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1.0 Executive Summary

1.1 Purpose

This Historical Radiological Assessment (HRA) has been prepared by Portsmouth Naval
Shipyard (PNS) pursuant to the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA) and the Superfund Amendments and Reauthorization
Act of 1986 (SARA). The purpose of this HRA is to catalog and present over 30 years of
radiological environmental data within the framework of the CERCLA process and within
the pathway scoring protocol of the revised Hazard Ranking System (HRS).

Volume I of this HRA addresses radioactivity associated with the Naval Nuclear Propulsion
Program (NNPP). Volume II addresses general radioactive material (G-RAM), including all
non-NNPP applications of radioactivity (both Radiological Affairs Support Program (RASP)
material and any site-related medical applications). Different branches of the Navy are
responsible for these categories of radioactivity, and different historical practices have
applied.

1.2 Background

Portsmouth Naval Shipyard was first authorized to accomplish NNPP work in July 1958.
The first nuclear submarine built at PNS was launched in late 1958. In May 1959, the first
nuclear submarine overhaul and refueling began.

Since 1959, the shipyard has conducted overhauls, refuelings, defuelings/inactivations, and
shorter restricted availabilities on almost every type and class of nuclear-powered submarine.

Beginning in 1957, before any radiological work was performed or a nuclear-powered ship
was berthed at the shipyard, a baseline study of the radiological environment of the shipyard
and surrounding waters was conducted. Radiological environmental monitoring has
continued through the present. Results are forwarded to the NNPP headquarters which, since
1966, has published an annual report with distribution to other Federal Agencies, States,
Congress, and the public.

Independent cross-checks of analytical results and independent surveys ofthe harbor have
been an integral part of this program since its inception. These independent verifications
have been consistent with NNPP and shipyard results and conclusions.

1.3 Findings

Since 1970, no radioactivity associated with the Naval Nuclear Propulsion Program has been
detected in any sediment, harbor water, or marine life samples. Of all the radiological data
collected by the Shipyard, the Environmental Protection Agency, and the States of Maine and
New Hampshire, the only radioactivity remaining that is attributable to Naval nuclear
propulsion plants is a trace amount of cobalt-60 in the lower level of a double-tiered service
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trench, and in a small section of capped storm drain pipe left embedded in the granite
seawall. This radioactivity is a result of an inadvertent liquid release in 1966 near the
now-deactivated radiological repair facility (Building 233; November 30, 1966 entry in
Table 5-4).

The cobalt-60 in the controlled lower tier of the service trench is fixed in the concrete
construction materials and is radioactively decaying in place. Survey results indicate that the
radioactivity is not leaching from the construction materials. The radioactivity in the small
section of storm drain pipe is fixed on the internal surface and is radioactively decaying in
place. The storm drain pipe was plugged and filled with concrete to prevent radioactivity
from leaching to the environment.

1.4 Conclusions

This HRA concludes that: (a) the berthing of and work on nuclear-powered ships at PNS
has had no significant adverse effect on the human population or the environment of the
region; (b) independent reviews by the Environmental Protection Agency and the States of
Maine and New Hampshire are consistent with this conclusion; and (c) the trace levels of
cobalt-60 found in the controlled service trench and small section of capped storm drain pipe
near Building 233 do not require remediation, since the low levels of cobalt-60 are fixed in
place and pose no significant health or environmental consequences. PNS concludes that no
additional characterization and no remedial actions are necessary as a result ofNNPP
activities at the shipyard.
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2.0 Introduction

2.1 Background

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
of 1980 established a process whereby past private sector disposal sites were scored for
environmental contamination, and remedial action initiated where warranted. Federal
facilities were not included within CERCLA; however, under Executive Order 12316 of
August 20, 1981, the President directed the Department of Defense (DOD) to conduct similar
evaluations of their installations.

By the mid-1980's, most DOD facilities had been evaluated. These initial assessment studies
were conducted for Naval shipyards and operating bases where nuclear-powered ships were
maintained and berthed. The Portsmouth Naval Shipyard Initial Assessment Study (lAS),
Reference 1, was completed in 1983.

During 1986, DOD realigned its programs to be more consistent with those of the
Environmental Protection Agency (EPA) in the private sector. Initial Assessment Studies
paralleled the Preliminary Assessments and Site Inspections of CERCLA. Confirmation
Studies paralleled the Remedial Investigation and Feasibility Studies of CERCLA.

The Superfund Amendments and Reauthorization Act (SARA) of 1986 required that Federal
agencies comply in the same manner and extent as private entities and allowed Federal
activities to be placed on the National Priorities List (NPL). Executive Order 12580 of
January 23, 1987 gave additional jurisdiction to the EPA for Federal facilities on the NPL.

SARA also directed the EPA to revise its Hazard Ranking System (HRS) used to score sites
undergoing the CERCLA process. This was completed and the revised HRS was published
in the Federal Register in December 1990.

The EPA scored PNS under the revised Hazard Ranking System. Data collected during the
1983 lAS, Reference 1, was used in this scoring. The 1983 lAS and the revised HRS scoring
did not include consideration of any past releases of radioactivity associated with NNPP
work since the emphasis during these efforts was on industrial and chemical pollutants. Due
to past chemical disposal and control practices, EPA proposed PNS for listing on the NPL in

,1993. PNS was listed on the NPL on May 31, 1994.
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2.2 Purpose

This Historical Radiological Assessment (HRA) was produced to provide a comprehensive
review and assessment ofthe impact of radiological operations at PNS. This assessment is
organized in a format similar to the standard Preliminary Assessment (PA) protocol used by
the EPA within the CERCLA process. This format was chosen as a vehicle that is in
common use and is easily understood.

Environmental radiological data collected for PNS is cataloged and presented within the
pathway evaluation protocol of the PA. Additional environmental data collected by the EPA
and the States of Maine and New Hampshire, and the EPA's independent conclusions, are
included in the relevant sections of this assessment.

Section 8 of this assessment addresses each pathway along with the salient data results
contained in previous sections and evaluates estimates of radiological impact to the public
and to the environment from PNS operations.

This assessment is historical in that the regulatory and policy changes that have occurred
during the evolution of the NNPP are included as an explanatory supplement to the analytical
results.

2.3 Methods

2.3.1 Counting Terminology

"Gross gamma" spectrometry systems used for counting environmental samples are currently
calibrated to respond to gamma energies between 0.1 MeV and 2.1 MeV, and thus detect a
combined total of all radionuclides with gamma energies between 0.1 and 2.1 MeV. (The
gross gamma energy range for counting systems used from 1966 through 1977 was between
oand 2.0 MeV). Similarly, "cobalt-60 energy range" gamma spectrometry is used to identify
total gamma radioactivity in the range of 1.1 to 1.4 MeV. Where activity in this range is
above 1 pCi/g, radionuclide-specific gamma spectroscopy analysis is performed to determine
whether cobalt-60 is present or whether all the activity is due to other (natural or fallout
related) radionuclides. For some analyses (e.g., modem environmental monitoring of
sediment, water, and biota samples), radionuclide-specific gamma spectroscopy analysis is
performed regardless of measured gamma levels.
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Spectrometry detectors, whether sodium iodideor germanium, have conversion efficiencies
which vary as a function of the incident gamma energy. This means that in order to
determine the amount of a given radionuclide in a sample, the efficiency of the detector for
that specific radionuclide would have to be determined using a known source of that
radionuclide. Alternatively, a source containing known quantities of several radionuclides
wi~h gamma energies ranging from about 0.15 MeV to about 2.0 MeV can be used to
construct an efficiency curve for the detector.

A simpler approach is to assign the efficiency for a particular radionuclide to all energies
between the upper and lower limits of the region of interest. For the NNPP, cobalt-60 is the
most predominant radionuclide and has the most restrictive concentration limit in air and
water of all the radionuclides identified in Naval reactor plants. If all of the radionuclides
with gammas occurring within a given band of energies are quantified by using the efficiency
of the most limiting radionuclide, the resulting calculated quantity will conservatively
overestimate the actual radioactivity for the radionuclide of concern.

Gross gamma, cobalt-60 equivalent is the quantity of all radioactivity in the gamma energy
range of interest (0.1-2.1 MeV) calculated using the efficiency value of cobalt-60. Cobalt-60
energy range radioactivity is calculated using the cobalt-60 efficiency for all energies
between 1.1 MeV and 1.4 MeV.

Natural background radionuclides generally have only one gamma per disintegration, of
lower energy than cobalt-60's two gamma's (potassium-40 is an exception). Hence, actual
background radioactivity is likely higher than measured and reported by this procedure. This
is acceptable since background radioactivity is not of concern in these "gross gamma" and
"cobalt-60 energy range" measurements. (This is also the basis for the term "cobalt-60
equivalent activity," since instruments are calibrated for pure cobalt-60 activity.)

When radionuclide-specific gamma spectroscopy analyses are performed, germanium
detectors are used. "Actual cobalt-60 radioactivity" or "specific cobalt-60" is the amount of
cobalt-60 only, based on the counts in the 1.33 MeV photopeak and the efficiency ofthe
detector at that photopeak using a known cobalt-60 source in a geometry equivalent to that of
the sample.

2.3.2 The Investigatory Process

The pathways, targets, and potential release mechanisms described in this HRA were used to
guide the process of selecting the information to be reviewed in preparing this assessment.
During the course of the investigation, they were used to gauge the adequacy of the historical
record of radiological work at PNS.
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Information descriptive ofPNS was in large measure taken from recent Navy Installation
Restoration documents. Navy and PNS correspondence and history files were reviewed to
ensure all potential source terms of radioactivity were identified. Navy and PNS historical
records were reviewed to ensure that an accurate account is presented of past requirements
and practices.

All available records related to release, monitoring, and waste disposal were reviewed to
determine: where radiological work was performed; what the environmental impact of
radiological operations has been; and the history of radioactive waste disposal. Records were
reviewed to determine if any inadvertent releases of radioactivity to the environment were not
immediately remediated. Records of areas formerly used for radiological work were
reviewed to determine whether all such areas have been appropriately released from
radiological controls in accordance with all applicable requirements. A more detailed
discussion of the specific types of records reviewed, and the results of that review, are
contained in Section 5.

2.3.3 Interviews

Interview with about a dozen long-term and previous employees were conducted to examine
whether the body of documented records is complete. Prior to asking specific questions, the
purpose of the interview and a brief background on the HRA was given to the interviewee.
Topics discussed during the interview included the employee's position, responsibilities,
periods of employment, and involvement in selected elements applicable to the HRA. The
employee was specifically questioned if any environmental releases had occurred that were
not documented in the HRA, whether any disposal of radioactive material had occurred on
site, and whether any radiological practices documented by historical records forming the
basis of this HRA had changed. No cases of unreported environmental releases of
radioactivity or unauthorized disposal of radioactive material were identified, nor were any
past radiological practices reported to be different from those documented in this HRA.

Interviews with long-term employees and retirees were also conducted during preparation of
Reference 1 (1983 lAS for PNS). The subjects of past waste-processing and disposal
operations were emphasized in those lAS interviews. Information from those interviews was
reviewed for this HRA. Radioactivity was not raised as a concern in those interviews.

2.3.4 Units

Units used throughout this report include: pCi/1 00 cm2 (picocurie per 100 centimeters
squared), pCi/g (picocurie per gram), kcpm (thousand counts per minute), /lCi/ml
(microcurie per milliliter), Ci/yr (curie per year), mrern/hr (millirem per hour), and /lR/hr
(microroentgen per hour). A further explanation of a particular unit can be found in the
glossary.
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3.0 Site Description

3.1 Site Name and Location

Portsmouth Naval Shipyard
Kittery, Maine 03904
CERCUS ID#: ME7170022019

The Portsmouth Naval Shipyard (PNS) is situated within the town limits of Kittery, in York
County, Maine. PNS is located on an island in the Piscataqua River referred to as Seavey
Island, with the eastern tip given the name Jamaica Island. Attached by a rock causeway is
Clark's Island which is not industrialized. PNS is joined to the mainland by two bridges into
Kittery. The Piscataqua River is a tidal estuary which forms the southern boundary between
New Hampshire and Maine. PNS is located at the mouth of the Great Bay Estuary
(commonly referred to as Portsmouth Harbor), two miles from the Atlantic Ocean.

The shipyard is located at 43° 04' 54" North latitude and 70° 44' 45" West longitude. Figure
3.1 is a copy of four spliced 7.5 minute quadrangle maps, for the Portsmouth, Dover East,
.york Harbor, and Kittery quadrangles. The shipyard is clearly designated. Circles of 1/4,
1/2, 1,2,3, and 4 mile radii are shown. Figure 3.2 is a vicinity map of the shipyard. Figure
3.3 is a land map showing PNS as a continuous land surface consisting of the original islands
and filled land. Figure 3.4(a) - (e) are historical photographs of PNS taken in 1956, 1966,
1972,1982, and 1992. Figure 3.5 is a drawing of the shipyard identifying building numbers,
pier and berth designations, etc.
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Figure 3.1

7.5 Minute Quadrangle Maps
(Circle radii are 1/4, 1/2, 1,2,3, and 4 miles)
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Figure 3.4 (a)

PNS Photographs
1956
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Figure 3.4 (b)

PNS Photographs
1966
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Figure 3:4 (c)

PNS Photographs
1972
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Figure 3.4 (d)

PNS Photographs
1982
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Figure 3.4 (c)

PNS Photographs
1992
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Figure 3.5

PNS Site Map
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3.2 Site History

3.2.1 Type of Site

PNS is a public shipyard dedicated to the repair, overhaul, and modernization of nuclear
submarines. The shipyard now consists of 278 acres, with 4.5 miles of shoreline, 10.5 miles
of paved road, 7 miles ofrailroad track, three drydocks, and 330 buildings.

3.2.2 Navy Ownership History (Reference 2)

In April 1798, Congress established a Navy Department separate from the War Department.
Plans were made for the establishment of a Navy Yard in the Portsmouth, New Hampshire
area. After a survey of possible sites, Dennett's Island, a 58-acre island in the Piscataqua
River adjacent to the Kittery shore, was bought on June 12, 1800.

Dennett's Island was the site of one ofthe oldest U.S. Navy Yards to be established.
Although a small garrison was provided in 1806, little activity took place until the War of
1812. In April 1813, Captain Isaac Hull, fresh from his dramatic victory as Commander of
CONSTITUTION over the British frigate SERAPIS, became the first Commandant of the
Portsmouth Navy Yard. Ship construction began shortly thereafter. The first ship built, the
74-gun ship-of-the-line WASHINGTON, was launched in July 1815 and served as flagship
of the Mediterranean Squadron until 1818. The first steam vessel built at the Portsmouth
Navy Yard was the side-wheel frigate SARANAC, 1,238 tons, launched in November 1848.

In April 1861, the Portsmouth Navy Yard was placed on a war footing and the keels of two
9-gun screw propulsion steam sloops were laid down. One of these, KEARSARGE,
commanded by Captain Raphael Semmes, achieved lasting fame when she sank ALABAMA
off Cherbourg, France in 1864. In 1863 and 1864, two 4-gun ironclads were constructed.
During the Civil War (April 1861 - May 1865), a total of26 ships were built at the
Portsmouth Navy Yard.

The Portsmouth Navy Yard expanded in 1866 with the purchase of Seavey's Island, about
three times the size of Dennett's Island. The islands were separated by the narrow Jenkin's
Gut, which would later be converted into the 750 foot Drydock 2, and the rest filled in to
make one large island now called Seavey's Island in its entirety.

The Spanish American W;:rr in 1898 brought a brief boom in ship overhaul and repair work.
At this time, funds were appropriated for the construction of new facilities and buildings
including the Dispensary, Power Plant, Supply Building, Drydock 2, Foundry, and the Naval
Prison.

The facilities at the Portsmouth Navy Yard were not large enough for the construction ofthe
huge steel battleships and cruisers required by the Navy after 1890. In all, about 43 surface
vessels were built for the Navy at the Portsmouth Navy Yard, the last being in 1912.
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• The Portsmouth Navy Yard became the center of world interest in 1905. At the invitation of
President Theodore Roosevelt, envoys from Russia and Japan met at the Portsmouth Navy
Yard to discuss terms for ending the Russo-Japanese War. Russia and Japan had been
fighting for dominance of Korea and Manchuria. The delegates met on the second floor of
the new Supply Building (now known as Building 86). Here, on September 5, 1905, the
Treaty of Portsmouth was signed ending the war between the two empires.

In 1914, the Navy Department was in need ofa Government yard to produce the newly
important submarine. The Portsmouth Navy Yard, with its tradition of excellent ship work,
was selected. The first Navy-constructed submarine, the L-8, was launched here in 1917, and
completed the following year. Upon the entry of this country into World War I, funds were
authorized for a more extensive submarine building program at the Portsmouth Navy Yard,
and seven additional undersea craft were under construction during the war years. In
addition, a considerable number of surface ships were overhauled or repaired, and large
numbers of electrical fittings and fixtures were manufactured.

From 1917 to 1941,33 submarines were completed. Many more were repaired and
overhauled, including one French and three British submarines. During this period, the
Design Division acquired the necessary skills to become one of the leaders in submarine
design.

In 1942, the Government purchased Jamaica Island for use as an ammunition storage area
and the channel between Jamaica Island and the Portsmouth Navy Yard was gradually filled
Ill.

Seventy-five submarines were built during 1942-1945. Also, two submarines, SS298 and
SS299, which had been started at Cramp Shipbuilding Company in Philadelphia,
Pennsylvania, were towed to the Portsmouth Navy Yard for completion. Thirty-two
submarines were completed during 1944; and on one day, January 27, 1944, four submarines
were launched. Building time per submarine was reduced from 469 calendar days in 1941 to
173 calendar days in 1944. In addition to new construction, 40 submarines and 34 surface
craft were overhauled or repaired. By December 1943, the Portsmouth Navy Yard reached a
record peak of 20,466 employees.

With the end of World War II, Portsmouth Naval Shipyard (renamed in 1945) entered a new
era and was assigned the task of developing new and improved designs for submarines and of
converting several older types into streamlined models capable of greater speeds and longer
submergence time. .

Beginning in 1958, Portsmouth Naval Shipyard (PNS) was authorized to perform Naval
Nuclear Propulsion Program work. PNS was the first Government shipyard to build a
nuClear-powered submarine. The submarine SWORDFISH was commissioned in September
1958. In 1959 PNS completed SEA DRAGON, the first submarine to transit the Northwest
Passage under the polar ice cap. Also in 1959, Clark's Island was purchased. A causeway
was established between Seavey's Island and Clark's Island, but Clark's Island was never
industrialized.

3-12



PNS has been instrumental in some of the principal advances of submarine design.
ALBACORE, reputedly the fastest and most maneuverable submarine of the time and
forerunner oftoday's high-speed nuclear fleet, was designed and built at PNS. The
hydrodynamic shape pioneered by ALBACORE has been used for all U.S. submarines since
1959.

Submarine construction at the yard terminated in 1971 with the delivery of SANDLANCE
(SSN 660), a nuclear attack submarine of the SSN 637 or STURGEON Class. Between 1917
and 1971, 134 submarines were produced at PNS.

Since 1971, the workload at PNS has consisted of a continuing program of attack and fleet
ballistic missile submarine overhaul and repair.

On November 17, 1977, the National Park Service, Department of the Interior, entered the
Portsmouth Naval Shipyard Historic District on the National Register of Historic Places. The
district includes over 50 acres of land, and 54 buildings and structures. The shipyard
qualified for the Historic Status because of its shipbuilding and repair function throughout
U.S. History, its unique industrial site, and its historical and architecturally significant
buildings. From the early colonial period to the present day, this shipbuilding and repair site
served first the British government, then the revolutionary colonies and, finally, the United
States, through the eras of sail, steam, and nuclear power. The shipyard represents one of the
country's earliest complete industrial operations.

3.2.3 Site Activities

Portsmouth Naval Shipyard is a large industrial complex capable of providing the full range
of industrial, manufacturing, and technological processes required for overhauling and
repairing the modern high technology nuclear-powered submarines of the U.S. Navy.

In the specific case ofNaval Nuclear Propulsion Program work, which is the focus of
Volume I of this HRA, all of the engineering disciplines, trade skills, quality assurance
inspectors, and radiological control personnel are available to accomplish electrical and
mechanical service to nuclear propulsion plants. These range from simple valve repairs to
refueling ofthe nuclear reactor. A few of the typical services performed are listed below:

.• Minor valve repair
• Major valve overhaul or replacement
• Piping system repair or alteration
• Calibration of mechanical and electrical measuring instruments
• Motor and generator overhaul
• Repair and calibration of electrical equipment
• Test and inspection of components and systems
• Refueling/defueling
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Numerous activities support this work such as nuclear engineering and planning, supply,
radiological controls, quality assurance, machine shops, and administrative groups required
to plan and execute tasks as complex as overhauling a nuclear-powered submarine.

3.3 Site Description

3.3.1 Site Land Use

The physical features of the shipyard are discussed above and sho,wn in Figure 3.5. Two
thirds of the land area within the boundaries of the shipyard is covered by structures or is
paved with concrete and asphalt. The shipyard is divided internally into a Controlled
Industrial Area and non-industrial area. The Controlled Industrial Area where NNPP work is
conducted is mostly (about 95%) covered with paving or structures.

All of the piers, drydocks, and work facilities accomplishing Naval Nuclear Propulsion
Program work are within the Controlled Industrial Area. Radioactive material shipments
traverse the non-industrial area but are stored within the Controlled Industrial Area, with the
exception of spent fuel railcars ready for shipment and radioactive materials in short-term
storage awaiting laboratory analysis at Building H-1. As a result ofthis division, the non
industrial area of the shipyard is not considered a potential source ofNNPP radioactivity
entering the environment. (One area near Building 233 contains trace amounts of cobalt-60,
as identified in Section 1.3.)

Since most of the work that is accomplished on the reactor plant is done onboard the ship, the
shipyard facilities dedicated to radiological work are relatively small. The primary
radiological work facility is contained within Building 291, and totals less than 15,000 square
feet.

