miles south of Millstone Point. The chart 
(Fig. 1) presents the spatial and temporal relationship of the advance of the Wisconsin ice over the 
Millstone area about 18,000 years ago. This is the approximate age of the upper part of the till at 
Millstone (assuming there are two tills) or all the till (assuming there is but one till).

The retreat of the Wisconsin ice from its terminus at the Ronkonkoma - Block Island moraine is 
dated by numerous C-14 ages of organic material overlying the upper till. At Rogers Lake, Lyme, 
Connecticut, basal peat overlying last till is 14,240 ±240 years B.P. (Y-950/51). Other dates of 
similar material in Connecticut and Massachusetts are consistent with the Rogers Lake date.

Flint (1953, 1958) describes a short readvance of the ice to Middletown, Connecticut, “before, but 
probably not long before, about 13,000 years ago.” Following this readvance the ice melted 
rapidly up the Connecticut River Valley and Glacial Lake Hitchcock was formed in the valley by 
a rock dam at Rocky Hill, Connecticut, north of Middletown. This lake was drained between 
10,710 and 10,650 years B.P. (Y-253 and Y-251; Flint, 1956).

Conclusions

The last till deposition at Millstone Point occurred about 18,000 years ago. The area remained 
ice - covered until about 14,000 years ago. If older till exists at Millstone, it may be equivalent to 
the pre-Wisconsin-post-Sangamon till deposited more than 40,000 years ago. A more complete 
exposure of the Millstone till would be required in order to establish the presence or absence of 
two tills at the site.
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December lIt 1975

Mr. F. S. Vetere, Geotechnical Division
Stone & Webster Engineering Co.
245 Summer Street
Boston, Massachusetts 02107

Dear Mr. Vetere:

Enclosed are petrographic reports for the six additional samples
from Millstone which I received on November 25. I am returning the
thin sections and a roll of photomicrographs (undeveloped) via Jack
MacFadyen, who is going to your office today; the samples will be mailed
under separate cover.

Sample locations were not provided with the sections, but one sam
ple (12F) seems to have escaped the cataclasis, silicification, and se
vere alteration which the others have experienced. There is only slight
variety among the other samples; all appear to be former cataclastic
rocks in which the fragments have been altered to or replaced by chlorite
and sericite, and in which the matrix has been silicified by the crystal
lization (from hydrothermal solution?) of prismatic quartz. (These events
could have occurred during the same episode of hydrothermal activity,
though chlorite appeared to fill fractures in matrix quartz in some sam

menting of earlier hydrothermal quartz and in the formation of thin ( 1-
3 mm) shear zones through the mat~ix (see especially SF).

Staining of hand specimens for K-feldspar revealed very minor amounts
only in 6F and 12F, and x-ray diffraction scans indicated nothing besides
the minerals observed in thin section.

I hope these reports will be helpful; please call if there are any
questions. I will be on sabbatical leave but in residence at the college
during the first two months of 1976 if you have any other samples to be
examined.

Sincerely,

Ii)U' ( rJ'\V I,...;\. i, i ./~v~)

Associate Professor of
Geology

ples.) A younger, though minor, cataclastic event resulted in the frag

R. A. Wobus

RAW:al
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Photomicrographs - Millstone Samples

(Film = KM-l35-20, ASA 25, color slides)

Photo No. Sample No. Magnification Polarizers

1 2F 35x unxd

2 2F 35x unxd

3 2F 35x xd

Subject

Partly chloritized fragments

Partly chloritized fragments

Partly chloritized fragments

4 2F 35x xd

5 SF 35x unxd

6 SF 35x xd

7 SF 35x xd

8 5F 35x xci

9 6F 35x unxd

1 1/2 mm fragment of strained quartz,
with thin quartz .overgrowth(rim)

2 rom fragment which contains pris
matic quartz similar to that in the
matrix

2 rom fragment which contains pris
matic quartz similar to that in the
matrix

Bent twin lamellae and internal gran
ulation within 3 cm fragment

Thin zone of shearing in which matrix
quartz has been pulverized

Chloritization and sericitization of

16 9F 35x unxd

17 IlF 3Sx unxd

in matrix of subhedral oriented quartz

Extensive sericitization of matrix;
1 mm fragment in center may be piece of
earlier cataclasite

Altered micas and strained quartz
within largest fragment

10 6F 35x xd

11 6F lOOx xd

12 6F 35x xd

13 9F 3Sx unxd

14 9F 35x xd

15 9F 35x xd

fractured fragment

Chloritization and sericitization of
fractured fragment

Plumose muscovite at pulverized mar
gin of fragment

Matrix quartz (subhedral, unoriented)

Chlorite platelets in fractures

Chlorite platelets in fractures

Frtigments of undulose anhedral quartz
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Photo No. Sample No. Magnification Polarizers Subject

18 IlF 35x xd Altered micas and strained quartz
within largest fragment

19 llF 35x unxd 2 nun fragment (of earlier =ata-
clasite?) nearly "as s trm Lat ed" by
matrix

20 IIF 35x xd 2 mm fragment (of earlier cataclasite?)
nearly "assimilated" by matrix

21 11F 35x xd Matrix - a mosaic of subhedral quartz
(many basal sections)

22 12F 35x unxd Altered biotite and plagioclase

23(?) 12F 35x xd Altered biotite and plagioclase
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2F - Millstone

Hand specimen

Gray, very fine-grained, highly altered and silicified rock
with small angular fragments « 3 rom) and several irregular vugs
up to 2-3 cm long which are partly filled with greenish clay.
Entire sample is coated with clays, and one surface contains fine
grained calcite. No planar or linear structures are visible; a
few thin (1-2 mrn) zones of more intense shearing cut the sample.

Thin section

Fragments (approx. 10%)

Angular, unoriented fragments are mostly of altered and chlo
ritized plagioclase of at least two compositions: albite-oligoclase
(~ Anl O) with a 12° extincti0n angle and positive sign, and andesine
(An

30
-

3S
) with a 15° extinction angle and negative sign. Some of

the plagioclase has been almost entirely replaced by chlorite. A few
fragments are of strained quartz; two show thin quartz overgrowths
around earlier angular grains. A few feldspar (1) fragments are so
highly altered to clays that they almost merge with the matrix; others
show distinct albite twinning which has been bent or offset.

Matrix (~ 90%)

Very fine-grained unoriented subhedral quartz prisms, generally
unstrained but somewhat corroded along the edges. Highly birefring
ent flakes (sericite?) are also abundant and are essentially unori
ented; a few plumose aggregates of sericite or muscovite are present
adjacent to some of the fragments.

Interpretation

A fragmental rock (cataclasite) which has undergone extensive
alteration (particularly to sericite), chloritization, and silici
fication. The corroded nature of the matrix quartz suggests that
hydrothermal alteration continued after the crystallization of the
quartz. No pervasive cataclastic deformation has affected this
sample since the hydrothermal event, however.

SILICIFIED AND ALTERED CATACLASITE

2.5B-3



SF - Millstone

Hand specimen: Dark gray, very fine-grained groundmass with white and dark
green, angular to subrcunded fragments up to 3 cm in length. The largest
fragment shows signs of interior crushing, and the dark matrix h2S been
squeezed into fractures around its margin. No preferred orientation
of fragments or matrix is visible. Thin « 3 rom thick) zones of sr.earing
cut parts of the sample. Clays, and locally calcite, coat the su~:ace

of the hand specimen.

Thin section

Fragments ( ~ 30% of section)

The largest (3cm) is of medium-grained, unoriented sodic andesine
(~ An

3S
) and quartz; it shows considerable internal granl~lation and

deformation of the plagioclase twin lamellae. Other fragments are
composed of strained quartz, quartz and plagioclase, or quartz and
chlorite; a few are dominantly replaced by or altered to chlorite.
Several fragments are composed of the same kind of hydrothermal(?)
quartz found in the matrix; good basal and prismatic sections of
tiny quartz crystals are present in these fragments.

Matrix (70%)

Fine-grained subhedral quartz, especially as prismatic sections
with two perpendicular preferred orientations. Chlorite is present
between the quartz grains, and it partially rims some of the fragments.
One euhedral grain of apatite is conspicuous. The matrix has been pul
verized within a 2-3 mm wide shear zone that runs the length of the
thin section; even the subhedral quartz has been granulated within this
zone.

Interpretation

Fragments were produced by cataclasis, as indicated by their
angular nature and the degree of their internal granulation and twin
lamellae deformation. Subsequent hydrothermal fluids produced the
subhedral quartz of the matrix and caused the alteration and chlorit
ization of many fragments; chlorite was also deposited interstitially
between the prismatic quartz grains of the matrix. It is significant
that some of the fragments in this section contain the subhedral pris
matic (hydrothermal) quartz usually associated with the matrix of the
Millstone samples; this would suggest a younger period of cataclasis,
which occurred since the formation of hydrothermal quartz in older shear
zones. The thin pulverized zone within this sample is further evidence
of a younger cataclastic event.

Name

CHLORITIZED AND SILICIFIED CATACLASITE
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6-F Millstone

Hand specimen

On cut surface, this is a light gray, very fine-grained silica
rich rock with subangular quartzo-feldspathic and chloriticfragments
less than 5 mm long. There is no orientation of the fragments or of
the quartzose matrix. The sample is encrusted with tiny drusy quartz
crystals on one surface, with limonite-stained clay on another side,
and with gray calcareous clays on the two remaining sides. A pinkish
coloration of the clay on one surface is of uncertain origin.

Thin section

Fragments (approx. 30% of section)

Subangular, unoriented fragments composed of undulose quartz,
minor orthoclase, and sodic plagioclase (biaxial positive, maximum
extinction angle ~ 12°, R.I. < quartz = albite-oliGoclase, An10 ) '
Most grains are fractured, some fragments are partly disaggregated,
and plagioclase twin lamellae are commonly bent or offset. Alter
ation of feldspar to highly birefringent clay is moderate, though it
is pervasive at the granulated margins between a few grains. Plumose
muscovite appears to have formed locally within these clays. Chlorite
occupies fractures in grains in one portion of the section~ one frag
ment looks like a piece of cataclastic rock (cataclasite).

Matrix ( ~ 70%)

Fine-grained, subhedral to anhedral quartz grains, mostly elong
ate (prismatic) sections in a variety of orientations. The matrix
differs from that in other sections (lIF, 9F, SF) in having more ir
regular quartz grains which are less oriented, less interstitial
chlorite, and more interstitial clay. Plumose muscovite occurs lo
cally in the matrix as well as in the fragments; it was observed only
in one other section (2F). A few thin, late fractures are filled with
anhedral quartz and clays (sometimes with plumose muscovite growing
across the fracture).

Interpretation

Originally a cataclastic rock in which the matrix has been sili
cified; hydrothermal (?) alteration has created highly birefringent
clays, from which plumose muscovite has locally crystallized at a late
stage. Chlorite is another late mineral, filling fractures in some
fragments, though it is not nearly as common in this section as in
others.

Name

SILICIFIED AND ALTERED CATACLASITE
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9F - Millstone

Hand specimen: Mottled white and greenish -gray, very fine-grained altered
and silicified fault gouge(?), with angular quartzose fragments up to
several em in diameter. Parts of this sample are very friable.

Thin section

Fragments (~ 50% of section)

Angular to subrounded; average size 1-2 mm in diameter; no preferred
orientation. Most are of highly strained polycrystalline quartz, locally
with plagioclase (oligoclase?) being replaced by quartz; some show in
ternal crushing and marginal granulation. A few fragments, originally
more micaceous (schists?), have been altered to muscovite, chlorite,
clays, and opaques. The remaining fragments contain angular, non
oriented grains of undulose quartz in a dense, clay-rich matrix; they
are perhaps pieces of an earlier cataclasite.

Matrix (~ 50%)

Dominantly fine-grained hydrothermal (?) quartz, in tiny subhedral
grains p~eferential1y oriented in two directions which are at right angles
to one another. Chlorite is the other cornman matrix mineral, occurring
between fragments and rimming some, as well as in late fractures that
cut even the matrix quartz. Chlorite commonly forms circular or hexag
onal platelets.

Interpretation

Quartzose and micaceous fragments have been crushed and altered
in a cataclastic zone which has since become silicified. Chlorite
was added (hydrothermally?) during or after silicification. A few late
fracture and granulation zones also contain chlorite.

CHLORITIZED AND SILICIFIED CATACLASITE
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llF - Millstone

Hand specimen: Greenish-gray, very fine-grained quartzose cataclastic
rock with a few unoriented darker green, angular to lensoidal frag
ments ranging from 1/4 - 2 cm long. Sample is partly coated with
clay which is locally limonite-stained.

Thin section

Fragments (~ 20% of section)

Dark green or brownish under uncrossed polarizers; generally
subangular and completely unoriented, with many as small as 1-2 mm.
The largest fragment is lx2 cm and is composed of medium-grained,
highly strained (undulose) quartz and oriented micas (all formerly
biotite?), which have beenaltered to a dense mixture of muscovite
and sericite, chlorite, "allophane (?),and opaques. Accessory gar
net and apatite are also present, and the fragment is surrounded
by a 1 nnn "reaction rim" of darker clays.

Other fragments are dominantly clays with minor quartz; a few
appear to be finer-grained cataclasites, with angular fragments in
a clay-rich matrix. Some fragments seem to have been disaggregated
so that they seem to merge with the quartz-rich matrix described
below. Two fragments have been reduced to isolated hexagonal plate
lets of chlorite, separated by matrix quartz.

Matrix (80%)

A mosaic of fine-grained subhedral, weakly undulose quartz.
No preferred orientation is visible; both basal and prismatic sec
tions are common. Crystal boundaries are not nearly as distinct as
those in the martix of other silicified samples from Millstone.

Interpretation

The fragments have been hydrothermally altered to a variety of
clays; many \~ere originally micaceous schists or gneisses judging
from their texture. The matrix appears to be hydrothermal quartz,
far less strained than the anhedral quartz of the fragments. The
fragmental texture of the rock indicates that it was probably a
cataclastic rock before silicification.

Name

HYDROTHE~~LY ALTERED AND SILICIFIED CATACLASITE
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12F - Millstone

Hand specimen: Mottled white and black, medium-grained biotite-quart~

feldspar rock; could be granitic or a weakly foliated quartzo-feld
spathic gneiss. Feldspars seem quite altered, and much of the sam
ple's surface is covered by clays.

Thin section

Mineralogy

PLAGIOCLASE

QUARTZ

ALTERED BIOTITE

ORTHOCLASE

MUSCOVITE

OPAQUES

Estimated %

50

35

8

3

2

2

Biaxial (+); maximum extinction angle
28-25°, R.I. > quartz; composition
~ An40 = andesine. Distinct, undis
torted polvsynthetic twinning; moderate
alteration to highly birefringent clays.

Anhedral, v~~ highly strained, with
undulose and "patchy" extinction.

Subhedral flakes, weakly oriented,
mostly altered to chlorite and opaques.

Biaxial (-), no twinning; moderately
altered.

Secondary (?) - mostly at grain boundaries.

Angular grains.

Texture

Medium-grained xenomorphic granular; very weak biotite alignment.
Considerable alteration of biotite and feldspars. Quartz is highly
strained, but there are no other signs of deformation.

Name

ALTERED BIOTITE QUARTZ DIORITE (OR BIOTITE-QUARTZ-ANDESINE GNEISS)
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MNPS-3 FSAR

Six samples labeled IF, 7F, 10F, 13F, 14F, and 15F were supplied by
Mr. Leo Martin of Stone & Webster Engineering Corporation for
mineralogical investigation. The two major objectives of the mineral
analyses were: 1) to ascertain if the samples contain sufficient IMd
mica and an absence of feldspar for possible age dating, and 2) to
provide a documented sample for dating. The analyses were carried out
as set forth in the author's letter to Mr. R. D Thomas of Stone &
Webster, dated 25 August 1975. The laboratory work was done during
November-December 1975 by the author with laboratory assistance from
E. H. Martin.

The as received samples were crushed to pass a No.4 sieve. After
crushing, the soil was thoroughly mixed. A 20 gm subsample was
separated by repetively halving in a sample splitter. The 20 gm
subsample was ground to pass a No. 35 sieve, thoroughly mixed, and again
subsampled via the sample splitter to obtain a representative 3 g sample
that was ground to pass a No. 200 sieve «74~). This 3 gm subsample was
designated whole soil.

Random powder mounts of the whole soil were prepared and examined by x
ray diffraction, XRD, using CuKa radiation at 40 kV and 20 rna Goniometer
speed was 1°20 per minute and the chart speed gave 2 D20 per inch of
chart. The 20 range examined for the whole soil powder mounts was 4
through 40 (d = 22-2.25A). The XRD data indicated abundant clay
minerals and quartz in all samples. XRD data on samples 7F t 13F, and
14F clearly showed the presence of feldspar minerals. Siderite was
present in samples 10F, 13F, and lSF. Based upon these results, the
decision was made to proceed with the size fractionation and XRD
analysis of the clay fraction.

The crushed soil was again mixed and a 160 gram sample taken for size
fractionation. The 160 g sample was added to 400 ml distilled water and
mixed in a Waring blender for 20 minutes after which the contents were
transferred to a 4.5 liter bottle diluted to 4.0 liters and thoroughly
mixed by hand shaking. Adjusting the pH to 10 caused strong
flocculation in all suspensions. All slurries except 15F appeared to be
well dispersed between pH 7 and 8. Slurry from sample lSF never was
completely dispersed, probably because of siderite. Pretreatment of the
soil to remove siderite was not done bec~use of the unknown effect such
pretreatment may have on the age dating. The suspension was allowed to
temper 48 hours. Sedimentation for size fractionation was started by
hand shaking each bottle to resuspend the soil particles. The top 10 cm
was siphoned off after 7.5 hours of settling at a temperature of
23±0.5 DC. Distilled water was added to bring the volume of the bottles
back to 4.0 liters and the next day a second separation was made and
combined with the clay slurry from the first day.

The size separation is based on Stoke's law settling. The equation used
to calculate the equivalent spherical diameter (D) was:

D = 18TlH
g (p -C) ) t

s u
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MNPS-3 FSAR

D = spherical diameter in cm
n = water viscosity, 9.38 x 10- 3 at 23 0C

H = depth in em, 10
g = gravity, 980.4
Os specific gravity of settling particles 2.75

for most clays
Pu = specific gravity of water, 1.0
t = time, 7.5 x 3,600 sec

which gives 1.9~ for the equivalent spherical diameter of the clay
fractionated from the soil samples.

The clay slurry was flocculated using a small amount of CaC1 2 • After
settling 24 hours, the clear supernatant fluid was siphoned off and the
suspension centrifuged to remove more water. Distilled water was added
to the centrifuge tubes, the clay resuspended and again centrifuged.
The second addition of distilled water left clay suspended after 2 hours
of centrifugation at 2,000 rpm. This was taken to indicate that all
excess salt had been removed. Each suspension was mixed and a
representative portion taken to be used for the preparation of oriented
aggregate mounts. The oriented aggregate mounts were used as part of
the XRD clay mineral analysis. After air drying, each clay sample was
crushed to pass a No. 35 sieve, thoroughly mixed and quartered to yield
a 2 g subsample that was further crushed to pass a No. 200 sieve.

The 2 g clay powder sample was used for random powder mounts in the XRD
clay mineral analysis. Further, the 2 g clay powder sample was given to
Mr. Martin for age dating ensuring that the age dating was on identical
material used for mineral analysis.

Qualitatively, the XRD traces for clay size samples were dominated by
smectite, chlorite, and illite in all but sample IF where illite was not
detected. Samples 1F and I5F gave XRD spacing greater than 25A so that
illite may be one of the components of the interstratified material in
sample IF.

The chlorite phase in all but sample IF gave a sharp integral series of
basal reflections. From the combination of basal spacing and heat
stability it would appear that the chlorite in samples 7F and I4F is
very similar. The chlorite basal spacings of samples 10F, 13F, and 15F
are similar but the thermal stability of the chlorite in sample 13F is
very low while samples IOF and l5F hav~ higher thermal stability of
chlorite than samples 7F and 14F. Thermal stability of chlorite in
sample 15F was considerably higher than in sample 10F. The chlorite in
sample IF was initially identified as kaolinite because of the high
basal spacing and absence of a 144A peak; however, the very high thermal
stability precludes the mineral being kaolinite. The chlorite in sample
IF is distinct from the chlorite present in the other samples.

The smectite phase gave a very poor integral series indicative of random
interstratification most likely with illite. The nature of the regular
stratification suggested by the large spaclng in samples IF and lSF has
not been determined; however, the possibility of organic material
interlayering is ·suggested. Sample IF after heating to SOOOC for one

2.5C-2
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hour was black. Treatment of a new subsample with HzO z to remove
organic matter followed by Mg saturation did not eliminate the large d
spacing for glycerol and 100°C treatments but the large spacing
disappeared after heat treatment to 300°C. After one hour at 550°C, the
HzO z treated IF clay was still grey.

All clay size samples have a small percentage of quartz and samples 7F,
10F, and 15F still contain siderite. Sample 13F contains a trace of
fledspar but from the weak reflections it is not possible to
conclusively identify the feldspar species.

The relative smectite content of the clay samples shown in Table 1, used
the amplitude of the 17.7A peak from glycerol treated Wye
montmorillonite as reference. Clearly, the smectite in this suite of
samples gives a more intense basal spacing than Wye montmorillonite.
These data illustrate a frequent hinderance to quantification of XRD
data. Nevertheless, the relative numbers show the variation in smectite
content within the group of samples examined. Similar argwnents apply
to the relative amount of chlorite shown in Table 1.

The polymorphic varieties in the illite or clay size mica has special
meaning to the mineralogical analysis of these samples because of K/Ar
age dating to be done. All polymorphic varieties of illite have many
common XRD features. Yoder and Euster established criteria for
distinguishing the various polymorphic varieties. Briefly summarized
these criteria are:

2M - d values at 3.00, 2.87, and 2.80A
1M - d values at 3.66, 3.07, and 2.69A

lMd - none of the identifying peaks of 2M or 1M but a
general clay mica XRD pattern

It is important to note that the 1Md polymorph is identified only in the
negative sense, that neither 2M or 1M are identified.

As a reference to verify line positions for polymorphic variety
identification, XRD data on a sample of very pure 2M muscovite was
collected. Comparison of the amplitudes of the three diagnostic 2M mica
peaks in sample 7F to the corresponding peak amplitudes from pure 2M
muscovite was used to estimate the amount of 2M mica in sample 7F.
Because no reference sample of 1M mica was available, the relative mount
Jf 1M polymorph in the samples was estimated relative to sample 30-7A
from R. D. Thomas which was assumed, somewhat arbitrarily, to contain
only 1M polymorph; also, the 1M mica in the other samples is the same as
in sample 30-7A.

since 1M polymorph lS clearly present in all samples and in addition,
sample 7F contains 2M polymorph, one can say nothing about the presence
or absence of 1Md polymorph. One possible solution to the dilemma is to
make use of the KzO content.

Define: 2M mica as containing 12 percent K20
1M mica as containing 10 percent KzO

1Md-mica as containing 6 percent K20

2.5C-3
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This completely arbitrary assignment of K20 content to the different
polymorphs is done for the sole purpose of illustrating a possible
method for estimation of IMd. The proportion of 1M and 2M polymorph in
each sample was made from the XRD data alone. With the above definition
of K20 content in the different polymorphs, the proportion of K20
present in 2M and 1M polymorphs of each clay sample can be determined.
The total K20 content for 2M and 1M polymorph is now subtracted from the
measured K 20 content of the samples and any eKcess K20 ascribed to IMd
polymorph. Results from this analysis of the siK samples and using K20
content data supplied by Mr. Martin are given in Table 2.

The amount of clay in the whole soil (see Table 3) was estimated from
the relative amplitude of the major clay mineral prism reflection at
4.4A in the XRD data from the whole soil relative to the 4.4A peak in
the clay size fraction. Quartz estimation was based on the 4.2A peak
because the 3.3A quartz peak was severely masked by the strong mica
third order basal peak.

R. Terrence Martin
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Table 1. Crystalline Phases Present in the Clay Size
Fraction «1.9\.!)

Sample Number (Relative Amount)
Mineral IF 7F 10F 13F 14F 15F

Smectite 1. 72 1.60 1.08 0.94 2.00 0.46
Chlorite 0.95 0.80 0.35 0.14 0.25 0.39
Illite 0.17 0.53 0.51 0.46 0.38 0.42
Interstratified ++ 0 0 0 0 +

Quartz 0.05 0.07 0.03 0.05 0.10 0.03
Siderite 0 0.02 0.02 0 0 0.04
Feldspar 0 0 0 <0.02 0 0

Table 2. Approximate Amount of Mica Polymorphs in Clay Size
Fraction «1.9lJ)

Sample Number (Relative Amount)
Polymorph IF 7F 10F 13F 14F 15F

2M
1M

IMd
%1<2°

o 0.12
o 0.13

0.17 0.28
1.01 4.41

o
0.42
0.09
4.75

o
0.22
0.24
3.65

o
0.20
0.18
3.11

o
0.42
o

4.24

Table 3. Crystalline Phases Present in Whole Soil

Sample Number (Relative Amount)
Mineral IF 7F 10F 13F 14F 15F

Total Clay 0.65 0.60 0.65 0.90 0.75 0.60
Quartz 0.55 0.55 0.35 0.15 0.50 0.55
Siderite 0 0.01 0.15 0.06 0 0.11
Feldspar 0 0.05 0 0.05 0.03 0

NOTE:

For all tables: + means phase present
o means phase not detected
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KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREE T • CAMBRIDGE. MA. '02139 • (617)·876.3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. ti-3456 Date Received: 9 December 1975

Your Reference: 1F

Submitted by:

P.O. 2199.073-480-3
,J.O. 12179

Leo Martin
Stone &Webster Engineering
P.O. Box 2325
Boston, Mass. 02107

Date Reported: 19 December 1975

Sample Description & Locality: Clay mineral concentrate. IF. less than 1.9 microns.

Material Analyzed: Analyzed as received.

Ar 40 */K 40 = .006575

Argon Analyses:

AGE= 109 + 5 M.Y.

Ar 4 0*, ppm.

.008398

.007870

Potassium Analyses:

%K

1.021
1.007

Constants Used:

Ap =4.72 X 10- 10 / year

Ae =0.585 x 10 -10/ year

K40 /K =1.22 x 10-4 9./9.

Note: Ar 40 * refers to radiogenic Ar 40 •

M.Y. refers to millions of years.

.137

.220

Ave. %K

1.014

2.5D-1

Ave. Ar 40 *,ppm.

.008134

K40 ,ppm

1.237



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE. MA. 02139 • (617)- 876-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. M-3457 Date Received: 9 December 1975

Your Reference: 7F

Submitted by:

P.o. 2199.073-480-3
J.O. 12179

Leo r·'artin
Stone &Webster Engineering
P.O. Box 2325
Boston. Mass. 02107

Date Reported: 19 December 1975

Sample Description & Locality: Clay mineral concentrate, 7F
t

less than 1.9 microns.

Material Analyzed: Analyzed as received.

Ar 4 0 */K 4 0 = .01237

Argon Analyses:

AGE= 200 + 7 M.V.

Ar 4 0*, ppm .

•06fi42
.06679

Potassium .Analyses:

%K

4.420
4.405

Constants Used:

Ap = 4.72 x 10-10 / year

Ae = 0.585 X 10-1 0
/ year

K 4°/K = 1.22 x 10-4 9./9.

Note: Ar 40 * refers to radiogenic Ar 40 •

M.Y. refers to millions of years.

Ar 4 0 */ Total Ar 4 0

.628

.708

Ave. %K

4.412

2.5D-2

Ave. Ar 40 *, ppm.

.06661

K 40 ,ppm

5.383



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE, MA. 02139 • (617)- 876·3691

POTASSIUM-ARGON AGE DETERMINATION

Our Sample No. t1-3458

Your Reference: lOF p.O. 2199.073-480-3
J.O. 12179

Submitted by:
leo f-1art1n
Stone &Webster En~1neer1ng
P.O. Box 2325
Boston. r·fass. 02107

REPORT OF ANALYTICAL WORK

Date Received: 9 December 1975

Date Reported: 19 December 1975

Sample Description & Locality: Clay mineral concentrate, 10F, less than 1.9 microns.

Material Analyzed:

Ar 4
0 *IK 4

0 = .01116

Argon Analyses:

An~lyzed as received.

AGE= 182 + 7 M.V.

Ar 4 0*,ppm.

.06456

.06489

Potassium Analyses:

%K

4.734
4.771

Constants Used:

Ap = 4.72 x 10 -10/ year

Ae == 0.585 x 10 -10/ year

K 40 /K = 1.22 x 10-4 g./g.

Note: Ar 40 * refers to radiogenic Ar 40.

M.Y. refers to millions of years.

Ar 40*1 Total Ar 40

.689

.726

Ave. %K

4.752

Ave. Ar 4 0 *, ppm.

.06473

K 40 ,ppm

5.798

2.50-3



KRUEGER ·ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE, M.... 02139. (617)·Q76.3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Your Reference: 13F

Our Sample No. M-3459

Submitted by:

P.o. 2199.073-480-3
J.D. 12179

leo r·1art1n
Stone & '~ebster Engineering
P.O. Box 2325
Boston, Mass. 02107

Date Received: 9 December 1975

Date Reponred: 19 December 1975

Sample Description & Locality: 11ay mt nera1 concentrate t 13F t less than 1.9 m1 crons ,

Material Analyzed: Analyzed as received.

Ar 4°*/K 4 0 = .009429

Argon Analyses:

AGE= 155 + 6 M.Y.

Ar 4 o*,ppm.

.04239

.04149

Potassium Analyses:

%K

3.r;17
3.675

Constants Used:

A(3 =4.72x 10-1°/ year

Ae = 0.585 x 10-10 I year

K 4 °/K = 1.22 x 10 -4 g./g.

Note: Ar 40 * refers to radiogenic Ar 40.

M.Y. refers to millions of years.

.622

.656

Ave. %K

3.646

2.5D-4

Ave. Ar 4 0 *, ppm.

.04194

K 40 ,ppm

4.448



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET. CAMBRIDGE, MA. 02139 • (617)· al6- 3691

POTASSIUM-ARGON AGE DETERMINA TION REPORT OF ANALYTICAL WORK

Your Reference: 14F

Our Sample No. M-3460

Submitted by:

P.o. 7.199.073-480-3
J.D. 12179

Leo r·'artin
Stone &Webster EnQ1neer~ng

P.O. Box 2325
Boston, '·1ass. 02107

Date Received: 9 December 1975

Date Reported: 19 December 1975

Sample Description & Locality: Clay mineral concentrat~, 14F, less than 1.9 microns.

Material Analyzed:
Analyzed as received.

Argon Analyses:

AGE= l6~ + 6 M.Y.

Ar 4 0*, ppm.

.03884

.03793

Potassium Analyses:

%K

3.112
3.110

Constants Used:

'Ap = 4.72 x 10 -1 0/ year

Ae :: 0.585 x 10-10/ year

K40 IK = 1.22 x 10-4 9'/9.

Note: Ar 40 * refers to radiogenic Ar 40 •

M.Y. refers to millions of years.

Ar 40*1 Total Ar 40

.505

.522

Ave. %K

3.111

AGE = 1 Inr~.p + Ae
Ae + A~ L x,

2.5D-5

Ave. Ar 4 0*,ppm.

.03839

K 40 ,ppm

3.795



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 8LACKSTONE STREET. CAMBRIDGE, MI.. 02139 • (617)· 676-3691

POTASSIUM-ARGON AGE DETERMINATION

Our Sample No. M-3461

Your Reference: 15F P.O. 2199.073-480-3
J.O. 12179

Submitted by: leo Martin
Stone &Webster Engineering
P.O. Box 2325
Boston, Mass. 02107

REPORT OF ANAL YTJCAL WORK

Date Received: 9 December 1975

Date Reported: 19 December 1975

Sample Description & Locality: Clay mineral concentrate, 15F. less than 1.9 microns.

Material Analyzed: Ana lyzed as rece1 ved.

Ar 4°*/K 4
0 = .01095

Argon Analyses:

AGE= 178 + 7 M.Y.

Ar 4 0 *, ppm.

.05717

.05624

Potassium Analyses:

%K

4.237
4.254

Constants Used:

~ =4.72 X 10-1 0
/ year

Ae =0.585 x 10 -10/ year

K 4°/K == 1.22 x 10-4 g./g.

Note: Ar 40 * refers to radiogenic Ar 40.

M.Y. refers to millions of years.

.634

.678

Ave. %K

4.245

AGE = 1 In rA~ + Ae
i\e + XIJ t x,
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Ave. Ar 40 *, ppm.

•05671

K40 ,ppm

5.179



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE, MA. 02139 • (617)- 816· 3691

POTASSIUM-ARGON AGE DETERMINATION

Our Sample No. r·1- 3509

REPORT OF ANALYTICAL WORK

Date Received: 19 r~arch 1976

Your Reference: C-1 J.D. 12179 Date Reported: 26 March 1976
P.O. 2199.073-480-5

Submitted by: Leo Martin
Stone &Webster Engineering Corp.
P, O. Box 2325
Boston. Mass. 02107

Sample Description & Locality: Clay samp1e C-1.

Material Analyzed: Prepared clay sample, analyzed as received.

Ar 4 ° */K 4 0 = .01029

Argon Analyses:

AGE= 168 + 9 M.Y.

Ar 4 0 * , p p m •

•004495
.005471

Potassium Analyses:

%K
.391
.403

Constants Used:

A(j = 4.72x 10-10 / year

Ae = 0.585 X 10-1 0
/ year

K 40 /K :: 1.22 x 10 -4 9./9.

Note: Ar 40. refers to radiogenic Ar 40.

M.V. refers to millions of years.

Ar 40*/ Total Ar 40

.057

.037

Ave. %K

.397
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Ave. Ar 40 *, ppm.

.004983

K40 ,ppm

.484



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE, MA. 02139. (617)·876-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Your Reference: C-2

Our Sample No. t1-3510

Submitted by:

J.D. 12179
P.O. 2199.073-480-5

leo r1artin
Stone &Webster Engineering Corp.
P. O. 130x 2325
Boston, ~ass. 02107

Date Received: 19 r~arch 1976

Date Reported: 26 March 1976

Sample Description & Locality: Clay sample C-2.

Material Analyzed: Prepared clay samp1e , ana1yzed as rete; ved •

Ar 40 */K 40 = .01184

Argon Analyses:

AGE = 192 + 9 M.V.

Ar q 0 *,ppm.

•008829
.008703

Potassium Analyses:

%K

.598
.616

Constants Used:

Ap ::: 4.72 X 10-J O / year

Ae = 0.585 X 10-1 0 / year

K40/K = 1.22 x 10-49'/9.

Note: Ar 40 * refers to radiogenic Ar 40.

M.Y. refers to millions of years.

Ar 40*/ Total Ar 40

.106

.089

Ave. %K

.607
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Ave. Ar 40*, ppm .

.008766

K40 ,ppm

.740
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KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE, MA, 02139. (617)·876-3691

POTASSIUM-ARGON AGE DETERMINATION

OUf Sample No. r1-3511

REPORT OF ANALYTICAL WORK

Date Received: 19 narch 1976

Your Reference: C- 3 J. O. 12179
P.O. 2199.073-430-5

Date Reported: 26 l"1arch 1976

Submitted by:
Leo r1artin
Stone &Hebster Engineering Corp.
P. O. r30x 2325
Boston t ;1ass. 02107

Sample Description & Locality: Clay sample C-3.

Material Analyzed: Prepared clay sample, analyzed as received.

Ar 4°*/K 4 0 = .01222

Argon Analyses:

AGE= 198 + 9 M.V.

Ar 40*, ppm . Ar 40*/ Total Ar 40 Ave. Ar 4 0 * , ppm.

•01165 .OR2 .01173
.01181 .070

(rJote: A third analysis gave .00900 ppm Ar40* but the atmospheric argon content of
that fusion was triple that of the reported analyses and the data uas rejected.

Potassium Analyses:

%K

.790

.784

Ave. %K

.787

K40 ,ppm

.960

Constants Used:

Ajj = 4.72 x 10-10/ year

Ae = 0.585 x 10 -1 o/ year

K 40 /K = 1.22 x 10-4 g./g.

Note: Ar 40 * refers to radiogenic Ar 40.

M.V. refers to millions of years.

AGE = 1 Inr~~ x Ar
4 0

* + 1J
Ae + ~ t x, K 40
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KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION
24 BLACKSTONE STREET. CAMBRIDGE, MA. 02139 • (617)-816.3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. r'1-3512

Your Reference: C- 4

Submitted by:

Date Received: 19 f.1arch 1976

J.D. 12179 DateRepo~: 26 March 1976
P.O. 2199.073-480-5

Leo Hartin
Stone &Webster Engineering Corp.
P. O. Box 2325
Boston, Mass. 02107

Sample Description & Locality: C1 ay sample C-4.

Material Analyzed: Prepared clay sample, analyzed as received.

Argon Analyses:

AGE = 181.:!:. 10 M.Y.

Ar 40*,ppm.

•004012
.004290

Potassium Analyses:

%K

.307
.306

Ar 40*/ Total Ar 40

.042

.032

Ave. %K

.306

Ave. Ar 40 *, ppm•

.004151

K40, ppm

.373

Constants Used:

Ap =4.72x 10-10/year

Ae = 0.585 X 10-1 0 / year

K 40 IK = 1.22 x 10-4 9./9,

Note: Ar 40 * refers to radiogenic Ar 40.

M.Y. refers to millions of years.

AGE = 1 InrXp + he X Ar 40 * + 1J
Ae + A{j L x, K 40
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KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

W*

24 BLACKSTONE STREET. CAMBRIDGE, MA. 02139. (617)·876.3691

POTASSIUM-ARGON AGE DETERMINATION

Our Sample No. M-6233

Your Reference: r ,o, #2199.073-480

REPORT OF ANAL YTiCAL WORK

PRIORITY SAMPLE
Date Received: 6/4/82

Date Reported: 6/7/82

Submitted by: Frank S. Vetere
Stone & Webster Engineering Corp.
P.O. Box 2325
Boston, MA 02107

Sample Description & Locality: Sample A, less than 2 micron fau1 t gouge,
Millstone Nuclear Power Station - Unit 3.

Material Analyzed: clay sample, analysed as received.

Ar 40 *IK 40 = .008608

Argon Analyses:

AGE= 142 +/- 6 M.Y.

Ar 4°*,ppm.

.02139

.02127

Potassium Analyses:

%K

2.051
2.011

Constants Used:

Ap =4.72 X 10-10 / year

Ae = 0.585 x 10 -10/ year

K 40/K == 1.22 x 10 -4 9./9.

.752

.728

Ave. %K

2.031

Ave. Ar 40*, ppm.

• 02133

K 4°,ppm

2.478

Note: Ar 40 * refers to radiogenic Ar 40.

M.V. refers to millions of years.
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APPENDIX 2.5E

SEPARATION OF <2~ FRACTION AND CLAY ANALYSIS

OF SAMPLES B, C, D (ESP BUILDING)

AND P-1 AND P-2(PUMPHOUSE)

June 1979

Robert C. Reynolds, Jr.
Professor of Geology

Dartmouth College
Hanover, New Hampshire



Dartmouth College HANOVER· NEW HAMPSHIRE· 03755

Department ofEarth Sciences > TEL. (603) 646-2373

January 8, 1980

Mr. R. Hike
stone and Webster Engineering Corp.
P.O. Box 2325
Boston, Mass. 02107

Dear Mr. Hike:

r have examined samples of P-l and P-2, fault gau<Je
J.O. 12179, and find that they contain insufficient illite
for dating purposes. The samples were fractionated into
three size ranges in an attempt to eliminate kaolinite and
smectite interference, but the procedure was unsuccessful.
The data are shown in the table below:

< 0.5lJ P-l smectite - kaolinite

< 0.5lJ P-2 smectite - kaolinite - illite (trace)

< 2.0lJ P-l kaolinite - smectite

< 2.0lJ P-2 kaolinite - smectite - illite (trace)

< 5J.1 P-l kaolinite - smectite (trace)

< 5lJ P-2 kaolinite - smectite (trace)

Underlined names mean that the mineral is dominant.
Trace means that the mineral's stronqest peak is <5% of
the intensity of the strongest peak of the dominant mineral.

As the data show, P-l contains no apparent illite, and
P-2 contains only trace amounts.

The kaolinite in both samples is very well crystallized as
evidenced by its concentration in the fine silt fraction and
the very sharp (narrow) character of its diffraction peaks.
Such kaolinites are usually hydrothermal. The sedimentary
varieties, formed by weathering, give more diffuse diffraction
patterns. Hydrothermal kaolinites are usually taken as evi
dence of acidic solutions. More alkaline solutions are apt
to form montmorillonite or illite.

The original job called for clay identification, illite
polymorph analysis, and separation of illite for dating pur
poses. The price was $170 per sample. Because the time-



consuming step of separating illite was not done, I request
payment of $50/samp1e, or a total of $100. The samples are
returned under separate cover.

Sincerely,

(-'.,/:, '.1"
. . / (......_! ..~,...-..,) ..... ..(1

R~berti2.)~~ynoi~s, Jr.
Professor of Geology

RCR/sgo



Separation of < 2jJ Fraction and Clay

Analysis of Samples B, C, and D

Job Order No. 12179

CONCLUSIONS

Sample C is unsuitable for age determinations related

to fault movement because it contains abundant feldspar and in

addition, the mica may not be syngenetic with faulting. Sample

B is unsuitable because it is essentially pure smectite. Sample

D is marginally suitable; it contains abundant smectite with some

mica (illite?).

All three samples contain abundant smectite whose crystal-

linity suggests that it

the fault.

PP.OCEDURE

formed by hydrothermal alteration along

Three samples, labeled B, C, and D were received from Stone

and Webster Engineering Corp. These were treated according to the

following scheme except for variations noted below:

1. Soak bulk sample for 1 hour in distilled water.

2. Stir suspension with electric stirrer.

3. If clay flocculates, decant and add fresh water until
clay is apparently dispersed.

4. Add 0.01 N sodium pyrophosphate to promote dispersion.

5. Stir, settle 10 minutes to remove sand and silt, and
transfer the supernatant to centrifuge cups.

6. Centrifuge for 10 minutes at 450 rpm (size 2 International
centrifuge) to extract < 2l-1 material.

7. Flocculate with dilute Hel and rewash with centrifuge
to concentrate the clay in a smaller volume.

2.5E-1



8. Extract alliquot of suspension, pipette onto glass
slide, and oven dry at lOSoC for clay analysis.

9. Flocculate the remainder of the suspension with dilute
Hel, centrifuge, and dry the sediment at 105°C. Grind
to a powder in an alundum mortar.

10. Pack alliquot of dry powder in recessed aluminum sample
holder for polytype analysis.

11. Run X-ray pattern of glass slide over the range of
50 to 2° 28 (CuKa radiation). Interpret the clay
pattern.

12. Solvate the slide with ethylene glycol (vapor method)
at 60°C and reanalyze by X-ray diffraction to detect
smectites if present.

13. X-ray the dry powder over the angular range 50 to
2 028 (CuKa) .

14. Run diffraction pattern calibration check on diffracto
meter using "permaquartz" slab. Step scan over the lola
to ascertain that is within ± 0.02°28 of the nominal value
of 26.664°28 (CuKa radiation). (Parrish, W., 1948, Philips
Lab. Inc. Tech. Rept. No. 17.)

Sample D contained much smectite and some illite. It was

saturated with Na to remove exchangeable K by suspending it in

IN NaCl and centrifuging to remove the supernatant; the procedure

was repeated three times and the sample was washed to dispersion

by repeated centrifugation from distilled water. Sample B consists

of essentially pure smectite, so no randomly oriented diffraction

pattern was prepared for this 5ample.

RESULTS

Sample C consists of mica, smectite, quartz, and feldspar.

The mica 002 is very weak compared to the 001, thus the mica is

probably a trioctahedral species such as biotite or phlogopite.

Such materials are most likely derived from igneous and/or meta-

morphic lithologies and thus are probably not authigenic to the

2.SE-2



fault gouge. This finding, plus the abundant feldspar lines present,

makes this sample unsuitable for radiometric age measurement if that

measurement is used to date the time of last fault movement. An

age would probably relict the age of the wall rock.

Sample D is mostly smectite with some (~IO%) illite. The

abundance of illite is so low that hk£ reflections could not be

observed on the randomly oriented dry powder. Consequently, the

mica polytype is unknown and unknowable. This material could probably

be used for an age measurement of fault movement, but the resulting

age would be subject to some uncertainty of meaning.

Sample B is. essentially pure smecti te wi th just a suggestion

of trace amounts of mica. It was judged unsuitable for age measure

ment and its <2~ fraction was discarded.

Samples C and D were used to completion. The <2~ powder

provided to Stone and Webster is the total <2~ material from these

samples. Sample B, bulk material as received, will be returned.

DISCUSSION

All three samples contain well crystallized smectite. In

fact, the <2~ fraction of Sample B is almost as pure as many of

the A.P.I. standard bentonites such as the Clayspur, Santa Rita,

and Belle Fourche. The diffraction pattern of the glycol-solvated

oriented film shows intense, sharp OO~ reflections. Sample D is

rich in similar material and Sample C contains some of it.

Srnectites are commonly formed by hydrothermal activity

(Grim and Guven, 1978, p. 131; Takeshi, 1978, p. 221). Other

origins include pedogenic weathering of mica and after-burial

alteration of volcanic ash beds. The latter is inappropriate here,

2.5E-3



and smectites formed by weathering produce diffuse, weak

diffraction patterns that are unlike the ones observed from these

samples. The conclusion seems certain that the smectites in

samples B, C, and 0 were formed by hydrothermal alteration of

fault gouge at some time during or after faulting.

REFERENCES

Grim, R.E., and Guven, N. (1978) Bentonites: Geology,

Mineralogy, Properties, and Uses. Elsevier Press.
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and Clay Minerals of Japan. Elsevier Press.

Robert C. Reynolds, Jr.
Professor of Geology
Dartmouth College
Hanover, NH 03755
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1. INTRODUCTION

1.1 PURPOSE

The purpose of this report is to present the resultsof laboratory tests performed on undisturbed silty sandsamples from the site of Millstone Nuclear Power Station,Unit 3, in Waterford, Connecticut. The testing was donein order to evaluate the dynamic response characteristicsof the subsoils in the area of the circulating and servicewater pump house.

1.2 SCOPE

A total of nine 3-in.-diameter, fixed-piston samplesfrom seven borings were delivered to Geotechnical EngineersInc. by Stone & Webster Engineering Corporation on June 13,1975. Based on the condition of the tube and of the soilin the tube, seven samples were chosen for cyclic triaxialtesting. All samples were described and the testing programconsisted of:

6 Cyclic Triaxial (CR) Tests
2 Resonant Column (RC) Tests
1 Small Strain Cyclic Triaxial (E) Test

11 Grain Size Distribution Determinations
3 Specific Gravity Determinations

1.3 AUTHORIZATION

The work reported herein was authorized by Stone & Webster Engineering Corp. under purchase order No. 2199.082-521,for Stone & Webster Job Order No. 12179.

2.5F-1
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2. OUTLINE OF GENERAL TESTING PROCEDURE

2.1 CONTROL OF THE LENGTH OF THE SAMPLES

Stone & Webster personnel transported the samples from
the field to the Geotechnical Engineers Inc. laboratory in
Winchester, Massachusetts where the samples were handled at
all times in an upright position. The distance from the top
of the tube to the top of the sample was measured in the
laboratory prior to testing for comparison with the same
measurement made in the field by Stone & Webster personnel
after the sample came out of the borehole. Compaction of
the sample during handling would have resulted in an increase
in the measured distance. Table 1 lists the measured dis
tances and the apparent sample compression or expansion.

Samples UP3 and UP4 from boring P-3 were not measured
in the field so it was not possible to determine apparent
sample compression. Samples UPI from boring P-4, UP2 from
boring P-7 and UPI from boring P-8 all showed apparent sample
expansion of from 1.6 to 5.6 em. The apparent sample ex
pansion may be due to measurement inaccuracy, or from move
ment of the sample in the tube if during transportation from
the field to the laboratory the sample was placed in a hori
zontal position. These samples were used for resonant column
and cyclic load tests. The results of these tests would
underestimate the strength of the soil if the apparent ex
pansion were real and not the result of error in measurement.
Sample UPI from boring P-IO had an apparent sample compression
of 3.0 ern and was not used for triaxial testing. A difference
of a fraction of a centimeter was considered likely to be the
result of measurement error due to an uneven end of the sample,
loss of soil during removal of the wax seal, or to the mea
suring stick indenting the soil.

2.2 EXTRUSION OF SAMPLES FROM THE TUBES

Before the samples were cut and extruded the wax-sealed
plastic caps and wax seals at the top and bottom of the sample
were removed. The cutting edge diameter of the tube was mea
sured and nicks or dents in the tube were noted in the indi
vidual sample descriptions (Appendix A). All the tubes but
P-7, UPIC had cutting edge diameters ranging from 98.2% to
99.0% of the inside diameter. The cutting edge diameter of
tube P-7, UPI could not be accurately measured because of
the damage suffered by the cutting edge during sampling. Due
to the limited number of samples available this sample was
used for testing.

2.5F-2
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A section of the tube about 7 to 8 in. long was cutwith a tube cutter while maintaining the tube in an uprightposition. The pressure applied by the tube cutter was keptto a minimum to avoid deforming the tube. The tube andsample were weighed. To prevent sample disturbance duringextrusion a bevel tool was used to bend out and smooth thesharp edges of the tube where it was cut. The sections ofa given tube were designated A, B, and C starting from thetop.

The sample was trimmed in the tube to a length of about17.0 cm. A porous disc was placed at the bottom of thesample before extrusion if additional support after extrusion and during transfer to the triaxial cell was required.The specimen was then extruded vertically into a membranestretched by vacuum on a membrane stretcher. After weighing,the specimen was placed in the triaxial cell. A vacuum ofabout 27 inches Hg was applied l) to prevent disturbance ofthe specimen while measuring the specimen and during assemblyof the cell.

l)NO vacuum was used on the E-test specimen. Par Test RC-2a vacuum of only 10 inches Hg was applied to the specimen.

2.5P-3
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3. SAMPLE DESCRIPTIONS AND INDEX TESTS

3.1 SAMPLE DESCRIPTIONS

After completion of each cyclic triaxial test, the speci
men was carefully removed from the cell. The specimen was
then sliced longitudinally and described. The sample desc
riptions for each section extruded are presented in Appendix A.

The samples tested were generally a brown micaceous
silty medium to fine sand, except sample P-7 UPIC (used for
test CR-6) which was a slightly silty coarse to fine sand.
All specimens contained layers of fine sand or silty fine
sand, or more micaceous sand, from 1 mrn to 2 em thick, ex
cept samples P-7 UPIC and P-8 UPIC. Sample P-7 UPIC had no
apparent stratification and contained some gravel particles
up to 1.5 cm in diameter. Sample P-8 UPIC was a layered silty
fine to medium sand, with layers of stiff brown silty clay
from I rom to 5.0 cm thick and one layer of clean orange-
brown medium to fine sand, 2 cm thick, at the top of the
specimen. Relative density determinations were not performed
because of the stratification observed in the samples.

3.2 UNIT HEIGHTS AND WATER CONTENTS

The unit weight of each extruded sample section was de
termined both in the tube and in the triaxial cell. The
length and weight of a sample section was first determined
in the tube. All trimmings were retained together with any
soil which remained in the tube after extrusion of the section.
The trimmings were then oven dried and weighed.

After extrusion and before placement in the triaxial cell,
the sample was weighed while in the membrane stretcher. With
the specimen in the cell and under a vacuum, the dimensions
were rletermined. After completion of the triaxial test and
sample description, the sample was oven dried and weighed.
This weight was used to determine the initial dry unit weight
and water content of the triaxial specimen. The dry weight
of the sample was added to the dry weight of the trimmings
to determine the dry unit weight and water content in the tube.
The dry unit weights and water contents ranged from 86.4 to
107.5 pcf and 20.1 to 33.7%, respectively. All unit weight
and water content determinations are listed in Table 2.

2.5F-4
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3.3 GRAIN SIZE TESTS

After each sample specimen had been oven dried a sieve
analysis was performed on soil from the zone or zones of
maximum deformation. In the case of the resonant column
tests and the E test, where only small strains developed,
a sieve analysis was performed on a representative sample
of the entire specimen. The grain-size distribution curves
for each specimen are shown in Figs. 1 to 11.

3.4 SPECIFIC GRAVITY TESTS

After the specimens used for the resonant column tests
and E test were oven dried, a representative sample of each
specimen was used for specific gravity determinations. The
following values of specific gravity were obtained:

Boring Sample Specific
Gravity

P-3 UP4B 2.75
P-4 UPIB 2.76
P-7 UP3B 2.77

The relatively high values of specific gravity can be at
tributed to the presence of appreciable amounts of musco
vite and biotite, which have specific gravities from 2.8
to 3.1.

2.5F-S
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4. CYCLIC CONSOLIDATED-UNDRAINED TRIAXIAL (CR) TESTS
....;0.

4. 1 PROCEDURE

The specimens were placed in the triaxial cell as described in Section 2. After the cell was assembled a smallconfining pressure of 0.5 kg/cm2 was applied. Water was admitted to the specimen until the vacuum applied prior toassembling the cell was dissipated. The specimens were consolidated isotropically at effective confining pressures of0.50 kg/cm2 or 1.0 kg/cm2, which were selected to be approximately equal to the effective overburden pressure acting onthe soil in the ground. To investigate the influence of theconfining pressure on the test results, test CR-9 and CR-6were consolidated at lower and higher confining pressures,respectively, than their in-situ condition. Back pressuresin the order of 14.0 kg/cm2 were used to ensure saturationof the specimens, which was checked by determining the Bvalue. The specimen was considered saturated if the B valuewas 0.95 or higher.

After saturation the drainage valves were closed. Acyclic load, approximately symmetrical in extension and compression was applied at a frequency of about one cycle every2 to 3 seconds until axial extension failure or 10% doubleamplitude strain occurred. A continuous record was made ofthe axial load, axial deformation, and pore pressure. Atypical example of a portion of such a record is shown inFig. 12.

4.2 RESULTS

Table 3 presents a summary of the results of all cg tests.Included are the number of cycles to reach momentarily 03 ~ 0for the first time, to reach double amplitude strains of 2.5%,5%, and 10%, and to reach axial extension failure, and thedouble amplitude strain at the cycle immediately precedingaxial extension failure.

The individual test results of all CR tests are presented in Figs. 13 to 18 by the following plots of cyclicnumber versus:

Peak deviator stress in compression and extension.
Peak axial strain in compression and extension

and double amplitude strain.
Induced pore pressure at the end of each cycle.

2.5F-6
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Figs. 19 to 24 are summary plots of the cyclic deviatorstress ratio and the cyclic deviator stress versus the number of cycles to reach 2.5%, 5%, and 10% double amplitudestrain. Because only two specimens reached axial extensionfailure, no summary plot was made of cyclic deviator stressversus number of cycles to reach axial extension failure.Plots of cyclic deviator stress and cyclic stress ratio toreach double amplitude strains of 2.5%, 5%, and 10% in fiveto ten cycles versus effective consolidation pressure foreach soil type (Items 11 and 12 in Section 3.4 of Stone &Webster Scope of Work 2199.082-521) were not possible dueto the limited number of tests performed.

4.3 COMMENTS

When the axial deformation of the specimens during theCR tests became large enough to be visible, it was observedthat the axial strain would be concentrated in one or twozones of the specimen. The zones of excessive axial deformation could be identified by necking or bulging during extension and compression, respectively. In two tests (CR-Iand CR-8) the specimens failed in extension by necking.

Two zones of concentration of deformation were notedin tests CR-4 and Cn-5. The specimen in test CR-4 neckedone-third of the way from the top and bottom in zones ofsilty fine sand. The specimen in test CR-5 developed maximum deformation in layers of silty fine to medium sand aboveand below a 4-cm layer of stiff brown sandy silty clay, inthe top one-third of the specimen.

The vacuum applied to each CR test specimen to preventdisturbance during measurement of the specimen and assemblyof the triaxial cell may have influenced slightly the CRtest results. The vacuum, about 27 inches of mercury, ineffect preconsolidated each of the specimens to about0.93 kg/cm2.

The pore pressure was measured by means of an electrictransducer connected to the top and bottom of the sEecimen.Under the relatively rapid loading applied in the CR teststhere is not enough time for the pore pressure to equalizealong the sample, except perhaps in the cleaner sands. Thus,in some CR tests there is not enough time for the pore pressure to equalize along the sample, except perhaps in thecleaner sands. Thus, in some CR tests the recorded pore pressure probably did not represent the pore pressure in the mosthighly strained zone of the specimen.

2.5P-7
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The induced Eore pressuri-was plott~d versus the cyclenumber for each CR test (Figs. 13 to 18). The pore pressurewas determined by reading the maximum induced pore pressurerecorded in each ·cycle. The maximum induced pore pressureoccurs when the axial load on the specimen is zero, that iswhen the load changes from_extension to comEression. Thenumber of cycles to reach 03 ~ 0 for each_CR test is presented in Table 3. In three of the six CR tests the inducedpore pressure became very close to but did not reach the effective consolidation pressure. In those cases (CR-l, CR-4,and CR-9) the number of cycles to reach 03 ~ 0 listed inTable 3 was determined by choosing the cycle in which theinduced pore pressure became very close to the effective consolidation pressure and then continued to approach the effective consolidation pressure asymptotically.

2.5P-8
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5. SHEAR MODULUS DETERMINATIONS

Two types of tests were performed to determine theshear modulus of the soil, namely resonant column testsfor shear strain amplitude of about 3 x 10-6mm/mm to
10-4. mm/mm and c~clic triaxia!3(E) tests for shear strainamplltude of 10- mm/mm to 10 rom/rom. Two resonant column tests and one E test were performed.

5.1 PROCEDURE - RESONANT COLUMN TEST

The specimens were removed from the tubes as described in Section 2, placed in the resonant column cell,and subjected to a vacuum as indicated in Table 2 whileassembling the cell. The specimens were then back-pressuresaturated before beginning the shear modulus determinations.

The shear modulus was determined as a function ofsingle amplitude shear strain for a sequence of effectiveconfining pressures. Torsional vibrations were applied tothe "free" end of the sample through four permanent magnetsattached to the top cap of the sample and moving inside fourfixed coils to which a sinusoidally varying voltage was applied. The moving magnets applied a cyclic torque to the"free" end of the specimen and the frequency of the torqueforcing the sample vibrations was increased until resonancewas reached. The amplitude of specimen vibration was monitored using an accelerometer attached to the top cap. Resonance was detected when the voltage output of the accelerometer reached a maximum. The corresponding frequency wasmeasured using an oscilloscope.

The single amplitude shear strain was calculated as afunction of frequency, accelerometer output and specimendimensions. The shear strain amplitudes reported occuralong" the outer perimeter of the specimen where they are amaximum.

The shear modulus was computed from the shear wave velocityaccording to the formula:

G = EVs 2

where
G = shear modulus
E = mass density of specimen
Vs = shear wave velocity

2.5F-9



-10-

Damping determinations at resonance involved simultaneously switching off the input voltage to the coils and photographing the decaying trace of the accelerometer output onthe oscilloscope. The damping ratios were then computed asa function of the peak-to-peak amplitude of the accelerometer output voltage as measured from the photographs.

A schematic of the equipment arrangement is shown inFig. 28.

5.2 PROCEDURE - E TEST

The specimen was consolidated and saturated in the samemanner as the CR test specimens. In contrast to the resonant column test specimens, no vacuum was applied to thesample while assembling the cell.

The elastic modulus was determined ~s a function ofaxial strain in the range of 10- 4 to 10- mm/mm for a seriesof effective confining pressures. Several series of different repeated compressive deviator stresses were applied tothe specimen for four to six load repetitions each. Usingan X-Y recorder, a record of axial deformation and load wasobtained from which the elastic modulus and damping valueswere obtained. After each determination, the drainage valveswere opened to allow the induced pore pressure to dissipate.At the completion of the modulus determinations for a giveneffective confining pressure, the cell pressure was raisedand the specimen consolidated to the next higher effectiveconfining pressure for the next series of determinations. Forthe purposes of presenting the data, the elastic modulus andaxial strain values from the E test were converted to shearmodulus and shear strain, respectively, using a Poisson'sRatio of 0.5.

5.3 RESULTS

The data obtained from the two resonant column tests andthe E test are combined in Figs. 25 and27 to show the relationship between shear modulus and damping ratio, respectively,versus shear strain for the full range of shear strains tested.The relationship between the maximum shear modulus versus theeffective consolidation pressure is shown-in Fig. 26.

As stated previously, a vacuum was applied to the resonant column test specimens to facilitate the assembly of thecell prior to applying an initial cell pressure of 0.5 kg/cm2.

2.5F-10
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For RC-l a vacuum of 27 inches of mercury ( 0.93 kg/cm2) was
used while for RC-2, a vacuum of 10 inches of mercury
( 0.3 kg/cm2) was used. Upon the application of cell pres
sure of 0.5 kg/cm2, the specimens were consolidated to 1.4
and 0.8 kg/cm2 for RC-l and RC-2, respectively. After re
lease of the vacuum the effective consolidation pressure
was reduced to the value of the cell pressure (0.5 kg/cm2).

This may partially explain the higher values of shear modulus
obtained from RC-l as compared to RC-2 at the effective con
fining pressure of 0.5 kg/cm2 (see Fig. 25).

The data obtained show the following general trends:

1) A decrease in shear modulus with increasing
shear strain.

2) An increase in shear modulus with increasing
effective confining pressure.

3) An increase in damping ratio with increasing
shear strain.

4) A slight decrease in damping ratio at a given
level of strain for increasing effective con
fining pressure.

2.5F-11



TABLE 1 - CONTROL OF LENGTH OF TUBE SAMPLES
MILLSTONE NUCLEAR POWER STATION

Boring Sample Distance From Top of Tube Apparent Sample
to Top of Sample

No. No.
Compr~:,sion

Field Lab
(b) - (a)Measurement Measurem0.nt

(a) (b)

cm em cm

r-- 3 UP 3 1)
55.6- -

P-3 UP4
1)

20.1- -

P-4 UP 1 ]0.5 211.9 -s. ()

P-7 UP 1 49.5 49.3 -0.2

P-7 UP 2 31.8 30.2 -1.6

P-7 UP 3 22.9 22.7 -n./.

P-8 UP 1 43.2 41.2 -2.n

P-IO UP 1 54.6 57.6 +3.0

Note: 1) Measurement not taken in the field.

Geotechnical Engineers Inc.
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DESCRIPTION OF UNDISTURBED SAMPLES
P-3BORING NO. _

UP3 27.0 ft

Projecf No. s & W 1217_~~I 75244
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Section
No.

A

B

C

Length of
Section

in.

15.0

7.5

7.5

De scription

VOID

NOT EXTRUDED. Top 6.9 in. of section is
void.

Bottom 0.63 in. of section is void. Dark
brown micaceous slightly silty layered
medium to fine sand. Coarse sand and
gravel pieces, 2 mm to I cm in diameter,
scattered throughout the specimen. Sand
and silt layers are horizontal with a
dark brown silt layer I to 2 mm in thick
ness. Sample used for Test CR-8. Speci
men failed by necking 2.5 in. from the
top. Grain size distribution determined
for failure zone (Fig. 1).

Note: There were several small nicks in
the tube cutting edge, one about 5 rom long
by 2 rom deep.

o

em, Ruler* 15

em, Ruler" 20

"f
I

<:'-1

..g Distance from fop of tube to top of sampl e = 21. 9 in. ) = 55.6
~ Distance from bottom of tube to bottom of sample: 0.63 in,: 1.6Rema rks

_
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DESCRIPTION OF UNDISTURBED SAMPLES
BORING NO. __P_--3----

32.0 ftUP4SAMPLE NO. DEPTH _
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Section
No.

A

B

c

Length of
Section

in.

15.40

7.06

7.54

Description

NOT EXTRUDED. The top 8.05 in. of section
was void.

Brown micaceous silty fine sand. Contains
layers of brown fine sandy silt up to
3 rom in thickness. Layering is concen
trated in top one-half of specimen. Used
for Test RC-l. Grain size distribution
determined on a representative sample from
the lower one-half of the specimen
(Fig. 2).

Bottom 0.6 in. of section was void.
Layered brown micaceous silty fine sand.
Layers are 1-2 rom thick and are horizontal
from the middle of the sample to the bot
tom. Layers at the top of the sample are
at 45

0
to the horizontal. Used for Test

CR-l. Specimen failed in extension.
Test stopped in compression cycle so zone
of necking not apparent. Grain size dis
tribution determined for a representative
sample of the specimen (Fig. 3).

o

>
Q)
~

5

5

5.05 20 1 *~ Distance from fop of tube to top of sample =___ in. ,= __' cm, Ruler _

~ Distance from bottom of tube to bo1tom of sample= 0.6 in,= 1.6 cm,Ruler =#=_-';"--_
Rema rks _
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DESCRIPTION OF UNDISTURBED SAMPLES
BORING NO. __P-_4 _
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Section
No.

A

B

C

Length of
Section

In.

15.44

7.17

7.36

5.0 ft

Pro j ec t No. S & W 12179_~I 75244

De scriptIon

NOT EXTRUDED. The top 9.8 in. of section
was void.

Brown micaceous fine sand. Contains al
ternating darker layers, 1-2 rom thick,
with a greater percentage of biotite
mica, at approximately 150 from horizontal .
Used for Test RC-2. Grain size distri
bution determined on a representative
sample (Fig. 4) .

Bottom 0.5 in. of section was void.
Brown micaceous silty fine sand. Con
tains layers of dark brown silt, 1-2 rom
thick, at 150 to the horizontal and one
layer of fine sand 5 rom from the top.
The bottom 2.5 cm of specimen was very
silty fine sand. Used for Test CR-2.
Test void due to specimen disturbance.
Grain size distribution determined on a
representative sample (Fig. 5).

c m, Ruler.:#: 5

cm,Ruler=#= 5

"@ Distance from top of tube to top of sample: 9.80 in. J= 24.9
H Distance from bottom of tube to bottom of sample: 0.51 in): 1.3Remarks

_
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DESCRIPTION OF UNDISTURBED SAMPLES
BORING NO. __P_-7 _
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Section
No.

A

B

C

Length of
Section

In.

15.0

7.32

7.68

12.0 ft

De scription

VOID.

NOT EXTRUDED. Top 2.92 in. of section
was void.

Bottom 0.7 in. of section was void. Tan
and light brown slightly silty fine to
coarse sand. Contains some particles up
to 1.5 cm in diameter, a noticeable
quantity of mica, and appears widely graded
with no visible layering. Used for Test
CR-6. Specimen failed by necking 6.5 cm
from the top in an area 4 cm thick. Grain
size distribution determined for the zone
of maximum deformation (Fig. 6).

Note: The tube cutting edge had two
large dents, 0.6 cm deep and 0.5 cm deep.

~ Distance from fop of tube to top of sample: 19.4 in. ,= 49.3 c m , Ruler=#: 9

~ Distance from bottom of tube to boftom of sample: 0.70 in,: 1.78 cm,Ruler "#= 5
Remarks _
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DESCRIPTION OF UNDISTURBED SAMPLES
BORING NO. __P--7- _

19.5 ftUP-2__________ DEPTH _SAMPLE NO.

Pro jec f No. __~Ji~2.U~--GEI 75244
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Section
No.

A
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Section
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15.74

6.78

7.5

De scription

NOT EXTRUDED. Top 11.9 in. of sectlon
was void.

Brown micaceous uniform silty fine spnd.
Contains many layers of light brown
sand and layers of fine san~ with mica
particles. Used for Test CR-9. Sample
appeared cracked one-third of the way up
from the bottom prior to the test. The
specimen failed by necking in the top one
third of the sample. Grain size distri
bution determined for the zone of maximum
deformation (Fig. 7).

Bottom 0.6 in. of section was void. Lay
ered micaceous slightly silty fine sand.
Contains layers of rust colored fine
sand up to 2 mm thick, and many layers of
fine sand and mica from 1 mm to 3.5 cm
thick. Used for Test CR-3. Test void
due to specimen disturbance. Grain
size distribution determined on a repre
sentative sample (Fig. 8).
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Q)

H
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I

C'l

in., = 30.23 c m , Ruler=#: 18

0.6 in, = 1.53 cm J Ruler + 18

~ Distance from fop of tube to top of snrnp l e = 11.9

f-4 Distance from bottom of tube to bottom of sample=
Remarks _
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P-7

DESCRIPTION OF UNDISTURBED SAMPLES
BORING NO. _

UP3 29.5 ft

Project No. S & W 12179, GEl 75244
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Section
No.

A

B

c

Leng th of
Section

In.

16.10

6.50

7.40

Description

NOT EXTRUDED. Top 8.9 in. of section was
void.