Building 96 within the Controlled Industrial Area is designated as a radioactive material
storage area. The Building 291 tank storage area (attached to the North end of Building 291
adJacent to Berth 13B) is also designated as a radioactive material storage area and is used
primarily for the storage of portable effluent collection tanks.

The remaining buildings in the Controlled Industrial Area are shop areas, warehouses, and
administrative areas that do not contain radiological material associated with the Naval
Nuclear Propulsion Program. Open paved areas are used for storage of non-nuclear materials
and large equipment associated with ship repair functions. Certain isolated paved areas are
used for temporary storage of packaged radioactive materials as noted in Table 5-7.

3.3.2 Demography & Adjacent Land Use

The shipyard is located in Kittery, Maine, about 1 mile northeast of Portsmouth, New
Hampshire on the north side of the Piscataqua River. The shipyard is located in a region of
New England that is predominantly made up of small rural towns.
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At the time of the 1990 census, approximately 2.43 million persons resided within the
50-mile radius from the shipyard, with 81,799 within 10 miles and 5083 within 1 mile of the
shipyard. Table 3-1 shows the population density and population for principal centers within
50 miles of the shipyard.

Table 3-1
Population and Population Density of Cities

Within 50-mile Radius of Portsmouth Naval Shipyard

City/State Population Density Total Population
(Persons Per Square Mile) (1990 Census)

Portland, ME 2848 64,358
South Portland, ME 1947 23,163
Biddeford, ME 690 20,710
Sanford, ME 428 20,463
Manchester, NH 3017 99,567
Nashua, NH 2578 79,662
Concord, NH 560 36,006
Rochester, NH 589 26,630
Portsmouth, NH 1662 25,925
Dover, NH 938 25,042
Lowell, MA 7114 103,439
Lawrence, MA 9462 70,207
Lynn, MA 6018 81,245
Haverhill, MA 1443 51,418
Peabody, MA 2787 47,039
Methuen, MA 1732 39,990

Figures 3.6 and 3.7 are computer generated constructs of7.5 minute maps with the
population by standard zone and sector divisions overlain. A zone is a 22.5 degree arc with
Zone "A" centered on geographic north and Zones B, etc., increasing clockwise. A sector is
a one-mile, five-mile, or ten-mile annular segment. Population data is based on the 1990
census data.

Additional population data based on current occupancy (1997) at PNS and surrounding areas
was obtained to determine one-quarter and one-half mile radius (as shown on Figure 3.1)
population estimates. Within the one-quarter mile radius there are approximately 30
permanent residents and a total population of approximately 1420, when PNS workers are
included. For the one-half mile radius there is a total population of approximately 4410 of
which approximately 1100 are permanent residents.
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Figure 3.6

Population Map 50 Miles
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Figure 3.7

Population Map 10 Miles
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• The majority of radiological work occurs around drydocks 1 through 3, including Building
291. Land use around the shipyard is shown on Figure 3.8. Land use within a one mile
radius circle, as shown on Figure 3.1, is described by quadrants in the following paragraphs.

The southwestern quadrant includes a portion ofthe City of Portsmouth in the State of New
Hampshire. Portsmouth's waterfront land is nearly fully developed and consists of many
uses. Today there are areas of commercial, industrial, residential, and public/semi-public
land use along the Piscataqua River.

The northwestern quadrant contains a portion of Kittery's Downtown District in the State of
Maine. This area is predominantly a residential community. Kittery's land along the
Piscataqua River is virtually all designated for residential use. Areas of commercial and
industrial uses are very limited in this quadrant as shown on Figure 3.8.

The northeastern quadrant also contains a portion of Kittery's Downtown District. This area
is predominantly a residential community. Kittery's land along the back channel is virtually
all designated for residential use. Approximately one-third of the shipyard is located within
this quadrant.

The southeastern quadrant encompasses approximately two-thirds of the shipyard. The
remaining lands in this quadrant are located on the New Hampshire side of the Piscataqua
River. These include the residential areas of Frame Point, Shapleigh Island, and Goat Island.
Also included is a portion of Pierce Island which is a public recreational area.

3.3.3 Physical Characteristics

This section describes the geology, seismology, and geohydrology of the region around the
shipyard as they relate to infiltration of contaminants into ground waters, mobility and
transport via the ground water, and confining features that preclude area-wide distribution of
introduced potential contaminants.

The transport and distribution of materials in the local ground water is, in part, a function of
the local and regional geological morphology and stratigraphy. Studies sponsored by the
U.S. Navy have been conducted into the geology and hydrology of the Portsmouth Harbor
area. The reports from these studies, References 1 and 3 through 7, were used for
information presented in this section.
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• 3.3.3.1 Topography (R~ference 1 )

The shipyard is located in the Seaboard Lowland Section of the New England Province. This
is a region characterized by low undulating topography that rises gently to the Lakes Country
and the White Mountains to the northwest. The low hills in this region are covered with
glacial drift, or are drumlins, composed of glacial till.

The Maine sea coast varies in its physical characteristics. It is a complex physical
environment consisting of low-land marshes, tidal mudflats, bays, channels, rock islands, and
promontories. These conditions impart an extreme irregularity to the coastline.

As shown on Figure 3-3, the present configuration of the Portsmouth Naval Shipyard is a
result of expansion by landfilling outward (i.e., the connection of Jamaica and Dennett's
Island with Seavey's Island). Therefore, although the Seavey area is a relatively flat land
mass, it does have some minor topographic variability. In general, elevations at the shipyard
range from 10 to 20 feet above high water.

The fill area between Jamaica Island and Seavey's Island is known as the Jamaica Island
landfill. This 25 acre site is located in an area that was originally open tidal flats (see Figure
3.9). Over a 20-year period (1946-1967) the tidal flats were filled in with many kinds of
materials. Construction/demolition debris, excavated materials, and general rubble and trash
were deposited in the area. Reference 1 provides a more detailed list of the contents of the
Jamaica Island landfill.

3.3".3.2 Geology (Reference 3)

The islands composing PNS are formed on bedrock highs with thin veneers of glacial till,
recent alluvium, and/or fill materials. The bedrock is likely part of the Merrimack Group
which includes the Kittery, Berwick, and Eliot formations. These formations consist of a
spectrum of coarse-grained to fine-grained meta-sedimentary rocks that have been folded,
faulted, and metamorphosed. The resulting cleaved rocks consist of schist, phyllite, and
slate. The general structural trend is northeast (strike or faults and fold axes). Plutonic rocks,
primarily granite, diorite, and quartz monzonite, have intruded the Merrimack Group and
occur in generally lenticular bodies that parallel the structural trend.

As a result of erosion, the bedrock formations have been leveled and now have a gently
uneven surface of low relief. The bedrock surface is masked by unconsolidated deposits. On
hills and ridges, the bedrock is veneered by glacial till, a result of the most recent glaciation
(Wisconsinan). Other unconsolidated materials, located along the coastal areas, consist of
beach deposits and tidal flats. The beach deposits, tidal flats, and glacial till (identified as
intervals of unsorted gravel, sand, and silt) all exhibit fairly high hydraulic conductivities.
The rest of the overburden consists of man-emplaced fill, which consists of a wide range of
sizes, shapes, and materials and was generally observed to be moderately to highly
permeable.
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3.3.3.3 Ground Water Sources and Uses (References 3 and 4)

Ground water is encountered within both the unconsolidated materials and bedrock at the
facility. In general, the unconsolidated materials appear to be moderately to highly
permeable. Bedrock permeability is generally less than that of the unconsolidated materials.
Ground water in the bedrock occurs principally in fractures, resulting from strain along folds.
These fractures intersect and enable ground water to travel in various directions. Near
bedrock surface, fractures are pervasive because of weathering of the rock. With depth, the
size and interconnectedness of the fractures generally decrease, potentially limiting the
movement of ground water.

Ground water levels at PNS are shallow and appear to be controlled by the bedrock surface
topography and by the thickness of glacial till and fill material overlying bedrock or former
tidal flat areas.

Since 1902, potable water has been supplied to PNS from the Kittery Water District through
two, twelve-inch mains. There is no record that on-site ground water has been used as a
source of drinking water since 1902.

Reference 5 states that there are four (4) municipal wells and seven hundred and seventeen
(717) private wells within the four mile radius ofPNS. The closest drinking water well to
sources at PNS is located on Gerrish Lane in Kittery, Maine.

Ground Water Flow in the Vicinity of the Shipyard

Ground water flow directions on-site vary depending on ground surface topography, the
thickness and composition of on-site overburden, bedrock-overburden contact-surface dip,
and tidal influence, but overall ground water flow directions are from the original island
interiors toward the island coastline. Recharge to ground water is derived from local
precipitation and tidal effects.

Ground Water Quality (References 4 and 6)

A human health risk assessment was performed for freshwater wells at PNS in 1994, based
on a conservative assumption that ground water might be used as a source of drinking water
under residential conditions at some time in the future. This assessment utilized unfiltered
ground water data. Saline and brackish wells were also assessed qualitatively. Tables 2-3
and 3-2 of Reference 6 summarize the analytical data obtained. Analysis of water samples
for radioactivity was not performed as part of these assessments.

Reference 4 addresses additional ground water monitoring at PNS. The ground water
monitoring will involve several rounds of ground water sampling. The first round was
completed in December 1996. A sampling protocol for radionuclide analysis will be
developed and used in a future round of ground water sampling.
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3.3.3.4 Surface Water Sources and Uses (References 1 and 7)

The Portsmouth Naval Shipyard is a well developed, highly industrialized area with limited
natural surface-water drainage. Two ponds exist on Seavey's Island. Water levels in these
ponds are controlled by a drainage system which was constructed to control flooding. The
drains carry water from the ponds directly to the Piscataqua River. The shipyard is equipped
with an extensive storm water collection system which also drains to the Piscataqua River.

The Piscataqua River hydrology is not characteristic of traditional inland fluvial hydrology.
The Piscataqua River, Little Bay and Great Bay, and seven converging rivers form the Great
Bay Estuary. Seavey's Island is located at Portsmouth Harbor, the mouth of the Great Bay
Estuary. The harbor's main channel is approximately 75 feet deep (mean low water) and the
back channel is approximately 20 feet deep (mean low water) in the vicinity of Seavey's
Island.

While the Piscataqua River is used for commercial and recreational fishing, Portsmouth
Harbor has been closed for shell-fish harvesting since August 1946 due to elevated levels of
coliform bacteria.

The Portsmouth Harbor area affords a variety of aquatic habitats. The harbor's physical
conditions, coupled with the tidal influence, lead to local variations in substrate composition,
salinity, water depth, and current velocity. Habitat variability also extends into low-lying
intertidal areas that include mudflats, marshlands, and rock-littered shallows.

Benthic investigations, as part of a dredging study in 1976, revealed differences in faunal
communities with respect to substrate characteristics. The soft-bottomed harbor areas were
found to have the greatest species diversity. These areas were dominated by starfish, sand
dollars, barnacles, gastropods, amphipods, polychaetes, mussels, and a number of clams. The
hard substrates are inhabited by hydroids, bryzoans, gastropods, barnacles, and mussels.
These areas also support a variety of macroalgae such as Ascophyllum, Fucus, and
Laminaria. Lobsters, a commercially-important species, and several genera of crabs (Cancer,
Carcinus, and Cagurus) occur in both soft and hard-bottomed areas.

Fish communities in the Portsmouth Harbor area include both resident and migratory species.
Common residents include flounders (winter, smooth, windowpane, and possibly yellowtail),
atlantic cod, sculpins (shorthorn and longhorn), sea raven, hakes (red, white, and silver),
ocean perch, dogfish, skates (little clearnose and barndoor), pollock, and cunner.

Migratory fish use this area as both a zone of passage by anadramous fish and as seasonal
habitat by other species. Anadramous migrations generally occur from mid-April through
mid-June and from mid-August through mid-November. Smelt, silversides, and blueback
herring pass through this area seasonally. Striped bass, although classified as an anadramous
species, are considered summer residents of this area.
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Seasonal migrants to the Portsmouth Harbor area include American sandlace, Atlantic
mackerel, bluefish, Atlantic menhaden (summer residents), and Atlantic herring (winter
residents).

There are both point source and non-point source discharges throughout the Great Bay
Estuary. The U.S. Environmental Protection Agency has issued thirty permits under the
National Pollution Discharge Elimination System regarding commercial effluents being
discharged into the estuary system.

The Portsmouth Harbor area is brackish and is not considered a direct source of drinking
water.

Table 3-2 lists the surface water bodies used as public water supply sources for the
surrounding towns/cities. The approximate distances of these water bodies to PNS and the
communities served are also shown.

Table 3-2

Surface Water Bodies Used for Public Water Supply Sources

Approximate Distance From PNS
Water Body (miles) Town/City Served

Chases Pond 9 Part of York, ME
Folly Pond 8 Part of York, ME

Middle Pond 7 Eliot, ME
Boulter Pond 6 Kittery, ME (a)

Bell Marsh Reservoir 9
Exeter Reservoir 12 Exeter, NH

Oyster River 10 Durham, NH
Lamprey River (b) II Durham, NH
Bellamy Reservoir 13 Portsmouth, NH

Rye, NH
Newington, NH

Part of Greenland, NH
Part of Madbury, NH

New Castle, NH

Notes: (a) The Kittery Water District obtains its water from Folly Pond, Middle Pond,
Boulder Pond, and Bell Marsh Reservoir which are located in York, ME.

(b) Secondary source.
(c) The shipyard purchases all of its water from the Town of Kittery.
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3.3.3.5 Seismology

Seismic risk maps published by the U.S. Coast and Geodetic Survey place the shipyard
in risk zone 2, indicating an expectancy of moderate damage due to earthquakes.

The entire New England region has experienced only low to moderate seismic activity in
recorded history. Numerous major fault structures of great extent are found throughout the
region, commonly reflecting the northeasterly pattern of the folded bedrock structure. There
are no known or inferred tectonic faults displacing Quaternary deposits or postglacial and
recent sediments. The historical seismicity of this province is characterized by broad areas of
little to no historical earthquake activity interrupted locally by clusters of small to moderate
events. In southeastern New Hampshire, a distinctive cluster of small historical events lies
in the Portsmouth-Great Bay area where no post orogenic faulting has been detected
(Reference 8).

Damage

CJO None
c:J 1 Minor
1fiB12 Moderate_3 Major

Figure 3.10 Seismic risk map for conterminous U.S. The map divides the U.S. into four
zones: Zone 0, areas with no reasonable expectancy of earthquake damage; Zone 1, expected
minor damage; Zone 2, expected moderate damage; and Zone 3, where major destructive
earthquakes may occur.

Reference: Robert 1. Foster, "Physical Geology," Charles E. Merrill Publishing Company,
Second Edition, 1975.
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3.3.4 Climatology (Reference 7)

The overall climate in the Portsmouth Harbor region is characterized as variable. Weather
conditions can change dramatically over short intervals, such as alternating frontal systems
on a day-to-day basis, widely-ranging diurnal and annual temperatures, and overall
differences between the same seasons in different years.

Although this region is situated in the path of the prevailing westerly winds, the coastal area
experiences a variety of air inversions over the course of a year. These include: cold dry
Arctic air from the north, warm land air from the Gulf states, and cool, damp air from the
Atlantic Ocean. It is the combinations of or switches between these conditions that generally
cause the area's characteristic weather.

Differences in wind characteristics occur on a seasonal basis with west-northwest winds
dominating in the winter, and southwest-southeast winds increasing in frequency during
spring and summer. The wind speed averages 8.8 miles per hour in the Portsmouth Harbor
area. Speeds greater than forty miles per hour, qowever, can occur any time of the year.
During the winter, increased wind speeds are normally caused by the northeast winds moving
down the coast, while during the summer high winds are more often associated with
thunderstorms or squall lines moving through the area.

Weather conditions, especially temperature, in the general Portsmouth Harbor area are
moderated by the maritime setting. The average daily temperature ranges from 80°F in July
to 13°F in January and February.

The cool Atlantic waters can produce extensive advection fog when warmer moist air is
carried over the cool water. With any persistent eastern component in the wind direction, the
fog that often lies just offshore can reach the coast line. This situation is increased during the
summer by local sea breezes. All months of the year have a fairly consistent occurrence of
offshore fog.

Precipitation is fairly evenly distributed over the year, with 2.7 to 4.6 inches falling per
month for a 42.6 inch annual total. On the average there are about 130 days each year having
more than a trace of precipitation. Most summer precipitation results from showers and,
infrequently, thunderstorms. Winter precipitation is generally associated with stormy
conditions caused by air masses moving up along the coast. Heavy precipitation events are
usually caused by storm centers that form along the east coast and move northeastward
through the New England area.

The highest tide ever recorded occurred on February 7,1978. At that time the water level
was measured at about 6 inches below the top of the caisson at Drydock 2, which
corresponds to 12.78 feet above mean lower low water. Although some water entered the
dock, it was due only to wind and wave action and no real danger of flooding existed.
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Maps produced by the Federal Emergency Management Agency (FEMA), National Flood
Insurance Program, for the Town of Kittery, Maine, list the shipyard in Flood Zone C, an
area of minimal flooding. The 100-year flood prone areas of the shipyard are shown in
Figure 3.11 (Reference 9).
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4.0 Description of Operations

4.1 Background on Navy Organizational Activities

4.1.1 Naval Facilities Engineering Command (NAVFAC)

NAVFAC is responsible for taking the lead in negotiating Federal Facilities Agreements
(FFAs) with EPA regional offices and states.

4.1.2 Naval Nuclear Propulsion Program

The Naval Nuclear Propulsion Program is ajoint Department of Energy (DOE)/ Department
of the Navy program comprised of military and civilian personnel who design, build, operate,
maintain, and oversee operation of Naval nuclear-powered ships and associated support
facilities. The Program has a broad reach, maintaining responsibility for all aspects of Naval
nuclear propulsion plants (including control of radiation and radioactivity) from cradle to
grave. It is completely separate from the rest of the Navy and DOE activities that deal with
radioactivity. Program responsibilities are delineated in Presidential Executive Order 12344
of February 1, 1982, and enacted as permanent law by Public Law 98-525 of October 19,
1984 (42 U.S.c. 7158).

Program elements include:

* The Navy's nuclear-powered warships;
* Research and development laboratories;
* Contractors responsible for the design, procurement, and

construction of propulsion plant equipment;
* Shipyards that construct, overhaul, and service the

propulsion plants of nuclear-powered vessels;
* Navy nuclear support facilities and tenders;
* Nuclear power schools and Naval Reactors training facilities; and
* The Naval Nuclear Propulsion Program headquarters

organization and field offices.

Admiral H. G. Rickover developed the Naval Nuclear Propulsion Program at the end of
World War II, with a commitment to technical excellence and an organization staffed by
experienced professionals dedicated to designing, building, and operating Naval nuclear
propulsion plants safely and in a manner that protects people and the envirorunent. Executive
Order 12344 and Public Law 98-525 capture the concepts and principles central to the
Program's accomplishments.
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Dealing with radioactive materials and ionizing radiation safely and responsibly has been an
integral part of the NNPP from the beginning. It was recognized that the usefulness of
nuclear-powered warships would be seriously hampered if operational restrictions were
necessary because of radiological concerns. Therefore, the reactor plants were designed and
continue to be operated such that the radiological impact on people and the environment is
minimized. The NNPP established limits for releases to the environment which were well
below limits applied to operation of commercial nuclear power plants. NNPP policy has
been to control radioactivity such that radiological environmental impact is insignificant
compared to natural radioactivity levels in the environment. From the start ofthe Naval
Nuclear Propulsion Program, the policy has been to reduce to the minimum practicable the
amounts of radioactivity released into the environment.

4.2 Radioactivity from Naval Nuclear Propulsion Plants

Naval nuclear propulsion plants differ from commercial power generating reactors in several
important ways with respect to potential environmental impact. They are considerably
smaller both in physical size and power output. To assure safe operation in close proximity
to operating crews under possible high shock loading of battle conditions, the reactor plants
are much more durable. Leakage of fission products into the cooling system, or leakage of
the cooling system, are not compatible with ship operation and are not tolerated. Over 40
years experience with Naval nuclear propulsion plants has shown that fission products are
contained in the fuel elements. This characteristic significantly reduces the potential for
radiological environmental impact.

In the shipboard reactors, pressurized (non-boiling) water circulating through the reactor core
picks up the heat of nuclear reaction. The reactor cooling water circulates through a closed
piping system to heat exchangers which transfer the heat to water in a secondary steam
system isolated from the primary cooling water. The secondary system water is turned into
steam, which is then used as the source of power for the propulsion plant as well as for
auxiliary machinery. Releases from the shipboard reactors occur primarily when reactor
cooling water expands as a result of being heated up to operating temperature; this coolant
passes through a purification system ion exchange resin bed prior to being transferred from
the ship.

While fission products produced in the fuel, including iodine and the fission gases krypton
and xenon, are retained within the fuel elements, some trace quantities of naturally occurring
uranium impurities in the surface of reactor structural materials release small amounts of
fission products to the reactor coolant. The concentrations of fission products and the
volumes of reactor coolant released are so low, however, that the total radioactivity attributed
to long-lived fission product radionuclides comprises only a small fraction of the total long
lived gamma radioactivity releases discussed elsewhere in this section of this report.
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The primary mechanism by which environmental releases ofNNPP radioactivity occur
include: (1) inadvertent releases of small volumes ofliquids (or pre-1972 historical releases)
to the river, as discussed in Section 5.1.1; (2) inadvertent releases of small amounts of liquid
or solid material (or, very rarely, gases), as listed in Section 5.1.3; (3) the particulate output
from HEPA-filtered air exhausts at work areas, as discussed in Section 5.1.2; and (4) the
release of trace quantities of fission product gasses and carbon-14 gaseous products from
primary coolant which has been depressurized (including that which is removed from ships
for processing into controlled pure water, as discussed in Section 5.1.1.1). Note that ships are
prohibited from discharging reactor cooling water overboard in the vicinity of shore; hence,
shipboard reactor operations are not considered a significant potential source of
environmental contamination.

4.2.1 Cobalt-60

The principal source of radioactivity in liquid effluents or encountered during maintenance
work is trace amounts of corrosion and wear products from reactor plant metal surfaces in
contact with reactor cooling water. Radionuclides with half-lives of approximately one day
or greater in these corrosion and wear products include tungsten-187, chromium-51,
hafnium-181, iron-59, iron-55, nickel-63, niobium-95, zirconium-95, tantalum-182,
manganese-54, cobalt-58, and cobalt-60. The most predominant of these is cobalt-60, which
has a 5.3 year half-life. Cobalt-60 also has the most restrictive concentration limits, as listed
in Reference 10. Therefore, cobalt-60 is the primary radionuclide of interest for Naval
nuclear propulsion plants.

4.2.2 Tritium

Small amounts oftritium are formed in reactor coolant systems as a result of neutron
interaction with the approximately 0.015 percent of naturally occurring deuterium present iIi
water, and as a result of certain other nuclear reactions. Although tritium has a
12.3 year half-life, the radiation produced is of such low energy (weak beta; no gamma) that
the Reference 10 radioactivity concentration limit for tritium is at least one hundred times
higher than for cobalt-60. This tritium is in the oxide form (i.e., water) and is chemically
indistinguishable from normal water; therefore, it does not concentrate in marine life or
collect on sediment as do other radionuclides.

Tritium is naturally present in the environment because it is generated by cosmic radiation
in the upper atmosphere. Reference 11 estimates the natural production rate of tritium would
produce a global equilibrium inventory of between 28 million and 70 million curies.
Table 3.3 ofReferen<:;e 11 shows that 65 percent ofthe global inventory occurs in oceanic
waters. These values yield an oceanic inventory of about 18 million to 45 million curies.
Because of this naturally occurring tritium, much larger releases of tritium than are
conceivable from Naval nuclear reactors would be required to make a measurable change in
the background tritium concentration.
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The total amount of tritium released annually from all U.S. Naval nuclear-powered ships and
their supporting tenders, bases, and shipyards has been less than 200 curies. Most of this has
been into the ocean greater than twelve miles from shore. The total tritium released annually
from the entire nuclear Navy is less than single electrical generating nuclear power stations
typically release each year. Total tritium released annually into harbors within twelve miles
of shore is less than one curie. Appendix B of Reference 11 reports an estimated dose due to
natural tritium in the environment of between 1.0 Ilrem/yr and 1.5 Ilrem/yr. In comparison to
the millions of curies naturally occurring in the oceans, the 200 curies of tritium per year
released from nuclear ships is insignificant to both the global inventory and to the annual
dose due to the environmental tritium. Therefore, tritium has not been combined with the
data on other radionuclides in other sections of this report.

4.2.3 Carbon-14

Carbon-14 is also formed in small quantities in reactor coolant systems as a result of neutron
interactions with nitrogen and oxygen. This carbon is in the form of a gas, primarily methane
and ethane, although some insoluble carbonates may be present. Following reprocessing of
reactor coolant (to make controlled pure water), it is possible some carbon-14 has been
converted to carbon dioxide. Carbon-14 decays with a half-life of 5,730 years; however, only
low energy beta radiation is emitted as a result of this decay process. As a result, the
Reference 10 radioactivity concentration limit for carbon-14 in its chemical form in air is
sixty times higher than for cobalt-60.

Carbon-14 occurs naturally in the environment. It is generated from cosmic radiation
interactions with nitrogen and oxygen in the upper atmosphere and oxidized to form carbon
dioxide. Appendix B of Reference 11 states that "weapons testing has essentially doubled the
atmospheric inventory of carbon-14 present from natural sources." Carbon-14 is chemically
indistinguishable from other isotopes of carbon. The carbon dioxide diffuses and convects
throughout the atmosphere and enters the earth's carbon cycle (i.e., achieving equilibrium
concentrations in all living organisms; this is what permits "carbon dating" of deceased
organisms, since carbon-14 in dead matter decays and is not replenished).

The earth's carbon-14 inventory is estimated to be about two hundred and fifty million curies.
The total amount of carbon-14 released annually from the operation of all U.S. Naval
nuclear-powered ships and their supporting tenders, bases, and shipyards has been less than
100 curies, most of which is released at sea beyond twelve miles from shore. Since the
inventory of naturally occurring carbon-14 is millions of curies, releases from Naval nuclear
reactors do not result in a measurable change in the background concentration of carbon-14.

Estimated annual releases of carbon-14 at PNS are about 1 curie per year, virtually all as a
gas. This is much less than the approximately 7 curies per year discharged by the typical
commercial nuclear power plant per Reference 12. These gaseous releases are dispersed in
the atmosphere and are not concentrated in the environment. Calculations using the EPA
COMPLY computer code indicate that the resulting dose is less than 1 mrem per year.
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Furthermore, studies around a large civilian nuclear power plant showed no measurable
carbon-14 in downwind foliage (Reference 13). For these reasons, carbon-14 is not judged a
remediation concern, and carbon-14 data has not been combined with the data on other
radionuclides in other sections of this report.

4.3 Type of Activities

Navy facilities authorized to perform radioactive work associated with Naval nuclear
propulsion plants perform a wide range of maintenance, repair, and upgrading activities.
Some facilities, including PNS, also refuel reactor plants. Refueling involves removal of
spent fuel into special shipping containers and installation of new fuel. No work on or
processing of fuel is performed at these facilities. Radioactive materials encountered during
reactor plant work include reactor coolant that is processed and reused, reactor plant
components (including removed and/or unusable components), tools and equipment used to
perform the work, reusable (laundered) contamination control clothing, and contamination
control waste products such as plastic bags, tape, plastic bottles, and impervious fabrics.

Trade skills required for reactor plant work are the same as for typical shipyard operations.
Machinists, pipefitters, shipfitters, welders, sheet metal workers, electricians, painters, fabric
workers, and riggers perform the work. Work is directed by engineers and monitored by
inspectors and radiological control technicians. The primary differences from other work are
the extremely high quality standards and the interaction with radiation and radioactive
materials. For example, it is common to train personnel on uncontaminated mockups prior to
performing work on contaminated systems, to minimize exposure and help preclude errors.

4.4 Control of Radioactivity

A major objective in the performance of Naval nuclear propulsion plant work is avoiding the
potential for releases of low level radioactivity into the environment. From the beginning of
the NNPP, radiological work has been performed under strict controls to preclude the spread
of contamination, by containing radioactivity at the source to the smallest practicable area or
volume. Facilities where work on radioactive materials is performed are specifically
designed to contain radioactivity. Current design criteria include impervious walls, easily
decontaminated surfaces, absence of floor drains, and ventilation systems with High
Efficiency Particulate Air (HEPA) filtered exhausts to maintain a negative pressure in work
areas. The HEPA filters are 99.97% efficient at removing 0.3 micron particles. To ensure
proper operation, HEPA filters in radiological ventilation systems are tested in place, both
after installation and periodically thereafter. The filtered exhausts are monitored with an
environmental monitoring system; results of this monitoring are discussed in Section 5.

In addition, most work on radioactive materials is performed either shipboard or inside
Contamination Containment Areas inside these facilities with all the same features as the
building. This provides double isolation of radioactivity from the environment. In the event
of a loss of containment (e.g., a liquid spill or a puncture in a containment), immediate action
is taken to isolate and correct the problem, and to sample/survey to verify complete recovery.
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Radioactive material in storage areas is packaged to contain any loose radioactive
contamination and is surveyed prior to transfer by radiological control personnel to ensure
the outside of the packaging is not contaminated. Radioactive material storage areas are
surveyed for loose radioactive contamination periodically by radiological control personnel.

The radiological work facility within Building 291 is designated as a Radiologically
Controlled Area. The area is physically separated from the rest of the building. Access to
the Radiologically Controlled Area for both personnel and material is via a control point
manned by radiological control personnel. Personnel and material exiting a Radiologically
Controlled Area are surveyed for radioactive contamination in portal monitors or with beta
gamma friskers.

All areas within a Radiologically Controlled Area are maintained less than 450 pCi/1 00 cm2

(by swipe analysis) or less than 450 pCi per 20 cm2 scanning probe (by direct survey) as
appropriate, except for those areas designated and specially controlled as Controlled Surface
Contamination Areas. Controlled Surface Contamination Areas are maintained at or near
450 pCi/1 00 cm2 even during work on contaminated items. Radiologically Controlled Areas
and Controlled Surface Contamination Areas are surveyed frequently by radiological control
personnel to ensure that radioactive contamination levels are held below NNPP limits.

The NNPP controls radioactivity at the source by using the concept of total containment.
This policy minimizes the spread of radioactive contamination to adjacent surfaces and to
personnel. Engineered ventilation systems containing HEPA filters, drapes, glovebags, and
tents are utilized to accomplish this goal. Any personnel, instructional, or equipment errors
that result in even a minor spread of contamination halt the work until the cause is
determined and corrective action is taken. This policy and its successful application allow
most radiological work to be performed without personal protective clothing or respirators.
In addition to permitting work to be accomplished more efficiently, the number and extent of
radiological areas requiring release is minimized.

Radioactive materials are either maintained within controlled areas, or are attended or
physically secured at all times. Movement of radioactive materials outside controlled areas
requires a strict accountability system. All movements are verified by an individual other
than the one performing the move.

Routine radiological surveys in and around facilities where work on radioactive materials is
performed confirm that controls are effective. Corrective actions are taken immediately in
the unusual event that surveys identify unexpected radioactivity. Inadvertent releases are
cleaned up immediately (within hours if practicable), and a critique is held to identify and
correct the cause of the problem. Detectable radioactivity in uncontrolled areas is not
permitted.
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The basic policies covering control of radioactivity have not been changed since the
beginning of the NNPP. There has been continuous upgrading based on over 35 years of
experience. An example of this is development of processing methods to make radioactive
liquids reusable as reactor ·coolant. Other examples of upgrading include improved work
facilities, development of improved contamination containment area designs, solid
radioactive waste volume reduction, improved radiological analysis of environmental
samples, and the extensive use of engineered ventilation systems. Upgraded monitoring
methods have not detected problems with the basic control methods which have been used
from the beginning of the Program.

4.5 Regulatory Oversight

NNPP radiological controls at PNS are overseen by Naval Nuclear Propulsion Program
headquarters. NNPP headquarters performs on-site biennial audits of all PNS nuclear work
practices, including radiological controls, worker training, quality control, and compliance
with work procedures and headquarters requirements. During alternate years, headquarters
performs on-site reviews of shipyard radiological controls, in support of the NNPP
authorization for shipyard handling ofNNPP radiological materials. The NNPP also
maintains a field office at the site, to oversee day-to-day activities.

Regulatory interface regarding mixed (radiological and hazardous) waste is addressed in
Section 5.3.
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5.0 Policies and Results
\

5.1 Policies and Records Related to Environmental Release of Radioactivity

5.1.1 Liquid Discharges

5.1.1.1 Policy

General

As stated in Reference 14, the policy of the NNPP is to minimize the amount of radioactivity
released to the environment, particularly within twelve miles of shore (e.g., including into
harbors). This policy is consistent with applicable recommendations issued by the Federal
Radiation Council (incorporated into the Environmental Protection Agency in 1970), U.S.
Nuclear Regulatory Commission, National Council on Radiation Protection and
Measurements, International Commission on Radiological Protection, International Atomic
Energy Agency, and National Academy of Sciences-National Research Council. To
implement this policy of minimizing releases, the NNPP has issued standard instructions
defining radioactive release limits and procedures to be used by U.S. Naval nuclear-powered
ships and their support facilities.

The policies and procedures instituted by about 1972 remain in place through the present.
The total amount of long-lived (half-life greater than one day) gamma radioactivity released
into harbors and seas within twelve miles of shore by the entire Naval Nuclear Propulsion
Program has been less than 0.002 curie during each ofthe last twenty-five years. This total is
for releases from U.S. Naval nuclear-powered ships and from the supporting shipyards,
tenders, and submarine bases, including releases at operating bases and home ports in the
U.S. and overseas and all other U.S. and foreign ports which were visited by Naval nuclear
powered ships. This activity level is conservatively reported as if it consisted entirely of
cobalt-60, which is the predominant long-lived gamma radionuclide and also has the most
stringent concentration limits.

Processing and Reuse of Radioactive Liquids

Radioactive liquids at PNS are collected in stainless steel tanks and processed through a
processing system to remove most of the radioactivity (exclusive of tritium) prior to
collection in a clean tank for reuse. Figure 5.1 shows a simplified block diagram of the liquid
processing system which consists of particulate filters, activated carbon bed filters, mixed
hydrogen hydroxyl resin, and colloid removal resin beds. This type of processing system has
been developed and used successfully to produce high quality water containing very low
radioactivity levels. The NNPP refers to this as "Controlled Pure Water" (CPW).
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Figure 5.1
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Even after processing to approximately 10-8 ).lCi/ml, reactor coolant is not discharged
into the harbor. Rather, it is returned to ships. To put this CPW in perspective, the Safe
Drinking Water Act of 1974 standards established in Title 40 Code of Federal Regulations
Part 141 (40 CFR 141) specify that the annual dose equivalent to the total body or any
internal organ shall not be greater than 4 millirem/year from man-made radionuclides in
drinking water based on continuous consumption. If water containing cobalt-60 at a level of
3 x 10-6 ).lCi/ml were consumed continuously for a year, the total effective dose equivalent
would equal 50 millirem. This value is derived from Reference 10. This means that if a
person's total water intake for a year, including all water in fruit, meat, etc., were 100% CPW
at the NNPP limit of 6 x 10-8 ).lCi/ml cobalt-60, the cobalt-60 would result in a total effective
annual dose equivalent of 1 millirem per year (one-fourth the EPA limit). The dose due to
tritium in the water would be about 100 millirem, but since this intake scenario is highly
unrealistic, the potential dose to any person is actually very small. Release to the
environment of such water would have negligible impact.

Policy Details

Standardized NNPP instructions concerning discharges of radioactive liquids from nuclear
powered ships were first issued in 1958. In 1965, all of the prior instructions were
consolidated and incorporated into a technical manual for use by all shipyards in their
radiological control programs.

The basic criteria for release limits set in 1958 was that disposal of radioactive liquids should
not increase the average concentrations of radionuclides in the surrounding environment by
more than one-tenth ofthe maximum permissible concentrations for continuous exposure
listed in National Bureau of Standards Handbook 52, Reference 15.

Measurements showed a dilution of over 100,000 for reactor coolant discharged from a ship.
Credit for dilution was reduced to a factor of 1000 to be conservative. By setting the coolant
discharge concentration limit at 100 times the Handbook 52 value for specific radionuclides
listed, and taking credit for a 1000-fold dilution, the one-tenth criteria was met.

In May 1961, the NNPP release criteria was revised to be one-tenth of the limit ofNational
Bureau of Standards Handbook 69, Reference 16. The Handbook 69 values were
subsequently incorporated into Reference 10. 10 CFR 20 continues to serve as the
commercial nuclear industry basis for radioactive effluents in air or water through the
present. The standard instructions codified in 1965 for use by all NNPP activities were based
on the limits of 10 CFR 20, to ensure consistency with commercial standards where practical.

Between 1958 and May 1961, shore activities were allowed to dilute radioactive liquids to
less than 3 x 10-5 ).lCi/ml prior to discharge. In May 1961, the Program required that
radioactive liquids be treated by filtration and ion exchangers to minimize the dilution
required to attain the 3 x 10-5 ).lCi/mllimit. In December 1965, requirements were modified
to prefer additional treatment to attain the allowable concentrations in lieu of dilution.

In addition to the concentration limits discussed above, other limits and conditions were
required, including total activity per year, total activity per shift, tidal conditions at the time
of discharge, total gallons discharged, and proper authorizations. These NNPP limits and
conditions were more conservative than any other agency's regulations at this time.
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The tritium (hydrogen-3) concentration in both reactor coolant and Controlled Pure Water is
the same, at about 2xl 0-3 J.1.Ci/ml or less. ThIs is below the 10 CFR 20 sanitary sewer release
criteria for tritium which the Nuclear Regulatory Commission uses for sites it regulates. Any
such water which entered the river would be rapidly diluted and become indistinguishable
from background tritium levels, as discussed in Section 4.2.2. If any small volume spilled on
land and went undetected, it would be quickly washed into the river (e.g., by rainwater, or
possibly by entering the shallow ground water system which discharges into the river as
discussed in Section 3.3.3.3). No environmental mechanism to concentrate this radionuclide
exists.

During 1970, shipyards were directed to acquire the capability to collect, process, and reuse
reactor cooling water. In June of 1972, the Program regulations directed that discharges of
processed liquids could only be made with specific approval of Naval Nuclear Propulsion
Program headquarters.

5.1.1.2 Liquid Discharges and Records

Portsmouth began its first overhaul of a Naval nuclear-powered ship in May 1959. Liquids
were processed in Building 233 and discharged to the river as described above. In addition to
the liquid processing system, the building was also equipped with a laundry system to wash
.anti-contamination clothing. Laundry water was treated prior to release. In 1964, the YRR-7
barge was placed into operation as a radiological work facility to support submarine
maintenance, repair, and refueling. In 1969, the shipyard's new and current radiological
work facility (Building 291) became operational. From 1969 to 1972 Building 233, the
YRR-7 barge, and Building 291 all performed radioactive liquid processing. In 1972 all
processing was transferred to the more modern system in Building 291 (and no further
discharges were allowed).

A large part of the liquid volume in the early years originated from laundry operation. The
reduction in volume between 1964 and 1965 was partially a result of discontinuing
in-house laundry. Since 1964, laundry has been processed by an off-site contractor licensed
by the NRC. Since June of 1972, PNS has not intentionally discharged any liquids to the
river and has not requested permission to do so, with the following exceptions:

a. From 1972 through 1994, occasional isolated spills of small volumes of
radioactive or potentially radioactive liquid occurred into ships' bilges or other areas with
pre-existing larger volumes of water. In such cases, if follow-up sampling identified the
resulting mixture as having no detectable radioactivity, it was authorized for non-radioactive
disposal (e.g., pumping to the river or to a sanitary sewer, as appropriate).

b. During the same period, small volumes (a few gallons) of Controlled Pure Water
which contained trace levels of organic chemicals, and thus were not suitable for
reprocessing, were released for disposal as non-radioactive liquids. See Section 5.1.1.1 for a
further discussion of Controlled Pure Water. This practice was stopped in 1994, and such
non-reusable volumes of water are now treated as radioactive waste.

5-4



In both cases above, the amount of radioactivIty released was conservatively estimated and
included in the totals of Table 5-1.

The data concerning volume and total radioactivity were summed and the values reported
annually to NNPP headquarters by the shipyard. These values are shown in Table 5-1. (In
1958, volume was not available but total radioactivity was reported.)

As shown in Table 5-1, the highest annual activity discharged at PNS was 0.24 curie in 1965,
which is less than the naturally occurring radioactivity in a cube of sea water 100 yards on a
side (Reference 17). For the entire NNPP, annual discharges within 12 miles of land prior to
1973 ranged from 1 to 10 curies; total NNPP discharges (including at sea) have been
0.4 Ci/yr since about 1975 (less than 0.002 curie within 12 miles ofland). Compared to the
discharges from other nuclear programs and activities and to the millions of curies occurring
naturally in the oceans, even the pre-1973 amount of radioactivity is small. Table 5-2 shows
1990 radioactivity discharges from commercial nuclear power plants, in comparison to the
NNPP total within 12 miles ofland. (Table 5-2 includes all radionuclides with a half-life of
greater than 8 days.)

From 1973 through 1995, the shipyard reported total annual discharges (i.e., inadvertent
discharges to the harbor) ofless than 1000 gallons and less than 0.001 curie. This volume
primarily originates from disconnecting underwater joints between shipyard collection
facilities and nuclear submarines. These lines are blown down prior to disconnection, but
some residual water remains at low points in hard piping. Since the disconnection is made by
divers, there is no way to measure the amount of water residual in the hard piping connected
to the ship. The 1000 gallons is a very conservative volume. In most years, the volume
actually released is much less than 1000 gallons. The "less than 0.001 curie" reported is
based on a total discharge of 1000 gallons, and is also very conservative.

These volumes do not include rare spills of Controlled Pure Water, due to the very low levels
of activity in such water as discussed above. These spills did not affect the "less than 0.001
curie" reported.
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Table 5-1
Radioactive Liquid Waste Released to the
Piscataqua River From all NNPP Facilities

1958-1995

Year Volume Activity
(Thousand Gallons) (Curies)

1995 <1 <0.001
1994 <I <0.001
1993 <I <0.001
1992 <I <0.001
1991 <I <0.001
1990 <1 <0.001
1989 <1 <0.001
1988 <I <0.001
1987 <1 <0.001
1986 <1 <0.001
1985 <1 <0.001
1984 <I <0.001
1983 <1 <0.001
1982 <I <0.001
1981 <I <0.001
1980 <I <0.001
1979 <I <0.001
1978 <I <0.001
1977 <I <0.00 I
1976 <I <0.001
1975 <I <0.001
1974 <I <0.001
1973 <I <0.001
1972 25 <0.001
1971 51 <0.001
1970 68 0.002
1969 87 0.002
1968 171 0.010
1967 265 0.012
1966 155 0.011
1965 204 0.240
1964 \ 407 0.130
1963 112 0.030
1962 1,339 0.025
1961 20 0.001
1960 96 0.025
1959 775 0.109
1958 (a) <0.001

Note: Activity is reported as cobalt-60 equivalent. Refer to Section 2.3 for a discussion of
counting terminology. Tritium and carbon-14 are excluded.