Light brown micaceous silty fine sand.
Contains silty fine sand layers, 3 rom
to 4 rom thick, at the top and lower one
third of the specimen. Used for Test
E-l. Grain size distribution determined
on a representative sample (Fig. 9).

Bottom 0.6 in. of section was void.
Light brown silty fine sand. Contains
a few layers of fine sandy silt from
1 to 4 rom thick. Used for Test CR-4.
Specimen hact some necking at two points,
one-third from the top and bottom. Grain
size distribution determined for the two
zones of ma~imum deformation combined
(Fig. 10).

o

>
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H

-;:j-I
I

C'l

22.7 em, Ruler.:#- 18

1.4 em, Rul er"* 18

in. ,=
0.6 in, =

~ Distan ce from fop of tube to top of somp! e = 8.9

~ Distance from bottom of tube to bottom of sample=
Remar ks _
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DESCRIPTION OF UNDISTURBED SAMPLES

BORING NO. __P_--8----

UPI 12.0 ft

Project No. S & W 1217:J, GEl 75244
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Section
No.

A

B

C

Length of
Section

In.

15.0

7.6

7.4

De scription

VOID.

Top 1.2 in. of section was void.

Bottom 0.6 in. of section was void.
Layered silty fine to medium sand and
stiff brown silty clay. Layers of fine
to medium sand from 0.5 cm to 2.0 em and
stiff brown silty clay layers ~.O and
5.0 cm thick. Used for Test CR-5. Speci
men had some necking at the top and 7.0 em
from the top. Grain size distribution de
termined for the zone of maximum deforma
tion (Fig. 11).
Note: There were several small nicks and
one dent 1 rom deep in the tube cutting
edge.

o

9

]8

41.2 c m, Ruler* _

1. 4 em, Ruler =#=_~~_

16.2
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APPENDIX 2.5G

CONSOLIDATED UNDRAINED TESTS

ON BEACH SANDS

July 1976

Stone & Webster Engineering Corp.
Boston, Massachusetts
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WESTON GEOPHYSICAL ENGINEERS, INC.
P()ST ()FFICE Bt)X .'Of!

WESTON. MASSACHUSETTS 02]93

April 19, 1972

Northeast Utilities Service Company
Post Office Box 270
Hartford, Connecticut 06101

Gentlemen:

Seismic velocity measurements were conducted at the
site of the proposed Millstone Nuclear Power Plant in Connecticut
in accordance with your Purchase Order Number 202144, dated
September 2, 1971. The field work for this investigation was
performed during the period of February 8 through 28, 1972.

This investigation wa s coordinated in the field by
Mr. V. R. Nivargikar and Mr. Ralph Borjeson, Soils Engineer,
Stone & Webster Engineering Corporation, and directed by our
supervising geophysicist, Mr. Edward N. Levine.

Preliminary data have been submitted; this is a formal
presentation of our findings.

Sincerely,

WESTON GEOPHYSICAL ENGINEERS, INC.

TFS/cvt
~-£:~~--f~--
Thoma s P, Sextoh
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SEISMIC VELOCITY MEASUREMENTS

MILLSTONE NUCLEAR POWER STATION

INTRODUCTION

This geophysical study consisted of the measurements of com

pressional II P" wave velocities and transverse "S" wave velocities using

both downhole and cross-hole techniques.

Field work was completed during February 1972. The locations

of these measurements were determined by the proposed plant layout and

by the results of the seismic refraction survey conducted at Millstone

during August 1971.

All of the borings shown on the enclosed plan map were used

in making the cross-hole velocity measurements of the bedrock. Down

hole velocity measurements of the bedrock were made in Boring 305, a

hole drilled to Elevation -99 feet near the center of the proposed reactor.

Previous seismic refraction surveys and the .logs of Borings 310,

313, 315, and 318 indicated the presence of dense glacial till in the

Turbine area. Accordingly, those borings were used for the cross-hole

velocity measurements of the glacial till.

FIELD PROCEDURE

Instrumentation

Photographic recordings were obtained using a portable twelve-channel



-2-

seismograph. This seismograph amplifies and filters the seismic signals

detected by three-dimensional geophones. Seismic energy was generated

with explos ives. Timing lines are provided across the entire recording

at two-millisecond intervals. This timing system allows direct readings

to a millisecond and with sharp "breaks" (high signal-to-noise ratio),

readings can be made to a half millisecond.

Cross-hole Measurements

These measurements were made using three-dimensional geophones

containing one vertical and two orthongonal horizontal elements. Seismic

energy was generated in one hole and detected by the geophones in the

three or four remaining holes with the seismic source and geophones at

the same elevation level. This procedure was repeated using different

combinations of shot source and detector arrays.

Downhole Measurements

These measurements were made with three, three-dimensional geo

phones positioned at 10-foot intervals in Boring 305. Energy was generated

near the top of bedrock just below the casing of an adjacent hole, Boring 317 .

Measurements of the "P" and "S II wave arrivals were made down the length

of the hole by overlapping a geophone position each" time the array was

lowered.

RESULTS - REACTOR AREA

In the vicinity of the' reactor where bedrock is shallow, the seismic

2.5H-2
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velocity measurements using cross-hole techniques were uniform through-

out the elevations investigated, which range from +10 feet to -50 feet.

Downhole velocity measurements were made in Boring 305 from

Elevation +5 feet to Elevation -99 feet. The data were uniform for the

"P" wave velocity but some slight scattering of the data points resulted

in a velocity range for the "S" wave of ±300 feet per second from the value

reported below.

"P" Wave
Elevation ft ./sec.

+10 to - 50 * 12 , 800

+5 to -99** 13,500

Young's Shear
"S" Wave Poisson's Modulus Modulus
fi./sec. Ratio lbs ./in. 2 lbs ./in. 2

6,500 .33 3.99 x 106 1 .50 x 10 6

6,500 .35 4.05 x 106 1.50xl06

Rock Density - 165 lbs ./ft. 3
Density values for moduli computation provided by Stone & Webster
Engineering Corporation.

*Cross-hole values
**

Downhole values

RESULTS - TURBINE AREA

Velocity measurements of the overburden materials indicate that

two distinct glacial tills are present in the turbine area. The following

seismic velocity profile and elastic moduli values are representative of

Borings 313 and 318.

2.5H-3
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" .
Young 's Shear

"P" Wave "S" Wave Poisson 's Modulus Modulus
Elevation ft. Isec . ft ./sec. Ratio 2 lbs ./in.2lbs ./in.

+15 to +4 5,600 1,400 .47 1 .49 x 105 5.08x 104

+4 to -24 6,800 2,200 .44 4 .07 x 105 1.41 x 105

-24 to -44 12 1800 6,500 .33 3.99 x 106 1.50 x 106

+ 15 to +4 (Density - 120 lbs ,1ft. 3)
+4 to -24 (Dens ity -135 lbs .1ft. 3)

-24 to -44 (Density - 165 lbs ./ft. 3)

Density 'values for moduli computation provided by Stone & Webster
Engineering Corporation.
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DIRECT SHEAR TESTS
ON NATURAL ROCK JOINTS

lULLSTONE NUCLEAR POWER STATION
UNIT 3 12179



J.O.No. 12179

DIRECT SHEAR TESTS ON NATURAL ROCK JOINTS

Direct shear tests were conducted on samples of both foliation and joints

to determine the coefficient of friction for each plane. This information

will be utilized in the stability analysis of the rock slopes produced by

the containment structure and engineered safety building and the design of
the ring girder. Since the normal forces on the joints and foliations

encountered at these depths are relatively low, a direct shear machine

capable of applying low normal forces and sensitive enough to measure the

shear force was required. The method of testing outlined below was developed,
using a direct shear machine specifically designed for testing soil samples.
Equipment

A Leonard Farnell Model 306 direct shear machine with a 10 em square shear
box was used. This is a constant rate-of-strain machine with a displacement
rate variable from I mrn/hr to 40 mm/hr and a maximum displacement of about
12 Mm. The machine is shown schematically in Figure 2J-I. The normal load
mechanism of this machine has been modified by the addition of a bellofram
air piston which acts against the hanging yoke to produce the normal load.
This allows easier operation and higher normal forces (to 2,000 Ib max) to
be applied. Measurement of the shear force was done with proving rings

with a capacity of either 400 Ib or 1,200 lb. The displacements were measured
by dial gages accurate to 0.01 rom.

Two square frames with inside dimensions slightly less than 10 em x 10 em

were made from 3/4 in. and 7/8 in. square steel stock. Pins were located at
each corner of the frames so exact aligmnent of the inside frame edges could
be maintained. These frames were used to cast the joint samples in capping
material for placement in the shear box. Plastic templates 1/8 in. and

1/16 in. thick with center cutouts were also made to facilitate alignment

of the sample pieces.

2.51-1



Sample Preparation

The two pieces of a joint sample were trimmed by sawing or splitting the

core to about a 3/4 in. thickness measured perpendicular to the joint

surface. Each piece was then cast individually in capping compound, using

the frames and templates to form top and bottom blocks slightly less than

10 cm sq by 5/8 in. and 7/8 in. thick, respectively. The capping compound,

Hydrostone, is a high-strength (11,000 psi), quick-set, gypsum-based cement.

The bottom piece was cast first, with the joint surface parallel to the top

and bottom faces of the frame and centered in the frame. The desired shearing

direction was also aligned parallel to an edge of the frame. The top piece

was cast next by placing it on the previously cast bottom piece in the natural

orientation and aligning the top frame, with the pins, on the bottom frame.

This procedure automatically centered and correctly oriented the top piece

in the top frame. Filler and spacer templates were used during the casting

to prohibit any capping compound from getting on the joint surface and to

ensure that the upper and lower blocks remained parallel. After the top

block was allowed to cure, both blocks were removed from the frames.

The blocks were placed in the shear box, maintaining the correct joint

orientation and shearing direction, and the dial gages attached and zeroed.

The tests were run at a displacement rate of 35 rom/hr, with readings taken

at about 0.5 mm displacement intervals.

This method of sample preparation was employed for the following reasons:

First, it allowed several samples to be prepared and held to test at one

time. This reduced the time the machine was used, so other testing could be

done. Second, casting directly in the machine shear box frames would have

monopolized the machine and could possibly have damaged the frames. Third,

2.51-2



this method allowed the upper block to move vertically, independent of the

shear box frame. Fourth, no load acted through the shear box frames, so the

frictional drag induced from the box was negligible. Fifth, this method

ensured that the joint plane was fixed parallel to the shear force and

perpendicUlar to the normal force when the sample was placed in the machine.

Millstone Testing Program

A total of 24 shear tests were run on eight samples taken from borings

around the containment. Each sample was run at normal stresses of 50,

100, and 200 psi. All the samples were fairly smooth; one exhibited slicken

sides, and some had a coating. Samples 8 and 9 were along the foliation,

and sample 10 was cut parallel to the foliation; the others were all high

angle joints. A complete list of samples is shown as Table 1. Two samples

(Nos. 5 and 7) were not tested.

The normal force was held constant throughout each test. Shear force and

displacement normal to the joint surface were measured at increments of the

horizontal displacement.

Results

The results of each shear test are plotted as plots of shear vs. horizontal

displacement. The peak and final shear force values, ~ values, are given

in Table 2. Figure 2 shows the peak and final a values for the joints plotted

as shear stress vs. normal stress; Figure 3 shows the ~ values for the folia

tions tested (samples 8, 9, and 10).

The shear force vs. horizontal displacement plot (Appendix A) illustrates the

variations in the shear strength across the sample. In these tests, the peak

2.51-3



shear force was defined as the maximum recorded shear force, and the final

shear force was defined as the last reading. Samples I through 6, being

natural joints, gave somewhat irregular results. The irregular nature of the

graphs indicates the effect of the asperities of the natural joint surface;

in fact, the residual value was probably never achieved. The irregularities

were overridden more easily at the lower normal stresses; however, at the

higher normal stresses, the asperities become more important, as noted in

the graphs. Some rock flour was developed on all the samples. Samples 8

and 9 were samples taken parallel to the foliation, and sample 10 was cut

parallel to the foliation. Asperities were less of a factor along the folia

tion surfaces, although again rock flour was developed.

Photographs of the samples and profiles of the samples are shown in Appendix B.

Conclusion

The results of these direct shear tests indicate that the natural joints have

an observed angle of friction of 34 deg and that the foliation has a friction

angle of 32 deg. The added strength of the asperities has not been considered,

and an irregularity component of zero is assumed.
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TABLE 1

DESCRIPTION OF SAMPLES

Sample

1

2

3

4

5

6

7

8

9

10

Boring Depth

305 48 ft

305 39 ft

305 38 ft

317 69 ft

317 45 ft

317 23 ft

305 118 ft

317 56 ft

305 120 ft

305 121 ft

Description

Joint dipping at approximately 65 deg, smooth
surfaces with green coating

Joint dipping at approximately 65 deg, smooth
surfaces with slight coating

Joint dipping at approximately 65 deg, with
smooth surfaces

Joint dipping at approximately 55 deg, smooth
surfaces with white coating and slickensides
(parallel to dip)

Joint dipping at approximately 65 deg, fairly
smooth surfaces, with coating and slickensides

Joint dipping at approximat~ly 85 deg, smooth
surfaces with some coating

Parting dipping at approximately 25 deg, in
biotite seam (foliation)

Parting dipping at approximately 35 deg, in
biotite foliation

Parting dipping at approximately 40 deg,
fairly smooth foliation

Cut surface through biotite seam dipping at
40 deg, parallel to the foliation

2.51-7



TABLE 2

LIST OF PEAK AND FINAL SHEAR STRESSES

sample Normal Shear Shear
Nos. Stress Stress (Max) Stress (Final)

Joints

1 50 47.2 29.4
100 84.5 62.3
200 150.3 133.7

2 50 55.3 36.0
100 79.8 74.4
200 147.5 129.6

3 50 49.5 27.7
100 86.3 61.1
200 149.6 124.5

4 50 37.1 33.1
100 75.0 68.4
200 152.9· 146.2

6 50 46.9 32.8
100 88.7 52.1
200 189.1 138.1

Foliation

8 50 44.7 34.6
100 77.7 71.9
200 138.7 127.6

9 50 45.9 42.3
100 83.9 80.0
200 158.2 131.0

10 50 30.0 28.7
100 62.2 62.0
200 127.6 127.2

2.51-8
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STONE & WEBSTER ENGINEERING CORPORATION DIRECT SHEAR. TEST REPORT
CL.I&NT -s.0. Nu....a. EXPLOAATION TVPI: AND NUM...R,NORTHEAST UTILITIES (NUSCO) 12179 -SITE.

DATE SAMPL.E NUM."R8MILLSTONE 3 7 APR 76 SPECDfEN 1
ALL TESTS RUN AT HORIZONTAL DISPLACEMENT OF 35mm/hr

I I I I I I ,
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STONE & WEBSTER ENGINEERING CORPORATION DIA.ECT SHEAQ TEST REPO~T

Cc..I&NT ....0. NUN.1t1l ttXPLOAATION "TVPI: AND HUM."R.NORTHEAST UTILITIES (NUSCO) 12179 -SITE.
DATE SAMPL& NUMel.R8MILLSTONE 3 9 APR 76 SPEClMEN 2

ALL TESTS RUN AT HORIZONTAL DISPLACEMENTS OF 35mm/hr
I I I I I I
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STONE & WEBSTER ENGINEERING CORPORATION DIQECT SHEAR TEST REPORT
CL.I&NT -1.0. NU"'_&1l EXPLOQATION TVP£ AND NUMal.R.NORTHEAST UT~ITIES (NUSCO) 12179 -aiTE. DATE SAMPL.E NUMea.RS

MILLSTONE 3 14 APR 76 SPECJMEN 3
ALL TESTS Rtrn AT HORIZONTAL DISPLACEMENTS OF 35mm/hr
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STONE &WEBSTER ENGINEERING CORPORATION DIRECT SHEAR. TEST R£PO~T

CLI&NT .1.0. NUW.&1l EXPLOAATION 'TVPI: AND NUM."sz.NORTHEAST UT IL ITIES (NUSCO) 12179 - ,.SITE. DATE tlAMPLE NUM8&RBMILLSTONE 3 9 APR 76 SPEC :n.tEN 4
ALL TEST RUN AT HORIZONTAL DISPLACEMENTS OF 35mm/hr

700

,.~
~600 --- -

/
row ..

\ /
I x, 7

~
500

t NORMAL NORMAL -
SYMBOL LOAD - Lb STRESS - PSI

-..0 IIrl • 206.5 50I 400
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413 100 -0 0
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826~ " "

• 200 -
~ 300 • - -:-
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0 2 4 6 8 10 12 14 16
HORIZONTAL DISPLACEMENT - mm..
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STONE & WEBSTER ENGINEERING CORPORATION DIRECT SHEAR. TEST REPO~T

CLC&NT eI.O. Nuw.all E)(PLOAATCON TVP£ AND NUM.1.12.

NORTHEAST tIT ILITIES (NUSCO) 12179 -
SITE. DATI: ' SAMPLE NUM.I.ClS

MILLSTONE 3 23 APR 76 SPEClMEN 6

ALL TESTS RUN AT HORIZONTAL DISPLACEMENTS OF 35mm/hr
r T I I. I I I I

700 NORMAL NORMAL -
SYMBOL LOAD - lb STRESS - PSI

162.5 -• 50

600 ~
0 325 100

~ Y
-

-» \ \} • 650 200

-/ .'-" \
-
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r-i 500 •
I / '\r£l

0 J
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f "~ />0
~

~ 400
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~
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c
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STONE & WEBSTER ENGINEERING CORPORATION DIRECT SHEAR. TEST REPORT

Ct.I&NT ...0. NU"••1l CKPLOAATION 'TVPE AND NUM."R.

NORTHEAST UTTI,ITIES (NUSCO) 12179 - .

SITE. DATil SAMPL.E NUM."A.&

MILLSTONE 3 15 APR 76 SPECIMEN 8

ALL TESTS RUN AT HORIZONTAL DISPLACEMENTS OF 35mm/hr
1 T T I I I I

NORMAL NORMAL
700 SIMBOL LOAD - Ib STRESS - PSI -

• 190.5 50 -

600 0 381 100 -
• 762 200

.0 .-r-i - ~

~,500 -- OW' • ,- - - "--

~ r----,
~
(.) .-l:t:
0 j~

~400 I
(I) ~

300

I
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HORIZONTAL DISPLACEMENT - mm



STONE & WEBSTER ENGINEERING CORPORATION DIRECT SHEAQ TEST REPORT

CL.IENT -1.0. NU...... EXPLOAATION TVPE. AND NUMB.."-

NORTHEAST UTILITIES (NUSCO) 12179 -~ .'
.ITE. DATE SAMPLIt NUMet:.A.S

MILLSTONE 3 20 APR 76 SPECIMEN 9

ALL TETS RUN AT HORIZONTAL DISPLACEMENTS OF 35DDJl/hr

NORMAL NORMAL

700 SYMBOL LOAD - Lb STRESS - PSI

• 196 50

- 0 392 100
600 »-:- . <,-»-: • <, • 784 200
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~~
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~ 400 1
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STONE &WEBSTER ENGINEERING CORPORATION DIRECT SHEAQ TEST REPO~T

CLI&NT ".0. NU".1l1l EXPLORATION "'VPE. AND NUM."R.

NORTHEAST trrILITIES (NUSCO) 12179 -.,TE. DATil 9AMPLit NUMe&Re

MILLSTONE 3 23 APR 76 SPECDiEN 10

ALL TESTS RUN AT HORIZONTAL DISPLACEMENTS OF 35mm/hr

I I I I I I I
700 NORMAL NORMAL

SIMOOL LOAD - Lb STRESS - PSI

• 194 50
600 0 388 100

• 776 200
,0
r-i
I 500

• - -- - .-
~ - ... - -
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~ -. . ... -
f§ ;r~

~ 400
~
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300

~ - ..... v
I lap ~ U
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200

V
) -.
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~ 1.0
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H
pq
~ THE CHANGE IN HEIGHT IN ALL
~

0
THREE TESTS WERE <! 0.015mm.

~ (-)
~
0, 1.0

0 2 4 6 8 10 12 14 16
HORIZONTAL DISPLACEMENT - mm
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APPENDIX 2.5J

BORING LOGS

Stone & Webster Engineering Corp.
Boston, Massachusetts



u12179fsr729

BORING LOGS

04/24/82
MNPS-3 FSAR

244

1.8

This appendix contains the logs of borings drilled at the Millstone 3 1.9site. The logs have been separated into five groups according to the 1.10purpose for which each boring was used. These groups are as follows: 1.12

Series

300
DT and 400
I and P
B
T

Use

Original'Site Study
Discharge Tunnel Borings
Pumphouse Area
Millstone 2 Condensate Polishing Facility
Transformer Area

2.5J-l

1.14

1.16
1.17
1.18
1.19
1.20



BORINGS FOR ORIGINAL SITE STUDY



'.Dun nump !PUR m"! SH..1.. 0fI.L

".0. NO.
15621-5051

-.I."'I-I<~~ DRILLED IY '.'lC" pm!",

OVERALL
WEATHERING

AND
SOIL OR ROCK DESCRIPTION

GIlOIlJID SDIP'ACI XLEV. 28.4'

-- 11I8I aclIlI GUY MlDIUIC TOpm SAID, SOO
"I. TO rDI GIlAY.,ra. SILT (rILL)

(ABLATIO. Tm)

II!DIlJIIDIISK 11IST BU.-GIl! IIIlM SAID (P-X), ruCIc. SILT

10

OIAI, IIOIIED, WI. Blarm
81 100 Gruss (ICOIfSOl GRISS) IIITH

6C)O JT., TIGHT GUlm IWQlS UOUT 1-10' THl
BOIlZ. Jr., lOST STAll OJ) FOLUTIOI !BOT 50°20
Ta. or I/IU.THERIIll
600 JT., !IGBT

60° JT., TIGRT

3.4

AT 25'-28' Glinn:0.4 93 100

30

98 100 SOFT l(EATHEIlED ZOIiK
~1.6 35

GROlJlI! IIATKR LEyIL
1ST EIICOlJBTERED 12/14/71 9.0'
BELOII GROOID SOllFACE, Al'TER
COMPLETIOH 12/15/71 8.0' BELOII
GROlJlI! SllllFACI

BORING I!Xi 101

~~~~~POWER

HORTHE!ST UTILITIES SERVICE COHPARI

STONE' WEBSTER ENGINEERING CORPORATIONA 12179-GSK-2

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A.2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENUTE ,...,r-r.:='1-------------------(THE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDIST'JRBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
017~~~~C~6E~E~g~~~~N OF SAMPLING ATTEMPT
SlJBSCIUPT NEXT TO SYMBOL INDICATES SAMPLENUMBER •

.3 • .,¥,. INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.
4. !!SD - HOCK QUALITY DESIGNATION. (PERCm)t ttT~u~~A~~;.L~EPTH & LENGTH OF NX COilING R~ 'f{.1,



'MMS! UTILITIES SEiVICI CCllPI.!I

SITE MUlSTQII PT M'DP9R!l cog ".0. NO. 12179 lORING NO.~
TYPE OF BORING ,- - n LOCATION _14~S8l-=~AA~1I~ GROUND ELEV._2...;;8~.2_' _

DATE DRILLED 12122171 DRILLED IY AJlERICAJ DIILLIIO LOGGED BY I. surms
SUMMARY OF BORING PIEZCJIETEIl IIlSTALLDJ 1/18/72

SOI~ OR ROCK DESCRIPTION

2.4

7S 100

30

75 100

95 100

40

92 99

88 100

50

100 100

92 100

60

-)4.3 9'7 100

-36.8

65 100

70

GRAY, BA!lDED, QTZ. BIOTItE
GNIISS (MONSON GIlEISS) WITH
GRANITE SEAKS ABOUT 1-10'
THICl.
FOLlATIOII ABOUT 600

AT 17.6' - 19.8' GRAHIT!

FOLIATIOI/ ABOUT 5",0

FOLIATION AEOUT 45°

AT 62.5' - 65.0' CHLORIrE
GNEISS

DElISI - V. DENSI GRAY-BRN. COARSE.FINE SAND, SOIlE
MEDIUM TO FINE GRAVEL, TRACE SILT, BOULDERS AND
COBBLES (FILL)

H. DElISE Y. BM MEDIUM-FINE SAND, MICACEOUS, SCHE
SILT AND FIIIE GRAVEL (TRACI OF BLl. ORGANIC HAT'L.)

AT 25.8' - ;n.D' GRANITE

CLOSE SPACED HORZ. JTS. WITH
LIGHT GRAY MIIIDlALIZED SURF.

HORZ. JT., RUST STAIN & WEATH.

HORZ. JT., RUST STAIN
45° JT., SLIGHT WEATHERING
1· WEATIIERUl ZONE

5° JT., RUST STAIN" WEATH.
5° JT., HUST STAIN" \lEATH.

1- FRACTURID ZOIlE

+--------------------------::J

92

10090

18

20

15.7

IORUIAST UTILITIES SEIVICE COMPAHY

STONE' WEBSTER ENGINEERING CORPORATION

A 12179-G8VA

L FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HANKER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOT8 n77ii3A'l-------------------4
THE PERCENT OF CORE RECOVERED.

2 ••2INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT -SPOON SAMPLE •
DV~~~~C~~E~E~g~~~~N OF SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3• ..Ir INDICATES LOCATION OF NATURAL GROJND WATE
• TABLE.

1+. ~D - ROCK QUALITY DESIGNATION •(PlRCm)

~: MT~O~~AT:~S.~~PTH& LENGTH OF NX COilING RUN '.,;



eDMBVI! me 'PYle, emu

BORIIiG LOG 302 ( COIIT 'D )

,HILLSfOlElIllOLBAR POWER .ST&l'tON'
VlIT )

HORTllEAST UTILITIES SERVICE COMPANY

STONE 6 WEBSTER ENGINEERING CORPORATION

~ W79=GS"-3B

SITE KlJl3T9R rr , WAftRJIQRD, co.. .1.0. NO. 12179 lORING NO•...1!!..-TYPE OF BORING AD _ U LOCATION l4';11-4211 GROUND ELEV. 28.2'DATE DRILLED _ ....1~2i/.J/221A'.171~ ~'t1LLED IV AMIIIClI pBJJJJIIj LOGGED IV R SWIISSSUMMARY Of BORING
_

:1: ....
OVERALL SAMPLE ~ SOl,- OR ROCK DESCRIPTION:.: ... WEATHERING

19&&J w .... w "NO ·11 "-' W Q.&&J RQD ~,8 ~
W.t~:r~!\i%'DT~:v,.J~,.~~~~~~·1 ~c:J~ flW~,,~'CllI'T ION; LIXIiOLOGY

&&J LL. ~LL. o u 10 TlIOO ... ... I- Q:

I I I "
ID It

~

BOBIIIG NO. )02 (COIlT'D)

-

II
BtIlZ. JT., WlATHERID

-- BORZ. JT., CJn.ORITI
-- 88 100 4So JT., TIGHT

-1..6.8
- 45° JT. ~ TIGHT

-75
- !lID 01 BORING 75' --
- GRplOOl !lATER LEyIL
- 10.5' BELOll GROUJID SUJl1.4CE 01- 12/22/71 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -

-- -
-- -- -- -- -- -- ..-- -- -
-
-- -
-
-
-- -- -
-- -
-- -- --
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ...,- -

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
lItO LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.~.M""::":l':::r_------------------__iFIGURES SHOWN OPPOSITE ROCK CORES DENOTE r ~THE PERCENT OF CORE RECOVERED. 42. 12INDICATES LOCATION OF UNDISTURBED SAMPLE. 1...13"6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.t-~OVINDICATES LOCATION OF SAMPLING ATTEMPT 3~WITH NO RECOVERY. ~
~~~~i~~PT NEXT TO SYMBOL INDICATES SAMPLE t-~

3. ~ ~~~I~~TES LOCATION OF NATURAL GRO:JND WATE 2 'j), C.
4. 119D - HOCK QUALITY DESIGNATION. (PERCEII'1') f-.5. U INOICATES DEPTH & LENGTH OF NX COilING RflN '0f.6. DATUM IS M.S.L. "" •



NORTHEAST UTILITIES SEIlVICE COMPMlI SHL O"...l..

SITE KIIISTllRE PT • YAD!lFORD. CONlf. J.O.NO. 12179 BORING NO.--3DL--TYPE 0" BORING 4"-111 LOCATION .-;1~6;::.:35::..-.::.:33::.::5:=:B GROUND ELEV.--:.;;2"",9.",,3_' _
DATE DRILLED J2 1J 8 h ' DRILLED BY "PPWN DRTTlT'G LOGGED BY R SKBY/iESSSUMMARY 0" BORING P1nOODR INsrAln!! 111802

II- 0 SOIb, OR ROCK OESCRIPTION:> I-
iC)l.&J l.&J I- w w-J l.&J G.l.&J lL ~9w u, ~u.. >-

g~.tl,~v~~i°ta~I~:~~~ H&'m~~$1 ~<::~ nW's,,~ICftl~T ION; LITHOLOGY
.... 0::

C)

GROUND SURFACE ELEV.

DEIlSE - V. DENSE KED. BROWN (F-C) SAI/D, SOME FINE
alUm AtID SILT

(ABLATIOI TILL?)

(BASAL TILL?)

GRAY, BAIIDED QTZ. BIOTITE
GIIIISS (MONSON GNEISS) WITH
GIWIITE S'EAMS AB01IT1-11O' mcr.
rotLlfIOH ABOUT 550~

BORZ. JT., RUST STAll!

Hatz. sr., YELLOW STAlll " WEATB~

HORZ. JT., YELLOW STAlII" \/ElTH.
BOIlZ. sr., LIGHT GRAY SILT

TOP OF flOCIt
550 JT., RUST STAIN
6" S<FT, RUST STAll IIITH
lIEATIIEIlIIl ZOD

600 JT. DK. GREEI STAIRING

HOHZ. JT., rELLOW GREKN STAIN
1-=-~--------------AT:26i - 29' GRANITE500 JT., TIGHT~IOIl ABOUT 500
500 JT.. TIGHT
500 JT., TIGHT

100

100

94

20

10

-.7

EIID OF BaRIIIG .30'

GROW WATER LEVEL
1ST ENCOUllTERED 9.0' BELOV
GROUND SURF. ON 12/17/71
6.5' BELOW GROUND SURF. OIl
1/13/72

,BORIIG LOG .30.3

MILLSTONE NUCLEAR POWER STATION
UNITJ

NORTHEAST UTILITIES SERVICE COMPANY

STONE &WEBSTER ENGINEERING CORPORATIONA 12179-GSlI-4

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF Ai-o LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ~""'Jnl:'r."l---------------------fTHE PERCENT OF CORE RECOVERED.

2••2 INDICATES LOCATION OF UNDIST'.IRBED SAMPLE.r6 INDICATES LOCATION OF SPLIT-SPOON ·SAMPLE.
DV~f~~C~6E~E~g~~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL IN)ICATES SAMPLENUMBER. .

3. -&- INDICATES LOCATION OF NATURAL GRO:JND WATE• TABLE.
It • .fi9D - ROCK QUALITY DESIGNATION. (PERCEIl'1')t MT~J.l~~AJ~~L~EPTH & LENGTH OF NX COitING RrIN I .1<;\"



'/?RIpe'! mEum SWICE CQHPAliI

.I.a.NO.
1533J-nll

-""~~'-- O.t1LLED IY 'WIGAl puqllQ

:X: ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION~ ... WEATHERING i9ltJ "'w AND !oJ

..J ltJ Q,w lL
ltJ U. ~u. >- f"IELO ANO LAaO,,"TOl\Y TEaT REIULTS, ~c:.:~ tl'lcA.i~~ICIlI~TION; LITHOLOGY

.... a: g:lt~rl.T'!roO~I[DOINa AND rAULTING

"

FOLIATION ABOUT 55°

GllAt, IWIDBIl QrZ. BIOTITE
GIlEISS (MOHSOJI GNEISS) WITH
GaulIn: SIWtS ABOUT 1_10'
THICI.
FOLIATION ABOUT 45°
.l • _ 0' In:

FOLIATION ABOUT 50°

FOLIATIOIi ABOUT 50"

.,
HaRZ. JT.. RUST STAII(
BOIlZ. st., RUST STAIN
HORZ. JT., csu.m
BORZ. JT., CIILOIn'I
350 JT., YELLOW STAI"
HORZ. n., RUST STAlIt
BORZ. sr. YEI.L<N" STAII AJlD
VEATIIEB.ED
100 JT., tELLOW STAll
55° J1., IELLOW SUU
3e FRACTlJR!D ZOIlE

,. DENS! BlOWN MEDIUH TO FDfI SAND, GRAVEL, AND
COBBLES WITH SOKE SILT. (rILL)

DUSI GRAY BaM-YELLOW BROWN FIlE SAID, SOIlI:
SILT 1¥D FIR GRAVIL
(!BUTIQI TILL)

~ JT., YELLOW STUN
100 JT., YELLOW STAIN
600 JT., YELLOW SUIN
100 J1., tELLOW STlll!
15° sr., YELLOW SUIN
HORZ. JT., YELLOW STUI
HORZ. .rr.; YELLOV STUN,TR. It'EATH.
HORZ. JT., YELLOW STAIN

HeitZ. JT., IELLOW STUll
HORZ. JT., GREEIl YELLOW STAIIl,
It'EATIIERED
~T~GREEN-YELLOW STAIII,

FRACTURE ZONE, WEATHERED
HORZ. JT., YELLOW STUll, WRATH.
HaRZ JT. YELLOW STUll

FRACTun, IlEATHmED
l()l1 31' . YELLCW STAIN
HORZ. Jf •.l YELLOW sTAn
100 J1., IELLOW SUIN
100 JT., YELLOW STAll
100 sr., YELLOW STAIN
J'R.lCTI/IIEl) ZONE " YELLOW STAll
15° JT., YELLOW STAIN
500 JT., YELLOW STAIN

ilfA--+-=- AT.,65.6. - 66.2' GIWlITE

94

95

100

100

100

sa

86

S1

78

33

83

70

89 95

67 67

50

20

JO

40

10

60

70

GlOlIJID SURFACK ELEV. 28.5'

26

-22 0

BORIIG LOG 394
MIJJ.S!OII JO::L&U-lOVIIl...S'fUIQI

"1IItt!'J
NORTHEAST UTILITIIS SIIVIC! CCllPJ.IY

STONE 6 WEBSTER [NGINI:ERING CQlltPORATION

A

1. FIGORES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTIi: 1'""'1""::17_-------------------4

2. ~~I~~g~~~s°iog~~fo:Eg~V~g~ST~EDSAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON "SAMPLE.
D17~~~C~6E~E~g~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.

3 • .3,. INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.
4 • .(!gO - ROCK QUALITY DESIGNATION. (PIRCEIr)
~: MT~Oi~A~~tE.EPTH &: LENGTH OF NX COilING RUN t M'\'.



IRWlItST PTILITIES synCE COHPAJII

15U1f-371E

--'''"'''=--=- DRILLED IY AJIEIlICAN pRI!·l.IIG

SITE HILLSTOBE PT.. Id'ElO.....RD...........C"'O.......' J.O.NO. 12179 lORING NO.-'Ul4...--

TYPE Of BORING 4--11I LOCATION _~u.a::.u.UiL.. .:....- GROUND ELEV'-..A2"",e"",5o..:.l _

DATE DRillED 12/21171 LOGGED IY R SKRIQSS
SUMMARY Of BORING _

x ....
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> ... WEATHERING %C)l&J l&J .... W AND -1/".j w Q,w RQD ~,3 ~ i 9l&J lA. ~lA. rlELD AND LAIlO,."TOAY TEST RESULTS\ ~o"l~ n':."ls,.~SC"I~T IO~i LITHOLOGYo U SO TS 100 ... I<J t-

g~,~~r:.W~CI.:,IEDDING "NO r"ULTINO
I /I I I III II:: C)

BQUIIC 10. 304 (CONTID)

67 67

SOLID CORE
-
-
-
-

-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
---
-
-
--
-
-
-
--

END OF BORING 75 I

GRQUlIp WATE!! LEyEL
9 1 BELOW GROUllD SURFACE
1/7/72

-
-
-
---
-
-
-
--
-
-
-
-
-
-
-
---
-
-
-
-
-
-
-
---
-
-
-
-
-
-
-
-
--
-
-
-
--
-
-
---
-
-
-
-
-
-
-
---
-
-
-
-

BORING roo 101 (CORTID)

~·"""-J..'QIaBf~'
'~3

IfORT~ UTILITIES SERVICE COOANI

STONE & WEBSTER ENGINEERING CORPORATION

A 12l'P90!G8'\.S

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
14<> LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.

~~~~~Ci~~~FO~~~~I~:C~~i~Eg~RES DENOTB ~~R~P,~~~----------------------~
2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE ~,.6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE ~

0I7~~?~C~6E~E~g~~~~N OF SAMPLING ATTEMPT :s~
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE _M'
NUMBER. ~

). -t ~~~ti~TES LOCATION OF NATURAL GROJND WATE I D.C..
4. !!SD - ROCK QUALITY DESIGNATION. (PIRCEIft) 1-.t ldT~bi~A~~;':'EPTH &: LENGTH OF NX COilING RUN I tF:'~,'



WPM....... 3WISI Gween

".0. NO.
U4tI - JJ.7 I

DIIILLlD IV !mmfl IIBIII IIQ

~
% ... ~ SOIL OR ROCK DESCRIPTION...

19'" "'w ...
-J
~

G..", L

'" ~La. t: a: ft.tc:lir~~\lltOftoT8:~J&'rl:E~k~11 ~"t:~ tlW:,,~'C"'''TION, LITHOLOGY
CD

GREI, IlAJl)ED, QTZ. 8IOI'ITI
GRISS (KOISOI CIBISS) V/GUY
GROIn SILLS APPROI. 1-10'
THICI AID pm POOIfI,TITB II
Tausm IWIDS APPROI. 1-2'
THICI. rOLUTIOI APPRO!. 450_
500.

SOMB JTS. SHOW SOO iii. BUT
JU..10IlITI or JTS. ARE CWI EX
CEPT rOR S(J(E CHLORITE MIIIERA
Iz.tTIOIl ON SlJIl1'ACES.

• 36.5-52.3' GRE! GRAlilTE SILL
WITH PIn PEOKlTlTE Imusm
BAIIDS AT 37-38' a: I 47.5' 
52.3'.

rcr., APPROI. 500

DEISI GUI-BJlOWl COARSE-rIR s.&1ID, SOMB S~T,
GURL AID COBBLES.
(rILL)

,. DDSI, IILLOW-BIlDIII OOAIISE-rln: SAJID, POORLY
GIWIID, STIlATI1IID. SOlI!: SILT, Qll.VIL. AID
8OUtD!RS.

(BASAL TILL~

TOP or ROCI

20-30° OREEI MIIiERALlZED SURFACES
20-300 GUD, SL. iii. SlJIll'ACES

45° CHLORITE XIRRALIZED StlRF.

ZOIE V/n:LLOII OUD STAll

450 ALOia roL., IELLOII GIIEEJ STAII_ zoo

60° TIGHT MIIIEIlALIZED 8m.
6CO TIGHT MIIlEIW.IZED SUlI1.

60° TIGHT M1IEIlALIZED 8m.
6tI TIGHT MIIIIRlLIZI!:D SIrD'.
601 TIGHT MIIElU.LIZKD SlJIl1'.
~ TIGBT MIlllRALlZED sm.
6()0 TIGBT MIJEIlALlZED sm.

100

100

95

94
30

50

40

21.2

98 '410 r 5135

84/6R~6

7.2

20

70 82

-10.3

THIJ OWITE SEAMS 1"-4" THICI100 100

rOL. APPROI. 55°
-38.S

• 6S-'13.7' GREI GJWIITE SILL
P'OL. APPROI. 500.

70 95 98

-26.1

JIIJ'jJ,;ftQD ..... .mIlll·8Uf'W.
1111! )

loaTIlEAST lJTILItIl:S SERVICE CCllPAIlI

STONE I WEBSTER ENGINEERING CORPORATIONA W7I-GIs.6l

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE r,1'"'r.~r---------------------iTHE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE.
~6 INDICATES LOCATION OF SPLIT-SPOON ·SAMPLE.
017~~?~C~6E~E~g~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3.,i,. INDICATES LOCATION OF NATURAL GRO'JND WATE• TABLE.
4. J!9D - ROCK QUALITY DESIGNATION. (PDCDT)t ~T~Ll~~ATEi. ~~Pi~ & LENGTH OF NX COiUNG RUN I ~r.



1f!TIIElST PWES SIIVIel elJlPUY

.1.0. NO.
1#81 - 3471

DRILLED IV AIIQIQAI RaBuM

FOL. APPROI. 450 •

It 113.5'-118.5' GREY GRAHITE
SILL.
GRANITE IS SOLID WITH nv
CLEAB BREAKS.

92

100

100

87

86

97

eo
• I _ 8l

'
PIXlIUTITI

AIL IlREAIS All nEE OP
la, to ST!. I: APPE.Ul TO
BKPRESH.

91 '17

90

FOLUTIOII APPROI. 500.
97 100

200 LT. GREY MINERALIZED SURF.

100

120

110

-98.8

:1: ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION

Gi ... WEATHERING iC)

"" ... "" A".
I/) ~ ....

..J
~

Q. w RQD ~I~
L '9 ,,~~ ~~~~~,,~IC'""T ION j LITHOLOGYIAI ~LL >- fiELD AND LAIlOIIATO"Y TEIT "EIULTS\

o LI 10 TlIOO I- 0: ~.~~r:.W~O~IEDDIN. AND rAULTINOCD a: C)

BO~.G 110. 305 (CONTIL)

100 100 rOLlATIOR - 45°-500

EID OF BORING 125 I

130
GROUJID WATER LEVEL
9.2' BELOW GROUJID SURFACE . (1/7/72)

140

BORIIG LOG 305 (CONT'D)

MILL$'IOD IImLIlR PO. STATIO!
·UliT 3

BORTJlEAST UTILITIES SERVICE COMPANI

STONE 6 WEBSTER ENGINEERING CORPORATION

A l2l'79-GSK06B

1. FIGtJRES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRrVE
:1~~~~ ~~~Eo~~g~~Ti2;og: 6~~EgI~~~i~ SHOWN.~.~~~ ~

THE PERCENT OF CORE RECOVEREr>.
2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.

or~~~~C~6E~E~g~:~~~N OF SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

}. -¥,. INDICATES LOCATION OF NATURAL GROJND WATE
, TABLE.

I,. ji9D - ROCK QUALITY DESIGNATION. (PERCENT)t ~T~Ui~A~~SS.D:r:TH & LENGTH OF NX COilING R~ I 'R.~.



1(Il!W8! U!ILttIis SIRYICI COOU!

.1.0. NO.
PI1 1- J#I

--,~~.a.. OftlLLED IY PlCA.MILLIIG

%~
OVERALL SAMPLE U SOlI., OR ROCK DESCRIPTION:> ~ WEATHERING %e»w III ~III ANI .....J III

Q. w
~ t9

~[,t~i!V~~IlI~toT8:\~~}~at~~~~·; ~c:J~ n~,T:,,~'C1l1"TIONILITHOLOGY
lIJ U. ~u. ~ a::

~

• 20'-27.)' GRAIITE SILL
TIll LOI/EIl COITACT or GRAIlIT!
SILL IS A rRACTlJIlII) ZOIlE vI
SOME DISCOLORATIOI.

CHLORITE KIIiERALIZED JOIIITS

TOP 0l;.1OC1

HIIsl lIW~BROlI1f CCAlSZ-P'I1E SAIID, saa:
m.-'I.! GIUY., n. SIL!
(ABUTIOII TILL)

00 JT., lIX. " RUST 5TH.

00 JT •• WI. "RUST STN.
00 JT., WX. " GREEJI STN.

5° JT., LT. GREY MIIiERALIZED SURF.
5° sr., LT. GREY KiliERALIZED SlIRJ'.

~~.,MIlBlW.IZED,L1·. GIIBJ, TIGIT gm4sTofsON~UIB!r~
4C1' JT. ,MlIlElU.LIZID, LT.GIlB!', TIGHT GJWIITI snas 1-10' TRICI ...SUMS. pmMATITE IITRUSrn BUDS 1-2Ic.z. JT., III. SE.UI, RUSTSTI. TIICI. POLUTIOI APPROI. 450.3cP J!., III. SE.UI, GIlED STI.

450 JT., LT. GIlEI MIIlERALIZED SURF.

45° JT •• LT. GREY MIIiERALIZED SURF.

10° JT., LT. GREY MIIiERALIZED SURF.

OR01J)Q) SlIIII'ACI IL. 24.1'

0)

62 ,. 2

46 ,.)

)) , 4

10

50 r 5

10.6

as

4.1 20

88

9)
-).2

30

94

78

40

78

92

50

92

93

60

90

83

70

BORINGLOO 106

KILI,S'roU Bm,LJWl RlWlll STATIO'. tDm' )

10RTllE!ST UTILITIES SERVICE CCMPm

STONE 6 WEBSTER ENGINEERING CORPORATIONA 121'J9.Q81-7A

1. FIGlJRES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE .,;;.;rT::'%'"'Ir--------------------tTHE PERCENT OF CORE RECOVERED.

2. '.2 INDICATES LOCATION OF UNDISTURBED SAMPLE.'6 INDICATES LOCATION OF SPLIT.SPOONSAMPLE.
017~~~~C~6E~~~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.

3. ~ INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.
4 • .!!9D - ROCK QUALITY DESIGNATION. (PERCEn)t ldT~~Ui;A~~SS.D~r:H & LENGTH OF NX conrxo RUN I ns.



1O'!!lWT pm!TIp sum E eOMpA!!

".0. NO.

AHEIlIQA' PIIUIIQ

]]'3' - 1461
MAtpJQlD eggSITE MI!!3TOU n 12119 lORING NO.-a-

TYPE OFBORING ,'u LOCATION __oU.IiI__~_....... GROUND [lEV. 24.1'

DATE DRILLED _ .........12"'I...lSutn,u... DRILLED IV LOGGED 8Y__a~.r.2s.... _
SUMMAR.,. OF BORING _

x~
OVERALL SAMPLE U 501'" OR ROCK OE5C RIPTION

~ ~ WEATHERINQ iC)I&J ~w ANI

~11"..J I&J
Q. w RQD ~J3 ~ ~9w u, ~u. FIELD ANO LAIlOllATO"Y TEiT "HULTSI ~'::~ t~~AIS,,~.CIlII'TION; LITHOLOGY

°1 tj 'i T,' 1:0 -' lU I- a: ~.~~::.T~~OIlI£DOINO AND'AULTINCJIII a: 0

100

-50.9 100
75

-
-

---
-
-
-
-
-
-
-

-
-
-

--

-
-
-

-

-
-
-
-
-
-
-

-
-

-
-
-

-
-
-
-

-

100

100 I
BOIIMG 110.)06 (COILToD)

MOSTLY SOLID COIlE

DID OF BOIlUG 75'

GlOU!D WATER LEVEL
11.5' BELOW GROtnID SlIBPACE Oil 12/15/n

STOPPID lUll TO REPlJ,CI BIT =
-
-

-
-
-
---
-
-
--
-
-
-
---
-
-
--
-
-
-
--
-
-
-
---
-
-
-
-
-
-
-
-
-
-
-
-
--
-
-
-
-
--
-
-
-
-
-
-
-
-
-
-
-
-
--

BCIlIMG LOG 306 (CaNT'D)

KILLS'rORInW RlllD SUTIOI
un1')

NORTHEAST UTILITIES SERVICE COMPANY

STONE i WEBSTER ENGINEERING CORPORATION& 1U79-0SK-7B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NGMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO ORIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN:r-;.i-T.~,__-----------------~

~~~~:C~~~wgF 0g~~I~~c~~i~Eg~RES DENOTE i'~
2••2 INDICATES LOCATION OF UNDIST!1RBED SAMPLE.·41;~'6 INDICATES LOCATION OF SPLIT-SPCON ·SAMPLE. I-~

0[7~~¥~C~6E~E~g~~i~N OF SAMPLING ATTEMPT 3~

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE I-~
NUMBER. ~

). -t ~~~Ii~TES LOCATION OF NATURAL GROJND WATEI 2 1).(.

I., @D - ROCK QUALITY DESIGNATION. (PERCENTAGE) I-~
~: ~Tt~0i;A~~i.~EPTH & LENGTH OF NX CORING RUN I 7;,$



IWllWl unITIES sWICI Coom
SITE KlLLSTOR n· WTRIDBIl ron ".0. NO. 12179 lORING NO.-l27.-TYPE Of'BORING 4" U LOCATION _ ........1>:1.SS:u.-..:-:.,4:2SI.IUL.. GROUND HEV. 28.4'DATE DRILLED 12/]')/71 DRILLED Iy OOiRICAI DIIIIJIG LOGGED BY_...I...,S...... _SUMMARY OF BORING

_

XI-
OVERALL U SOIL OR ROCK DESCRIPTION» I- WEATHERING

i~w W I- w AND ....
..J
~

o.w L ~9w ~~ >-
g:[.t~rrV~:~erOttore:\~~·r~~m~~s; ',.o,:~ ~l'lcAlS"r:llc"'P'TIONi LITHOLOGY... a:

c:>

819.4-22.4' GUIlITE SILL

&~bsBtWo~~61l~~I~rQ1E
GRAIlITE SILL £PPROI. 1-10'
THICI AHD PEGM.t.TITE IJTRUSIVEB.lJIDS 1-2' THICI.
"OL. !BOtn' 50°

TOP 0.. ROCK

DElISE, YELLOII BaM <..-lIED.) SdIl,fI. 3nf"
... GRAVEL

8.6

11.

aesz, JT.. RUST STII.

600 JT •• QTZ. KIRWLIUTIOIl
600 JT., RUST STI.

~goRZ~TJt. ~U~t.~~ftE MIIIERALIUTIOIl

12.

ng~: ~~: ~t~: g~ :i=ti~~ig:
HORZ. JT. ,II/LT. GIlEY MIIlElU.LIUTIOH
HQIlZ.. JI. ~T. GREY MI/IER!LIUTIOI
U~:~: QlA:~: gm ~~I:mng=
500 JT., L1. GREY MUElU.LIUTIO.
HORZ. JT. II/LT. GREY KIJEJW.IZATIOII
..RACTllllED ZOIE APPROI. I"
HORZ. JT. II/LT. GREY KIJlEULIUTIOIi

HORZ. JT.. CLEAJI.

50-600 JT •• IIIIST STJ.IJW)

IIl1lEG. FBACTOBE, so. RUST STll.w: ~~~iAi~D FRACTOIl!S 11/

HORZ. JT., lJ..UJI.

-+-------------- roL. APPROI. 5QO----~

9988
35

GROOJlD SVU'!CE IL. 28.4'

51

20 '2

24 "'3
38 '418 10

66 100

87 9?

9.0
20

86 92

-9.1

30

END OF BORIIIG 37.5'
GIiOOJID limB LEVEL
9.2' BELOW' GRllUllD SURF!.CE OIl
1/7/72

BORING LOll lW

7. lin IS IlATURAL lIuER CONTElIT.
8. G IS GRAIN SIZE DISTRIBUTIOI CURVE.

MlLLS'lOII~ I'Ol/IIl STAlIOJ
UlI! :I

1I0RTHEAST UTILITIES SERVICE COMPANY

STONE 6.WEBSTER ENGINEERING CORPORATIONA 121~~

L FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTR ~..,..,,.,..., ......------------------.,ITHE PERCENT OF CORE RECOVEREn.

2. 12 INDICATES LOCATION OF UNDIST!JRBED SAMPLE."6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
0I7~~~~C~6E~2g~~~~~N OF SAMPLING ATTEMPT
SUBSCHIPT NEXT TO SYMBOL INDICA'llES SAMPLE
NUMBER.

3. ~ INDICATES LOCATION OF NATURAL GROJND WATE
< TABLE.

4. ~D - HOCK QUALITY DESIGNATION. (PERCEJlTAGE)5. U INDICATES DEPTH & LENGTH OF NX COilING RUN ,6. DATUM IS M. S. L.



'OIPWTWILmA SERVICE cmu SH..!.. o,.L

lJJ.6' - 2671
_.uJ.J:J,J:,I-L.. OftILLED Ir AXElUCA!! DULLIMG

:1:1-
OVERALL U SOl'" OR ROCK DESCRIPTION

~ ... WEATHERING ie"l&J I-UJ AND W
..J l&J o.UJ 11. ~9l&J L&. ~L&. ~

W.t~~ir~~\I~~r3:~~~~I.l't:~~J'; ~~I~ 'lIlN~A~t:lCAI'T ION; LITHOLOGYI- 0:
(!)

28-2 ' GIlAIlIrE SILL

• 1)-21.5' GIWlITE SILL

• 54.2'-67.6' GIU.NITE SILL

ICED. DElSE, lUST BIOlIJI-GREY BRM COAISE 
FIlE SAJlD, SCIlE SILT AJlD FIWE GIlAVE&.
(ABLATIO! TILL)

HCftZ. JT., YELLOW STIl.

HORZ. JT., YELLOW STM.
700 JT., RUST STI.
HORZ. JT., RUST 5TH.
HQRZ. rt., GIlEEJI STM.
700 JT., YELLOW STI.

~g~:rif.~~T:TN.
50° JT., YELLOW STIl. &: TR. WI.
BROICEIl ZOIE, ABOUT 1" RUST STH.
&: Ta. WI.
HORZ. JT., LT. GREY, MIRD.lLIZlTIOM
HOIlZ. JT., LT. GIIKr, MIIiERALIZlTIOH

HORZ. JT., LT. GREY MINERALIZATION FOLllTIOR 500

HCIlZ. JT., LT. GREY MINElU.LIZATIOII
45° JT., hT. GREY MIIlEJlALIZATIOH

~~~ FOLI.lTIOli 45°-------1

10

_ .2
100 100- 2

30

97

83 95

40

85 100

93 100

50

92 100

-29.4

85 100

60

92 100

-42.8 100

70

20

'BOIlIIG LOG 108

~~~..'1'JtQJ
1III! 3

IOllTHE.lST urn.ITIES SERVICE cQlPm

STONE ~ WEBSTER ENGINEE:RING CORltORATION

A l:2I."~CJI~1.

L FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ~~""",---------------------I
'rHE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.

OV'~~~~C~bE~E~g~~~~N OF SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. ~ INDICATES LOCATION OF NATURAL GROJND WATE
• TABLE.

4 • .!!SD - ROCK QUALITY DESIGNATION.(PQCIft)t MT~Oi~AT~~ ~~r;:,H &; LENGTH OF HX COilING RUN I tK.S.



IOATHY8T !!TILITIES SWIC! COMPm SH...!O'...L

J.O.NO.
1.4461 - 267£

_.ao:L.&J.L.Uo- DRILLED BY AmICA" DBIT T ING

%1-
OVERALL SAMPLE U

SOI~ OR ROCK DESCRIPTION:> I- WUlTHER'NG it:)W W I- W AND "l..J
~

o..w RQD ~ 0 11. t9W ~LL OIlU )-
8tl~rr~~~lltottoT~:\~&}~~tl~~JS; ~~I~ n':c\,,~~ICItI~T ION i LITHOLOGY

o U 10 Tllaa ...J W t- o:
I II II CD II:

~

-
-
-
-
-
-
- I
- j

--
-

-
-

-

--
-
-
-

-

-
-

-
-
-

-
-

-

--
--
-
-
-
-
-

-50.2 75

90 100

BORING NO. 308 (CONT'D)

~~.~ , ./ 35~ JT., OREEll SII." 0 45.. JT.. CHLORITE. . .•, ,.. 10" JT.! OIlEDl 8TN. , III •
.~ BRODI "ONE, BO8ft. OR WI.
~./ 450 JT., CHLORITE

EIlD OF BORINO 75'

GROUND IIATER LEVEL
6.8' BBLOlI aROUND SlJRJ'ACK ON 12/17/71

-
-
-
-

-
-
-
---
-
-
---
-
-
-
-
-
-
-
--
-
-
-
-
-
-
-
-
-
--
-
-
-
-
-
-
-
-
--
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
---
-
-
-
-

MILLSTOn: ROOLKAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY

MlHNQ TOO 308 (CONTlp)

STONE ~ WEBSTER ENGINEERING CORPORATION

A 12179-GSK-9B

1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING JO" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
~~~~~C~:~~F O~~~iI~~c~~~~Eg~RES DENOTE ·r""'l~~~V'P':":D~------------------"""

2 •• 2INDICATES LOCATION OF UNDIST~BED SAMPLE. 4~
~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.f-~DI7INDICATES LOCATION OF SAMPLING ATTEMPT rlWITH NO RECOVERY. ) V(I.SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE f-1~1'J,.~11.NUMBER. ~

3· ~ i~~t~~TES LOCATION OF NATURAL GROJND WATE 2 D.(
4 • .!!9D - ROCK QUALITY DESIGNATION. (PERCENT) f-~
~: MT~~Ui~AT~~ ~1.E~:H & LENGTH OF NX COiUNG RUN I 7(S.



M9!lT"pjAST pm tTI§S SWICK COMPAIII

SITE NLLSTOIIE P1'" V4T1UORDI cop. ".0. NO. 12179 BORING NO•.-JL-,...TYPE OF BOAING '" IX LOCATION _~1ftllloJ~2:L1..:-:..1I11lflU7&! GROUND HEV. 27 J'DATE DRillED 12tp/?) DRILLED BV OO1lICUl pRILLIIg LOGGED BV R.S.SUMMARY OF BORING
_

:1: ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> ... WEATHERING %(:>w w "'w AND

"11 "..J w d. w RQO ;t 0 lL ~9w u. ~IJ.. O,U >- rU:LD AND LAI!lOIlATOAY TEaT AEIULTS; ~~'~ n~..,;:,,~ICIlI'TIO"; LITHOLOGY0, tj i 1t 1:0 -' UJ I- 0: gv.t"'~T"'~OIllEllDI"GANOrAULTlNGal II: C)

TOP OF ROCI

-
-

-

-

-
-
-

-
-


"-
-
-

-
-
-
-
-
--
-
-
-
-
--
-
-
---
-
-
--

~~SSB<::ONQ~~I~~)T~~REI -
GlWlITE SILLS APPiOX. 1-10' 
TBICI " PIIK PEG.P!TRUSlVE 
IWIDS APPROX. 1-2' mel. POL.
APPROX. 45°. _

---
SOME CHLORITE IN GNEISS

Ii 39'-42.8 ' PEGMATITE

MEIl. DUSE, YELLOW BIOlIIl PIllE SUD, Ta. MEIl. -
~~Ti~ ~~~~ SOMB FIIIF-ml. GRAVEL.

V. DDS!, GIlAY IlllOlII COJJlSE-PIIE S4JII), MOSTLY 
FllIE, SOO SUB.DG. ClU.VIL.. COBBLES, SOO SILT.(BAS.lL TILL) _

-
--
-
-
-
-

'COREll THROUGH (TILL), COULDN'T OlIVE SPOOl. -
-
-
-
---
-

GROUIlD WATER LEVEL
10 I BELOl/ GROUllD SURFACE ON12/10/71

EIID OF BORIIIG 48'

~:~."\_ 60° JT., CLEAR
~~::' if HORZ. JT., CLEAN BIWl

~I'

~--
~. ' . !- M~~oaP." W/LT. GREY HIHERALIZATH)N
~_. V 60° JT. W/ lUST STH.

~ 600 JT., CLEAN, FRESH

I
.~,. ~ ' · '. L_ HORZ. JT., CLEAN, FRESH

_ HORZ. JT., CLEAN, FRESH

...r HORZ. JT., CLEAN, IIUl.BG. BREAl

~~:-= HORZ. JT., CLEAN, IIlIlEG. BREAI~~ ......- HORZ. JT., CUAIl, 11lllIG. BREAI

98

100

79

-
-

--

-
-
-
-
-
-

-
-
-
-

-
50 -

GRCOJID SURFACE EL. 27.3'

-
20' 1

-
- r2- 16-
-

r3lB. 3 - 24
r-- -

"410 - 69
-
-
-
-
- 05,60...... 5
-
-
-
-20 _

]-
-
-
-
-
-

-.7 -
~ -

-
30 - 92 100

BORIIG LOO 309

MILLStoll JFIICLIU RlVlll PLUT
OIl! 3 .

1I0RTIIEAST UTILITIES SERVICE COMPANY

STONE' WEBSTER ENGINEERING CORPORATION

A 12179-01&-10

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENUU ,.;.;.;~r"7:=r--------------------:ITHE PERCENT OF CORE RECOVERED.

2••2 INDICATES LOCATION OF UN 01STURBED SAMPLE. 4 .7(..1'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.t-~
DI7~~~~C~6E~E~g~~~i?N OF SAMPLING ATTEMPT , ,,~
SUBSCRIPT NF-XT TO SYMBOL INDICATES SAMPLE ~~
NUMBER. ~

3. + ~~~t~~TES LOCATION OF NATURAL GROJND WATE It b.c.
4. ~D - ROCK QUALITY DESIGNATION. (PERCEIT) ~~t tiT~Oi;A~~Ss~T:TH & LENGTH OF NX COiUNG RUN 'l? s.



10RTJIWT UTILITIES SERVICE COO'AHI

12179 lORING NO.--llL-
GROUND HEV. 25.6'

LOGGED BV_....'_S'-- _
".0. NO.

SITE lIIJUITOME PT VATMRD. COHN.
TYPE OF BORING~ II--.. LOCATION __...."II03L:1J1-..:-:....u18ILlSiIIlj _
DATE DRILLED _....r.l.6.2Iu24~17L101 DRILLED IV AKERICAI! PRII,LIMGSUMMARY Of BORING

_

:1: ....
OVERALL SAMPLE U

SOIt. OR ROCK DESCRIPTION> .... WEATHERING iC)w w "'W AND .il"-J w o.w RQD ~lf8 ~ ~9w LL. ~LL. o u 10 TlIOO ..J '" f- a: g:[lt~~~~~IIIOfD'DT~~v,.~&}l.l't:~~JS; ~~I~ n~\Tt,,~ICAI'TION; LITHOLOGY
I I I I I CD 0::

C)

GROVID SURFACE EL. 25.6'

-
-
-
--

DEist fELLOW BROWJI-BROl/lI MEIl.-FllIE SAIID,
500 SILT" GRAVEL.
(ABLATIOII TILL)

-
-
-
--
-
-
-
-10 -

190' )-
--
--

~4-J

~

-I
.....,

20 _

1l~5-
- 300#
-
-
- 31 100
-
- -

-19.4 86 100

-
-
-
--
-
-
-
--
-
--
---
-

-
-
-
-

-

TOP OF ROCI

-
-
-
---
-
-
---
-
-
----
-
---
-
-
-
-I

--
-
-
-
-
-
-
-
-

-
-
----
-
-
-
--
-
-

yJm~ofMi~~srmodA2tF!I~
APPROX. 1-10' mCI " PEG. 111-_

rROSIVE APPROX. 1-2' THIcr=-:..
FOL. APPROI. 45° -

-
-

@ 26.5'-34.5' GRANITE SILL =
-
-

V. DENSE, cm .BROWIl-GRE! COARSe-I'm SAlIl,
Soo SILT" GRAV. (SUB.UIO.)
(BASAL TIU.)

60° JT.
BROKER ZOIiE w/IELl.OW STII. &: WI.
BROKEII ZONE WITH RUST STN. &: WI.

70 0 sr., YELLOW GREEN STII. " WI.
20° JT., RUST STII. '" WI.
70° JT., RUST STN. '" VI.

GROUND WATER LEVEL
1st ENCOUIiTERED 9' 01/ 12/23/71
8.6' 011 1/7/72

UIl OF BORING 45'

~~-' ~ 1rc ~:: ~~D~~n.G &: \IX.

1
;~ ' 1?1 ' 1/ 30~ JT., YELLOW STl/. <k WI.

::;.: ~ 45 JT., YELLOW STN. &: WI•
. ~ 45° JT., YELLOW 5TH. &: WI.5': 600 JT., RUST 5TH. &: VI.
~ ~ SOFT WI. ZONE
~ 0 45° JT., PURPLE STl/.

;!:;~..l.'. SOFT, WI. zen:
~ HORZ. JTS., CLOSELY SPA~\uWI.
~- HiMlfftl rmI ZW =-. 10

-
91

100

-.9-
-30 _

-
40-

-
~ -

-
-

66

40 -

HILlSTctfE NUCLEAR POWER STATION
UNIT )

HORTHEAST BfILlTIES· SERVICE COMPAIIY

BORIIfG LOG 310

STONE 6.WEBSTER ENGINEERING CORPORATION& 111?9-G8l"U

7. 300# INDICATES OSE OF 300 La. !WIMER
1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,.;.;.,~~..,..,,--------------------:t

2. ~H:I~~g~~~sOtog~~~o~Eg~Vm:~rST'JRBED SAMPLE ...~'6 rrwrCATES LOCATION OF SPLIT-SPOON SAMPLE.-~
OV'~~~~C~6E~E~g~~~~N OF SAMPLING ATTEMPT ~ vnrJ .
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE _~NUMBER. uss.

3· -+ i~~t~~TES LOCATION OF NATURAL GRO:JND WATEI 2 :D.C
4 • .!J9D- ROCK QUALITY DESIGNATION. (PERCEIIT) ~~5. U INLlICATES DEPTH & LENGTH OF NX COilING RUN I 'R. ~6. DATtJM IS H. S. L. '



.0arHUSr UTILITIES SEIVICI COMP.uT SH..l. o'.J-

SITE HILLSTO.E n .. VATEIl1ORD. CONN. .1.0. NO. 12179 lORING NO. _3_11__TYPE OF BORING '" II LOCATION __..12llro]I.IlI2I-..::-~2~1",]&I GROUND HEV. 20.9'DATE DRILLED 12121/7'1 DRILLED IV .oo:RIW DRILLIIlG LOGGED BV_-=a.l..::sL• _SUMMARY OF BORINGPJIZOOTp D1STALLED 1/18/72

:1: ...... ~
Q.~

~LL.

OVERALL
WEATHERING

AND

RQO

0. tj ',0 '"r
SOIL OR ROCK OESCRIPTION

caoUJID SUlFACE EL. 20.9'

V. DENSE, BROWlI rIllE SIJID, TR. KED. S.lJlD, -
SOME sILr " rIlE GRAVEL. -
(ABLATIOR TILL) -

--
-
-
-
-

-
-
-
-
-
-
-

--
-
-
-

-
-
-
---
-
-
-
-
-
-
-
---
-
-
-
-

,..
834.3'-)7.0' GRAlII!E _

842.5'-50.0' GRANITE

TOP OF ROCI

V. DElfSI, GIlAY BIIOIIII' r, lWOl, ra. NED. SdD, -
SlJIB ",,-MID. GIlA'QL, SOlI BlLT " COBBLIS. -
(~) -

--
-
-
-

BiCOOHG COARSER V/DEPTH v/occ. COBBLES. -(BASAL TILL) _

-
-
-
--
-
-
-
-

EIID Of soarso 50'

GiOlIHD WATER LEVEL
12.3' BELOW GROUND SURFACE ON 1/7/72

BOTE: DEP'DlITIOII Of SYMBOLS USED mER OTHER TESTS.
G - GRAIB SIZE ANALYSIS

I /45° JT., YELLOW STII. " WI.- _,-' ~ -45~ JT., YELLOW STR. "WI., /I -45 rr.; YELLCN STII. " WI.
~:a 7' 45° JT., YELLOW STII. " WI.
i:'0"Ai- J,PPROI. 1" SOFT WI. ZOIlE

-

100

100

48 V
35 '2 8.8 G

51 '3 8.2 G

85 r4 7.8 G

~'5 6.7 G

9%'"6 8.5 G

3001

-
-

-

f..-.-l9,.L 10 -
-
-
-
--
-
-
-
-

20 -
-
-
-

-
-
-

~
-

30 -

r--=!M-- - 78

~

40 -

-21.6
t---

-
- 93

-
-
-

-29.1 -
so

-
-
-
-
-
-
-
-
---
-
-
-
-
-
-
-

-

MlwrratJ: IIlJCLWt POWBR STATIOIf
UNIT J

JlORTIlEASTmUTIES'SEIlRCJ: COHPAJfI'

~. VII IS ....TUJW. WATER COHTIlHT J.

;: ~I~~~fES~S:O:~~i.s. 1!AHKEIl.

STONEl WEBSTER ENGINEERING CORPORATIONA i211'945-12

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIV!
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,;.;.;~~------------------~THE PERCENT OF CORE RECOVERE::l. : ~2. 12 INDICATES LOCATION OF UNDIST~BED SAMPLE. 4~r6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. I-~
ov~~g~C~~E~~g~~~~NOF SAMPLING ATTEMPT 'I"~_,
SUSSCIUPT NEXT TO SYMBOL INDICATES SAMPLE I-~NUMBER. J.Cm

3. + ~~~ri~TES LOCATION OF NATURAL GROJND WATE 2 'l>,C,
4. ~D - ROCK QUALITY DESIGNATION. (PBBCEIT) I-~
~: hlT~O~~AT:'Ss~Ei.TH & LENGTH OF NX COiliNG RUN I 'R5.,



'WW§I &"me spnCE mtl! SH.l. OP'...!..

SITE MILLSTOII PT.. YAtlllSl!lll lXIilf ",0, NO. 12172 lORING No.-lli-TYPE: 0' BORING 4" n LOCATION 1'W _ 1211 GROUND HEV. 25.9'
DA1£ DRILL E: D 12129tu DRILLED IV WJtJcp P'1I J IIG LOGGED IV as
SUMMARY 0' BORING pX'ZIM!TP TW.t J p ] 11'''2

:z::~
OVERALL SAMPLE Y SOIL OR ROCK DESCRIPTION,,: ~ WEATHERING

'9laJ laJ ~laJ AND "l.J
~

Q,laJ RQD ~.~ ~laJ ~I&. fI[LD ANDLAIlO"ATO"Y TEIT "UULTi; ~a..I~ tl~\.T~r:IC"I'TIOHILITHOLOGY0. Ii Ii T" liD D: 8V.~~n.T~~\llDDIHO AND rAULTINOCD a:
(!)

OBODND SD1lFACE n. 25.9'

15 r" HID. DUSE, BROW PIlE SAND, S(J(E SILT" GRAVEL.-(rILL)

10 r 2

-~ -
izl2' 3-

V. DElISE OUI-OIIEY BIO\/J FIlE SAND line S(J(B --
53" 4

SILr AlID r DIE-MIlD. ORAVEL. (SIIBUO.)
(ABUTIOI TILL) -

-10 -

72" 5 -- --
--
-- -- 84 ,. 6 --
--
--
-5.9 -
-r----- 20-

148' 7-
Y. DEJISE GREY CBS.-r. SAllD, POORLY GWED, --
S(J(E SILT AND GRAVEL. --

--
--

208' 8 --
--
--
--
-30 -

229~ 9 (BOULDERS .. COBBLES) -
-
-
--
--

285 r'10
(BASAL TILL) --

-
-
-
-40 - -
-::-
-
--20.1 -

TOP OF RClC:K -f--

~
~ ~80RZh~T'brfMi~T~~' G~ B~!,~ED QTZ. BIOT"'~- 30 75 GHEI~S (MOHS6H GNEISS) WGRAH--- ~. , I- HORZ. Jf., YELLOW STH. ITE SEAMS APPRO!. 1-10' ICK._-23.1

! MISSIIIG CORE ror.. APPRO!. Lli_liOO.
I~

-
~,\;-;I. tI 49-50 1 GRAHITE50 - -

- ~
I-- l00JT., YELLOW STII.

--
~

i::= 100JT., YELLOW STI!.
-- ,~ ,.. 1-:: lGG1t:, I~g~ m:
-44 83 ~ ~~guioo~5~ STII.- ~ -I~ - r- 10" MISSING CORE

10" ~ B8az:5t,. RUST STH. 55 ' - 65' GIWIITE-
~~'/~ -- 2" l"IlACTURED WilE -- /1' I

~ 100 st., RUST 5TH. -85 100

I'- I-- 100 JT., RUST 5TH. -~ 60 - I- HORZ. JT. RDST 5TH.

- I VERT. JT., RUST STH. -- -28 90 "", .- 70° JT. RUST STII. -- ~~~ r; HORZ. .T+., RUST STN. --39.1 HORZ. JT. RUST STH.

- -- EIlD 01' BORING 65' --
GROUND WATER LEVEL -- Al'TER COMPLETIOH 10' BELOII GROOHD SURFACE 1/4/72 -- -

1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE
THE PERCENT OF CORE RECOVERED. ~

'popING TOO 1122. .2 INDICATES LOCATION OF UNDISTURBED SAMPLE. 4 K1,.:
• 6 INDICATE' LOCATION OF sPLIT -SPOON SAMPLE. '-~
OI7~~~~C~~E~E~g~~~~NOF SAMPLING ATTEMPT ;\ f MILLSTONE NUCLEAR POIIER STATION

UNIT3SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE ~ I 1'lo/1~ 1l000THEAST UTILITIES SERVICE COMPAIlINUMBER. C
3· + i~~t~~TES LOCATION OF NATURAL GRO JND WATE 2 1>,(
't. flD - HOCK QUALITY DESIGNATION. (PERCEIlT) f-~ STONE' WEBSTER ENGINEERING CORPORATION5. INl>ICATES DEPTH &: LENGTH OF NX COiUNG RUN I ''/? 5- A 121~l-136. DATUM rs M. S. L. J • I



'R'wuy gmmM 'PYISI 9l!!PW

".0. NO.
11881 _ 1111

_oIo6L.&5U.L4.. DftIL LED IY AJlQISAI pRIll JIG

BORIIlG LOG 313

MILISTC!lE HUCLJAR POWEll STATION
UNIt 3

1l0RTJlEAST UTILITIES SEBVIclI: COMPIJII

STONE &. WEBSTER ENGINEERING CORPORATION& Ul?9-GSK-l4

:1:1-
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION~ I- wEATHERING iC)lIJ I- W AND

"11 "..J
~

Bow RQD ~18 ~ ~9w ~LI. i tj i 1,' 1:0 oJ '" ~ ex rt,~\1r~~~!IF?!I~:~~~',.~cm~~'i ~~~ tl"NS"r:"""T1OHl LITHOLOGYlD a:
C)

GIllll1IID SURFACE n. 22.7'

- 29r 1
MEll. DUSI BROlIII 1"1111 SAJID, TR. MED. s.um, -
soo rIlE GIU.Y. Ie SILT. -

33r 2 (ABLATION TILL) -
--

34" --
34'r4

-10-

so's --
--
--
--
-- 47'r 6 --
--
--
-2.7 -
-t-- 20-

117'7
V. DIIISI GRIJ-BROWII COlJlSB-'IIII SAJID, SOH! -
I"IR-l(gl). GIU.9IL, (SUBAJiGllUR), saa; SILT, -
BOULDERS Ie COBBLES, ace. lIiTERS'l'IU.TII"IED vi -
1· (1) THICI: FIRE S.uD LAYERS. --

120Jr 8
(BASAL TILL) --

-
-
-30 -

153"9 -
-
-
-
--

106"10
.-
-
-
--
-40 -

99'11 -
-
-
-
-- --23.8
-~ -

I~
fRAC. Ie VI. -- <'~
500 JT., TIGHT GREY, BANDED, QTZ. BIOTITE -~8"RZ~jf •:I~: GIlEISS (JolOliSOR GIIEISS) vi-

GRANITE. -50 - 'y. ,.,I V 500 JT., YELLOW STII. -./ )/ 500 JT •• VI. rOLUTION 500 -
87 100

5f!> JT •• VI.
--

I~
~~::~: -- -- -- Y;;~_.-, -

-- ~\ • y.,... HORZ. JT.. YELLOW STH. -- -60 - .~ -- 97 100
~~ m BREUS nr CORE -

-
~~ lS o JT., YELLOV ST/I. -

-- ~m
HORZ. JT., LT. GREY DISCOLORATION --43.8 - -- -- -END or BORDIG 66.5 I -- GROUND VATER LEVEL -6.8' BELOW GROUND SUJlF. 011 1/7/72

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE: ":;';~~r--------------------:tTHE PERCENT OF CORE RECOVERED. , ~2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE. 41~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~~
OI7~~¥~C~bE~E~g~~~~~N OF SAMPLING ATTEMPT ) V~ •
SUBSCIUPT NEXT TO SYMBOL INDICATES SAMPLE ~NUMBER.

~
3. -t i~~I~~TES LOCATION OF NATURAL GRO:JND WATEl 2 "P,c.
4 • .!l9D - HOCK QUALITY DESIGNATION. (PZIlCEIIT) I-~
~: t}.T~O~~AT~~ ~~~:H & LENGTH OF NX COilING R'lN 'Ia'.S



NOUmS! UTI!ITIfS SERVICE COMP+KY SH...l. 0".1-

J.O.NO.
16281 - 62E

DRILLED BY AMERICAN pRI!! JNG

8AMPLE

III >!I W
it 0 D..
02° >oJ ... I-
al 0:

SOI~ OR ROCK DESCRIPTION

-
-

---

-
-
-
-
-
-
-

-

--
-
...,
....J

--,

--
-
-
--

-
-
-
-
-
-
-
-
---
-

---
-
-
--
-
-
-
---
-
-
-
-

TOP OF ROCK

ZONE OF ~:iss~::()Jf~;EI~;)~/~REr -
GR. SILLS APPROX. 1-10 I THICK"""
&. PIHI PEG. IIiTRUSlVE BANDS 
ABOUT 1-2' THICK. FOL. APPROX.-
45°. -
~R~~~~'A~~ROi:~,W~~K. 111- -

DENSE, GREY BROWN-BROWN COARSE-FINE SAND, ccc. IITER-_
STRATIfUD W/l' THICK LAYERS 01 LT. YELLOW (r.-KED.) _
SAND, SOME F.-MEll. GRAVEL, TR. SILT.
(ABLATION TILL) -

BOULDERS

V. DENSE, GREY BROWN COARSE-FINE SAND, POORLY GRADED,
SOME SILT & HED.-FINE GRAVEL. (COBBLES)
(BASAL TILL)

OTHER
TESTS

GROUND WATER LEVEL
lst ENCOlJNTERED 64' BELOW GROtJIID SUJUl'ACE 12/1.3/71
9.0' BELOlI GROUND SURFACE 12/17/71

IIOTE: DEFINITIOIiS OF SY.OLS USED UHDER OTHER TESTS,
G - GRUII SIZE AIIALISIS

EIiD OF BORING 5.3'

8.8 G

8.4 G

7.4 G

9.0 G

9.6 G

45° sr., SL. WI.

HOIlZ. JT., SL. WI.

45 JT., LT. GREY MINERALIZED SEAM

:gUf&~v~ TOP OF BEDROCK,
ZONE OF SOFT WI. GRANITE
IllREG. FRAC., WI. & RUST STII.
BROKEN, WI. &. RUST STH.
BROKEN ZONE W/GREEN STN.

70° RUST STN.
SOFT, RUST WI. ZONE
son, RUST WI. ZONE
45° JT., LT. GREY MINERALIZED SEAM
45° JT., LT. GREY MINERALIZED SEAM

205' 6

100

100

73

96 , 5

-
- 92

-
-

50 -
-28.1 -

--
-
-
-
---
-
----
-
-

-

GROUND SURFACE EL. 24.9'

-
-
-
-
-
-
-
-

~
-

10 -
-
-
-
-
-
-
-
-
-

20 _

-
-
-
-
-
-
-
-
-

.30 -

,~

-
- 5.3

~ 40 -
73

BORIIIG LOG 31.4

MILUlTONE NUCLE4R POWER STATION
lINIT 3

IfORTBEAST UTILITIES SERVICE COHPAllI

7. WD IS NATURAL WATER CORTEn I'
8. OTHER TESTS SEE NOTE ABOVE
9. 3001 INDICATES USE OF 300 LB. IIANHER

STONE' WEBSTER ENGINEERING CORPORATION
~ 12179-GSK-15

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 L8 HAMNER FALLING JO" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWNn'",::",::,~ -'I
~~~~:Ci~~~Fog~~I~~c~~i~Eg~RES DENOTE ~