(a) Data not available.
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Table 5-2
ENVIRONMENTAL RELEASES (Curies)

ON LAND OR WITHIN TERRITORIAL WATERS
Naval! vs. Civilian2 Reactors

AIRBORNE LIQUID (less tritium)

PEACH BOTIOM 2 & 3 I 120iJ MILLSTONE 2 H.7G
OCONEE I. 2 & 3 XlWI soum TEXAS I 7Jl<J
CRYSTAL RIVER 1 THO soum TEXAS 2 5.72
SEQUOYAH I & 2 G070 SURRY I & 2 .I,6n
WATERFORD:i 57;\0 SALEM 2 ~.IJ

BIG ROCK POINT I 555n OCO~'EE J. 2 Ie 3 J.ll
VERMO~"YANKEE I 5070 SALEM I :\.tlo
MONTICELLO 2%(1 DIABLO CANYON 1&:2 l.tto
MILLSTONE 2 2K911 HADDAM NECK 2.6'1
INDIAN POI~" I & 2 22Jll ZION I 2.65
SAN ONOFRE I IRoo BEAVER VALLEY J & 2 2.55
HADD"''' NECK 1.160 MILlSTO:'-l'E:'I 2..&7
BRAIDWOOD I I·no ARKANSAS ONE I 2.36
JAMES A. FITZPATRICK D51l BRAIDWOOD I 2.IJ
BYRON I IS. 2 12.111 BRAIDWOOD 2 2.1.1
PALO \'ERDE 3 IlOU COOPER 2,0..1

SAN ONOFRE 2 & :; 1160 MCGUIRE I 1,00

BRUNSWICK I & 2 1120 MCGUIRE 2 2.00

EDWIN I. HATCH 1 & 2 1100 DONALD C. COOK 1&.2 1.61
DAVlS - BESSE I 1090 HOPE CREEK I 1.49
RIVER BEND I 10)0 CALVERT CLIFFS I & 2 1...12
BRAIDWOOD 2 1020 SEQUOYAH I & 2 1.22
WOLFCREEK I ')I)I) BYRON I &2 UK
NORTH Al\"NA 1 & 2 'JS2 INDIAN POlm I & 2 1.f16
MAINE YANKEE ')46 VQGTLE 1&2 1.01
PILGRIM I 1)07 CATAWBA I 0.978
COMANCHE PEAK I 'Xl6 CATAWBA 2 0.978
CALLAWAY I 1)01 ZION 2 0,926
WNP-2 l'l90 ST. LUCIE I 0.K27
HOPE CREEK I x30 FORT CALHOUN I o,tUJ5
SUMMER I 751 ST. LUCIE 2 n.76K
OYSTER CREEK I 735 RIVER BEND I O,7J7
PALO VERDE I 7nx HARRIS I 0,731
ARKANSAS ONE I 7110 WATERFORD :;. n,7:Hl
TURKEY POINT :;. (,XX DRESDEN I, 2 &.3 0,712
LASALLE 1 &.2 6K7 NORTH ANNA 1&.2 0/17S
PALO VERDE 2 (,i(, GRAND GULF I o.G~5

CALVERT CLIFFS 1&.2 672 CRYSTAL RIVER 3 n.(ll')
THREE MILE ISLAND I 666 PERRY 1 0/,111
INDIAN POIl'IT :;. 626 BRUNSWICK 1&.2 OAS7
ST. LUCIE I GI9 SAN ONOFRE I O,~(J3

HARRIS I S'16 H. B. ROBINSON 2 0.]611

R. E.GINNA S'); SUMMER I n.:;'5(1
ruRKEY POI!'.'T ~ 5'12 LIMERICK 1&.:2 1I.3~3

ST. LUCIE 2 53~ WOLFCREEK I 0.315
CATAWBA I s:n INDIAN POINT ~ 1l.:;'O'1
CATAWBA 2 s:n BROWNS FERRY I. 2 &.:;. 11.302
MCGUIRE I 5," EDWIN l. HATCH 1 It. :2 (Uill
MCGUIRE 2 5," ARKANSAS ONE 2 n.252
FORT CALHOUN I .as'1 FERMI 2 (I.21K
SURRY 1&2 m KEWAUNEE 0.21)(,
SALEM I 3D SAN ONOFRE 2 & 3 11.202
MILLSTONE 3 _ 211 MAINE YANKEE H.IX7
TROJAN 20(1 R. E. GINNA U,ISU
ARKANSAS ONE 2 IK') TROJAN lI.I..I-..I-
DONALD C. COOK 1&.2 10K DAVlS • BESSE I 11.1..1-1
VOGTLE 1&.2 '"x TURKEY POINT 3 ll.loll
COOPER ,"7 TURKEY POINT , 1I.lolO
soum TEXAS I 172 MILLSTONE I 11.119
NINE MILE POINT:2 IG3 SUSQUEHANNA 1&.2 0.11..1-
FERMI 2 161 PRAIRIE ISLAND I It. 2 ll,l3n
SALEM 2 loll) QUAD - CITIES I & 2 11,113
GRAND GULF I 116 JOSEPH M. FARLEY 2 lI,oK3
PALISADES 121 JOSEPH M. FARLEY I CI,075
MILLSTONE I 117 LACROSSE II,O(i9
YANKEE ROWE I 113 NINE MILE POINT 2 u.063
ZION 1&2 110 CALLAWAY I lI.n)9
soum TEXAS 2 109 BIG ROCK POINT I ll.fJ)6

SEABROOK I 107 JAMES A. FITZPATRICK 1I.f)27
JOSEPH M. FARLEY I X7 CLINTON I O.02S
PERRY I ... LASALLE 1& 2 1I.1I2S
PRAIRIE ISLAND 1 &:. 2 83 THREE MILE ISLAND I n.1I2ol
BEAVER VALLEY I & 2 82 PILGRIM I n.oJ(,
QUAD· CITIES 1&.2 8" WNP·2 lUllS
SUSQUEHANNA 1&.2 72 PEACH BOTTOM 2 &. 3 II,Olol
DIABLO CANYON 1&.2 Sf> COMANCHE PEAK I 0.012
DUANE ARNOLD '6 .- NAVAL POIl'IT BEACH 1&.2 o.ul2
JOSEPH M. FARLEY 2 3' REACTORS PALISADES 1l,llllK
LIMERICK 1&.2 :;ol <50 HUMBOLDT SAY:;' lJ.OO(,

DRESDEN 2&3 2" YANKEE ROWE I u.<)()..1
CLINTON I II SEABROOK I IUKl2 ...NAVAL
POINT BEACH I & 2 8 NINE MILE POINT 1 (I,IMJI'JS REACTORS
H. B. ROBINSON 2 7 RANCHO SECO I n.nO()21 <1l,(1112

KEWAUNEE 2 THREE MILE ISLAND 2 O.IlUOIK
RANCHO SECO I 0.2 FORT ST. VRAIN O.IM)llo:-f

BROWNS FERRY I. 2&,1 NJD OYSTER CREEK I U,IM)()07

DRESDEN I NID DUANE ARNOLD NID
FORT ST. VRAIN NID MONTICELLO NID
HUMBOLDT SAY 3 NID PALO VERDE I NID
LACROSSE NID PALO VERDE 2 NID
NINE MILE POINT I NID PALO VERDE 3 NID
SHOREHAM I NID SHOREHAM I NJD
mREE MILE ISLAND 2 NID VERMONT YANKEE I NID

I. Naval reactors include 4 land based prototypes and over 120 ships. Total Program releases are comparable to commercial reactor

releases listed above.

2_ Source: U. S. Nuclear Regulatory Commission report NUREG/CR - 2907, Vol. 11, October 1993
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5.1.1.3 Jamaica Island Landfill

Shipyard records indicate that analyzed, radiologically released primary shield water from
Naval nuclear propulsion plants was discharged into the Jamaica Island landfill up until
1966, when this practice was stopped. This water was neither reactor coolant nor Controlled
Pure Water. The water, which contained low levels of short-lived chromium-51 (28-day half
life; from neutron activation of chromium-50, an anti-corrosion agent), was below
permissible radiological discharge limits used by the NNPP and by the Nuclear Regulatory
Commission (NRC) for sites it regulates (i.e., the radioactivity levels discharged prior to
1966 were below the NRC's present-day effluent release criteria for discharging liquids to
unrestricted areas.)

5.1.2 Air Exhausted From Radiological Facilities

Radiological work facility exhaust systems at PNS are equipped with High Efficiency
Particulate Air (HEPA) filters and are monitored for radioactivity.

Beginning in 1966, the shipyard installed monitoring equipment in the exhaust stacks of the
ventilation and since 1970 has documented the results of monitored air exhausted from
radiological work facilities. From January 1970 until August 1973, this continuous air
particulate detector system was installed to detect air at concentrations of 1 x 10-9 ~Ci/ml,

the regulatory limit for occupational exposure.

The NNPP soon decided this was not sufficiently sensitive for air exhaust analyses. In
September 1973, an Environmental Monitoring System consisting of a vacuum pump, filter
holder, differential pressure gauges, totalizing hourmeter, and connecting tubing was
installed at each HEPA filter exhausted to the environment. A similar unit is currently
installed at the Naval Regional Medical Clinic to obtain a background radioactivity level for
comparative purposes. A simplified diagram of this system is shown in Figure 5.2. At the
same time, the analysis procedure was revised to require a minimum detectable activity
(MDA) ofless than 2 x 10-14 ~Ci/ml. Actual MDAs have generally been lower than this,
and most analysis results are "less than MDA." The low exhaust air radioactivity
concentrations shown in Table 5-3 are expected to have existed since the beginning ofNNPP
work, since HEPA filtering policies have not been changed.

Sampling probe location for the 1973 procedure was determined by obtaining a velocity
profile across the duct. A uniform velocity distrib:ution indicates turbulent flow, assuring
adequate mixing and entrainment of particulates to permit single point sampling. If the
velocity profile did not permit single point sampling (laminar flow), an array of sampling
probes could be located in accordance with ANSI N13.1-69. All shipyard systems are
configured to permit single point sampling (turbulent flow).

The sampling probe inlet velocity is adjusted to provide isokinetic flow. This assures that a
representative sample will be obtained.
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Figure 5.2
Simplified Diagram of Environmental

Monitoring System
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. The systems are checked weekly to verify the totalizer flow rate is within specification and
the differential pressure across the filter is within prescribed limits. At a minimum, the
sampling filter patch must be changed annually. In practice, much more frequent changes are
required due to dust loading of the patch.

In 1980, as a cross-check of shipyard analysis results, an independent Department of Energy
(DOE) Laboratory began sending the shipyard a simulated Environmental Monitoring
System air patch for comparison of laboratory analysis results. Shipyard analysis results
have been consistent with DOE laboratory results, as shown in Table 6-3.
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Table 5-3 summarizes the results of air exhaust monitoring. Since 1973, the activity of air
exhausted from radiological facilities has contained less total radioactivity than the naturally
occurring radioactivity in an equal amount of air from the environment.

Table 5-3
Airborne Particulate Radioactivity in Air Exhausted From
Radiological Facilities vs. Background Radioactivity in Air

Portsmouth Naval Shipyard

Total Airborne Background Air Total Activity if
Average Facility Radioactivity Activity Background Air

Year Exhaust Air Activity Discharged Concentration Had Been
Concentration From Facilities ).lC ilm I Discharged

).lCilml ).lCilyr (a) ).lCilyr

1995 l.8xlO- 15
<0.26 2.9x10-14 4.2

1994 1.8xlO-15
<0.26 2.7x1O- 14

3.9
1993 l.8xlO-15

<0.25 2.5x10-14
3.5

1992 l.9xlO-15
<0.25 2.5x10-14

3.3
1991 1.9xlO-15

<0.30 2.7x10- '4 4.1
1990 1.9xlO-15

0.35 2.7x1O- 14
5.0

1989 2.1x10-15
0.46 2.7xlO- 14

5.7
1988 2.4xlO- 15 0.40 2.6xlO- 14

4.3
1987 l.6xlO-15 0.29 2.6xlO- 14

4.8
1986 2.8xlO- t5

0.46 4.0x10- '4 6.7
1985 3.2xlO-15

0.43 2.6x10- 14
3.5

1984 4.2xlO-15 0.44 2.8x10- 14
2.9

1983 2.9xlO- 15 0.24 2.6xlO- 14
2.1

1982 6.2xlO-15
0.37 3.4xlO-14

2.0
1981 2.1x10· 14

1.26 l.4xlO-13 8.6
1980 9.0x10-15 0.54 3.3x10'14 2.3
1979 4.2xlO-15

0.31 3.2xlO-14
2.3

1978 l.lx10-14
0.92 l.Ox10- 13

7.7
1977 1.3xlO-14

0.92 1.4xlO-13
9.5

1976 1.4xlO-14
0.95 6.1x10-14

4.1
1975 l.4xlO-14

0.82 9.5xlO- 14
5.4

1974 1.3x10-14
1.16 1.5x10- 13 13.4

1973 6.4xlO- 15 0.80 6.3x10-14
8.1

Note: General airborne activity monitoring began in 1956 based on results of continuous air monitors. Exhaust air activity
monitoring started in 1966 based on results of installed air particle detectors. Numerical data was not reported until 1973.
HEPA filtering procedures were identical in earlier years, so exhaust air radioactivity levels are expected to have been about the
same prior to 1973. Actual exhaust air concentrations are expected to have been lower than reported here, since most analysis
results were below detectability and MDA values were included in each year's average for "less than MDA" results.

(a) Measured at Building 14 until September 1973. Measured at Building IY-43 from September 1973 until
April 1982. Measured at Building H-I from April 1982 to present. (Building IY-43 was demolished. The building was located
west of Building IY-44.)
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These data verify that shipyard air exhausts are about an order of magnitude cleaner than the
air in the environment, from a radiological perspective.

EPA regulations for radionuclide emissions from non-DOE Federal facilities, including from
Navy Facilities, are contained in Title 40, Code of Federal Regulations, Part 61
(40 CFR 61) Subpart I.

As part of the 40 CFR 61 regulations, activities are required to report emissions unless the
amounts released are less than 10 percent ofthe standards. To assist activities in assessing
their facilities, the EPA has provided a computer code called COMPLY. The shipyard has
run this program using site-specific parameters required for Level 4 analysis using
COMPLY. For 1995, the most recent analysis at the time this BRA was prepared, the
COMPLY results are less than 10 percent of the standards, and the shipyard is exempt from
the requirements for reporting in accordance with 40 CFR 61.

The NESBAPS 40 CFR 61 calculations demonstrate an exposure level to on-site residents
(and hence the general public) ofless than 1 rnrem/yr, including the contributions from trace
levels of fission product gasses and gaseous carbon-14 products as discussed in Sections 4.2
and 4.2.3. Noble gasses such as isotopes of argon, krypton, or xenon do not accumulate in
the environment and are therefore not a potential candidate for site remediation. Also, even if
radioiodines had ever been released in significant quantities (which they haven't been), they
would not constitute a potential remediation issue due to their short half lives (or, in the case
ofiodine-129, its very low concentration). Finally, while carbon-14 is incorporated into all
living organisms as discussed in Section 4.2.3, it does not "bioaccumulate" in the sense that it
does not concentrate in any particular organs or organisms.

5.1.3 Reports of Inadvertent Releases

Naval Nuclear Propulsion Program regulations require that formal reports be submitted to
headquarters by activities when inadvertent releases of radioactivity to uncontrolled areas, to
personnel, or to the environment occur. These "incident reports" have been required since
the inception of the Program. Portsmouth Naval Shipyard has a listing of these reports dating
back to 1965.

An extensive search for archive copies of incident reports was conducted. A total of one
hundred and forty-two events were related to potential radioactivity releases to the
environment. A comprehensive review of all available detailed records was performed for
this BRA (139 of 142 were available). Table 5-4 summarizes data obtained during these
reviews. These reviews verified that the affected areas were surveyed and sampled as
required by regulations, and that the areas were properly released from radiological controls.
The release criteria for surface contamination are less than 450 pCi/1 00 cm2 by swipe
analysis as discussed in Section 4.4, and less than 450 pCi per 20 cm2 scanning probe. The
release criteria for soil/concrete at a spill site was formerly less than 30 pCi/g; several years
ago it was reduced to less than 1 pCi/g cobalt-60 unless NNPP headquarters approves
otherwise on a case basis. No such exceptions apply at PNS. Using NNPP sampling and
analysis procedures, these surface and soil release criteria are at the limit of detectability
above background.
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The review of past incident reports also verified that any radioactive liquids lost to the
environment were accounted for and included in the annual discharge reports to the Naval
Nuclear Propulsion Program.

That no significant radioactivity was left on the ground as a result of past releases,
documented or otherwise, is confirmed by the results of aerial monitoring conducted by
EG & G and discussed elsewhere in this HRA. That no radioactivity has accumulated in the
marine environm~nt is confirmed by harbor water, sediment, and biota sample results and by
storm drain and drydock survey results reported elsewhere in this HRA.
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Table 5-4

Summary of Reports of Potential
Radioactivity Releases to The Environment

Date I Location I Volume I Activity
Approximately 1-63 I Drydock #2 I a few thousand gallons I N/A (Note a)

Summary: Radioactive liquid was discharged from a ship to a radioactive liquid collection tank (railcar)
located on the drydock floor. An incorrectly positioned drain valve on the collection tank released a few
thousand gallons of radioactive liquid to the drydock floor. This contaminated approximately 30% of the
drydock floor. (Based on interview information.)
Response: Normal corrective actions for the spill (containment, clean-up, surveys, and personnel training)
were taken. Drydock floor was decontaminated/sandblasted until surveys were less than minimum
detectable. Procedures revised to require top-mounted drain valve on collection tanks.

Date I Location I Volume I Activity
10-20-65 I N/A I N/A I N/A

Summary: Valve was improperly packaged and resulted in a spread of contamination outside of a
radiologically controlled area.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable. Maximum levels were 195,000 pCi/l 00 cm2 prior to
decontam ination.

Date Location Volume Activity

3-15-66 N/A N/A N/A
Summary: Unplanned discharge of radioactive liquid.
Response: After an extensive search of archive records, this report was not located for review. Quarterly
environmental monitoring confirmed no significant impact to the shipyard environment.

Date I Location I Volume I Activity

7-16-66 I N/A I N/A I N/A

Summary: A rupture in a HEPA filter caused contamination to spread inside an off-hull enclosure.
Response: Area surveyed and decontaminated until surveys were less than minimum detectable.
Maximum levels were 95,000 pCi/100 cm2 prior to decontamination.

Date Location Volume Activity

11-30-66 Outside Building 233, N/A 0.02 Ci
Northwest Corner

Summary: During contractor operations outside of Building 233, an unknown volume of contaminated
water spilled onto the contractor's trailer and onto the ground. The spill covered 430 square feet and
entered a double-tiered service trench and a nearby storm drain. The storm drain eventually discharged
into the Piscataqua River.
Response: Normal corrective actions for the spill were taken. Surface area surveyed and decontaminated
via excavation until surveys were less than the release criteria. Excavated materials were disposed of as
radioactive waste. Approximately 15.1 mCi (1.5 x 104

~Ci) was removed from the area during the original
spill recovery. The maximum swipe activity obtained on the ground in the spill area prior to
decontamination was 197,000 pCi/l00 cm2

. The service trench and storm drain system were radiologically
controlled, then excavated and decontaminated at a later date. The estimated total radioactivity remaining
as of 1997, which is fixed in place in the service trench and in a small, capped, concrete-filled storm drain
pipe left embedded in the granite seawall, is < 0.5 ~Ci. In 1990, concrete and debris samples were
collected from the trench. The maximum radioactivity concentration was 16 pCi/g; by 1997, this
radioactivity would have decayed to approximately 6 pCi/g.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
Approximately 1-67 I Berth 13 I <0.75 gallon I N/A

Summary: A small amount of presumed non-radiological liquid was poured down a sink which was
located in the chemistry lab on a barge. The sink drained directly to the harbor. The empty containers
were surveyed and found to be radioactively contaminated. (Based on interview information.)
Response: The sink drain was taken apart and surveyed; all results less than minimum detectable. Harbor
water samples were taken near the discharge point; all results less than minimum detectable.

Date I Location I Volume I Activity
5-4-67 I Drydock #3 I 5-10 gallons I <0.68 ~Ci

Summary: A standpipe attached to a hull flange leaked, spilling water to the drydock floor. Spill covered
a ten square foot area.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable. Water samples from spill were 1.7 x 10 -5 ~Ci/ml.

Date I Location I Volume I Activity
12-6-67 I N/A I N/A I N/A

Summary: During transfer of a radioactive system hose, a leak caused a spread of contaminated water
outside of radiologically controlled areas.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable. Maximum levels were 26,000 pCi /I 00 cm2 prior to
decontamination.

Date I Location I Volume I Activity
4-16-68 I Drydock #3 I <0.12 gallon I <0.1 ~Ci

Summary: A damaged drain valve on a radioactive liquid collection tank leaked radioactive liquid to the
drydock floor, affecting an area of about thirty square feet.

Response: Normal corrective actions for the spill were taken. Area surveyed (maximum level of about
675 pCi per 20 cm2 scanning probe) and decontaminated to less than minimum detectable. Water sample
taken from plastic bag around valve (for leak-off protection) had an activity of2 x 10-4 ~Ci/ml.

Date I Location I Volume I Activity
5-30-68 I Building 240 I N/A I N/A

Summary: Potentially contaminated pressure gauge was found outside of radiologically controlled areas.
Response: Gauge was recovered. No contamination was found.

Date I Location I Volume I Activity
1-3-69 I Near Building 233 I N/A I None

Summary: A detector which was controlled as radioactive material was improperly left in a box. This box
was found outside of radiological areas awaiting disposal.

Response: Area surveyed; all results less than minimum detectable. Assessment determined no release to
environment occurred since packaging material was intact. (Note d)

Date I Location I Volume I Activity

1-22-69 I Berth llC I N/A I N/A
Summary: A drain fitting with loose surface contamination was found outside of radiologically controlled
areas.

Response: Extensive surveys showed contamination (2, I00 pCi/ 100 cm2
) confined to fitting and shoe of

worker. Items controlled.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
3-5-70 I N/A I N/A I N/A

Summary: Five radiologically controlled valves were removed from a ship without proper controls.

Response: All five valves were recovered. One valve was internally contaminated to 5546 pCi/l 00 cm2 .
Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
7-31-70 I Drydock # 3 I < 2 gallons I < 6.0 ~Ci

Summary: A leak in a discharge line contaminated a portion (60 ft2) of the drydock floor.

Response: Normal corrective actions for the spill were take~. Area surveyed (10,000 pCi/lOO cm2
) and

decontaminated/excavated until surveys were less than minimum detectable. It is conservatively estimated
that no more than 2 gallons containing 6.0 ~Ci leaked from the discharge line.

Date I Location I Volume I Activity
4-29-71 I N/A I N/A I N/A

Summary: A contaminated test filter was found outside of radiologically controlled areas on a barge.
Response: Filter was recovered and controlled. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
5-22-71 I N/A I N/A I N/A

Summary: Contamination was found on a HEPA filter that had improperly been radiologically released.
Response: Item was recovered and controlled. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
10-11-72 I Drydock #3 I N/A I N/A

Summary: Normally non-radioactive tank was sampled and found to have activity of lA3x I0-4 ~Ci/mi. A
previous discharge of water from this tank had occurred prior to sampling.
Response: Tank was controlled and surveyed. Discharge pathway (i.e., Drydock #3 storm drain) surveyed
less than minimum detectable. Water and sediment were collected and processed. Surveys taken after
cleaning the tank were less than minimum detectable.

Date I Location I Volume I Activity
11-27-72 I N/A I N/A I N/A

Summary: A potentially contaminated flashlight was lost.

Response: Extensive search conducted but item was not found. Records indicate activity
<450 pCi per 20 cm 2 scanning probe.

Date I Location I Volume I Activity
1-17-73 I N/A I N/A I N/A

Summary: Contaminated anti-contamination clothing returned from vendor.
Response: Area surveyed; all results less than minimum detectable. Checked other anti-contamination
clothing and found six more contaminated. Assessment determined no release to environment occurred.
Laundry contract with vendor was modified.

Date I Location I Volume I Activity
1-18-73 I Unknown Drydock I N/A I N/A

Summary: A four inch by six inch area of a ship's painted hull with fixed low-level contamination was
sanded without radiological controls. Removed paint was lost to environment.
Response: Surveys of the area and personnel were less than minimum detectable.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date Location Volume Activity
2-23-73 YRR-7 Barge/ N/A N/A

Building 291
Summary: Four small pieces of potentially contaminated equipment were lost.
Response: Extensive search was conducted without locating items. Determined that items were most
likely disposed of as radioactive waste.

Date I Location I Volume I Activity
2-2-73 to 3-15-73 I N/A I N/A I N/A

Summary: Potentially contaminated internal plug was lost.
Response: Extensive search was conducted without locating the item. Determined that item was most
likely disposed of as radioactive waste.

Date I Location I Volume I Activity
7-27-73 I N/A I N/A I N/A

Summary: Potentially contaminated mirror was lost.
Response: Extensive search was conducted without locating the item. Determined that the item was most
likely disposed of as radioactive waste.

Date I Location I Volume I Activity
8-22-73 I N/A I N/A I N/A

Summary: Potentially contaminated tool was lost.
Response: Extensive search was conducted without locating the item. Determined that the item was most
likely disposed of as radioactive waste.

Date I Location I Volume I Activity
9-11-73 I Unknown Drydock I N/A I N/A

Summary: Wooden plug inadvertently removed from a valve prior to sand blasting operations. This
exposed a contaminated area.
Response: Area surveyed and decontaminated until surveys were less than minimum detectable.
Maximum levels were 5,000 pCi per 20 cm2 scanning probe prior to decontamination. Plug was recovered
and controlled.

Date I Location I Volume I Activity
12-23-73 I Unknown Berth I <0.07 gallon I <0.012 ~Ci

Summary: During installation test of a hose, water leaked from a hole in the hose onto a ship's hull.
Some of the water entered the river.
Response: Normal corrective actions for the spill were taken. Area surveyed; all results less than
minimum detectable. Leak identified and hose replaced. Procedures revised.

Date I Location I Volume I Activity
2-6-74 I Drydock #2 I 2,547 gallons I <0.204 ~Ci

Summary: During fill operations, the line from the Controlled Pure Water trailer to a ship leaked. The
water entered the drydock sumps and was improperly discharged to the river.
Response: Secured the transfer and drydock pumps. Samples taken; results were less than minimum
detectable. Other transfer lines were checked for similar problems. Procedures revised. (Note c)

Date I Location I Volume I Activity
3-28-74 I Building 291 I N/A I N/A

Summary: A potentially contaminated tool was lost inside Building 291 after being surveyed externally
less than minimum detectable.
Response: Extensive search conducted but tool was not found.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
8-23-74 I Unknown Pier I <0.75 gallon I N/A

Summary: During draining operations a leak occurred at a union connection. This wetted an area on the
pier approximately two feet by fifteen feet.
Response: Normal corrective actions for the spill were taken. Surveys after the water was removed
showed 5,000 pCi/lOO cm". Area was decontaminated to less than minimum detectable.

Date I Location I Volume I Activity
11-7-74 I N/A I N/A I N/A

Summary: A potentially contaminated six inch scale was lost.
Response: Extensive search was conducted without locating the item. Determined that the item was most
likely disposed of as radioactive waste.

Date I Location I Volume I Activity
8-12-75 to 8-29-75 I N/A I 675 gallons I <0.054 /lCi

Summary: Controlled Pure Water was inadvertently supplied to a tank within a ship. Controlled Pure
Water overflowed the tank and entered the bilge. The water was discharged without authorization.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I Volume I Activity
8-13-75 I Building 233 I <0.07 gallon I N/A

Summary: During loading, a drum of contaminated soil was punctured by a fork lift and contaminated
water leaked out onto the truck bed and ground.
Response: Loading secured. Normal corrective actions for the spill were taken. Surveys taken; all results
less than minimum detectable. Procedure revised.

Date I Location I Volume I Activity
10-14-75 I Building 89 I N/A I N/A

Summary: Contaminated tool was found outside of radiologically controlled areas. During recovery
actions for this event an additional contaminated unmarked tool was discovered.
Response: Area surveyed; all results less than minimum detectable. Assessment showed that activity was
fix~d on items and contamination spread was unlikely.

Date I Location I Volume I Activity
1-76 I Building 178 I N/A I N/A

Summary: A ship's tool stored on board a ship as non-radioactive was moved and stored in a shipyard
building. The tool was later found to be contaminated during a routine radioactive material search survey.
Response: Area surveyed; all results less than minimum detectable. Activity on external part of tool was
fixed and the contamination inside was covered at all times.

Date I Location I Volume I Activity
2-24-76 I Drydock #1 I <0.07 gallon I N/A

Summary: Packaging was damaged during shipment of contaminated equipment containing water. Water
dripped onto other equipment and surfaces along the "swing path" of the crane moving the equipment.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable. Maximum levels were 2500 pCi/l 00 cm2 prior to
decontamination. Procedure revised.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I VOlume I Activity
3-9-76 I Drydock #1 I N/A I N/A

Summary: Contaminated water leaked from a tank onto the pier while the tank was being lifted by a crane.
Response: Normal corrective actions for the spill were taken. Area surveyed, decontaminated/excavated
until surveys were less than minimum detectable. Maximum levels were 50,000 pCi per 20 cm 2 scanning
probe prior to decontamination. Procedure revised.

Date I Location I Volume I Activity
3-26-76 I N/A I N/A I 0.31 IlCi

Summary: Failed to maintain proper accountability of two contaminated flanges. These items could not be
found when it was time to reinstall them on a ship.
Response: Extensive search was conducted without locating the items. Determined that they were most
likely disposed of as radioactive waste.

Date I Location I Volume I Activity
4-20-76 I Building 60 I N/A I N/A

Summary: Stainless steel ladder was improperly released from radiological controls.
Response: A search was conducted and item was located. Determined that the item had fixed
contamination. Area surveyed; all results less than minimum detectable.

Date Location Volume Activity
8-12-76 Travel Route to N/A N/A

Building 291
Summary: Radioactive material being transported on a flat bed trailer started to shift in transit. Recovery
actions caused damage to the packaging, resulting in contaminating the flat bed decking.
Response: Area surveyed and decontaminated until surveys were les,s than minimum detectable.
Maximum levels were 2500 pCi/l 00 cm2 prior to decontamination. Procedure revised.

Date I Location I Volume I Activity
1-28-77 I Building 291 I N/A I N/A

Summary: Six barrels of radioactive material (packaged for shipment) were found outside of
radiologically controlled areas.
Response: Area surveyed; all results less than minimum detectable. Procedures revised. (Note d)

Date I Location I Volume I Activity
2-9-77 I Drydock #2 I 1 gallon I 0.019 IlCi

Summary: Potentially contaminated water leaked from a joint into a plastic drape and onto the drydock
floor.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable. Concluded that 1 gallon of water may have been discharged
into the river.

Date I Location I Volume I Activity
7-22-77 I Outside Building 291 I 20 gallons I <0.0015 IlCi

Summary: Controlled Pure Water leaked from a manifold box onto the asphalt.
Response: Area surveyed; all results less than minimum detectable. Assessment determined that some of
the water went into the storm drain. (Note c)

Date I Location I Volume I Activity
9-20-77 I Berth 11 I 45 gallons I <0.0064 IlCi

Summary: Controlled Pure Water leaked into a ship's bilge and was improperly pumped into the river.
Response: No action required. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
10-28-77 I Outside Building 291 I 41 gallons 1 <0.0059 /lCi

Summary: Controlled Pure Water leaked onto the asphalt from a pump on a Controlled Pure Water truck.
Response: Pump was blanked off until repairs were completed. Assessment determined release to
environment via a storm drain. (Note c)

Date I Location I Volume 1 Activity
11-12-77 I Building 285 I N/A I N/A

Summary: A contaminated ite~ was removed without proper controls and sent to the sand blast facility.
Response: Item was found and controlled. Item surveyed; all results less than minimum detectable. Item
had been stripped and repainted. Sand blasting area was surveyed and decontaminated until surveys were
less than minimum detectable. Maximum levels were 1500 pCi/I 00 cm2 prior to decontamination.

Date I Location I Volume I Activ·ity

12-12-77 I Outside Building 291 I 6 gallons I <0.00045 /lCi
Summary: Controlled Pure Water leaked onto the asphalt from a faulty valve on a Controlled Pure Water
truck.
Response: Valve was repaired. Assessment determined release to environment via storm drain occurred.
(Note c)

Date I Location I Volume I Activity
12-12-77 I N/A I N/A 1 N/A

Summary: A potentially contaminated switch was improperly released and shipped as non-radioactive
material to another shipyard. Item was identified as contaminated upon receipt.
Response: Item swipe surveyed; all results less than minimum detectable. Maximum levels on the item
were 1350 pCi per 20 cm2 scanning probe. Activity was fixed in place. Procedures revised.

Date I Location I Volume I Activity
12-13-77 I Berth 6 I 97 gallons T 2.09/lCi

Summary: Gasket failure during a discharge resulted in a leak of radioactive liquid to the harbor.
Response: Discharge secured. Area surveyed; all results less than minimum detectable. Results of river
and sediment samples were consistent with previous quarterly environmental results.

Date I Location I Volume I Activity
1-10-78 I Unknown Berth I N/A I <0.00025 /lCi

Summary: A section of potentially contaminated gasket material was lost in the river during removal of
discharge piping from a ship.
Response: Extensive search was conducted without locating the item. Potential radioactivity was
conservatively estimated. Procedure revised.

Date I Location I Volume 1 Activity
2-15-78 I Building 79 I N/A I N/A

Summary: Two boxes of material were improperly released from radiological controls and shipped as non-
radioactive material to another shipyard. Items were identified as contaminated upon receipt. These items
were improperly stored outside of radiologically controlled areas at PNS for several years prior to being
shipped.
Response: Storage area surveyed and decontaminated until surveys were less than minimum detectable.

Date I Location I Volume I Activity
3-31-78 I N/A I 1 gallon I <0.00014/lCi

Summary: Controlled Pure Water leaked when a gasket failed while filling a ship's tank.
Response: Spill was wiped up. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
5-12-78 I N/A I 0.5 gallon I <0.00023 IlCi

Summary: During a test, Controlled Pure Water was directed into a polyethylene bottle. Some of the
water went through the installed HEPA ve'nting filter, entered a ship's bilge, and was improperly pumped
to the river.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I Volume I Activity
6-21-78 I Berth 13C I 24.8 gallons I 0.069 IlCi

Summary: A ruptured gasket in a ship's temporary discharge piping resulted in releasing radioactive liquid
to the harbor.
Response: Discharge secured. Samples of harbor water and sediment were consistent with similar samples
previously taken. Procedures revised to use improved gasket material.

Date I Location I Volume I Activity
8-31-78 I Building 291 I 0.06 gallon I <0.01 IlCi

Summary: A potentially contaminated water sample was lost. Investigation determined the water was
disposed of via a non-radiological drain without being surveyed.
Response: Extensive search was conducted and the bottle was recovered. Drain surveyed; all results less
than minimum detectable. Procedure revised.

Date Location Volume Activity
10-13-78 Between Buildings 75 N/A N/A

and 76
Summary: A railcar arrived on the shipyard with detectable contamination.
Response: Area surveyed and decontaminated until surveys were less than minimum detectable.
Maximum levels were 1550 pCi/1 00 cm2 prior to decontamination.

Date I Location I Volume I Activity
11-1-78 to 11-30-78 I N/A I 1 gallon I 0.00014 IlCi

Summary: An unexplained loss of Controlled Pure Water was reported by a ship to the shipyard.
Response: No action required. (Note c)

Date / Location I Volume I Activity
4-27-79 I N/A I 1.4 gallons I N/A

Summary: A bottle of Controlled Pure Water was improperly marked and some of the water was used to
make coffee.
Response: Coffee pot and coffee were controlled and analyzed less than minimum detectable. Procedures
revised. Personnel were monitored and no contamination was detected. Estimated lifetime committed
dose if one person drank all the coffee is 0.7 mrem, or about 0.2% of average annual background exposure.
(Note c)

Date I Location I Volume I Activity
5-21-79 I N/A I N/A I 0.8 IlCi

Summary: Contamination was found downstream ofHEPA filters installed in the radiological repair barge
ventilation system.
Response: Ductwork surveyed and decontaminated until surveys were less than minimum detectable. The
activity stated above was the amount removed from the ductwork. Determined that no airborne above
limits was discharged based on totalizer results.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
6-30-79 I Building 240 I N/A I N/A

Summary: Contaminated equipment was improperly released from radiological controls.
Response: Extensive search was conducted for the items. All items were recovered and controlled.
Items swipe surveyed, and area surveyed; all results less than minimum detectable. Items did have fixed
contamination of up to 700 pCi per 20 cm2 scanning probe.

Date I Location I Volume , Activity
7-11-79 I N/A I 22 gallons I <0.0032 ~Ci

Summary: Improper valve lineup on a ship resulted in 60 gallons of Controlled Pure Water being added to
800 gallons of pure water in a non-radiological tank.
Response: Lineup was corrected and most of the water was reused. Calculated that a maximum of 22
gallons was improperly discharged to the environment. (Note c)

Date I Location I Volume I Activity
10-3-79 I N/A I 0.00025 gallon I 0.0044 ~Ci

Summary: A small amount of radioactive liquid was spilled into a ship's bilge. This water mixed with
uncontaminated water in the bilge and was improperly discharged to the environment.
Response: Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
8-6-80 to 8-7-80 . I N/A I 0.25 gallon I 0.1 ~Ci

Summary: A gauge line leaked radioactive liquid into a ship's bilge. The bilge water was improperly
pumped into the river.
Response: Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
4-28-81 I N/A I N/A I N/A

Summary: Improper sampling techniques by ship's personnel resulted in a spread of contamination outside
radiological areas within and outside the ship.
Response: Area surveyed and decontaminated until surveys were less than minimum detectable. One
survey point (dirt sweeping topside) had detectable activity at 11 pCi/g.

Date I Location I Volume I Activity
7-20-81 I Outside Building 291 I N/A I N/A

Summary: A bolt used to secure the cover on a drum containing cleaned anti-contamination clothing was
found to have fixed contamination. The drum was located outside radiologically controlled areas.
Response: Area surveyed; all results less than minimum detectable. Bolt most likely was contaminated at
the laundry vendor.

Date I Location I Volume I Activity
8-25-81 I N/A I N/A I N/A

Summary: Two pieces of potentially contaminated equipment were improperly released from radiological
controls.
Response: Extensive search was conducted and both items were recovered and controlled. Area surveyed;
all results less than minimum detectable.

Date I Location I Volume I Activity

9-10-81 I N/A I N/A I N/A
Summary: Potentially contaminated tool was improperly released from radiological controls.
Response: Extensive search was conducted and item was recovered and controlled. Area surveyed; all
results less than minimum detectable.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
10-21-81 I N/A I N/A I N/A

Summary: Potentially contaminated ventilation lines were disassembled and transported outside
radiologically controlled areas without proper controls.
Response: Ventilation lines were recovered and properly packaged. Area surveyed; all results less than
minimum detectable.

Date I Location I Volume I Activity
2-24-82 I N/A I N/A I <O.OI/-lCi

Summary: A small piece of capped tubing was discovered to have loose contamination inside the pipe, but
was not marked as radioactive material. The tubing was found aboard ship and originated from an
uncontrolled area.
Response: Item controlled. Area surveyed; all results Jess than minimum detectable. Item was internally
contaminated.

Date I Location I Volume I Activity
6- I-82 to 6-22-82 I N/A I 33 gallons I 0. 125 /-lCi

Summary: Radioactive liquid from a ship's system leaked into the bilge and was improperly discharged to
the environment.
Response: Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
6-30-82 I Near Building 233 I N/A I < 3.44 /-lCi

Summary: Bricks, mortar, and sand from a contaminated storm drain were inadvertently removed by a
private contractor and deposited as fill in an employee's back yard (with his consent).
Response: Area of excavation was controlled and surveyed; all results were less than minimum detectable.
Area was released for unrestricted use. Policies regarding Public Works projects in areas that may be
controlled were revised. The cobalt-60 activity (fixed in the bricks) that was left in the employee's back
yard was conservatively estimated at 3.44 /-lCi (would be 0.48 /-lCi in 1997). The State of Maine and the
employee were notified of the material in the employee's back yard.

Date I Location I Volume I Activity
7-13"82 I N/A I <1.6 gallons I 0.006/-lCi

Summary: Potentially radioactive liquid leaked into a ship's bilge and was improperly discharged to the
environment.
Response: Normal corrective actions for the spill were taken. Area surveyed and the remaining liquid in
the bilge was sampled; all results less than minimum detectable.

Date I Location I Volume I Activity
7-24-82 to 7-26-82 I Unknown Berth I 9.66 gallons I 6.033/-lCi

Summary: A leak in a ship's hull flange resulted in radioactive liquid entering the river.
Response: Discharge secured. Area surveyed; all results less than minimum detectable. Results of water
and sediment samples were consistent with levels found during routine environmental monitoring.
Procedures revised.

Date I Location I Volume I Activity
3-4-83 I N/A I 0.3 gallon I 0.004 !lCi

Summary: Test equipment installed on a ship leaked radioactive liquid. This water entered the river.
Response: Area surveyed; all results less than minimum detectable.

5-22



Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
3-25-83 I Building 291 I N/A I N/A

Summary: Contaminated tool was found outside of radiologically controlled areas.
Response: Tool was controlled and surveyed. Tool had detectable contamination in an inaccessible
portion. Area surveyed; all results all less than minimum detectable.

Date I Location I Volume I Activity
6-13-83 I Building 291 I N/A I N/A

Summary: Potentially contaminated tool was found outside of radiologically controlled areas. Tool had
been improperly released from radiological controls.
Response: Area surveyed; all results less than minimum detectable. Tool surveyed less than minimum
detectable.

Date I Location I Volume I Activity
6-14-83 I N/A I N/A I N/A

Summary: A potentially contaminated plug was missing when required for reinstallation.
Response: Extensive search was conducted without locating the item. Determined that it was most likely
disposed of as radioactive waste.

Date I Location I Volume I Activity
8-26-83 I Building 238 I N/A I N/A

Summary: Radioactive material which had been improperly released from radiological controls was found
outside of radiologically controlled areas during a routine radioactive material search survey.
Response: Area surveyed; all results less than minimum detectable. Items controlled.

Date I Location I Volume I Activity

9-14-83 I N/A I N/A I N/A
Summary: A ship's force polyethylene bottle was taken to Building 291 for disposal as non-radiological
material. Surveys of the bottle showed it was contaminated. The bottle had been sealed and stored on the
ship's force living barge outside of radiologically controlled areas.
Response: Area surveyed; all results less than minimum detectable. Bottle controlled. (Note d)

Date I Location I Volume I Activity
12-8-83 I N/A I 28 Gallons I <0.004 ~Ci

Summary: Ship's force inadvertently discharged 28 gallons of Controlled Pure Water.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I Volume I Activity
1-31-84 I N/A I 35 gallons I <0.005 ~Ci

Summary: Controlled Pure Water inadvertently put into a non-radiological system. Some of this water
was determined to drain from the system into a ship's bilge and eventually to the environment.
Response: Procedures revised. No other action required. (Note c)

Date I Location I Volume I Activity
3-16-84 I N/A I N/A I N/A

Summary: A potentially contaminated gasket was removed from a valve without radiological controls and
taken to a non-radiological area.
Response: Area and gasket surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
2-15-85 I N/A I 2 gallons I <0.00029 ~Ci

Summary: Controlled Pure Water spilled onto deck.
Response: Water was absorbed and material was disposed of in regular (non-radiological) trash. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Reieases to The Environment

Date I Location I Volume I Activity
2-25-85 I Drydock # I Perry Ave. I 21 gallons I <0.003/lCi

Summary: Controlled Pure Water inadvertently leaked onto the ground during a transfer.
Response: No action required. (Note c)

Date I Location I Volume I Activity
4-18-85 I Drydock #3 I N/A I N/A

Summary: A potentially contaminated vacuum cleaner was improperly released from radiological controls.
Response: Item was recovered and controlled. Item and area surveyed; all results less than minimum
detectable.