2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE. 4~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. - fifl'-2lr13DI7INDICATES LOCATION OF SAMPLING ATTEMPT ~WITH NO RECOVERY. ;S v ,."
SUBSCHIPT NEXT TO SYMBOL INDICATES SAMPLE -eNUMBER. !!!!JJJ.

3. -t ~~gEi~TES LOCATION OF NATURAL GRO"lND WATE~ 2 P.e.
4 • .ago - ROCK QUALITY DESIGNATION. (PERCENT) ~~
~: ~T~Lli~Ai~SS.D~:TH & LENGTH OF NX COiUNG RUN ~ I :R,$.



NORTHWT DTILIrIES SERVICI COMPUI

SITE MIlI.IltQ!ll n WATW'ORD. CC!ffl, J.O.NO, 1217'l BOltING No.-1il-TYPE 0' BORING '" U LOCATION _ .....1""'4.z.:1l1ll• ...:-:..:£IWIlL GROUND HEV. 2J )1DATE DRILLED 12/23111 DRILLED IV IJWllCAI PIlILLIIlG LOGGED 8V__...:Rl.:.,S:!J'~ _SUMMARY Of BORING
_

OVERALL SAMPLE: U SOIL OR ROCK DESCRIPTION::> ... :c ... WEATHERING
XC)W W "'W AND

"11 "..J lIJ
Q. W RQO ~1f3 ~ ~9w l&. ~l&. F ItLD ANO LAIlOI'lATORY T£. T RUULTSI ~o,:~ t1RN~I\~.CRI'TIOIj; LITHOLOGY0. tj j 't IjO

....... I- Q:
g~.~~I~"i'n,\IEDDIIjG AND FAULTINGm a: C)

GROUIID SURrACE EL. 23.)'

-
-
-
--
-
-
-
-

-
-
--
-
-
-
-

-
-
-
-
-
-
-
-
-
--
-
-

---
--
--

-
--
-
-
---

ROCK BECOHES RICHER IN BIOTITE...
-
-

-
-
-

GREY, &AimED, QTZ. BIOTITE 
GNEISS (MONSON GNEISS) W/GREY
GRANITE SILLS APPROlC. 1-10' -
TRICK" PEG. DlTRUSIVE BANDS _
1-2' THICK. FOL. 45-50°. _

V. DEIlSE GIlKI {,.-cas.)SAID, I'OCIlLJ GI.UlID. =
~~TA: ~0-40~' GRAVIL, CllBBW • _
(1W.lL TILL) --

-
-
-
-
--

DEllSE GREY-BROWH FIlE SAIID, TR. cas .-KED.
SAJD, TR. SILT" F. GRAVEL, OCC. COBBLES
Ir BODLDEItS.
(ABUTION TILL)

IOTE: DEFIIITIOIS OF TEIIMS USED UllDER
OTHFJl tESTS,
G - GRAIJI SIZE ANALYSIS

EJID OF BORING 63'
, GROUIID WATER LEVEL

1st; ENCOllH'l'ERED 9.0' BELOW GROUIID SURJl'ACE 12/21/719.1' BELOI/ GROUND SURFACE ON 1/7/72

TOP OF ROCK

'~'~I_,-' ~ BADLY WI. ZONE
.';.

~~~ 15~ JT., \lX.
.~~~ ~o~'L~: ZONE

BROKER" WI. ZONE •

f~ BROKEN. BADLY WI. ZONE

• BRgKEN &: WI. ZONE
~".\!/ 30 JT ., GREEIl 5TH.

~ ,," I- BROKEN" WI. ZONE
-:'~'~ l.& 500 JT. ALONG Jl'OL. W/GllEEN STN.
'!. ~ son, WI. ZOIIE

IAI-' sao JT. ALONG FaL., GREY MIIlll:IW.w. V IZED SURF.
~ ,- ,1/ sOO JT. ALONG FOL., TR. WI. "
~ -=~ ' GllEEIf STN.

-
-
- U5' 1
-
-

41'2-
10-

125 r3-
-
-
--

1~4-
- 300#-
-

20-
90A;0'" 5-

- 300#
-
--

150 '6-
- 3001 " ' "

-
-

30 -
8'f6r7-

3001

--
90/~8-
300/1

40 -

~

- 62 100

-
50 -

0 100- --
-
-
- 50 100

-
-
-
- 82 100

60 -
-
- . _. ..

-39.7' '":.":,.:.. ,.,

-
-
-
-

-

MILISTalE NUCLEAR POVER. STATION
lINI'!' 3

NORTHEAST lJTILITDS SERVICE COOAII

7. Wn IS NATURAL WATER CONTENT ~.
8. OTRER TESTS SEE NOTE ABen.
9. 3001 DiDICATES USE 0' 300 LB. 1lAMMER,

STONE' WEBSTER ENGINEERING CORPORATION& 12179-011[-16

1, FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE·
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 L8 HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN..:.;.;...,..,~.....------------------_IFIGURES SHOWN OPPOSITE ROCK CORES DENO'TB r ~THE PERCENT OF CORE RECOVERE:J.· ,2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE. 4,.,.r6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.I-~
OV'~~~~C~~E~E~g~~~~N OF SAMPLING ATTEMPT 3~'
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE .I--~NUMBER. ~3· -t ~~g~i~TES LOCATION OF NATURAL GROJND WATEl 2 '"DC,

4. ~D - HOCK QUALITY DESIGNATION. (PERCENT) I-~
~: MT~~Ui~ATE:, ~~Pi~ & LENGTH OF NX COiUNG RUN I K.~.



.OlTIIElST UTILITIIS SERVICE COIIP.lIlY

SITE KILLSTOIIE nil WATIIU'QRD ClJIt! .1.0. NO. 12m lORING NO.-U!--TYPE OF BORING 4" n LOCATION __.::1"'2'1:.::0_.• ..;;-'-'1:,:OW:.:;.... GROUND ELEV. 15 (,.DATE DRILLED 12130h1 DItILLED IV AKERIW DIULLIIG LOGGED IV_...::.a,l.:ls:&., _
SUMMARY 0' BORING PIIzOOTP I1SULLIjD 111'172

OVERALL
WEATHERING

AND

RQD
OUIOlilOO

I I II I

SAMPLE

II) ::>ll'"~I§ ~
CD a:

SOI,- OR ROCK DESCRIPTION

GROUIID SURFACE EL, 15.6'
OTIIEIl
TESTS

I~

-
-

-

10 -

-
-
-
-
-

20 -

• 1

42 , 2

78 ,. )

55 ,. 4

55 , 5

)0 ,. 6

165'7

15.8 G

9.4 G

10,4 G

DDSIl, IlIlOlIJI rIR SAIlD, Til, MEIl, SAID,
SOO SILT" rIR GRAVEL,
(ABLATIO" TILL)

-
-
-
--
-

---
-
-
---
--

-
1~8

30 -

~

-
-20,9
f-----

67 94

40 -

-

-
88 98

50 -

-37,4 -_.._--_ ..

-
-

-
-
-
-
-
-
-
-
-
-
-
-

-
-
-

END OF BORIIIG 53' --GROUND WAliR LEVEL _
9.2' BELOW GROUIID SURFACE 01 1/14/72 _

-
-

1l0Tll1 DEFINITIONS OF SDlBOLS USED IN OTHER TESTS, -
G - GlIAl" SIZE AHALISIS -

-
-
--
-
-
-
--

BORIIG LOG 316

MILISTllfE Nl1CLElR POI1Im STATIOIf
UNIT J

'ORTREAST UTILITIES SERVICE Ct»IPAllY

STONE' WEBSTER ENGINEERING CORPORATION

& 121'19-GS1l:-17

7, W. IS IATUR.lL WATER coftm.
8. OTHER TESTS SEE IOTE ABOVE,
9, • IJlDICATES AUGER SAMPLE FROM 0-1. 5' BELOW GRammSlIRFACE,

1. FIGURES IN BLOW OR RECOVERY COLr:JMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE iHSTANCE SHOWNM,~~r__-----------------_f~i,g~~ci~~~F O~~~~I~~c~~~Eg~RES DENOTS .~

2, 12INDICATES LOCATION OF UNDISTURBED SAMPLE, 4~r6 INDICATES LOCATION OF SPLIT-SPOON ·SAMPLE, I-~
OV~~~~C~6E~E~g~~~~NOF SAMPLING ATTEMPT J rfft
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE I-~.NUMBER. . ~

3, -t i~gEi~TES LOCATION OF NATURAL GRO:JND WATE 2 ')c.
4, !!9D - ROCK QUALITY DESIGNATION. (PEilCEIlT) t-~
~: ~T~~Ui~ATM~S s~~TH & LENGTH OF NX COiUNG RUN IRS..



rORTIlEAST UTILITIES SERVICE COKPm

SITE MILLSTONE P1 WATERFORD' CC!!lf, J.O.NO. 12179 BORING NO.-.1l1.-TYPE OF BORING 4" HI LOCATION _~1...u..6..' ...._......32..2...i GROUND £LEV. 25 3'
DATE DRILLED 12127h1 DRILLED BY AHERICAX DRILLIHG LOGGED BY R SSUMMARY 0' BORING

_

OVERALL
WtATHERING

AND
SOIL OR ROCK DESCRIPTION

FIELD,\ND LAIIORATORY TEIT "UULTS;
g~.~o,.'r:.W~C1~IEIlIlINCIANII FAULTING

GROUID SIIIlTACE EL, 25,3 I

V, D'I!:IlSE-DEHSB GREY BROWH-YlLLOW BROlIJI FIlE SAID. TR, CRS.-KED "'5TR, SILT" SOME GRAVEL,

V. DEIlSE, YELLOW BROWlf COARSE-FINE SAID. SCIIE SILT" COARSE-FINEGRAVEL, COBBLES,
(rILL)

HORZ, JT,. RUST 5 •

HORZ, JT,. RUST STII,
150 JT.. RUST STI.

65 r1
20,7

106 r 2

15,8 J4 '3
10

1 7
10095

93 100

20

53 100

62 100

30

92 96-7,7

-------
7,5 - 44.0' GIWIIT!

96 100
-12.2

40

90 100

53 100
-24.2

50 300 JT" GREEN 5TH. " III,
@ 49' - 52' GRARlTE500 JT '. GREEK 5TH,-26.7 88 100 500 JT., GRKEII STII,

HORZ, III,
l' FRAC, ZOHE
15° JT,. RUST STII, " III,

FOLIATION APPROI, IIBCEZ, JT,. RUST 5TH,

66 92 500 JT,. YELLOW STI,
1~ JT,. YELLOW 5TH,
10 JT,. YELLOW STI!,
l' IDC, zon

60
-35.7

78 100
• 61'-63.5' GRAIlIT!

-38.2

85 100

70

BOUrG LOG 117

MItISt'QfI BlJCLIAR POlIIR S'l'ArION
UlfI? .3

.ORTIJE1ST UTILITIIS SERVICE COMPANY

STONE ~ WEISTER ENGINU"'NG COltPORATION
~ Ul?9-l8W8.l

1. FIGURES IN BLOW OR RECOV&RY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGUllES SHOWN OPPOSITE ROCK CORES DENOTE n"'r-l='lr-------------------fTHE PERCENT OF CORE RECOVERED,

2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE,'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE,
DV~~~~C~6E~E~g~~i~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER,

.3,,;&, INDICATES LOCATION OF NATURAL GROJND WATE• TABLE,
4, .!!9D - ROCK QUALITY DESIGNATION, (PERCElIT)t ~T~~Oi~A~~SS.D~~TH & LENGTH OF NX COiUNG RUN I zs.



IOIlTWST UTILITIES SERVICE COKPID

J.O.NO.
weI - 1221

_~~U:!. DRILLE D BY AMWcq pRImllj

OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> .... :1: .... WEATHERING ie»l&J l&J .... l&J ANI ·11 "..J l&J Q.l&J RQD ~18 ~ !9 ~'::~ nl;N'~,,~'C"I~T ION i LITHOLOGYl&J IL. ~IL. 01 ~i ',0 't liO ..... w ~ gbE.~~rr~~\ar~~~I~:~~~ }~&'t:~~~s;CD II:
~

BORING NO. 317 (COllT'D)

-

I~·
9' 'RAC. ZONI -

- 48 100 65° JT.. CHLORITE --
\~~ 650 JT.. CBLoun

-49.7 7S 6' mc'. ZOIIE -

- EIIIl OF BOllIG 75' -
-

GROWl) WATER LEVEL
8.7' BELOII GROUID SUBFACE 01 1/7/?2 -- -

- -
- -
- -

-- -- -
- -
- -
- -
- --

-
-
-

- -
- -
- -
- -
- -
- -

-
- -
- -
- -
- ,....
- -
- -

-
-

- -
-
-
-
-

- -
-
-
-
-

- -
-
-
-

- -- -- -
- -
- -
- -- -- -
- -
- -
- -
- -
- -
- -
- -
- -- -

HImmD~ POWER srUIat
lINIT :3

1l0RTllEAST UTILITIES SERVICE CCllPANI

BOOIIG LOG 317 (COllT'D)

STONE' WEBSTER ENGINEERING CORPORATIONA l2l?9-QI~18B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 L8 HAMMER FALLING 30" REQUIRED TO ORIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ";-'~~~~M.r--------------------"i
THE PERCENT OF CORE RECOVERED.

2••2INDICATES LOCATION OF UNDISTURBED SAMPLE... I.zt,..r-.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.t-~
017INDICATES LOCATION OF SAMPLING ATTEMPT ..

WITH NO RECOVERY. ~ V~ ,~
SUBSCHIPT NEXT TO SYMBOL INDICATES SAMPLE t-~
NUMBER. ~

3 • ..g,. INDICATES LOCATION OF NATURAL GROJND WATE! 2 )., (
• TABLE. {.J, •

4. !!.SD - ROCK QUALITY DESIGNATION. (PDCUT)I-~

~: tlT~Di~AT:~ s~E[:H & LENGTH OF NX COnING RUN I~ 5.



SH~o,..l..'WWSI DII! mp SWICE COOt!!

SITE 'tIUSTClI P'I "'UI!CIW <JIg J.O.NO. 12119 lORING NO. .-nL-..TYPE Of BORING
." U

LOCATION UHI _ lBl GROUND El EV. 25'
DATE DRill E0 102m MILLED IV MRIW P'T!I 1'0 LOGGED BV 8 3
SUMMARY Of lORING

:C ...
OVERALL 8AMPU: u SOIt. OR ROCK DESCRIPTION~ ... WEATHERING

i~w "'w ~N.

"11"
-I
~

Q. w RQD ~I§ ~ ~9au ~l&. ~E.~"rr~~\i~~T~:~J~~l~t:~~JSi ~~'~ ~~~v:"r:lIC"I"T ION i LITHOLOGY0, ti .j T,. IjO III a: 0:
(!)

VD OTI\EIl

GROOJID SlIII1ACE n. 26'(:1) • TESTS

- 16' 1 KED. DDS&-DIISI BJlOWlI-GUY BRM r, SAIlD. TI. lIED. SAIl!
~ - ~~t~~.GRAVBL. "ta. SILT. _-

66 , 2 -- 5.9 G V. DElfSE aIlEY BROWN 'III! s.um. fR. HEll. SAND, F. GIAVBL_-
150' J

" SILT. -- (ABLATIOI TILL)
--

7S ,. 9.1 Q

-10- r5 -77 -
-
-

~ --
- ill'6

S.6 a
-BEC(J{IJQ COUSER " IIDU DDSE V/DIPTR. V/OCC. COBBLES-

" IIOULIlEllS. --
(BAS!!. TILL) --

-20-

192'7 --
--

IOTE: DEFINITION OF SIJIBOLS usm UJlDD OTHER TESTS, --
a - GIU.II SIZE .uw.YSIS -

--
m~s -- 10.9 a

--
-
-
-JO -

21S"9 -
-
-
-
--

219 "10 -- 8.7 G -
-
-
-40 -

242'''11 -
-
-
-~ ------- ------=-- ~J7 ""12 V. DEISE GRAY BROWI SAND (HEIl.-CKS.) &: F. GIU.VXL. -
--22.5 - TOP OF ROCK -f----

-
GREY BtJDED QTZ. BIlTIYa -~

COU RUN IS FRAC.&: WI•.. ,'.
GHEI~S HONS6N GNEISS V GRANI,.

-

~
50- 0 73 SIWlS 1-10' THICK. FO • ABOOT_

5~. _-26.2 - I
f----

~...\~ 70~ JT., TIGHT
-

-
'I, ~ / 700 JT.. TIGHT

@ 52.2' - 56.5' GRANITE -'':\I'~ 600 JT., CHLORITE -- 87 100
~\~ 3" FlUC. ZOII!:, WI.

~ - !.-" 50° Jr •• WI. --
~ -- san WI. ZOIfE -

35 90 i~ ~~ ~:: ~~~ ~~: -60- -- FRAc. ZONE, WI. -=.ll.&- - \ I

~i.~~ 700 JT.. TALC. -~\ 62.0'-64.8' GRANITE -~ 27 90 ...... 1... FRAC. ZONJ: I: WI.-
~II

CORE IS IWlLY WI. IN A VERT. PWljC6.J' _ 67.0
'

GIlA.NITE~ --42.0 , I >",,, I

- -EHD OF BORING 67
' -70 -

GROUJID WATER LEVEL -'I1ll REAIlIllG 9:" BELC1Ii GROUND SUllFACE 1/12/72

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE 7. VB IS IUTOIIA.L WATER COIlTEIn' ~.SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A 8. OTHER TESTS SEE IOTE ABOVE.140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE:~I'''~THE PERCENT OF CORE RECOVERED. ~

BOPIG LOG US2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE. 41-U-1J'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.t-~ MILLSTOIE ItJ::LEAR POWER S'!'ATIOIl'DVrHDIC,,"' LOCATIO' OF SAMPUNC ATTEMP' .~ un'!'JWITH NO RECOVERY. '1'SUBSCHIPT NEXT TO SYMBOL INDICATES SAMPLE t-'~' 10RTHEAST UTILITIES SERVICE UNITNUMBER.
~

3. -¥- INDICATES LOCATION OF NATURAL GROJND WATEl 2 1::C
4. ~ DT~B~~CK QUALITY DESIGNATION. (PERCENT) ~~ STONE&. WEBSTER ENGINEERING CORPORATION5. IT INDICATES DEPTH & LENGTH OF NX COilING HUN I K~ A 121'19-G8~96. DATUM IS M. S. L. " ,



ICIl'rllElSf unLlnss SmYICS coom

SITE KILlSTQ!Qj PT W&DJl!OIIQ cog .1.0. NO. ] 2179 BORING NO. ...3ll..-TYPE or BORING n LOCATION ,.:1;,:..7:,:0::::81::;-6;:,5::::1:...- GROUND [LEV. 25.0
DATE DRILLED 11/11/72 DRILLED BY _ICAI DRILLlftG LOGGED IY P !ULLACI\'SUMMARY or BORING

_

:r: ....
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> .... WEATHERING Xc.:>LIJ LIJ .... LIJ ....D

'".J LIJ ~LIJ IL ~9LIJ LL. ~LL. )- fiELD AND L..1l0l\"TOl\Y TEar RE!lULTS; ~o,.:~ nllN·~"r:lCllIrrION; LITHOLOGY
f- 0:: ~!lt'll~T~~C1~t[DDING .. NO r ..ULTINGc.:>

QROlJllD SURFACE ELEV. 25.0

21.0

11.0

10

15

15 ~

99 ~

58
,.

95 ~

1206.2 ""'""

KEDltJJII DElISE, RUST 1Il000000DARK BROWIf, POCIlLY GRADED, MEDltJJII TO P'INESAJID, S()IE SILT.

(P'ILL)
V. DElISE, GRAY 1Il0000, WELL GRADED, COARSE TO FllIE SARD, 'l1lACE OFGRAVEL, TRACE OF SII.:!'.

V. DElfS~ ORAY IIlOWJ, POORLY GRADED, COARSE TO FINE SAND, '11UOE OFGRAVEL, SCM! SILT.

(ABLATION TILL)

VERY DENSE COBBLES AND B01JLDERS

20

lOO/.'}""

\lmY DENSE, GRAY moWR, POORLY GRADED, COARSE TO FINE SAND, '!RACEOF GRAVEL, SCtlE SILT.

30 100/.3'rt! (BASAL TILL'

15 83

FOLIATION A.IKlUT 450

VEIIY HEAVILY WEATIIEIlED GREEBISH GRAY BIOTITE GNEISS
(CHLORITIZED)

TOP OF ROCK

WEATHERING, BROKEN ZONE AT 65.6-66.5
TYPICALLY V. CL. JT. THROUGHOUT
HORIZ. JT. TIGHT, YELLOWISH GREER STH.SEVERAL 800 JTS. 0.5 IN. LOIIG ENECHELON
(STEPLlKE) AT 68.6,.69.0

o st. HEAVY YELLOWISH GREER KINERAL
IZATION

sL~c~bIr~'T~lIfrHn gWN
,

800 JT. TIGHT, RUST STAIIf
VEIIY HEAVILY WEATfIEIIED ZONE AT 55.2 
55.6
TYPICALLY V. CL. JT. THROUGHOUT

BOO JT. HEAVY RUSTY GREER 8TH. SLICKER
SIDES AT 60.6-61.8 11 TO JT. DIP
00 JT. TIGHT POSSIBLE SLICKENSIDES

AT65.6

800 JT. SLICKENSIDES AT 40.7' 11
TO JT. DIP

ERY HEAVILY WEATRERED ZONE AT 42.9
43.3
450 FRAC. CLAY PCCKETS AT 45.3 '
TYPICALLY VERY CLOSE JT. THROUGHOUT

VEIIY HEAVILY WEATlIERED BROKEN ZONE, GREENISH GRAY BIOTITE GREISSPCCKETS OF GREERISH GRAY CLAY (MONSON GNEISS)
AT 35.0 TO 40.4

92

53

73

12

120/.2 1

38

33

12

50

70

40

pIlm LOO 319

MILLSTOIE m::LEAR POWER STATIOI
DIlII 3

NOOTIIEAST UTILITIES SERVICE C(]oIpAN!

STON[ 'WUSTER [NGIN[[ItING CORPORATION& 12179-GSK-20A

1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE
SOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE ill STANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE r-.~~------------------_ITHE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDIST'JRBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV~~hC~~E~~g~~i~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.

3. ~ INDICATES LOCATION OF NATURAL GRO:JND WATE• TABLE.
4. j!9D - ROCK QUALITY DESIGNATION. (PE1lCEIiT)
~: ~T~~ti~AT~~S~tPTH & LENGTH OF NI COilING RUN I.?W



'(!l,TRWT mLfUES SlVICE COOW

1 7081-65£
_--'=..;;c;;;...;""'- DRILLED IV AHERIOAlf ~ILLIJQ

:1:1-
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> I- WEATHERING %C)l&J W ""'W AND ...

..J W
Q. W lL ~9w LL. ~LL. )- r1I:LD ANDLAIlOIIATD"Y HaT "UULTS; ~o,.:~ t~':."'S,,~ICIlI~TIOtl;LITHOLOGY

... a: ~,~~r:.V,~0tltUDltlG AtlO rAULTINOc:»

-54.3
80

)6 100

sao: IIUTRZRIIIG, IIIOI'D ZOJE AI 70.5-71.8
SOO FR.&C. TIGHT, YELLOWISH QREI!JI STM.
50 JT. SLIOKEISIDES

SOO JTS. SLIOmSIDES 01 'Ute 1T 73.3-

~ WZU'RPJlIIQ, BROI'D zon 1T 74.3-74.7
9()0 JT. YBLLOWISB QREEII Sft•

. 150 JT. YBLLOWISB (IUD Sft.
f:dJ JT. POSSIIlL! SLICKElfSIDES

EID OF IIOlUJQ 79.3'

~OWfbt.gZLll/l)h2
8.4' BI!:LOII QROlJllD SURF.&CB

BORIE LOG )19

IIORIRF.lST UTILITIES SERVICE CCMPAII

STONE' WEBSTER ENGINEUING CORPORATIONA 12179-GSK-20B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSlTE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE .~~="~-----------------~THE PERCENT OF CORE RECOVERED.

2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE."6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV~~~c~~E~~g~~i~H OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. + INDICATES LOCATION OF NATURAL GROJND WATETABLE. ..4 • .!!SD - ROCK QUALITY DESIGNATION. (PERCEIIT)5. U INuICATES DEPTH & LENGTH OF NX COaING RUN6. DATUM IS H.S.L.



'!NBQ8I nILInSS SIRVIO! OOOAIl'

SITE Krw.sT9D n VAftRFOJID, oon. J.O.NO. 12179 lORING NO.~TYPE Of'BORING n LOCATION ! m'''!81'i GROUND ELEV._28IliUJt.-__OAfE DRILLED.-jl....ll.lh"b./wz"-- DRILLED IV _reAl lllILLIIi LOGGED IY P KALLfQIISUMMARY Of' lORING
_

:1:1-
OIIERALL U SOIL OR ROCK DESCRIPTION> I- WEATHERING ie>w w I- w "ND 101

..J W
Q. w lL ~9w L&. ~L&. ~ flEL.D ANDL.AllOIIATOIIY 1[.T II£SULTS; ~~~ 'lW·~"r:ICI"~T'OI/; LlTHOL.OGY

I- a: ~.tc::~T,!~0tlluDIHO ...ND r"UL.T1NOC)

4J DBlB, RDS'!' TO LT. IIWW, POORL'f QIWlBD, COARSE TO rIllE SA1ID, 1IUCE

~
or lIR1VKL, macE or SILT.

17
MEDIlIM D!IIS!, LT. 1lROlIIf, POCftLr QRjI)BD, MEDI1I( '1'0 TIn lWID, sooSILT. (FILL)

~
V. Dl!:ISlI:, MEDIlIf BIlOWII, WELL CIIWlBD, COARSE TO TIll! SAJUl, SOO

101 GRAVBL; 1'RAC! or SILT.
(ABLATIOJI TILL)

21.J

120/.11- ~ DElS!, COBIILIS AID B>lJUlERS

10
120/.1'-

(BASAL TILL)
12. TOP OF ROCII

100 100 JOO JT. TIGHT YELLOW STUll GRAY BIOTITE GDISS
(MOJISOJI GII!ISS)

450 PIlIC. CLUI FOLIATIOJI ABOUT 4SO-f:dJ
20 -~IELLOII STUll So: CALCITEZlTIOI.

PIlIC. CLUI
90 99 JT. TrPICALLY loo-JOO, Rl1ST STAIR

96
JOO st, ROST STUR l/fI) CALCITE

2.J 89 KIJlER.lLIZA'l'IOJI.

EIID OF BJRIRG 26.0'

.0~"1:l/3/72)0 7.7' BELOW GMOIID SURFACE

BORIlfG LOG 320
KILLSTOIIE 1lICL&AR POWER STATIOI'

1JllI'I' 3
BOR'1'IIEAST UTILITIES SERVICECCKPANY

STONE' WEISTER ENGINEUING CORPORATIONA 12179-GSK-21

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NtJMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVEA 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ~.."..".",-y------------------..:fTHE PERCENT OF CORE RECOVERED,

2. 12 INDICATES LOCATION OF UNDIST!JRBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV~~~~C~6EiE~~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.

3. ~ INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.
4. !l9D - ROCK QUALITY DESIGNATION. (PERCEIfT)
~: tlT~ui~AT:.~.~~PTH & LENGTH OF NX COiUNG RUN ~ 'f,lI.



IlJl'ftWS1' llfILIflES SmVIC! COO'AII

1 SOn-l71eE
"':':~'-'=- DRILLED IY »IIRICAJI DRILLJi!I!1

:1: ....
OVERALL U SOIL OR ROCK DESCRIPTlQN:> .... WEATHERING i uW w .... W AND ...

..J W
Q. W a.. ~9W lI. ~lI. >-

g~[.~~rr~~~et?tor3:~J~ ~lJ'nUriJS; ~c:.I~ n'lN·~..~IC"I~T IO~ i LITHOLOGV
I- 0:

~

18.0
10

21

J9 ~

54 ~
20,(>.0-

Ilif DElISE, RUS1' BROW, fOOfILY GRADED, COARSE TO FIlE SAID, t'IWlEor QRlVIL, 1'R.lCB OF SILT.
MEDIlIM DarS!, RUST LT. BROW, fOlIlLY GRADED, MEDIUM TO rIRE SAID,lKIIZ SILT. (YILL)

ElSE,MBDIllM,lItOWlf, POORLY GRADED, COARSE fa FIIlE sm, 1'IUCE orGllAVEL, TR1C! OF SILT.

ERT DarSE. L1'. GlUIISH 1lR000,POOEIlLY GRADED, COARSE TO YIIIE SAID,'nUC! or QRAVBL, SCHB SILT. (ABLA.flOl TILL)
VERY DElSE, LIGH1' GIlAUSH llRowr, POlJlLy'QRADED, COARsao:SIL1'.

VERY DElS! COBBLES 1J(Il B:llJLD!RS.

20

2O/0.ll-

2O/0.Cb-

20/0.0--

JO 2O/0.Oe-

20/0.0-

40 20/0.0-

GROtlllD WATER LEVEL
AF1'ER CCJo!PLEfl ON 11/7/72
14.5' BELOW GROIlllD SURFACE

'BORII'G LOG )21
MILLSTONEm:LEAR POWER $TAnoR

l1II'1'J
IIOR1'IIEAST l11'ILIflES SliRVICE C(HPlIlY

STONE l WEiSTER ENGINEERING COltPOftATION& 12179-GSK-22

85° J1'. YELLOWISH GREEK ro RUST
S1'1IN, SCJIE CAWITE MIMERALIZATIOR

60° JT., ClIllC'ITE MIlIERALIZJ.TIOK,
SLICKERSIDES, 30° TOn. DIP AT 69.1

JT. RUST &. YELLOW GRE!Il STUll,
S JP~J.!!M..AT 70.7 ._._ .. _.o ._.._.
EIID OF BCIIIIIG 71.1'

450 JT. YELLOWISH GREEII STAIK POSSIBLE
SLICKElfSIDES 11 TO roL. AT 5J.6
15° JT. YELLOW BROW STAIN, S<JIE
CAWITE MI1IERALIZATIOIf
BROKEll ZORE, IIUVILY WEATIIEIIED. SEVERAL
45"-900 JTS. (SAKDLIKE 0.2') AT 57.8
61.6
JT. TYPICALLY 150-450, SrAIIIED, WITH
OOC. MIIfERALIZATIOIf AHD SLICIlERSIDES

~L~~s~TSait~O~ Z::~:iOK ABOUT 4SO
AT 48.2-5O.J PINK GRANITE AT 48.2-5J. 5

HIGH AllGLE JTS. OFTEN ALONG
FELDSPAR CLEAVAGE AT 52.0-5J.5

° 0 l'

HEA.VILI \lEA.THERED BRO
48.2

TOP OF ROOK

955J

70

60

-4J.5

2O/0.<F-
-19.0

-20.6

68
50

-25.9
76IS

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF AlitO LB HAMMER FALLING 30" REQUIREi> TO DRIVEA 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE .,.."~~------------------~

2. ,H:I~~g~~is°iog~~ro~Eg~V~~fsTURBEDSAMPLE.;" .'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV'~~~~C~~E~~g~~i?H OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3• .g. INDICATES LOCATION OF NATURAL GRO:JND WATE• TABLE.
4. ~D - ROCK QUALITY DESIGNATION. (PERlJl:1n')t MT~O~;AT:.~.~~PTH &: LENGTH OF NX COilING RUN I 'P.IV.



'9RP'MSI trlIHIIM selIC I coom
SITE MIW!'fOlB PT, 1II'R11r0111l gog J.O.NO. 12179 lORING NO.-322.-
TYPE Of" lORING II LOCATION _..,;;1....80~8_R-264l!i~__________ GROUND Elf V.--::3;,;;,0.;.:')~__
DATE DRILLED......1...o/....1..1...17""2~ DRILLED IV I!1!RICAI pRILLIIG LOGGED IY P. WALLACK"
SUMMARY Of lORING _

:t:~
OVERALL U SOil OR ROCK DESCRIPTION:> .... WEATHERING ie>I&J w .... w AND

"".J If Q,I&J II. ~9W ~l&. >-
gb£.~~rr~~U~~r~:~~~~~~t:~~Js; ~~I~ t~W~r:ICIlI"TION; LITHOLOGY~ a:

C)

22,3

10

87

39 ~

18 ~

43~
1.7'."

V!R! DElISE, lHlAUSR 1IlOIIIf, POCRL! GIWlID, COARSE TO FIn GRAVEL,
SCHE sm, TltACI OF SILT.

MEDIUM DUSI, MEDIUM BROWl, PomLY GR.l.DID, MEDIUM TO FIlii SABD,
SCME SILT,

2O/o.3/;;.--

(BASAL TILL)

20 20/.5''''

-4.7

30

72

60

95

Gill! BIOTITE GIWfITE
(MONSON GHEISS)

JT. TYPICALLY 300 -600 , STAIRED, w/S<J(E
MIIlERALIZATIOR
600 JT. lIs" GillY MIIlERALIZATIOII
(POSSIBLE GROUTLI J(E CDmIlT)
30 0 FRAC. CLEAN, TIGHT

600 JT. HEAVY GREEN GRAY TAW
MIIlERALIZATIOR
TtPICALLY V. CL, Jr. mROUGROUT

END OF BORING 35.0'

GROmm WATER LEVEL
AFTER CCIlPLETIOR 11/1/72
s.i: BELOW GROUND SURFACE

40

12179-GSK-2J

BORING LOG )22

~~ !'(IWBR STUTOI
lINI!3

RORTHEAST UTILITIES SERVICE CCHPAN!

STONE' WEBSTER ENGINEERING CORPORATION

fA

1. FIGURES IN BLOW OR RECOVERY COLrJHN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIREiJ TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTS .~no;;'="'1r-------------------_:I
THE PERCENT OF CORE RECOVERED.

2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
DV~~~~C~6E~~~~i~N OF SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. l- i~gE~~TES LOCATION OF NATURAL GR01ND WATE

4. agD - ROCK QUALITY DESIGNATION. (PERCEIIT)
5. U INlliCATES DEPTH & LENGTH OF NX COilING RUN
6. DAT!JM IS M,S.L.



ICRIIWST UTILITIES SmVIC! CCJlPAIY

J.O. NO, 12119 lORING NO. ]2]
GROUND [LEV. --=29;l..:,.,3 _

PICAI WILLIII1 LOGGED BV P wALLAQIl:

SITE MILLSTOIE PT. VITIBlOIID, cog
TVPE Of BORING III LOCATION _..:1.a".I7L::i08~1-=264!~ _
DATE DRILLED ...1'loQ!LDo~I7.L!2,-- DRILLED IV
SUMMARY Of BORING

_

XI-
OIiERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> I- WEATHERING

ie"W W 1- 1LI "NO '" ~ ....
..J W

Q. w RQD ~t~
~ ~9&aJ LL. ~LL. ~

g:;.~~:r~~~IlI~~T3:v,.J~~l~~:~~~s; ~o,.:~ t~':cA.1:,,~·C"I'T ION; LITHOLOGY
o tI SO 11 100 ~ D:III II:

e"

(FILL)

GRAY BIO'lI'lE Gmss
(M01'ISOI Gmss)

FOLI.\'lIOI ABOUT 4~

MZDIlJoI DElSE, MEDIlIf BIlOW1'I, roau,y GRADED, COARSE TO FIlE QRAVEL,SOO s.um, '!RAC! OF SILT I

00 otITACT

DDSE TO VERY DElfSE, BROW, PCXIlLY GRADED, COARSE TO YIII, s.um,TRACE OF SILT•

(ABLATIO! TILL)

300 Jr. TIGHT, RUST 8m.
45° Jr. SC»I!CILCI'lE MIlBRALlZATIOI
nPICALLY V. CL. Jr. 'l'RROUQHOU'l

75° JT. SCME CALCITE MIImlALIZA'lIOII

VERY DElISE, L'l. 1Il0000, POCIlLY QRADED, COARSE TO FIIB 8JlID, m.&cEOF QR1VEL, !RACE OF SILT. (BaSAL 'lILL)

VEIlY DUR, LIGHT BROlIII, POCRLY GRADED, COARSE TO FIIB GRAVEL, sams.um, '!RACE OF SILT.

60° JT. SOME YELLOWISH QREEll' STAII,
SLICKElfSIDF3 A'l 29.6

82

94

26

12 ~

100

39 ~
.lt8 ~

120/.7~

84

20

30

10

25.3

-1.9

19.6

12.3

ElID OF IQlllfG 32.0'

MI~~~PO~ SfATIOI.. . IIII"

ICRTHEASf ll'fiLI'lIBS smVIC!: CCMPm

STONE l WEISTER ENGINEERING COIIIIOItATIONA 12179-Gll1-24

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
Sal L SAMPLE DENOTE THE Nl1MBER OF BLOWS OF A
140 LB HAMMER FALLING jO" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE i>ISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DEHOTS ......, ...".,...,.,,_--------------------1THE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDIST'JRBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
DV~~~C~~E~~~~i~N OF SAMPLING ATTEMPT
S{JBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. ~ INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.
4. ~D - ROCK QUALITY DESIGNATION. (PEBCBft)5. U INilICATES DEPTH &: LENGTH OF NX COiUNG RUN6. DATUM IS M.B,L.



nORTHEAST UTILITIES SmVICE COOANY

J,O.No • ..,j10!lA:!o.7u9'-- _
1 718n-164E

_.=~-=- DRILLED IY AMERICAif DRILLING

:I: I-
OVERALL U SOIL OR ROCK DESCRIPTlQN> I- WEATHERING IC)w W I- W "ND ...

-J W o..w L ~9w 1.1. ~I.I. ~

g~.11l1~~~~Bt~~r3:~~~ ~l~t:~';JS; ~o,.'~ tlAN~Ar:"A"'TION; ~lrHO~OGY
I- 0:

C)

(BASAL TILL)

GRAY BIOTITE GNEISS
(MORSON GNEISS)
FOLIATION ABOUT 6l:JO

GREEIl GRAY BIOTITE GNEISS

(ABLATION TILL)

DElfSE, .LIGHT mOWR, POORLY GRADED, COARSE to FIIlE SAIlD, S<JO: srrr.

MEDIUM DENSE, GRAYISH moWII, POCRLY GRADED, COARSE TO FINE SAl'ID,SOO GRAVEL, 'mACE OF SILT.

VERY DElISE, MEDIUM BROWII, POORLY G1WlED, COARSE to FINE GRAVEL,SOO SAND, TRADE OF SILT.
MEDIUM DENSE, MEDIUM mOWII, POORLY GRADED, MEDIUM to FINE SAND,

F L

JT. st. TAIL: MINERALIZATION
150 FRAC. st. YELLOWISH WEll STH.

~~.C)F_~~ • -l° JT. HEAVY YELLOWISH GREEII
MINERALIZATIOn AT 35.0-35.6
JT. TYPICALLY HORIZ. _ 30°, TIGHT
THROUGHOUT

5° JT. IIEAVI YELLOWISH GREEIl
MINERALIZATION AT 38.4-39.1

I

I
:·_85° JT. HEAVI TAIL: AFTER CALCITE

J

I MINERALIZATION AT 46.2-47.9
I -JT. TYPICALLY 10°-)00 vrm SOME
! MnmRALIZATION (Tm & CALCITE)

110° JT. IIEAVY TALC & cucrrs
MINERALIZATION AT 48.4-49.4

26

88

100

10

63

19 '2
4J ~

21 P:
24 ~

2O/00~

77

25 55

14

74

20

4JJ

50

30

10

-21.2

26.0

-4.9

-13 9

-11.

15.6

END OF BORING 51. 3'

GROOHDIIATER LEVEL
AFTER COOLETION 10/30/72
8.5' BELOI( GROUND SURFACE

OORlNO LOG 324
MnJ.STOHE RlICLEAR POWER STATION

OHIT 3
NORTHEAST UTILITIES SERVICE COMPANY

STONE' WEBSTER ENGIN££ItING CORPORATION& 12179-GSK-25

1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,....,~':::"1'------------------~THE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDIST'JRBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
D17~f~~C~~EiE~g~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

J. ~ INDICATES LOCATION OF NATURAL GROJND WATE
r TABLE.

4. ,!!9D - HOCK QUALITY DESIGNATION. (PERCERT)t MT~l)i~AJ.~~L~EPTH & LENGTH OF NX COaING RUN I '?w.



ROIlTIIEAS'1' UTILI'l'IES SIlRVIO! CCI!UII!

SITE KJ LLST98 rr wlmroBp, COP J.O. NO. 12179 lORING NO. ..BL-
TYPE 0' 80RING II LOCATION ....;1;.:...;.;71_8."--4..;:;7""61~ GROUND ELEV. )O""'·1 _

OATE DRILLED 10/18172 DRILLED IY JllERIQAI !lIILLX"G LOGGED IY P. IIALLAQa'
SUMMARY 0' BORING _

X~
OVERALL ~ SOIL OR ROCK DESCRIPTION'> ~ WEATHERING XC)l&J l&J ~l&J ....D

'"..J
~

o.l&J lL ~9l&J ~Lt. ~ fiELD ANDL"110" .. '0", TEa' "tauLTS; ~"..I~ n':c..,~"r:a"""TION; LITHOLOG'f- a:: ~a~~::.T~~OIlIEOOIN. ANO rAULTINO
(!)

V. DElfS! '1'0 MBllIUM DBlSE, MBllIOM lIlow, POCItLY QIWlED, COARSE '1'0
FIll! GRAVEL, SCI!! SUD, 'JIUCE OF SILl'
WOOD

2 .1
!'&An

t----------.. (FILL)

10

D~ MEDIUM 1Il0W, POORLY GRADED, COARSE '1'0nil! GIllvn, 8M SAIlD,
'1'IWlE or SILT.

- MEDIUM DDS! '1'0 D!IISB, MBDIlIl 1Il00000, POORLY GIWl!D, COARSE ro FIll!
SAID, '1'IWlJ: OF GRAVEL, mACE or SILT.

4J ~ (ABLATIOII 'l'ILL)

COBBLES AllD aJllLDERS

20 120(7"

100 =--

91 ,
VERY DENSE, GllAnSH 1Il0llN, POORLY GRADED, COARSE '1'0 rIllE SAID,
tRACl!: OF GRAVEL, t'RAC1!: OF SILT.

(BASAL TILL)

END OF OORIIfG 47.0

60° JT. IlE!VY ULLOIIISH 1Il011N STIl'.
AllD CAU:lTE MIIlBRALTZATION
80° JT. SCIlE YELLOWISH 1Il0W STAlK
AllD CAU:lTE MIIlERALIZA'l'IOlf AT 45.0-45.8

-6.7

40

60° IT. TIGHT YELIDW 1Il0WR STH.

.IT. T!P!CALLY 100-30", S'l'ATlfED

75° Jr. IlE!VY YELLOWISH GREEH STAIN....... ,. ,"' ...
ft& ...... ,-...... .,

GRAY BIOTIT!!: GllDlT!!:
(MONSOlf GRETSS)
SHALL Pl!:GMA.TITE IWIDS

GROUNDWATER .LEVEL
AFTER COMPLETION 10/26!n
6.6 1 BELOW GROUND SURFACE

aJRIlfG LOG 325

NILlSTOR IllJCLlAR POW!Il STUlaR
UBIT :3

IfCIlTllEAST UTILITIES SOlVICE CCMPANY

STONE 6. WEBSTER ENGINUttlNG COftPORATION

&. 12179-GSK-26

1. FIGURES IN BLOW OR RECOVERY COWHN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAHMER FALLING 30" REQUIRE;) TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,..,~~r--------------------_I
THE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDISTJRBED SAMPLE.
~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
Ot7~~~C~~E~~g~~~N OF. SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3 • .,i,. INDICATES LOCATION OF NATURAL GROJND WATE
• TABLE.

4. ~D - ROCK QUALITY DESIGNATION. (PEIlCEIIT)
5. U INOICATES DEPTH & LENGTH OF NX COilING RUN I
6. DATUM IS M:S.L. . f;t/.



1,4J2!H761
..Mi~iL.Lllt....- DftILLED IY _my DBILLIWl

::1: ....
OVERALL 0 SOIL OR ROCK DESCRIPTION:> .... WEATHERING i"w w .... W "NO W

.J
~

Il. W lL ~9IU ~IA.
~ r I[ LD AHDLAIlOIIATOllY T['T III IUL TS; ~o,.l~ ~~W~"r:.CIlI'T lOll, LITHOLOGYf- a:: ~.~",r:.W~'~I£DOIIi' "NO r"ULTlNO

"

vm DaSl. QRllllISR Il10111, POORLY QIW)!D, COARSE TO nil 8A1D,
sao: auVIL, mCI or SILT.

FOLurrOK ~OT sao

TIGHT,
WI.

1Il011D ZOIlB, YELLOWISH GIlEDI SrAIW,
IIBUILY lIEATIIERBD AT 30.1 TO 30.4
800 st., 0REEIf S'1'II., SCM! lIEA'l'IIERIlIl

150 st., JELLOWISB QRE!Il STAIN, TK.
(]I lIEATllERIIQ (TIPIC.lL TIIROUGIiOUT)

99

99

80

100

77 94

88 100

100 100

100 100

98 100

98

50

60

70

S6 ~
~

19.5

17.9
40 90

16.3 10 0 100

J,6 90

100 100

20

2.6

IlORIIG LOO 326

MILLS70IB IU3U8 l'Ol/BI\ STATIOI \
l1l9IT)

1l'0RfH&lST UTILITIES smvroE CCJlP4IlI

STONE' WEISTER ENGINU"ING COltPOltATION

~ 12179-GSK-27A

1, FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DEMOTK 1""'1-::-::~-------------------J
THE PERCENT OF CORE RECOVERED.

2••2 INDICATES LOCATION OF UNDIST:JRBED SAMPLE.
~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
DV~~~C:~E~~g~~~~N OF SAMPLING ATTEMPT

SIJBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. -X- INDICATES LOCATION OF NATIJRAL GROJND WATE
• TABLE.

4. ~D - ROCK QUALITY DESIGNATION. (PBRlEIIT)
5. U INIJICATES DEPTH & LENGTH OF NX COnING RUN I
6. DAT!JM ISM.S.L. . if.M



1M.!. OP';L

SIT[ IIILLnOD "·W gIP .1.0. NO. W79 1000ING NO•..-m-.
TYPE Of lORING_ ..U.....__ LOCATION ) u""'lfaI GROUND [UV. n 0
OAT( DRILLED 10110/72 DftlLLU IV WID" IIILLIIi LOGGED IV P. VI"aql
SUMMARY 0' lORING _

:1: ...
OVERALL U SOIL OR ROCK DESCRIPTION

~ I- WEATHERING i§lIJ I-lIJ "'NO W

..J Ie I1.lIJ L

lIJ ~l&.
~

W.~~iW~t·I~'Dr::v,.~~~~~t:~~J'; ~o..'~ ~1'lcAI:,.~ac'lI'T ION; LITHOLOGY... D:

"

6) 94

r, RICH AT 74. ~76.

948880

-58.3

lID OF BORIIO 85.)'

~..2!'!_~n/'"''''''
iO~; imUNGRoDm"sURFACE

BORIIfG LOG )26

MIWfOB. JUCWRI'OWER STUIO.
UlIr)

1C0R1'RE.lSr UTILITIES SERVICE CCMPm

STONE &WEBSTER ENGINEERING CORPORATION

A. 12179-GSK-27B

1. FIGURES IN BLOW OR RECOVERY COLt1MN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
lItO LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOn M73:DiiT------------------.:I

2. 'H:I~~g~is°Eog~:~O~Eg~V~~isTURBEDSAMPLE. •
'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. 1-2b-13
OVINDICATES LOCATION OF SAMPLING ATTEMPT

WITH NO RECOVERY. , 3 vp-
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE . :.sI1
NUMBER.

3."&' INDICATES LOCATION OF NATURAL GROJND WATE
r TABLE.

4. ilD - ROCK QUALITY DESIGNATION. (PERear)
~: DAT~Oi~A:.~~L~EPTH 8< LENGTH OF NX COilING RUN I :p,t/.



JalI!W8t UtILIUES SmVIC! COOW' SH~o'2..

SITE MJLLS'l'9!§ Pt u'7"!'OPD , con ".0. NO. 12179 BORING NO.-m.-TVPE 0' BORING n. 450 LOCATION 1. 5101-456£, 870°1: GROUND [LEV. 28.7'
DATE DRILLED 11/2/72 DRILLED BY AMERIC4If DRILLIIQ LOGGED IV P. WALLACK
SUMMARY 0' BORING

:c~
OV[RALL SAMPLE ~ SOIL OR ROCK DESCRIPTION:-: ~ WtATHERING J:C)W w ~w IIHI

"11 "..J w o.w RQD ~B8 ~ ~9w lI.. ~lI.. fiELD AND LllaOll"TOf\Y Ttl T IIEIULTS; ~o,:~ nW·:..~IC"I"T ION; LITHOLOGY° U 10 TIIOO ... loJ I- a: g~I~~~V~OdEIOING "NO '''ULTINOALOIfG I I I I I III II:
e"

~RMOt.

ms

- -
--
-
-- --
--

-
OVERBURDEN

r-~-
10 -

'l'9P OF ROOK --
:]~!::-I~~~

----_..__ .-.__ . -- SOO JT., LT. BROIIIf SILT PIU GIWfITE AT11. 0-24. 7 -- .36 82 ~~~~~·I~;I

-·····\-\·1 JT. SCME STUIf TIIROOOHODT- :- I • ,- l~i.

-- '~:~~~,:7 15° JT., LT. BROIIIf SILT -- f-- ,.1 .. 1.... ,-

-.-'-1-1-1- ,.,-,..\-,-
BROKEN ZONE, LT. BROWI! SILT Olf -\-1",·1-1- 1- 1 - 1- 1",,, HIGH ~LE SURFACES AT 16.0-16.4 -- 62 90 i;!~!~!21
JT. SCME STAIlf mOUGRODT, roc. -20 - ~.::I~ ~~I~~~~ SILT .....- - .. 1"1 _.~ '-I

BROm ZOIlE, LT. BROWl! SILT Olf --
:]~~.~~; -- HIGH 4IfGLE SURFACES AT 23.8-24.0

-11.1 - 81 99 ~!~1;~':1 70° CONTACT, GRANlTE AlID GlfEISS---- - ''iIS- -I~;t( f~~, GRAY BlorlTE GNEISS.sa:.: - 700 JT., RIlST STAIN
(MOIISON GIlEISS) --

:~.~~:! so<> CONTACT GlfEISS AND GRIJI1TE PIlfK GRANITE AT 26.6-52.4 --
~-'-I PEGMATITE AT32.3-35.0 --

c-

I~%
AT 35.8-36.330-

8SO-650 JT., (CURVED), IlEAVI RUST --
STAIR -

-
70 93

~r1;~]
JT. Tl'PICALLY 450, RUST STAIN -

--
i -.sa:.: -

1.5 I:~~l:~i~, BROKEN ZONE, VERY HEAVILY WEATHERED SCJoIE BROWNISH GRAY CLAY, -~ ·.1·J",-1 ABDNDAIlT YELLOW'STAIN, SAIfDLlKE, AT 36.3-38.2- I-- . '-I~~i":'l-
.C;·:;:~~I -I 40 - 66 100

~~~~i~f
700 JT., RUST AND GRAYISH GREEN STH. -I

i

I

I-I-i·'
JT. mreALLY 45". RUST STAIN -1- 1.'- .• ;

I
_:-t .. l - .-

70° JT., GRAYISH GREER STArff -1- .-;- ;-1-',-: ~\ -.-
-• .. ~ ... I-

J~~:~:
-FRAC. TYPICALLY 45°, CLEAN PEGMATITE AT 45.9-52.4 -! - 91 99 -- -- ,. " -- -50- +"'!-t -,. .. !".- t •. to ....

-45° CONnCT GRANITE AND GNEISS AT 52.4 -'" +- ~+ .,

~ -

~~
--9.3 - I- FIWl. mIcALLJ 10°, CLEAN GRAY BIOTITE GNEISS AT 53.4. ___-'----- -

80° CORTACT GNEISS AND G/WIITE --
PIlfK GRANITE) PEGMATITE AT -- 97 98
54.3-56.9 -- ff.~ ",_,-1 "fl\AC. TYPICALLY 45°, CLEAlf wi ooc, -- ;; ;: °

1
~- -I . I CALCITE FILLIlfG -~~~~.I;I:1 -60_ -." I-I -·-·'-1- r, -~ - - -

-45° CONTACT (WHITE GRANlTE) GRAY RIOTITE GNEISS -- 97 100 AT 63.4-63.6 FOLIATION sao -- -- f rnuc. Tl'PICALLY 45°. CLEAN --
-- ...,70 _

rth/Mi -
1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRE;) TO DRIVEA 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
~~~u:~Ci:~wgF O~b~I~~c~~i~Eg~RES DENOTS .~

BORING LOG 3272. .2 INDICATES LOCATION OF UNDISTURBED SAMPLE. 4"6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. I-~ MILLSTONE NlJCLEAR POWER STATIONOI7INDICATES LOCATION OF SAMPLING ATTEMPT UIII'l' .3WITH NO RECOVERY. J ~pfSUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE I-~ NORTHEAST UTILITIES saUCE CCMPA1IYNUMBER.
~3. ~ INDICATES LOCATION OF NATURAL GROJND WATE 2 D(• TABLE. . ,

STONE' WEBSTER EHGINEUING CORPORATION4. ITD - ROCK QUALITY DESIGNATION. (1'D11!fT) -~5. INOICATE3 DEPTH & LENGTH OF NX COiUNG RUN I jl A 12179-GSK-28A6. DATUM IS M.S.L. ' .. '"'J.



IORt'IW8! DnLITIIS SIIIVICI COO.uf

J.O.No.
1,5101-45611 8'1001

-.loUJiL.LOL.- DftILLED IY 'ExgAlIIIULTIIJ

r ...
OVERALL SAMPLe: u SOIL OR ROCK DESCRIPTION:> ... WEATHERING

~C)UJ UJ "'LeJ "ND ·11"..J UJ Q,UJ RQD ~13 ~ '9UJ Le. ~Le.
0, ~i 1.0 't 1;0 ... W I- 0: g:[.t~:ro~~i%~r::y"J~~lJ'tm·J5; ~~J~ t~~"l:"~'C"I'T IONi LI rHOLOGYALOm III 0::

C)

~OL

-

r~
- -- I ~. rrPIC.lLLY (100-45°) CWR -- ( --

't -- 97 100 30° P'IUC ~, SL. I'fRI'l'I --

~:1t
-
-

fdJ JT. st. MIIIIR1LIZ.iTIOI -il -80- -- -<

-
...,

J!. TYPIC.lLLY 45° IlEAVY RUST ...,- 85 98 STUI
~- -JlRom zon:, BOO WKA1'RERIIG AT

86.9-87.1

--
-90 .....

45° FIUC., TIOHT, SL. LT. BROW --

~qj,
SILT -

-

,:1
4SO Jr. SOO CALCITE -,

PIn: QIl.UID.iT 95·2-95.J -- 91 97 IIlOIlD.ZflIIt: il8I:I&AVILY WKATIIERKD -- BIOTITE Gmss !BOlDAIn' RUST STAIR, ...,SA1IDLIIlE) .iT 95.3-95.9
--I
...,
--I100- ->- 45° FlIAlJ., TIGHT, CLEO -

FRAC. TYPICALLY (00-450 ) , CWM -It -- 96 98 -
~I f-'ro0 JT., YELLOWISH GREER SrAIR

-
r~ I; -

~rI(}j 1SO FIUC., TIGHT, cu:.ur -j 110-
--SO.J

-! EIlD OF BORIRG 111. J I -
-

I~QUI~ -- .&F'ml CCMPLmOM 11/7/'72 -7.9' BELOW QROOID SORPAOE

- -
-
-- -
-- -
-- -- -- -- ""- -- -- -- -- -- -- -- -- -

- -- -
-- -

·PIIQ LOG 327
MILLSfOlII IlICLElR POWER STATIOR

UJIT.J
RORmusT DnLITIES smvICE C(J(pAlJt

STONE l WEiSTER ENGINEERING CORPOItATlON

A 12179-GSK-28B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING jO" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTB ,;;.w.ItfA~.,.,..,-------------------:I

2. ~H:I~~g~~is°iog~~~o~Eg~V~~isTURBEDSAMPLE. 4.~~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. _~~iM3
OI7~~~~C~~E~~g~~~~N OF SAMPLING ATTEMPT ,
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. ~ INDICATES LOCATION OF NATURAL GROJND WATEE I )00.• TABLE. ~4 • .690 _ ROCK QUALITY DESIGNATION. (PEIlCEft) ~t ~T~ui;AT~~s~~PTH &: LENGTH OF NX COilING RUN ~ ~ P).J.



IIIl!RUS! OTILITIES SERVICE coom

".0. NO.
1. 59111:'84!, 965011

--l,ll,(.,j"""''''- D"'LUD IY _reAl IIIIlTTIQ

%1I- WQ. W
~u.

lLOlG

SAMI'lE SOIL OR ROCK DESCRIPTION

BlI\BHOL!
ms

10

20

GRAy BIotITE GNEISS
FOLIATIOII ABOUT 100

5° Jr. SCME CALCITE MIIlElULIZATIOIi

100 COUleT (11 FOL.) - PIRK GRAlfITE GNEISS AT__.... _. . . ... _.. ~_._!L_:. ...~_.Q. ._._

JT. TYPICALLY STAIlIED OVERALL

;JT. CctlMOIlLY SfArRED, OOC. SL. IIX.

,-----------.------------.-.----...:::J

l:J;:SI!:rt--- --·---·-------PIKK---- ISS AT 60.7
45° JT. SCJIE ~,UCIfE MIRERALIZATION

100

100

-14.0 60 94
-1 .

70

-18.6

-19.1

O'lERBtRDER

10.5 TOP OF ROOK

T. SL. STAINED '!'HROUGHOUT GRAY BIOTITE GNEISS18 rn
(MOIISOII' GIEISS)

8.3 4sD JT., RUST STAIII' FOLI1TtOlf ABOUT HORIZ.
30 -l'ON'l'Acf

.. _-_.__._.--_.-. l'IWnm.UfTn-n·2!T::r-::w. IJf:-YEIlOi.'iSH '0QUI:I.S'l'Am- GR!Tlmm:TE~-6.4 FOLI1'l'ED ABOUT 10<'86 98
PINK GRAICITE Af 31."9-)):5-----.3

3.2 81 rn GRAY BIOTITE GNEISS
4sD CONTACT FOLIATIOII ABOUT 100---.- ..- .-_._- .. ----
600 JT., RUST STAIR AND GREENISH PINK GRANITE
BLUE STAIR

13 90 -IIIlOKEIf ZOIlE, SEVERAL 450 &. 600 JTS.,40
YELLOWISH GREEN SfAIII' AT 38.7 - 39.3

39 89 5° JT. SCME TALC MINERALIZATION

83 rn

50
86 100

-8.7

70

9JRllfG LOG 328

IfJLLS!OII _LIAR POIlIR STATIOH
UII!3

RORTlW.ST UTILITIES smVICE COOAll!

STONE' WEBSTER ENGINURING COI'POftATIONA 12179-GSI(-29.l

1. FIGURES IN BLOW OR RECOVERY COWKN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE erSTANCE SHOWN.
~~~~:Ci~~~F O~~~iI~:C~~~~Eg~RES DENOTE ,....,~II~r.:r--------------------.:I2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE ...
~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
DV~~~C~~E~~~~i~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.