Date Location Volume Activity
4-24-85 Drydock #3 and N/A N/A

Building H-I
Summary: A head band worn by a worker became contaminated during a spill in a ship's reactor
compartment. The head band was removed, but was not controlled properly and was not identified as
radioactive material until it arrived at Building H-I.
Response: Item was properly controlled. Area surveyed; all results less than minimum detectable.

Date Location Volume Activity
6-11-85 Drydock #3 and N/A <0.014/lCi

Building H-I
Summary: After exiting a controlled area, a worker had a whole body count as part of his routine medical
evaluation. The whole body count identified contamination on the worker's clothing.
Response: Areas and path of travel surveyed; all results less than minimum detectable. Assessment
determined no release to environment was likely to have occurred since material was fixed in clothing.
Personnel frisking procedure revised.

Date I Location I Volume I Activity
6-30-85 I N/A I 6 gallons I <0.00086 !lCi

Summary: Controlled Pure Water was discharged. Reason and location unknown due to loss of record.
Response: No action required. (Note c)

Date Location Volume Activity
7-16-85 Drydock #3 and N/A <0.05/lCi

Building 174
Summary: Tools received from another shipyard had been improperly released from radiological controls.
Tools were found to be contaminated. Some of these tools had been cleaned in a non-radiological area
prior to identifying the contamination.
Response: Items were properly controlled. Area surveyed; all results less than minimum detectable.
Extensive, unsuccessful search was conducted for the linen used to clean the tools. Determined that the
linen was disposed of as uncontaminated waste and incinerated off yard.

Date Location Volume Activity
9-30-85 Building H-l and N/A 0.019/lCi

Building 240
Summary: A detector assembly not being radiologically controlled was determined to be contaminated
during testing at the Building H-I laboratory. The activity was contained inside the item.
Response: Item was properly controlled. Areas surveyed; all results less than minimum detectable.
Procedure for testing was revised.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
1-9-86 I N/A I N/A I N/A

Summary: A partially used roll of tape was identified as being contaminated (1500 pCi per 20 cm 2

scanning probe). Investigation revealed that it had been stored in a non-radiological area prior to
discovery,
Response: Item controlled, Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
4-30-86 I N/A I N/A I N/A

Summary: Radioactive material was improperly released from radiological controls to an uncontrolled
area and subsequently found to be contaminated (1500 pCi per 20 cm 2 scanning probe).
Response: Item was recovered, surveyed, and controlled. Area surveyed; all results less than minimum
detectable.

Date I Location I Volume I Activity
6-2-86 I N/A I N/A I N/A

Summary: A piece of linen was found to be contaminated (10,000 pCi per 20 cm 2 scanning probe).
It had been in a non-radiological area prior to discovery.
Response: Item controlled. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
8-12-86 I Building 240 I N/A I 0.005 !lCi

Summary: A contaminated gauge was taken to Building 240 from a ship without being properly released
from radiological controls.
Response: Gauge was controlled. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
9-11-86 I N/A I 30 gallons I <0.0043 !lCi

Summary: Controlled Pure Water from a ship's tank entered the bilge and was improperly discharged to
the environment.
Response: No action required. (Note c)

Date I Location I Volume I Activity
12-11-86 I N/A I N/A I <0.03 !lCi

Summary: Drain plugs used in Building 291 had not been properly r'eleased from radiological controls.
Response: All six plugs were recovered and five of the six were contaminated. Areas surveyed; all results
less than minimum detectable. Activity was a worst-case estimate.

Date I Location I Volume I Activity
2-24-87 I Building 174 I N/A I 0.004 !lCi

Summary: A bag of fittings identified as radioactive material was found outside of radiologically
controlled areas. The fittings were found to be contaminated.
Response: Extensive surveys were taken of the work area and equipment in Building 174 with no
contamination found. Fittings were controlled. Detectable radioactivity was determined to be inside of
the fittings.

Date I Location I Volume I Activity
3-26-87 I Building 291 I N/A I N/A

Summary: Six radiologically controlled items could not be located during inventory.
Response: Extensive, unsuccessful search was conducted. Determined that the items were most likely
disposed of as radioactive waste.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
3-30-87 I Building 291 I N/A I N/A

Summary: Fourteen radiologically controlled items could not be located during the quarterly inventory.
Response: Extensive, unsuccessful search was conducted for the items. Determined that the items were
most likely disposed of as radioactive waste.

Date I Location I Volume I Activity
7-7-87 I Building 174 I N/A I N/A

Summary: Potentially contaminated material was removed from a controlled area without being surveyed
and was later found outside of radiologically controlled areas during a routine radioactive material search
survey. Material was determined to be contaminated upon survey.
Response: Items were controlled. Area surveyed; all results less than minimum detectable. Assessment
determined release to environment was unlikely as package remained sealed while outside of radiologically
controlled areas. (Note d)

Date I Location I Volume I Activity
7-21-87 I Outside Building 291 I 1.5 gallons I <0.000216/lCi

Summary: Controlled Pure Water spilled from a trailer onto the pavement.
Response: No action required. (Note c)

Date I Location I Volume I Activity
7-22-87 I Outside Building 233 I N/A I N/A

Summary: Private contractor working portions of the service trench by Building 233 , beyond the areas
authorized for work, exposed contaminated portions of the trench.
Response: Surveys of materials and area indicated that no spread of contamination had occurred. Area
was restored to original conditions and procedures revised.

Date Location Volume Activity
11-10-87 Between Building 79 N/A N/A

and 22
Summary: An empty, capped, potentially contaminated polyethylene bottle fell out of transport vehicle
and onto a shipyard roadway during a transfer to Building 291.
Response: The capped bottle was retrieved undamaged. Area surveyed; all results less than minimum
detectable. Transportation requirements revised. (Note d)

Date I Location I Volume I Activity
2-2-88 I Drydock #1 I 27 gallons I <0.0039 /lCi

Summary: During hydrostatic testing, Controlled Pure Water was released to the environment via various
small spills due to poor workmanship on system assembly and personnel not being adequately trained on
Controlled Pure Water requirements.
Response: Procedures revised. (Note c)

Date I Location I Volume I Activity
2-2-89 I N/A I N/A I <0.0025 /lCi

Summary: A vent screw was lost from a radiologically controlled valve.
Response: Extensive, unsuccessful search was conducted for the item. Determined that it was most likely
disposed of as non-radioactive waste. Activity level was estimated based on activity of the valve cap.

Date I Location I Volume I Activity
2-22-89 to 3-2-89 I N/A I 32 gallons I <0.0024 /lCi

Summary: Controlled Pure Water was put into a non-contaminated system. Some of the water drained
from the system and into the ship's bilge and was improperly discharged to the environment.
Response: Procedures revised. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
6-1-89 I N/A I N/A I N/A

Summary: A potentially contaminated item was improperly removed to a non-radiologically controlled
area.
Response: Item was recovered and controlled. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
6-16-89 I Drydock #3 I 15 gallons I <0.001 I1Ci

Summary: Controlled Pure Water leaked from a fitting. Some leaked to the drydock floor and was
improperly discharged to the environment.
Response: Collected spilled water to the extent practical. Area surveyed; all results less than minimum
detectable. (Note c)

Date I Location I VOlume I Activity
6-26-89 I Outside Building 291 I 37.5 gallons I <0.0028 I1Ci

Summary: Controlled Pure Water leaked onto the pavement and a small amount (l gallon) went into a
stonn drain. This happened during a transfer of Controlled Pure Water from the building to a truck.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I VOlume I Activity
9-29-89 I Drydock #3 I N/A I N/A

Summary: Six packages of marked radioactive material were improperly controlled and were found
outside radiologically controlled areas.
Response: Items were recovered and controlled. Wrapping was intact. Area surveyed; all results less than
minimum detectable. (Note d)

Date I Location I Volume I Activity
10-18-89 I Berth 6 I N/A I N/A

Summary: Two radiation monitoring instruments were found by shipyard divers on the river bottom.
They had been missing for a short time.
Response: Both instruments were recovered intact. One had its attached radioactive source intact. The
second instrument (internally potentially contaminated air sampler), which by design had no source, was
analyzed and detennined not to be contaminated. Procedures revised.

Date I Location I Volume I Activity
1-8-90 I N/A I 35 gallons I <0.0026 I1Ci

Summary: Controlled Pure Water leaked from a valve into a ship's bilge. Water was improperly
discharged to the shipyard's sanitary sewer system.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I Volume I Activity
2-14-90 I N/A I 45 gallons I <0.004I1Ci

Summary: Controlled Pure Water leaked into a ship's bilge and was improperly pumped into the ship's
sanitary system and discharged to the environment.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I Volume I Activity

3-20-90 I N/A I 8 gallons I <0.00061I1Ci
Summary: Controlled Pure Water leaked from a valve into a ship's bilge. Water was improperly
discharged to the sanitary sewer system.
Response: Area surveyed; all results less than minimum detectable. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I VOlume I Activity
4-19-90 I N/A I N/A I N/A

Summary: A potentially contaminated valve was removed from a ship without radiological controls.
Response: Item was recovered and surveyed less than minimum detectable. Area surveyed; all results
less than minimum detectable.

Date I Location I Volume I Activity
4-25-90 I Drydock #1 I N/A I N/A

Summary: During a draining operation, potentially contaminated water was observed leaking out of the
bagged end of a discharge line and onto the drydock floor.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable. All loose dirt and grit was collected and sampled less than
minimum detectable.

Date I Location I Volume I Activity
2-6-91 I Berth 11 I N/A I N/A

Summary: A twenty-nine-foot section of radiologically controlled ventilation line was left unattended
outside of radiologically controlled areas.
Response: Ventilation line was controlled. Area surveyed; all results less than minimum detectable.
Assessment determined release to environment unlikely since activity (maximum of 18,000 pCi per 22 inch
section) was contained inside the ventilation line and not accessible from the ends. (Note d)

Date I Location I Volume I Activity
2-12-9.1 I Drydock #3 I N/A I N/A

Summary: A drain line froze, causing residual liquid inside the hose to expand and leak from two joints.
The water contaminated a metal trough and grate and spread to the ground near the rail track on the south
side of the drydock.
Response: Normal corrective actions for the spill were taken. Area surveyed and decontaminated until
surveys were less than minimum detectable.

Date I Location I Volume I Activity
3-7-91 I N/A I N/A I 0.06/lCi

Summary: A potentially contaminated item was improperly released from radiological controls.
Response: Item was recovered and controlled. Area surveyed; all results less than minimum detectable.
Procedure revised.

Date I Location I Volume I Activity
4-19-91 to 9-12-91 I Building 291 I N/A I <0.5/lCi

Summary: Due to misinterpretation of procedural requirements for gamma counting, various items were
released without the required frisk of the item prior to gamma counting.
Response: Areas/items surveyed; all results less than minimum detectable. Assessment concluded that a
maximum of 0.5 /lCi was released and that any radioactive material was likely retained within the items
and disposed of.

Date I Location I Volume I Activity
9-11-91 I N/A I N/A I 0.0093/lCi

Summary: Fixed contamination was found on a ship's force jacket upon exit from a controlled area.
Source of contamination was determined to be unknown and from some previous event.
Response: Jacket controlled and surveyed. Area surveyed; all results less than minimum detectable.
Assessment determined no release to environment was likely.
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
9-15-91 I Drydock #3 I 0.37 gallon I N/A

Summary: PotentialIy contaminated water leaked from a hull flange connection and onto the plastic sheet
covering the drydock floor.
Response: Normal corrective actions for the spill were taken. Area surveyed; all results less than
minimum detectable.

Date I Location I Volume I Activity
10-1-91 to 10-21-91 I N/A I 7.6 gallons I <0.0018 flCi

Summary: Controlled Pure Water leaked from a valve into a ship's bilge. The water was improperly
discharged to the environment after routine sampling indicated no detectable activity.
Response: Investigation conducted. (Note c)

Date I Location I Volume I Activity
1-5-92 to 4-15-92 I N/A I 302 gallons I <0.069 flCi

Summary: Controlled Pure Water leaked into a ship's bilge. The water was improperly discharged to the
environment.
Response: Area surveyed; all results less than minimum detectable. Procedures revised. (Note c)

Date I Location I Volume I Activity
3-16-92 I N/A I N/A I N/A

Summary: A worker unknowingly worked in a Controlled Surface Contamination Area for four days
without proper radiological controls because the radiological postings were obscured.
Response: Area and worker surveyed; all results less than minimum detectable. Assessment determined
no release to environment occurred.

Date I Location I Volume I Activity
4-6-92 I Building 291 I N/A I <0.008 flCi

Summary: Package of radiological material was improperly released from radiological controls and sent to
the shredder in a non-radiological area.
Response: Materials were collected, controlled, and surveyed. Area surveyed; alI results less than
minimum detectable. The recorded release is a "worst case" estimate.

Date I Location I Volume I Activity
5-6-92 I Building 174 I N/A I 0.003 flCi

Summary: A potentially contaminated torque wrench was improperly removed from radiological areas.
Response: Item controlled. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
9-24-92 I Building 291 I N/A I N/A

Summary: Space heater used in a radiological area was found to be internally contaminated. Previously
released heaters were checked. Follow-up surveys discovered that one heater stored in a non-radiological
area was also internally contaminated.
Response: Heaters were surveyed and controlled.

Date I Location I Volume I Activity
10-13-92 I N/A I 10 gallons I <0.0023 flCi

Summary: Controlled Pure Water drained to a ship's bilge and was improperly discharged to the
environment.
Response: No action required. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivity Releases to The Environment

Date I Location I Volume I Activity
11-5-92 I Building 240 I N/A I N/A

Summary: An item requiring radiological controls was found outside radiological1y control1ed areas.
Response: Item was recovered and surveyed less than minimum detectable.

Date I Location I Volume I Activity
12-4-92 I N/A I N/A I <0.0022 /lCi

Summary: Inspection mirror was found to be contaminated upon exit from a controlled area. Assessment
determined that the mirror was previously used in a contaminated area and was improperly released from
radiological controls. The mirror was kept for five months in a non-radiological area and used by workers
during this time.
Response: Areas surveyed; al1 results less than minimum detectable. Part of the mirror was missing. The
recorded release is a "worst-case" estimate.

Date I Location I Volume I Activity
1-12-93 I N/A I N/A I <0.026 /lCi

Summary: Individual contaminated his clothing while working in a contaminated area. This was not
discovered until the next day when he exited a different controlled area.
Response: Contaminated items were control1ed. Areas surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
2-12-93 I Drydock #2 I "Small amount" I N/A

Summary: Hose burst during hydrostatic testing, wetting ground with Controlled Pure Water.
Response: Normal corrective actions for the spill were taken. Al1 surveys were less than minimum
detectable..

Date I Location I Volume I Activity
6-15-93 I N/A I 3 gallons I <0.0007 /lCi

Summary: Controlled Pure Water drained to a ship's bilge and was improperly discharged to the
environment.
Response: No action required. (Note c)

Date I Location I Volume I Activity
8-19-93 I Berth I I 505 gallons I 1500 /lCi tritium

Summary: Primary Shield Water stored in a tanker railcar was boiled off by excessive heat from a steam
protection system.
Response: Heat protection system was reevaluated. Investigation concluded that steam released was
filtered by HEPA filter so only tritium was released. (The only other radionuclide of interest in Primary
Shield Water is chromium-51, with a 28-day half-life.)

Date I Location I Volume I Activity
8-30-93 I Drydock #2 I 2 gallons I <0.0005 /lCi

Summary: Controlled Pure Water leaked to the drydock floor and subsequently entered the environment.
Response: Area surveyed; al1 results less than minimum detectable. (Note c)

Date I Location I Volume I Activity

9-24-93 to 10-9-93 I N/A I 45 gallons I <0.010/lCi
Summary: Controlled Pure Water improperly drained to a ship's bilge and was discharged to the
environment.
Response: No action required. (Note c)
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Table 5-4 (continued)
Summary of Reports of Potential

Radioactivit)r Releases to The Environment

Date I Location I Volume I Activity
11-22-93 I Building 174 I NA I 1.47 !lCi

Summary: A contaminated test filter was found during a routine radioactive material search survey. The
filter had been disassembled without radiological controls. This resulted in a release to the sanitary sewer
system and to normal shipyard solid waste.
Response: Extensive search for other filters was conducted. Determined that only the one filter was
contaminated. Area surveyed; all results less than minimum detectable.

Date I Location I Volume I Activity
7-15-94 to 8-16-94 I N/A I 32 gallons I <0.0073 !lCi

Summary: Controlled Pure Water improperly drained to a ship's bilge and was discharged to the
environment.
Response: No action required. (Note c)

Date I Location I Volume I Activity
11-29-94 to 12-14-94 I N/A I 32 gallons I <0.0073 !lCi

Summary: Controlled Pure Water improperly drained to a ship's bilge and was discharged to the
environment.
Response: No action required. (Note c)

Date I Location I Volume I Activity
12-21-94 I Outside Building 291 I 20 gallons I <0.001 !lCi

Summary: Controlled Pure Water leaked due to incorrect gasket material.
Response: Area surveyed; all results less than minimum detectable. (Note c)

Date I Location I Volume I Activity
4-21-95 I Drydock #3 I I gallon I <0.00023 !lCi

Summary: Spill of Controlled Pure Water occurred during a transfer.
Response: Spill was wiped up and absorbent disposed of as non-radioactive waste. (Note c)

Date I Location I Volume I Activity
11-30-95 I N/A I N/A I 0.0411Ci

Summary: Two potentially contaminated items were released from radiological controls without being
properly evaluated.
Response: Extensive, unsuccessful search was conducted for the items. Determined that they were
disposed of in a contracted landfill offyard. Results of analysis of similar items showed likelihood of
radioactivity release to be low. Activity reported lost is estimated based on a "worst case" estimate.
Procedures revised.
Notes:
(a) N/A - Data not available.
(b) .Spills are also assumed to have occurred within the controlled radiological work facility in Building 291.

Despite the special design features of such facilities, it is conceivable that some radioactivity remains (e.g.,
within concrete flooring). These facilities will warrant special sampling and surveying in the event they
are to be released from radiological controls.

(c) Thirty-five of the one hundred and forty-two items above consist only of controlled pure water spills; see
Section 5.1.1.1- Processing and Reuse of Radioactive Liquids. For reference purposes, this controlled pure
water is well below the Nuclear Regulatory Commission's 10 CFR 20 Appendix B unrestricted release
criteria for cobalt-60 and sanitary sewer release criteria for tritium. Nevertheless, the NNPP controls this
water.

(d) Seven of the one hundred and forty-two items above consist of administrative losses of control of packaged
radiological (e.g., potentially contaminated) items. Actual environmental releases were not likely.
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5.2 Low-Level Solid Radioactive Waste Disposal

5.2.1 Policy

Solid low-level radioactive waste is generated during operation and maintenance of Naval
nuclear-powered ships. This low level waste consists primarily of contaminated rags, plastic
bags, paper, filters, ion exchange resin, and scrap materials. To maintain accountability,
strict controls over these materials are implemented. These controls include serialized
tagging and marking, and signatures by radiologically trained personnel to document
transfers of materials. Solid radioactive waste materials are packaged in strong tight
containers and shielded as necessary.

From the inception of the Program, on-site disposal of radioactive solid waste has been
prohibited. This policy was described in early reports such as "Radioactive Waste Disposal

. from U.S. Naval Nuclear Powered Ships," January 1959, Reference 18. Low-level
radioactive solid waste was shipped to disposal sites operated or authorized by the Atomic
Energy Commission (AEC). In the early years of the Program, this included some AEC
authorized ocean disposal sites. When commercially operated sites licensed by the AEC or a
state under agreement with the AEC became available, Navy solid waste was sent to these
sites. Currently, such waste is shipped to disposal sites licensed by the U.S. Nuclear
Regulatory Commission or a State under agreement with the U.S. Nuclear Regulatory
Commission.

The quantity of solid radioactive waste generated and shipped in anyone year from PNS
depends on the amount and type of support work performed that year.

Spent Naval fuel is shipped to Idaho. All other radioactive shipments in the NNPP contain
only low-level radioactivity classified under Department of Transportation regulations as low
specific activity or limited quantity shipments. The predominant radionuclide associated
with these shipments is cobalt-60 in the form of insoluble metallic oxide corrosion products
attached to surfaces of materials inside shipping containers. Most low-level shipments are
made by truck. Air transport is used no more than a few times per year for the NNPP. These
air shipments involve only very low levels of radioactivity and are restricted to cargo aircraft.

The policies and practices used successfully for overAO years in managing radioactive
materials and radioactive waste continue to be used currently. Reference 14 discusses and
also illustrates the overall performance of the Program since 1961 in managing radioactive
waste.

Facilities continue to be prohibited from disposing of radioactive waste on site. No NNPP
sites have active or inactive disposal areas for Program radioactive materials.

ShIpyards currently have agreements with Fleet activities in their geographic area to dispose
of Fleet radioactive waste. Shipyards have only limited storage areas for staging waste for
disposal. The Program policies of minimizing waste at the point of generation and then
disposing of it as soon as processing and packaging are completed continue to be applied.
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5.2.2 Records

The annual summary of solid waste disposal is included with the annual environmental
monitoring reports prepared by the Naval Nuclear Propulsion Program. PNS has archive
copies of annual solid radioactive waste summary reports since 1959. A summary of annual
solid radioactive waste data derived from available records is contained in Table 5-5.