3· -+ i~gE~~TES LOCATION OF NATURAL GROJND WATE I ,H,
4. AiSP - ROCK QUALITY DESIGNATION. (mcllllT),. U INOICATES DEPTH &: LENGTH OF NX COiUNG RUN I ,,_6. DATUM IS M.S:.L. ; _ f Jt/.



IH..i. .,..l..

1 ",,-WI, 16,ov
D'tlLLtD IY ..ro.. "ZWJII

SITE K11JM!W1 n,VAypmm 9'" .1.0. NO.....121......'I'Cl<-- 1000'NG NO. ..Jal--TYPE 0' lORING II' 4,0 LOCATIOH "'loAiUCo_IL.l~;.L. Gf'OUNO !UV. 221OATE DRILLEO lol12ba LOGGED Iy--,p~!I4..rIllllLHlII/,A,I _SUMMARY 0' lORING
_

~
:z: ... ~ SOIL OR ROCK DESCRIPTION...

'9w "'w ...
-' ~

Q. w L
IU ~II.. ...

~~f"'f!V:t\i~'1,~r3:~~~~l~m~~'; ~~.~ t~~Al~~."tIPT 10"; LITHOLOGY
I- a:

c:»

1T. cueIn KIDlU.LIZATIOW

10070

66

67

99 99

uo

120

1)0

80 4S 96

-)0,0

PIn QlUJIf! J.T 83.1-85.4-31.6

)1 85 GIlA! BIOTITE amss
POLIJ.TIOW AM1l'1' (Oo-lS'l)

88.8 TO
90 94.0

RQIl = 0

RQIl = 0

100

6) 98

,ptl\ WI 128
MILLS'1'OIIEIlICWR POViR stmbl

llIff S

IIORTII!AST UTILITIIS SDlVICE c(JIpm

STONE' WEISTER ENGINnR'NG COft'ORATION& 12179-GSK-29B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
11+0 LB HAMMER FALLING 30" REQUIRED TODRIV!
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE Sf/OWN.
~~~~:C~~~F O~~~~I~:C~~~g~RES DEHOTS ,noA:::i7iT------------------'I2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE.' 4

1
-", ,<10'6 INDICATES LOCATION OF SPLIT.SPOON SAMPLE. -...-",

017~~~C~~EiE~g~~?N OF SAMPLING ATTEMPT
St1BSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.3."'" i~gti~TES LOCATION OF NATURAL GROJND WATE

4. ~D - ROCK QUALITY DESIGNATION. (P4IlIIT)5". U INlJICATES DEPTH a: LENGTH OF NX COilING RUN6. DATUM IS M.S,L, :eli/,



ROO'lllEAST UTILITIES SalVIC! COO4lll'

.1.0. NO.
1.59]1!-:3&§1 865° 1/

_-UJIt-U:t.:Li~ DRILLED IY _mAlI gRIllING

X ...
OVERALL SAMPlE U SOIL OR ROCK OESCRIPTIQN~ ... WEATHERING

i~w "'w AND .11 W
..J
~

Q. w RQO ~Ig ~ t9l&J ~~ 0, lj 7't liD a: 8b[.tyt~~,~~lItOftor::""~~~lStn~~s., ~o,.l~ n~\'"u\r:'C"I"T ION; LITHOLOGYiALolQ ID a:
(!)...........,.v....

ADS

-

~..- Ed' JT., """"'....... m.
-
-- 100 100
--7).4

145-: !:lID OF IlJRING 144.)' -
-- GR01JIID YATEIl L!VKL-

OOOLETIOH 10/20172- APUIl- 12.7' BELOW GR011RD SURFACE -- --
--
--
-- --
--
--
-- -- --
--
--
-
-- --
--
--
--
-- -
-
-
-
-- --

-
-
--
-
-
-
-
-- ---
-
--
-- --
-
-
-- --
-- -- --
-- -- -- -- -- -- -- -- -- -- -- -

BORING LeG 328
MILLSfOlIE ItJCLE4R POWBR SrATJONunr)

KOIITllEAST UTILITIES SERVICE CctlPANY

STONE' WEBSTER ENGINEERING CORPORATIONA 12179-GSK-29C

1. FIGURES IN BLOW OR RECOVERY COLrJMN OPPOSITE
SOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMKER FALLING 3D" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE 0ISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DEHOTS ';';"Idee.l!~~~-------------------:t

2. ~H:I:~g~~is°tog~:~o~Eg~v~~fsTURBEDSAMPLE. 4'1~
~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~
017~~g~C~~E~~g~~~?H OF SAMPLING ATTEMPT Ili~/.~
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE I-~NUMBER. ~

3. -t ~~~E~~TES LOCATION OF NATURAL GROJND WATE 2 v.(
4. l!SD - ROCK QUALITY DESIGNATION. (PERCENT) I-~5. U INLlICATES DEPTH & LENGTH OF NX COilING RUN I6. DATUM IS M.S.L. : f.~,



SH~O'~

51TE KJu.amg n _Vl!DIORD, 0011, .1.0. No. 121 79 10lUNG NO. ....32L-TYPE 0' lORING g. 42" LOCATION _)""''I?4l_.....169,DQIliI't.,,&DQO;a,c;:;IL... GROUND UEY. 28 1DATE DRILLED ]0/26'72 DRILLED IV wpmll IITTIIII) LOGGED IV....:...P,L..:!oVAWC==!ll-- _SUMMARY 0' lORING
_

::1: ...
OI/ERALL SAMPLE Co)

SOil OR ROCK OESCRIPTION~ ... wEATHERING

~9
w "'w ANa

-11"..J
~

Q. w RQO ~18 ~w ~l1. rllLO ANDLAaO"ATO"Y aoT "nuLISI to,.l~ n':.A,.rJ',,~IC"IHION; LITHOLOGY
o U aa la laa ... lol t- o: ~atc:m,I,!I:.\llDOINO AND 'AULTINO'!ItO., I -j I I I lD II:

"BORIIIOI Pi

ms

-
--

-
-- --
-
-
-
-10 - ---
--
--
-- --
--
--

(OV!RBQRDD) --
-

~
20-

TOP or ROOK --

I
- 1) 9) 60e J'" WVT ROST S,.ul GRAY lIon'!'! GEISS --

~" tm:CALLY ROS' S,.ul Ii/OCC.
(KOISO" GIf!ISS) -- '-- P'OLUTIOIf !!lOOT SOO -ClU:In MIJnlW,IZAnOI- -- 28 86

SOO n. CLACID MIBRALIZATIOR --

~.~ rJ¥?!ftd~ mfilAtriOO- 85" n, -- - , MII.A! 26.6-27.6
2-a~ J'fS, WVY 'ALC .tID CALCI'!'! --

t: fi MIJ!IW,IZJ.TIOI -30- 25 91
=Ift~ J~ ~rR5"~M om --

-- YILLOIf SUII AT 28.9-30.8
-- - 600 n .• QUARTZ MIIlilWJZ.tTIOI-- 87 100 J', TYPICALLY 600, SCI!! YELLOW' Sft. -- Ii/OCC. MIlfl!Il.tLIzd1'W -

"-
850 n. cmITE AID 'ALC. HII.

-n. TYPICALLY 45"-600 ST\Ul. li/acC -

I
MOD. \lX. -40- mom zon, HE.tVILY vr, ZOIE, -)) 99 SUDLUE, CRUMBLY AT 40.4-40·8 -I 1
.um AT 42.2-42.4

I
-
-- -- 75" JT. TALC .tID CALCITE MIREJW,IZJ.'fIOI --

eo 99
J'. TYPIC1LLY ST.tIIED, li/acC. ,m

i .tID cmIR MIIlERALIZA'fIOI

50

85° Jr. TlU: .tIID CALCITE
MIRRALIZAfIOI

)5 100 eoO JT. HEAVY 'ALC M!JnlW,IZAfIOII'

-14.)
60 )5 98

st, IIElVY QOARTZ KIllER.tLIUTIOI PrIK GIWIITE

Jf" PARTIALLY CDCmED, IIE.lVY
QOARTZ KIBR.tLIZAfIOII' AT 61.)-6).2

81 100 fO Jr.• PARTIALLY CDmI'rED, IIE.lVY
QUARTZ MIIEIl.tLIUfIOII' Ii/CRYS'l'ALS AT
6).8-65.7

• TYPICALLY CL!Wf \lITH OCC.
SL. nu.ov STUII'

70

MILL8!OD Ill')LIIJl R>llIR S'UTIOI
UlIf)

JoaTll&.tS, OTILITI:!S smVICE CtIO'AIJ

STONE' WEBSTER ENGINURING C~ATION

& 12179-GSK-30.l

1. FIGURES II'f BLOW OR RECOVERY COLUMN OPPOSITE-SOH ~L-E- -DEffOTE--'l'HE--Nt7MBEIt-clF -SLOWS -oF- A
140 LBHAKMER FALLING 30" REQUIRED TO DRIVEA 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DEMOTK ,.,"7.::=='1-------------------1THE PERCENT OF CORE RECOVERED. ,2. 12 INDICATES LOCATION OF UNOIST~BED SAMPLE,'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
DV'~~~C~~E~~g~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER,

3. -+ ~~~t~~TES LOCATION OF NATURAL GROJND WATE
4. ago - ROCK QUALITY DESIGNATION, (PlRCBn)t 1J.T~Oi;ATM~~.~~PTH &: LENGTH OF NX COilING RUN , Po w. '



RI!!!l8! unLIfIas SmVICI CCIlPdr

J.O.NO.
1 WJl-.l69lt mol

....<.AKUII'-- DRILLED IV _va, lIu W Il

50 Jr. Lt. GRim( AJlD RUST STUll.

T. rrPIC.lLLY )00-450 RUST STAll

700 JT. RUST STAll!

)_ 800 J'lS., 1lKA'IY QUARTZ (CRYSTAL)
HIlt. PARTIALLY CBIlEllTED AT 106.9-107.9

~O~I!WD,~~~~J'lS.~
S(J4Il; QUARTZ (CRYSTAL) MI1IERALIZAfIOli
PBGMJ.TIC 1T 107.9-108.6
4-850 rrs., YELLOWISH GREEIf StAll AT
lOS. 6-109. 9

97

68 100

65110

OVERALL SAMPLE U SOIL OR ROCK OESC RIPTlQN> ... wEATHERING Xul&J l&J AND ...
;.J
~

IL ~9l&J >- fino ANDLA&OllATOIIY TEIT IInUlTS; ~~I~ nW~~'C"IPTIOIj; LITHOLOGY~ a: g:.t~r:.T~~O~II:DDINO AND rAULT'NO
~

5" JT., SCMICIlJARTZ XIIf!Il.ALIUfIOI
.t.f 71.1-71.7

90 100 nw:. rrPICALLY IRRm., CL!AIf

rrPICALLY mm., sr.. RUST STI.
34 94

P1lAC., 1'IQIIT, RUST S1'UI

80 QU~~' ~or.'J~Oc~:~'::; =~
95

IRJUM. null. AT '79.1-82.5

8()0 JT. IW.'IY QUARTZ (CRystAL) HU.
W/sam RUST AJII) IlLACIt STAll 4f
8:!.S-1l3.) lID AT 83.3-85.9

98 700 J1'., LT. QRUII STAll
8~ J1'., SCMI QUARTZ MIIIER.lLIZAt'IOIJ

6-700 J'lS., 4 C!JIBIl'1'ED, 2 OPlll-QUAIlTZ
90 MIJIBRALIZATION, sam stUB GREKI S1'AII!

89.2-89.8
69 95 J1'. CLBAI, ~ JT. RUSt Stu1 wi

SOME SL. 1'0 H. 'rII.

00 J1'., SOO QUARTZ MIl., RUST STI.

IT. DIt. II\OWII Sft, SCME JIII1'IIEIlllfG

100 67 98

-57.7 120 +-----l----L.....L.jf-'.!.'L..!.J..'-4-------------------------=l
END OF BORING 120.7'

QROURP !lAtER LEVEL
AP'ftR CCllPLETIOI ll./l/72
12.8' BELOW GROUIID SlJRF.lCE

MI:LI.5ron ~.lR RlVIR ~A1'IOI
DlIT )

RORTllEAST mLI1'IES SERVICE COMPABY

STONE l WEBSTER ENGINnRING CORPORATIONA 121'79-GSK-)OB

.1.._" F'1_G_tm&5._Ul-.BWJoI_QK .RECQ'lERY--C.Ol.::.JHIUl£P-OSI'r·E·SOIL SAMPLE DENOTE THE NlJMBER OF BLOWS OF A
litO L8 HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
~~g~~C~:~~F O~~~~I~:C~~~~Eg~RES DEHOrs M-::Ii::::~::;';b:r-------------------I

2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE., 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV'~~~C:6EiE~g~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. ~ INDICATES LOCATION OF NATURAL GRO:JND WATE• TABLE.
4. ~D - ROCK QUALITY DESIGNATION.(PEIlCEIlT)5. U INLlICATES DEPTH & LENGTH OF NX COiUNG RUN6. DATUM IS M.S.L.



me mHue "'Y ISI OWl! IH.!..orL.

SITE J(ILL8!OII nO! 1lDU!?1Il. cog. ".0. NO. 12ln lOftiNG No. ....DL-
TYPE 0' lORING g 11.,0 LOCATION 1 W'-lQU' flOOv GROUND EUV.-:28=,2:.-__
DATE DRILLED _~)...11J~5tn~ DltILLED IY AJIIIlICAlIIIILLIIO LOGGED IY-:.;P.:..;v;;;:WJC=:..:I{ _
SUMMARY 0' BORIHG --' _

SOIL OR ROCK DESCRIPTION

ms

JOG rIUC. SL. CAmlTE MIlmlALIZJ.TIOI

(f;)O RUST SUII, SQlE CAmI'l'E MIl.

60° Jr. Rusr STAll, PERPEllDIClJLAR
TO FOLIA'fIOII
1Il01lE1l' ZOIlE, tILLOWISH GREEII AID

~~S~~~J~7SCME WEA'l'IImlIi'G

JT. 'l'tPICALLY YELLOWISH GRm SUIIl',
111ft! OX. C.lICI'l'E MID1tlLIZA'fIOIi'

98

9980

75

60

70

10 (OfIRBlJRDD)

BIlVT BIOTIn KII. ----·-PIiK1iIO'ffff GRlIut ---
19.0

)2 95 ORA! BIOTIn: OI!ISS
(MOIISOIf onISS)
P'OLIA\'IOI AWJ1J! 4~

20 9.3 100

600 J'f. RUST STAll, SLICREIISIDBS
(JOO TOJT. DIP) .l.f2.3.1

~ PRAC. CWI, ~ JJ. lUST STI.

JO 83 100

450 rt. IWVT RUSt SUII lID KII.

2.

'l'tPIC.lLL! 450 RUST STAIIi'
40 81 97

450 st, GIlEO STAU, SLICKEIlUIIIS
(AmI.! TO JT. DIP) .iT 40.2

PI!r1( GllA.IITE AT 4 . -
-.3.2 -------- _. -'._.- -----'-' -- --._-----_.

50 96

JOTIO LOG 110

MILLS!OD'JRCLIAII'1'01lU MU'rot'
tIII'l' 3

ROR'l'IIEAST UTILITIES SDlVICE CCMfAIY

STONE' WElmR ENGINEERING CORPORATION

A 12179-G8K-311

:I..' l'..I.GJIRES..-IJLBL.OJL OR..RECO'lERY-COLUMN~.pOSl-T-E
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
lItO L.B HAMMER FALLING 30" REQUIRED TO DRIYI
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DEHOTS n:"'::":::::':1'-----------------~
THE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDISTaRBED SAMPLE. 4
'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. /-il.;l3

OV~~~C~~E~~~~~N OF SAMPLING ATTEMPT

:g:i~:PT NEXT TO SYIffiOL INDICATES SAMPLE

3.'" i:~i~~TES LOCATION OF NATURAL GROJND WATE

4. jigO - ROCK QUALITY DESIGNATION. (PE!lCEIlT)
~: ~T~ui;A~~:.L~EPTH &: LEN~TH OF NX COllING RUN , '~w.



ICIlftlASf UTILIrIES SmyIC! COOAIl'

SITE MILLStOII: pt. IW'IIJ!)BQ cog .1.0. NO.~lA~79:-..__ 10fUNG NO. ....u2--TYPE 0' 80RING a .If LOCATION _l...W_"'l;;199<11Uolljl!~I7t.liQO:;.:W:.- GROUND [LEV._=28::';";:.2 _DATE DRILLED _lu1.....!l.,;5u..'7J.j2i.-. DftlLLED IY OO2lIQAI MILLIIQ LOGGED IY P. WALWCKSUMMARY or lORING
_

-41. 7

-41.9 100 78 100

. :-M!,I..
7.0

110

PIN!\'QIWfTTE AT 79. ~82. 6

PIR~ GRABITE AT 105.2 TO ?

PIlH GIWfITE AT 98.7-99.0

SOIL OR ROCK DESCRIPTION

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

EIlD OF BalIIIG 106.0

GRO!ll!D WAmI LEVEL
AFTER CCHPLETIOIf
7. 4' BILOW GROUIID SURl"AC E

60° JT. SQlE CALCITE MIIlERALIZATIOIf
(PBRP!IlDIC1lLAR FOL.)
)00 JT. SCJ(E CALCITE MIIfERALIZATIOIf

1-+-------------------_..__ ..._----_.--------.

~~IialLdid'LJ~ --_.-.-. _......__.. .

98

99

89 100
90

75

-26.1

-26.7
-28.1

80 90

-)0.)

12179-GSX-318

,BORIIIG LOG ))0

MILLSTOD RCLW lOVIIl SUTIOI'
DIU' )

lfCR'l'IlIWlT UTILITIES SERVICE C<JIPAHI

STONE l WEiSTER ENGINEERING COf'PORATION

~

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
-$I-h--sA-MPL-E'-DEflGTE--THE-NmlBER-0F ilL-tlWS-{)F' "140 LB HAMMER FALLING 30" REQUIREil TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,....,r-:-~r-------------------~THE PERCENT OF CORE RECOVERED.

2••2INDICATES LOCATION OF UNDISTURBED SAMPLE.r 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
D~J~~C~6E~~g~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NlJMBER.

3. -&- INDICATES LOCATION OF NATURAL GRO:JND WATE'
~ TABLE.

4 • .€!SD - ROCK QUALITY DESIGNATION • (PERCm)t ~T~Ll~;ATM~~.f~PTH & LENG'iH OF NX COilING RUN , ;e.op,



R'1'IIUS'Z' DInES BlRVICIl: CCMPUI SH...!.. 0,..3.-

SITE KlI'smtIIIj PT cog H'TpmIQ ron ".0. NO. 121'12 101tlNG NO. ..JJL-TYPE OF BORING Ull" LOCATION 1 46Q1=mBI soar; GROUND £LEV. 27.4DATE DRillED llb/72 DRILLED IV NIl2!ICAIf IIIILLIIN LOGGED IV P. WALLAC I\'
SUMMARY 0' lORING

J:~
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTlQN:> ... WEATHERINCO

i~w w .... w "NO

"11 "jij ~
Q. w RqO ~,~ ~ ~9~l&. rlELD ANDL"1l0IlATOIIY TEIT /I[lULU; ~~I~ nw~"ytlC"I'TION; LITHOLOGY01 tj t 't liD Q:

~,~~::'T~roOllltDDINO AND rAUL"NGCD a:
0

-
-
--
-...,
-- --
--
--
--
-10 -

--
--
--
--
-- ....,-
.....-
--
--
-20 - --
--
--
--
-- TOP OF ROOK (OITJ§\lIllllDEIf) -~ - I" ;;:;,rr., "Sf Sf'" .on LT. ""'"

- ORA! BIOTI'l'E GNEISS -(MONSON GNEISS)
~

-
10° n. SANDY CLA:! --

i::.;J' ":!. "'\~ JT. SCME LT. BROWl! CLA:!
PINt GRAJrITE AT 29.0-29.5

1-------
30 - -6 5 12 76

-
GREIOO:SR GRAY BIOTITE GIlEISS --

-- II"'''''-.."" "BY" .,,,""',,ABUlDJIl"l' ROST SUIII', (SAII'DLI KE) SOME-
LT. moWN AII'D GRAY CLA:! AT 32.0-36.0 -

~-
- -- "- 1-\- _1_ •- 1- 1-1-1

PINK GRAIfiTE AT 36.0-44·9 -I-l-l~l-

- !-I-I-t

-- ::~;~~~ ; !-m01lEH ZONE, YELLOW AND RUST STAIN -- --
40- 41 93

~~~~:~; f-~:~' ~T~~; 3ROST STAIN ABO SCME -
WEATImlIIfG -~"\! 7!;:"I
lrigrf~~~~AHIl2~\~g!~ ON -

~~j~i PEGMATIC 43.3-43.7 -BRO KE1I ZONE, IlEAVI LY IlEATHERED PEGMATIC 44. f-44. 9-4.4 ~~I:J;~~ 43.7-44.3 -- - • BORIZ. JT., RUST STAIN. PYRITE GRAY BIOTITE GIfKISS-5.5 t-
FOLIATION ABOUT J.~ ---C...-:..-....

- PIIfK GRANlTE AT 4&.5-47.6 -
-

82 h 2QO CONTACT-5.9 - 1)

~ ------ - --_. ___ • __ --_____0 •• _-

- '~ /1-30" JT., LT. moWN YELLOW' STUll -50- t- I -
f-JT. TYPICALLY STAINED -- n 95 I --

-- I)%#J ~OKE!f ZOIlE, HEAVILY Ii'EATl!l!':RED. -- ~; YELLOW' STAlN ON IIIGR OOLE FACES AT 54.3-55.0 -- I-

~
f-s5° JT •• YELLOIi'ISH GRE!ll STAIN AND -- HEAVILY VEATIIEREIl ~- 57 100 ~B'~ 4~ JT., YELLOWISH aRm STAIN AIID -- ~;:. SLICKE1ISIDES 90° IOf'DIP OF JT. AT 57.5

60- ~/~:<~{ -- ~~~
;l"T. TYPICALLY STAINED -- -- - :" '.<;-:::: -- 5.t'.~ i-J'RAc. TYPICALLY CLEAN -- . (' -. .".

--19.8 - "\'-- ~I_,;i. --"."--"
PIKKGRAlfITE~70.0 --

t- ~-l-r

-- 80 99 ~~:i-~" --22.1 - -1-1- 1 - )00 P'RAC., CLEAIf (CONTACT)- -
~~/i;

}"._ fUiOBESII BLOltLO.RBEeD.VERI-COLUMN .OP-P-OSIT-E -

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 L8 HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE ill STANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTB:

4~
THE PERCENT OF CORE RECOVERE:J.

IQlING too :m2. 12 INDICATES LOCATION OF UNDIST~BED SAMPLE."6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~ MILLSronlRllll.llll- fQllI8 ST.TIOIOI7~?~C~~E~~g~~i~N OF SAMPLING ATTEMPT 'I UIlIT .J
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE

IIORTIlEAST UTILITIES BDlWCEC(J(J>UI
NUMBER.

3. ~ INDICATES LOCATION OF NATURAL GRO JND WATE t D.L., TABLE.
STONE l WEISTER ENGINEEItING COftPOltATIOH4. fiD - ROCK QUALITY DESIGNATION. (PERCRHT) f-~

A5'. INuICATES DEPTH cS: LENGTH OF NX COilING RUN
~ ,p, KI 12179-GSK-321.6. DAT!JH IS M.S.L. •



ICIITRIAST 1JTILIrIZS SIIIYIC! CCXPAJr SH-i o,...l...

SITE MILLSTOn: Pr. VAn:uolUl, con. ".0. NO. 12179 lOftiNG No.-lll.-.TYPE Of 101l1lllG !!I!It50 LOCATION ...1;:.l,.;:;460=I-..::);;.7.::'I;.r.I..:SOO~I;..... GROUND HEV. _~27~.",4 _DATE DRILLED 1117172 DRILLED IY "_reAl WILLIng LOGGED IV-LPa...lLliALWCllkIoIlkI:lx _SUMMARY Of IORI1II6
_

O\I'ERALL
WEATHERING

AND
SOIL OR ROCK DESCRIPTION

UIS

77 100

PIRK GRANITE AT 78.8-80. 3

PIIIK GRAII'I'E AT 8 .1- .7

--------------

SL.

nOllT

450 JT., ~n~ MIl.
A1ID YELLOIf IJlD BLUISH QIIEEII STAII'
450 JT. BLUISH QREEII STUll', POSSIBLE
SLICKERSIDES (90° TO JT. DIP) =01

so JT. YELLOW l!I1l BLUISH GIl.E!I
STUI, RUVILI WElTll£llEll

PIlfK GRANITE AT 90.9-95.9

HCIl.IZ. FRAC., CLEAIf, TIGHT
FRAC. CLJWf, J4~ JT. SCIlE GREEIf

STAII
FIIAC., CLlUI, TIGIIT

EIID OF B(llIIm ua.s:

Cl!!0mm WArm LEVEL
AFTER Cc»IPLETIOIl' 11/13/72
9.1' BELOW GRom SURFACE

30° JT. IlXAVY GREER SWN, SLICKEliSIDES(90° oro Jr. DIP) AT 11()(7
fj)O JT. HEAVY G/lEE1l' STUN, SLICKEIl'SIDES
(PARALLEL TO JT. DIP) AT liO.75
300 JT. HEAVY GREEN STAIN, SLIe Kb'SIDES
(PARALLEL TO Jr. DIP) AT 110.8

96

100

100

62

65

91

80

liO

90

100

-28.4

-34.0

-36.9

-52.6

'IlCRING LOG 131
MII,.LSTOIE ~LIIR RlVlll SUfIOI

llNIT :3
HORTHEAS'l' U'l'ILI'l'IES IIIl1lICE COOAKY

STONE 6.WEISTER ENGINEUING CORPORATIONA 12179-GSK-:32B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE. __.s.aI.L_SAMP-LE....DENOTE-XHE NUMBER-.OF'. -BLOWS--OF--A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
:Ig~~~ ~~~wiE0~~g~~T~2;og~ ~g~EgIg~~g~~ SHOWN.;:.:.;.~~r-------------------_iTHE PERCENT OF CORE RECOVERED.

2••2INDICATES LOCATION OF UNDISTURBED SAMPLE,'6 INDICATES LOCATION OF SPLIT -SPOON SAMPLE.
OV~~~c~~E~~g~~i~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. -&- INDICATES LOCATION OF NATURAL GRO:JND WATE• TABLE.
4 • .!!9D - ROCK QUALITY DESIGNATION, (PBRCEII'1')t ldT~Lli~A~~~.2.EPTH &: LENpTH OF NX CORING RUN I t: IV'



'!!ItIWt ymlTIp 'pneE WID

".0. NO.
'.. ~.

__-............... DltILllD IV '.TC.' MIl! Y'O

:> ... X ... ~ SOIL OR ROCK DESCRIPTION
l&J l&J "'l&J !oJ ~9..J
~

Q,l&J L
l&J ~lL

)- fltLO AND ~AIlO"ATORY TUT RUUlTS, ~~~ fl':rlt"r:'CII"T IONI ~ITHOLOGYl- 0: ~.t-:J~W~'~ltDDIN' AND fAULTING
0

QIOUID Sm!CE FL. 15.1'

101

126' 2

V. DElISI B1M COlIISI-1I11B S!JD, n. SILT, SOKI
GIUVIL (FI'I-C<WISE) '" COBBLES.
(FILL)

10

136r 5

V. DEliSE, IELLOl/ BRM COARSE-1IIE SAND, Ta. SILT,
FIIiE GRAVEL '" BUCI OIlGAIIIC MATERIAL.

20
59 r 6

3D

40

83

79

100

87

TOP OF ROCK
45 JT., TIGHT
45° n ., TIGBT

VERT. n ., RUST ST••

FRAC. ZONE, RUST STII.

60° JT., LT. oaer MlllEIl4LIZED SURP'.

VERT. JT., LT. GUY MI!lEIU.LIZED SURP'.
45° JT., LT. Gil!! MIJlEIW,IZED SURF.

HORZ. JT., RUST STH.

45° JT., TIGHT
450 JT., TIGHT

HORZ. JT., RUST STN.
60° JT., TIGHT

HORZ. JT., RUST STN.

GUI, BAJlDED, QTZ. BIOTITE
GNEISS (KOIlSO. GNEISS)' wi
GmITE SILLS !BOUT1-10'
THICII: '" PEG. I1TRUSIVES ABOUT
1-2' TIIICK. FOL. APPROI. 450•

EID 01 BORnlG 44.5'

GROUllD WiTER LEVEL
UTER COMPLETION 10.1' BELOW GROUND SURFACE ON 12/30/71

50

BORDIG LOG Dr-I

IIILL81DD III:LIAR rom SU'lIOJ
m'l3

IIORTIlEA.ST UTILITIES SERVICE COMPANY

STONE' WEBSTER ENGINEEltlNG CORPORATION

A 12179-GlK- i5

1. FIGURES IN BLOW OR RECOVERY COLlIMN OPPOSITE
S.QLL_SAMl'LE DENOO'.E-'l'-HE--NlIMBER -{)F' -BLew& eF" 11
140 LB HAMMER FALLING JO" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ""'~::-:-1--------------------1
THE PERCENT OF CORE RECOVEREl>.

2••2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
r s INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV'~~~~C~6E~E~g~~~?N OF SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3·"&' INDICATES LOCATION OF NATURAL GRO:JND WATE'
• TABLE.

4. !!SO - HOCK QUALITY DESIGNATION. (PEIlCM)

~: ~T~j)i~A~~SS.D~~TH& LENGTH OF NX COiUNG RUN I I..},



'O!lTIWST D1UlTIB SyVICS CooUY

".0. NO. 12179 lORING NO.~
GROUND HEV. _ ....9.....8=--__

"'PIIC" pm I LOGGED IV B tlDynss
pnwuIl Dr'! PD!ORMJrn J D] 172

SITE MILLSTon PT•• V.ltllllOBD, con.
TYPE O~ BORING 4" - II LOCATION -.:2",,'0!=::-~101e=::co::.I _
DATE DRILLED _1/....J...117ua.2 DRILLED IV
SUMMARY 0' BORING _--"'.......lWA......-.........oIIoUo_........'-Uo<~ .......

_

:1:1-
OVERALL SAMPlE: U

SOI~ OR ROCK DESCRIPTION:> ... WEATH£AINCO it:)w w "'w ~NO ...
.;.J W

Q. w lL ~9w LI. ~L1. >- FIELD AND LIIIIORATORY TEiT REtiULTSI ~O,J~ '~'lt,T~R~ICIlI~TION; LITHOLOGYI- 0: g~lt'1.'I~V'~~I£DDING ANo FAULTINGC)

GROllHD SllRI'iC! lUZV. 9.8'

KED. DINSE, Y-BROWIl - BROWJI MEll. '1111 SAID, 50MB BLK ORGAJlICM!T'L., SILT iNn FllIE GRAVEL

ROCK COIlE HAS SJM:RAL BREAKS,
BUT APPEAR 'RESIl AND CWIl

FOLIATION ABOT 20°

AT15.4' - 18.5' PEGMATITE

AT 34.3 I - 39' GRANITE SILL
AT 39.0' - 42' GRANITE ITL. SIZE
IXCRUSIIIG WITH DEPTH

JT., TIGHT

IRREG. WITH WEATH. AND RUST
STAIN, LOSTI' CORK IlER£

25° JT., rICHT

HORZ. st., RUST STAIN

25° JT •• RUST STAI'

HORZ. Jr•• RUST STAIN

25° JT., RUST STAIN

HORZ. JT., RUST STAIR
HORZ. sr., ROST STAIN
25° JT., RUST STAIN

25° JT., RUST STAIN
IRREG. JT., TIGHT

55° JT., TR. RUST STAIN

250 JT., CLEAN, TIGHT

25° JT., CLEAN AND TIGHT
25° JT., CLEAN AND TIGHT

250 JT., CLEAN AND TIGHT

HORZ. JT., RUSTSTA~ ~~TIOJjEOUT~O _
25° JT., RUST STAIIl
100 JT •• RUST STAIN
100 JT •• RUST STUll

3e FRACTURED ZONE, UNSTAINPD
SURFiC!
10" JT., GRAl STAIN

250 JT., CLEiN, TIGHT

~!~M_gf~~_:~~~-~~.~·~:.Ti~_ ..~~~~.~~~l~:_~T~d~.~~.-~·--.~~~HORZ. Jr. WITH TR. RUST STAll GRU, BANDED, QTZ. BIOTITE GIlEISSHORZ. JT. WITH TR. RUST STAll (MONSON GNBISS) WITH GIWiITE SIHORZ. 'JT. WITH TR. RUST STUll iBOUT 1-10' THICI AIID PEGMATITE
INTRUSIVE B!1lDS iBOUT 1-2' THICK

I?>l~!l-t_----·-----·-------·-·---·-- ..·--··-------·----..--...._.._ .....

I~~H-----------_·_-----_·_--

96

99

100

87

91

100

30

50

40

60
100 100

25° JT., CLEAN AND TIGHT

-57.7 30° JT. CLEAN AND TIGHT

70
96 100

'''PRING fro QT.?

K!LLS'ron IlIlLIWl RlVBR 8'J:!TIOIf
lIMIT 3

NORTHEAST UTILITIES SERVICE COMPW

STONE' WEBSTER ENGINEERING CORPORATION

& 12179-GS1-6E4

1 • .nQ.lm_~ .. I1U3.1QJoL.QR. R&:Q'iERY..COLllMlLOEPOSIT.E ..SOI L SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE: ""'1""="'~r----------------------4THE PERCENT OF CORE RECOVERED.

2••2INDICATES LOCATION OF UNDIST'JRBED SAMPLE., 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE •
OV~~~~C~6E~E~g~~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NRXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. -&- INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.
4 • .(!gD - ROCK QUALITY DESIGNATION. (PERCENT)
~: ~T~Di~A;~;.L~EPTH & LENGTH OF NX COilING RUN '1U,



'PMst UILIUp e nel 9mu

BOllIG LOG OT-2 (COIT'Dl

KILLSron IItCLMll Rl... ll'1'ATJ:OJI
URIT3

NORTHEAST UTILITIES SERVICE CCJlPAIY

STONE' WEBSTER ENGINEERING CORPORATION

& 12179-GSK-668

SITE MILLS'lOII PT., VI.tIIIOIII, con. ".0. NO. 12179 lORING NO. !I:!.....-.TYPE Of'eORING (. n LOCATION ...2g51U0ILa...J1L,ljQLIIioIQlIII- GROUND H[V._ooiIo"",':,,' _
DATE DRILLED 1/11/72 DRILLED IV AMERICA' plmIIl LOGGED IV B SI&'f.gsSUMMARY Of' eORING

_

~l;j
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> ~ WEATHERING i9LaJ LaJ "NO

"11"
..J LaJ Cl.LaJ RQD ~I§ ~LaJ U. ~u. 0, tj .,0 't':0 a: 8i.~~rrV~\iO:O~T3:~J~~l&N~tl-J·; ~~I~ n':cv~~.C"I"TIOIlI LITHOLOGYID 0:

~

BOaI.G '0. Dr-2 (CO.T'D)

- ,- ~g: ~i:: gt:: ::g m:i 71.5-72.5 I PEGNATITI --
-- 41 --
-- 96 100 II -- 600 JT., 01. GREY GREEIl STN.
-- !!~,/~ - .--------_.._-_._-_.__.. -•........_-_....-- ' , 'IK:.'I,

GRAY, PllfE GIl.\IDD GILl'ITS -80- " I
('4STEIlLt GUlIITJ:), MASSlVE,_- ...... i -;
PEW FRACT. .uro JOII1'S............. ,:-

. //I~ -- 96 100 -- .....' -" "- ...- /:', := HORZ •. J7 ., CLW, TIGST ....,- :...-' ......- /:':
HORZ. JT., TRACI!: OP RUST STUN --

'/ - -- .
(.-,,' -90 - 100 100 --/ .

- I ..... '...: --
" -- ''- .....

-- ....... ,~

-- ....;,.... ...... "1/ -- ~ ..... --
I I, -- <,

-- -S- I -100 - /,'i... -- 100 100 HORZ. JT., TRACE OF RUST STAIII -..... - ,:-
'--/

10 -- ....- , -- , ,-"'1 -- ~ \' -~ /\ i-
~\'/! --

-- JI(
-~"~ -/ /,no- 100 100 ," I -

]
/,~

-
\ I~ ---- ' -
I~~ -- " . -d t; I: --

1\
./ ./,

--

II
<,\\-\ -- i'- -120 - 100 100 /- -I, I'-- \ \_,

-- I: -/- -- ~
I--- / /

HORZ. JT., TRACE OF RUST STAIN -,--
-, 1/- "'-,,'- --

~\.! -- 100 100 -- 1/ <> -- t-- \ -130- , 1./

-- ~ '/ -- 'I
-f-/- I~: -- -
-~I>- -- ..... '-i -- 100 100 .!..-/> --

'::...'"""1 -- -140- f------ .. 1 ~.L.1..- -
h -f' fGlffiB&-I~L-DW- {lR--REeeVERY- eO"WMN nWOSITE

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE: ,..,~.",.,------------------~THE PERCENT OF CORE RECOVERE::>. ~2. 12INDICATES LOCATION OF UNDISTURBED SAMPLE. 41~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.~1mF
017~~¥~C~6E~E~g~~~~N OF SAMPLING ATTEMPT . ,rv;ut'"
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE I--~NUMBER.

~
3. -t ~~~I~~TES LOCATION OF NATURAL GR01ND WATE 2 D.C.
4. MD - ROCK QUALITY DESIGNATION. (PERCENT) -~
~: MT~l.li~A~~;.~EPTH & LENGTH OF NX CO,lING RfJN I R,s,



SITE MILLSTOIII POIlT, VAfIMlRD, con. J.O.NO. 12179 BORING NO.~TYPE OF BORING 4" - MI LOCATION ....2i;l'j~OMII:-:.I.]lIIIIQLO_II GROUND nEV.--,9:&o.1lo8~' _DATE DRILL E0 1/11/72 DRILLE D BY AMERICAH DRILLING LOGGED BY R. SKRJNESSSUMMARY OF lORING
_

:1: ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> ... WEATHERING ie"l&J W "'w AND ·11 ".J

~
D.l&J RQD ~I§ ~ ~9l&J ~Li. o II 10 11100 a: g~lt~t~~:~i~~r~:~~k~ltl't:~~J'; ~c:.I~ n':."l~,,~5C~I'T ION, LITHOLOGY

I I I I I III cr.

"
BORIIlG NO. DT-2 (CONTOD)

END or BORING 150'

coaa IS SOLID WITH rEV CLEAN
BRF'.AItS

-

t-
-
-
-
- 100 100

I
-
-

~O.2
-

1jO'_ _..-
-
-
-
--
-
-
-
-
-
-
-
-
--
-
-
-
---
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
---
-
-
-
-
-
-
-
--

-\ '
-' (..-
~ ',\

\ - ~ HaRZ. JT •• CLEAN AIID TIGHT
,..=- I,

/'

i;~,
'It /..-
- JI

GROUlID WATt;R LEU!.
AFTER C())IpLETION. 6.5 I BELOW
GROUllD SURFACE ON 1/11/72

-

--
-

-
-

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

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-

-
-
-
-
-
---
-
-
-
-

!lORIIlG LOG DT-2 (CONT'D)

MILLS'roNE mm.uR RlWll. STATION
lINIf 3

NORTHEAST UTILITIES SERVICE COMPANY

STONE' WEBSTER ENGINEERING CORPORATION

A 12179-GSX-66C

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE-SOT1.1>lIMPLE" DENOTE 'I'HK"NURBER-OF HLlJlNg 011"11
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE '-'-:r!!:'I'1.n-------------------;THE PERCENT OF CORE RECOVERE:J. ~2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE. 41~r6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.-~OVINDICATES LOCATION OF SAMPLING ATTEMPT l'WITH NO RECOVERY. ~ ve
SUBSCHIFT NEXT TO SYMBOL INDICATES SAMPLE ._~NUMBER. .uuw

:3. -+ ~~~E~~TES LOCATION OF NATURAL GRO:JNO WATE 2 D.C,
4. l!9J - HOCK QUALITY DESIGNATION. (PERCENT) -';;;;;:i;;5. U INllICATES DEPTH & LENGTH OF NX COilING R'lN I~
6. DATUM IS M.S.L. K.S.



WIP'§! 'quum SWICI wm

".0. NO.
6?OS-1)6OJ

_..JJ-~ DRILLED IY from" PATII JIG

:1: ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> ... WEATHERING

i~w w "'w ANe ·11"..J w G. w RQO ~I~ ~ ~9w I&. ~I&. 0, tj ',0 Jt IjO a: 8b[~;,t,~V,~~~~~r~:v,.~~~l&'~~~~J'; ~~'k ~IW~...r:'C"'~T10N; LITHOLOGYIII II: (!)

GIOmm SURFACI £LEV. 10.6'

-
-
-

QllJJUlY DUMP MATERIAL, BOULDIlIlS. NO SS SAMPLES
TAIlEN

-
-
-

100

-

92

40 -

92

-
- 90
-
-

50-

88-

-
-

80-

60-
100

-
-

100-
-
-

70 _

-
-
-
-
-
-
-
-
-
-
--
-
-
--

-
-
--
~

--<

-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
---
-

NEEDLE-LIKE nLS 011 JOIIIT 
SlJ1IPACE ARRAlIGED IN A FAN-LIKE
PATTUI -

-
-
-
-
--
-
-
-
-
-
-
-
-

ross. SLICKENSIDES AT 51'

THIN MINERALIZED SEAHS ABOUT
700

100 st ., BUST STUll
45° JT., RUST STAIIi
RORZ. JT., RUST STUll" WEATIIERED
15° JT., RUST STAIII

100

100

100

100

100

100 I;'j?
- .': /f-.i I /{.-

100 »>.
~:I';:::v 1/.

- ~~ ~_ BORZ. JT., RUST STUll
100 1--\::'

<, /.," 7r1' JT., lUST STAII-: ,/-1- lrl' n., lUST STAII
I- /, -:/, 650 n., RUST STAll

- I -'~ ';;. / 25° rr., RUST STAIN... " 't:::- ItfJ JT., BUST STAIN" WEATHERED
~ I ~-c_ HORZ. JT., BROWN STAIII

...../ ,'- BORZ. JT., WEATHERED

" \ -- HORZ. JT., RUST STAll
--,- \ / \ ' _ HORZ. JT., RUST STAll

" r:»
;' 650 JT., YELLOW STUN

',y /
I _ ..../

_lr/
v -,",.. L 6r1' JT., CLEAN AND TIGIIT

100 t- 1j IT 100 JT., RUST STAIN
/, ...... ~

I , -,

-I'-':... -/ / 55° JT., TK. RUST STUll
~ , 1// . 550 JT., RUST STUll

100 \ \ ,..J. 10° JT., RUST STUll
- <, _ r-; 10° JT., RUST STAIR/ ., J 55° JT., rINX MINERALIZATIONr-:/'/

- i' /, 55° JT., NEEDLE-LIKE ITLS •. ON JT.f.- / :- / SURFACE- /(
100 ~ \; /55° JT., RUST STAIR

/,1/~~~: ~:: ~~~ ~~1~:
~ / ;
-:.-: 10° JT., RUST STAIIi"'~y 600 JT., RUST STAIN/ '" HORZ. JT., YELLOW STAII<; ': 60° JT., RUST STUll

r- ;:~' 65° JT., RUST STAIN...,.- / - ,.. 700 JT., YELLOW" GBEEJI STUN
100 ~':"/~~ 60° JT., RUST STAIII

V' -;
'!'j!/ 60° JT., RUST STAII

_____ \ 1./

I- -''1
~ /~~' 600 JT., RUST STAIN

..:)~:
\ _. HORZ. JT., RUST STAll

-.,... / .......
:--/ ,_ HORZ. sr., TRACE OF' RUST STAIIi
..... / ~

/---/.

/ "
~'\,,-"

"" ; - / 500
JT., YELLOW STAZII

. ;- / /

-\/

~ ;;5:
/ .....

I \ 1\"

100

82

95

88

100

-
l2&.-

-
-
-
-

10 -
-
-
-
--
-
-
-
-

20 -
-
-
-
-
-
-
-

)0 -

BORIIlG LOG DT-)

MII.!.smn IlCLUlI roWlll sUrIOII
1lJfIT )

NORTHEAST UTILITIES SERVICE COHPAIlI

STONE l WEBSTER ENGINEERING CORPORATIONA 12179-GSK- 67 A

... L . .ELGllRES.LN-BLO-W-.-ORRECOV-ER¥-· COL\JMN . (}P·PG-Si-T-E
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
~~~~~~C~~~~F O~~~~I~~C~~~~Eg~RES DENOTE ,..~".,I'o:=-..---------------------:I

2 ••2 INDICATES LOCATION OF UNDISTURBED SAMPLE ~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. -i?fj.
OV'~~~~C~&E~E~g~~~~N OF SAMPLING ATTEMPT S VflIJ
SUBSCH.IPT NEXT TO SYMBOL INDICATES SAMPLE _~NUMBER. J.iJfJ.

3. + ~~~I~~TES LOCATION OF NATURAL GRO:JND WATEf 2 D,C,
4. ~D - HOCK QUALITY DESIGNATION.(PERCENT) -~
~: MTt~LJ~~A~~sS.L~EPTH & LENGTH OF NX COiUNG R'JN IrK.~.



121'79-081(...671

'BORDlG LOG DT-3 (COIlT'D)

~1I·1Am.~ '10_ SfAfION
DIT 3

'ORTllEAST UTILITIES SERVICE COMPAIlJ

STONE 6 WEBSTER ENGINEEItING COftPORATlON

tA

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF ATltlJL-alrnIRERFTILmGjO';-HEQUIREDTO-DRIVE
:I~~~~ ~~~~Eo~~g~~T~2~og~ ~~~E¥Ig~~~~ SHOWN.;.:.;.;.;...".".....,,...... -I
THE PERCENT OF CORE RECOVERED. , 4

2. '~i:gigg~~ tgg~gg~ g~ ~Ei~:~~g~~~~~t~: 1-2!r-13
DV'~~~~C~l?~E~g~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3 • .;&. INDICATES LOCATION OF NATURAL GROJND WATE" TABLE.
4. B9D - ROCK QUALITY DESIGNATION. (PERCENT)5. U INiJICATES DEPTH & LENGTH OF NX COdING RUN
6. DAT:JM IS M.S.L.



IOIITIIUST UTILITIU SEIVICI celiPUI

SITE MILLSTOR PT•• lU.mIORD, con. .1.0.NO. 12179 lORING NO. ...!!!:L-TYPE OF lORING ,".IX LOCATION -:69u=OS-~13601=~ GROUND £LEV. ....-1_00:.;6 _OAT[ DRILLED 1/7'22 DRILLED IV AmIe" DlUlIWl LOGGED IV_.......S _SUMMARY OF lORING
_

OVERALL
WtATH£RING

AND
SOIL OR ROCK DESCRIPTION

fI[ LD AND LAllO"A TO"y T['T "UULTS;
g~.t'l,lrlm~O~I[DDING AND rAULTINO

100

100

82

100
150

BORlliG 110. Of-) (CONT'D)t---,.---r----,.----r"T'l2ll
600 J'T;, OaTHOCL4SE MDlElllLIZATIOII
600 JT •• ORTHOCUSE lIIIIEIlALIZATION

~ i~:: :g:ggffi: =I:gftgmg:
)00 JT •• BLK. IlEATIIEIlEIl JOINTS ARE jL()1lG BIOTITE RICH)00 JT.. BLK. IlEATIIEJlD) PUHES
30° JT.. BLK. IlEATHERED

SOLID

END OT BORING 150'

GROUIID \lATER LEVEL
UTal COMPLETIOII 7.0' BELO\I GROUND SURl'ACR
OB 1/7/72

'BORIlIG LOG DT-3 (C(JIT'D)

Mn.LS'l'OIl llIl.lLIWlR>'oII\l, InATIQII
lIIII'l' )

lIORTHEAST UTILITIES SERVICE COMPAllI

STONE' WnST[R ENGINEERING CORPORATIONA 12179-GS"- 670

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE-sou --SAMP1,E-{}ENQ-T-E'mE--NUHBER-~S -OF 7\'
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DEHOTS .r-lr==,---------------------iTHE PERCENT OF CORE RECOVERED.

2••2INDICATES LOCATION OF UNDISTURBED SAMPLE.'r-6 INDICATES LOCATION OF SPLIT-SPOON 'SAMPLE.
OI7~~~C~&E~~~~~~N OF SAMPLING ATTEMPT
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLENUMBER.

3. -&- INDI CATES LOCATION OF NATURAL GRO'JND WATE... TABLE.
4. ~D - HOCK QUALITY DESIGNATION. (PERCEIIT)t ~T~~ti~Ai~:.L~EPTH & LENGTH OF NX COiUNG RUN I 'K. S.



J.O.NO.
N 1303 E 487

.I...4.-J,;::uJo DRILLED IY AMERICAN bRILLING

()IIERALL SAMPLE U SOil OR ROCK DESCRIPTION> .... :1: .... WEATHERING %:Uw w .... W .. NO ·11 "..J w o..w RQD ~18 ~ ~9w l&. ~l&.
°1 ~i It 't lio .... \oJ ~ a: g~Elt'l.'rrv~i\?tor~:v,.J& H~a~~Js; ~~I~ n':.A.1~"r:IUI'T ION; LITHOLOGYIII 0:

"

-
-
-
--
-

-
-

-

-

-....,--_._--_......_- ......_---_..,-_.•_-
-
-
--
--
-
-
-
-
-
-
-
-
-
-
-
-
--
-
-
-
--
-
-
---
-
-

END OF BORING AT 35.3'

~~G~L~~~srI~I~~:N~k~~,M~~~~~RA~~E{~~~~~
BOTTOM .2M!Q, UNIFORM, MOSl'LY FINE, 1-8% NONPLASTIC FINES, WET,DARK ORANGISH BROWN, (SP)

-
SILT! SAND, COARSE TO FINE, MOSl'LY FINE, 1-5% GRAVEL TO 1", 5-10% -:NONPLASTIC FINES, VERY DENSE, DARK GRATISH BROWN (TILL) (3P-SM). _

-
-

.2A!i!1, UNIFORM, MOSTLY FINE, 1-5~ GRAVEL, 1-7% NONPLASTIC FINES, -VERY DENSE, DARK GRAYISH BRO'..:r (TILL) (SF). =
TOP - SAND, UNIFORl~, MOSTLY FINE, 5-10% SLIGIlTLY PLASTIC FIN;;S, -DARK BROWNISH GRAY, (sp-.::iC). _=: G~~H ~:~(S~~~LY MEDIUM, 1-5% OONPLASTIC FItlES, _;--+ -i- . . ._2T~OP~.':!.OF!:....eRO~CK_~_2h_7. ____.:

BLACK GNEISS, VERY CLOSE JOINT, 10°6 VERY CLOSE FOLIATION AT HIGH ANGLE, :>LIGHTLY wEATHERED, HARD, f:JJ JOINT AT ?-2.2', WEATHERED AND IRON Sl'AINED. _

-
GRAY PINK GRANITE, VERY CLOSE TO MODEilATELY CLOSE JOINTIiIG, 10-20°, -NO DISl'INCT FOLIATION, HARD, FRESH, WEATHERED ZONE, 25.)-26', 4~ -JOINT AT n' IRON Sl'AINED, i,T 29.7 45° JOINT, IRON Sl'AINED. -

+-_--1-~I___-- _..- .

91-
~20.0

5 -

~- 26

10 _

~- 76
10.0 -

-
-

15 -

~- 46-

-
-
-

20-
~,~111'5-

0 -
- 10 26 HX-

25 - r---
-

80 97 HI-
-

3D -
-

-10 -

35 - --,-."-

40 -

-20

-

-

-
-
--
-
-
-
---
-
-
--
-
-
-
--

iBORING LOG
MILLSTONE NUCLEAR PONER STATION

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE- --So-I-r.-S1tMP~_oENOTE'THElilJMBER' UFBL1JWS-W"A 
140 LB HAMMER FALLING 30" REQUIRE;) TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE iJISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTK n--"------~-~__---......------t

2. ~H:I:~g~~~s°iog~~~o~Eg~V~~fsTtJRBEDSAMPLE.' 4 r---''6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. I-r---'
OV~~~c~~E~~g~i~NOF SAMPLING ATTEMPT If--
SlJBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE 'f-I----, UNIT 3

3. lUH~~~icATES LOCATION OF NATlJRAL GROJND WATE: 2~ NORTHEAST UTILITIES SERVICE COMPANY
4. ~DT~B~~CK QUALITY DESIGNATION. f-~ lTC*[' .Imlt [ ......EER.... CGItPOItATION5. 11 INLlICATES DEPTH &: LENGTH OF NX COiUNG RllN I.. ' b-.. 12179-GSK- 686. DATUM IS M.S.L. ~



.1.0.NO.
N 9SO E 840

DRILLED IV AMERICAN DRILLING

SITE MILLmNE 12.179 10ltiNG NO.~TYPE 0' BORING IJii1filN LOCATION ---:~~::..=:::.... GltOUND [LEV. --,1~6:..:.4t.,;' _DATE DRILLED JUNE.3, 1974 LOGGED BY LQMSUMMARY 0' BORING
_

z .... OIIERALL .A ....PlE Co)
SOIL OR ROCK DESCRIPTION> .... WEAT~:'NG XC)w w .... W -l..J w Q. W RQD ~,8 ~ t9w L&. ~L&. o 11 10 U 100 ..J ... t- o: gr,~~1ro~\i°to~~~:',.~~naN~~~li ~~~ ~lAX.,~"r:.C"I .. T ION i liTHOLOGY

I II "
cD 0: C)

- 50 ,r
-

5 _

20
~10 ..;~

-
-

10 -
- 15 J'r-
-

15 -=
J.l.~~ .8 - ..- NX

- 80 80 I--
20 --- 70 97 NX

-
-
-

25 -
-10 -r---::

----- ~.-.

-
3D -

.35 _

-20
~

-

-

-
--
-
-
-
-
---
-

-
-
-

-

SAND, GOARSE TO FINE, MOsrLY MEDIUM FINE, 1-8% GRAVEL TO 1" MAXlMUM,1-3% NONPLASTIC FINES, DARK GRAYISH BilOWN (FILL) (SW). _

-.§M!!?, UNIFORM" MOSTLY MEDIUM, 1-4% GRAVEL, 1-5% NONPLASTIC FINES, -WET, MEDIUM ORANGISII BROlIN, (sp).

--SAND, UNIFORM, MOSTLY FINE, 4-8% NONPLAsrIC FINES, MICACIDUS, _MEDIUM YELLOWISH B/laoIN, (51'). _

TOP OF SAMPLE - SILTY SAND, UNIFORM, MOsrLY FINE, 8-] 5% NONPLASTIC FINES, MEDIUM YE:LLOWISIl BROWN, (SP-SM). OOTTOM ~,UJlIFORM, MOSTLrFINE, 3-7% GRAVEL TO 0.75'" MAXIMUM, 1-5% NONPLAsrIC FINES, VERY DEH!!l
MIDIUM Y~~~fN4~~; W; VERY C~~EO~~~I: ~~U:' FRiSi!,-::HARD.

-
-

BLACf,~: CLOSE TO MODERATE CLOSE JOINTING, 10-20
0

FOLIATION, -=VERY .CLOSE ~Oo K! TOP, 600 TO IlJTTOM OF RUN, FRESH, HARD, FINEGRAINED, Ill) JOINTING AT 19 AND 26',' (JP JOINT:AT 24', ZONES OF -"FINK Pl!IlMATITE, MODERATEL;t' WEATIlEREIl, IRON STAINED ZONE AT 25-26. =
-
-
-

-
-
-
-
-
-
--
-
-
-
-
-
-
-
-
-
-
-
--
-
-
-
---
-
-
-

-
-
-
-
-
-
-
-
-
--

,BORING LOG

MILLSTONE NUCLEAR PONER STATION
UNIT 3

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF Ai-!Rl tB' 1fA'MMEfrFA1XlNU-}O". REQUIRE;)~O --oRIVI
A 2" 00 SAMPLE SPOON 12" OR THE ill STANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOT& ......---:r--------------------,ITHE PERCENT OF CORE RECOVERE:;l. 4~2. 12 INDICATES LOCATION OF UNDIST~BED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. f---'
OV~~~~C~6E~E2g~M~NOF SAMPLING ATTEMPT :I f---
SUBSC/UPT NEXT TO SYMBOL INDICATES SAMPLE f--

J. r(JM~~~iCATES LOCATION OF NATURAL GROJND WATE it~, NORTHEAST UTILITIES SERVICE COMPANY• TABLE. :4. jigD _ ROCK QUALITY OESIGNATION. ~ ITONE Ift.STtR UGINUItINl CORflOltATION5. U INlJICATES DEPTH & LENGTH OF NX COiliNG RUN I .'"6. DATlJM IS ' . ~ 12;I.79-GSK- 09



• no B 92S

DRILLED IV AMJmICAH PRlWHQ

J: ...
OVERALL SAMPLE U SOIL OR ROCK OESCRIPTION» ... WEATHERING XUbJ IU "'W AHD

• >~"..J IU
Q. W RQO ~,8 ~ ~9w ll. ~ll. fltLD AND L4IlO"ATOA, TtlT "tlULTS; ~~I~ f~Ws..~SC"I'TION;LITHOLOGY0. &j t: r ..J lU ... a: g:1~c:.'~~I'l,0~ttDDIHO AND fAULTINGlD a:

c.!)

~, UNIl''ORM, MOSTLY VERY F'INE, 0-1% GRAVEL, 5-12;C NONPLASl'IC F'INES. IWUl: l'ELLCAJI~ BIlOllN. KICACEXlUS,( TOPSlIL,) (IiI-SP) ~

-

-
-
-
-NO RmOVER! - PI&;ES OF ROCK. PI&;ES OF ROCK CORED BEl'WEEN 40' AND 45' OOULDERS

-~, NONPLASTIC, 5-1O;C VEIl! F'INE SAND, DARK YELLOWISH BROIIN,KICAcmus, (SP-s.l). _

-
-

-
SI!;p SAND, llHIFORM, MOSTLY FINE SAND, 0-4% GRAVEL TO 0.75" MAXIMllM,0- NONPLASTIC FINES, \lET, KICACIDlJS, DARK OIlANGI~ BKMN, (SF). ..;..,.

....
-
-
-

SILT, NONPLASTIC, 1-4% vmY FINE SAND, MICACFXlU3, DARK GRAY, (SM). -
-
-

-

--

-
-
-
-
-
-
-
-
-
-
-
-

-
-:
-
-
---
-
-
-
-

~, UNIFORM, MOSTLY MEDIIIH SAND 0-5% NONPLASl'IC FINES, \lET,DAIlK ORANGI SH BROWN, KICACFXlUS, ( sp) •

--
-
-
---

GRAY PINK GRANITE, VERY CLOSE TO CLOSE JOIN'!'IIIG 20°, FRESH 1'0 SLIGH'li'7WEATHERED, lIARD, 80° JOINT AT 52.6 AND 55.3', VERY CLOSE SPACED -JOINTS AT 55.5 - 56.2, 30° JOINTSIHTH WEATHERED SURFACES, 30° -JOINT AT 56.8' WITH WEATHERED stIRlACES. -
-
-
-

SAND, UNIFOIQoI, M03TLY FINE, 0-3% GRAVEL, 1-5% NONPLASTIC FIrm>,KICACEDUS, DARK GRAY, (SP).

OOULDrn CORED TO 35'

SAND, UNIFORM, MOSTLY FINE, 5-10% CRAVEL, 1-7% NONPLASTIC FIrm>,xrcaozous, DENSE, DARK GRAY ( TILL) (SP).

SAND, UNIFORM, MOSTLY FINE, 5-10% GRAVEL, 1-7% NONPLASTIC FINES,MICACFXlUS, VERY DENSE, DARK BRD,./NISIl GRAY (TILL) (SP).
TOP OF ROCK AT 46.5'

GRAY GRANI-TI;, CLOSE JOINT, 10° FRESH TO SLIGHTLY WEATHERED, HARD,TOP OF RUN WEATHERED, JOINT AT 48.1 1 WEATHERED AND IRON STAINED,PINKORnlOCLASF; QUARrZ AND BIOTITE.

J- ~12 1

24~

34~

24,r'

ll~

24 ~

-
N>:

58,2Q ~
2" 7

2Q ':4"

162* ~

NX
36 60

~

74 85 m

-
10.0 -

'=

5-
-
-
-
-

10 -
-

0
..:

-
-

15 -
-
-
-
-

20-
-

-10 .;

-
-

25 -
-
-
-

30 --
-

-20 .:

35 .:

-

40 -

-30

45 -
-

50 -
-

-40 .;

-
-

55 -
-
-
-
-

60 -
~

-50 ...
-
-65 _

-
-
-
-

70 -

L ~~STfClID:lW O1ntECO'VERY COLUHlnjpp-C)"SITE- * -I-NDleA'l'ESjO(H,ililAMM~FALL-rNG '30 1'NCItES.--SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF AlItO L8 HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
~~~~~C~~~~F O~~~~I~~C~~~~Eg~RES DENOTK ~i----'-"""------BO-' -R-IN-G-L-O-G------...:t2•• 2 INDICATES LOCATION OF lJNDIST:JRBED SAMPLE. 4'6 INDICATES LOCATION OF SPLIT.SPOON SAMPLE ..... -OV~~~~c~~E~~g~~i~N OF SAMPLING ATTEMPT Ii----' MILLSTONE NU?LEAR POWER STATION
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE ...~ UNIT :3

3.1UM~~~icATES LOCATION OF NATURAL GROJND WATE 2 - NORTHEAST UTILITIES SERVICE COMPANY
4. ~OT~B~~CK QUALITY DESIGNATION. ~ff ITON(' Klmlt f .."U'" COIIPOItATION5. Ll IN1HCATE3 DEPTH &: LENGTH OF NX COitING RUN I ~6. DATUM IS ",__<:r, ,~ 12179-eSK-70



SITE KILLSTONE .1.0.NO. ·12179 lORING NO.~TYPE 0' 80RING irtn
LOCATION _ ....." ....'W fj""""9'"?l...... G"OUNO £lEV. ll.,7'DATE DRILLED MAY 20 J97~ D.-ILL£D IY AMERICAN DRILLING LOGG£D IY __.:LGM::... _SUMMARY 0' lORING

_

:1:1-
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> .... WEATHERING %C)LU LU .... l&J AND "II"..J LU Q,LU RQO ~,8 ~ '9LU u, ~lI.. g:;1~T!..w~~III°tD'Dr~:Y,.~~~l~H~~J$; lOlL $TlATA O[IOI'TIOII. LITHOLOOyDUIDTlIDO .... \oj .... a: AND TE..rUI'1:I I I I I III II:

C)

-

-
--
-
-
-TOP OF ROCK K! 16.1'NO RD::OVERI.

~, SIKILAR TO 112 EXCEPT 1-5% l«lNPL:lSTIC FINES, (sr).

-.§Mill, UNIFOIlH, MOSTLY FINE, 1-4~ GRAVEL TO I" HAXlldllM, KICACFDUS. _MEDIUM GRAY BIlOWN, (SP).

SILTY SAND, llHIFOIlH, HOSTU VEil!' FINE, 1-4~ GRAVEL TO I" IWCIMIJM,5-10% l«lNPLAS1'IC FINES, MEDIUM REDDISH Boo.rN (FILL) (SP-Sol).

GRAY GIlEI~; VERY CLOSE TO CLOSE JOINTING, 40° FOLIAT~ON, NOT. DISflNCAT 100; SLIGHTLY WEATHERED, HARD, 60% BIOTITE, 30% QUARTZ, (fJo JOIN't-AT 16,8', CLOSELY JOINTED, 100 AT 17,7' TO 18.1'· ALSO HODERAXELY _WEATHERED AND 3JFT WITH IRON STAIN. _

-
Q1lAXGI@.:l.!?, MODERATELY CLOSE JOINTING.200; FOLIATION NOT PROHINEN'l'-:AT1~~~. 1lA,IlD; ZONE.Ql" PltIt&jlWfITE AT 33'-38.2'., MEDIUM -GRAINED, JOINT 3U1lFACES FRESH TO mrnrnr \lEATHERED. _

-
-
-
-
-

100 /f,(

18 pr

15 ~

25 "
--r

57 73 NX

~

96 99 NX

65

-

-
-
-

20-
-
::
-
-

25 -
-
-

-
-

5 -
-
-
-
-

10 -
-
,;;

-
-

15 -

30 -

35 -

10

-10

-20 -
-

GRAY BLACK GN~, VERY CLOSE TO CLOSE JOLITING la-29°" "VERI CLOSE -FOLIATION, 10-20 , SLIGHTLY IfEATIlERED, IIARI4 JOINTS IN BIOTITE -
~~K!~N~~~TO~~I~~~7g~::; ~rJ~~· ~~~~' -r----r-4t-----r--....J...-f--~ PARALLEL To FOLIATION

END OF OORING AT 36,2' -
-40 - -
--30 -
-
-

45 - --
-
-
-- --- -- -- -- -- -- -- -- -- -- -- -
-
-- -- -- -- -
-- -

1, FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE Nl1MBER OF BLOWS 01' A. __ ..~LB HAMMER FALLIIfG jon REQUIREi> TO DRIVEA 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN,;.;.;,_--. -t
~~~~C~:~~FO~~~Ii:c~~i~Eg~RESDENOTE~, :BORINGLOG2,12 I1fDICATES LOCATION OF UNDIST~BED SAMPLE, 4 ''6 INDICATES LOCATION OF SPLIT.SPOON SAMPLE. ~.+-- ONE017~~~C~~E~x.g~i~1f OF SAMPLING ATTEHPT J I-- MlLLS1i NUCLEAR PONER STATION
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE ....1-- UNIT 3

3, +~~~iCATES LOCATION OF NATURAL GROJND WATE I~ NORTHEAST UT1~JTIES SERVICE COMPANY
4, ~DT~B~~CK QUALITY DESIGNATION. ~I IYOMII....,... 1_1- ~ATIOII5", U INl)ICAT~,S DEPTH 4: LENGTH OF NX COiUNG RUN I ~6, DATUM IS M,S.L, _ ~ 12179-GSK~ '71



J.O.NO.

AMERICAN DRIIJ,rNQ

0 01 PdP
DRILLED IV

SITE MlIJ..STONE
~"Mnif\l0NTYPE OF BORING~

DATE DRILL.ED MAX 231m
SUMMARY 0" BORING

_

OVERALL SAMPL.E U SOIL OR ROCK DESCRIPTION:> .... :z: ... WEATHERING iC)1LI W .... w AND

"11"
...J w Q. w RQD ~ 0 D. ~9w u, ~k. O'U ~ rIEL.D ~ND L.AIlO/\ATOf\V TEIT REIUL.U; ~~~ tlllcA.fSAr:ICllI'T,oH; L.ITHOL.OGY°1 tj i Tt 1:0 ...J IoJ ~ 0: g~I~D,/r:.T~roO~tEOOING AND rAUL.TINGlD a:

C)

~,B~~~)sr~)~NE, 5-15% COBBL&'3, MlCACI!DUS, SOME ROOTS, _

LOST WATER AT 4.5'

-NO RIDOVERr.

TOP OF ROCK AT 7,8'

WHITE PINK GRANITE, CLOSE JOINT, 10°, MODERATELY WEATHERED TO FRESH,HARD, ZONE AT 8.0-9.7 1 MODERATELY I.fEATHERED, FINE GRAINED, CONTACT _AT 9.75' TO NEDIIJIol GRAINED PINK GRANITE, _

-LIGll'tJLRAX .Q~Tij:, SIMILAR TO .1BOVE ZXCEPT JOINT SURFAC;;;S, SLIGHTLYHEATHERIID.
-

-10

-20

-
-

15 -
-
-
.:

-
20-

-
-

25 -
-
-
-::

-
30-

-

-
35 -

-
-
-

40-

61

99

95

100

96 IIX

I--
100 IlX

-
100 NX

LIGHT GRAY GilANIT_~; HODERATELY CLOSE JOIlITING, 10° FRESH, VERYHARD, FINE GRAINED.

-

--
-

--
--
-
-
-
-
-
-
-
-
-
-
-

~ - ..

45 -

-30 -
-
-

50 -

-
-
--
-

--

-
-

-

END OF BORING AT 42.6' -
-
-
-
-
-
--
-
-
-
-
--
-
-
-
-
-
-
-
-
-
-
-
-
-
-

- -
1. FIGURES IN BLOW OR RECQ'LERY ~OJ/1HILQPPOSnE

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIREil TO DRIVEA 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.;::.;,r---,r- --t
~~~~:C~~~~FO~~~I~~C~~~~Eg~REs DENOTE ~BORING LOG2••2 INDICATES LOCATION OF UNDIST'JRBED SAMPLE. 4'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE .... t-- N U LEAR prUlER ~ATIONOV~~~C~~EiE~~~i~N OF SAMPLING ATTEMPT 3~ MILLSTO ENe vn ~ Ij
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE ... t-- UNIT 3
NtJMBER. ~' ~RTHEAST I,lT.ILITIES_~"V_I~~_COMPANY3. "" i~~Ei~TES LOCATION OF NATURAL GROJND WATEI I

4. J!9D - ROCK QUALITY DESIGNATION. ~rI "ON!'''ITP r....r.... ~ATIOIt5. U INLlICATES DEPTH &: LENGTH OF NX COdING RUN I b\ 12179-GSK-T26. DATUM IS M.S.L.. ~



BORING NO.
406

SITE MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179 ---
SHEET--,-OF 2

COORDINATES H800 E924 GROUND ELEV. (t) 14.03 ---
INCLINATION VERTICAL BEARING INSPECTOR F.S. VETERE

DATE: START I FINISH 4/30/80 I 4/30/80 CONTRACTOR I DRILLER GUILDI MASON

STATIC GROUNDWATER DEPTH I DATE 8.0 (FT) I 4/30/80 DRILL RIG TYPE TRUCK MOUNTED ROTARY

DEPTH TO BEDROCK 34.5 (FT) TOTAL DEPTH DRILLED 44·5 (FT)

METHODS:

DRILLING SOIL TRICONE ROLLER BIT WITH 4 INCH CASING. DRP-T.tt;D 'WITH WATER

SAMPLING SOIL srUT SPOON

DRILLING ROCK NX DOUBLE BARREL

SPECIAL TESTING OR INSTRUMENTATION NONE

COMMENTS

z§ E 10 ~ ~ §
o~ :z:t=' w wa: It)

~ti ~LIJ ...Jw ...Jw 0 Z ... Q....J

~LIJ
Q.Q. Q.m (/)a: o w :::)0

SAMPLE DESCRIPTION~w ~>- ~~ ~o~ 1-::> Om
o~ «I- «::> Q....J a:~wI£. ...J c..> en;; Cl)-

...J-- (/) (/)Z
(Il W

W a: en

- 4n ASPHALT .\WAD liUV~NG -
- -
- -
- -

9.03 5 -_ S 1 6-8-8 16 SP SAND, POORLY GRADED, COARSE TO FINE, MOSTLY MiDIUM, 1-3% NOHPLASTIC -l'IRES, MOIST, MEDIUM-BRO'WN (FILL).

V - -
-=-- -

- -
10 SAND, WIDELY GRADED, MOSTLY MEDIUM SAND, 2-5% SUBANGULAR GRAVEL TO -

- S 2 11-21-18 39 SP
mIN., 1-3% NOHPLASTlC FINES, MOIST, ORAHGE=BROWN (FILL). -

- -
- -

0.0)

15 Sll.TY SAND, UNIFORM, FINE, 15-20% SLIGHTLY PLASTIC FINES, THIN MICACEOUS -
S 3 4-6-6 12 SM- BANDING, LIGHT BROWNISH GRAY. -

- -
- -
- -

20 -
s 4 5-5-4 9 SM

SILTY SAND, UNIFORM VERY FINE, 25-40% SLIGHTLY PLASTIC FINES, MICACEOUS, -- GRAY.- -
- -
- -

io10.97 25
s 5 14~1J-12 25 3M ,:),.J.: ,:)AJ'tU, \lIJ.IJl!iLI UHJWI!;U, Ml.lOTLI ,n.m; ':)AI'W, 3-5~ SUBANGULAR GRAVEL TO 1- (2") IN., 15-2'% NONPLASTIC FINES, GRAY. (STONE STUCK IN SAMPLER). -- -

- -- -

r. DATUM IS MEAN SEA LEVEL 7. S-SPLIT SPOON, US-SHELBY
2.~GROUND WATER LEVEL TUBE, UO-OSTERBERG, UF- BORING LOG
3. BLOWS REQUIRED TO DRIVE FIXED PISTON.

(/) 2"0.0. SAMPLE SPOON 6" OR
til - - -etS'f-ANeE---sHCWN-1jStN6 MttLSTONENUCLEARPOWERSTATlON.- 1401b. HAMMER FALLING 30".
0 * INDICATES USE OF 3001b. UNIT 3z

HAMMER. ( ) INCHES OF NORTHEAST UTILITIES SERVICE CO...... SAMPLE RECOVERY.

C 4. % ROCK CORE RECOVERYI
Z ROCK QUALITY DESIGNATION. A STONE 6. WEBSTER ENG. CORP,w 5. STD. PENETRATION
~

RESISTANCE BLOWS/FT.
. SKETCH No. 12179-GSK- 73A

1LI
ffi?VED I DA~ IBORING NO'/SHEET..J 6. UNIFIED SOIL CLASSIFICATION

~/zr. '80 406 I OF 2SYSTEM.



BORING NO. 406---
SHEET 2-0F _2__

SITE MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179

s s ;;:; ~ ~ §:Z.:=.
~;:

lJJ lJJQ: It)
Q~ ..JlJJ -IW 0 z .... (l...J
I- I- 0.. c, (l.al lIlQ:o lJJ ::>0(l.lJJ 1-::> SAMPLE DESCRIPTION~ ~ lJJlJJ ~ >- ~~ ~o~ 0..-1 °al«I- et::> Q:~lJJ u, 01.1..

1Il (/)z ...I frl (/)~ ~>-...I .... ....
al Q: enlJJ

S 6 15-25-35 60 3M
».1.1• .1:.1 O>MlJ. O>.1J'LUoAl\ TU AJ:lUVJli, J!t}.UI!a"r lIHAVJ!a, TU t 1M.- -- --19.47 - TOP OF TILL AT 33.5 -

-20.47 - TOP OF ROCK AT 34.5 -35 - HX 1 100/88 UIIA% MlJJtSUN GNEISS. HIGH ANGLE WIDELY SPACED JOIlfTIHG, 40_50 u MODERATELY-- CLOSE FOLIATION, FRESH, VERY HARD, ,FINE GRAINED. -- -- -
-25.47 - -40- NX 2 95/87 GRAY !Qi~Q)DU~. I:UHILAR TO ABOVE) 40. 5 - 42.4 SLIGHTLY WEATHERED -- Brorr'it • -- -- -- -30.47 45 _

-- END OF BORING AT 44.5 FT -- -- -- -- -. -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- .. .""'.I· .- -- --' -'- -- -- -- -
NOTE: FOR BORING SUMMARY AND £ STONE E. WEBSTER ENG. CORP·lAPPROVEDl ~kAT 1BORING NO·1 SHEETLEGEND INFO. SEE SHEET I. SKETCH No. 12179-GSK-73B mil 6 rzf/Bo 406 2 OF 2



SITE MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179
BORING NO. -'Jl2-

COORDINATES N625 E924 GROUND ELEv'(1) 14.94 SHEET -LOF_2_

INCLINATION VERTICAL BEARING INSPECTOR 1.S. VETERE
DATE: START I FINISH 4/28/80 / 4/30/80 CONTRACTOR I DRILLER GUILD/MASCH
STATIC GROUNDWATER DEPTH /DATE 10.0 eFT) / 4130/80 DRILL RIG TYPE 'l'RUCK)I)Uln'ED ROTARY
DEPTH TO BEDROCK 60.0 eFT) TOTAL DEPTH DRILLED 65.0 (FT)

METHODS:

DRILLING SOIL TRICONE BIT WITH NW RODS, HW 4 INCH FLUSH JOINT CASING WITH WATER

SAMPL ING SOIL SPLIT SPOON

DRILLING ROCK NEX DOUBLE BARREL

SPECIAL TESTING OR INSTRUMENTATION NONE

COMMENTS

z~ E ;) ~ .- §0':::; xi=' w wo:: It')

i=t;j r-w ..Jw ..Jw 0 Z....., Q...J
~I.LJ a.. a.. Q..OO (1)0::0 UJ ::Jo

SAMPLE DESCRIPTION~w ~~ ~~ ~ o~ r-::J 000
o~ etr- et=> Q...J Q:~wI!.. ..J u en;; C)~...J""'- (I) (l)Z 00 UJ (I)W 0::

- -- -- -- -9.94 5
~, POORLY GRADED, COARSE TO MEDIUM, MOSTLY MEDIUM, 3-5% SUBllOUNDED -S 1 6-8-8 16 SP- (16") GRAVEL TO 1/2 IN., 3-5% NONPLASTIC FINES, SOME IRON OXIDE STAINING, DRY, -- ORANGE, BROWN (FILL). -- -\1- -

-- S 2 11-16-15 3] SP ~, POORLY GRADED, MEDIUM TO FINE, MOSTLY MEDIUM, 1-3% SUBROUNDED- (1011) GRAVEL TO 1/4 IN., 3-5% NOHPLASTIC FINES, MOIST, MEDIUM BROWN (FILL). -- -- -- --0.06 15
S 3 5-7-9 16 SP- :;jUTl .::iAIW, UNl.i"UHM, t'IN!!:, ~O-15~ ••_... _~•• v FINES, MOIST, LIGHT BROWN.- -(14 11) SM- -- -- -20

5-10% NONPLASTIC FlNES,~- S 4 12-12-10 22 SP §M!!!, POORLY GRADED, MEDIUM TO FINE, MOSTLY FINE,
(14 11) MOIST, BROWN,- -- -- -25 -S 5 4-6-6 12 8M SILTY SAND, UNIFORM, VERY FINE, 20-40% NONPLASTIC FINES, SLIGHTLY- (16") MICACEOUS, GRAY. -- -- --

TOP OF ABLATION TILL - 30 FT -
I. DATUM IS MEAN SEA LEVEL ~ S-SPLIT SPOON. US-SHELBY2. ~GROUND WATER LEVEL TUBE, UO-OSTERBERG. UF- BORING LOG3, BLOWS REQUIRED TO DRIVE FIXED PISTON.

(f) 2"0.0. SAMPLE SPOON 6" OR
--tU- . -9f.STANGE··SH9WN--llStNG-- ,".. "MlLLSTONENUCLEARPo-WER STATIONt- 1401b. HAMMER FALLING 30':0 * INDICATES USE OF 3001b. UNIT 3z

HAMMER. ( ) INCHES OF
NORTHEAST UTILITIES SERVICE CO.

..... SAMPLE RECOVERY.
0 4, % ROCK CORE RECOVERY/
Z ROCK QUALITY DESIGNATION. £ STONE Eo WEBSTER ENG. CORP.w 5. STD. PENETRATION(,!)

RESISTANCE BLOWS/FT. SKETCH No.12179-GSK- 7LAw
APPROVED 'I DATE '1BORING NO·tSHEET

.-J 6. UNIFIED SOIL CLASSIFICATION
SYSTEM. ~ /J!zJ!e() 407 I OF 2



BORING NO. -"J.1

SHEETLOF_2__

MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. _'_2~17_9:-.- _

s E it) ~ .... §z.::. :z: .... UJ wa:: It)
Q~

~~ ..Jw ..Jw Q z ..... Q...J
~ ~ Q.Q. Q.al (/)a:: o UJ =>0
~~

Q.W
:E>- ~~ ~o~ ~=> °al SAMPLE DESCRIPTIONWLU
<I~ c:(=> Q...J

~:eLtJu.. OlL.
(/) (/)Z ..J frl en~ >-..J~ .....

al a:: enLtJ

JU
6 9-9-10 19 SM- S

- (1611)

-
-

35

- S 7 17-19-19 38 SM
- (14" )

--
40

- S 8 t3-92-104 196 GW

- 16")

--
45

~ 'J 83/6" 100 SP-- 100/2"* SM- (611)

-
-

50
~ J.U 49-1;5 204 8M

(8")

11- 100/2" 100 SM
75/4"*

SILTY SAND, POORLY GRADED, MEDIUM TO FINE, MOSTLY FINE, 15-30% NONPLASTIQ.FINES, GRAY.

-

-
-
-
-
-
-
-
-
--
-
-
--
-
--
--
-

- ...
-
-
---,
-:
...:

TOP OF BASAL TILL AT 40.0 FT.

TOP OF ROCK A.'!' 60.0 FT

END OF BORING - 65.0 FT

----SILTY SAND, POORLY GRADED, MEDIUM TO FINE, MOSTLY FINE, 15-30% NONPLASTIQ..FINES, GRAY.
_

-
-

TOP 6 IN.: GRAVELLY SAND, WELL GRADED, 5-10% SUBAHGULAR GRAVEL TO 1.5IN., 5-10% NOOPLASTIC FINES, GRAY, BASAL TILL,
BOTTOM: GRAVELLY SAND, GAP GRADIID, MOSTLY FINE, 20-.30% COARSE TO FINEGRAVEL TO 2 IN., 5-10% NONPLASTIC FINES, GRAY, BASAL TILL.

---SILTY SAND, POORLY GRADED, MEDIUM TO FINE, MOSTLY FINE, 5-10% SUBROUNDEDGRAVEL TO 1/2 IN. INCLUDING DECOMPOSED BIOTITE, 10-15% NONPLASTIC FlNES,GRAY, BASAL TILL. _

--SILTY SAND, UNIFORM, FINE, 20-40% NONPLASTIC FINES, GRAY, BASAL TILL. -

---
-
-SILTY SAND. POORLY GRADED, MEDIUM TO FINE, MOSTLY FINE, 15-.30% NONPLASTICLFINES, 5-10% COARSE SAND SIZED WEATHERED BIOTITE, GRAY, BASAL TILL. _

--
PIN' WESTERLY GRANITE, MODERATELY CLOSELY JOINTED, FRESH, VERY HARD,MEDIUM GRAINED.
62.5 - 62.8, SEVF~Y WEATHERED BIOTITE SEAM.

100/631

25.06

---
55

_-S

....
-
-

-45.06 60
_NX

---
-50.06

65 --
----
---
-
-
--
-
-
---

-
-
-
-
-
-
-,

NOTE: FOR BORING SUMMARY AND' "'- STONE s WEBSTER ENG. CORP. IAP,PROVED l DAJE'IBORING NO.1 SHEETLEGEND INFO. SEE SHEET I. ~ SKETCH No. 12179-GSK-74B ~ ~/2)'BJI 407 2 OF 2



SITE MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12/79
BORING NO. ~

N788.117 14.36 SHEET_IOF 2COORDINATES E879.832 GROUND ELEV. (I)
INCLINATION VERTICAL BEARING INSPECTOR
DATE: START I FINISH 5/5/SO / -.:!.!!!!!:.- CONTRACTOR I DRILLER GUILDI MASON
STATIC GROUNDWATER DEPTH I DAT~~RED(FT) I . DRILL RIG TYPE TRUCX MOUNTED ROTARY
DEPTH TO BEDROCK 4.3.5 1FT) TOTAL DEPTH DRILLED 45.0 1FT)
METHODS:

DRILLING SOIL TRICONE ROLLER BIT WITH 4 INCH CASING, DRILLED WITH WATER

SAMPL ING SOIL
SPLIT SPOOH,OSTERBERG AND FIXED PISTON

DRILLING ROCK HI DOUBLE BARREL

SPECIAL TESTING OR INSTRUMENTATION
INCLINOMETER AND CROSS HOLE

SOURCE HOLll:_

COMMENTS

z~ £ 'it) ~ ~ §o.=. ::r:i=" w wa:: It)
-I- I- w ..Jw ..Jw a z~ Q....J
"'w ~w

Q..Q.. Q..al en a:: ° w :::Jo
SAMPLE DESCRIPTION

~w ~>- ~~ ~og: I-:::J °alC1!=. .q:1- .q::::J Q....J cr~wlL.
...J U en~ (,!)>-..J~ (f) cnz CD w enw a::

0 - --- S 1 17-17-15 32 SW- GRAVELLY SAND, WELL GRADED, 10-15% SUBANGULAR GRAVEL TO 1 IN. MAXIMUM,8M 10-15t NONPLASTIC FINES, DRY, MEDIUM BROWN (FILL). -- -9.36 5

-_ S 2 7-3-2 5 SW GRAVELLI SAND, SIMILAR TO AOOVE. -- -
-S 3 5-6-6 12 SP- SILTY SAND, GAP GRADED, MEDIUM TO FINE, 3-5% SUBROUNDED GRAVEL TO 1 IN. --

SM MAXIMUM, 8-12% NONPLASTIC FINES, MOIST, DARK BROWN (FILL).10 - -- -- -
-- s 4 11-12-13 25 SP- QRAVELLY SAND, GAP GRADED, MEDIUM TO FINE, 30-35% ANGULAR GRAVEL TO 2 IN. _SM MAXIMUM, 3-iR NONPLASTIC FINES WITH MICA FLAKES AND IRON OUDE STAINING,15 - ORANGE AND LIGHT BROWN (FILL). --1.64

_ S 5 3-5-5 10 SP- SILTY SAND, UNIFORM, FINE, 15-20% SLIGHTLY PLASTIC FINES, TlUN MICACEOUSSM BANDING, GRAY. --- UO
SP- TOP: SILTY SAND, UNIFORM, FINE, 1-3% ANGULAR GRAVEL TO tIN., 8-12% -20 6 SM SLIGHTLY PLASTIC FINES, MICACEOUS. GRAY.

10 \
SP- BOTTOM: SILIT SAND, UNIFORM, FINE, 20-25% SLIGHTLY PLASTIC FINES, -- S 7 3-4-6 ~ _lg.CACEOUS BROWN GRAY. _ _________..____________~_<,~~ SILTI SAND, UNIFORM, FINE, 25-30% SLIGHTLY PLASTIC FINES, GM!.L.~9~~!..C!c:- UF 8 TOP: SANDy SILT, NONPLASTIC, 5-10% VERY FINE SAND, MEDIUM BROWN. _l!rL BOTTOM: SANDY SILi:. SIMILAR TO AOOVE. -25

_8 9 2-3-3 6 ML SANDY SILT, NONPLASTIC, 30-35% FINE SAND, GRAY, MICACEOUS. -
SANDY SILT, NONPLASTIC, 3-5% ANGULAR ROCK FRAGMENTS TO 1 IN. MAXIMUM, -_ S

10 2-7-6 13 ML
20-40% VERY FINE SAND, GRAY. -13.64

- TOP OF TILL AT 28.0 F1'. -BOULDER - 28.0 - 31.0 FT.

I. DATUM IS MEAN SEA LEVEL 7. S-SPLIT SPOON, US-SHELBY2. ~GROUND WATER LEVEL TUBE, UO-OSTERBERG, UF- BORING LOG3. BLOWS REQUIRED TO DRIVE FIXED PISTON.
rJ) 2"0.0. SAMPLE SPOON 6" OR

- -------- .. _. --10 - -CTSTANCrSHOmrUS"TNG----
MILLSTONE NUCLEAR POWER STATION.... 1401b. HAMMER FALLING 30".0

UNIT 3z * INDICATES USE OF 3001b.
HAMMER. ( ) INCHES OF

NORTHEAST UTILITIES SERVICE CO.
-,

SAMPLE RECOVERY.
0 4. % ROCK CORE RECOVERYI
Z ROCK QUALITY DESIGNATION. A STONE e, WEBSTER ENG. CORP.l.IJ 5. STD. PENETRATION(!)

RESISTANCE BLOWS/FT. .. SKETCH No. /2179-GSK- ':ISAl.IJ

A;:;JVED IG?1;~ '/BORING N0'ISHEET
..J 6. UNIFIED SOIL CLASSIFICATION

SYSTEM.
408 I OF 2



BORING NO. -AQB..

SHEET 20F_2__

J.O. NO. ...:1_2.:..:17-=9~ _

s E § ~ ..... §ZO ::z: ..... lIJ lIJet: 10Q ..... ........ ~lIJ ...ILIJ C z- 0.. ............ Q.lIJ 0..0.. o..m enet: 0 lIJ ::>0
SAMPLE DESCRIPTION~tj WlIJ ~>- ~:E ~o~ .... ::> Om

<t .... <:;) 0.....1 et::ELIJ LL. OLL. en enz ...I ~ en~ C)>-
...1- - m et: (/)W

---

10-10-8 18

--SP GRAVELLY SAND, WIDELY GRADED, COARSE TO FINE, )()STLY MEDIUM SAND, 10-15% -SUBROUNDED GRAVEL TO LIN••.fAXIMUM, 4-8% NONPLASTIC FINES, GRAY
BASAL TILL.

-29.14

-30.64

... --

TOP OF ROCK AT 43.5 FT.
BOLLER BIT THROUGH ROCK

END OF BORING AT 45.0 FT.

-
-
-
---
-
-
---------

-
-
-
--
-
-
-
--

-
-
-----
--
-
-
-
-
-
-
-
-
-
-
-
-
-
--
-

NOTE: FOR BORING SUMMARY AND -1\. STONE 6. WEBSTER ENG. CORP.!APPROVED f J)AIE IBORING NO.1 SHEETLEGEND INFO. SEE SHEET I. IJb. SKETCH No-,12179-GSK-75B ~ .161Zr!P.JJ 408 .:2 OF :2



BORING NO. 409SITE MILLSTONE NUCLEAR POWER STATION-UNIT :3 J.O. NO. 12179 ---
COORDINATES N782.271 E870.024 GROUND ELEV. (I) 14.g SHEET -LOF_2_
INCLINATION VERTICAL BEARING INSPECTOR F. S. VETERE

DATE : START / FI NISH 5/2/80 I 5/2/80 CONTRACTOR/ DRILLER GUILD/ MASOH

STATIC GROUNDWATER DEPTH /DATE 9.0 (FT) / 5/2/80 DRILL RIG TYPE TRUCI MOUNTED BOTA.RY

DEPTH TO BEDROCK 34.0 (FT) TOTAL DEPTH DRILLED 39.0 (FT)

METHODS:

DRILLING SOIL TRICONE ROLLER BIT WITH 4 INCH CASING, DRILLED WITH WATER

SAMPL ING SOIL SPLIT SPOON

DRILLING ROCK
NX DOUBLE BARREL

SPECIAL TESTING OR INSTRUMENTATION INCLINOMETER AlID CIlOSS HOLE RECEI VIHG HOLE

COMMENTS

z~ E iO ~ - §0;:::: xi=' w LLJQ:; 10
-f- f- w ....JW ....Jw a z ...... 0..-1f- w ~w 0..0.. ~ §}. enQ:o w ::::lo

SAMPLE DESCRIPTION~w ~>- ~o~ f-::::l OlD
a~ <l: f- <t:::> Q......J Q:::!:w LL

...J U en~ C)>-....J ...... en enz al w
W Q:; en

- -- -- -- -9.54 5 sp- SILTY SAlm, POORLY GRADED, COARSE TO FINE, MOSTLY MEDIUM, 1-3% SUBBOUNDED -- S 1 4-3-5 8
8M GRAVEL TO 1 IN. MAXIMUM, 8-12% NONPLASTIC FINES, DAMP, ORAlfGE-BROWlf (FILL) -- -'V - --===- - -4.54 10

SILTY SAND, UNIFORM FINE, 20-40% NONPLASTIC FINES, HOIST, LIGHT GRAYISH -- S 2 4-7-10 17 SM
BROWN. -- -- -- -15

SP- SILTY SAND. POORLY GRADED, MOSTLY MEDIUM, 10-15% NONPLASTIC FINES, -_ s
3 4-7-8 15 SM SATURATED, LIGHT GRAYISH BROWN. -- -- -- -20 -- S 4 4-4-4- 8 SM SILTY SAND, UNIFORM, VERY FINE, 25-40% SLIGHTLY PLASTIC FINES, MICACEOUSBROWNISH GRAY. ' -- -- -- -25 -- S 5 3-3-3 6 ML SANDY SILT, SLIGHTLY PLASTIC, 30-40% VERY FINE SAND, FIRM, GRAY. -- -- TOP OF BASAL TILL AT 28.5 --13.96 .,

-
I. DATUM IS MEAN SEA LEVEL ~ S-SPLIT SPOON, US-SHELBY2. ~GROUND WATER LEVEL TUBE, UO-OSTERBERG, UF- BORING LOG3. BLOWS REQUIRED TO DRIVE FIXED PISTON.

(/) 2"0.0. SAMPLE SPOON 6" OR
IJJ DISTANCE SHOWN USING MILLSTONE NUCLEAR POWER STATIONI- 1401b. HAMMER FALLING 30'~0 * INDICATES USE OF 3001b. UNIT 3z

HAMMER. ( ) INCHES OF
NORTHEAST UTILITIES SERVICE CO.

..... SAMPLE RECOVERY.
C 4. ~o ROCK CORE RECOVERY/
Z ROCK QUALITY DESIGNATION. £ STONE 6, WEBSTER ENG. CORP.
IJJ 5. STD. PENETRATION(!)

RESISTANCE BLOWS/FT. SKETCH No.12/79-GSK- 76AIJJ
6. UNIFIED SOIL CLASSIFICATION APPROVED I DATE teoRING N0'ISHEET

.J

FW' ~/2P/80 409 I OF
SYSTEM.

2



BORING NO. ~

SHEET2..0F_2 __

J.O. NO. _1:.:2:.:..17.:...;9~ _s E § ~ ..... §:z=- :z:-- I.I.J 1.I.Ja:: 102- t-t- ....II.I.J ...Jw 0 z~ 0.....J........ 0.. a.. a.. en (f)a:: o I.I.J ::::>0
~ t::J

0..1.I.J
~>- 2121 ~o~ 1-:::1 Oen SAMPLE DESCRIPTION

WI.I.J <r I- <r:;) a.....J
$~I.I.J lL. OlL. ...J U C/)~(f) c/)z en W >-....I~

(f)I.I.J a::

NOTE: FOR BORING SUMMARY AND ."'- STONE E. WEBSTER ENG. CORP. IAPPROVED I DA E leORING
LEGEND INfO. SEE SHEET I. ~SKETcH NO~2179-GSK-76B FYtV 6/zsJeo 409

~~ GNEISS, WIDELI SPACED FOLIATION 40-45°,FRESH, VERY HARD,THIN BIOTITE BANDING (2 FT RECOVERY DUE TO LOSS OF CORE IN HOLE)

30 S-
-
-

1-19.46
NX

35 -
---

1-24.46
40 --

-
-
-
--
-
-
-
-
-
-
-------

-
--
--
-
-
-
-
-
--
-
-
-
-
-
-
-
--
-
-
-
--
-
-
-
-

6

1

10-20-2' 45 ~"

40/40

GRAVELLI SAND. WELL GRADED, 10-15;\02-5J NONPLASTIC FINES GRAY, BASAL ~.

TOP OF ROOK AT 34 FT

END uF BORING AT 39.0 I

GRAVEL'1'-ol IN. MAXIMUM, _

--
--
-
-

-
--
-
-
-
-
--
-
-
---
-
--
---
-
-
---
--
-
-
-
-
-
----
-
--
--
-
-
-
-
-
-
-
-
-

NO.1 SHEET
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(FT)

BORING NO. ~

SHEET ..l-0F _2_

39.0

TRlCONE ROLLER BIT WITH 4 INCH CASING, DRILLED WITH WATER

SITE MILLSTONE NUCLEAR POWER STATION-UNIT :3 J.O. NO. 12179
COORDINATES N775.206 E8Eo.026 GROUND ELEV. (I) 14.36
INCLINATION VERTICAL BEARING INSPECTOR P. S mERE
DATE: START I FINISH 5/1/80 I 5/1/80 CONTRACTOR / DRILLER ...;:;.G...;:;.U='L=D.:..../_MAS_O_N _

TRUC! MOUNTED ROTARYSTATIC GROUNDWATER DEPTH / DATE _-_-_C_..F.....TI / - DRILL RIG TYPE
DEPTH TO BEDROCK 34.0 (FT! TOTAL DEPTH DRILLED
METHODS:

DRILLING SOIL
SAMPLING SOIL _S_PLI_T_S_POO_N

_
DRILLING ROCK _NI_DO_U_B_LE_BA_RRE_L _

SPECIAL TESTING OR INSTRUMENTATION INCLINOHE:cEB. AJm CROSS-HOLE RECEIVING HOLE

COMMENTS
_

z'§
0;2
-~~w
~w
wu.
...J~

W

SAMPLE DESCRIPTION

- -- -- -- -9. .36 5 -- S 1 4-5-5 10 sv- SILTY SANI), 'JELL GRADED, 8-1~ NONPLASTIC FINES, MOrsT, ORANGE- -8M BROWN (FILL).- -- -- -10 -- S 2 7-17-17 34 SP- SILTY SAND, GAP GRADED, 5-10% FINE, SUBANGULA.R GRAVEL WITH -8M PIECES TO a IN. MAXIMUM, MOSTLY FINE AND MEDIUM SAND, 10-15%- NONPLASTIC FINES, SATURATED, BROWN (FILL). -- -~

--
15

-- S .3 4-5-5 10 SM SILTY SAND, POORLY GRADED, MEDIUM TO FINE, Ji)STLY FINE, 15-20% -SLIGHTLY PIASTIC FINES, MICACEOUS, LIGHT GRAYISH BROWN.- -- -- -20 -- S 4 4-5-5 10 SM SILTY SAND, UNIFORM, VERY FINE, 25-40% SLIGHTLY PLASTIC FINES -THIN MICACEOUS BANDING, LIGHT GRAYISH BROWN.- -- -- -25
-- S 5 3-3-4 7 ML SA.NDY SUTf SLIGHTLY PLASTIC, 15-30% VERY FINE SAND, OCCASIoNAL --12.64- SMALL CLAY POCKETS, GRAY.

- TOP OF TILL AT 27 FT. -- -

en
W
~

o
z

I. DATUM IS MEAN SEA LEVEL
2. ~GROUND WATER LEVEL
3. BLOWS REQUIRED TO DRIVE

2"0.0. SAMPLE SPOON 6" OR
DISTANCE SHOWN USING
1401b. HAMMER FALLING 30'~* INDICATES USE OF3001b.
HAMMER. ( ) INCHES OF
SAMPLE RECOVERY,

o 4. % ROCK CORE RECOVERY/
Z ROCK QUALITY DESIGNATION.
lJJ 5. STD. PENETRATION
~ RESISTANCE BLOWS/FT.
.J 6. UNIFIED SOIL CLASSIFICATION

SYSTEM.

7. S-SPLIT SPOON, US-SHELBY
TUBE, UO-OSTERBERG, UF
FIXED PISTON.

BORING LOG

MILLSTONE NUCLEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE CO.

~, S,'TONE e. WEBSTER E, NG. CORP.a SKETCH No.12179-GSK-77A
APPROVED I DATf BORING NO'lSHEET
~ 6/zS/60 410 I OF2



BORING NO.
410---

SHEET 2-0F_2__

SITE MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179

s E it) :! .- .!ez.::;. :t:- LlJ wet: It)
0 ...... ...... ..lW ..lw 0 z .... 4....1- ... 4.W 4.4. 4.lD ~a::~

ILl ~o
SAMPLE DESCRIPTION

... w ... :::> Om~ w ww ~>- :e:e 0° ..... 4...l $:eLlJ u.. Ou.. <t ... <t:::>
..l frl cn~Vl cnZ >-..J~ - m a:: (I)ILl

JO
SP- SILTY SAND, WIDELY GRADED, MOSTLY FINE SAND, 10-15% ANGULU ROCK -- S 6 16-64-10 74 SH FRAGMENTS TO 1t IN., 10-15% NONPIASTIC FINES, GRAY.~ TILL.- -- TOP OF ROOK AT 34.0 FT. --19.6.4

35 - HI 1 100/88 GRAY MONSON GNEISS, WmELY SPACED FOLIATION .40-45%, FRESH, VERI --- lQRD, THIN BIOTITE BANDING. -- -- --24.64
40 - END OF BORING AT 39.0 FT. -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- .. -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -

NOTE: FOR BORING SUMMARY AND £ STONE e. WEBSTER ENG. CORP'IA~ED I,/;{hE , BORING No.1 SHEETLEGEND It-FO. SEE SHEET I. SKETCH No.12179-GSK-77B Ih 80 410 2 OF 2
I



MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179 BORING NO. -'!L
SITE

COORDINATES N519.2 E922.6 GROUND ELEv.en 13.94 SHEET .J...OF _2_INCLINATION VERTICAL BEARING INSPECTOR F. S. VlTEIU:DATE: START I FINISH 5/7/00 I 5/8/SO CONTRACTOR I DRILLER GUllOI MlSOHSTATIC GROUNDWATER DEPTH I DATE 10.5 1FT) I 5/8/00 DRILL RIG TYPE TRUOI MOUNTED IWTAiIDEPTH TO BEDROCK 61.S (FT) TOTAL DEPTH DRILLED 64., (FT)METHODS:

DRILLING SOIL TRICOJIE ROLLER BIT WITH 4 IN. CASING. DRILLED WITH WATER
SAMPLING SOIL SPLIT SPOONS - N RODS

DRILLING ROCK
HI DOUBLE BARREL

SPECIAL TESTING OR INSTRUMENTATION NONE

COMMENTS

z~ £
r<) ~ §:0;2 :z::~ w wa: it)

-I- "'11.1 -Jw -JILl 0 Z-- Q.-J"'w ~ILI 0..0.. 0..00 (l)a: o ILl :::Jo
SAMPLE DESCRIPTION

~w ~~ :i:~ ~o~
I-;j 000

o~ «I- «::J Q.-l
~~

wlL.
-l U (I):;-J ...... (J) (J)Z 00 W ~

11.1 a: (I)

-
--
--
--
-5

-- S 1 9-11-10 21 SP ~, POORLY GRADED, COARSE TO FINE, MOSTLY MEDIUH, 3-8% 1l0!IPW1'IC -- FINES, LIGHT BROWN (FILL).

--
--
-"iJ

-- s z 7-9-11 20 SW ~, SIMILAR TO ABOVE, EXCEPT 1-3% SUBROUHDED GRAVEL TO t II. (FILL). --
--
--
-

-1.06 15

- S 3 7-19-8 18 Nt SANDY SILT, NONPLASTIC, 25-40% VERY FINE SAND, GRAYISH BROWN, MICACEOUS. --
--
--
-20

SILTY SAND, UNIFORM, FINE, 1-3% SUBROUNDED GRAVEL TO t rs., 15-20% -S 4 4-5-5 10 3M- NONPLASTIG FINES, BRDWN WITH IRON OXIDE STAINING. --
--
--
-25

-S 5 6-6-7 13 ML SANDY SILT, NONPLASTIC, 10-15% FINE SAND, BROWlfISH GliA! WITB).WIN BANDS
t-i2.56 - OF FINE SAND. --

--
--
-I. DATUM IS MEAN SEA LEVEL ~ S-SPLIT SPOON, US-SHELBY2. ~GROUND WATER LEVEL TUBE, UO-OSTERBERG, UF- BORING LOG3. BLOWS REQUIRED TO DRIVE FIXED PISTON.

en 2"0.0. SAMPLE SPOON 6" OR
UJ DISTANCE SHOWN USING

MILLSTONE NUCLEAR POWER STATION
I- 1401b. HAMMER FALLING 30'~0 * INDICATES USE OF 3001b.

UNIT 3
z

HAMMER. ( ) INCHES OF
NORTHEAST UTILITIES SERVICE CO.

<, SAMPLE RECOVERY.
0 4. % ROCK CORE RECOVERY/z ROCI< QUALITY DESIGNATION. £ STONE e, WEBSTE;R ENG. CORP.
w 5. STD. PENETRATION'(!)

RESISTANCE BLOWS/FT. '. SKETCH No.12179-GSK-78A
w

6. UNIFIED SOIL CLASSIFICATION APPROVED 1 DATE BORING NO. :ISHEET

.J
SYSTEM.

fW 6/tf/Bo 411 I OF 2



BORING NO. 411

SHEET 2.,OF_2__

SITE MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179

§ E ;;;- ~ -. §:z.:::;. x ..... ~ wa: It)
0 .....

~~ ..JW ..JW 0 z .... Q...J
i= t;j Q.Q. Q.al (/)0::0 ~ ~oQ.w ~~ SAMPLE DESCRIPTION
~ w LrJw :!>- :E:E ~o~ Q...J °al
LrJ u.. OL&.. « ~ «:;) ..J (.) (/):; ffi:E- (/) (/)z al LrJ >-
..J~ (/)
w 0::

- S 6 12 15-16 31 sp- SILTY SAND, WIDELY GRADED, COARSE TO FINE, MOSTLY FINE, 3-8% SUBROUNDED _
8M GRAVEL TO t IR., 10-15% NOHPLASTIC fiNES, BROWNISH GRAY(ZONES OF COARSE _-- SAND 30.5 to 31.0 FT.) _

- -
35 -

- S 7 11-15-11 26 SP- SILTY SAND, GAP GRADED, MOSTLY MEDIUM AND FINE SAND, 2..4% SUBROUNDED -- 8M GRAVEL TO 3/4 IN. ,10-15% HONPLlSTIC FINES, GRAY. -
- -

f-25.56 - TOP OF BASAL TILL AT 39.5 FT. -
40- -

- BOULDER CORED 40.0 - 42.0 -
-

- S 8 9-17-21 38 8M SILTY SANDi WIDELY GRADED, MEDIUM TO FINE, MOSTLY FINE, 2-S% SUBROUNDED -
- GRAVEL TO IH. MADHUM, 15-20% NOHPLASTIC FINES, GRAY~ TILL. -

45 - -- -
- -
- -
- -

50 -S q 60-118 178 SM SILTY SAND, SIMILAR TO ABOVE. -- CORED BOULDER 51 - 52 FT. -- CORED DENSE TILL 52 - 55 FT. -
- -

55 -
S 10 48-105 153 SM SILTY SAND, SIMILAR TO ABOVE, EXCEPT WITH ANGULAR GRAVEL TO 1 IH. -- MAXIMUM. -- -

- -
60 -S 11 110-85* SILTY SAND, SIMILAR TO ABOVE. TOP OF ROCK AT 61,1) FT. -47.56 - llX 1 67/67 PINK AND GRAY WESTERN GRANITE, WIDELY JOINTED, FRESH, VERY HARD, -

- MEDIUM GRAIlWl. -
50.56 - -

65 - END OF BORING AT 64.5 FT. -
- -
- -- -- -- -- -
- -
- -- -
- -
- -
- -
- -
- -
- -
- -
- -
- .-
-, -
- -
- ....
- -
.... -
~ -,

NOTE: FOR BORING SUMMARY AND A STONE 6. WEBSTER ENG. CORP. IAPPROVED I ~lZt'tE ~I BORING N0'I SHEET
LEGEND INFO. SEE SHEET I. SKETCH No. 12179-GSK-78B .fSd' {pZfJ~ 411 2 OF 2



MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO. 12179
BORING NO. .1t!L-SITE

COORDINATES "463,6 E921 2 GROUND ELEV.(I} 1,) J~
SHEET-L0F _2__--' -

INCLINATION VERTICAL BEARING INSPECTOR F.S. VETERE
DATE: START I FINISH 519180 I 5/9/60 CONTRACTOR / DRILLER GUILD/MASOlt
STATIC GROUNDWATER DEPTH /DATE (FT) / DRILL RIG TYPE TBJICK MQIW'CIi:1' pmORy
DEPTH TO BEDROCK 48.5 (FT) TOTAL DEPTH DRILLED 57 (FT)

METHODS:

DRILLING SOIL DRILLING MOD WITH NW RODS AND TRICONE BIT (6") Sir{ CASING TO 7 FT
SAMPLING SOIL SPT WITH AW RODS

DRILLING ROCK ROLLER BIT

SPECIAL TESTING OR INSTRUMENTATION HONE

COMMENTS

z~ £
ro ~ -- §:

o~ zi=' 10.1 wa: It)

li: w .....JW .....Jw 0 z~ Q.......J-f-
ena: O 10.1 :::)0.... 10.1 a.. a.. a.. CD

SAMPLE DESCRIPTION~l.IJ w llJ ::E>- ::E::E ~o~
1-:::) OlD

Cl~ <I- <:::J Q......J a:::EwlL.. .....J U CI)~ ">-.....J- en enz CD ww a: CI)

.l).)4 a - --
--
-- -5 SAND, GAP-GRADED, MEDIUM TO FINE, MOSTLY MEDIUM, 1-3% SUBROUNDED GRAVEL -- S 1 8-8-9 17 SF TO 1/4 IN., 1-3% NONPLASTIC FINES, DAMP, BROWN (FILL). -- -- -
-3.34 10 - S 2 6-13-14 27 SP ~~ POORLY GRADED, COARSE TO FIlfE, MOSTLY MEDIUM, 2-5% NONPLASTIC -- , DAMP, BROWN (FILL).
-- -- --0.66

s 6-5-6 SANDY SILT, NONPLASTIC, 25-40% VERY FINE SAND, MOIST, MICACEOUS, GRAYISH _
15 - 3 11 ML

BROWN.- -- -- -
-20 - S 4 7-9-14 23 SM SILTY SAND, UNIFORM, FINE, 15-20% NONPLASTIC FINES, THIN MICACEOUS -- BANDING, GRAYISH BROWN. --8,66 TOP OF ABLATION TILL AT 22 FT.

- --25 - S 5 30-33-42 75 SP- SILTY SAND, GAP-GllADED, MOSTLY MEDIUM AND FINE SAND, 2-4% SUBANGULAR -3M GRAVEL TO 3/4 IN. MAXIMUM ,10-15% NONPLASTIC FINES, MEDIUM BROWN.- -- -- --
I. DATUM IS MEAN SEA LEVEL ~ S-SPL/T SPOON, US-SHELBY
2. ~GROUND WATER LEVEL TUBE, UO-OSTERBERG, UF- BORING LOG3. BLOWS REQUIRED TO DRIVE FIXED PISTON.

en 2"0.0. SAMPLE SPOON 6" OR
IJJ DISTANCE SHOWN USING MILLSTONE NUCLEAR POWER STATION.... 1401b. HAMMER FALLING 30".0 * INDICATES USE OF 3001b. UNIT 3z

HAMMER. ( ) INCHES OF
NORTHEAST UTILITIES SERVICE CO•

<,
SAMPLE RECOVERY.

c 4. % ROCK CORE RECOVERY/
Z ROCK QUALITY DESIGNATION. IiSTONE €. WEBSTER ENG. CORP.IJJ 5. STD. PENETRATION

" , SKETCH No.12179-GSK-79A
o

RESISTANCE BLOWS/FT.LIJ

'APFWED 1~ ;(;;0 1BORING NO. ]SHEET
..J 6. UNIFIED SOIL CLASSIFICATION

SYSTEM.
.412 I OF 2



BORING NO. 412

SHEET ~OF_2__

MILLSTONE NUCLEAR POWER STATION-UNIT 3 J.O. NO• .-;.;:12:.:.17.:...9~ _

s E r;; ~ ..... §z':=' J: ..... w wa:: It)
o~ to-to- ..lw ..lW 0 Z..., Q...l- to- (1)0::0 W ~oto- w Q.W Q.Q. Q.a::l

to-~ SAMPLE DESCRIPTION~ w laJw ::1:>- ~~ ~o~
3;~

Oa::l
laJ u, Ou.. <l:to- <l:~

..l fa $2..., en (l)Z >-..l-- a::l a:: (I)w

Sn,TY SAND WIDELY GRADED, COARSE TO FINE, MOSTLY MEDIUM, 4-7% SUBARGtnlAk ai1VEL TO 1/2 IN. MAXIMUM, 15-20% NONPLASTIC FINES, MEDIUM BROWN.---
-
-
-
-
-

-

-
-
--
---
-
-
-

----
-
----
--
-
--
---

-
-
-
-
--
-
-
--

-
-
-
--

TOP OF ROCK AT 48.5 FT.

END OF BORING AT 57 FT

TOP OF BASAL TILL AT 34.0 FT.
SILTY SAND, GAP-GRADED, MOSTLY MEDIUH AND FINE SAND, 2-4% SUBROl1NDEDGRAVEL TO 1/2 IN. MAX!MIJM, 10-15% NONPLASTIC FINES, GRAYISH BROWN.

SAND. POORLY GRADED, MEDIUM TO FINE, MOSTLY MEDIUM, 3-5% SUBROllNDEDGRAVEL TO 1/2 IN., 3-5% NONPLASTIC FINES, GRAY, BASAL nLL,.BOULDER AT 41' -41. 75'

BEDROCK ADVANCED WITH ROLLER BIT.

-
-
-
-SILTY SAND, POORLY GRADED, COARSE TO FINE, MOSTLY FINE, 3~5% SIBROUNDED GRAVEL TO 3/4 IN., 15-20% NONPLASTIC FIKES, GRAY,BASAL ~. _

-
-60_

-
-
---
--
-
-
-----
--
--
-
-
--
-
-
--
-
-
-:

-16.66 30 _ S- 6- 43-40-35 75 3M

--
-20.66

35- s 7 17-48-90 11.38 SP-
- SM

-
-

40
s 8 44-110 1154 SP

-
-
-

45-1-3- 9_ 45-88 1133 SM

-
-

-35.16 -
-

50 -
--
-
-55_

-
-43.66

NOTE: FOR BORING SUMMARY AND '" STONE & WEBSTER ENG. CORP·IAPP~.~OVV;D1 DAvELEGEND INFO. SEE SHEET I. 1M:. SKETCH No. 12179-OO1.-79B ~ (,/tS/PLJ
BORING No.1 SHEET

412 2 OF 2



"9RW+Sl yrrLITIIS SWleE eOOW' SH...! Of....!..

SITE MILLSIOIE PI WAT!IIJ'\?RD, con. .1.0. NO. 12179 lORING NO.~TV'PE OF BORING to II LOCATION __--'1...76l20WoIl.'""-~91lg.!...... GROUND £LEV. 18 l'DATE DRILLED 12/]1171 O"'LLED IIY 'WBIen pm'TNG LOGGEO lIy __--<B......S'-- _SUMMARY OF BORING
_

I ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> ... WEATHERING iC)w l&J "'W AND

"11 W

..J l&J Q.l&J RQD ~I§ ~ ~9I&J LA. ~LA. FIELD ANDLABOAATOAY TEaT REIULTS; ~~~ nl:N·~"r:IC"".TION; LITHOLOGY
01.11071100 IX g:ltc:l~T~~OlltEDDING AND FAULTING

I " "
«I 0:

C)

QBOUJID SURfACE EL. 18.1'

DElISE GIlEY SILT lr SAIm W/TR. GUVEL " COBBLES.
(BASAL TILL?)

HEll. DINSE, BROIIN-YELLOII BROWN HEll.-FINE WD, II/Ta. GRl.VEL lrCOBBLES" SILT.
(ABLATION TILL)

-" ..

-
-
-

10 -

-
-
-
-
-
-
-
-
-

20 -
-
-
-

-
-
-
-
-

30_

47

67

78 , J

100

-

100

TOP OF ROCK

-f{%!!!!! H~Z:' JT~; TIGHT
~~~)( ........ 10 JT., ROST STN.

I
~I SOFT IIX. zon
~ r : ':Ii!
/~ V'y 50" JT., RUST STN. &: WX.
_~:l,f--< HORZ. JT., RUST STN. " \IX.

~,~:.~:,'~~~ ~g:: fi:: =~~ ~~=: :~:i';6'!ff.J 4" SOFT \IX. zon
~j~r~V 50° JT., ROST STN. " \IX.

f/~
~>~ SOFT \IX. ZONE

- ',- :lei' JT., RUST 5TN.
~:~;V
7'~;F= HORZ. JT., RUST STN.

"ll 50 n .• BUST STN.

It!~ ~ mc. ZOIlE

GREf, IlAIIDED, QTZ. BIOTITE
GNEISS (MOISOIl GIlEISS) 11/
GRANITE SEAMS 1-10' THICI(.
FOLUTION 500.

23.6'- 30' GRANITE

-

--

--
-
-
---
-
-
--
-
-
--
-
-
-
-

-
-

-
-

EIlD OF BORING 31. 5 '

GROIlRD IIATER LEVEL
U'TEIl COMPLETION 11.5' BELOW GROUIID SURFACE ON 12/31/71

-
---
-
-
-
-
-

-
-

-
-
-
-
-
-
-
--
---
-
-
-
-
-
--

-
-
--
-
-
---
-
-
-
--
-
-
-
-
-
-
-
---
-
-
-
-

BORIIlG LOG 1-1

MILI.S!OD: JlU)LU!l Rllllll STATIOJl
URIT 3

1I0RTHEAST UTILITIES SERVIGE COHPAHI

STONE & WEBSTER ENGINEERING CORPORATION

A 12179-GSK-33

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRE;) TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE M~~~,....------------------_iTHE PERCENT OF CORE RECOVERE::J. .2 •• 2INDICATES LOCATION OF UNDISTURBED SAMPLE. 4'L"L:T-c,.6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. '"""~
OV6r~~C~~E~E2g~~~~~N OF SAMPLING ATTEMPT 3 ViM
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE _~
NUMBER.~J. -¥- INDICATfo:S LOCATION OF NATURAL GROJNll WATEf 2 ».«

4. BsDT~B~~CK QUALITY DESIGNATION. (PERCElfT) ''"""£iiiJJ
~: IdT~~lJ~~AT~~ f.Ei:H & LENGTH OF NX COilING RUN I Fe s.



,MT""§! 11111 JIlES SpVXCI coom SH..l. o,.L.

SITE HIILSTOQ PI VAUIIIQBD cQIfN .1.0. NO. 12179 BORING NO. _1_-2__TYPE 0' BORING 4"·11 LOCATION -",1.;l,'i2QolllN;:j-4~5:l1!lCNL.. GROUND ElEV._9L1.~3 _DATE DRILLED 1/14172 DRILLED BY AH!RICAN DRlLLUG LOGGED By_--=R:.:,:.S;.:. _SUMMARY 0' BORING
_

XI-
OVERALL SAMPLE ~ SOI~ OR ROCK DESCRIPTION~ I- WEATHERING

lAJ I-lAJ AND

"11"
::J:~

-oJ lAJ Q.lAJ RQD ~18 ~ ~9lAJ IA. ~IA. fiELD AND ~A&ORATO"Y TEIT RUULT6\ ~~I~ fWl~~.Cfll..TION. LITHOLOGY0, I.j '.. T,'I~O
.J LU I- 0:: ~,~~U~W1>0tlIEDDINO ANO rAULTINOcD a:

~

lAT. OTm
WATER TESTSGROUIID SllRI'ACE !LEV. 9.3 COITENT

16 "1 VERY DENSE YELLOW BROW (MmIlJM-rIIIE) SJJlD, TRACE rIllE -GIUVEL (FILL?) -
~ 3.4 G

-49

--
'3 -40 -w.&- r415 16.5 G JaDIUM DENSE IELLOW BROWI MEDIUM TO rID SAIlD, TIllCl10_ PIn GRAVEL (PILL?)

'5 -7 17.6 G

- ...
--

13 '6
....,

-7.7 -
-1~ -
....,

1(Ig). DEliSE TO DEliSE GRAI FIRE SAND, TRACK MICA ....,-
....20-

22 , 7 .....- 23.3 G
-1-
-- ---

'8
-i- 24 ....-
-I- ...,

~ -30 -

35 '9 13.7 G Ml!D. DENSE, GRA.I-BRO\/II FINE SAIlD, MICACEOUS, TRACE OP -SILT, WITH OCCASIOIIAL TRACE PINE GIllVIlL AIID ROCI
FRA.GHEIlTS-

-- 1I0U: DEFINITION OF SDIBOLS USED UNDER HEADING "0TIlII:Il
, 10 TESTS' ~- 26 G - GRAIN SIZE ANALISIS -

-
-
-40 -

26'U -10.8 G -

-
--

20'12 --
~ TOP OF ROCIt --

.~.' -- PRA.CTIIlUD, 'lEl.THEIIEll, MOST OF GRAI, BAllDED. QTZ. BIOTITE -50 - 15 60

.-~
ROCI IS IELLOW STAIJl!:D

~~~ ~=~a:I~~iolll~~Cl-
AND PEGMATITE -
INTRUSIVES UOtrT 1-2' THICK -
FOLUTIO! ABOUT 60° -

'-- HORZ. JT., IELLOW STAIN, TRACE -- WEATHERaG -- 63 100
~TJidIR4 IELLOW STAIN, TRACI -

-- PRACTURm ZONE WITH YELLOW STAll -
HORZ. st ., WITH SILT INFILLING AT 59-60 I PEXlMATITE BAIID -60 - PRACTUR!D zon -- 80 100 -HORZ. sr., TR. WEATHIRlNG -

~ ' ..... 100 JT., IELLCN sun -
~:\v. IIlIlEG. JT.. RUST STAIN AT 63.5'-68.0 ' CIlANITE SILT" -- 83 100

FOLIATIOIi 550 -~-II~ 45° JT •• SILT IIlFILLIIG -- ,'1/ --59.2 - ': :-.,. llUtEXl. JT., SILT I/lFILLIIG -
END or BORIIIG 68.5' -70 - GB01lllllVATER L!VIL -UTER COMPLE'rIOIr 8. O' lIELO\I GROUND S\lllFACI 01 1/14/72

BQIlIQ 1m 1=2

8. OTHER TESTS: SEE NOTE ABOVE

7. liD IS IlATUJlAL IIATER CONTENT II

MILLSTOD IOOLI6ll. RlWlll STATIO!
ll'I! 3

10RTBBAST trTILITI&S SERVICE COMPAII!

STONE' WEBSTER ENGINEERING CORPORATION

& 12179-4111-34

1. FIGURES IN BLOW OR RECOVERY COLU/oIN OPPOSITESOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,...,-::'::'::71------------------......1THE PERCENT OF CORE RECOVERED. ~2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE. 4~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.-~OVINDICATES LOCATION OF SAMPLING ATTEMPT at:J:IJ...WITH NO RECOVERY. " ' VRrJ~~~~~~PT NEXT TO SYMBOL INDICATES SAMPLE.....;~

3. + ~~~t~~TES LOCATION OF NATURAL GROJND WATEF Z "b, e.
4. !!SD - HOCK QUALITY DESIGNATION. (PERCm) -~
~: lJT~Lli~A~~sS.L~EPTH& LENGTH OF NX COiliNG RUN 'f? So



IIORTll&AST UTILITIES SER'lICE CCMPm IH...1.o'.J....

J.c.NO.
1,W-J70lI

_oI.Io:O~""'- DRILUD IV "'Pm" !lI!J((!1fQ

:J:~
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTIQN

c:i ~ WEATHERING ic.:»W ~w liND W
.J W I1. w ~ ~9w LL. ~LL. I- 0: W.1~rr~~i~o'Dr3:Y,.~~~~~nU~J5; ~o.:~ n~A.1S,,~lCllI"TIO~i LITHOLOGY

"

BASAL TILL

LOOSI TO MEDItIf DElfSE, WHIr! TO LIGHT BROW POORLY GRADEil MBDltIf
TO FIn SAJlD.

VERY DEIS!,MBDItIf BROW ;!ELL OIWlED COARSE TO FIR SAIfI), SCM!
GRAVEL.

MEDItIf D!\ISK,IIIDIDH TO DARIt BROW, POORLY QIWlKD, COARSE TO FIR
MOSTLY MEDIllIl s.um, rRACE OF GRAVEL, rRACE OF SILT.

LOOSE RUSTY BROW, POORLY GIWlED, MEDIUM TO FIR SILTY SAlID, SCM!
SILT.

LOOSE RUSTY BROW, POORLY ORADED, COARSE TO FIR MOSTLY MEDItIf
SAIlD, TRACI OF SILT.

TOP OF ROOK

VERrDI!:IISI BOULDERS AIlD COIlllLES

JT. TIP. STAIm G
6IJO JT. RUVY YlLLOWISR GREBIl MIIfERlLIZATIOII (TAlC')

JT. TYPICALLY 6IJO, GI\DII STAtlf

JOO JT. SL. YELLOIlISH 0REErf STAtN, SCM!!: QIII!:EIfISH GRiY CLAY

85" IIlR!». Jr. SQIE DJ.RI( GRmWISH lIlOIII' STlllI
Jr. T!PICALLY srlllfED mROUGHOUT

8So Jr. VERY I114VY n:LLOWISR QREEII MIllERALIZATIOI' WITH 0.7 III
OFFSET III 4 RatIZOIl'1'AL lflEAltS.

t

12~

59~

12J'[
10

9~

12 ~

20
8~

9W

-29.4 JO l2Qll.ll:=P'

-J4.2
91

.46 79

40 67 100

46 94

50 aD OF BORIJIG 48.4'

GRll!!ID!I1DII LmL
.&n'!R OOO'LK'filll 11/21/72
2.2' BELOV OROUIID SURFACE

KILLl1OII'-" JIOWD ftl!IO.·
. 1IIIT 3

JKIl'lHI&8f mLITIIS SlRVICI cCllPm

ITONE'wtlmlt ENGINnRING COIt'OftATION

A 121'79-GSK-J5

1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE
SOIL SAHPLE DENOTE THE NlIMBER OF BLOWS OF A
lItO LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE r"T'"Ir':::::o:r-----------------~
THE PERCENT OF CORE RECOVERED. :

2••2 INDICATES LOCATION OF UNDISTlJRBED SAMPLE.
~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV~~~~c:~E~~~~i~N OF SAMPLING ATTEMPT

SUBSCRIPT NEXT TO SYKBOL INDICATES SAMPLE
NUMBER.

3. "'" i~~ti~TES LOCATION OF NATURAL GROJND WATE

4. ,B9D - ROCK QUALITY DESIGNATION.(PlRCIIT)t ~T~O~~A~~~.f.EPTH a: LENGTH OF NX COiUNG RUN I p.~



'f!wnt wUUfS 8arfICI CCJlPm
SH..!..o,2

1 2601-200V
_.::L=.::-. DRILLED IV AMDlICAI QlILtIIfQ

=c~
OVERALL U SOIL OR ROCK DESCRIPTION:> ~ WEATHERING iC)L&J L&J ~L&J "ND ...

-J L&J G.L&J L ~9L&J lI. ~lI. >- FIHD ANDL"1l0"ATO"Y TEIT "UULU, ...~~ t~~ll:~?t'C"I'TIOH; LITHOLOGY
~ a: ~.~~,'l.W~\I[OD'NG "NO rl\ULT'NO(!)

16.0

10

LOOSE TO MlDIlJM D!IISI, LIGHT YlLLQWIsiI-Iii6iiii; fiOORLy'-iiRiIllll; '1O:ll):TO FIn SILT!' SAIID, TRACE or GRAVEL, 800 SILT.

VIR!' DDS!, (JIAIlG! BROW, WELL GRADED, COARS! TO FIR sm,
'l'IlACE OF GRAVEL, TRAC! or SILT.

2.3
AIILATIO" TILt

12Q6.1~ VERY DINS! COR8D .7' BODLDI!R

TOP OF ROOII:

GRAY BIOTITI GRISS
(HOIfSOll QlllISS)
FOLUTIOIf l1IOIlf 4~

JOO JT. SOO YELLOWISH LT. BROW
STAIK

~3~ JT. RORIZ. SL. STAlK
BRom zon 1bI1IKD SURFACES AT29.1-29.3
st, TYPICALLY 5mBD, 800 WUTRERIlfG
V!R1' II!.lVILT WEATIIERED Z01IE (CRLORITIZEDf)
A.T 34.4-34.8

JOO J'f. S<J!E GRAY DlPOSIT, SCME
YELLOWISH GRKEI 8UIlf

IIiSAL TILt

VERY IlEAVILT WEATII!RED ZORE (CRtORITIZEDf) AT36.6-38.4

KID OF IKlRIIfQ 50.3'

0.2' Z01IE GRAY BIOTITE GREISS PIn GRABITE AT )5.1-3 .5

VERY DINS! LIGHT GRAYISH BROWl, POOlLY ClIlADED, COARSE TO FINE
sm, '!RACK OF SILT.

- 4~ JT. S<J!E TAlC MIIIIll\AWUl"IOIf

- JT., TYPICALLY STAIRED w/mc. VI.
100 JT. S<J!E TELLO\IISH LT. lfiOVll STUK

20

20 78

JO

-18.6 36 82

-21.9

-22.1
40

78 98

-33.8
50

QROU!D wWiR WEL
1Ff!R COOLmOll 11/16/72
1~.4' 1mL0W'QROllllD SURl'ACE

llaUIIG LOG 1-4

MILt3!OD IlOOI,BlIl RlIID.,BTJ.'rIOII
UllIT 3

HCIlTREASl' UTILITIES Sm:lVICE CCMPAIII

STONE' WEISTER ENGINEERING CORPORATIONA 12179-GSK-36

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITESOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HANKER FALLING 30" REQUIRED TO DRIVEA 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE Mrn~r------------------~THE PERCENT OF CORE RECOVERED.

2. 12 INDICATES LOCATION OF UNDIST~BED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
017~~~C:6Et:~~~i?N OF SAMPLING ATTEMPT
~g~:i~:PT NEXT TO SYMBOL INDICATES SAMPLE

3· + i~~t~~TES LOCATION OF NATURAL GROJND WATE
4. ~D - ROCK QUALITY DESIGNATION. (PERCEIfT)5. U INL>ICATES DEPTH &: LENGTH OF NX CORING RUN I6. DATUM IS H.S.L. '



ICIlmABT UTILITIES SIRVIC! coom sH..Lo,2

J.a.HO.
1. 470II-2OW

_...=!:<r..=.:.:.. ImILUD IY 4MD!IQAI pULLIIQ

:r:: ........ w
Q. w
~~

SOIL OR ROCK DESCRIPTION

10

\ LOAM .. .. _

VEIlY DIlfSE, Il!DIIII 1Il0Wl, POORLY OIWlEll, OOARSE TO nn: SAIID,
1'IWlE 0-' SILT.

___...ciBLA::;:TIOW TILL

VZIlY DElSE, COBBLES AID BOOLDEIlS

DRILLED CCIlB BARRm.TO 15.0' 0 TIlER DRILLED 3' CASIIO OVER IT
TO 15.0' AID 'lIIB OCItE IWlREL WEJrr TO 19.0'
!'RIID TO GET A IWIJ'LE AT19.0' - REFUSAL

20

JT. TfPICALLY SCME STUK THROUGHOUT
PARALLEL TO FOLIATIOI

VERY DElfSE, LIGHT GRAYISH !IROW, POOlLY GJW)ED, COARSE TO nIlE
SAIID, S<JoIE GRAVEL, mACE 0-' SILT.

GIlAY BIOTITE amss
P'OLIATIOW 1llOUT 6QO

. __ ~_~._._aIK:~.~J.~_.4~r:~-~~,7 
GIlAY BIonTE GRISS
FOLIATIOIf AllOUT 6QO

Vf2l.Y !lEAVILY WEATHERED, GREEI BIOTITE GmSS (SAMiLIKE)
CIILORITIZED.
~P OFIlCCK. _

JT. SL. YELLOWISH QI\EKIf
STUll TllROUGHOUT

JT. TfPICALLY YELLOWISH-Lr. BROWl(
STUll THROUGHOUT, sam l/XATl!ERIRG

6QO JT. HEAVILY YELLOWISH-GREElI
KIIlERALIZATIOR VERY HEAVILY
WE!TIIEREIl (SAID LI ICE)

iT~-mICALL!·s.·-ST!IB'tiiiWlIlliIour--'---mJrGRlHITE (PWMltIC)
AT 55.1-S7.0

- 'Plilp; CIlANITE (PEaMif:rej .
'----- ~!._§!.:.3::.6~ .
n. TrPICALLY STUn:o THROUGHOUT

2J)/.3~

30
40/.7 "3

85/.8 J"4

40

I
0Qi.0

-22.9 i

_25.J 10 50

-25.6 I
49 98

50

20 78

-~!..'L

~I.. 60
_11 .c:
-'t-l--J

35 94

-44.5

-47.~_..

-47.4

70

'1!lRlJG too 1-5

MILLS'roIll Jlla.W fOlIEIlSTATlO1
UIlIT 3

ICltTlllWlf UTILITIES SDI'ICE C(](J'AR!

STONE l WEISTER ENGINEE'''NG CORPORATION

.& 12179-GSP;-37A

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DaIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTS r-T~::-:T------------------~

2 .~H2EI~~g~~is°rog~~~o~g~v~~rST!JRBED SAMPLE • 4
'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
OV~~~~C:~E~E~g~~i~N OF SAMPLING ATTEMPT

StJBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
NUMBER.

3. of ~~~~i~TES LOCATION OF NATURAL GROJND WATE

4. ftgD - ROCK QUALITY DESIGNATION.(PERC!lfT)
5. U INtlICATES DEPTH & LENGTH OF NX COIUNG RtJN I
6. DATUM IS M.S.L. _ f.w.



pmU! WHUP 'pmF 92"'1

1. 470J-20W
-""'=~ ORILLEO IY

5H20,2..

~ti
OVERALL 'AMPLE U SOIL OR ROCK DESCRIPTION~ ~ WEATHERING

i"L&J "ND

"11"
..J L&J 11.L&J RQD ~,8 ~ ~9L&J u. ~u. f I[LO AND L"IIDIIATOllY alT IIUULU; ~o,;~ tlAN~"r:ICI"I'T1011; LlrHOLOCn

D U 10 TlIOO -' !oJ I- 0: ~1~c:.r~T~~.d[OOIIl. AND fAULTINGII I I I CD a:
C)

-
96-

-S4.9
.~

-
-
-
--
-
-
-
--
-
-
-
-
-
-

--
-

-

-
-
-

-

-
-
-
-
-
--
-
-
-
-
---
-
-
-
-
-
-
--

100 J!. mICALLY nLLOWISII-WRITI MIIlI:RALIZAfIOI

60° IRRm. CUAII

lID OF IKlIlIIO 75.0'

Q!!O!!ID lflD!l LmL
AFTER CCllPLBfIOI 11/10/72
12.)' BILOW GROUIID SI1R1ACK

-

-

--

-
-
-
-
---
-
-
---
-
-
--
-
-
-
-
-
-
-
-
-
-
-
-
-
--
-
-
-
-
-
-
-
--
-
-

-
-
-
-
---
-
-
--

,1lOllIJQ LOG 1-5

MILLMlJU-mLllR JlOV8 SUfIO.
ONI! 3

11II'I'IIbST UTILITIES SDl1lIVE CCJlPAIlY

STONE' WEISTER ENGINEERING COltPORATION

A 12179-GSK-37B

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIREL> TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE nr-:;::::::"Ir-------------------'I~HE PERCENT OF CORE RECOVERE~. L.da42. 12 INDICATES LOCATION OF UNDIST~BED SAMPLE. "I~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.I-~017INDICATES LOCATION OF SAMPLING ATTEMPT ',.l!O:Il.WITH NO RECOVERY. , ~SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE I-lili!£.!NUMBER. ~

3. + i~~ti~TESLOCATION OF NATURAL GRO:mD WATE l 1>.(,
4. !l9D - ROCK QUALITY DESIGNATION. (PEIlCD'I'J -~5. U INLlICATES DEPTH &: LENGTH OF NX COilING RUN I~6. DATUM IS M.S.L. _ r.iV.