The shipyard did not dispose of any solid waste in 1958. Between 1959 and 1963, AEC
contractors were hired to dispose of solid waste from the shipyard, but available records do
not indicate the disposal site used. From 1964 through 1975, solid radioactive waste was
disposed of at Maxey Flats, Kentucky. During 1976, solid waste was disposed of at both
Maxey Flats, Kentucky and Barnwell, South Carolina. From 1977 through 1989 all solid
waste was disposed of at Barnwell, South Carolina. During 1990 through 1992 all solid
waste was disposed of at the Beatty Nevada Site. In 1993 no disposal site was available for
PNS. Waste disposal resumed in 1994 and through 1995 was sent to Barnwell. These
records do not include classified components disposed of at the Oak Ridge, Savannah River,
or Hanford sites owned by the DOE, or spent fuel which was sent to the Idaho National
Engineering and Environmental Laboratory (INEEL).

The existence of waste disposal records dating back to 1959 and continuing through 1995,
along with the prohibition of disposing of waste on-site, provide evidence that no solid
radioactive waste has been disposed of on shipyard property. Adding to this evidence are the
results of the aerial radiological survey conducted by EG & G and reported in Section 6.7.
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Table 5-5
Summary of Solid Radioactive Waste

Disposal From Portsmouth Naval Shipyard
1959-1995

Yolume Contractor Disposal Site
Year (Thousand Cubic Feet) (a) (a)
1995 I CNSI SSC
1994 3 CNSI SSC
1993 0 (b) (b)
1992 2 USES BNY
1991 4 USES BNY
1990 1 USES SNY
1989 9 CNSI BSC
1988 I CNSI SSC
1987 1 CNSI SSC
1986 I CNSI SSC
1985 I CNSI BSC
1984 I CNSI BSC
1983 I CNSI SSC
1982 I CNSI SSC
1981 2 CNSI SSC
1980 2 CNSI SSC
1979 3 CNSI SSC
1978 6 CNSI SSC
1977 9 CNSI SSC
1976 2.6 NECO MFK
1976 3.5 SWNC BSC
1975 13.4(c) NECO MFK
1975 0.2 HITT N/A
1974 7 NECO MFK
1973 7 NECO MFK
1972 9 NECO MFK
1971 12 NECO MFK
1970 14 NECO MFK
1969 8 NECO MFK
1968 31 NECO MFK
1967 30 NECO MFK
1966 19 NECO MFK
1965 15 NECO MFK
1964 8 NECO MFK
1963 1.26 NECO N/A
1963 0.26 NETC N/A
1962 0.70 CMDC N/A
1962 7.17 NECO N/A
1961 0.15 CMDC N/A
1961 0.26 NETC N/A
1960 5 N/A N/A
1959 5 N/A N/A

Notes:
(a) Abbreviations used

CNSI: Chern-Nuclear Systems, Inc., Barnwell, Sc.
BSC: Barnwell, SC.
USEB: U.S. Ecology Nuclear, Louisville, KY
BNV: Beatty Nevada.
NECO: Nuclear Engineering Co., Inc., Morehead, KY.
MFK: Maxey Flats, KY.
SWNC: Southwest Nuclear Company, Louisville KY.
HITT: Hittman Nuclear and Development Corporation Columbia, MD.
NETC: New England Tank Cleaning Co., Cambridge MA.
CMDC: Crossroads Marine Disposal Corp. Boston, MA.

(b) Due to closure of a commercial disposal site and provisions of Federal and State law, radioactive waste
generators in Maine, including Portsmouth Naval Shipyard, did not have access to a disposal site in 1993.
Thus, no radioactive waste shipments were made to a disposal site in 1993 from the shipyard.

(c) Building 233 trench excavation.
N/A - Data not available.
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5.2.3 Jamaica Island Landfill

In the early years of the NNPP (1958 to approximately 1975), disposal of non-radioactive
yellow wrapping materials (e.g., scrap yellow wrapping materials generated when fabricating
specific size and shape wrappings, unused yellow wrapping materials damaged during
storage/movement/fabrication, training material, etc.) was normally accomplished by
incineration in an area in close proximity to the present Building 298, and incineration
residue was buried in the Jamaica Island landfill. Incineration residue at times contained
partially burned vice totally burned yellow wrapping materials. After the practice of
incineration was terminated in 1975 due to chemical air pollution concerns, non-radioactive
discarded yellow wrapping materials were warehoused in segregated storage for several years
while alternate disposal methods were developed. (Disposal of non-radioactive yellow
wrapping material is controlled to avoid confusion, since workers are trained to react to
finding any yellow wrapping material outside of radiologically controlled areas.)

During this storage period a substantial volume of non-radioactive discarded yellow
wrapping material was accumulated, and a portion of it was buried in the Jamaica Island
landfill. Subsequent to this period, non-radioactive discarded yellow wrapping material has
been industrially shredded and disposed of off-site as industrial waste.

Subsequent to the above periods and continuing through the present, yellow wrapping
materials have been found from time to time at the landfill. In each instance, shipyard
radiological controls personnel surveyed and verified the lack of any detectable radioactivity
above background, and the yellow material was removed for disposal elsewhere.

In May of 1991, the shipyard conducted a radiation scan survey of the Jamaica Island landfill
using a PRM-5N/SPA-3 gamma scintillation survey meter. Several areas where readings
exceeded twice established background were further investigated with a portable germanium
lithium detector with a multichannel analyzer. In all cases the elevated readings were
attributable to naturally occurring radioactivity. No NNPP radioactivity was identified
during this survey.

5.3 Mixed Waste

Mixed waste (waste which is both hazardous and contaminated with low level radioactivity)
has been generated during overhaul and repair of nuclear-powered ships. Efforts to minimize
the generation of mixed waste have been largely successful, but PNS has produced small
quantities of mixed waste. The mixed waste consists of several specific waste streams
containing cloth and plastics with petroleum products, elemental lead, and other smaller
volume waste streams mixed with low level radioactive contamination.

Given the lack of national capacity to treat and dispose of mixed waste, it is necessary to
store this small amount of mixed waste at a designated mixed waste storage area. PNS
submitted a Part A permit application to the Maine Department of Environmental Protection
for storage of mixed waste at Building 96, thereby placing this site in an interim status.
Pursuant to the Federal Facilities Compliance Act (FFCA), PNS prepared a Site Treatment
Plan (STP) for disposition of this waste and submitted the plan to the EPA. The PNS STP
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was approved by EPA Region I in October 1995. In accordance with the STP, all of the
current inventory of mixed waste at PNS is expected to be shipped to an EPA- or state
permitted DOE site for treatment.

5.4 Release of Facilities and Equipment Previously Used for Radiological Work

NNPP regulations require that activities engaged in Naval nuclear propulsion plant work
compile and maintain lists of facilities, areas, and equipment that have been used in support
of radiological work. These regulations further require that extensive radiological surveys be
conducted when these radiological work or storage areas will no longer be used or when the
area, facility, or equipment is being released from radiological control.

Such surveys include those using a gamma scintillation type meter, and beta-gamma frisk
surveys. Solid material samples are analyzed with a high-purity germanium detector coupled
to a 4096-channel analyzer. Samples are taken in defined grids. Any radioactivity detected
by surveys or samples is removed and the area resurveyed or resampled until levels
comparable to background are attained. Release criteria are discussed in Sections 4.4 and
5.1.3.

Results of surveys and sample analyses are formally documented and archived. For those
areas being permanently released, a written report describing the area, radiological history,
surveys and sampling protocol, tabulated results, and conclusions is forwarded to NNPP
headquarters.

Table 5-6 lists previous radiologically controlled facilities that have been released for
unrestricted use.

Pier and wharf areas adjacent to berths where nuclear ships are moored are used to locate
portable radioactive liquid waste collection tanks, and occasionally serve as temporary
radioactive material storage areas. Radioactive liquid waste tanks are controlled by technical
working documents approved by the Radiological Engineering management. All temporary
radioactive material storage areas require the written approval of the shipyard's Director of
Radiological Control.

Table 5-6

Previous Radiological Facilities Unconditionally
Released From Radiological Controls

Facility (a) Radiological Use

Building 233 Radiological Work Facility
Building 178 (laundry area) Laundry Receipt Area

Building 170 (first floor, Southeast comer) Radioactive Material Storage (b)
Building 168 Radioactive Material Storage

Building 96 (portion of) Temporary Radioactive Material Storage
Building 14 (counting lab) Temporary Radioactive Material Storage

Notes:
(a) The facilities listed are permanent buildings released. Numerous small temporary enclosures have also

been released from radiological controls.
(b) This area also contained Radiologically Controlled Areas and Controlled Surface Contamination Areas

for short duration operations.
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When a radioactive liquid waste tank is relocated or a temporary radioactive material storage
area is disestablished, beta-gamma radiological surveys are performed prior to removing
signs and barriers. The area must meet the Naval Nuclear Propulsion Program limits of less
than 450 pCi/1 00 cm2 swipe sample, or less than 450 pCi/20 cm2 scanning probe, to be
released for general use. Even then, the area is included on the list of those areas requiring
permanent release as described above.

Radiological equipment, including portable work and storage enclosures, are maintained
under the control of radiological control personnel until permanently released as described
above. In addition, if the equipment has any crevices which could trap loose surface
contamination, the item must be bulk counted before release (representative samples for large
items like enclosures) or be disposed of as solid radioactive waste.

An example of the large-scale release of prior NNPP radiological facilities occurred
when the NNPP left Ingalls Shipbuilding in Pascagoula, Mississippi. From 1958 to
1980, Ingalls Shipbuilding was engaged in the construction and overhaul ofNaval nuclear
powered ships. The shipyard radiological facilities which supported this work were
deactivated between 1980 and 1982. Extensive radiological decommissioning surveys were
performed to verify the effectiveness of deactivation. Direct radiological surveys were
performed on over 274,000 square feet of building and facility surfaces. Over 11,000
samples of these surfaces as well as soil, ground cover, and concrete were taken from all
areas where radioactive work was previously performed. These samples were analyzed using
sensitive laboratory equipment. In addition, both the State of Mississippi and the
Environmental Protection Agency (Reference 19) performed overcheck surveys of the
deactivated facilities. After these surveys were completed, the Ingalls facilities were released
for unrestricted use.

As at Ingalls, extensive radiological decommissioning surveys were performed at Mare
Island and Charleston Naval Shipyards to verify the removal of radioactive material. These
shipyards were deactivated following the 1993 round of the Base Realignment and Closure
(BRAC) process. At each shipyard, direct radiological surveys on over 5,000,000 square feet
of building and facility surfaces and analyses of over 40,000 samples of soil, ground cover,
and concrete using sensitive laboratory equipment detected no cobalt-60 other than trace
concentrations in a few localized areas. Simple, proven cleanup methods were used to
remediate these areas. The total amount ofNNPP radioactivity removed from the
environment at each shipyard was equivalent to that in a single home smoke detector (2 to
3 /lCi). Both shipyards were released for unrestricted use with respect to NNPP radioactivity
by the operational closure date of April 1, 1996, with state and EPA agreement.

Personnel who subsequently occupy these facilities will not receive detectable radiation
exposure above natural background levels. This relatively rapid and inexpensive remediation
effort was only possible due to the NNPP policy of operating its radiological facilities in a

.manner which does not impact the environment.
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5.5 Current Radiological Facilities

Other than active radiological work and storage areas, the only radioactivity remaining in the
envirornnent attributable to NNPP work at PNS is a trace amount of cobalt-60 found in the
lower level of a double tiered service trench and in a small section of capped storm drain pipe
left embedded in the granite seawall. This is discussed in Section 7.0. Current NNPP
radiological work and storage areas are identified in Table 5-7.

Table 5-7
Radiological Work and Storage Areas Currently in Use

Notes: (a) These buIldmgs are not permanent radiological work facIlitIes; however, portIOns of these buIldmgs were
used in the past as temporary radiological work areas (inside radiological containment tents) for short periods
of time. Post-work radiological surveys would have been performed in accordance with requirements at the time
to verify the absence of contamination. The areas were released for general shop use. The areas remain on the list
of active work and storage areas, identifying the need for more detailed surveys should they be slated in the future
for release for unrestricted civilian use.
(b) This building is also used for storage of mixed waste.
(c) Radioactive material may be encountered anywhere within the shipyard that is authorized by shipyard

procedures or manuals.
(d) In addition to the above facilities and areas, several portable buildings (e.g., refueling and dockside

radiological work enclosures) are in use at PNS.

Facility Radiological Use

Building 300 (Bay #I) (a) Temporary Radiological Work Area
Building 29 I and adjacent lay-down areas Radiological Work Facility

In-Transit Radioactive Material Storage
Portable Tank Storage Area Radioactive Material Storage

(North End of Building 291)
Building 178 (portion of) Radioactive Material Storage

(In process of being released)
Rail Car Storage Area In-Transit Radioactive Material Storage

(Fenced area east of Building 154)
Fenced area between Buildings 132 and 149 Radioactive Material Storage

(In process of being released)
Building 96 (b) Radioactive Material Storage

Building 80 (portion of) (a) Temporary Radiological Work Area
Building H-l (Room 6 I) Radioactive Material Analysis and Storage

Drydock #2 Refueling Complex Radiological Work Facility
and adjacent lay-down areas In-Transit Radioactive Material Storage

Drydock #3 Defueling Complex Radiological Work Facility
and adjacent lay-down areas In-Transit Radioactive Material Storage

Drydocks # 1, 2, 3 In-Transit Radioactive Material Storage
Berths #1, 2, 6, 11,12,13 In-Transit Radioactive Material Storage

...
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6.0 Environmental Monitoring Program

Radiological environmental monitoring has been conducted at PNS since the beginning of
its involvement with Naval nuclear-powered ships. This monitoring consists of analyzing
harbor sediment, water, and marine life samples for radioactivity associated with Naval
nuclear propulsion plants, radiation monitoring around the perimeter of support facilities,
and related monitoring. The scope and analysis methods of PNS monitoring are sensitive
enough to identify environmental radioactivity from various sources, such as that due to
airborne nuclear tests in past years or the Chernobyl accident. Environmental samples are
also checked at least annually by a u.s. Department of Energy laboratory to ensure
analytical procedures are correct and standardized within the NNPP.

Sections 2.3.1 and 4.2.1 discuss the basis for cobalt-60 being the primary radionuclide of
interest for the NNPP.

6.1 Harbor Environmental Records

Harbor environmental data consisting of sediment, water, and marine life sample analysis
data are applicable to the surface water pathway.

6.1.1 Sediment Sampling ,

Initial sediment samples were taken in 1961. A base-line radiological study begun in 1957
did not include sediment sampling.

The earliest published report that included Navy sediment sampling data is contained in
Reference 20. Table II of Reference 20 shows that in 1966, 175 samples were taken at the
shipyard. All but one of the samples were less than 10 pCi/cm2. Two samples per quarterly
sampling period were sent to the U.S. Public Health Service Southeastern Radiological
Health Laboratory for independent analysis. As an additional intercomparison, some
randomly selected samples were sent to a U.S. Atomic Energy Commission laboratory for
analysis.

In 1966, PNS implemented a uniform Program environmental monitoring protocol.
Sediment samples have been collected quarterly through the present.

Beginning in 1966, the NNPP has published an annual report of environmental monitoring
and waste disposal throughout the Program. These reports have been made available to
federal regulatory agencies, state governments, and the general public. Reference 14 is the
latest in this series of reports.

Each of the annual reports contains sediment sampling data. Data for sediment sampling
results reported annually by PNS are included in Table 6-1.
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Table 6-1
Average Gross Beta Radioactivity Concentration in Harbor Sediment Samples

Portsmouth Naval Shipyard
1961-1965

Average Gross Beta Activity Concentration (pCi/g) (e)

Year Quarter Sampling Location

Berth 11 Berth 13 Berth 15(a) Jamaica Island (a)

1961 I
2 16
3 24
4 29

1962 1 174
(b) 2 255

3 116
4 342

1963 1 251
2 252
3 196
4 188 134 117 86

1964 1 174 229 185 95
2 141 148 161 112
3 142 145 95 103
4 129 116 120 86

1965 1 114 105 102 69
(c) 2 77 77 99 76

3 72 73 96 55
4 61 61 75 63

Notes: (a) Control sample locations.
(b) Two locations were sampled; berth 11 and near caisson of Drydock #2. Data was not provided

separately in annual report.
(c) During the third quarter fifteen special samples of harbor sediment were analyzed by Knolls

Atomic Power Laboratory. No detectable cobalt-60 was found.
(d) Gross gamma analysis was performed beginning in 1966. The average gross beta measurements

for 1964 and 1965 were 153 pCi/g and 80 pCi/g, respectively. The sharp decline in 1965 is due
to reduction in levels of radioactivity in the environment due to cessation of atmospheric nuclear
weapons testing. Gross beta radioactivity declined steadily, reaching a level of20 pCi/g in
1967, when this analysis was discontinued.

(e) A portion of the moist silt was dried for analysis. For all later sediment samples (1966 and on),
samples were drained; since nearly all liquid is removed, the samples show the consistency of
thick mud.
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•
Table 6-1 (continued)

Gamma Radioactivity Concentration in Harbor Sediment Samples
Portsmouth Naval Shipyard

1966-1970

No. ofSamples with Co-60 Energy Range Activity Gross Gamma Results, 0-2:0 MeV
<10 10-100 >100 Average Range:

Year Quarter pCi/cm2-wet pCi/cm2-wet pCi/cm2-wet pCi/cm2-wet High/Low
(a) pCi/cm2-wet

1966 I 43 0 0 7.7 17.9-0.5
2 44 0 0 7.2 14.1-0.3
3 43 I 0 11.7 28.6-0.6
4 44 0 0 9.2 16.0-1.8

1967 1 44 0 0 9.7 22.0-2.2
2 44 0 0 8.4 15.5-1.1
3 44 0 0 10.8 36.3-3.1
4 44 0 0 12.7 36.8-3.6

1968 I 44 0 0 11.4 18.0-5.7
2 48 0 0 12.8 30.1-3.6
3 44 0 0 12.4 31.7-3.2
4 44 0 0 10.7 16.8-6.2

1969 1 44 0 0 9.2 13.1-3.2
2 44 0 0 10.6 17.5-2.5
3 44 0 0 11.0 18.1-1.6
4 44 0 0 11.9 28.7-7.5

1970 1 44 0 0 6.4 13.3-4.6
2 44 0 0 7.4 11.1-4.1
3 44 0 0 7.8 16.0-4.6
4 44 0 0 7.5 15.1-4.4

•

Notes: (a) From 1966 to 1970, the standard reporting requirements were in units of /-l/-lCi/cm2•

The above table has been changed to pCi/cm2 since /-l/-lCi and pCi are the same unit.
There is no direct conversion from cm2 to gram without knowing the number of dredge
loads needed to obtain a sample. This was corrected in 1971 by reporting pCi/g.
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Table 6-1 (continued)
Gamma Radioactivity Concentration in Harbor Sediment Samples

Portsmouth Naval Shipyard
1971-1995

No. of Samples with Cobalt-60 (a) (b)
Energy Range Activity Gross Gamma Results Specific Cobalt-60

Range: Range:
<3 3-30 >30 Average High/Low Average High/Low

Year Quarter pCi/g-wet pCi/g-wet pCi/g-wet pCi/g-wet pCi/g-wet pCi/g-wet pCi/g-wet

1971 I 44 0 0 2.1 3.9 -1.1
2 44 0 0 1.8 4.1 - 0.9
3 44 0 0 2.1 2.7-1.6
4 44 0 0 2.2 3.5-1.0

1972 I 44 0 0 1.9 3.5-1.0
2 44 0 0 1.9 3.0-0.1
3 44 0 0 2.0 3.0-0.9
4 44 0 0 2.0 3.2-0.8

1973 I 44 0 0 1.9 3.2-0.2
2 44 0 0 2.0 4.3-1.4
3 43 0 0 1.7 2.5-0.5
4 44 0 0 1.4 2.6-0.6

1974 I 44 0 0 1.3 2.0-0.5
2 44 0 0 1.6 2.7-1.0
3 44 0 0 1.6 2.3-0.9
4 44 0 0 1.4 2.2-1.1

1975 I 44 0 0 1.3 2.5-0.9
2 44 0 0 1.4 2.9-0.3
3 44 0 0 1.4 2.0-0.7
4 44 0 0 1.0 1.6-0.1

1976 1 44 0 0 1.3 2.2-0.3
2 44 0 0 1.2 2.8-0.6
3 44 0 0 1.3 1.9-0.4
4 44 0 0 1.6 2.5-0.8

1977 I 44 0 0 1.5 2.5-1.0
2 44 0 0 1.6 2.6-1.0
3 44 0 0 1.5 2.2-1.0
4 44 0 0 1.8 2.3-1.4

1978 I 44 0 0 1.8 2.9-1.2 <0.11 <0.22-<0.05
2 44 0 0 1.9 2.6-1.5 <0.12 <0.19-<0.04
3 44 0 0 1.7 2.2-1.3 <0.11 <0.21-<0.06
4 44 0 0 1.7 2.3-1.3 <0.11 <0.21-<0.07

1979 I 44 0 0 1.7 2.9" 1.3 <0.11 <0.18-<0.03
2 44 0 0 1.6 3.2-1.2 <0.10 <0.17-<0.04
3 44 0 0 1.7 3.0-1.2 <0.12 <0.19-<0.05
4 44 0 0 1.6 2.0-1.2 <0.10 <0.20-<0.04

1980 I 44 0 0 1.7 4.5-1.2 <0.12 <0.21-<0.07
2 44 0 0 1.6 2.2-1.2 <0.12 <0.19-<0.08
3 44 0 0 1.5 2.7-1.2 <0.10 <0.16-<0.04
4 44 0 0 1.6 2.5-1.2 <0.12 <0.22-<0.08