HlJlTIIEAST UTILITI~ SERVICE COHPAlII 5H20,.2-

SITE Hn.LSl'OIfE PTr;pI.TWrJlD, CONN. .1.0. NO. 12179 lORING NO.~TYPE Of" 80"I~G i:C 06R) LOCATION ---Y!2..;' - ISO Ii GROUND f u:V. 20.29
DATE DRILLED SEPTEMBER 10, 1973 DRILLED IV AMml!CAN LOGGED IV J.E.P.
SUMMARY 0' IORI~G

:1:1-
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION> I- WEATHERING

~C)W W I- W "'NO "l..J
~

CL W RQO ~.8 t: '9W ~lI.
°1 tj 'i It ':0 ...0 I&l ... Q: ~[.'i~iro~\i%~T~:'...~&H~W~~S; ~~~ t~':tl:"~'CRIH ION; LITHOLOGYIII a:: (!)

20.29

-
53 ,-r GIl.miLL! SAND, POlJlLI GRADED, 10-2o,t; ANGULAR GIlAVEL'.TO·l~·IIIlIB

-
HAXIIIJM, COARSE TO FINE SAND, HOSI'LI FINE, 5-10~ NOHPLAS1'IC FINES,- vmI DENSE, HOISl, DAIUt GRAY. (sp) -

159 ,,; -CI!,lVEUXp, SOO ASSll. (11') -
.lQ!t- -,. 3 NO IUOOOVERX. -

-10 -
69~ --

G!lANLt ~. SIMILAR TO SIll, E1CCEPT CRABGE IfJTTLED WITH MEDIUM -- BRO.lB. (sp --
--
--

l00"~ --
~~;*t.E~G:,';ANl2l~~bNP~~~~, 1~~~~~=Sr:5~roM ~-

- mC1,/B•• CGP)
-

-20 -
113"~ -- ~ WIDELY ~ED, 5-1o,t; ANGULAR GIlAVEL TO 0.7 IICH~~- COARSE TOFINE SAND, HOSlLX FINE, 15-2O:C NONPLASTIC FINES, VERY DEll- SlTtJRATED, LIGHT GRAX WIT1I LAmS or..JlAIUCAlUlLIClII'l 111M tf"~- ~:JI) ..:-
135"";-

~ POffiLX l2lAOED, HEIlIlI! TO FINE, MOSTLY FINE, 3-8% NONPLAS1'IC -- FIms, VUlX DENSE, MEDIUM mAXIl!TB POCKETS at 0Il.QfGK, FJli 1;cr:EIlCH -- (JWIS nmOlt'OBml ROCK. (81') _-
(SP)-=30 - ~~

24!!2, UNIFORM, FINE, VERY DEllSE, KIXED GRAI, BLACK AND BRam.
-u.u. -

(?Up T<I' OF ROCK AT 31.5' -
.,- 50 100 NX 31.4'- 41.5' LIGHT GR.I.X BIOTITE GRANITE GNEISS, VERI cum: TO -

I
- ~~O~~~~~~~~~~H=~.WF.ATHmING, HARD_-

-

I
-

-f-

I
-66 99 !IX
-
-: 40 - -I f- -i -45 100 !IX 41.5'- 46.5' SIMILAR TO ABOVE, EXCEPT BEVERLX IlElTHmEO BI -CHLORITIZATION, VUlY SOFI' TOHARD. -- --26.21 46.5

-
-- END OF BOOING AT 46.5' --
-- -
-- -
-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -

1. FIGURES IN BLOW OR RECOVERY COL!1MN OPPOSITE 7. " INDICATES USE OF 3ODi,LB IlAl+IF1l - ~ INCH FALL.SOIL SAMP LE DENOTE THE NUMBER OF BLOWS OF A
140 LB HANKER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTi .THE PERCENT OF CORE RECOVERED. I---

BOOING LOG 1-62. 12 INDICATES LOCATION OF UND,ISTURBED SAMPLE. 4'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. 1-1--- MILLSl'ONE Nl1CLEAR pC1,/m STATIONOVINDICATES LOCATION OF SAMPLING ATTEMPT ~WITH NO RECOVERY. I UNIT 3
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NCRTIlEAST UTILITIESSERVICE CCH'ANI
NUMBER. ....f.-

3. -t i~~£i~TES LOCATION OF NATURAL GROJND WATEr 1"'---

4. BD - ROCK QUALITY DESIGNATION.

~~
STONE I WEISTER ENGINEERING C~ATIOH5. INOICATES DEPTH &: LENGTH OF NX CO~ING RUN. & 12179 - GSK - 386. DATUM IS



NalTHEAST DTILITIES SERVICE COIt'ANI

1)88 H - 205 Ii

DRILLED IY AMmICAN

SITE MILLSTONE :;iffW~':QlI), COHN. J.O.NO. 12179 lOftING NO. ...1:::l-TYPE 0' BORING IQ en 'I LOCATION_..:0.=.;;..;;...:;;::.:...::.- GROUND [LEV. 18.18'
DATE DRILLED SEPrEHBER 5-6. 1273 LOGGED IV J. lJ1SrINSUMMARY 0' BORING --'-

_

:C ...
OVERALL 'AMPLE U SOIL OR ROCK DESCRIPTlQN> ... WEATHERING

i~w W t- w AND
II) ~ w.J W Il. w RQO ~I~

L ~9w LL ~LL )-

~EI1cr.'rrv~~et%~r~:~~~~l.l'U~~J'; ~o,.:k '~~~:"~"C~lrTIONI LITHOLOGYi Ii j ,"I~O
... a:

III a::
~

18.18

-

REFUSAL

~, WIDELl GRADED, COARSE TO FINE, KOsrLI FINE, 10-20%NONPLASTIC FINES, VERI DENSE, DAMP, DARK BRalII. (SK) _---=-
2M\lELLX~, POORLI GRADED, 8-1:/% GRAVEL TO 0.5 ItCH MAXIHUK, -111I T01E SAIID, 'mil DENSE, (CctlP.&CT IN SI.Hl'LE) D.&KP, LI(JIT -
QIU/ID; BRClIN, MICACEOUS. (51') -
....ii,VELti·srllo SIMILAR TO S/l2, EXCEPT liIDELl GRADED, COARSE TO FlNE=<I'1lr 1_"'"

SAME AS ABOVE, EXCEPT HCIlEIUTEI.lClDl'1'llNG AIlD JOIIiTS -
CBLCRITIZEll. (110 CALCITE IN JOIIiTIIfG).

UGIIT G1UX mOUTE GRA!fITE GNEISS, CLOSE TO KCIl:m,.,
ATELI CLOSE JarllTIlfG, SLIGHT IIEA1'RERIHG, VERY 1WlIl, _KEDIllK GRAIIlED, BIGH QUARTZ CONTENT. (AXLU. JOIIfTS _
FILLED WITH CALCTI!'.E). _

-

-
-
-
--
-

-
-

-
---
-
-
---
-
-
--

-
-
-
--

TOP OF ROOK AX 3:2.0'

SAME AS ABOVE.

32.0'- 37.0'

END OF BORING AT 47.0'

37.0'- 42.0'

42.0'- 47.0'

-
",- 58

-
~57

66 '"f----- ."

35 ~

- ;,r
-

20- ~~
(SEAT)

\

- .1QQ
IIlI"71"

-

JO -
~.

-13.63-

47 '00 HI

-
f--

76 100 HI

j 40 -

I f--

HI

-
-26.82 47

-

-
-
--
---
-

--
-
-
--

J\CRI1Ij LOO 1_7

7. It IJIllI6AriS USE OF 300 LB IlAMHm - ~ IOOH FALL.

KILLSXQa HlJOL&AR rom! STATIOIl
trNIT 3

NCllTHEAST UTILITUS smVICE ClIt'AIfI

STONE' WElmlt ENGINEERING CORPORATION

A 12179- OS&: - 39

1. FIGORES IN BLOW OR RECOVERY COLUMN OPPOSITESOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO DRIYI
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTIl n..--,-------------------I

2. 'H:I~~g:~iso~og~~o~g~~~fsTURBED SAMPLE ... f---'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~ ""'-
OV~~~c~~E~g~~i~NOF SAMPLING ATTEMPT ,f---
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE .... _NUMBER. _

3."" INDICATES LOCATION OF NATURAL GRO:JND WATEt I
4. MDT~B~~CK QUALITY DESIGNATION. -.t M.T~Lli~ATES DEPTH &: LENGTH OF NX COiUNG RUN ~ I (1v



HlJIIe, UULITIES SERVICI CCH'j/fI SH.l.o'..L

SIT[ MILLSTOnE PT.. WArKRF<lUl. COHN.
".D.NO. 12179 IOIUNG NO.~TYPE or IOltlNG hUOOlV LOCATION 1257' - 310 V GROUND [lEV. 14.7'

DATE DRIL.LED SEPTIlMIl§. 7. 1973 DftILLED IV AMl!2UCAH LOGGED IV J.E.P.
SUMMARY 0' lORING

XI-
CM:RALL IAMPLE ~ SOIL OR ROCK DESCRIPTION> I- WEATHERING

Xc"l&J W I- w "N' I/) ~ w..J
~

Q. w RQD ~.:.l ~ t9l&J ~"" 0"'10"100 ~ a; ~E,t'll:rV~\et°to~T~:~~~H~t1r~~SI ~~~ t~W~,,~lCIlI'TIOfII LITHOLOGY
I II II CD II:

e"

- TOP , IHCIlESI Ql!A\'ELLY SAK!>' Poau.i GRADm. 10-20% ANGULAR GRAVEL TO--

""
~~~~~~' COARSE TO rINE SAND, MOSTLi FINE, mli DDSE, D»I'..52 -. BOTTOM 5 II«:IIESI risVliLLI S4!!D. SIMILAR TO TQ> , Ir«:IlES; EX:CEPT-

~
5-10% J«)"LASTIC FI • LIlIIT ORANGI BRQrN. (sp) ~

52 ~ lIlfIf'UlH, FIHIl, LESS 'l1LlH s~. NOHPLASrIC FINES, VERi DElISE, _CQUlACT IN SAMPLE), DAHP, LIGHT OllAHGE aRM, 4 INCH LAIm HIGHLi _W!ATHERID QUARTUD IN MIDDLE. (SP)

16 I';'
\;
~:~~I:M:i1:c:C~TIZJ~HES,COO'ACT, DRi, WET _1n
'1'Cf' 7 IlI:lIESl ~. UlIIFCIlH, mli FIIIE. 10-15~ NONPLASTIc"-15 ,r FINES, COMPACT, DAHl', NJ!VIIIl GRAI, MICACEOUS, FnI 0.2 INCH LUERS _CLAi. (SK-SP) BOTTOH 3 INCHES.~ POCllLY GRADED, ClWlSE- TO FINE, MOS'1'LI PIKE, 10-15% NOHPLASTIC FINE'S, COMPACT, LIGHT CIlANGE=- BRM. (Sol-SP) ._-

/'
f'.14 ~

TOP 13 IlI:llESl~ DHIFORM, FINE.15-25% NONPLASTIC FIHES,-CCllPACT, SATlJIlATI'D, JWlI[ DRam !lITH THIN 1IUCIl:-l..UEI HICACEOlJS, =-
~, ' "."".... ..."" to """ """ " """'-'. (.., ooiIoo<, '''''''''1-:- ~ SLI<JlTLi PLASTIC, 20-30% VERI FIm: SAIlD, SCFT, MOIST,GRAIBRQrN, MICACEOUS. (MI.) --

", -."..

- 29J'6 §A!!!2, UNIFCIlM, FIIIE, 3-8% NOHPLASTIC FINES, COMPACT, CIlAIIlE BRM -AIlD BLACK, TR.lCE MICA. (81') _

-
--

~ -- ~ ~, WIDELl GRADED, HOUNDED, MEDIUM TO FINE, MOSTLY FINE, -- 10- IIOIlPLASTIC FINES, VERY DENSE, GRAY BRarn. (9<1). -f----- - .

-------'.- -'.' ----- 0 6 /IX 28.0'- 30.0' BalLDER -f----- )0

- ;~~. ,I _ ~ ~ f --
-- lQQ.

~ GRAVELLY SJJ!!l, WIDELY GRADm, 10-2"" stlBAl«iULAR GRAVEL TO0.8 INCH -- 3"
~HllH, COARSE TO FINE SAND. !lJSTLI FIIIES, 8-12% NOHPLASTIC FINES, -- VERi DEliSE, HIDIIIl GRAY. (sP) --

--
-

~" GRAVELLY SAND, SAME AS S118. (sp) -
-40 - -40.0'- 43.5' WEATHERED ROCK AIiD TILL. -
--28.8_ TOP OF ROCK AT43.5' -

- 6? 99 /IX 43.5'- 44.5' LIG!lT GRAY GRANITE. CLOSELi JOINTED,MIllERATE WEATIIER":-lNG, HARD, FINE TOHIDIUM GRAINED. -44.5'- 45.3' DARK GRU HCIOOlLEND BIOTITEGNEISS, VERY CLOSELY -- JOINJ'ED, IlAIlIJ OF COHPLETE WEATHERING, VERISOFT TO -
- HCDERATELi HARD, FINE GRAINED. _- 45.3!-46.2' LImrr GRAX..PIHK GRANITE, (CONTACT), VERY CLOSE JOINT':...50 - 95 ~oo /IX lNG, MODERATE WEATIl8IIiniIQ.;, HARD, MEDIUM TOCOARSE .~ _

GRAINED.
46.2'- 48.5' LIGHT GRAI GRANITE GNEISS, CLOSE JOINTING, SLIGlI'l' -- WEATHERING, lIARD, MEDIUM GIUlNKD. -- 48.5'- 53.5 LIGl!T GRAI H<llNIlLEND BIorITE GNEISS, CLOSE TOMillER-- '--

ATELi CLOSE JOINTIIIl, FRESH, VERi HARD, HIDIllH -- GRAItml. -- 98 00 NX 53.5'· 58.5' SAME AS ABOVE, ElCCEPT MJDERATELY JOINTED. -- -_~R_~ ~d.5 - --
END (F BORING AT 58.5' -- -- -- -- -- -- -- -- -- -- -- -

1. FIGURES IN BLOW OR RECOVERY COLtJIoIN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
lItO LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" .00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTK

.-----'THE PERCENT OF CORE RECOVERED.
·BCJlING LOG 1-82 ••2 INDICATES LOCATION OF UNDIST'JRBED SAMPLE.

~6 INDICATES LOCATION OF SPLIT.SPOOK SAMPLE. -- MILLSTONE NUCLEAR PWER STATION017~~~C~~E~~~~i~lf OF SAMPLING ATTEMPT ,- UNIT 3
NCIlTIlEAST UTILITIES SERVICE COK'ANYSUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE -NUMBER.

tf--3. +- ~:~i~~TES LOCATION OF NATURAL GROJND WATEf

4. UD - ROCK QUALITY DESIGNATION.

J~
STONE' WEISTER ENGINEERING CCMfIORATION5. INOICATES DEPTH &: LENGTH OF NX CORING RUN A 12179 - GSIC - 406. 0 TUM IS



NORTHEAST llT1LITIES SmVICE CCH'ANY SH.L. 0'..1..

SITE HILL;.oHE ~ATERFCIlD, CONN, .1.0.NO. 12179 10ltiNG NO. ....!.:!J.&..TYPE Of' IO"'NG~ThMlUilE LOCATION it' .l. ,;' . -I 1258 N - )07 \I GROUND H[V.-"".4...8....2 _DAT£ DRill ED ;jl!EPTEIfI!iR" 1971 D"ILLED IV .....m==wI..CAB LOGGED IV _.....;;J,;,;;,E;;.;,...P..., _SUMMARY Of' lORING
_

X ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> ... WEATHERING %Ul&I l&I "'W AND

II> ~ I!l.J
~

Q. W RQO ~I:::
D.. '9w ~I&. ~

~[.f~W~::IOttoTS:~~~~~&'t1~~~SI ~~~ tl~A.l~,,~.UlrTION; LITHOLOGY0, lj i 'tr ~ a:CD a: U

-
-
-
--
-

~, PO<JILI ClWl.&l, COARSE TO FINE, M:lSl'LI FINE, LESS mAN 1~ I/ON- PLASTIC FINES, \'mr LOOSE, DAMP, DAllK GRAI TO LIGIIT BIllJ.m, HICACEOOS;LENSES OF YELLWISIl B/lClrlN SILT! SAND. (ss) 
~, POCIlLr GRADED, COARSE TO FINE, KOSI'Ll FINE, LESS THAN 5~ NO!/.._
~~1: 'z~Ej" COJol'ACT, ORr, ALTERNATING LAmlS LIGHT BIlWNAND _
§!ll!!, PCXIlLI GR.lDEO, /€DIUM TO FINE, I«lSTLI FINE, 1-3% HONl'LASTIC FINES, DAMP, COIf'ACT, XELLCIrlISII B/lQ,/1f, UnRS OF PURE HICA, (SI') -

~Ifu.S~CIrlN,U~~EOO~NE~~-2"" NOHPLASTIC FINES, COMPACT, M:lIST,fiff SAND, SIMILAR TO S/l2, EXCEPT SMALL A!'IlUNT OF MICA AT TOP. ~

-
-
-
-
-

10 -

-
-
-

-3.18 18
-

--

--
-

--

-

-

-
-

-
-
-
-
-

--

--
--
-

21"

,:~'
16

19" J,P -2

21

31 '3

END OF BORING AT '8.0 1 -
-
-
-
-
--
-
-
-
--
-
-
-
-
-
-
-
--
-
-
-
--
-
---
-
-
---
-
-
---
-
-
---
-
-
-
-

BOOING LOG 1-81.

HILLSTOHE NUCLEAR PCIrlnl STATION
UNIT 3

NlJ\TI!E4ST UTILITIES SFRVICE COMPANY

STONE l.lmlt ENGINEERINI COftPOltATION
.~ 12179 - GSIC - 41

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITESOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
lItO LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE ,..,---,-------------------t2,~~I::g~~~sO[og~~~O=Eg~v~~isTURBEDSAMPLE. 4~"6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.f-~
O£7~~~C~~E~~~~~~H OF SAMPLING ATTEMPT I~
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE ~~HUMBER. !--3." INDICATES LOCATION OF NATURAL GROJND WATE I

4, DT~B~~CK QUALITY DESIGNATION. f-~5. ~ IHOICATES DEPTH &: LENGTH OF NX COiliNG R IN I~6. MT!1M IS . /'IV



NORTHEAST UTILITIES SERVICE COHl'AHl'

SITE MILLsrONE P'rSkiWATERFOIlD, CONN. .1.0.NO. 12179 80RING NO.~TYPE OF BORING S1'ril~w ON LOCATION __1::;;2:.::;2.:;.5.:;N_--..::.53~8;..l{;;...- GROUND ELEV.--,7"""),,,,8:...' _
DATE DRILLED 8EP'1'EHIlDl 5-6, 1973 DRILLED 8Y AtlmIC4H LOGGED 8Y J, GUSTINSUMMARY OF BORING

_

J:~
OVERALL SAMPlE U SOIL OR ROCK OESC RIPTION:> ~ WEATHERING

i"w w ~w /lHD
II) ~ ..,

..J W
Q.

W RQD ~I~
II. ~9w II. ~u. >- r,ELD AND LA&OllATOIIY TEaT IIEluLT$. ~o,.l~ n~\,~~~.C""'TION; LITHOLOGY°1 tj It 't '.0 I- a:: ~.~~N.T~~~tEDOING AND r/lULTINGID a:

e"

7,38'

6"'16"'2
~, POORLI GRADED, MEDilIoI TO FINE, LOOSE, DRY, LIGIlT BROO,(WOH SAND) (sp)
&m!, SIMILAR TO S¥1, EXCEP'l'DAMP. (SP)

28 ,.-7

-
-
-

57 ,.)

)9 "'4
~__+-1~0. :;: . _. '")6-"'~ __
--+-----4---4--'0--+\\.

= 24"'6 /-
-
-
-
-

20 _

-
-

23 ~

--
-
-
-
-

30 -

-

17 ~

15 ~

-
-
-
-
-
---
-
-
--

f(jS 011 ROOK At 38,0' .-
-

LIG!fl' gRAI BIorITE GRANITE GNEISS, WIDELY JOINTED,FRESH, VERY HARD, MEDIlIK GlW:NED, IUGH QUARTZ CONTEm:
-
-
-
--
-
-
-
--
-
-
---
-
-

SlKE AS ABOVE.

SAME AS ABOVE,

SAME AS ABOVE EXCEPT NO J([NTlNG,

EIID OF BORING AT 55,5'

51,0'-55,5'

46,0'-51,0'

43.0'-46,0'

-
h~'WI_T_T "urn WIDELY GRADED, 10-15% GRAVEL TO 1,2 INCH HAXIMlIM,COARSEo FINE, MOSTLY FINE SAND, 5-1qt NOHPLASTIC FIHtS, VERY DENSE, DAMP,r.RAfiSll BROtIN, (sp)

138,0'- 4),0'100 NX

100 NX

f-
I

100 !NX

:
~

't

--
-
-

-

--

-
-
-

- )2

-
- 68

-
50 -

-
- 53

40 - 50

-)1.)8--

l=J.s~l2- -~1-------+---''-----'-+---+---- _
-
-

BCRING LOG 1-9

1:Z179 - GSK - 42

i~ NUCLEAR PCl/ER STATION
UNIT 8

HORTIIEAST UTILITIES smvrCE COMP.ANI

STONE l WEISTER ENGINURING CORPORATION

&

-.-
--
z....--

mfitrW

1, FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN,FIGURES SHOWN OPPOSITE ROCK CORES DENOTE n-~------------------.....;f

2, 'HlI:~g~~~so~og~:fO:Eg~V:~fsTURBEDSAMPLE, ..~
'6INDICATE.S LOCATION OF SPLIT-SPOON SAMPLE,
017~~~C~6EiE~~~~~N OF SAMPLING ATTEMPT
SUBIlCRIPT NEXT TO SYtofBOL INDICATES SAMPLENUMBER,

3, """ iz~r~~TES LOCATION OF NATURAL GROJND WATE
4. ~D - ROCK QUALITY DESIGNATION,), U INLlICATES DEPTH &: LENGTH OF NX COdING RUN6, DATUM IS



"<JlTHEAST lJ'J'ILI1'IES SmnCE ClH'ANI SH..Lo,...L.
SIT[ MIU.STONE PTWOEID' CONlf. .1.0. NO. 12179 10ltiNG NO.~
TYPE or 80lt'NG!lIP lii/ LOCATION 1148 " - J.09V altOUND [LEV. 5.02'
DATE ORILLED SEJ"1'DIIWi 1O! 1973 DltlLLED IV .&K!RICU LOGGED IV J. Gum"
SUMMARY or lORING

% ...
OVERALL SAMPlE U SOIL OR ROCK OESC RIPTtON~ ... WEATHERINQ iC)

"'"
... "", AND '" ~ Iol

-J

"'"
Q."", RQO ~.tl

Q. ~9
"'" l&. ~l&. ~

~[.~~ir~~llt\'l.-ol::Y,.~~n~tlr~~'; ~~~ t~W,M['CRI'TION; LITHOLOGY°1 lj i T"I:O I- a:til a:
(,!)

';.02

- 1.3 ~ ~' UJf.U'O~ FIIIE, COMPACT, LOOSE IN SAMPLJ:, DRY, LIQIIT BROWN. --
~

BEACH SAND) (Sf) -- 29 & POORLY GRAPED, MEDIUM TO FINE, KlSTLY FlNE,CXlMP.lCf.LOOSI tH.- , nar,· uaarllIlDlIH. (sp} (BUCIl SAIIlTmu.m TO 0.25 IICB •HAXDIlIH AT IlOT'l'(!( OF SAMPLE. -
11~ ---

~, UNIl'ORM, FINE, 20..30%NOllPLASrIC FINES, LOQiII, ~, -- JIm. 1lIIDIII, HICACIQIS.-
~

(8M)- 11 ~, POORLY GIWWl, COARSE TO FIIlE, MOSTLY FINE, 5-10% NONPUSTIC10 -
~

FIHES, I.OOSI, )IlIST, 01lANGE BROWlf. (SP-sM) -- 10 ~~~~~~~fPT FOR GlU.VEL TO1.0 INCH HAXDIUM AT --
-

-- - 15 "6 --
~ TOP-6ft , POORLY aRADEii~TiiI.CB-orWVBL TO 0.51NCJDlin;""-

~ ~, ~~~TL~='7r~:us~~ ro..~%~~- 14 J'TWR.q' I. WlIST BROI4I HICl. SP-8H ~ -
""""

WIb POORLY GWiD, KED::::s~o FIlIE, HOSTLI FllIE, iISll-· -~ ,a"'Tn. J'TI/I'_q I.nftqR T llRDlIN MICl.
..... ~~ :20 -

~ -15 ~, 10-20% FINE Sj!fO, NClIlPUSTIC FINES, SOFT, DAMP, HIGH -
~TANCY, LIQIIT BROIIIl, KICACBOUS. -

-~_.

.....-
~ -.- 15 ~ UNIFORM, VEI1I FINE, 4O-SOJ NOllPUSTIC FIIlES, CQ4PM:T, -I- DjMp, LIGHT 800\11, MICACEOUS. .....- (SK-ML)

-I-
...;.30 -

~ -- 17 ~' TOP 12", SnULAR TO 5#9, EXCEPT 5-10% SLIQlln.y PLASTIC -FIHES SM-HL). IlO'l'l'(fI 5",~ OOl'ORM, FINE, 15-25%
1---- ---~-_.

NO!IPLASTIC FINES, IXH'ACT, 1lAHP, LIGHT BROWN.
...:::iSK) ----
--

~ -- 66 G!\AVELLY SAND, POORLY GRADED, 10..12% UGUUR GRAVEL TO0.375 INCH -
~~~ARSE TO FINE SjIfD, H::>Sn.y FINE, LESS TJWl 5%NONPUSTIC _(Sp) ~lI11SL_ORJHGE BROWN. .____ Un____ • -- .-=

1
40 -

~ -58 ~GRAVEL, POORLY GIWIED, AllGUUR G!\AVEL TO 1.0 INCH KAlDIIM,I 4O=COiiiSIi: TO FINE SANil, MooTLI nu, J.tl-l;;5 ftOJll1..,A:;UC nlVi~, -BBLPRNSK, pnlP, ORAW BROlIL__.llil'1_. Un ___ _ .• _ _ •

~TO~JE ~~~~M80i~~O"~~SL~~: ~T~~ AT-- §Q r.3-.40.88... 5" BO'1'TOH OF SAMPLE, DENSE, MOIST, GRAY BROWN. (BASAl TILL) (SP) -
TOP OF ROCJ( AT 45.9'- -- 42 100 NX 45.9'- 50-.9' IiIGHT !l!UI BIOTITE GIW!ITE GNEISS, VERI CLOSE TO -- CLOSE JOINTING, SLIGH'lL! WTIIEIWl, BARD, MEDIUM -50 - aaAIHED, CHLORITIZED JOINTS. -- f- -- 58 100 NX 50.9'- 60.9' SIKILAR TO ABOVE UCEPT SCIlE MODERATE 1'0 SEVERE- WEA'lHEIUNG BY CIILORITlZATIOO. --

-- -- -- -- -- -
_~~.Ila 60.9 - -

- EHD OF BORING AT 60.9' -- -- -- -- -- ---J

-- -- -
1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE

SOl L SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES OENOTB· ,THE PERCENT OF CORE RECOVERED. ---2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE. 4 BORIHG LOG 1-10'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~
OV~~~C:~E~~~~i?N OF SAMPLING ATTEMPT ,--- MILlSTONE NUCLEAR POWER STATION

DNIT 3SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
~ NORmAST UTILITIES SERVICE COOANINUMBER. . -'3. t ~~~Ii~TES LOCATION OF NATURAL GROJND WATE 1

4. ITO - ROCK QUALITY DESIGNATION. ~, STONE l wtlSTEIt ENGINEERING C()Ittt()RATION5. INuICATES DEPTH &: LENGTH OF NX CORING RUN A 12179 - GSlt - 436. DATUM IS



NCfl1'llEAST UTILITIES SDlVICE COHPA/fY SH.l.. O,...!...

SITE MILLSTONE P'l'.~ERFORD, CONN. .1.0. NO. 12179 BORING NO.~TYPE 0' BORING ~moI(PC LOCATION 1121 N - )68 w GROUND £lEV. 5.)7
DATE DRILLED SEPTDlBm 18. 1973 DRILLED BY IJolDlICAIl LOGGED BY J. GUS'l'IN
SUMMARY 0' BORING

XI-
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION>= I- WEATHERING i9I.Ll I.Ll I-I.Ll "ND

." ~ ....J
~

o.l.Ll RQD ~.~
a..

I.Ll ~l.L >- rfELD ANDLAIlOftATO"Y TEor "nuLTS; ~"..lk n~A.T~...~IC'"'TIO"; LITHOLOGY
o II 10 fa 100 f- 0:: ~.~"':;'T,!t:.:.tEDDI"O ...NO r"ULTINOI I I I I

Gl II:
C)

5.37

-
-
-

-
25 '1
~ UNIP'~i ~rNE, 15-25% NONPLASTIC FINES, COMPACT, DAMP, ~DARK BRaolN. MICA. 8M

.j SANDI GRiVEL. ~IW«lULA/i GRAVEL TO0.50 IN. MAX., -,.O~5()J POORLY \ ---'... _."
)1'

~
GRADED, COARSE TO FINE, MOSTLY FINE SAND

J
LESS THAN 5% NCIlPLASTIC \,--_. -"- . __ .-._._._--~ 1~~~n~~Tf.a:i~Fn~g~a:::\~FlJ IN SHOE.I/) _

17"

~
8-1 I~. ~=T~~' =~~/I:CAMO~r FINE, 5=$ HONPLAsrIC _

.. "'._-'-'_."."- ..._.-
~
~, POOllLY GIUDED, MElJIlIH TO FINE, MOSTLY FINE, -io:':iCl,C -\..r--:- 20 NOHPLASTIC FINI!:S, CuMPAC:L', HoIS'I', IJAhK llllllolN, MICA. (oiM) --

'5

~, UNIFORM, FINE, 25-30% NONPLASTIC FINES, LOOSE, SAT\l\ATEll,- 19" 6-2 DARK BROWN, MICA. (SH) _- SILTYSAND, UNIFORM, VERY FINE, 20-30% NOHPLAS'l'IC FINES, COMPACT, _
f--._.......=; 18 DiiiP. DARK BRMl. HICA. (SH)f----. f---- ..- .J ~ 20-J6.t UNIFORH FINE SAND, 5~ SLIGHTLY !'LISTIe n1n:s;.r=- 16" 8-3 COMPACT, DAMP, IWlX BR(Jo/N. (MS-ML) -

-13.83 -
71 lI""6

I~! U1U~'-""', u"", ~-')b RONPLAmC FlNES,'CORPACT; DAMP';' DAIUt·--=BROo'N MICA lsp) ._ .. ____ .__ --=--
END UF BORING AT 19.2' --

--
--
--
-- --
--
--
-
-- -
-
-
-
--
-
-
-

I -
-

i - --I -
-
-- -- -- -- -

- -- --- -- -
- -- -

-- -
-- -- -
-- -
-- -- -

- -- -- -- -
1. FIGURES IN BLOW OR RECOVERY COIiOHN OPPOSITE

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING jO" REQUIRED TODHIV!
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTB
THE PERCENT OF CORE RECOVERED. .- BORING LOG I-lOA2. 12 INDICATES LOCATION OF UNDISTURBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.1-- MILLSTctIE NUCLEAR PGlER S'l'ATI ON017~~~~C~~E~~g~~i~N OF SAMPLING ATTEMPT .- UNIT)

NORTHEAST UTILITIES SDlVICE COMPA/fYSUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE 1--NUMBER.
t-3. 'f ~~~£i~TES LOCATION OF NATURAL GRO:JND WATE

~r
STONE ~ WEISTER ENGINEERING CORfOORATION4. fiD - ROCK QUALITY DESIGNATION.

A5. INuICATES DEPTH &; LENGTH OF NX COdING RUN
12179 - GSK - 446. DATUM IS



!fCI}I!!WT WILmES smUCK 200m SHL or..l-

SITE HILL~~.Zjl,JATERFORD, CONN, J.O. NO. 12179 lORING NO. .I:ll-TYPE OF BORING Q oQllE LOCATION _...:;1;;.07.:.;:3;..;.~-..;;27;.;.9;..;;.V GROUND HEV. 7.12'
DATE DRILLED SR!'mGlER UrlJ" ~97) DRILLED IV AMmICAN LOGGED IV J. GUSTINSUMMARY OF lORING

_

%1-
OVtRALL IAMPLL U SOIL OR ROCK DESCRIPTION:> I- WEATHERING

i:~l&J l&J I- w AND

'" :> ...
..J
~

~w RQO ~11~
CL ~9l&J ~lA. ~ fiELD AND UIlO"ATORY TEaT Rt'ULTS. ~~I~ n~Al:"~UIl"T10H;LITHOLOGY0, lj i 't' r I- ar:: ~.i~~T~~o.llltDDIN. AND 'AULTINOGl II:: 0

),,;
1---- 17 ~

- 20

~14

10 ,s
t---- ,~

- 9~
-

~- 81

.~.
._---

-
1" 8--ic.ee -

- 80 83 NI
20 -

I--- 37 100 NI-
-

- r--- 42 83 Nt-
-
-

)0 -

-
-
-

I---
80 00 NX

40 -

&1m, UHIl"CflM, l"I1lE, VERI LOOSE, DRI, LIQ/IT BROWlf. (WCH SAHD) (SPl,

.u, UHIFOR¥,FlNE, CGlPACT, DAMP, DARK GRAY. (SP)(TRACE OF SANDYGRAVEL IN ~.)

END OFBORING AT 60.0' -
-
-
---
-
-
--

-
-
--
-
-
--

LIGHT GRAY BIOTITE G!WlITE GNEISS, CLOSE JOIlfl'IHG, -FRESH, VERY HARD, ~IlIf GRAINED. _

rsr, 40" ... LIGHT WY BI~E GRANITE GNEISS, \lmI CLOSE TO CLOSE JOIN'l'IHG,S11 TOSEVERE IlBATIlflUNG,VERI HARD TO VERY SOFT, tEDIUM GRAItml. LASI 20"- -LIGHT gRATISH PINK QlW!ITE, VERY G.,OSE JOINTING, -SLIGIIT WE4i'lmUNG, lWlD, MEDIUM GRAI11ED (PARTIALLY _
~~~~~ gm~ GRANITE. VERY CLOSE TO-
CLOSE JOIN'l'OO, SLIGHT TO SEmtE WEATHERING, VERY 
HARD TO OOFT, MEDIUl4 TO COARSE GRAIIIID, CIILCI\ITIZW 
JOIN'l'ING, LASl' 56" LIW WI BIOTITE GRANITE GNEISS.CLOSE JOINIING, FRESH, VEIl! lIARD, MEDIUM GRAINED. _

-
-
-
-
-
-

'-

-
-
---
-
-
---LIGII'I' Ci!AY BIOTITE QlWiITE GNEISS, WIDELY JOINTED, -FRESH TOHCDmATE WEATl!EI\ll«l, VERY HARD, MEDIUM TO _

~~~~ ~i~ORITIZATION, PARTULLY _

LIGIIT GRAY BIOTITE GRANITE GIlEISS, VERICLOSE TO
CLOSE JOIN'l'ING, FRESH, VERI HARD, MEDIUM GRAIIlEIl,F&oI CJLCITE SEAMS IN JOINT.

SAME AS ABOVE EX:CEPr WIDELY JOINml.

18.0'- 20.5'

25.5'- 35.5'

20.5'- 25.5'

55.5'- 60.0'

35.5'- 45.5'

45.5'- 55.5'

-
100 Nt

r-
100 NI

-
- 100

50 -

i"

-
- er-
-

_~?_AS l<l -
-
-
-

-
-
-
--

'BClUHQ LOG 1-11

MILLSIONE IfDCLEAR Pll/ml SIATION
UNIT 3

NOOTIWSI UTILITIES SERVICE CM.&NY

1. FIGORES IN BLOW OR RECOVERY COLUMN OPPOSITE 7.· INDICATES ~E OF 300 LB~, 24 INCH FALL.SOIL SAMPLE DENOTE THE NU'KBER or BLOWS OF A140 LB HAMMER FALLING 3D" REQUIREil TO DaIVE
:I~~~~ ~~~C:;Eo~~g~~T~2;og~ ~g~E~I~i~g~~ SHO~;:.;'__.------------------;THE PERCENT OF CORE RECOVERED. •~2••2 INDICATES LOCATION OF UNDI STURBED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~-+--
OV~~~~c~~E~~g~i~~N OF SAMPLING ATTEMPT J r--
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE ~

3. iU~~~icATES LOCATION OF NATURAL GROJND WATEf I -
• TABLE. • STONE 6.wtIST£R ENGINEERING CClI'PORATION4. !!9D - ROCK QUALITY DESIGNATION. f&5. U INOICATE3 DEPTH &: LENGTH OF NX COilING RUN I (JfJJ .' 12179_ GSK - 466. DATlIM IS



!tOHMT DTIHTUtI SERVICE CCMPIJIt

.1.0.NO.
989 • - 171 W

DRILLED IV AM!RI=""C""AN _

SITE: MILLSTONE PI •• WAIEIU'ORD, COQ. 12179 1000ING NO.~
TYPE OF lORING :z:PEn R: POt5N! LOCATION _....,Q:.l-::..;;,.~:..=... GROUND EUV. .;;8,~"'..:.-' _DATE DRILLED SEPIDlBER 14, 1",3 LOGGED IV J. GUSTINSUMMARY Of lORING

_

:1: ...
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION~ ... WEATH[RING

~~l.&J l.&J "'l.&J AND
<I) ~ ....

..J l.&J c:Ll.&J RQD ~.I;l
lL ~9lIJ u, ~u. )-

~E.f~f!V~{i~tor::~~~nJ't:~~JS; ~c:.'~ n~\'"~r:'CIlI"TlOll; LITHOLOGY°1 I.j Ii Tt'r t- o:CD II:
C)

8.97

-
-
--
--
-
-
-

-
-
-
-
--

-
--
-
-
-
---
-
-
-
-
-
-
-
---
--
--

-
SAME AS ABOVE, BorrOM 2 INCHES: 1.4 INCH ROOK FRAGMENT••

-
TOP OF ROOK AT 14.0 1 -

14.0
'-

19.0' LIG!lI GRAY BIOTIIE G!W!ITl! GNEISS, WIDELY JOIR'm), -FIlEIII vmY HARD, MBDI1IM lIlAIMED, \SJME UllKETAIIJR.. -
PROSED PINK ClRANITE.) -

-
19.0'- 20.0' Waur gllAY mOTITE G!WiITl! GNEISS. CLOSE JOIllTING,":FRESH, VERI 1WlD, MEDIUM GRAINED. _

20.0 '- 29.0 1 T(I' 60" - SDIILAR TO ABOVE EXCEPT CLOSE TO MCDERATELJ
CLOSE JOIIiTIRl. -BOTT<»f 44" - PINKIIE GRAl G!!EISSOSE <iWilTE my _CLOSE TO CLOSE JOINTING, FRESH, VERY HARD, MEDIIlH T2..CO.tllSE GRAINED. _

-
-

§Alfl!, UNIFORM, FINE. VERI' LOOSE, DR!', LIOHT BROlIN, {BEACH SAND) {SP)_

lWIl!.. POORLY GRADED. MEDIIlH TO FlNE.1«lI'l:U FINE, 5-10% NONPLASTIC FIIIES. VER!' DElISE. DAMP, LIOHT TO DARK BROlIN, POOKET OF OIlANOE SAND, _TRACES OF P'RESHLY BROKEN GRAVEL AT BOTTOM OF SAMPLE. (SP-sM) _

TOP 5 IIfCIIP'.9:~, l4ZII:lif.' GIWI!D. COARSE TO FINE, KOOTLY"i.[t1!15-25% NONPLASTIC FIIIES, VER!' DER9E, DAMP, GRAY BROlIN. (8M) Ba!'T(Jf 5 INCHES: CRUIIIED GRJ1IITE GNEISS WIm FRESHLY 1Il0KElf nlAGKDfTS OFOIWUTE GNEISS.
~, WIDELY lIlADED, CO.tllBE TO FINE, MOSTLY FINE, 2o-~NONPLASIIC FIIf&l, vml DENSE, DAMP, GRAI BRQlH. (SH)

EIID or BCl\ING AT 29.0'

- 3 ~

125 ~
-

~ ~-

~-
- S<J

10-

~- 128-
-5.03_ -

-- 100 III- 92

-
-
- f-

20- 100 100 ,lK.
-

73 96 III

-
-

-20.03 -

-

I --j

I -
-

I
I -
i

-
-

-
-

-
-
-
-

--

-
-
-
-

-

·BlJIING Loo 1-12

MILLSTONE ~LE&Il PQliR STATION
llIfIr3

NCIlTIW.ST UTILITIES smVICE COMPANY

STONE' WEI5ftR ENGINnltlNG COIIfIORATION

~ 12179 - GSJ( - 46

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITESOIL SAMPLE DENOTE THE NtJM8ER OF BLOWS OF A
lItO LB BAKKER FALLING 30" REQUIREil TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTg ,...,,....-.,,,....-------------------f

2. ~H2EI ~~g~~is°rog~~o~Eg~V:~¥STURBED SAMPI.E. 4------':r6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. -
OI7~~~~C~~E~~~~~?N OF SAMPLING ATTEMPT 1-,
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE _

3.1UM~~~icATES LOCATION OF NATURAL GROJND WATE l'r--
• TABLE. •4. ~D - ROCK QUALITY DESIGNATION. I-5. U INllICATES DEPTH &: LENGTH OF NX COrlING RUN I ,.,J,6. DAT1JM IS ". nsv :



NOR'I'IIE.&ST UTILITLES SIIlVICE OOMPAJIl SH..!. o,..L

SITE J([LLSTOHE P'I'., WATERFORD, COlIN.
".a.NO. 12179 BORING NO.~TYPE OF BORING SPLIT SPOON LOCATION 1020 • - 485 II GROUND ELEV. -4.;'

DATE' DRILLED SEP'I'EKIIER 19. 1m DRILLED IY AHlWCAIf LOGGED IY J. auSTIN
SUMMARY 0,. BORING

J:I-
OVERALL SAMPLE ~ SOIL OR ROCK DESCRIPTIONc:i I- WEATHERING

J:e»W I-I&J AND

"1/ "..J W Q.I&J RQD ~,8 ~ ~9I&J LL. ~LL. D. tj Ii1.' 1:0 oJ I&l t- o:: g:[,t~rr~,~~!lt°trtD1~:v,.~~ ~l&'t:~~J61 ~~I~ nws..r:ICRIHION; LITHO"OGYcD a: e»

-4.5

-
"1

-11 GMVELLX SAND. POORLY GRADED, 10~ GIl.lVEL TO1.0 INCH KUIllllM, -COARSE TO FINE SAND, WSTLY FINE, 5-S~ NONPLASTIC FINES, COOI.CT, --
"2

S.lTllll.lTED, GIlAY BROIoItl. -(SP)
11 -. gRlVELLx SAND, POOIlLY GIl.lDED, 10~ GIl.lYXL TO 0.; INCH MAXDIlIK, -COARSE TO FINE SAIID, MOSTLY MEDIUM, lESS TIWl ;~ NOIlPLASTIC~

~3
COMPACT, SATURATED, ORANGE BROWN. (SP) (2.0 INCHES OF IlNIFORH F. .-

10 _ 14 ~T/i=~y~~~, 1~ GRAm:-'f(rO~5' INCHFIImDiR;- ·CO.lRSB TO-_ ..- -- FINE SAIID, MOSTLY MEDIUM, 15-20% NONl'USTIC FINES, COOACT, SA'l'URAm

10 "'-4
UlW\1ilO IlIIUWII. \:iI'I) --- §&il!., POORLY GRADED, LESS TlWI ;~ GRAYXL TO 0.6 INCH MAXDlUM,COAIlSi--

15 rS

TO FIIlE SAND, KlSTLY FIHE, 5-8~ NONPl.ASTIC FINES, LOOSE, SATURATED,_- GRAY BROWN, KICACEOUS. (sr) _- fflt SAHll AS .lBOVE.
-1-

--1- ...,-
~ -- 43 !l1!AVELLY SAlfD. FOOIlLY GRADED, 10-1;% GRAVEL TO 0.5 INCH M.lIDIIJJoI, -20 - co.t.RSE TOFINE S!ND, HJSTLY FINE, 5-8% NONPLASTlC FINES, IlKlfSE, -DAMP. OlWlQE.

- {SPI

--
~ -13 ~, llNIFORK, VE1l!FINE, 10-2~ NOIlPLASTlC FINES, COMPACT, _- DANP, GRAY BROWN, VERI HICACEOUS. -- (SK)

"-
--

rS14 ~ UNIFOIlH, FINE, LESS THAN 5% NONPL.lSTIC FIHBS, COMPACT, DAMP,
JO - GRAY BROlIN, KIeA. -(Sp)

-
-

~ -- 124 ~, WIDELY GRADED, COARSE TO FINE SAND, MOSTLY FINE, 2O:-m.-
!QQ *

SLIGHTLY PLASTIC FINES, VERY DENSE, DAMP, GRAY. (BASIL TILL) (SK) _
-41.25 - O' " DXX REFUSAL -----------_._._._---------::

END OF BORING AT 36.75 I -
-- -
-

-
-- -
-
-
-- -
-- -- -
-- -- -
-- -

- -- -- -
-
-- -- -- -- -
-- -

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE 7. * INDICATES USE OF 300 LB 1WIIIE1l, 24-IlICH FALL.
~e6LL~A~~~E:~I~I~~E3g~~ZU~~E~L~~SD~iv~ S. DIX INDICATES A. DIX SIZE OPEN ERD P.
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTR -THE PERCENT OF CORE RECOVERE::l.

4 BORING LOG 1-142••2 INDICATES LOCATION OF UNDISTURBED SAMPLE.'-6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. -
017~~~~C~~E~E~g~~~~N OF SAMPLING ATTEMPT 1- KILLSTtm NUCLEAR POWER STATION

Ulf.IT 3SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE - NOR'l'HE.lST UTILITIES SERVICE COMPANYNUMBER.
2--3. -t ~~gEi~TES LOCATION OF NATURAL GROJND WATEf

4. ITO - ROCK QUALITY DESIGNATION. ,fIl STONE l WEBSTER [NGIHEEItING CORPORATION5. INLlICATE3 DEPTH oS: LENGTH OF NX COiUNG RUN ~ A 12179 - GSK - 4'16. DATUM IS 'I



......., UTILITIES SiRVICI ClH'AIf'I SH..L 0,-1:-

SITE MILLSTOIII: PT., WATERFOIlIl, COHR.
J.O.NO. l2l79 BORING HO. .-!:ll..-TYPE OF BORING W'?hBiPOON/ LOCATION 948N-394 11

GROUND £lEV. -4.6'
OAT[ DRILLED SifTPI!lER 26. lr!J DRILLED BY Hl!WcjIf LOGGED BY J. GUSTIN
SUMMARY 0' BORING

X ....
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> .... WEATHERING

~CIL&J W .... L&J AND '" ~ ...
"J W o.w RQD ~lll;l

a.. ~9L&J LL. ~LL. ~

g~[.t~r!V~~llt%'or3:~J~}~J'm~JI; ~o..'k n~Al.:"r:IC~lrT JON; LITHOLO<OY
D U 10 n 100 ~ 0::
I I I I I III a:

~

-4.6

4 ~/1 NO R8COVERY

9 ~ ~ POOIILY GlW>ED, LESS 2IWf 5% GRAVEL TO 0.75 INCH KUDmI,COAIISE TO FINE SAND, M:lSTLY FIHE, LESS TIWf 5% NONPUSTIC FINES, VERI-
[73

LOOSE, S4TU1lATED, IELLOW BROW. (Sp) (KlSTLI WASIl) -- 13 NO RECOVEIlI -

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

- 13 ~, POOIILY GIWl.BD, COARSE TO FIRE, MOSTLY FINE, S-12%10 _

~
NOlIl'l.ASTIC FINES, CClfPACT, S4:roRATED, GIl.U BROWN. (SP-sM) -- 17
~'

SAME AS A.BOVE. -- SP-sM -- --
--

"6
--

24 ~, POOIU.Y GIWlBD, T1WlZ or lIIl4VEL TO 0.5 INCH MAJ:IKIIH, -- =E ~R~n~D, )IlSTLI FDlB, 10-12% NONPLASTIC FINES, COMPACT,
-- (SP-8M) -20 -

~ -- 17 §AH!!, POOIILY GIWlED, LESS '1'IWI 5% SUBROllIiDED GRAVEL TO 0.25 INCH -- KUll«lK, COARSE TOne SAND, lIlS'lLI FIllE, LESS TIWl 5% NONPUSTIC -FINES, CooACT, MOIST, YELLOW BROlIN. -- (sp) --
~ -- 20 .wm, POOIILY GIWlED, COARSE TO FIN.&, lm'lLI FINE, LESS THAN 5% -- NOllPLASTIC FINES, OOHPACT, HOIST, IElJ,(lW BROWN, MICACEOUS. -- (sp) --

-30 - 20r ~, S.AHE AS Si8. --
-

29 'io -
~ POORLY GIWlED, 5--8% GRAVEL TO1.0 INCH MUIMUM, COAJlSll -

~'6l
- TO FIlm s.ulD, KWTU FIRE, 10-15% NOIIRASTIC FINES, COMPACT, HOIST, _- BROWN, MICA. (SP.SK) TOP OF ROtz AT 36.0 --

77 95 NX 36.0'- 41.0' LIG!!T GRAY BIrnIE GRN!lIE (]HEISS, CLOSE TO HODXIlA'1'B'LY CLOSE JOlliTDlG, FIlESII WmERING, VERY 1WUl, MEDI'Jl

I
TO COARSE GIlAIIlED. (LAST 3 INCHES OF CORE SHOIIS _40- 1Il1lEllATE: \IElnlERING.) _

r--
-

72 100 NX 41.0'- 51.0' LIG!!T !!!lAY BIOTITE G!!AI!ITE QHEISS. CLOSE TO JoKJDKRAT!'i
LY CLOSE JODITlNG, FRESH TO SLIGHT lolEA'l'lIERlNG, VERI -lIARD, MEDIUM TO COARSE GRAINED. (SCH: PINK GIlEISSOSE_- ~IE) _

-
-
-50- -_,,-;.46 __

-- - --.-- END UF BORlNG AT 51.U'
-- -- -- -- -
-- -- -- -- -- -- -- -- -- -- -- -- -- -

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
-SOIL SAMPLE DENOTE THE NtlMBER OF BLOWS OF A
140 L6 HAMMER FALLING 30" REQUIREi> TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE
THE PERCENT OF CORE RECOVERE:>. .1---

lllORING LOG 1-152. .2 INDICATES LOCATION OF UNDIST:JRBED SAMPLE."6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE • .... -
017~~~C~~EiE~~~~~N OF SAMPLING ATTEMPT ,- HIU.STORE NUCL&Ul POWER SUTIOK
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE UNIT 3....- NalmEAST UTILITIES SERVICB COHPAIf'INUMBER. -3. 4- INDICATES LOCATION OF NATURAL GRO:JND WATE I
r TABLE.

~,
STONE' WEISTER ENGINURING C~ATIOH4. ITO - ROCK QUALITY DESIGNATION.5'. - INLlICATES DEPTH c!l: LENGTH OF NX COilING RUN A 12179 - osa: - 416. DATUM IS i



NORnmAST UTILITIES SERVICE COMPANY SHl:.. o,..L

837 " - 272 II

DRILLED IV

SOIL OR ROCK DESCRIPTION
SAMPLE U

XC!)
~9
a:
(!)

OVERALL
WEATHERING

RQD ~ ~ ~
o U 10 "100 -,I~ ::
J " I J m II:

> ~
WW
..JW
W u,

-12 0

-34.4

- 29 "'1

19 ~
- 79 ~
- ~~ ._----

10 _
68 92 NX

-
- --
- 64 94 NX-
-
-
-
-

20-
-
-

-
-
'-

-
-
-
-
-
-
-
-
-

-

-
-
-
-

-
-
-
----
-
-
--
-
-
-
--

END OF BOIlING AT 22.4'

-
-
-
-
-
--
-
-
-
-
-
-
-
-
-
-
-
-
--
-
-
----
-
-
-
-
-
-
---
-
---

"BORiNG lOP1-'94

MII.LSTONE NUCLEAR FOWER. STAITOH
UNIT)

NOR'lHWTOTILlnES SERVICE STJ.TION

STONE 6 WEBSTER ENGINURING CORPORATIONA 12179- GSI( - 49

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMPLE DENOTE THE NtIMBER OF BLOWS OF A140 LB HAMNER 'FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE nr--,,...------------------I

2. 'H2EI~:g~~~s°iog~:~O~Eg~V~rSTURBEDSAMPLE ...~'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. _----'
017~?~C:~E~~g~~~~NOF SAMPLING ATTEMPT 3 -
~g:i~:PT NEXT TO SYMBOL INDICATES SAMPLE _

3. ~ INDICATES LOCATION OF NATURAL GRO:JND WATE~ I -• TABLE.
4. ~D - ROCK QUALITY DESIGNATION. ~5. U INDICATES DEPTH &: LENGTH OF NX COrlING RUN I f'LJ.16. OAT tIM IS .: [1IU ,



NORmEAST UTILITIES SERVICE ooKPANY
SH...Lo,..L

SITE MILLSTONE PT., WATERFORD, ooNN. J.O,NO. 12179 BORING NO.~
TYPE OF BORING SijI¢op LOCATION 970N-692II GROUND £lEV. -10.8'

DATE DRILLED OCTOBER 1, 1973 DRILLED BY AHElUCAN LOGGED BY J. GUSTIN

SUMMARY OF BORING

:1: ....
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION:> .... WEATHERING ie>w w .... W AND CI) >' w

-J W
Q. W RQD ~It§

lL ~9w LL. ~LL.
)-

g~E.t1.~~,~et:I%~1~:YA~~'r~~m~~5\ ~o,.,'~ n~",!J'"~'C"IPTIO~; LITHOLOGY
i tj i 'tr ... 0:

lD a: C)

-10.8

- 3'" 1 l.OOSE, SATURATED,'==-;J;r~ BOn())l 5" GRJ,yELLtSAiiP: Xi&t.Y -

8~
GIWlED, 10-20% SUBROUNDED GRAVEL TO 0.75 INJWC.,COARSE TO FINE SANll

- MJSTI.Y FINE, LESS'THAN 51' NONPLASTIC FINES, VERY LOOSE, SATURA.TED,

- GRAY BROWN, MICA. (Sp)

-
18 ,;

GIl1VELLY SAN¥, SIHILAR ro ABOVE, EXCEPT ANGULAR GRAVEL TO0.9 INCH -

- HAIDmK, (SP -
QIlA'iELLY SAND, SDlIl.AR TO ABOVE EXCEPT cctlP4CT AND ANGULAR GRAVEL -

- TO 0.5 INGH HAXDIIJH. (sp) -
-

22~- W'rPS~~' 8-i2%8%N~~~~F~~C~~~tI~~~k~O~p-sR
10 -

17 V; -- NO RECOVERY -
1- ---

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

34 "-6 "" ,. """ _. "'...r """'. ""''''' ro '.' "'" ""'-i.- ccssss TO FINE SAND, IIlSTLY FDIE, 8-121' NORPLASTIC FINES, COMPACT

- J
. ;iA,'M!A,~,.~~X_~~l}!~.nECE OF COBBLE CORED nmOUGH BYSPOO .

BOTT(J{4"~, UNIn-IlM, FINE, 20-30l' 1I0RJ>l.AST!C FINES,- COMPACT, mIST, ORANG!>: BROWN, MICA. (8M) -
- -
- 27~ ~ WIDELY GRAlJED, LESS TI!AN 5% ANGULAR GRAVEL TO 0.25 INcif-

HAXIJolUK, COARSE TO FINE, II)§TI.Y FINE, 15-25% NONPL4STIC FINES, .'"

- COOACT, SATlJRA'rED, LIGHT GRAY, (SM) (TILL) _____/'..I·~

- Jl~ SANDY GRAVEL, WIDELY GaAll&D, ANGULAR GRAVEL TO 0.75 INCH KAXIMUM,_
- 3O-40%COARsE TO FINE, s,;;~ 1l0ll?l.LSTICJJiNES, DENSE, SATURATED, -'

tIMl URAl. (CF4) (lILt) ----=
- -- ....,
- 70~ aHif}j~ ga2Rk ro~rm~~~/flB%~~~ G~~I~'~I~~ \'mY:-
- DENSE, MOIST, GRAY IfiWN. (SP-SH) (PIECES OF COBBLE TO 1.3 INCH _

30- .~. HUIHUK AT BOTTCJI OF WIPLE) (TILL) -- . .. .
10 yr GRA~ WIDELY GRADID, At«lULAR GRAVEL TO 0.6 nlCH MAXIKlIM, 20:-

4"Q
J COARSE TO fiNE, MOSTLY FINE, 10-20l' NONPLASTIC FINES, VERY DFJf5ej- SATURATED, LIGHT GIlAY. (GP-GM) (TILL) -

- -

I
- .-
- 31.2'- 36.2' CORED TllROUGH LIGHT GRAY GRANITE GNEISS BOtn.DER -
- AW PIECES OF COBBLE.

-

I
-

I 40- 100 -I 6" 1/711 NO RECOVERY (STILL WASHING TILL) TOP OF ROCK AT 42. l' -
-52.91 ----. "--._. -- .... .._....-----~

-
92 -

92 NlI: 42.1'-47.1' t~T~[sBi:I~i~L~:I:hK~)~~ING, --
WEATHERING, VERY HARD, MEDrtlM GRAINED, (OOME COARSE -

- GRAINED PINK GNEISSOSE GRANITE) -
-

71 71 NX 47.1'-55.1' SAKE AS ABOVE. -
50 - -

- -
- -
- -
- -

-65.9

- END OF BORING AT 55.1' -
- -
- -
- -
- -
- -
- -
- -

-
- -
- -
- ~

- -
-

- -
1. FIGURES IN BLOW OR RECOVERY COWMN OPPOSITE

SOIL SAMPLE DENOTE THE NUMBElioF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE ill STANCE SHOWN.
FIGURES SHOWN OPPOSITE ROCK CORES DENOTE

I
THE PERCENT OF CORE RECOVERED. 4-

2. .2 INDICATES LOCATION OF UNDISTURBED SAMPLE. £ORING LOG 1-20'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. --
OV~~~~C~bE~E~~~i?NOF SAMPLING ATTEMPT - MILLSTONE NUCLEAR PGlER STATION,
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE UNIT 3-- NORTHEAST UTILITIES SERYICE COMPANYNUMBER.

2----i3. + INDICATES LOCATION OF NATURAL GRO:JND WATE'
TABLE. -. STONE' WEBSTER ENGINEERING CORPORATION4. tID - ROCK QUALITY DESIGNATION.

5. INLlICATES DEPTH & LENGTH OF NX COilING RUN
~@ &6. DATUM IS 12179 - GSK = 1i0



1f(JI'DIEAST OTILIrIES SI!RVICE COWAN! SH...L OF.L

SITE MILLSTOlIE PT.gTI!RFCIlD, CONII. J.O.HO. 12179 lORING NO.~TYPE Of BORING SPtBjil LOCATION 902 V - 574 V GROUND ELEV. -11.0'
DATE DRILLED SEPmIllER 20-21. 1973 DRILLED IY AMl!JUC.tlf LOGGED BY J. GUSl'lN
SUMMARY 0' BORING

J:~
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION>' ~ WEATHERING i",w w ~w AND

... ~ ...
..J W o.w RQO ~I~

a.. ~9w lI. ~IA. )- fiELD ANDlAIlOflUOfll TEIT fiE lULlS; ~o,..'~ nr:.',TS"rlCRI'T ION; liTHOLOGY
o U 10 TlIOO ~ a: g~It~N:r.,!f~0oltEDDINCIANO fAUlTINOI II I I

III ex:
C)

-11.0

~ r ~: ~~b~~~~~,C=,T~~~~~Y~~~,(~) ~

"2

BOTTOM 4" .§l!!!, SIMILAR TO ABOVE EXCEPT 5-8% NONPLASTIC FINES.lHD -IELUM B1l(~N, MIla, (SP.) -_._--_.- ---- .- ---- 13 3AlI!l., POCIlL! Q/WlED, OO.&RSE TO FINE, KlSTLY FINE, 5-8% NONPLASTIC --
"3

flR!;S, OOOICT, HOlSI, IELWlI lIIlWN. (Si') _
30 ~, WIDELY GRADED, COARSE TO FINE, MOSTLY FINE, 10-15% -

NONPLASTIC FINES, CO"l'ACT, DAMP, GRAY BIlCAlN, HICA. (SH-SP)

8 "4 ~, UNIFORM, FINE, 1~15" NOllPLASTIC FINES, LOOSE, DAHl', -10- YELLCAIISII BRQlN, KICA. (SM-IF) _._--_._.._--.-
JF5

-- 25 S.lHDY GRAVEL, pO(JU.Y (JlAOED, SUBIlOllHDED GRAVEL Tu 1.25 INCH HAXIJoflJI,- 30-4OJ COARSE TO FINE S.tlfD HOSTLY FINE. LESS TlI.tH 5% NONPLASTlC --
24 "'6

u ..~, WM&\i-L, :IA:l'Ulf,AUiLl, Ult&J Ilt<lMlI, I'I1!,;Ao lur) -
§!!!Il, PIXRLY GRADED, COARSE TO FINE, MOSTLY FINE, LESS THAll 5% --
NOHPLASTIC FIIlES, COMPACT,. DAHl', GRAY BRllIN, KICA. (Sf)-

--
20- "7 -26 ~, WIDELY GRADED, MEDIllH TO FINE, MOSTLY FINE, 25-30% -NONPLASTIC FIIiES, COMPACT, DAMP, GRAY BRM, HICA. (SM) -

"8
-20 SILTY SAND, UNIFCIlH, FINE, 8-12% NOHPLASTIC FINES, COMPACT, DAMP, --- ~9

G1UY BIlM, MICA. (SH-SP) _-
23 SILTY sum, SAME AS.I.BOVE. (SK-SP) --

-
~O -- 25 ~, SAME AS ABOVE. (SH-SP) -30-

~ -20 ~, SAME AS ABOVE. (SK-SP) -
-
-

'\ -.• ll' 1" f,ARVF1J CLAY, SLIGHTLY T?: MCIl~TELY PLAsTIC, (CL-CH) '_- JlS ~~ HIDDLE "~AS SAMPLE 611 • SH-SP /":'/ II01'TQf1"~, POCIlLY GRADED, COARSE TO FINE, MOSTLY FINE, LESS'DIAN 5% NOHPLASTIC FINES, LOOSE, DAMP, l'ELLOW BIlCAlN, KICA. (51')
-
-l.O- - TOP ';" SAND PCIlRLY GRADED COARSE TOFIIIE MOSTLY FINE LESS THAN-:84 ~3 5% NONPLAsrrC FINES, vmy DENSE, D.lMP, IELLGI IlRCAIN (Sf) -BOTTOM 4" SILTY SAND, WIDELEGRAOED, LESS THAN 5% mum. TO 0.5 -IJ«)H MAXIMUM, COARSE TO FINE SAND, MOSTLY FINE, 40-50% SLIGHTLY -PLASTIC FINES, VERY DENSE, DAMP, G1UY. (BASAL TILL) (11'1) --

TOP OF ROCI AT 46.0' --57.0_

nl38 88 46.0'- 51.0' LIGHT GRAY BIOTITE GfW!ITE GNEISS, VERY CLOSE ro -
CLOSE JOINTING, FRESH \lIn! A 2 INCH SECTION OF -
SEVERE WEATHl!RING BY CHL<JlITIZATION, HARD TO VERY -50- lIARD, HEDItM GRAINID. -~ --

59 93 NX 51.0'- 61.0' TOP 21" SAME AS ABOVE ElCCEPT FRESH ~ NO CHL(JlITI- =:-
JATION.-
MIDDLE 42" SIMILAR TO ABOVE EXCEPT MOSTLY SEVERE -- WEAntmING BYCHLORITIZATION. -- BOTTOM 48" LIGHT GRAY BIOTITEGRANITE GNEISS, CLOSE -- JOINTING, SLIGHT TO FRESH WEATHERING, vmrHARD, -- MEllIOM GRAINED. --

-
....::n~o 60- -

- END OF BalING AT61.0' -- -- -- -- -- -- -- -- -
1. FIGUR~S IN BLOW OJ:! RECOVERY COLUMN OPPOSITESOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A

140 LB HAMMER FALLING jO" REQUIRE;) TO DRIVE
A 2" OD SAMPLE SPOON 12" OR THE DISTANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTE

41---'THE PERCENT OF CORE RECOVERED. :
BORING LOG 1-212. .2 INDICATES LOCATION OF UNDISTURBED SAMPLE.

~6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE. ~f---
Dv~g~C~~E~~g~~~?N OF SAMPLING ATTEMPT 31--- MILLSTCftE NUCLEAR ro.rER STATION'

OOT3SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE
~~ N(JlTHEAST urn-ITIES SERVICE STATIW.NUMBER.
2-j. ~ INDICATES LOCATION OF NATURAL GROJND WATE• TABLE.

~t
STONE l WEISTER EHGIHEE"IHG COltPORATION4. UD - ROCK QUALITY DESIGNATION.5'. INlJICATES DEPTH & LENGTH OF NX COiliNG RUN & 12179 - GSI( - 516. DATUM IS



NCIlTHEAST UTILITIES SERVICE cOIfI'm SH.2... OF-.2.

.1.0. NO.
814 N - 4JJ v

DRillED BV AMERICAN

SITE MILLSTONE PT., I/AT!1lFlIlD, CONN. 12179 BORING NO.~
TYPE OF BORING tLAlmr'ONI LOCATION ~"";;'::;~_=-"- GROUND ELEV. ....;:.:-20=.:.:.O:..' _

OATE ORILLEO CX:TOBER J. 1973 LOGGED BV--=J~• ...::GU=I1r~I::.N _
SUMMARY OF BORING _

x .... ovtRALL SAMPLE U SOIL OR ROCK DESCRIPTION:> I- WEATHERING it:)W w .... W AND III
,.

loJ

-' W o.w RQD
,. 0 IL ~9w ~ ~~ gl:.l ~

g~£6t~rrV~~IlI~~T~:",.~~,.l.\'m~JS; ~~I~ ~~~"S,,~."'''T ION; LITHOLOGYo U 60 n 100 ~ a:
I I I I I

III a: C)

-20.0

-
-
-
-
-
-
-
-

NO R!XlOVEIII

-
-
-

~ UNIFOIlH, VERY FINE, 15-2~ NONPLASrIC FINES, VERr LOOS8;
SATURATED, GRAr BROlIN, MICA. (SM)(GRAY SILTr SAND TO 1.0 IM:B IW:I-
HI»( INTERBEDDID WITH mLUI BRUIN SILT TO 0.2 INCH IW:IIOl) _
~nukX:~~ TO ABOVE ElCEPT SOME HWIlI! SAND AND iERY _

(~ -
--

~, SIMILAR TO SAMPLE 562 ElCEn 2-3~ COARSE AJlD HWIlIM
SAHIl AND COHPMJT.
(8M)

SAME AS lWIPLE SIIJ.11 ,;

17 ~

18 ~

-

-
-

10 -
-
-
-
-
-
-
-
-
-

20 -
-

-
-

-
-
-
-

JO -

-
-56.3':"

52 85 NX

-
-
-

-
-

-
---

-
-

-

-

-
-
-
-
-

--
-
-
-
-
-
-
-
-
-

BORING LOG 1-22

MILLSXONE NUCLEJR PUlER I1rATION
1JBIT3

NORTIIEAST UTILI'l'IES SERVICE COMPANY

STONE' WEBSTER ENGINUItIHG CORPORATION

A 12179 - GSK - 52

1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE
SOIL SAMF-LE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAMMER FALLING 30" REQUIRED TO DRIVE
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.

~~~~~C~~~~F O~~~~I~~C~~~~Eg~RES DENOTE nf---"'"-------------------1
2•.• 2 INDICATES LOCATION OF UNDISTJRBED SAMPLE. 4'6 INDICATES LOCATION OF SPLIT·SPOON SAMPLE.~_

0[7~~~C:6E~E~~~~~N OF SAMPLING ATTEMPT J -

~g~~~~:PT NEXT TO SYMBOL INDICATES SAMPLE t---

3. + INDICATES LOCATION OF NATURAL GROJND WATE' 2~
TABLE. ~

4. fro -ROCK QUALITY DESIGNATION. ~~
~: DAT~Lli~ATES DEPTH & LENGTH OF NX COiUNG RUN '. WI



NClRnlUS'l' DtILITW SIRVICE COII'£Hl SH.L.o,...L

".0. NO,

eUlmICU

836 I • 766 v
DRILLED IY ===-__

SITE MIlLS'l'OKE pt.~jTERPORD. con. 12179 lOftING NO.~
TYPE or 80'tlNG I L6tRf°OB/ LOCATION _.:.::.;;..;;;.--.;~..;;,.. GROUND [lEV.•14.1'OAT[ DRILLED SEP'1'EHIlIlll 28. 1973 LOGGED IY J. GUSTINSUMMARY or lORING

_

:1: ...
OVERALL 'AMPLE U SOIL OR ROCK DESCRIPTIQN~ ... WEATHERING

i:~w "'w ~ND
fI) ~ ...

.J W o..w RQD ~I~
L ~9w ~ ~~ >-

~E.~"i!Vrt\i%~r3:~~~~lJ't1I'.1Js; ~~I~ t~'..\,"~~'CR"T 1011; LIfHOLOCiY0. tj i 'tr ... 0:CD II:
~

.1L...1

--

-
---
-
-
-
-
-
-
-
-
-
-

-
--
-
-

-
-
---
-
-

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

LIW GRAY BIotITE QIWIlTE GIlEISS, CLOSE JOINTIIC. 
FRESII TO SLIGHT WKlTllDUIC, VERI IWlD TOIURD. MEDIlIMGlW:Jml. -

-
-SIMILAR TO ABOVE. ElCEfT Vl!RICLOSE TO CLOSE JOIlITIllO.

-
-
-

17.5'- 22.S'

~. SAME jS ABOVE. (SH)
~, &ME U ABOVE (SM) (SAMPLE OBVIOU!l.r DISTURIlED- TUB! -RUIIml sr KlVEMEBT 01 JWl(IE) _

-

13.0'- 17.5'

Elm 01 BCRING AT 22.5'

5 "'1

10~

15 ,-;

90 III

14 1'4
!,.. DfS-l

-
95 HI

-
-
-
-

10 -
-
-
-
- 70-
-
-
-
- 40

20-
-
-
-
--
-
-
-
--
-
-

-

-
-

-

-

-
-
-
-
-
-

---

-
-
-

-

-V.l

-36.6

BORING LOG 1-23

MILLsroNE NUCLEAR PWER STATION
UNIT)

NCIlTHEAST UTILITIES smvrCE COMPANY

ITON£ I WEiSTER ENGINU"ING CORI'aRATION& 12179 - Gst - 53

1. FI-GURESIN BLOW OR RECOVERY COLtrMN OPPOSITE
SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A140 LB HAMMER FALLING 30" REQUIRED TO ORIV!
A 2" 00 SAMPLE SPOON 12" OR THE DISTANCE SHOWN.

i FIGURES SHOWN OPPOSITE ROCK CORES DENOTB F;--,r--------------------fTHE PERCENT OF CORE RECOVERED. -2. .2 INDICATES LOCATION OF UNDIST'.lRBED SAMPLE. 4'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.... -
OV~~~C:~E~~~~i~N OF SAMPLING ATTEMPT , -
~~~~:PT NEXT TO SYMBOL INDICATES SAMPLE __

3. ~ INDICATES LOCATION OF NATURAL GROJND WATE l~-• TABLE.
4. ~D - ROCK QUALITY DESIGNATION. I-<5. Ll INLlICATES DEPTH & LENGTH OF NX COilING RUN I6. DATUM IS



NQlTHE.AST UTILITIES SmVICE COIt'ANY SH.Lo,.L

SITE MILLSTONE PT., WATJ!JlFORe, CONN. oJ.O.NO. 12179 lOlliNG NO.~
TYPE 0' lORING SPijTCMfIQ LOCATION 7081-67911 GROUND HE V. -17.7'
DATf DRILLED SEPTEHBm 24, 1973 DRILLED IY AHmICAN LOGGED IY J. GUSTIN
SUMMARY 0' BORING

:1:...-
OVERALL SAMPLE U SOIL OR ROCK DESCRIPTION::> ... WEATHERING ie>l&J l&J "'-l&J "ND ; ~ ...

...J l&J ~l&J RQD II. ~9l&J LI. ~L1. ga:;: ~

8~~a~"irV~~I~~r3:\~~Hlmr.i~S; ~"..I~ n~AJ~,,~IC"lrT ION; LITHOLOGY°1 tj aj Tt 1:0
... IXCD a:

C>

_1??

8 ""1 et~~r:~~si~~f~T~~:~~~~~~~~~~~~l;j~ TIWl 5:L_

9 "..), --~, WIDELl GRADED, COARSE TO FINE, MOSTLl FINE, 40-50%SLIGIITLl PLASTIC FINES, LOOSE, SATlIlATID, GRAY. (SH) --
18~3 --

~, UHIYORM, Y!IlY
C;INE,.)8-12%

N01IPLASXIC FINES, CCl4PACT, -- DAMP GRAl BRGIN KICA. SK-SP __...-
18 "'4 ~, IlNIFCilM( FINE, LESS THAN 5~ NONPLASTIC FINES, COMPACT, DAMP,10 _ lflOWN, MICA. sp) _.-.

---
18 ~5 -- ~, SAME AS SAMPLE IIJ. (SM-SP) -- -- -

- - -fOP7"'~;- "r(j':~~"'VE'IlY'FINnllllIJ, -mt:1lT SOFTEIi'ING lIPON'--f-, _~OLDING. SXIFF. DAMP. GRAY BIlu.lN. MICA. (ML-MIl)- j-.:-r 6

'\
BOTT()f 8" SILTY SAND, WIDELY GRADED, COARSE to-rrNE";"'lIOMT1'I'NE"; -- :lO-JO% ::iLIGilTU PLASTIC HNE", DENS);, DAMP, GilAY DRllIN. (GRA~20- 1.0 INCH MAXIKlM CUT nmWGH BY SIl0E IN BOl.'T()f 01' SAMPLE) (TILL s.!Q- GRAVELLY SAND. POCRLY Nrn, 15-20% ANGlJLAR GRAVELTOO:'5I H _

-40.9 _ ~-""'7 ~~~Gr)f~~I~N~F~~~~ ~~~~SsrRl DENSE, DAMP, GllEEN,_
2"

TOP OF /(UCK AT 2J.2' -- 88 9J NX 23.2'- 28.2' LIQIIT GRAY BIOTITE GRANITE GNEISS, CLOSE TO -- MOOERATELY CLOSE JuINTING, IRESH TO SLIGIIT WEATHERI/iC- VEIlY HARD, MEDIUM TO CIWlSE GRAINED, (TOP20" OF _
r-- ernE PARTLY METAMORPHOSED GRANITE.) _

- 86 100 If.!: 28.2'- J8.2' SIMILAR TO ABOVE EXCEPT FOR THREE 2 INCH SEAMS OFJO - SEVERE WEATHERING BYCIILCIlITIZATlON. -
-
-
-
-- -

1-=55,9 __.
-------,."--. _.-.---~I --_.-_.

END OF BOHING AT 38.2'I - -
-i -

-- -
-
-- -- -- -- -- -- -- -- -- -- -- -- -- -
-- -
-- -- -- -- -

- -- -
1. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE

SOIL SAMPLE DENOTE THE NUMBER OF BLOWS OF A
140 LB HAJiIMER FALLING 30"RE"QurRED TO DRIvE
A 2" 00 SAMPLE SPOON 12" OR THE iHS'TANCE SHOWN.FIGURES SHOWN OPPOSITE ROCK CORES DENOTK
['HE PERCENT OF CORE RECOVERED. .~ ,BORING t.oo 1-242. ,12 INDICATES LOCATION OF UNDIST~BED SAMPLE.'6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE • ...-~017 INDICATES LOCATIOH OF SAMPLING ATTEMPT 3~ MILISrONE NUCLEAR POWER SUTIONWITH HO RECOVERY. UNIT JSUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE .... 1--- NORTHEAST UTILITIES SmVICE COMPANYNUHBER.

~~
]. -&- INDICATES LOCATION OF NATURAL GRO:JND WATE• TABLE.

STOHE 'WEBSTER ENGINURING CQltPORATIOH4. BD - ROCK QUALITY DESIGNATION.5. INlJICATES DEPTH &; LENGTH OF NX COalNG RUN & 12179 - GSK - 546. DATUM IS



NORTHEAST UTILITIES SERVICE COMPANY
HILLS1'OIIE WCLIAR JWER BrATIOI - UlfI'J' )

:J: SAMPLE OVERALL (,) SOIL OR ROCK DESCRIPTION> l- I- WEATHERNll i:I&J I&J I- I&J

I~ ~
AND (!)

ll. 1&.1 ll....J I&J I&J I&J IL RQD -e 9
~s~I:~l:tG~BBOERto1~:YAJgsF~St:,~~T81 ~bL Ti:TX~J~lESCRIPTIONI LITHOLOGY

I&J l&. l&. )- ~~~0 I- It:
(!)

GROUIlD EL. A'l 1.4)'

-
-

LIGHT :

---

~, mn:PORM, FIIIE, LESS TRAIl ~ IiOHPLlBTIC !"IRES, LIGHT BROWN,SOME BIOTIn:. (sp)

-

-

-
---
-

-

~, UIfIlI'ORM, VERI PIllE SAlfD, 2~ IIONPLASJ'IC !"INKS, GIlA:!' TQ.OlWfG! !IIOIIH, SOME BIOTITE. (IJ()
TOP m' TILL AT 14.0'

-

-

....
-TILLI ~,WIDELY GRADED, COARSE TO PINE SAllD, 28% NON- _PLASTIC FINES, GRAY. (BII) _

.§Y!!, lllIIPOJlH, FIn, ~ IiOIlPLASTIC !"I~,
BRDW!f, SOHE BIOTITE. (sp-BII)

-.Y, UlfIPORM, nIlE, ~ IiONPLASTIC !"IRES, DARK BIIOllN, FRAGMENTED -GRAlfITE COBBLE A'l IlOT'l.'OM OF SAMPLE, OOME BIOTITE. (SP-BII) -
TOP OF ROOK AT 2).7' -rn 9~ 56--

-

--
-
-
---
----
-
---
--
-----
--
-
--
-
---

-r:
2-4-S--

:~
3-5-5

--
10 -: r

- ) 4-3-5---:,
- 450-52-55
--20-.
- '5 13-16-17--

o _

-al_

-10 -

- -
I. FIGURES IN BLOW OR IlECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMME" .FAL.LING30" REQUIRED TODRIVE A "t' 00 SAMPLE SPOON 6--oRiHE -DISTANCE SHOWN. *'INDICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
,. 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.DII INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUIIBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

e.B INOICATES DEPTH,LENGTH,AND SIZE CORING RUN.

6. DATUM IS II.S.L.

BORING LOG

MlLSTOt£ tfJClEAR POWER STATJON
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e.WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179..GSK-15

AMENDHENT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH..,LOF-l..

SITE MILLSTONE NUCLEAR POWEll STAtION - WTT 3 J.O. No. 12179 BORING No.~
TYPE OF BORING 4" O.D. CASIN<l,OCATION --"Hl...l""09"'-_W...A...S"-- GROUND ELEV. _.;;,;2.""'95.......__DATE DRILLED 4ho175 DRILLED BY AMQlTm LOGGED BY CAKSUMMARY OF BORING BPt·IT SPOON \(I'fIl /IX CORE

% SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> ... ... ...
~ I! 31

WEATHEIIM XC)IAJ IAJ 4. IAJ ANO
4.0..J IAJ IAJ IAJ RQD 4(..J

~IrLJl>I~Nfrtlo~BOfo1>";~:YA~~S~:N,~~T8, ~~LTf:tJ~DE8CIIIPTION,LITHOLOGY
IAJ k- 0

u,
0::
C) DESCRIPTIONS

~ POORLY GRADED, COARSE TO FINE SA1lD, LIGHT llROWN, SOME BIOTITEr~~ -

SILTY SAND, MEDIUM TO FINE SAND, 5-15% NONPLASTIC FINES, LIGIIT BROWNy
SOME BIOTITE, BOTTOM 2 INCHES OFT8fg';~li'£'~~0j'90."<F' (SM) _

l!!Iill. UNIFORM, FINE, LIaHT BROWN, SOME BIOTITE (10 INCH RECOVERY) _LAST 6 INCHES CONTAINED FRAamITS OF COBBLE. (SP) _

-

-

-

---

---
-
----

-END OF OORING AT 48.8'

l!!Iill, FINE, 12% NONPLASTIC FINES, LIGIIT 1lR0WN, SOME BIOTITE. (SH) _

----1Wfi!, POORLY ORADEll, LESS THAJI 1% SUBANGULAR GIlAVEL TO 3/8", COARSE_
:o~~E(~, LESS THAN 5% NONPLASTIC FINES, SOME BIOTITE, LIGIIT

--

--~, FINE, 14 NONPLASTIC FINES, LIGHT BROWN, OOTTOM 1 INCH RUST _COLORED, SOME BIOTITE. (SM)

SILTY SAND, VERY FINE, 38% NONPLASTIC FINES, SOME BIOTITE, LASTTIlREE INCHES OF SAMPLE ~NDm WITIl ALTERNATING LAYERS OF SOIL "ITIl _LITTLE OR NO aIOTITE, SOIL WITIl SOME BIOTITE, AND RUST COLOilED SOIL.(8M)
_

-

--TILL: ~, POORLY GRADED, COARSE TO MEDIUM, LIGHT BROWN, GRADING TO-
~~~OS~~h~~RMimi:~~_ 5;~~~. N~~~~~~::;~~A ~;::,!~ ~~~ ~;;-

GROUND EL. AT 2.95'

-~
- 1-4-9

0- -
--
~ 6-9-10-.

--
10_

~- 5-5-5
-10- -

- J':-
3-4-6

20_

~"j-5-8-
-20- -

--
~"-7-8---

-
30 -

~-
- 5-16-26

-30- -
--
~-

- 17-16-17--40 _

~- 7.5*-.';7*-5)'-40~ - -- NX 98% 52--
-45.85 -

--
-----
-

--

-

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 50" REQUIRED TO
~IVE"-2" ()D-SAIolPL-t: SPOON~ ~THE -olSTlINCE SHOWN. *lNDICATESUSE Of' 500 LB. HAMMER. FIGUllES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.r II INDICATES LOCATION OF SPLIT-SPOON SlIMPLE.ol7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SlIMPLE NUMBER.

5. ¥ INDICATES LOCATION OF NATURlIL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

S.~ INDICATES DEPTH,LENGTH,AND SIZE CORING RUN.

6. DATUM IS M.S,L.

:BORING LOG

MILLSTONE NUCLEAR PONER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE 60 WEBSTER ENGINEERING CORPORATIONJt.... DRAWING
~ NO. 12179-GSK-56

AMENDMENT 15 SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY
SITE KILLSTO/IE HUOLlWl POlIIia S1'ATIOIf - lJIIU , J.O. No. l2J.?9 BORING No..l:l..-TYPEOF BORING 4" OD CASINO LOCATION __Kll_88__l1.;..)8;,.::;, GROUND ELEV. 13.3S'DATE DRILLED 5/l/7S DRILLED BY AMWlWI LOGGED BY_...IQ....A.][ _SUMMARY OF BORING SPLIT SPOOtl!»X CORE

:z: ... SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION:0: ...
~ 1!31

WEATHERlNIl :C<:lw W "'W AND
4.0....I W 4. W RQD :....1 FIELD AND LABORATORY TEST RESULTSI 1~bL T~r:tJ~lI!SCRIPTlONILITHOLOGY

W II.. ~II..
:s~~I:J.~:; BEDDINCI AND FAULTINCI<:I

GlIOllHD It. AT 13.3S

10- r:8- 2O- 15

o - -
-,-

4 10-6-7

----

10-

-I~
- 1-1-1-
--r

2 2-2-2-

~, UNIrORM, FIIIE, SOMIIlOO'fS AIlD BIOTI'l'B, LIGHT BROIt'If. (sp)

-

I«l R!X:OVDlI.

GMJELLX s.yp, POORLY CIIWIED, P1WlMBII!S ~ OOB1lLB, LESS 'IIIAJf 1~SlIBA1fGll'LA!! QllAVEL, MBDIlDI '1'0nn SAIID, 1M HOIIPLASTIO FIHES,lIIm BIOTITE, LIGHT BRaIN'1'0 OIWIGE 1lROIIII. (SP-I§!)

-
y, WILL GRADED, LESS '1'IIAR S~ SUBAlfGllLAR GRAVEL, KEDIUll '1'0FIn SAIID, LESS tIWl 1~ I«lIlPLAS'l'IO FIRES, SlMEBIOTITE, OlWlGF-1ltlOI/JI'1'0 LIGHT 1IllOlIR. (SP-SII)

-40 - In 100% 40·-40.3 -
-

-45.) -

--
-
-
---
-
-
--

--

SAIIDI SIl4', 46% IlII:IlIUM '1'0 nIlE SAII1l, I«lIlPLASTIC FIIlES, SOME BIOTITE~LIGHT 1IllOlIR. (ML) _

-

--
-

---

NO RFX:OVERY.

~'J:~k~~~~FI~=:'~~J~' •1lIIlllI1I. (SP) _

y, POORLY QllADED, FIIlE, LESS 'l'lWI ~ I«lIlPLASTIO FINES, OOME -BIOTITE, OlWfGK 1IIOfH. (Sf)
.§!!!!1, POORLY GRADED, MEDIUM TO FIIlE, SOME BIOTITE, ORAllGE lIII01ffl. _
(~) 
~l VERInIlE, ~ I«lllPLASTIC FINES, SOME BIOTITE, DARKIIlllh~TIJ(}

TILL: GRAVELLY ~' POORLY GRADED, FIIIE, 9% NOllPLASTlC FINES,LIGHT BROlIlf. {Sf-I§!

-CLAIEr SAND, VERY FIIIE, ~ NOHPLASTIC FIIIFS, OOME BIOTITE ORANGEIBIlOOf '1'0 LIGHT BRO\(H. (so)
'1'OP OF ROCK AT 53.6'

IGRAVELLY SAND, POORLY GRADED, LESS 1'HAR 10~ SUBANGlILAR GRAVEL,jHEDIUM TO FIIIE, 6.4% NOIIPLASTIC FINES, OOME BIOTITE, LIGHT IlI\(1,/H.(S<I)

30- "7
, 5-8-10

=1--
-
-
-

40-.:
, 8q*_I1"- f.?'

-,
= 9"5*- iJ?!!-*
-

50-'10
21-17-21

-10 -

-20 -

-30 -

r.FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAiIn~IDEl'io'JETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 50' REQUIRED TODRIVE A 2" 00 SAMPLE SPOON 6" OR THE DISTANCE SHOWN. * INDICATESUSE OF ~!-B~~!!!.!!ER. fllt~RES ,SHOWN. OPI'.OSIT£ .ROCK CORES-DE-NO:rE'THE PERCENT OF CORE RECOVERED.

2•• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 IHOICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOl INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.s.B IN"ICATES DEPTH,LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.l.

BORING LOG

: MLLSTONE NUCLEAR PONER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e.WEBSTER ENGINEERING CORPORATION

.~ DRAWING
~ NO. 12179-GSK- 57A

AJolENDHEliT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH~OF2...

SITE MILLSTONE NUCLEAR POWER STATION - UNIT 3 J.O. No. 12179 BORING No.~
TYPE OF BORING 4" 00 CASING LOCATION _..:.:.Nl:.:1::::88~W:.:::3::::83:...-. GROUND ELEV. 13.35'DATE DRILLED 5/1 /75 DRILLED BY AMERICAN LOGGED BY ____''CA"'K...... _
SUMMARY OF BORING SPl'TT SPOONINX CORE

:J: SAMPLE OV!IIALL o SOIL OR ROCK DESCRIPTION;> l- I- WEATHERHI %I&J 1&1 I- I&J

r~ >
AND (l)

Q. w Q. 9..J I&J I&J 1&1 Q. RQD C SOIL STRATA DESCRIPTION, LITHOLOGY
I&J I&. I&. >- -J~§ ~\fLfol~'VjPl'G~ee~RD~1j~:YA~gs'~~/I~~TSI0 l- et: ANDTEXTURECD II: (l) DESCRIPTIONS

-
-
--
-

--
--
---
----
-----
-

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

-
-

-

58.0, 500, MODERATELY OPEN, SLIGHTLY \/EATlUIl{ElJ.
58.3, 30°, MOIlERA1'ELY OPEN, SLIGHTLY WEATllEllElJ.

END OF BORING AT 58.6'

-

-
------
-

-

--
-
--

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

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TOORtVE A 2" 00 SAMPLE SPOON 6" OR THE DISTANCE SHOWN. * INDICATESUS£·OFSOO-L":-HAMMER.'FfGUIl£S SHOWN OPPOSITE ROCK 'CORES 'DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
~ 6 INOICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. ROD-ROCKOUALITY DESIGNATION.

S.B INO;CATES DEPTH.LENQTH,AND SIZE CORING RUN.

6. DATUM IS M.S.L.

AMENDMENT 15

BORING LOG

MILL5TCl£NUCLER POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e. WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179-G:>)(- 5711

SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SHLoF-!

SITE MILLSl'ONE IIlJCLW POWER STATIO! - UllIT 3 J.O.No. 12179 BORING No.~
TYPE OF BORING 4" MUD LOCATION _lQ._046 W270_==-:-- GROUND ELEV. 3.87DATE DRILLED 5D3175 DRILLED BY AKIDIIOAlf LOGGED BY __-'0;.;;;:"::.- _SUMMARY OF BORING __....:;s""s/NX:.;.;.:.:....:;C..:;.OR;.:.;E;.....

_

:r: SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION;> .... .... WEATHERING XI&J I&J .... I&J

I~ >
AND WlL w e, 9..J I&J I&J W 4- 00: 0 RQD c( FIELD AND LABORATORY TEST RESULTS, =2~L TiW.fJ:lESCRIPTlONI LITHOLOGY

I&J I&. I&. >- iilO~0 ~ It: OR JOINTING, BEDDING AND FAULTING
~ DESCRIPTIONS

GROllHD n. AT 3.8'1'

0_

-15.6

-
---
-
-----
-
---

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

-

~, UlfIl'ORM, nIlE, SOH! BIOTITE, LIGHT 1IRQIlf. (sp)

NO RIDOVERY.

EIlD OF BORING AT 19.5'

-
--
-

O!IAHGE -

-

-

-
--------
-

-
-----
-

-

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOiL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REOUIRED TO
S~~V~/ 32~0Ofil.str~~~lPF~~; ~o~E:~f,;Cf ':COKW~~N~~C:~:
THE PERCENT OF CORE RECOVEREO.

2.• 2 INOICATES LOCATION OF UNDISTURBEO SAMPLE.r 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. ROD-ROCK QUALITY DESIGNATION.s.B 1I10lCATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS II.S.L.

AMEND:-lENT 15

:80RING LOG

.MLLS1"Ot£ NUCLEAR PONER STATION
lJ4IT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONEe. WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179--G$K- 58

SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH-!..OF...!..

SITE HILLSlOBE !lI!QLIUR PCME!! STATTON' IMT , J.O.No. 12179 BORING No.~TYPE OF BORING 4" MUD LOCATION _.....;;;rn:;;O;;;;lO~-.;;W.;;;;21.8~=::::-::::- GROUND ELEV. 5.57'DATE DRILLED ~/W7~ DRILLED BY AMERICAN LOGGED BY CAl(SUMMARY OF BORING -,S!£:P~LI!JT;..;Si!!P::.l:OOI!lN!L/WNXil....lltlCOoll'REL
_

SAMPLE OVERALL Co) SOIL OR ROCK DESCRIPTION> I- :1:1- WEATHERING %(!)W I&J I- W

~ I~· ~
AND

Q.O-J W Q. W RQD ~.J FIELD AND LABORATORY TEST RESULTSI :~~LT,:?;rlJ:EDE8CRIPTIONI LITHOLOGY
W I&- ~I&. >- ...J 01&1 0:: OR JDINTING. BEDDING AND 'AULTINGI- m II:

(!) DESCRIPTIONS

~ OOARSE TO FIME SAlm, JJ" l«lNPLASTIC nIlES, SOMEBIOTITE, LIGHT .BIlDWN. (1JoI) TILL -
-

SA!lI!! !lRAVEL, ClAP GR.UlED, SUlWfGULAR COARSE TO nHEGRAVEL, 49ft -MEDIUM TO nNE SAND, s»IE BIOTITE, LIQRT JlI!CMIf. (OP) -
TOP OF TILL AT 4.4'

CIIIOUHD EL. s.57

-~
- 13-18-17

-
0- - ~ 30-40-41

-
-S.4 10- ~ 23-21-74

- RI ~ 4Jif,
-
-

-10.4- -
-
-
---
-
-

----
--
-
-
-
---
-
-----
-

-
-
-
---
-
-
---
-----

-

END OF BORING AT16.01

-

--

-
--
-
--
-
--
----
----
-
--
-

-
--
--
-
---

-
I. ~1~~R~~MI~E:Lg; B~~W~ECOO:EAR~4;0~~MHNA~:~~S~~~L~~~L 3~~M:i~u:~O~~
-DRIV~ A 2" 00 SAMPL~ SPOON ~"GR· TiiE OISTANCESHOWN.·* INOICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2•• 2 INDICATES LOCATION OF UNOISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.D17 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. ROO-ROCK OUALIT Y DESIGNATION.

5.8 INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

A11ENDMEN1' 15

iBORING LOG

MILLSTONE NUCLEAR PONER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE &WEBSTER ENGINEERING CORPORATION

.;;"ORAWING
.a NO. 12179-G3K-59;",.,.;,------.....

SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH....l-OF...L

SITE MILLSTONE NUCLEAR POWER STATION - UNIT 3 J.O. No. 12179 BORING No.~
TYPEOFBORING '" MIID LOCATION -..:.Nl:=;O::;::6:.:.7..,..8~W~20~7-,".2~ GROUND ELEV. 17.72'DATE DRILLED 5(15(75 DRILLED BY AMERICAN LOGGED BY _~CA::.:K~ _
SUMMARY OF BORING ,"pI IT SPOON snip! INa WIT!! NY CME

z ... SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> ...
"'w WEAr::- % (!)w lIJ IU

I~· ~ Q...J lIJ Q.lIJ e, RQD -t 9 FIELD AND LABORATORY TEST RESULTS, :~l}- T~T:tJ~DE8CRIPTloNI LITHOLOGY
lIJ 11. ~11. >- .Jofil a: g~S~~I':;;:f:S IIEDOING AND FAULTING

t- III It: (!)

END OF OORING AT 28.0'

GRAY AND WHITE GNEISS, 0° TO 40° CLOSE TO VERY CLOSELY SPACED -JOINTS, SLIGHTLY IlEATHERm, !lARD TO MIDIUM IWill, MillIUM TO -COARSE GRAINID, VERY THIN 45° FOLIATION.

23.0'-28.0' 0°_30° JOINTS, CLOSELY SPACED, CLEAN, SLIGHTLY ROUGH.

I ~i.~~2~.~0~g~'Zg~~sUR~~ :g~g:;'AND CLEAN, MIDIUM!lARD TO -
FRIABLE GNEISS. -27.1-27.9 PINK AND WHITE GRANITE P~TITE, VERY COARSE GRAIN., FRESH, my !lARD.

GROUND EL. AT 17.72'r 1
1

_
3

_
3

-
~ 5-4-5---10 - 5-7-14- r.-

10 - 11-17-16

- _1

---
'5-

30-31-34

0-

"'6 46- 5720 _

-5.28' -NX 100;t 5~ !-
-10 .....

,
-~G.28

----
-
---
-----
-
-

--
-
-
-----
----
-
--

§!!ill, POORLY GRADED, FINE, SOME BIOTITE, LIGHT BROWN. (SP)

NO RECOVER.

NO RECOVERY.

~, POORLY GRADID, COARSE TO FINE, 5% NONPLASTIC FINES, LIGHTBROWN. (SP)

GRAVELLY SAND, WELL GRAD E:D , 2Ql: SUBANGtILAR GRAVEL TO 0.75INCHES., COARSE TO FINE SAND, LIGHT 9ROlo1N. (SP)

Sll.TY SAND, WIDELY GRADED, 12% SUBANGULAR GRAVEL TO 0.5 INCH,COARSE TO FINE SAND. 2U NllNPLASTIC FINES, LIGHT BRCWN. (SH:)

TOP OF ROCK AT 23.0'

------
-
-----
-
---
-

--
---

-
-
----
----

--
--

-
I. FIGURES IN IILoW DR RECOV£RY CoLU"N OPPOSITE SOIL SA.. PLE DENOTETHE NU"BER OF IILoWS OF A 140 LII. HAM"ER FALLING 3D" REQUIRED TO-llRIV-EA-'l·-OO~AMPL-E ·SPOON .... OR·THE ·1lISTAHCE~HOWN.· *lN~T£SUSE OF 300 LII. HA....ER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2•• 2 INDICATESLoCATIOII OF UNDISTURBED SAMPLE.
., 8 INDICATESLOCATION OF SPLIT-SPOON SA.. PLE.D17 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUIISCRIPT NEXT TO SY.. BoL INDICATES SA.. PLE NU.. IIER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TAIILE.

4. RQD-ROCK QUALITY DESIGNATION.

s.8 IN;)ICATES DEPTH, LENGTH, AND SIZE CORING RUN.

8. DATUM IS ".S.L.

AMEN OMENT 15

-
-

'BORING LOG

MIJ..S1ONE NJCLEAR P<:MER STATION
UNIT.3

NORTHEAST UTILITIES SERVICE COMPANY
STONE &WEBSTER ENGINEERING CORPORATION
~ DRAWING

.oW. NO. 12179-GSK-60

SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH.2:...0F...!.-

SITE KILLS'l'ONE NUCLEAR POWER STATION UNIT - 3 J.O.No. 12179 BORING No.~
TYPE OF BORING 4" MUD LOCATION __1Q.l_6.;;.,S_W4:,;.;9..;.S GROUND ELEV. 1.82'

DATE DRILLED S/7/7S DRILLED BY AHwQAN LOGGED BY CAK _

SUMMARY OF BORING SPI.IT SPOON SAMPI,IHG WID! HI CORE

% SAMPLE OVERALL Co) SOIL OR ROCK DESCRIPTION:> t- t- WEATHERING :Et- AND ~lIJ lIJ Q. lIJ w

'" >

Q. 0oJ lIJ lIJ lIJ Q. ~l5§ RQD c( oJ FIELD AND LABORATORY TEST RESULTS, ~bLTr:.tJ~EDESCRIPTIONI LITHOLOGYI1J \L. \L. >-C ~ 0= OR JOINTING, BEDDING AND FAULTING
aI II:

~ DESCRIPTIONS

GROUND n. AT 3.82'

" l l _l _J
~, POORLY GRADED, FINE, SOME BIOTITE, LIGHT BROWN. (SP)

GRAVELLY SAND. POORLY GRADED, 32% SUBROONDED GRAVEL, COARSE TO -:
FINE SAND, SOME BIOTITE, LIGHT BROWN. (sp)

-
---

GRAVELLY SAND, POORLY GRADED, PIECE OF COBBLE, 32% SUBROUNDED -
GRAVEL TO O.7S INCHES, COARSE TO FINE SAND, OOKE BIOTITE, -
LIGIIT BROWN. (SP)

-

---
-

-
-
---
-

-

----

----

-
-
-----
---
--

END OF WRING AT 43.0'

00 RECOVERY.

SILTY SAND, FINE, 12% NONPLASTIC FINES, GRAY BROWN. (SM)

TOP OF ROCK AT 38.0'

---
-
-

~, FINE, 17% NONPLASfIC FINES, LIGHT BROWN (NO SAMPLE -
PRESERVED FOR SPLIT SPOON S). (~) -
~ASSAMPLES. _

LIGIIT GRAY GNEISS: CLOSELY JOINTED, SLIGHTLY WEATH~D; HARD TO 
MEDIUM ~, MEDIUM TO COARSE GRAINED, vmr TIlIN 40 FOLIATION. -
38.5', JO , SLIGHTLY OPEN, FRESH. -
38.7, 5°, OPEN, SLIGHTLY WEATHERED, !EAVILY IRON SfAINED , SPIll _

HAlUtS.ON JOINT.
~/~N :~. SLIHGLTY WEATHERED, HEAVILY IRON SfAINED, SPIN _

39.2, 5", OPEN, SLIGHTLY WEATHERED, HEAVILY IRON STAINED, SPIN -
MARIl:S ON JOINl'.

39.4, 10°, MODERATELY OPEN, FRESH.
39. S, 10°, MODERATELY OPEN, FRESH.
39.6, 10°, OPEN, FRESH, SPIN MARKS all' JOINT.
39.8, 20°, OPEN, SLIBIITIJY WEATHERED, HEAVILY IRON SfAINED.
40.2, 20°, SL&llHTLY OPEN, SLIGHTLY WEATHERED.
40.7, 300, MODERATELY OPEN, sr.IGHTLY WEATKERED, HEAVILY IRON

STAINED.
41.4,36°, MODERATELY OPEN, SLIIIH'tLY WEATHERED, HEAVILY IRON

i4J..S:~;N:O, TIGHT, SLIGII'I'LY WEATHERED, HEAVILY IRON STAINED.

--- '2-
- ~-R-lO--

10- '3- 5-7-7
-
.1-

--- [74- 11-21-19

20- 12

- F: 8-8-1IJ

- 8-7-9

-
-- 13JO _

-
-
-- "7- 14-16-12-

-
~

- Nl 84% S8%
40-

- E:::
~

---
-
-
---
-
-
---
-
-
---
-
-
--
-
-
-
--

o -

-10 _

-20 -

-.10 -

-39.18

-34.18

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTE
THE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO

-I -- -{)RIVE -A1!" 'OD S-AMPL-€ -SPGONii" OR -'fHE-·DI5T-ANCESHOWN. "*tNDlCA'f-ES
USE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTE
THE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 8 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
DV INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.

SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE ..

4. RQD-ROCK QUALITY DESIGNATION.

e.~ INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

BORING LOG

MILLSTONE NUCLEAR POWER STATION
UNIT :3

NORTHEAST UTILITIES SERViCE COMPANY

STONE ecWEBSTER ENGINEERING CORPORATION
~ DRAWING

~ NO. 12179-GSK- 61

AMENDMENT 15 SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH...!..OF..L

SITE MILLStONE NlJCLIWl POWER STATION - tmIT 3 J.O.No. 12179 BORING No.~TYPE OF BORING 4" MUD LOCATION _....:1ll~31~5~.::.1170~5 GROUND ELEV. 10.52DATE DRILLED 5/8/75 DRILLED BY AMERICAN LOGGED BY CAKSUMMARY OF BORING SPLIT SPOONINX CORE

x SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION:> l- I-

~ 11 3 ~
WEATHERING :i:W W I- W AND (!)

..J W Q. w ROD
Q. 0

W Lt. W Lt. oct ..J
g:s~~I:r.~~~BII~~1~:YA~~S,~(JC/I~Lrl :2bL Ti\!'fJ:EDESCRIPTIDN,LITHOlDOYc a::

(!)

GROUND EL. AT 10.52

10 - _ ~
_r - 2-3-3

~, POORLY GRADED, FINEl S)HE BIOTITE, CRASS ROOTS, LIOlITBIlD\IN. (SP) ---

,
--~, J,Df. MEDIUM TO FINE SAND, S)HE BIOTITE, LIGIrI' BR£NN. _

(~) - 
~, COARSE TO FINE, 34~ HONPLASTIC FINES, SOME BIOTITE,WilT BROWN. (MI.) _
~' POORLY GRADED, MBDIUM TOne, SOME BIOTITE, LIGIIT BRDW~

-.
-;-2!Wl, POORLY GRADED, COARSE TO nNE, LIGIIT IlI1DWN. (sr) - ...,
...,
....;

0_

-10 _

-
-

10-------
---

20--...,

1-2-2

1~-23-20

5
10-11-12

~, FINE, 3~ MlNPLASTIC FIKES, DARK IlI1DWN. (SO) -

-

CRAVELLY SAND, POORLY QRADED, ~ SUBANGULAR GRAVEL TO 1.0INCH, COARSE TO FINE SAND, lU MlNPLASTIC FINES, LIGlI'l' Bll.OWN.ClP-

SILTY SAND, LESS THAN l~ GRAVEL TO1/2 IN•• COARSE TO FINE SAND';'"23~ HONPLASTIC FIKES, 9:I'!E BIOTITE, YELLOWISH BROWN. (S-I)

TILL: GRAVELLY SAl!D, POORLY GRADED, 26~ SUBANGULAR CRAVEL TO 1.0 INCH, COARSE TO FINE SAND, SAMPLE GRADED FROM FINE SAND WITHBIOTITE AT TOP TO COARSE TO FINE WITH NO BIOTITE AT BOT1'OM,LIGII'1' IlRlJWN ORADING TO ORANGE BIl!J,(N. (sp)

-

-

-

---
-

-

-

-

~, FINE, 13~, MlNPLASTIC FINES, SOKE BIOTITE (SP)

END OF BORING AT 45.5'

~J
.v~ v< .....un ". ,+v.;>

LIGHT GRAY GHEISS: CUlSELl: JOINrED, SLIGIITLY WEATImIED.
41.6, 50/; MODERATELY OPEN, FRESII.
43.3, 10 , opm, SLIGIITLY WEATHERED, MODERATE' IRON STAINED,SPIN MARKS ON JOINT;
43.4, ~, OPEN, SLIGHTLY WEATImIED, MODERATE IRON STAINED,

SPIN MARKS ON JOINT.
43.6, 50, OPEN, SLIGHTLY WEATImIED, MODERATE IRON STAINED,

SPIN MARKS ON JOM.
43.7, ~, OPEN, SLIGHTLY WEATHmED, MODIiRATE IRON STAINED,

SPIN MARKS ON JOINT.
44.1, tj>, OPEN, FRESH, SPIN MARKS ON JOINT.
44.6, 50, OPEN, FRESH, SPIN MARKS ON JOINT.
44.9, 5"6 OPEN, FRESH.

,45.0, 10 , OPEN, FRESH, SPIN MARKS ON JOINT.
,45.2, 100 , OPEN, SLTIIllTLY WEATHERED, SPIN MARKS ON JOINT.

- .2
-
-
-

-20 -
30-,

6-- ~5-36-23

-
- ,.

7
8~-32-17

-29.98 40- ~8
~ ~1-50-49

- INK 96'f, 80~ ~

- ~
-34.98 II.

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

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 3D" REQUIRED TODRIVE A 2" 00 SAMPLE SPOON 6" DR THE DISTANCE SHOWN. * INDICATESuse QF ~QO-lS,-liAMMER7-Fl6URES'-5HOWN~Sll"E -ROCK CORES1lENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDiCATES LOCATION DF NATURAL GROUNDWATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

s.aINDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS "'.S.L.

,BORING LOG

MILL.Sror£NUClEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e. WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 1217~-GSK-62

AHENDHENT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SHl...OF...!.

SITE MIU,sroNE HUOLIUR l!QW!R STATIOIl - UNIT 3
TYPE OF BORING 4" MUD LOCATION Rl.2C]2 W825
DATE DRILLED _...;5;:..19::./.;,.:75~=-~~__ DRILLED BY AKEIIlOAN
SUMMARY OF BORING SPLIT SPOON SA/olPING WITH NI CORE

J.O.No. 12179 BORING No.~
GROUND ELEV. 7.19'

LOGGED BY C_~ ___

:I: SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION::>
~

... WEATHERINil %W ... W . I" >
AND C)

Q. Q.. 0...J W I&J I&J ~ ~ ~ § RQD cr ..J FIELD AND LABORATORY TEST RESULTSI :£LL TfxRtJ:EDESCRIPTIONILITHOLOGY
I&J lL. Q

u, a: OR JOINTING, BEDDING AND FAULTINGI- m II:
C) DESCRIPTIONS

--TOP OF ROOK AX 7.5' _

GROUND EL. AT 7.19'

-~ 3-9-13-
-- v:- 32-17-),4o __ - --0.31' -- NX 100%

10_
88%-

-
-5.311 ---

--

---
-
----
-
----
-
---
-
----
-
-
---
--
---

-

-

-

~, UNIFORM, FINE, SCME mOTIT!, LICiI'1' BRCWIf. (ss)

NO RmOVEm'.

END OF OORIIIQ AT 12.5'

---

-

-

-
---
--
-

-
----
----

-

-

--

-
-
-

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO

~VV-~6Of,/M~~S'i1~~~ %~o~f:oWJ-:~~~ R~'::~lt~o~~~~E~~
THE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3, ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

5. a INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S,L.

AMENDMENT 15

BORING LOG

MILLSTONE NUCLEAR PONER STATION
UNIT 3

, NORTHEAST UTILITIES SERVICE COMPANY
STONE e.WEBSTER ENGINEERING CORPORATION

,~ DRAWING
~ NO. 1217<J-GSK- 6.3

SEPTEMJlER 1985



NORTHEAST UTILITIES SERVICE COMPANY SHLOF....l..

MILLm'ONE NUCLUR POWER 8rATOIiOH - lIHIT )
12179 BORING No.----!::!L

GROUND ELEV. 4.)8
LOGGED BY cAl(

:E: SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION» r- r- I- WEATHERING i:W w W w I~ .~
AND

Q.
(!)

~ W Q. w RQD 0w a.
~ ~ FIELD AND LABORATORY TEST RESULTS. :~~L T~TX"tJ~EDESCRIPT ION,LITHOLOGY

W u, u, >-0 I-
--,Ow 0: OR JOINTING, BEDOING AND FAULTINGm a: (!) DESCRIPTIONS

GROUND EL. 1..38_,.-1 1-,-7

--
.sum, UNIFORM, FINE, SOME BIOTITE, ORANGE BROliN. (SP)

-

-

---

-
----
--

END OF BORING AT 21.66'

NO REX:OVERY. --
--
--~, POORLY GRADED, FRAGlENTS OF COBBLE, MEDIUM TO FINE SAND, -LESS THAN 5% NONPLA8rIC FINES, ORAHGE BllDIiN. (SP) _

SILTY SAND, COARSE TO MEDIUM, 39% NONPLA8rIC FINES, W/BIOTITE, _LIGHT BIlDWN. (8M) _SILT! SAND, MEDIUM TO FINE, 10-15% ItONPLA8rIC FINES, SJIolE BIOTITE...
LIOIIT IlIlOWN. (SH) 'I'<1P n.. Ilnr.K 4'" ,''' "",-,

- V 2 lJ-20-31

-

-
10 - ~)- 16-14-11

- .1-
- y4 H-9-11--- Hi" 86% 66'1---

20-
~

;;,;

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

-
-

o -

-10 _

-12.28

- -

--
-
-
---
-
-
---
-
---
--
--

-

-

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30· REQUIRED TO

:~~; 3~OO~B.S~:;~,rF~g~R:~~~O~~ oWii:j~'i:E R~~C~yt~OR~;Ng~C:6~~
THE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dpo INOICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

5. B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

BORING LOG

MILLSTONE NUCLER POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE Q WEBSTER ENGINEERING CORPORATION

/#.. DRAWING
~ NO. 12179-G:iK-1l.4

AMENDh!iNT 15 SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH.l..OF..!...

N 1174.70 E 60.50

DRILLED BY AMERICAN

SITE MILLSTONE UNIT :J J.O. No. 12179 BORING No. _B_-_l__
TYPE OF BORING WASH/CORE LOCATION -":....:..::c..:.::.:~-=-~:=. GROUND ELEV.--"-19~.,,,-3_'__DATE DRILLED JANUARY 27. 1975 LOGGED BY G.J.Z./R.T.D.SUMMARY OF BORING

_

::t: SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> ... ... WEATHERING :cl&J l&J ... l&J

I~~ ~
AND (!)

...J l&J D.. W l&.I
RQD D.. 9w 0- -e fiELD ANO LABORATORY TEST RESULTSI f~bL TrXR.tJ~EDESCRIPTIONI LITHOLOGY

l&J IJ.. IJ.. >- ...J lil0 .... in a: OR JOINTING. BEDDING AND FAULTINGm a: (!) DESCRIPTIONS

-

-

-
-

-

--
------

----
--

--

-

-

-

-

TOP OF. ROCK AT ELEVATION -8.2'

~, WELL GRADED, COARSE TO FINE, LESS THAN 5% MEDIUMGRAVEL, 5-1~ SLIGHTLY PLASTIC FINES, MEDIUM BROWN.
(SW)

CLAYEY SAND, WELL GRADED, COARSE TO FINE, 10-15% MODERATELYPLASTIC FINES, MEDIUM GRAY AND BROWN.
(SC)

~Ifi~~'PLA~ic~:: ~~ :o~n:E(Ti~{5% SLIGHTLY TO
(SH)

-
sn.n SflND, WELL GRADED, COARSE TO FINE, 5-10% MEDIUM TO FINE 
~F' 5-10% NON TO SLIGHTLY PLASTIC FINES, MEDIUIzI BROWN. (TILL) _

-

~, WELL GRADED, COARSE TO FINE, 5-10% NON TO SLIGIITLY -PLASTIC FINES, MEDIUM GRAY TO BROWN. (TILL)
(SW)

SEVERELY WEATHERED ROCK.

END OF BORING AT ELEVATION -15.2'

f- JTw' §f:8~e~~R~kSURF. SL.

f- JT.@ 33.7' HORIZ.,SURF. ROUGH,
cLEAN, FRESH

- PINK PEGMATITE, HARD,FRESH,SL. 
1oIX. W/A.lIUNDA.NT LARGE PINK& WHT'!'e'"1\ JT.@ 30.0' 500 SL. IIlREG. SURF., ORTHOCLASE CRYSTALS OFTEN STN. -

h JT~~~:8~/~~ci ~~.~G.,ROUGII, LT.GREEN, BlOT. 10%,QTZ.20%,
wiSL. FeOx STN. ~~1"ci~~~~O%rniA:O~~~~Ec~g~ACl

@ 31.5' HARD,FRESH,MEDIUM GRAIN!

IRREG. :'iG:~c~~~o AT 34.3'-
MOD.HARD,MOD.WX. ,MEn.GR.,QUARTZo
~~SPATHIC, W/BlOT.DEF!NING THDI

GROUND SURFACE ELEVATION +19.:J I

----
~

~

+ 15 - -
5 - ~- 13-18-32--
--

-t 10 - -
10 - ~19-27-33-

-
----
-+ 5 -
..:~15

- /,0-50/2"

-

---
-

o -
-
-

"420 - 100/6"

-

-
- 5 -

-~25 50/4"

-
-

-
-
-

- 10 - - -
~O - 98 96

--

-

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOiL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER fALLING 30" REQUIRED TOOIlIVE A 2" 00 SAMPLE SPOON 6" oil THE DISTANCESHOWN. it INDICATESUSE OF 300 LB. HAMMER. fiGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
,. 6 INDICATES LOCATION OF SPLIT-SPOON .SAMPLE.DV INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDiCATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

5. a INOICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

·BORING LOG

MILLSTONE NUCLEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE CO.

STONE Eo WEBSTER ENGINEERING CORPORATION
i~.' DRAWINr.
~ NO. 12171)-GSl-110

SEPTEMBER 19115



NORTHEAST UTILITIES SERVICE COMPANY SH..LOF..L

SITE MILLSTONE UNIT 3 J.O.No. 12179 BORING No.~TYPE OF BORING WASH/CORE LOCATION N.'--l.1.w77[.:lJ.::..7c:0:......!EiW::60:(,:.£;50~ GROUND ELEV. I'J.B'DATE DRILLED JANUARY 27-28. 1975 DRILLED BY AMl!RICAN LOGGED BY G.J.Z./R.T.D.SUMMARY OF BORING
_

% SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION:> l- I- I- WEATHERING :i: ClI&J I&J I&J

• '" >

AND
..J I&J n- I&J

~ ~l5~ RQD n- O
I&J I&. I&J I&. < ..J FIELD AND LABORATORY TEST RESULTS, :~bL T~T:tJ~EDESCRIPTIONi LITHOLOGY0 I- III It 2

1
er ,e It: OR JOINTING, BEDDING AND FAULTING(.l) DESCRIPTIONS

ClROUND SURFACE ELEVATION +1 .B'

-

.
---

-

Sn.TY SAND, SIMILAR TO S-5 (Tn.L)
~

Sn.TY SAND, WELL GRADED, COARSE TO FINE, 5-10% NON TO SLIGIITLYPLASTIC FINES, MEDIUM GRAY-BROWN. (Tn.L)
(SM)

--CLAY1 SAND, WELL GRADED, COARSE TO FINE, LESS THAN 5:£ FINE GRAVEl;10-15 SLIGHLTY TO MODERATELY PLASTIC FINES, MEDIUM GRAY-BROWN, -WITB SLIGIIT ORANGE STAINING. (Tn.L) -
(~) --

"'"

-SILTY SAND, SIMILAR TO S2 BUT NO GRAVEL, NOIf TO SLIGHTLY PLASTICFINES. (TILL) _
~) -

---
-

-

----GRAVEU.Y SAND, WELL GRADED, COARSE TO FINE, 20-30% MEDIUM TO FINE GRAVEL, 3-~ NON TO SLIGIITLY PLASTIC FINES, MEDIUM BROWN AND GRAY. (sw)
_

--

---
-
-
--SILTY SAND, SIMILAR TO 84 EXCEPT 10-15% NON TO MODERATELY PLASTIC -. FINES. (Tn.L) -(SM)

100/4"

-
-
-

5 - 15
--
-~ 60/6n

-
----

o - 20 -

~ 66/6"
-
-
-
--

-----15 - 5 _

-,,;
_ 17-20-32

-
-----
-<

10 - 10 _~

: 225-50/6"

- 5 -
25 - ~

-
-
---
-
-
-

-10 - 30 _.,

- ,..- 6 138/6 n

-
-15 - 35

v

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REOUIRED TODRIVE A 2" 00 SAMPLE SPOON 6" OR THE DISTANCE SHOWN. * INDICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
~ 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.DC7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEKT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

S.B "le,CATES DEPTH, LENGTH, AND SiZE CORING RUN.

6. DATUM IS M.S.L

iBORING LOG
MILLSTONE NUCLEAR POWER STATION

UNIT 3
NORTHEAST UTILITIES SERVICE CO.

STONE &WEBSTER ENGINEERING CORPORATION
~ DRAWING

~ NO. 12179~-8J.A
AMENDMENT IS

SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH.LOF..L

J.O.No.
N 1774 7Q E 60 5Q

DRILLED BY AMERICAN

SITE Hn.LSTONE UNIT 3 12179 BORING No.-H..-TYPE OF BORINGWA5H/cQBE LOCATION ..............................--='-""............ GROUND ELEV. 19.8'DATE DRILLED JANlIlRY 27-28 1975 LOGGED BY G.J.zJR~SUMMARY OF BORING
_

:I: SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> l- I- I- WEATHERING i: (!)UJ UJ UJ

lig• ~
AND

..J UJ Q, UJ w
RQD Q, 0UJ 0.. < ..J FIELD AND LABORATORY TEST RESULTS, f2bL T~TX'\4J~EDESCRIPTION,LITHOLOGY

UJ I&. Q I&. ~ ...J0l£J tn a: OR JOINTING, BEDDING AND FAULTINGm a: (!) DESCRIPTIONS

sn.n SAND, SIMILAR TO S-5 (TILL)
~

~7 128/6"

-
-

-
--

-20 - 4Q --~ 52/6"
--
---

-25 - 45
- 100 6Q-
-
-----

-JQ - -
-
-
----
-
-

f~f SAND, SIMILAR TO 5-5 (TILL)

TOP QF ROCK AT ELEVATION -25.2'

--

-

---
-
--

-

-
-

-END QF BORING AT ELEVATIQN -3Q.2'

----
-
---
-----------
-
---
-
-
--

-
-

-

-
-
-

-

-
-

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TODRIVE A 2" 00 SAMPLE SPOON 6" OR THE DISTANCE SHOWN. * INDICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK -CORES llENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dt7INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCX QUALITY DESIGNATION.

S.B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

BORING LOG
MILLSTONE NUCLEAR POWER STATION

UNIT 3
NORTHEAST UTILITIES SERVICE CO.

STONE e.WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 1l2179-GSK-81B

AMENDMENT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY

N 1109.1 E 151.5
DRILLED BY --:;AMER=:.:.ICA=N _

sHLoF-l..

:1: ...
SAMPLE OVERALL Co> SOIL OR ROCK DESCRIPTION:> ... WEATHERING XW W "'W . I~ ~

AND C)
..J W O-w ROD 0- 0
W la.. ~la.. ~ iil 5 ~

C( ..J fiELD AND LABORATORY TEST RESULTS, ~2bL T~T:tJ~EDESCRIPTIONI LITHOLOGY21~ i i a: OR JOINTING, BEODING AND fAULTING(!) DESCRIPTIONS

GROUIID SDRFACE ELEVATION +1 .8'

------
-

10 -
5-- ~15-16-~1--
--
--5 - 10--~- 21-18-46

----
....

o - 15 -

-
~ 45-50/4"-

- 5 -
20 -
~ 60/6"

--
-
-

-10 -
-

25 -

~- 90/6"--
---
--

-15 )0 _ 100 64

------
-
--

---
-

-~, \/ELL GRADED, COARSE TO FINE, 5-1~ NON TO MODERATELY PLASTIC FINES, MIDIUM GRAY-BRanl.
(~) -

...,...
...,
....
....
......

sn.rr SAND, POORLY GRADED, COARSE TO FINE, MOSTLY MIDIUM AND FINE,'"5-1dt NON TO SLIGHTLY PLASTIC FINES, MEDTIIM GRAY-BROlIN.
(~)

-
-
---
-
-

Sll.TY SAND, SIMILAR TO S2 EXCEPT lIELL GRADED, MIDIUM GRAY. (TILL)
~ -

--
-CUYEr SAND, POORLY GRADIID. COARSE TO rrss, MOOTL! IWIllH AIID f.INi]5-1~ SLIGll'lLY TO MODERATELY PLASTIC FINES, Iffi)IUM GRAY-BROWN. (T~

~C)
_

-

-CLAYEY SAND, SIMILAR TO 54. (TILL)
(SC)

-
TOP OF ROCK AT ELEVATION -1)/7'

GRAY BLACK-BIOTITE GNEISS
CONTACT AT )0.8', 506, MID.
HUlD·TOMOD.SOF"r'.MEIJ.GR.,
'OIINLY LAYERED W/FLD. & QTZ/T"
JTG.CL.SP.ALONG FOL.PLANES
W/ALT. OF BIOT.TO CHI.. TO .2Q!
THICK. FLO. (PLAGIOCLASE) l~ ..
QTZ. 2~)~,BIOT. 6rJf,.
PINK-WHITE GRANITE 50° At'
)).)' HARD, FRESH,SL.FOL. -

END OF BORING AT ELEVATION -16.7'
I. fiGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER Of BLOWS Of A 140 LB. HAMMER fALLING 50" REQUIRED TODRIVE A 2" 00 SAMPLE SPOON 8" OR THE DISTANCE SHOWN. * INOICATESUSE Of 300 LB. HAMMER. fiGURES' SHOWN OPPOSITE' ROCK CORESDENOTETHE PERCENT Of CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INOICATES LOCATION OF SPLIT -SPOON SAMPLE.ol7 INOICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION Of NATURAL GROUNDWATER TABLE.

4. RQO-P1CK QUALITY DESIGNATION.

5. B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

AHENDMENT 15

iBORING LOG
MILLSTONE NUCLEAR POWER STATION

UNIT 3
NORTHEAST UTILITIES SERVICE CO.

STONE e.WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179~K-82

SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH....!..OF2.

N 1058.6 E 15l.8

DRILLED BY -=AM.:::m::.:I::::CA~N:..__ _

SITE Hll.LS'roNE UNIT 3 J.O.No. 12179 BORING No.--ll:::f.....-.

TYPE OF BORING WASH/CORE LOCATION --.;'-"'=:;.=--~:.=..=-- GROUND ELEV. --.;+1",,-6;;...:;.9_'__

DATE DRILLED JANUARY )0. 1975 LOGGED BY G.J.Z./R.T.D.
SUMMARY OF BORING _

:I:
SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> ~ ~

~ WEATHEIIHG :i: (!)I&J I&J I&J r] >
AND

...J I&J n. W Q. ~Q:8 RQD n. 0
I&J lL W lL < ...J

g:sLi~:~j~~:~~~RD~1~=YAJ6SF~Jtlt~~TSI :~bL T~TX'!f'J:EDESCRIPTION,LITHOLOOY
0 >- ...J 0 I&J

21~ i I~
0::I- m IX (!)

GROUND SURFACE ELEVATION +16.9'

--

IlmA'I'IIJ;:IlIim AMI< ""'v.r-----------f

Sll.TY SAND. SIMILAR ro 553 EXCEPT RON TO SLIGIITLY PLASTIC FINES,
MEDIUM GRAY. (TILL) _
(SM)

Sll.TY SAND. SIMILAR TO SS4 EXCEPT LESS GRAVEL (5-10'.') MEDIUM ORA"!
AND BROlIN. (TILL)
(SM)

~, WELL GRADED, COARSE ro FIllE, 5-10'.' NON TO SLIGHTLY 
~TIC FIllES, 10-20'c FINE ro MEDIUM GRAVEL, MEDIUM BROlIN.

-

-

-

-------------

-

--

-

---
TOP OF ROCK AT ELEVATION -17.6'

CLAYEY SAND, POORLY GRAD!D, COARSE TO FINE, MOSTLY MEDIUM AND
FINE, 10-15~ SLIGITLY TO MODERATELY PLASTIC FINES, MEDIUM BROWN
AND GRAY. (TILL)
(SC)

NO RECOVERY

---
--
-

~, WELL GRAD!D, COARSE TO FINE, 5-1<J:' NON TO SLIGHTLY 
PLASTIC FINES, LESS THAN 5~ MEDIUM GRAVEL, MEDIUM BROWN AND GRAy. 
(TILL) 
(SM)

-Sll.TY SAND, SIMILAR TO SS6 EXCEPT NON TO MODERATELY PLASTIC FINES,
MEDIUM BROWN-ORAY. (Tll.L)
(SM)

15 - ------ J';5-
- H-7-R

--
10 - ----

-
10_ v:

1-4-7

5 - - ~ 11-50-25

-
-
- JJr15- 40-55/5"

--
-

0 - ---
-
-
- ":20 - BO/6"
-
-
-

- 5 - ---
-
-
-
~25 - 50/4"-

-
-

-10 - --

30 - ~ B9/6"

-
-15 - -

35
Ir8 5013"

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTE
THE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO
DRIVI; ~ ?" DD SAMf'~E .sP99.N 6" o!l nED.ISTAN.CE S~Q.WN. * INDICATES
USE OF 300 LB. HAMMER. FIGURES·SHOWN OPPOSITE ROCK CORES DENOTE
THE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.
Dl7INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

S.8 INDICATES DEPT~. LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

Fl·
iBORING LOG

MILLSTONE NUCLEAR POWER STATION

UNIT 3

NORTHEAST UTILITIES SERVICE CO.

STONE&WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179-001-8)&

AMENDMENT 15 SEPTEMBER 19B5



NORTHEAST UTILITIES SERVICE COMPANY SH..LOF...L

J.O.No.
N 1058.6 E 151 8

DRILLED BY ...:;AM=Ul:.:I~CAl.:.:.N _

SITE MILLSTONE !!NIT) 12179 BORING No.--!!::L-TYPE OF BORING WASH/CORE LOCATION _..!l..!~~---I~/.LoJ;l....- GROUND ELEV. +16.9'DATE DRILLED JANUARY 30, 1975 LOGGED BY G,J,Z,/R,T.D.SUMMARY OF BORING
_

:z: SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> l- I- I- WEATHERWG % (!)w w w

~ I~' ~
AND

-J W lL w RQD
e, 9w « FIELD AND LABORATORY TEST RESULTS, f~bL T~T:tJ~EDESCRIPTIONI LITHOLDGY

W IL. 0 IL. >- .JO I&J 215 Sf 15 0:: OR JOINTING, BEDDING AND FAULTINGI- CD 0::
(!) DESCRIPTIONS

.
-20 -

1-.....-
-
---
-
--

40 --
-
----
----
--
--

86 11

-
-

-
-
--

-
---
-
-
---
-
----
-
-
---
-
-
-

---
-
-
-
---
-
---
-

-
---
-
-
----
-
---
--
--

--

-
--
--
-

J. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TOORIVE A 2" 00 SAMPLE SPOON 6" OR T-HE 'DISTANCE SHOWN.·* 1NDlCATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION Of UNDIS1URBED SAMPLE.
., 6 INDICATES LOCATION Of SPLIT-SPOON SAMPLE.Dl7 INDiCATES LOCATION Of SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER ·'ABLE.

4. ROD-ROCK QUALITY DESIGNATION.

s,B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S L.

;BORING LOG
MILLSTONE NUCLEAR POWER STATION

UNIT 3
NORTHEAST UTILITIES SERVICE CO.

STONEe. WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179-GSI-8JB

AMENDMENT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH....!..OF-l.

SITE MILLSTONE UNIT :3 J.O.No. 121'79 BORING No.__B_-5__TYPE OF BORING I~ASH/CORE LOCATION _N::-.:.l~01;.;:2~.4",--=.E..;.I~20,-- GROUND ELEV. 16.6'DATE DRILLED JANUARr )1, 1975 DRILLED BY AMERICAN LOGGED BY G.J.Z./R.T.D.SUMMARY OF BORING
_

:J: SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION:> ~ ~ WEATHERING
~IlJ IlJ ~ IlJ Ir >

AND Cl
...I IlJ Q. IlJ UJ

~II::0 RQD
Q. 0IlJ ll. oct ...I

~~EL}bl~~N~~BB~'l>~1~:YAJ~~1uRt'I~~TSI SOIL STRATA DESCRIPTlDN;LITHOLOGY
IlJ 14. 0 14. ~ golrl 2,SiY 0:: AND TEXTURECD II:: Cl DESCRIPTIONS

aROUND SURFACE ELEVATION +16.6'

+15 -

-
-

- -
--

+10 -

-
5 -~

- 15-13-26-
---

10 _

-
-

SAND, WELL GIWlBJ;l,COARSE TO FINE. LESS THAN 10% FINE TO MEDIlJIo'GRAVEL, LESS THAN 5% NONPLASTIC FINES, MEDIUM BROWN.
(SW)

-
---
-

--
-~ 5 -

0-

- ';-17-11-11
-
-
-

15 -~
= )17-50/4"

-

SILTY SAND, WELL GRADED, COARSE TO FINE, 25-3O:C GRAVEL. FINE TO-MEDIUM, 3-10% NON PLASTIC FINES, ME:DIUM BROWN. -(SM-8W) -

-
~, POORLY GRADED, FINE TO MEDIUM, 5-15% FINE GRAVEL,10-20% SLIGHTLY PLASTIC FINES, LIGHT GRAY.
(SM) TOP OF ROCK AT ELEVATION -

- ~RtiiN~'O~OO~~ct~~cr~~~OOF., r~~PI~TITE'~~t~1£_ JT.@ 18.2' HORIZ.,SURF.CLEAN, FRESH, A COA!lSEq;~. dRANITE. JTG.ROUGH CLOOELY SPAC~D' & GENERALLY _..... '%DaJ~~O/~T~~~Jr.fJHr· ,SL. ~ ~~~~·r;~~%~5~T.& MUSC. ,_
- JT.@ 19.4' 5-10 SURF.IRRro.&ROUGH wi PINK GRAY GRANITE ,HARD , SL.-SL. FeOx STN.0 WX. ,COARSE GR. EQUIGRA~1\ JT.@ 20.1' 60 SURF.SL.ROUGH W/SL. SUBHEDRAL AT 18.)1 _1\ FeOx STN. ~ CONTACT AT 19.0' _

- 88 78-
-
--

20 -
-
-

---
-
-
---
-
-
---
-
-

-

-

-

END OF BORING AT ELEVATION --
-
-

--
-
--

-

-
----

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TODRIVE A 2" OD SAMPLE SPOON 6" OR THE DISTANCE SHOWN. * INDICATES-USE OF 300 UI, HAMMER. FIGURES SHOWN OPPOSIH ROCK ~ORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDiSTURBED SAMPLE.r 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dpo INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INOICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUNDWATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.5.8 INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

AMENDMENT 15

:BORING LOG
MILLSTONE NUCLEAR POWER STATION

UNIT 3
NORTHEAST UTILITIES SERVICE CO.

STONE & WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179..{lSlo- 81,

SF.PTEHllER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH..1...0F...L

SITE HILLSTONE UNIT) J.O. No. 12179 BORING No.~TYPEOFBORING WASH/CORE LOCATION ....::.N..:1.:::06~5~.6::.....:E~61~ GROUND ELEV.-=.:17..:;.0:..' _DATE DRILLED JANUAIl! 29. 1975 DRILLED BY AM!1lICAN LOGGED BY G.J.Z./ll.T.D.SUMMARY OF BORING
_

:z: SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION:> l- t- I-

~ 1!3 ~
WEATHERING Z (.!)LlJ LlJ 0. LlJ AND

0. 0..J LlJ IIJ RODIIJ u. LlJ u, « ..J FIELD AND LABORATORY TEST RESULTS, :2&L T~\~J~EDESCRIPTION,LITHOLOGYQ
ZnOi

a:: OR JOINTING, BEDDING AND FAULTING(.!) DESCRIPTIONS

GROUND SURFACE ELEVATION +17.0'

15 -

1-/0""
- 100 98

0 - ---
-
-

20 --
-
--
-
---
--
---
-
-
---
-
-
--

-
-
-
-
-
-

-

---
-

---

-
-

----

-


"

GRAY GNEISS, MOD.HARD,GEN- _
ERALLY SL.WX., HID.GR.,mINL1
FOL.,JOINTS CL.SP. W/SL. TO
MOD. FeOx STN.,)O;I: FLO. ,30%
BlOT., 40;1: QTZ. -

-
-
---

END OF BORING AT ELEVATION -4.0'

~~TY~;:n5~ ::ls~;nrN~~A~I~~~N.H05TLY MEDIUM TO FINE_
(SP)

------

CLAYEY SAND, FAIRLY WELL GRADID, COARSE TO FINE, lo-15~ SLIGHTLYTO MODERATELY PLASTIC FINES, HIDIUH GRAY AND IJROWN. (TILL) _(SC)

~, SIMILAR TO SSI. HIDIUH BROWN.
(SP)

CLAYEY SAND, SIMILAR TO S5) WITH 10-~ FINE TO MEDIUM GRAVEL,MIDIUH GRAY. (TILL)
(SC) TOP OF ROCK AT ELEVATION +2.5'

SEVERI.Y WEATHERED ROCK

-

--
-

----
5 ..: 'i INVALID

-
--
..:~-_ 17-17-20

-J':
10 - ) 20-33-52-

-
-
----
- _ 5316"

5 -

15 -

10 -

- -
-

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REOUIRED TODRIVE AZ" 00- SAMPL£ SPOON "6" OR TRrDISTANCE SHOWN. * INDiCATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
~ 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4, ROD-ROCK DUALITY DESIGNATION.

S.B IN~ICATES DEPTH,LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S,L.

BORING LOG

MILLSTONE NUCLEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE CO.

STONE EcWEBSTER ENGINEERING CORPORATION
.J#.. DRAWING
~ NO. 12179-GSK-85

,\NENUMENT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SHLOF....L

SITE MILLSroNE NUCLEAR POWER STATION - UNIT 3 .1.0. No.~__ BORING No.-'!:!..--
TYPE OF BORINGqASEI>, .4" O.D·LOCATION --"N",W~b...,9,--...E24-..7....5:...... GROUND ELEV. 21.1'DATE DRILLED 5/14/75 DRILLED BY A/WlICAN LOGGED BY R»I _SUMMARY OF BORING --<i.~S~PLr::Ioa.T..:::S~POO::=¥IN~x~C:::::OR!=_

_

:z: SAMPLE OVERALL (.) SOIL OR ROCK DESCRIPTION;> l;j l- I- WUTHEIIIHIJ
:Ce!)1&J 1&J

I~ 3 ~
AND

..J 1&J 0. 1&J !oJ
RQD 0.01&J 0..

~..J :s~~I~~~~~\~'I»~T~:YA:g~~~/.~~TSI :~~LT\";l'tJ~EDESCRIPTION;LITHOLOGY
1&J I£. I£. >-

iii ~0 l-
e!)

END OF BORING AT 31,5'

-

-

-

----
-----

--
---
-
-

§.Y.m, WELL GRADED, LESS l'lWI 10% GRAVEL TO 1. 0 INCH MAXIMUM,COARSE TO FINE SAND, 5-1~ NONPLASTIC FINES, DRY TO SLIGHTLYDAMP, LIGHT BROWN. (SW-sH) -
--~, POORLY GRADED, 10-20% COARSE SAND, MOSTLY FINE SAND, LESS -THAN 5% NONPLASTIC FINES, DAMP GRAYISH-BROWN. (sp) _

TOP OF TILL 8.5'

----
~ POORLY GRADI!IJ, LESS THAN 10% GRAVEL TO 0.5 INCH MAXDllII, :
~~~)TO FINE SAND, 5-10% NONPLASTIC FINES, MOIST, 1lR0W\'I~ TILL. _

SILTY SAND, 25-35% GRAVEL (WEATIlERI!IJ GRANITE), COARSE TO FINE -
~'w~~ii~%I~Lia~irir.LA~~~:I~1 MOIST, REDDISH BROWN, GRAY -::

TOP OF ROCK AT 22.5' _

NO RECOVERY.

22.5-2).7 PINK & WHITE GRANITE PEGIATITE, CLOSE JOINTS, F~H

~Y~O~~G~i~TL~~~~~J~I~~~~ ~I~U~~~PAR,-
AND PLAGIOCLAS'!: -23.7-27.5 GRAY! WHITE GNEISS, CLOSE TO VERY CLOSE JOINTS, SLIGHTLlI29.0-31.5 ro MOOERATELY l/FATHERID, HARD TO MODERATELY HARD, VERY _
~~~i~O FOLIATION, MAJOR MINERALS: QUARTZ, PLAG., BIOTITE, _

2).6-24.2 COOLETE l/FATHERED GNEISS, FRIABLE AND SOFT, MUCH -25.1-25.4 CHLORITE, IRON STAIIING.

:t~ ~~OJ~~~T - CLEAN, ROIQI'
II 24.5 200 JOINT WITII SLI(JI!r.Il!LCITE COATING.
: ~:~ ~~OJ~~~~T_-c~ii~ CLAY COATED. _
27.< - 29.400-200 JOINTS, CLOSE TO VERY CLOSE, CLEAN TO SLIGHT -CLAY FILM, SLIGHTLY ROUGH.
~9.8-31.5 MOD.ERATELY TO SEVERELY WEATHERED ill@!§§., VERY CLOSE,00 JOINTS, HEAVY CLAY AND CHLORITE COATINGS, MEDIUM HARD TO SOFT_

GRomm ;:L AT .1'

20 - -~_ 4-7-13

-- r:-
- 8-6-4-
-

10 - ~10- - 120/5"-
-
-- ~3· 13-45-51

0_
20-

~ 61/6"
-1.4'

r--- NX 1 75% 37%

- t;::
- .".

f-- I-----

~
- NX 2 80% 36%-
- ~30 _

f--10 _ - E
-10.4

---
-
-

-
-
---
-
---
-
-
---
-
-
----
-

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER Of BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO01l1VE..A~". ClP j"''''PLE S_P~9.tl~" 0/.1 THE D.LSTAN.CE _StIOW./l. -* INOlCATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2•.1 2 INDICATES LOCATION OF UNDiSTURBED SAMPLE.
, 6 INDICATES LOCATION Of SPLIT-SPOON SAMPLE.Dr INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

~. B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

BORING LOG

MILLSTONE NUCLEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e.WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. V17'.l-G~K-86

AMENDMENl 15 SEPTEMBER J985



NORTHEAST UTILITIES SERVICE COMPANY SH.2:....0F2...

J.O.No.
SITE MILLSTONE NUCLEAR POIIER STATION - UNIT .3 12179 BORING No.-1=L-
TYPE OF BORING -'l'..JfllII. LOCATION Nl233.5 E:46S.0 GROUND ELEV. 19.2'DATE DRILLED _.Ol.5'-14w.J,",/7~5 DRILLED BY _AMJIjR......T...G..ANII-- LOGGED BY 8m
SUMMARY OF BORING SPLIT spooN I:JAMer TIiQ WIm !iXCORE

:z: SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION> ~ ~ WEATHEIIM
~W W ~ w

I~~~
AIlD (lI

..J ILl 0- W w
ROO ~ 0ILl Q.

..J FIELD AND LABORATORY TEST RE8ULTS, 12bLT~WJ#Eo[S<:RIPTION, LITHOLOGY
ILl 14. 14. >-0 ~

..J W Ii g:s~~I:J,I,N:s BEDDING AND FAULTINGCD ll:

~, WIDELY GRADED, 15-2o,c GRAVEL TO 1.5 INCH MAXDIIJM, COARSE TO FINE SAND, LESS THAN 1D.' NONPLASTIC FINES, DRY TO SLIGIITLY DAMP, moWN, YARD FIT.L. (SP-8M)

.
50 R!X:OVl!2lI.

I
~~ POORLY GRADm, 10-15% COARSE SAllD UO GRAVEL TO .3/4 INCH MAXIMUM, MOSTLY FINE SAND, LESS THAN 5% NONPLASTIC FINES, MOIST, RDlDISH BROWN TO BROlIN. (SP) TOP OF FIT.L AT 12.5' -

iaIT.~~SA:\~:;'/~SN~A~~CC~=,.s~~ST~O~~.F~~) --18.5-22.5 ~ OF MIT.KY WHITE qUARTZ AND PINK AND GRAY GRANIY;FRAGMENTED, FRESH TO SLIGHTLY WEATllmED. '-

-TOP OF ROCK AT 22.5

-

-
--
-
-
---

----
--
--

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE OENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO

3~~V~/ 3~~O~B:S~';~~R~PF~~~,J;; ~~6~~E~~J:~lE R~~~W~:~N~~c,:~:
THE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.DV INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDiCATES LOCATION OF NATURAL GROUND WATER TAiLE.

4. RQD-ROCK QUALITY DESIGNATION.

e,B IhUICATES DEPTH. LENGTH, AND SiZE CORING RUN.

6. DATUM IS M.S.L.

'BORING LOG

.MILLSTO~ NUCLEAR POWER STATtON
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE 64 WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. 12179-GSK- 87

AMF:NDMHNT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH.LOF.....!..

SITE MILLSTONE NUCLEAR POWER STATION - UNIT 3 J.O.No.
TYPE OF 8ORtN6 4" MUD LOCATION n2U 6 IJ.28 2
DATE DRILLED 5/12hs DRILLED BY AM.qUCA!!
SUMMARY OF BORING SPLIT SPOON SAMPLING VITH !fX CORI!

12179 BORING No.~

GROUND ELEV. 19 8'
LOGGED BY __RDI _

:J: SAMPLE OVERALL (.) SOIL OR ROCK PESCRIPTION:> ... ... WEATHERNl Xw au ... w
I~ ~

ANO (!)
...J au a. w w

RQD a. 0au II.
~ ...J

gf~~i~~:~BB~~~l~:YA~:~~~IJ~~TSI :2bL T~rX"tJ~OI!SCRIPTIONILITHOLOGY
W I&. 0 I&. >- ..J~IIJ It:l- ID CI: (!)

GROUND EL. AT 19.8 '

- ~ 6-7-8_ , 4

--
-: ~ 46-5H2---

10- 10 - •

- ""J 12-16-20----:,.
- 4 37-42-90

0- 20_

-

-

----

-

--
-----
-

-

ENIJ OF OORING AT 38.0 '

~, POORLY GRADED, 10-15% COARSE AND MEDIUM SAND, MOSTLY FINE SAND, 5-1~ NONPLASTIC FINES, MOIST, DAllJ BROWN WITH ORANGE-BROWN-LAYmS, MICACEOUS. (SP-sM) TOP OF tILL AT 12.5'

-~, WIDELY GRADED, 20-3~ GRAVEL TO 1.0 INCH MAXIMltl, r,OARSE -TO FINE SAND, 5-1~ NONPLASTIC FINES, MOIST, MEDIUM BROW, _(SP-SM)

§!!J!!, POORLY GRADED, FINE TO COARSE, LF.'lS THAN 5% GRAVEL TO 0.5 INCH HAXIHUM, MOSTLY FINE TO II,IDIUM SAND, LESS THAN 5% NONPLASTIC _FINES, DAMP, LIGHT BROWN. (SpJ _

--
§!1.ill., POORLY GRADED, 5-10% COARSE AND MEDIUM SAND, MOSTLY FINESAND, LES:> THAN 5% NONPLASTIC FINES, MOIST, MEDIUM GRAY, TILL•(SP)

SILTY SAND, WIDELY GRADED, LESS THAN 1~ GRAVEL TO .75 INCHMAXIMUM, COARSE TO FINE SAND, 15-2~ NONPLASTIC FINES, MOIST,MOTTLED ORANGE AND DARK aROWN, TILL. (SM)

-..,
...,
~

....
-I....,

-i

DECOMPOSED GNEISS, GREENISH GRAY, SEVERE TO COMPLETELY WEATHERED, :FRIABLE, SOFT. TOP OF ROCK AT 28.0'

109

r
5 38- 45/3"

-- "-
- 6

~

- NX

30 -
---
- -

NX

--
------
----
-
----
--
-----
---
-

-

-8.2'

-10 _

-18.2

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE OENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO.DRIV-E A 2"00 -SAMPL·E SPOON-6"·QR THE -OISl"-ANCE SHOWN..* INDICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

5. B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

;BORING LOG

MILLSTONE NUCLEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e. WEBSTER ENGINEERING CORPORATION
~ DRAWING
~ NO. l?l7')-GSK- 88

AMENDME~I, 15
SE~TEM8ER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH~OF-':"

12179J.O. No. _
SITE MILLSTONE NUCLEAR POWER STATLON - UNIT 3 BORING No.~
TYPE OF BORING 4" 1.fUD LOCATION -.::Nl:::1:.<5~9~.1~E~3e::::e:..:;.4~ GROUND ELEV. '69'DATE DRILLED 5(16(75 DRILLED BY AMERICAN LOGGED BY _...::.;RTD~ _SUMMARY OF BORING SPLIT §POOl ·IWO!LDfO Jll'111 NX CORE

:z: SAMPLE OVERALL 0 SOIL OR ROCK DESCRIPTION:> l- I- I-

~ I! 31
WEATHEIIING % C!Il&I l&I l&I AND

..J l&I a.. l&I RQD a.. 0
l&I IL. l&I IL. c( .J FIELD AND LABORATORY TEST RESULTS, l~hL T\r:tJ~EOESCR'PTIONILITHOLOGY0 a: g~St~:~WNG9 BEDDING AND FAULTING(,!)

§M@, WIDELY GRADED, GRAVEL 5-10% TO 4", FINE TO MEDIUM SAND,
~~~~)FINE, 5-15% NONPLASTIC FINES, LIGHT GRAY DROWN, DAMP, TILL

GRAY GNEISS: MEDIUM GRAINED; THIN,
STRONG FOLIATION, CLOSE TO CLOSE
50 TO 300 JOINTING, ROUGIl SURFACE,
GENERALLY CLEAN WITH OCCASIONAL
BROlIN CLAYEY (TILL) FILLING AND(O~_
GREEN CLAY COATING, MAJOR MINERALS:
BIOTITE, QUARTZ, FELDSPAR. -

-SAPROLITE - LIGHT GREEN GNEISS - FINE TO MEDIUM GRAINFlJ, SHOWS -fUMNANT FOLIATION, SLIGHTLY WEATHERED; SOFT, WEATHERED, CLAYEY;
OVERALL CHLORITE STAINING, OC~3~Ig~AJl06f'k~W)~~,\IIIITE M01"I'LING.

-§M@, WIDELY GRADED, GRAVEL 25-35% TO 1.0': MOSTLY FINE TO MIDIUM -SAND, 5-15% NONPLASTIC FINES, SILT OCCURS IN THIN LIGHT 3LUE _LENSES, LIGHT GRAY BROWN, DAMP. (SP-SM) _

--

-

-
-

-

--

-

-

---

--

~, WIDELY GRADED, GRAVEL 25-30% TO 7.0" MOSTLY FINE TO MEDIUMSAND, 5-10% NONPLASTIC FINES, ASPflALT AND OCCASIONAL WOOD, GRAYMOWN, DAMP. (SP)

--SANDY GIlA VEL, 3UBROUNDED TO 1-25", 20-30% FINE - HEllIUM SAND, LESS THAN 5% NONPLASTIC FINE.S, LIGHT GRAY BROWN, DAMP. TILL. (SW) -
-
--~, IIIDELY GRADID, GRAVEL SUBROUNDFlJ 20-30% TO 1.0", MOSTLY _

~~,~O~~:~rtt~(s~FS THAN 5% NONPLASTIC FINES, GRAY BROlIN, _

-
--
-'

-
-

§Mi!!., WELL GRADED, GRAVEL 5-10% TO .75", FINE TO MEDIUM SANDMOSTLY FINE, LESS THAN 5% NONPLASTIC FINES, GRAY, HOIST. (SW)

GROUND EL. AT 16.9'

~ 5-11-22--
-
~ 23-42-3910 - .

-
10 -

~ 10-19-19---
--
~-

0- - 4 27-17-28

--
20 -

~17-12(}-~--
-
--
~1l-39-4b~

-10 -
-

30 -

,:, 17-43-4 3--
-16.88 -

..-

- NX 1~ 50%--20 _ -
-21.88 -

-
-
-
---
-
-
---
-
-
---
-
-
-

-

- -
-

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOil SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO-DRIVE A '2" -OO·SAMPH--SPGGN6" -DR l'-HE DIS'rANGESHGWN. "*iNOIGAf-£SUSE OF 300 lB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES OENOTETHE PERCENT OF CORE RECOVEREO.

2•• 2 INDICATES lOCATION OF UNDISTURBEDSAMPLE.
" 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7 INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES lOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCk QUALITY OESIGNATION.

~.B INDICATES DEPTH,lENGTH,AND SIZE CORING RUN.

6. DATUM IS Ill.S.l.

.BORING LOG

MIl.L~ NUCLEAR POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e.WEBSTER ENGINEERING CORPORATION

;;.. DRAWING
~ NO. 1?.l79-GSK-89

AMENDMENT 15 SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH2....0F..2:-.

SITE HILLSTONE NUCLEAR POWER STATION - UNIT j J.O.No. 12179 BORING No. _T_-_5__
TYPE OF BORING CASlID, 4" o.DlOCATlON ..;N1;.;;.20;;;;.:.7:.;.5'--...;:E::.;308=.3'-- GROUND ELEV. 1? 9DATE DRILLED 5/15175 DRILLED BY AHmICAN LOGGED BY __...;R;.;:TD~ _SUMMARY OF BORING SPLIT SPOON WITH NI.CORE

:l:t-
SAMPLE OVERALL o SOIL OR ROCK DESCRIPTION:> .... WEATllEIIINIl 55W w t- w

'" >

ANO (!)
I1. w c.J 11. 0~ W a. ~~8 RQD cw IL. ~IL. ~ ~

g:Es~~::J~~:~\~'l>1>1~:YAJgs~Jcll~~TSI 121i T\r:tJ~EDE8CRIPTlONI LITHOLOGYI- m II! 0:::
(!)

~, GRAVEL LESS THAN 5% TO .33", FINE TO MEDIUM SAND,MOSTLY FINE, 20;(-30;( NONPLASTIC FINES, LIGHT GRAY BROWN, DAMP. -(SM)

-SILTY SAND, FINE TO MEDIUM MOSTLY FINE, 10;(-2C1,ll NONPLASTIC -FINES, LIGHT GRAY BROWN, DAMP. (8M)

SILTY SAND, GRAVEL 5%-1C1,ll TO 0.7",FINE TO MEDIIlH SAND, MOSTLYFINE, 1(j-2OiC NONPLASTIC FINES, LIGHT GRAY, MOTTLED WITIl IRON -STAINING, MOIST~ (SM)
~l GRAY GNEISS: - MEDIUM GRAINED, MODERATELY SOFT- SOFT,HIGILY TO SEVERELY \lEATIlERED, EASILY FRIABLE WITH LIGHT GREEN _
CHLORITE STAINING, FELD~~O~~ A~ ~r.:o~S. -

---
-

.
-

---
-
-
---

PINK GRANITE. MEDIIlH TO COARSE GRA INEIl,
MODERATE HARD - HARD, EQU IGRANULAR
SUEIIEDRAL BIOTITE, QUARTl, FELD., -
SLIGHTLY WEATHERED WITH LIGII! IRON _
STAINING, CLOSE - VERY CLOSE JOINTING'
~~~~Siii:~~A~~~~~.AND SLIGHT- _

GREEN GNEISS: AT' 23.8 FINE TO MEDIUM -
GRAINED, SOFT EASILY FRIABLE, HIGllLY
SEVERELY WEAmERED, WITH HEAVY CHLORI'l:!
STAINING, BROKEN ,MUCH OF SAMPLE,

~iH:J:; MEDIUM GRAINED, MEDIUM -
HARD, 45_75° FOLIATION mIN AND STRONG;
MODERATELY WEAmERED, GENERALLY BRO~
INTO 1-2" FRAGMENTS SHOWING IRON AND 
CHLORITE STAINING, LARGEST FRAGMENT
3" LONG DISPLAYING 750 JOINT ALONG
FOLIATION PLANE. --

PINK PEGIATITE - VERY COARSE, HARD, -
SLIGHTLY WEATHERED, BROKEN INTO I" -
FRAGMENTS, LARGEST 3" MAXIMUM SURFACEr:
mON STAINING AND OCCASIONAL COATED
WIm A THIN LIGIIT GREEN WHITE CLAY _
COATING; QTl. AND FELD. MINOR BIOTIT~

G:ILG~iifTEo3~~vk~I~~~. -
BROKEN INTO 2-3" FRAGMENTS, SURFACE -
ROUGH, MODERATELY WE!mERED WITH
OCCASIONAL CHOCLATE BROWN CLAY FILLINCl,
GEN. LIGHT IRON STAINED. _

TOP OF TILL.AT 9.9'

END OF OORING AT 3(,0'

SAND; WIDELY GRADED, GRAVEL ~-25% TO 8d', MOSTLY FINE
TO MBDIIlH SAND, LESS mAN 10;( NONPLASTIC FINES, OCCASIONALLENSES OF YELLOW BROWN SILT, LIGIlT GRAY BROWN, DAMP. (SII-8M)

.roINT AX 23.0, 16°
SURFACE ROUGH, SLIGIITLY
Wl!;AmERED, MODERATE'

?~~,/1~I~~4°, lOo
SURFACE ROllGH, IRON
STAINED WIm THIN

'CUY COATING TO 10".
.rorzr AT 23.6" 451>;
'SURFACE ROUGII, FRESH,
SLIGIITLY WEATHERE!) ,
GREEN GNEISS BROKEN
ZONE AT 23.8'.

--

GROUND EL. AT 17.Q'

_ ~ 10-27-32

-
--
~ 27-35-3R

-
10 - --

10-: ~ 51-87-

- 3 52/6".

...,

--
~

7X6- 93 2'

-
0- -

-
20_

~4.1 - ~5 57*-60*

N 7ff!, 20;(- 1-
-10 _ - f---- INJI 2 2Sf, 0;(

-
30-

-
- r- '---- NX 3 55% 0%-

-18.1 -
-
---
-
-
---
-
-
---
-
-
---

-
---
-
-

-
--
-

I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALL ING 30" REQUIRED TO-VRIV£ -A -2~' GS SAMPI£SPOON-e''-flR 'l'HE'-DISTANCE SHOWN.·*INOICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES OENOTETHE PERCENT OF CORE RECOVEREO.

2•• 2 INDICATES LOCATION OF UNDISTURBEO SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.Dl7INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INOICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQD-ROCK QUALITY DESIGNATION.

5. 8 INOICATES DEPTH, LENGTH, ANO SIZE CORING RUN.

6. DATUM IS M.S.L.

!BORING LOG

MILl...STOf£ NUCLER POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE s WEBSTER ENGINEERING CORPORATION
~ DRAWING

/b,. NO. 12179-G:lK-90

AMENDMENT 15
SEPTEMBER 1985



NORTHEAST UTILITIES SERVICE COMPANY SH....!..OF-!..

J.O.No.
E309 0

AMERICAN

SITE MILLSTONE NUCLlWl POWER STATION - UNIT J 12179 BORING No.~
TYPE OFBOR1N6 eWG 4" LOCATION -Jml.L.'l?lr.:l9~7~__...l,i;w::t..~ GROUND ELEV'._-"l20,,-,2 _DATE DRILLED 5IJ.Lb5 DRILLED BY LOGGED BY__REII _SUMMARY OF BORING SPLIT SPOON WITH NX CORE

SAMPLE OVEIlALL

1
WEATHEIlIHG

~ '> AND

~ ~15~ ROD

SOIL OR ROCK DESCRIPTION

=2~LT\WT1J:';DE8CIlIPTIOHILITHOLOGY

~, LESS THAN lo,r; COARSE TO MEDIUM SAND, MOSTLY VEIlY FINE _SAND, 10-2o,r; NONPLASTIC FIIIF.'l, DRY TO SLIGHTLY DAMP, BROWN,CONTAINS ONE THIN LAYER OF GRAYISH BROWN NONPLASTIC SILT. (8M) _

'IY1P OF r rr.r. A'I' J•. ~ --SILTY SAND, LESS '!HAN lo,r; COARSE TO MEDIUM SAND, MOSTLY VEIlY FINESAND, 20-4o,r; NONPLASTIC FINES, DAMP, BROWN, CONTAINS FEW VERYTHIN LAYERS AT SLIGHTLY PLASTIC GRAY SILT, TILL (SM).

-
&!ill, UNIFORM, 1O-2o,r; COARSE AND MEDIUM SAND, MOSTLY FINE SAND,LESS THAN ~ NONPLASTIC FINES IN TOP J" OF SAMPLE, BOTTa-! ISs-ios NONPLASTIC FINRS, MOIST, BROWN TO GRAYISH 3ROWN, TILL.(SP-8M) --
~, UNIFORM, 1O-2o,r; COARSE AND MEDIUM SAND, MOSTLY FINE SAND,LESS TIlAN 5% NONPLASTIC FINES, SATURATED, GRAYISH BROWN, TILL•(SP)

NO RECOmy. TOP OF ROCK AT 22.0'

-...
...
~-
-
-...
-
--
-

-END OF OORING AT 27.0

-
---
----
-
-
---
-

-

-
-

--

-
I. FIGURES IN BLOW OR RECOVERY COLUMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB. HAMMER FALLING 30" REQUIRED TO

DRIV.E.A .2". .00 SAMP..lE..SP.oON 6." OR.JIlE..OJSTANCE . SIlOWH. *.IHOICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTE
THE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.DV INDICATES LOCATION OF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.

4. RQO-ROCK QUALITY DESIGNATION.

5. B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

BORING LOG

MIl.l.ST'Q\E NUCLER POWER STATION
UNIT 3

NORTHEAST UTILITIES SERVICE COMPANY
STONE e.WEBSTER ENGINEERING CORPORATION

b-.. DRAWING
~ NO. 1217';l..(;,sK-91

ANENDNENT 15 SEP'I'EMBEIl 1985



NORTHEAST UTILITIES SERVICE COMPANY SH.LOF..L

SITE MILLSTONE NUCLEAR POWSR STATION - UNIT 3 J.O. No. 12179 BORING No • ...!::!--
TYPE OF BORING ~~ 4" O.Dt.,OCATION ...:;rr.::=;...1~86~.4:....-....;E::::220=.~J GROUND ELEV. _;;,;20;.::..6:...-__DATE DRILLED 5/16/75 DRILLED BY OO2lICAN LOGGED BY__..;;R;;;;:EII::..... _SUMMARY OF BORING _~SS"/~HX!W:::CO~RE:!<-

_

:z:: SAMPLE OVERALL (,) SOIL OR ROCK DESCRIPTION-> J- J- WEATHERING i:W w J- w I! 3 i
AND (!)

..J
~

tL. W au
RQD

n, 0
W W LL ~ c( ..J

~\fL.fo,~rv:,J-t.~~'t~T~:YAJC}~~lr~~TSI :gbLT~TX"tJ~D£SCIlIPTIONI LITHOLOGY0 l- et:
(!) DESCRIPTIONS

QRomm EL. AT 20 6'

20 -

~, LESS TIlAN 15% GRAVEL TO 1.25 INCH MAXIMUM, COARSE TOFINE SAND, MOSTLY FINE SAND, 10-15% SLIGHTLY PLASTIC FINES, MOIST,GRAY, TILL. (SM)

.2!@, WIDELY GRADED, 15-25% GRAVEL TO 1.5 INCH MAXIMUM, COARSE TOFINE SAND, MOSTLY FINE SAND, LESS THAN 5% NOHPLASTlC FINES, DAMP, _BROWI/ TO ORANGE-BROWI/, LENSE OF SILTY SAND AND GRAY SILT IN OOT- _TOM OF SAMPLE. (SP) _

&l!!l., UNIFORM, LESS 'I1IAN 5% GRAVEL TO 1.5 INCH MAXIMUM, MOSTLY -FINE AND VERY FINE SAND, 5-1rJ1, NONPLASTIC FINES, MOIST, GRAY, -TILL. (SP-Sll) -

--

-
-
-- pr-- 16-16-25

--
- 10 -:

~ 17-25-4510
-
-
- J'-
- ) 50-57-70-

TOP OF TILL AT 6.0'

---

END OF BORING AT 42.0'

-

-

---3AND, WELL GRADED, LESS THAN 10% GRAVEL TO 0.5 INCH MAXIMUM,
COARSE TO FINE SAND, MOSTLY FINE SAND, LESS THAN J1, NOHPLASTICFINES, SATURATED, GRAY, LENSE OF SILTY SAND, TILL. (SW)

)5.0-42.0 GRAY AND WHITE GNEISS, 0_20
0

CLOSELY TO VERY CLOSELY -SPACED JOINtS, SLldiliLi WEATHElilll, SLllmTLY PITIED, HARD, MIDIllMGRAINED, VERY THIN 600 FC'LIATION, JOINTS HAVE SLIGHT CLAY FILM -TO CLEAN.

----

-
--

---
-

'.# 28.0-35.0 SAPROLITE. GREENISH GRAY GNEISS, SCFT AND FRIABLE, -SEVERE TO COMPLETELY WEATHERED, RETAINS RELIC STRUCTURE, FINE _GRAINED, MUCH GREENISH-GRAY CLAY. _

34.5-35.0 GRAY COHPLETELY WEATHERED GNEISS-POWDER FORM, DRY,ill' QUARTZ p<:BBLES, dHlIliRS OF SEVERELY WEATHERED SOFT GNEISS, VERY -!! THIN LENSE OF GRAY CLAY.

~ -
~
i==
~
~

-

20_

,; 38-6&-78
--
-
--
~-- 50-70-78
.--

- NX 1 2rJ1, rJ1,
)0 -

-- "iii1 2 113% -- rJ1,---
- ~ 6rJ1,
~

- J

- lrJ1,

40 -

--
--
-
-
---
--
-
-

o --

-7.1..

-10 -

-20 ,...-
-21.4

-
- -

'BORING LOG

MILLSTONE NUCLEAR PONER STATION
UNIT :3

NORTHEAST UTILITIES SERVICE COMPANY
STONE GWEBSTER ENGINEERING CORPORATION

.~ DRAWING
~ NO. 12179-GSK- 92

.-

~'__"""_--L --1
I. FIGURES IN BLOW OR RECOVERY COLuMN OPPOSITE SOIL SAMPLE DENOTETHE NUMBER OF BLOWS OF A 140 LB.HAMMER FALLING 30" REQUIRED TO.I1RIYE .k.2" _00. SAIIP.LEseOON..6" ..OR'l'HE-llISTANGE SHOWN, * INDICATESUSE OF 300 LB. HAMMER. FIGURES SHOWN OPPOSITE ROCK CORES DENOTETHE PERCENT OF CORE RECOVERED.

2.• 2 INDICATES LOCATION OF UNDISTURBED SAMPLE.
, 6 INDICATES LOCATION OF SPLIT-SPOON SAMPLE.oli INDICATES LOCATII JF SAMPLING ATTEMPT WITH NO RECOVERY.
SUBSCRIPT NEXT TO SYMBOL INDICATES SAMPLE NUMBER.

3. ¥ INDICATES LOCATION OF NATURAL GROUND WATER TABLE.
4. ROD-ROCK QUALITY DESIGNATION.
5. B INDICATES DEPTH, LENGTH, AND SIZE CORING RUN.

6. DATUM IS M.S.L.

AMENDMENT 15 SEPTEMBER 1985



APPENDIX 2.5K

SEISMIC SURVEY

April 1972

Weston Geophysical Engineers, Inc.
Weston, Massachusetts



\VESTON (JE()PHYSI(~,\L ENGINEERS~ INC,.
P ( I "I (I r r 1(' r. 1\ () X \ 'I I,

WESTON. MASSACHUSETTS 1l21c),~

(,I" X'II) 11111,11

April 24, 1972

Northea st Utilities Service Company
Post Office Box 270
Hartford, Connecticut 06101

Gentlemen:

A seismic refraction survey was conducted at the site of the
proposed Millstone Nuclear Power Plant in Connecticut in accordance
with your Purchase Order Number 202144, dated September 2, 1971.
The fie ld work for this investigation wa s performed during the period
of August 9, through 30, 1971.

This investigation was coordinated in the field by Mr. Ralph
Borjeson, Soils Engineer, Stone & Webster Engineering Corporation,
and directed by our supervising geophysicist, Mr. Edward N. Levine.

Preliminary data have been submitted; this is a formal presen-
ta tion of our finding s •

Sincerely,

VJM/ct

WESTON GEOPHYSICAL ENGINEERS, INC.
'\ • ,/1

~~~;/!~-I)
Vincent J. Murphy
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SEISMIC SURVEY

MILLSTONE NUCLEAR PO\tVER PLANT

INTRODUCTION

This seismic survey took place to investigate subsurface conditions

at the site of the proposed Millstone Nuclear Power Plant at I'vlillstone

Point in the Town of Waterford, Connecticut. Lines of investigation were

located in the proposed plant area, along the proposed cooling water intake,

and proposed discharge alignments.

PURPOSE AND LOCATION

The purpose of this study was to determine velocities and depths

of subsurface materials and to prepare a map of bedrock contours in the

site area, based on se ismic survey data •.

The locations of the seismic lines in the plant site area, shown

on Sheet 1, were affected by buildings and construction equipment. The

locationing of the seismic lines in the field was accomplished by \Vcston

Geophysical Engineers, Inc. using the buildings and other landmarks shown

on plans of the site provided by the Northeast Utilities Service Company.

Seismic field work in the plant site area was conducted at night to avoid

the noise caused by construction activity on Unit No.2.

The locations of the seismic lines along the intake and discharge

areas, shown on Sheet 2, were based on survey e l ic nme nts provided by

the Northeast Utilities Service Company. The amount of field work which
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could be accomplished along the discharge line was limited by buildings I

construction equipment, and underground utilities in the proposed plant

site area.

FIELD PROCEDURES

A twelve-channel, photographic recording seismic refraction system

with continuous profiling technique was used in this study. Seismic

energy was generated with explosives along the intake and discharge areas

and along those lines designated "SD" in the plant s He area. Augered shot

holes were used in the plant site area, in the parking lot portion of the

intake, and along the portion of the discharge nearest to the site. Seismic

energy for those lines designated "S" or "W" in the plant site area was

generated by using a drill rig to drop a 600 pound weight from a height

of 20 to 25 fe et ,

Seismic spreads 200 feet in length with 20-foot geophone intervals

and three 10-foot intervals on each end of the geophone cable were used

for more accurate overburden control. Becau se of the exis ting util itie s ,

parking lot, etc , . in the plant site, discharge and intake areas, over

lapped spreads and crosslines were used rather than the normally employed

quarter shots.

RESULTS

The results of the seismic survey are shown on the profile plates
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of this report. Ground surface profile s were constructed from topographic

data supplied by the Northeast Utilities Service Company and from field

observations. Shown on the profile sections are depths to sei smic dis

continuities based on measured seismic velocities. The seismic bedrock

profiles were used to construct the bedrock contour map.

Discussion of Results

Using seismic data alone, materials are placed into broad classi

fications based on the velocity of the seismic wave transmitted through

them. Each velocity value does not have a unique material correlation,

but most overburden and bedrock types fa 11 within particular velocity

ranges.

Since the seismic ve lcc ity is determined by the modulus of

elasticity and the density of the material, the magnitude of velocity is

an indicator to some extent of the "behavior" of the material for design

and excavation purposes.

The seismic velocity of the near-surface, overburden material is

1,500 ft./sec. to 2,000 ft./sec. (VI) which is indicative of a loose,

unconsolidated material.

The seismic velocity range of 5,000 ft./sec. to 5,600 ft./sec.

N2a) is indicative of two types of overburden materials: water saturated

overburden material; moderately dense glacial till. The seismic velocity

of 6,700 ft ./sec. (V 2b) is indicative of a very dense glacial till.
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The velocity values of the till were determined by the closely spaced

seismic cross hole velocity measurements in a series of test borings in

the vicinity of 14 + 00 N. 1 + 00 E. Boring data should be referred to

for more accurate identification of these overburden materials.

Locations where the recorded seismic data did not allow for a

straightforward interpretation are indicated on the profile sections by

dashed lines.

Since seismic methods present average conditions over 200-foot

segments, localized rises and depressions may be undetected. For the

preparation of the bedrock contour map, it was neces sary to generalize and

interpolate data; accordingly, the contour map should be used judiciously.
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SEISMIC AND BATHYMETRIC SURVEY

June 1972

Weston Geophysical Engineers, Inc.
Weston, Massachusetts



WESTON GE()PHYSI(:l\L ENGINEERS, INC.
PI) <; T (1 r r I (: [ H () XI II I,

WESTON. MASSACHUSETTS O.:?I()~

June 13, 1972

Stone & Webster Engineering Corporation
225 Franklin Street
Boston, Mas sachusetts 02107

Gentlemen:

In accordance with your Purchase Order Number E-9909, Job
Number 12179, dated October 15, 1971, a seismic and bathymetric
survey was conducted in the vicinity of Millstone Point, Connecticut,
during the period of November 1971 through February 1972.

Pre l im inary data have been submitted; this is a formal presen
ta tion of our finding s •

Very truly yours,

WESTON GEOPHYSICAL ENGINEERS, INC.

Ric ha rd J. Ho 1t I

RTH:jh
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SEISMIC AND BATHYMETRIC SURVEY

MILLSTONE POINT, CONNECTICUT

INTRODUCTION AND PURPOSE

A seismic and bathymetric survey wa s comp leted during the

period of November I 1971 through February I 1972, in the vicinity of

Mill stone Point I Connecticut.

The purpose of the survey was to contour the bottom and the

bedrock surface in areas of pos sible future intake and discharge struc

tures.

DESCRIPTION OF SURVEY

The bathymetric survey was conducted using a continuous

recording fathometer. Ca libration wa s constantly checked during the

period of this survey. The instrument error is les s than 0.5 percent.

The continuous recordings of this instrumentation, adjusted for tidal

variations, were used to construct the bottom contour maps included in

this report.

The seismic survey was conducted using both seismic refrac

tion and seismic reflection techniques. Detailed profiling of the bed

rock surface wa s obtained in some of the area using continuou s reflection

techniques. This method provides measurements of the elapsed travel

time for a sound wave to travel to and return from a reflecting horizon.

2.5L-l



Velocity va lue s for the different materia Is, a s determined from the

seismic refraction survey, were used to compute depths to the reflect

ing horizons. Those areas where the continuous reflection profiling

technique cou ld not penetrate bottom materia Is are d iscu s sed in the

following section of this report. The seismic refraction method yields

velocity data for use in computing depths from the reflection data as

we 11 a s indicating the type of overburden materia 1 and qua lity character

istics of the bedrock. The thicknesses of the overburden material above

the bedrock are computed ba sed on the relative velocities of the over

burden and bedrock.

Seismic energy for the refraction survey wa s generated by

means of an air gun in order to avoid danger to aqua tic life. Energy for

the continuous reflection survey was generated by means of an electro

mecha nica1 device.

The approximate locations of the four areas of investigation as

outlined by Stone & Webster Engineering Corporation are shown on Figure 1.

Positioning for the bathymetric and seismic surveys wa s provided by

Offshore Navigation, Inc., using a radio-navigation system consisting

of a mobile base station on board the survey boat and transponders located

at a combination of two or more fixed transponder sta t ion s a s shown on

Figures 2 through 5. The base station control for stations Bay Peint,

Millstone and Fox were provided by Northeast Utilities Service Company

2.5L-2



using the Millstone Plant grid system. The coordinates of station

Attawan to an accuracy of ±9 feet were determined by Offshore Naviga-

tion, Inc. using the other three transponder stations and a number of

Shoran three-way fixes.

RESULTS

The results of the bathymetric and seismic surveys for each of

the four areas are shown on the contour maps included with this report.

Also included in this report are location (track) maps for each of the four

areas, describing the amount and density of the seismic coverage. The

maps included in this report are indexed as follows:

Bottom Ge nera lized Bedrock
Area Contour Map Contour Map Track Map

I Sheet 1 Sheet 2 Sheet 3

II Sheet 4 Sheet 5 Sheet 6

III Sheet 7 Sheet 8 Sheet 9 & 9A

IV Sheet 10 Sheet 11 Sheet 12

Velocities of the overburden material range from 5, 000 ft ./sec.

to 5,400 ft ./sec. which is indicative of saturated granular or silt-clay

overburden material. Identification of this material should be made from

borings since the seismic compressional wave velocity is indicative of

the water media and not of the overburden material. The seismic veloc-

ities of the bedrock range from II, 000 ft ./sec. to 13,000 ft ./sec. which

2.5L-3



is indicative of sound bedrock. A seismic velocity of 7 I 000 ft ./sec.
~.'-'"

to 8 1000 ft ./sec. was noted in a small section of Area IV. This

velocity range can be indicative of weathered bedrock or dense glacial

till.

The generalized bedrock contour maps were constructed from

both seismic reflection and seismic refraction data in Area I as well as

around and to the west of the 2 I 000 W. grid line in Area III. The con-

tinuous reflection profHer could not penetrate the bottom materials in

the remainder of Area III and Areas II and IV. A relatively dense I near-

surface overburden layer probably prevented penetration by the low

energy continuou s reflection method. The poor reflection area s were

profiled by the seismic refraction method. The refraction data did not

indicate any changes in the velocity of the overburden materials.

Shallow bedrock is indicated on the contour maps by hachured

area s . Judicious use of the bedrock contour maps is warranted in those

area s of shallow bedrock since the contours represent an "average II

bedrock surface.

2.5L-4



N I A N

AREA OF OPERATIONS
(APPROXIMATE)

T I Cr;;:\
BAY ~ -----

AREA
4

AREA
:3

2.5L-5

Figure 1



N . U
1 t"1 I 0
')

"1 ~
. C ...., (l) N

L
O

C
A

T
IO

N
:

~ Z -
i o

m ~ ~

S
ta

ti
o

n
l\

tt
a
w

a
n

1:
-;

lo
c
a
te

d
n

e
a
r

N
ia

n
ti

c
,

C
o

n
n

e
c
ti

c
u

t
a
t

th
e

re
si

d
e
n

c
e

o
f

M
r.

S
te

v
e

T
o

th
I

re
si

d
e
n

t
e
n

g
in

e
e
r

o
f

N
o

rt
h

e
a
st

U
ti

li
ti

e
s.

T
h

e
st

a
ti

o
n

m
ar

k
e
r

is
th

e
TV

a
n

te
n

n
a

lo
c
a
te

d
o

n
th

e
so

u
th

si
d

e
o

f
th

e
re

si
d

e
n

c
e

o
f

M
r.

T
o

th
,

T
h

e
H

ir
ex

tr
a
n

sp
o

n
d

e
r

w
a
s

ra
is

e
d

o
n

a
2

0
fo

o
t

al
u

m
in

u
m

p
o

le
an

d
st

ra
p

p
e
d

to
th

e
TV

a
n

te
n

n
a
.

z o ::0 -
i

X tT
l
~ en -
i c -
i

r -
t ""en (:
)

;
J
~

o en ~ (I
)

-
i ""z:

-<
)(

en
II

II

~
+

1
-- -0 ""

-t
"

-
C

I
I

~
C

D
- -- •• S~
~ ~ Z

M
0

r-
0

M <
Z

:t:
-

....
.:)

Z
t-

-f

IT
I

0 z
0

..
-
i

N 0
- 0

....
....

.
C

ro (1
)

--
i

,...,
.



STA. BAY POINT---
x= (-) ',18~feet

Y : (+) 1,31 7 feet

CONNECTICUT
ELEVATION: 60 feet

NORTHEAST UTILITIES GRID SYSTEM

ll\Waterford
'Jij II.

NIANTI C

BAY
• Black Rk. \..~---..

LOCATION: Station Bay Point is located at Bay Point, Connecticut
near the Mills tone Point Power Sta tion.

The station marker is a brown four by four that extends
18 inches above the ground. It is located adjacent to
the last manhole cover on Bay Point on the southern tip
of the point.

Figure 3
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STA. MILLSTONE-- CONNECTICUT
x: (f)

Y: (-)
441 f••'
894 f••,

ELEVATION: 50 feet

N~THEAST UTILITIES GRID SYST EM

~----

Waterford II.

NIANTIC

BAY

STA. MILLSTONf- .

';;" Rk.
~ little Rk.

LOCATION: Station Millstone is located at Millstone Point,
Connecticu t on the 150 foot weather tower.

Figure 4
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STA. FOX CO~JNECTICUT

)(: c+) 1.741 feet
V : (-) 70~ tt,t

ELEVAT] 0 N: 25 fee t

NORTHEAST UTILITIES GRID SYSTEM

NIAN TIC

B A V

LOCATION: Station Fox is located on Fox Island, near
Millstone Point, Connecticut. Fox Island
and Millstone Point are now one land mass.

\;wotr.. IL

The station is marked by a concrete disk 6 inches in diameter flush
with the '.;:') ~(l' with a half inch bolt protruding 4 inches above the
surface of the ground. The marker is inscribed "ONI 72".

Figure 5
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I NTRODUcr ION

In accordance with the commitment made in the Millstone Unit 3 Preliminary
Safety Analysis Report, Section 2.5.4.6.9.1,1 a "Report on Laboratory Tests
and Bearing Capacity Determination of Proposed Select Granular (Structural)
Backfill," dated July, 1974, and the subsequent addendum dated November,
1974,2 were submitted to the NRC. That report and addendum document the
required testing necessary to certify suitable structural backfill mate
rial sources. The material reported on, and subsequently approved, for
use as structural fill was from the Romanella property in North Stonington,
Connecticut, designated therein as Sample "R." To date, this material has
been used as structural fill for all nuclear safety-related structures
and pipelines. Recently, material represented by Sample "R" has been in
short supply due to a natural change in gradation of the soils at the
borrow pit, requiring a search for additional sources for structural
backfill. Presented herein are the results of a similar testing pro-
gram performed on three proposed alternate fill sources, located in
the towns of Preston, Canterbury, and North Stonington, Connecticut.
Backfill from all three of these sources meets the criteria for struc
tural fill described in the Millstone 3 PSAR. It is proposed that these
fill sources be approved as an alternate material to the Romanella source.

MATERIALS AND TESTS

Structural backfill materials described in this report were obtained from
three different borrow pits in the vicinity of the Millstone site:

1. The Preston pit, located in the Town of Preston, approxi
mately 25 miles northeast of the site,

2. The Canterbury pit, located in the Town of Canterbury,
approximately 30 miles north of the site, and

3. The North Stonington pit, located in the Town of
North Stonington, approximately 25 miles northeast.
of the site.

The locations of the pits are shown in Figure 1. Each of the three backfill
materials is processed at the respective pit by means of passing the soil
through a screen, ensuring that the maximum particle size is within accept
able limits for a backfill material. 3

For this test program, samples from each pit were obtained from a stockpile
delivered to the Millstone site; the samples tested are thus representative
of the processed borrow material as it would be delivered to the site. The
test program specified tl~t samples from each stockpile be tested in accord
ance with the following procedures:

1. Grain Size Analysis of Soils - ASTH 0422, no hydrometer
test required

2. Moisture Density Relations of Soils Using 10 Lb IlamIl1Jller
and 18 In. Drop - Asr;··..! D1557 J on material finer than the
U.S. Standard Sieve No.4 fraction of the smnple

2.5M-1



2

3. Drained Direct Shear Tests, on specimens 10 cm square by
3 cm high at a 10 cm/hr rate of displacement, on material
finer than the U.S. Standard Sieve No. 4 fraction of the
sample, compacted to 90 percent and 95 percent of maximum
density determined from the minus No. 4 fraction of the
sample

For information and comparison, results of earlier tests on samples from
the three borrow sources are included in this report. These tests are
as follows:

1. Specific Gravity of Soils - AStM 0854

2. ~bisture Density Relations of Soils Using 10 Lb Hammer
and 18 In. Drop - ASn~ D1557, on material finer than
u.s. Standard 3/4 in. sieve

The results of all tests are shown in Figures 2 through 14.

DISCUSSION OF TEST RESULTS

Grain Size

Grain size analyses of samples from the three pits indicate that each soil
is a well-graded sand and gravel, with a maximum particle size of 3 in. and
having less than 12 percent by weight passing the No. 200 sieve. As shown
ill Figure 2, each sample is similar in gradation wi th the limits represented
in Section 2.5.4.6.9.1 and Figure 2.5.4-16 of the Millstone 3 PSAR. The
coefficient of uniformity, Cu, for all samples varies from 38 to 50, indi
cating a widely graded soil, and tne coefficient of curvature, ec, varies
from 0.50 to 1.10. Due to limitations imposed by the size of the direct
shear box, samples used for strength testing consist of only the minus
No. 4 fraction of the backfill. The resulting shear strengths are
therefore lower than the actual value would be in the field. Table 1
presents the proposed gradation for Seismic Category I structural backfill.
These 1imits have been expanded from those specified in the addendum of
November, 1974,2 to account for the natural gradation variations which
naturally exist between different borrow sites.

Density

The results of the modified Proctor moisture-density tests are presented in
Figures 3, 7, and 11 for the minus No.4 fractions and in Figures 4, 8, and 12
for the minus 3/4 in. fractions for the Canterbury, Preston, and North Stonington
pits, respectively. Each soil is characterized by a well-defined moisture-density
curve typical of granular materials. Consistently high values of maximum density,
similar to the maximum density of 137.5 pcf for Romanella material reported in
Figure 2.5.4-18 of the PSAR and 136.4 pcf reported for Sample "R," on July, 1974,
were obtained in the test program. The max imum density for the minus I~o. 4 frac
tion tests is consistently less for equal compactive efforts, by approximately

2.5M-2
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5 to 12 pcf, than the maximum density of minus 3/4 in. fractions, and it can be
assumed that the minus No. 4 maximum density is also less than the max~num den
sity attainable at the site on the whole sample. Consequently, testing the minus
No. 4 fraction results in values of shear strength more conservative than would
be expected for the whole soil fraction. A comparison of the maximum densities
for each fraction is presented in Table 2.

Shear Strength

Drained direct shear tests were conducted on 10 em square by 3 cm high samples
of the minus No. 4 fractions of the respective borrow soils compacted to 90 per
cent and 95 percent of the maximum densities determined from the modified Proctor
tests on the minus No. 4 fraction. Consequently, the total densities of the
samples at the start of testing were lower than the total densities expected
at the site, making the test program more conservative than the actual site
conditions. Results of the direct shear tests are shown in Figures 5, 9,
and 13 for the Canterbury, Preston, and North Stonington pits, respectively,
and the fraction angles are tabulated in Table 1. Each failure envelope is
based on tests run at normal pressures of 2.0 and 4.0 tsf.

The minimwn shear strength values at 95 percent of maximum density varied
from 35.0 degrees for the Preston pit to 39.4 degrees for the Canterbury
pit. For 90 percent of maximum density, the minimum shear values varied
from 34.0 degrees for the Canterbury and North Stonington pits to
34.6 degrees for the Preston pit. Every value reported equaled or exceeded
the design criteria established in the Millstone 3 PSAR, i.e., a shear
strength equal to or greater than 34 degrees, and all of the values tested
at 95 percent compaction were greater than or equal to the design values
reported in July, 1974. 2

CONCLUSIONS

Based on the results of tests and discussions presented herein, processed soil
from the Canterbury, North Stonington, and Preston pits is suitable for use as
backfill for Seismic Category I structures and pipelines for the following
reasons:

1. Material from these pits satisfies the gradation requirements
for structural fill represented by Figure 2.5.4-16 and
Section 2.5.4.6.9.1 of the Millstone 3 PSAR.

2. The maximum dry density of material from the Canterbury,
North Stonington, and Preston pits is within the range of
maximwn densities reported in the Mi l l s tone 3 PSAR and a
subsequent report dated July, 1974, describing the currently
used structural fill, represented by Sample "R".

3. The material from the Canterbury, ~orth Stonington, and
Preston pits, when compacted to 95 percent of the maximum
densi ty determined by ASTI\1 D1557, exhibits higher shear

2.5M-3
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strength values than previously assumed in the
Millstone 3 PSAR and subsequently established as a
basis for design in the report of July, 1974.

4. The shear values reported in Table 1 from direct shear
test results are conservative estimates of the shear
strength of the structural backfill because:

a. The minimum value for each direct shear
test failure envelope is reported

b. The direct shear tests are run on the
more uniform minus No.4 portions of
each sronple, giving lower values of
shear strength tlmn for the widely
graded sand and gravel which would
be used in the field as structural
backfill.

2.5M-4
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Table 1
Representative Maximum Density and Shear Strength Values for Proposed Fill Sources

Backfill Source Ydmax Ydffiax <P@ 95% ep@ 90%
(-3/4") (-#4) Ydmax (-#4 ) Ydmax (-#4 )

Preston Pit 135.8 pcf 131.0 pcf 35.00 34.60

No. Stonington Pit 148.0 pcf 136.1 pef 37.90 34.00

Canterbury Pit 140.0 pcf 131.6 pef 39.40 34.00

Sample "R" 136.4 pcf 129.5 pcf 41.50

Table 2
Proposed Gradation Llllits for Category I Structural Backfill

u.S. Standard % Passing by
Sieve Size Weight

3" 100

3/4" 70-100

3/8" 60-90

#10 35-65

#40 15-40

#100 0-25

#200 0-15

Coefficient of Uniformity, Cu = D60/D1o~10
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STONE & WEBSTER ENGINEERING CORPORATION COM~ACTION TEST REPORT

CL....T oJ......... T••T ..UM".

Northeast Utilities (NUSCo) 12179 MD-SFM - 170
"'T& MT"

Millstone Ita. Jan 1976
"~LOIUlTION TV" ANt» ... n••• UMPLa MUM".

Bag Sample from Canterbury Pit ('.r-~ •
lIU ·v

TVPE OF COMPACTION. ~TM lJl."", Metho~O'AMET£~ OF MOLD:
h n IN .. D, -#4 Fraction

WEIGHT OF HA~~EQ: 10.0 L6 CLASSIFICATION OF SOIL: SP-SM

FALL OF HAMMER. : 18.0 IN.

NUMBER. OF LAVERS: 5 LL: 'PL: IPI:

&LOWS PER LAVER: 56 SPECIFIC GRAVITV: 2.78

MAXIMUM DR.Y UNIT WEIGHT· 131 6 PCF. •

OPTIMUM WATER. CONTENT: 7.1 %
0 NATURAL WATER CONTENT: 0/0

\ I
\~

\ \0
1\

~
~ ~.a

:: \
o·

\ \~
\ \ \~
\ \ \to

-:~ \ \~V "-. W \\
(f) \\

I \ \\ ...0 ~
t 0 ~~ ~~~

~ \ \/ \
I \\ \ \

~

\ 1\ ~ \
~\ \ \

r\

\ 1\ ~, \
\ \~

13

130

125
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t
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~
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o
5 10

WATE.~ CONTENT, 0/.

Fig. 3
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STONE & WEBSTER ENGINEERING COIPORATION COM~ACTION TEST "EIIORT

C"'.....T .J .......... T ••T MUM...

NORTHEAST UTILITIES (NliSCO) 12179 -
"'TII MT&

~..~!Lr, (.:'I'0~TF: .3
.,.- 9 SEPT 7,

"~"CMlAT~ TV" AND ......'-.
BAG ':>A~··fP.L~ FRON CANTERBURY PIT CANTERBURY PIT

TVPE OF COMPACTION: ~~4P1557 ID) DIAMETER OF MOLD: 600 IN.-3 "Fract on

WEIGHT OF H....~P.4EQ : 10.0 LB CLASSIFICATION OF' SOIL:

~ALl.. OF HAMMER. : 18 IN. SANDY GRAV~L (OW)

NUMeER. OF LAYE2S: S LL: IPL: IPI:

&LOWS PER LAVER. : 56 SPECIFIC GRAVITV: 2.78 (DET .)

142 MAXIMUM OIl.V UNIT WEIGHT: 139.98 PCF'

OPTIMU~ WATER. CONTENT : 7.0 %
141 NATURAL WATER CONTENT:

1C

: \
I

I

i\
!\

\
I \

I \

9

!

'\

\
\

;\

8

\ \ \
\ \ '\

7

!
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I
/
/

/
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/

4
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2

J
I

1

i ·1+1: i I I I
I
i

132 o

133

140

b 139Q. .

135

..
~ 138
~.

~
137

1::z
::J

136
~o

WA-rE.R CONTf.~T, 0/.
Fig. 4

2.5M-10



STONE & WEBSTER EtlGINEERING CORPORATION DIRECT SHEAR TEST SU"'-1~ARY

C('I~Ml

NORTHEAST UTILITI&S (Nuseo)
..1.0. NUMa&... C;XVL~ATION TVPE AND NUM••Q.

BAG SAl-:FLE
.ITE

OAT~ 5 ......U)L~ NUMl.\li.rUiiMILLSTONE POINT 22 JAN 76 CANTERBURY
TYPE OF TEST: DRAINED SPECIMEN SIZE: 10 SQ CM BY 3 eM HIGH

TYPE OF SPECIMEN : C01~~?ACTED RATE OF DISPLACEMENT: 10.0 lO1/I-m

SAMPLE NUMBER

PERCENT COMPACTION
.J
<i

DRY UNIT WEIGHT, Yd (PCF)~

z
VOID RATIO, eo

~-J NORMAL STRESS, O-n (TSF)wO
~(f)

u.. 2
VOID RATIO, ec<{au

SHEAR STRESS, 1:'f (TSF)

STRESS RATIO, 'l.f / O"n

1 2 3 4

90* 90* 95* 95*

121.1 121.3 127.8 127.8

0.382 0.380 0.309 0.309

2.0 4.0 2,,0 4.0

0.357 0.346 0.297 0.288 I

1.59 2.70 1.69 3.28 l
0.795 0.675 0.845 0.820

~v
/0

39./~I '/
/ ~ ./

;' ~

/ /34.0°
~/ -:·0

CJ><..J">' ./

;; Vo,~"I> c; . 40<:-
~/~0~1'> I

~~• /" o,a'1> Shear tests performed on the fraction1
.~~ of soil passing the No.4 sieve.

I
1
I

, 11
; ,.; 2 3 ~ '5 6

NOQMAL STR.ESS ~ Gn - TSF

Fig. 5 .... _. -
~ ~



STON~ & WEBSTER ENGINEERING CORPORATION DIRECT SHEA'l TEST REPORT

CLI~"'T

NORTHEAST UTILITIES (NUSCO
.s.0. WUMB£fit

12179
Ii,XPLORATION 'TVP£. ANO NUMBE.R.

BAG SAJ1PLE
SI'TE,

t-1ILLSTONii:

OAT E , •..•-

22 JAN 76
'SAMf."Lr: t.JUMl.\1!.RS

CANTERBURY

I I I I I I I
PERCENT NORHAL STRESS ( rsr )

COl1PACTIO!~ -b.9- J.L&...

90 • 0

95 a 0..
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STONE Ir WEISTER ENGINEERING CORPORATION COM..ACTION TEST "EfIORT

a._..,T .J............ T ••T MUM".

Northeast Utilities (NUSCo) 12179 MD - SFM - 168 .
"Ta ~T&

Millstone 12 Jan 1976
"~L""tOM TV'" ....D ...,..••• ~... MUM".

Bag Sample From Preston Pit Preston

TVPE ~ COMPACTION' ASTM D1557,Method D OlAMETER OF MOLD: 6.0 IN.'- 114 Fraction

WEIGHT C1F HA~~£Q: 10.0 L6 CLASSIFICATION OF SOIL: SP - SM

f"ALL OF HAMMER. : 18.0 IN.

NUMaER. OF LAVERS:
5 LL: J PL: -- IPI: ----

&LOWS PER LAVER. : 56 SPECIFIC GRAVITV: 2.78

2015

MAXIMUM DR.Y UNIT WEIGHT' 131 0 PCF

105

. .
OPTIMUM WATER. CONTENT: 8.0 o~

NATURAL WATER CONTENT: 0/0--
\\ \ I
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WATE.Q. CONTENT, 0/.
Fig. 7
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STOllE & WHSnp. ENGINEErW:G CORPORATION' CO:\~?ACTION l-EST RcPO:~T

CL1El.J"r a.o. NUMDER 'TE~T NUMUI!R.

nORTI11~J\srl1 UTILITIES (nUSCO) 121?9 -'- ..
err u .r : DATE

HILLSTOHE 12 SEP 74...._----_. __ .__._----_._---
t:.XPLOlv\-rIUN TYPE, AND NUMC[;.R 5AMf-'L.E. NUM8L:.R r

BAG SAEPLE FROB PRESTON PIT Preston

TYPE OF COMPACTION : ASTM D1557 (n) DIAMETER OF MOLD: 6.0 IN.
-3/4"Fra~~ioE-

WEIGHT OF HAMMER: 10.0 LB CLASSIFICATION OF SOIL: SP-SH

rALL OF HAMMER: 18.0 IN. GRAVELLY SA11D

NUMBER. Or- LAYERS: 5 LL: - IPL: - IPI : -
BLOWS PER LAYER: 56 SPECIFIC GRAVITY: 2.78 (DET. )

MAXIMUM DRY UNIT WEIGHT: 135.8 PCF

OPTIMUM WATER CONTENT:

NATURAL WATER CONTENT:

I
I

140
lL
U
a
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X
~
w
~

. 135....
z
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&
0

130

1-' ~~-o\0:> ° ~~\0 o~
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~
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\ \ \ ~ ~--J-.+-4---f-+---!--t-~
\ \

2010

WATER CONTENT J %

Fig. 8

5

Compact t on test pcrformed\ on \
I--f- minus 3/4 Ln , fraction~ \-1i th -J,lr-L-\-.+---.J--~-+--+---~~

repl~cement of gravel sizes to .~~~4--+--~-4---~~~
~f- keep percent sand the Sa!l18 as in - \
~f- origin31 gradation~~~~~\~41~\~_\+~~~~~~_~~

I I LI I I 1\ \ \~
125 o



STONE & WEBSTE!t ENGINEERING CORPORATION DIRECT SHEAQ. TEST SUMMARY

~""'T ..1.0. NUMac ... IlXPJLottATION TV"'~ AND NU....CA.NORTHEAST UTILITIES (NUSCO) 12179 R~G SAl-IPLE
.IT&:

OAT" SA"CPl.&. NUMa"'UtMILLSTONE 21 JAN 76 PRESTON
TYPE OF" TEST: DRAINED ISPECIMEN SIZE: 10 SQ CH BY 3 CM HIGH
TYPE. OF SPECIMEN: COMPACTED IRATE OF DISPLACEMENT: 10.0 MM PER HR

TEST NUMBER 1 2 :3 4

PERCENT COHPACTION * 90 90 95 95.J
ci

DR.Y UNIT WEIGHT, Yd (PCF) 124.6I- 118.1 117.9 124.5
2

VOID RATIO, eo 0.417 0.419 0.343 0.343
OlJ NORMAL STRESS, an (TSF) 2.0 4.0 2.0 4.0wO
t-Cf)
&.1. 2

VOID RATIO, e c 0.377 0.359 0.296 0.308
~o

u

W SHEAR STRESS, Lf (TSF) 1.38 2.78 1.40 2.92~
::> STRESS RATIO, "Lf / O-n 0.689 0.695 0.701 0.729 I.J

~ I

cj>~= ARC TAN Lf/a-n (OEG)
I

34.6 34.8 35.0 36•1-Jt(
VOID RATIO, ef 0.376 0.299 0.294 0.312

*Maximum density 1.31.0 PCF determined on -#4 fraction using modified effort

I4 35.0cL / I
V:(~ I

/
-/34.6

~t%:3 c'IV>-

.~~?'IV>- ~ c
~C+ ~ 41o~~ -::r

2I- .y(!)

#zw
tx

V V)0-
en
~ 1 /~

/'-c

I
w
J:
(/)

I

00 1 2 3 4 5 6 7

NOQMAL STR.ESS~ O-n

Fig. 9



Sf-ONE & WE8STER ENG:NEERING CORPORATION DIRECT SHEA51 TEST REPOSC,.

CL.II.NT

NORTHEAST UTILITIES (NUSCO)
ILXPLOAATION 'TVP£ ANO NUMBE.R.

BAG SAMPLE
I

I

alTI:

MILLSTONE
DATE

21 JAN 76 r:
SAMPLE NUMaE.RS

PRESTON

14122 4 6 8 10

HORIZONTAL DtSPLACEMENT - mm

-.c;

0

8

~1.....
r~ .... 1 ~

~
~- -

~
r- ~ ~ I "'\)

?
6

,Iff/)V
JV PERCENT Nt'b.\f.AL STRESS (TSF)4 r; COMPACTION 2.0 lu.Q

90 0('I •
2 111 95 • 0,

r'

0

I
I

5

I
)

I
..

~

~~ ~~

Q~ V""' ~'r-"
<V

-......[ ~. I
~ I __ --:~.

) r--o...... i-. i ....
D~ ~

,.,

-

....
J:
t!l
laJ
:r
~

w (
(!)
2
<{
J: 0.5
U 0

1•

•tf
't> o.

,.
0

~ o.Of

(J)
(/)
1&.1a... o.(/)

o.

E
E

o.

1.

Fig. 10 2. 5M-1 6



STONE Ir WEBSTER ENGINEERING CORPORATION COM~ACTION TEST REPORT

CU.-T oJ............ T ••T MUM__

Northeast Utilities (NUSCo) 12179 MD - SliM _ lhQ
"Til ~T"

Millstone - 8 Jan lc)76
U~LOIIATION TV'" AND NU" •••

SAMPL& ...,.,.._..

Bag sample from No. Stoninrlon Pit No St.orrl rurt.on

TVPE OF COMPACTION : ASTM D1557, Method OIAMETER. OF MOLD: IN.D, -#4 Fraction 6.0

WEIGHT OF ~A~MEQ : 10.0 L6 CLASSIFICATION OF SOIL: SP _
8M

F"ALL OF HAMMER: 18.0 IN.

NUMBER. OF LAVERS: 5 LL: ) PL: IPI :

&LOWS PEA. LAVER: 56 SPECIFIC GRAVITV: 2.86

2015

MAXIMUM OilY UNIT WEIGHT' 136 1 PCF

105

. .
OPTI~UM WATER. CONTENT: %6.6

NATURAL WATER CONTENT: - CYo

1\ I

\ 1\ \~
\

\ \1>\
7 \, \ \~",

\ \ \~.
6 ;;1.. \,

\ \
Po

1\ Ul

\

\\\
5 ':" 4\ \

\ \ I,
...-

V \I

W.\
I \tJl

4 o·

f \ u
\\ \\

\ ~ -g '8
i '/ ~\ ~ "?/4. ~

/
3 .7 \\/ ~

2
\ \ \

\ \
1

.\ \ \
\ \ \i

\ \ \

o

13

13

13

13

13

13

13

La..
U
Q.

t:
2
:J

&o

WATER. CONTENT, 0/.
Fig. 11
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STOh~ 6 WEBSTER ENGiNEERING (OP.PO~ATlON COMPACTION TEST REPORT

-----,
I

CLIENT .J.O. NUM&£A:, .J:"T NUMiiiTi>-
NORTEEAST UTILITIES (NUSCO) 12179

IDA~r:;;;~-?5 --1~--
_.

.,r,r-s."Te.

l-1ILLSTOHE
~-- . ._.- tS:\"'~PL.E-·NuMe~-1I!.XPL.ORAI,ON TYPE ANO NUMBF.R.

NORTH STONIKGTOn BAG SAMPLE lNo.StoninD'ton I

ASTM D1557 (D) i
TYPE OF COMPACTION· DIAMETER OF MOLD: 6.0 I f\J. I.__________._._~LI.!t_.F;ractJ,.Qn - .- ---l
WEIGHT OF HAMMER: 10.0 LB CLASSIFICATION OF SOIL: i

1------ "--- I
F"ALL OF HAMMER: 18 IN. SANDY GRAVEL (GW - ON) I
NUMBER. OF LAYERS: 5 LL: - IPL: - IP[ : ~-J
BLOWS LAYER: SPECIFIC GRAVITV:

:
PER 56 2.86 I

PCF I
I

% I
I

148.0
----

5.9

MAXIMUM DRY UNIT WEIGHT·

OPTIMUM WATER CONTENT:

NATURAL WATER. CONTENT:
L--- o/~_J

148 ~--+--+--+----+--t

142

2 3 8 9 10

2.5M-18



STONE & WESSHR ENGINEERING CORPORATION 01RECT SHEAR TEST SUMMARV

c;"UttolT

NORT1L~A.S·r UTILITIES (NUSCO) 12179
t;XPL(;'RATION Ty,.a: AND NU....&R.

BAG SAHPLE
OAT"

MILLSTONE 19 JAN 76 NORTH STONINGTON

TYPE OF' TEST: DRAINED ISPE.CIMEN SIZE: 10 CM SQUARE BY 3 CM HIGH

TYPE OF SPECI~J1EN: COMPACTED 1RATE OF DISPLACEMENT: 10.0 MM/HR

TEST NUMBER 1 2 3 4

-J PERCENT COMPACTION
~
.... DRY UNIT ~EIGHT) Yd (PCF)
2

VOID RAT10, eo

90*

122.7

0.363

90*

122.6

0.366

95*

129.3

0.294

95*

129.3

0.294

~ ~ NORMAL STRESS, O-n (TSF)
t-<n
u. 2< 8 VOID RATIO, ec

2.0

0.273 0.311

2.0

0.274

4.0

0.234

uJ SHEAR STRESS, L'f (TSF)
~

:3 STRESS RATIO, Lf/ ern
~, /ep =ARC TAN Lf an (OEG)

~
VOID RATIO, ef

0.704

35.1

0.261

2.70

0.675

34.0

0.296

1.62

0.808

38.9

0.280

0.778

37.9

0.214

*}mximtnn density 136.1 PCF determined on -#4 fraction using modified effort

4t----t---t---t---t---+---t-_t---+--+---+---+----J-----4--1

fil 3E-c

I

~..
:I... 2
(!)
z
W
0:
)-
(f)

c:i 1c(
uJ
:r:
en

V
r---t----f----+---+----1I----+--+---4--37 • ':)0_..--_-+-_--+-_-+-_~

/V
/0 34 1l1..l-0 -t--_-+-_-+-_-+-_-1

~~rI---+---+---~-_+_-_+_. ~<f'."L---I.;iC---t-----iI---i----+---4----i-----'
cP ~

~ ·0
~<-j 0-c,>V");

t---+----I---+---I--/ ~ C,o~~ -1----+-----+----+-~-__+--4-~

~o'i ~o+

7652 3 4

NOQMAL STR.ESS~ O-n-· TSF

1

O~-""'-----I-----.l-----L.---I_-.L--...i---1-----L._ __JL.-_J.-_...L-_ _J__ ___J

o

Fig. 13



STONE & WEB)TER EN\iINEERU~G CORPORATION DIRECT SHEA'! TEST REP05<T

<:LI~NT

NORTHEAST UTIT.lITIES (NUSCO)
SITE

MILLSTON3:

.1.0. NU....E.R. EXPLORATION 'TVP£' AND NUM8ER,

12179 BAG SM-1PLE
DATE 'SAMPL.« NUM8E,QS

19 JAN 76 ,r-- NOR'11J! STONINGTON

i

1~ i

I
1210

- mm

864

HOQ1ZONTAL DISPLACEMENT

I I I I I I I
PERCENT NORMAL STRESS (TSF) -

COMPACTION .k.Q.... 4·0
-

90 • 0

95 • [J -
,

/ - -r-s.;/ /
"'

r,

I ~~
~ ..J~~~-':::::: )

r---r-u --.. .......... ~

iii. A
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-IIr I
I
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t I
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I •
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~~~ I ;

l~~
i:r"'\ .

---.J...L.:..l'~~
_-.I- I --r

0.2

1.0

1.2

o

E
E

0.5

~ (+)
\!J-l.IJ
1: 0

Z
W (-)
(!)
z
~ 0.5 ~
u

Fig. 14 2.5M-20
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