1981 I 44 0 0 1.5 2.2-1.1 <0.12 <0.22-<0.05
2 44 0 0 1.6 2.3-1.3 <0.12 <0.21-<0.06
3 44 0 0 1.7 3.2-1.2 <0.11 <0.17-<0.06
4 44 0 0 1.7 2.8-2.3 <0.11 <0.21-<0.04

1982 I 44 0 0 1.6 2.2-1.3 <0.11 <0.17-<0.03
2 44 0 0 1.5 2.0-1.2 <0.11 <0.17-<0.04
3 44 0 0 1.6 2.0-1.2 <0.13 <0.23-<0.06
4 44 0 0 1.5 1.9-1.2 <0.10 <0.15-<0.06

1983 I 44 0 0 1.5 3.2-1.2 <0.11 <0.23-<0.04
2 44 0 0 1.4 2.2-1.0 <0.11 <0.19-<0.07
3 44 0 0 1.5 2.2-1.0 <0.10 <0.22-<0.04
4 44 0 0 1.5 2.8-1.1 <0.10 <0.17-<0.05
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Table 6-1 (continued)
Gamma Radioactivity Concentration in Harbor Sediment Samples

Portsmouth Naval Shipyard
1971-1995

No. of Samples with Cobalt-60 (a) (b)
Energy Range Activity Gross Gamma Results Specific Cobalt-60

Range: Range:
<3 3-30 >30 Average High/Low Average HighlLow

Year Quarter pCi/g-wet pCi/g-wet pCi/g-wet pCilg-wet pCi/g-wet pCi/g-wet pCi/g-wet

\984 I 44 0 0 1.4 2.0-1.1 <0.1\ <0.21-<0.04
2 44 0 0 1.5 2.5-1.2 <0.\1 <0.17-<0.03
3 44 0 0 1.4 1.8-1.2 <0.08 <0.15-<0.02
4 44 0 0 1.5 2.6-0.9 <0.11 <0.23-<0.03

\985 I 44 0 0 1.4 1.7-1.l <0.11 <0.2\-<0.03
2 44 0 0 1.4 2.0-1.2 <0.\1 <0.20-<0.05
3 44 0 0 1.5 2.0-1.2 <0.\0 <0.\7-<0.04
4 30 0 0 1.5 2.0-1.2 <0.11 <0.2\-<0.03

1986 I 30 0 0 1.5 1.9-1.0 <0.10 <0.15-<0.05
2 30 0 0 1.5 1.8-1.2 <0.10 <0.17-<0.05
3 30 0 0 1.4 2.0-1.1 <0.09 <0.14-<0.04
4 30 0 0 1.6 2.2-1.2 <0.11 <0.20-<0.03

1987 1 30 0 0 1.2 1.7-1.0 <0.09 <0.17-<0.03
2 30 0 0 1.4 1.9-1.1 <0.10 <0.16-<0.06
3 30 0 0 1.5 2.3-1.2 <0.\2 <0.20-<0.04
4 30 0 0 1.l 1.7-0.8 <0.08 <0.15-<0.04

1988 I 30 0 0 1.4 1.9-0.9 <0.10 <0.18-<0.05
2 30 0 0 1.4 2.0-1.0 <0.11 <0.16-<0.02
3 30 0 0 1.6 2.3-1.2 <0.12 <0.16-<0.07
4 30 0 0 1.5 2.2-1.1 <0.11 <0.\5-<0.03

\989 1 30 0 0 1.5 2.5-1.2 <0.\2 <0.23-<0.03
2 30 0 0 1.4 1.8-1.0 <0.12 <0.\8-<0.08
3 30 0 0 1.5 2.2-1.1 <0.\\ <0.17-<0.03
4 30 0 0 1.6 2.4 -0.9 <0.10 <0.15-<0.04

\990 1 30 0 0 1.5 2.0-1.2 <0.11 <0.\7-<0.03
2 30 0 0 1.5 2.2-1.1 <0.10 <0.\4-<0.04
3 30 0 0 1.6 2.4-1.3 <0.\0 <0.\6-<0.07
4 30 0 0 1.5 2.2-1.3 <0.\0 <0.\8-<0.05

\99\ 1 30 0 0 1.5 1.8-1.2 <0.10 <0.14-<0.03
2 30 0 0 1.5 2.0-1.1 <0.09 <0.\5-<0.03
3 30 0 0 1.5 2.1-1.0 <0.10 <0.14-<0.04
4 30 0 0 1.6 2.0-1.2 <0.10 <0.19-<0.06

\992 1 30 0 0 1.5 1.9-1.1 <0.\1 <0.\7-<0.03
2 30 0 0 1.6 2.2-1.2 <0.1\ <0.16-<0.03
3 30 0 0 1.6 2.0-1.2 <0.\0 <0.15-<0.03
4 30 0 0 1.5 2.5-1.2 <0.\1 <0.17-<0.05

\993 1 30 0 0 1.5 2.3-1.2 <0.\0 <0.16-<0.05
2 30 0 0 1.4 1.9-1.1 <0.11 <0.\6-<0.06
3 30 0 0 1.4 2.0-1.2 <0.09 <0.14-<0.03
4 30 0 0 1.4 1.8-1.2 <0.08 <0.\3-<0.03

\994 1 30 0 0 1.4 1.8-1.l <0.08 <0.\\-<0.04
2 30 0 0 1.4 2.2-1.l <0.07 <0.09-<0.03
3 30 0 0 1.5 2.3-1.2 <0.07 <0.\\-<0.03
4 30 0 0 1.5 2.2-1.1 <0.08 <0.10-<0.03

\995 1 30 0 0 1.5 2.0- I.l <0.07 <0.10-<0.02
2 30 0 0 1.4 2.2-1.0 <0.08 <0.12-<0.05
3 30 0 0 1.4 2.2-1.0 <0.08 <0.10-<0.03
4 30 0 0 1.5 2.2-1.l <0.08 <0.14-<0.04

Notes: (a) Gross gamma energy range was 0 - 2.0 MeV from 1966 to 1977, and 0.1 - 2.1 MeV
from 1978 to 1995.

(b) Values preceded by a «) symbol are the Minimum Detectable Activity (MDA) for that
particular analysis; the sample analysis result was less than MDA. All other values are
accurate to the number of significant figures shown.
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At present, 30 samples of harbor sediment are taken at PNS each quarter. Sampling
locations are shown on Figure 6.1. Sample locations are selected based on berthing
locations of nuclear-powered ships and at points upstream and downstream of berths where
tidal ebb and flood currents could deposit suspended radioactivity.

A modified 6 inch square Birge-Ekman dredge is used to obtain a sample of the top 1/2 to
I-inch of the bottom sediment. This was selected since surficial sediments are more mobile
and more accessible to marine life.

Prior to 1978, collected wet sediment samples were placed in I-quart cylindrical containers
and analyzed using a sodium iodide scintillation detector in conjunction with a 400 channel
gamma spectrometer. In 1978, a 4096 channel analyzer and germanium high resolution
spectroscopy system was put into service, and actual cobalt-60 activities have been
measured since then, in addition to gross gamma. Collected wet sediment samples were
placed in Marinelli containers to provide consistent counting geometry.

Sample analysis is conducted using a standardized analysis procedure which has been
approved by the NNPP. All Program Fleet and shore-based activities conducting
environmental monitoring utilize this method.

The shipyard has utilized cross-checks by independent laboratories to verify our sample
analysis results. This program continues through the present, utilizing an independent
Department of Energy (DOE) laboratory. In addition, beginning in 1980, a test sample
having a known quantity of cobalt-60 radioactivity has been sent to the shipyard by the
laboratory annually for analysis. Shipyards are not provided with quantitative data
beforehand. Analysis results are forwarded to the DOE laboratory for comparison with the
DOE laboratory counting results and the activity known during sample preparation.
Shipyard results have been consistent with DOE laboratory results. Tables 6-2 and 6-3
provide side-by-side comparisons of shipyard data and DOE laboratory data for routine
shipyard samples, and for the DOE laboratory test samples, respectively.
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Figure 6.1

Environmental Monitoring
Sample Locations
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Table 6-2
Comparison of Shipyard and DOE Laboratory

Data for Routine Sediment Samples (pCi/g-wet) (KAPL=Knolls Atomic Power Laboratory)

Gross Gamma (0.1 - 2.1 MeV)
No. of Average Range

Year Samples PNS KAPL

PNS KAPL High Low High Low

1995 10 1.78 1.85 2.01 1.68 2.09 1.61

1994 10 1.64 1.78 1.83 1.50 2.02 1.59

1993 10 1.72 1.82 2.33 1.28 2.52 1.35

1992 10 1.82 1.78 1.94 1.71 1.91 1.64

1991 10 1.74 1.80 1.84 1.67 1.96 1.71

1990 10 1.69 1.84 2.03 1.51 2.19 1.66

1989 10 1.81 1.80 2.51 1.48 2.49 1.46

1988 10 1.70 1.66 1.88 1.51 1.89 1.49

1987 10 1.40 1.50 1.69 1.17 1.78 1.25

1986 10 1.70 1.60 1.94 1.47 1.87 1.37

1985 II 1.60 1.60 1.71 1.46 1.73 1.39

1984 11 1.60 1.50 2.03 1.53 1.92 1.25

1983 II 1.80 1.80 3.21 1.27 3.35 1.34

1982 II 1.80 1.80 2.17 1.58 2.21 1.57

1981 II 1.90 1.90 2.18 1.63 2.13 1.60

1980 II 2.10 2.10 4.47 1.73 4.60 1.62

1979 II 1.90 1.70 2.85 1.50 2.46 1.34

1978 II 1.95 1.78 2.86 1.76 2.65 1.50

Cobalt-60 Energy Range (1.1 - 1.4 MeV)
Average Range

Year PNS KAPL PNS KAPL

High Low High Low

1995 0.66 0.59 0.75 0.57 0.63 0.54

1994 0.64 0.68 0.72 0.57 0.78 0.62

1993 0.71 0.60 1.05 0.51 0.81 0.43

1992 0.74 0.66 0.85 0.63 0.70 0.60

1991 0.75 0.70 0.80 0.63 0.76 0.59

1990 0.71 0.67 0.92 0.59 0.84 0.56

1989 0.76 0.66 0.97 0.68 0.82 0.56

1988 0.70 0.65 0.87 0.63 0.79 0.54

1987 0.60 0.60 0.71 0.51 0.65 0.45

1986 0.70 0.60 0.77 0.66 0.72 0.50

1985 0.70 0.70 0.85 0.58 0.72 0.56

1984 0.60 0.60 0.80 0.53 0.77 0.51

1983 0.70 O.}O 1.09 0.52 1.36 0.56

1982 0.80 0.80 0.86 0.70 0.95 0.70

1981 0.75 0.80 0.95 0.54 0.86 0.68

1980 0.80 0.80 1.65 0.65 1.53 0.65

1979 0.70 0.70 0.95 0.44 0.92 0.48

1978 0.50 0.55 1.09 0.37 1.13 0.36

Specific Cobalt-60 Photopeak
Average Range

Year PNS KAPL PNS KAPL

High Low High Low

1995 0.07 0.05 0.10 0.04 0.06 0.04

1994 0.08 0.10 0.10 0.05 0.12 0.08

1993 0.10 0.05 0.13 0.06 0.05 0.04

1992 0.12 0.10 0.17 0.07 0.13 0.07

1991 0.09 0.11 0.14 0.05 0.14 0.08

1990 0.11 0.08 0.15 0.06 0.1 I 0.04

1989 0.13 0.08 0.18 0.09 0.15 0.02

\988 0.11 0.08 0.15 0.05 0.11 0.06

1987 0.10 0.10 0.12 0.07 0.10 0.05

1986 0.10 0.10 0.15 0.08 0.12 0.05

1985 0.10 0.20 0.14 0.06 0.15 0.Q3

1984 0.20 0.10 0.18 0.08 0.17 0.03

1983 0.20 0.20 0.15 0.08 0.15 0.06

1982 0.20 0.20 0.15 0.09 0.17 0.06

1981 0.20 0.20 0.22 0.05 0.15 0.05

1980 0.10 0.10 0.20 0.11 0.16 0.06

1979 0.13 0.10 0.15 0.1 I 0.14 0.07

1978 0.13 0.08 0.20 0.05 0.14 0.03

Note: The values for the cobalt-60 photopeak are the MDA.
Actual samples were <MDA.
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Table 6-3
Comparison of Shipyard and DOE Laboratory Data for Test Samples

Simulated Sediment (pCi/g)
Actual Conc. Shipyard Measured Actual Conc. Shipyard Measured Other Radionuclides

Cobalt-60 Cobalt-60 Cesium-137 Cesium-137 Actual Conc. Shipyard Measured

Year Activity (+1-) Activity (+1-) Activity (+1-) Activity (+1-) Radio- Activity (+1-) Activity (+1-)
nuclide

1995 1.12 0.06 1.17 0.10 1.18 0.06 1.18 0.08

1994 1.21 0.06 1.16 0.10 1.29 0.06 1.18 0.10

1993 2.00 0.06 2.00 0.21 2.00 0.08 2.05 0.12

1992 1.05 0.03 0.94 0.14 1.15 0.05 1.07 0.08

1991 1.10 0.03 1.02 0.28 1.10 0.05 1.11 0.24

1990 1.12 0.03 1.21 0.35 1.06 0.04 1.24 0.22

1989 1.09 0.03 0.99 0.18 1.36 0.05 1.42 0.24

1988 1.05 0.03 1.13 0.34 1.11 0.05 1.19 0.24 Co-57 0.49 0.01 0.51 0.11

1987 0.90 0.03 0.86 0.27 0.85 0.03 0.95 0.19

1986 1.14 0.03 1.07 0.35 0.87 0.03 1.00 0.21 Cr-51 9.38 0.24 10.9 2.0

1985 2.16 0.06 2.35 0.55 0.60 0.02 0.78 0.19 Co-57 0.47 0.01 0.47 0.11

1984 1.97 0.05 1.79 0.35 0.92 0.03 0.90 0.21 Co-57 0.59 0.02 0.66 0.13

1983 0.70 0.02 0.72 0.16 1.56 0.06 1.80 0.27 Cs-134 1.44 0.04 1.55 0.27

1982 1.28 0.03 1.09 0.29 0.80 0.03 0.53 0.24 Sa-133 0.59 0.08 0.73 0.25
Cr-51 3.46 0.09 2.69 1.30

1981 1.11 0.03 1.16 0.38 1.64 0.06 1.84 0.24 Mn-54 1.33 0.03 1.16 0.24

1980 1.05 0.03 0.95 0.24 1.00 0.04 0.83 0.20 Co-57 1.89 0.06 1.91 0.18

Simulated Air Patch (pCi)
Actual Activity Shipyard Measured

Cobalt-60 Cobalt-60

Year Activity +1- Activity +1-

1995 209 7 227 22

1994 207 7 189 18

1993 391 11 360 56

1992 191 5 188 26

1991 202 6 185 30

1990 199 5 196 64

1989 191 5 200 14

1988 218 6 239 42

1987 150 4 157 21

1986 169 4 171 ")~

--'

1985 258 7 260 77

1984 294 8 337 60

1983 210 5 214 35

1982 143 4 125 45

1981 272 7 300 80

1980 185 5 196 16

Note: Error term (+/-) is given as 2 sigma counting error.
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In 1973 and 1982, the shipyard issued "Assessments of Environmental Radiation Effect for
Portsmouth Naval Shipyard, Portsmouth, New Hampshire," References 21 and 22. Both of
these assessments concluded that the shipyard has kept exposure to the general public and
effluent to unrestricted areas below detectable levels and not distinguishable from natural
background. References 21 and 22 used methods based on the requirements of Reference
23; these methods are used by the commercial nuclear industry in performing population
dose estimate calculations for light water reactors.

During 1977 and 1989 the U.S. Environmental Protection Agency (EPA) conducted
independent assessments of radioactivity in the environs of the shipyard. Measurements
included radioactivity in harbor water, harbor bottom sediment and core samples,
marine life, air (1977 only), and ambient radiation levels. Radioactivity measurements and
assessments of the results are reported in References 24 and 25. EPA results are consistent
with shipyard environmental monitoring program results.

The 1977 Environmental Protection Agency survey concluded:

"The survey demonstrated that the procedures which are being utilized by the
Navy to control the releases of radioactive materials into the harbor are effective.
Also, controls of direct gamma radiation around the shipyard are effective.

"Levels of activity measured are close to the minimum detection limit for most
equipment. Radionuclides detected were either naturally occurring or attributed to
fallout. Survey results indicate that nuclear operations at the Portsmouth Naval
Shipyard are not contributing a significant radiation exposure to the public.

"External gamma measurements indicate that shipyard operations do not
significantly raise radiation exposure to the public above natural background
levels.

"The continuation of the various controls by the Navy should be adequate to
insure continued absence of significant public exposure resulting from shipyard
operations."

The 1989 Environmental Protection Agency survey concluded:

"No trace of Co-60 was detected in any samples at Portsmouth Naval Shipyard. All
radioactivity detected in the forty sediment samples is attributed to naturally
occurring radionuclides or fallout from past nuclear weapons testing.

"Results of core sampling did not indicate any previous deposit of Co-60 in the
sediment.

"Water samples contained no detectable levels of radioactivity.

"All radioactivity detected in the biota samples is attributed to naturally occurring
radionuclides or fallout.
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"External gamma-ray measurements did not detect any increased radiation
exposure to the pubic above natural background levels.

"Based on this survey, we conclude that current practices regarding nuclear-powered
warship operations have resulted in no increases in radioactivity that would result in
significant population exposure or contamination of the environment."

The States of Maine and New Hampshire performed periodic independent radiological
monitoring of harbor water and marine life along the Piscataqua River outside shipyard
waters during the early years ofNNPP activities. Although Maine was quite successful in
maintaining a schedule of sampling, New Hampshire encountered numerous difficulties and
from time to tiIT{e had to discontinue work. In 1961, with financial support from the U. S.
Public Health Service, the State of Maine continued their part ofthe study. The Maine
study ended in 1965 and included the monitoring of harbor bottom sediment, harbor water,
and marine life. Maine published the results of the study in Reference 26. No significant
levels of radioactivity associated with the NNPP were detected.

From 1975 to 1981, the States of Maine and New Hampshire conducted ajoint radiological
monitoring program. Samples of harbor bottom sediment and harbor water were collected
and analyzed by gamma spectroscopy. Ambient radiation levels were measured with
thermoluminescent dosimeters, and air at several locations was sampled continuously for
radioactive air particulates. Monitoring results were forwarded to PNS on a periodic basis
by correspondence from the New Hampshire Division of Public Health Services. The
results were always comparable to those of the shipyard and showed no evidence of
radioactivity associated with shipyard operations.

The data collected by the shipyard, the Environmental Protection Agency, and the States of
Maine and New Hampshire over the period 1961 through 1995 clearly support the
conclusion that any trace levels of residual cobalt-60 that may be present in harbor
sediment: (a) contribute a negligible increase to background radioactivity levels; and (b)
pose no hazard to the public, either directly or via the food chain, and pose no hazard to the
ecological systems of the region.

6.1.2 Harbor Water Monitoring

Beginning with the baseline data obtained in 1957 and continuing through the present,
samples of water from the harbor have been collected and analyzed. Daily samples were
taken from 1957 to May 1961, then changing to weekly through 1965. Quarterly samples
have been taken since 1966. Current sampling locations are shown on Figure 6.1.

Sample locations are selected based on areas where radioactive liquids could have been
discharged and at upstream and downstream locations.

From 1957 through 1965, samples were evaporated and counted for gross beta activity.
Beginning in 1966, a sodium iodide scintillation detector was used to count one-liter
samples in polyethylene bottles. A 400-channel analy~er was used to measure gross gamma
activity in terms of cobalt-60 equivalent, and cobalt-60 energy range activity. Since 1978, a
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4096-channel multichannel analyzer and germanium high resolution spectroscopy system
has been used, and actual cobalt-60 activity is determined. Like sediment samples, a
Marinelli container is used for water sample analysis.

The counting procedure for water samples is the same as for sediment samples. The quality
control sample sent annually by the DOE laboratory serves to verify both sediment and
water sample analysis results.

Water samples were taken by the Environmental Protection Agency in 1977 and 1989.
References 24 and 25 report that no cobalt-60 was detected in any water sample taken
during these surveys. No cobalt-60 has been detected in any water sample taken by the
shipyard since the inception of the monitoring program in 1957. A review of both shipyard
gamma counting results and the series of environmental monitoring reports published
annually by the Naval Nuclear Propulsion Program reveals that no cobalt-60 has ever been
detected in harbor water samples. Quarterly data for each year is reported annually by the
shipyard. The water sample data is not tabulated in this report since it reflects 30 years of
less than minimum detectable activity values.

The conclusions reached by the Navy in its annual reports are confirmed by References 24
and 25. The Reference 24 and 25 conclusions are quoted in Section 6.1.1.

6.1.3 Marine Life Sampling

PNS initially collected and analyzed marine life samples of plankton and seaweed during
the period from 1957 to 1961. The results showed no significant increase in radioactivity as
a result ofNNPP activities which began in 1958.

The Maine Study (Reference 26) first identified measurable amounts of cobalt-60 in the
seaweed and shellfish during the spring of 1965. No cobalt-60 data was provided for
shellfish. The highest concentration in seaweed was 8.7 pCi/g which was well below the
partial permissible concentrations that have been proposed by the National Academy of
Sciences.

PNS collected and analyzed samples of seaweed from the shoreline of the shipyard in 1966,
1967, and 1969. The results showed trace levels of cobalt-60 in some samples, primarily in
samples taken from the immediate vicinity ofthe Building 233 waste discharge outlet
(discussed in Section 5.1.1). The highest concentration in seaweed was 3.9 pCi/g taken in
1966. Samples of snails, mussels, and free floating plankton in 1969, lobsters in
1974-1976, mussels in 1976, and fish in 1975-1976, all showed no detectable radioactivity
associated with the Naval Nuclear Propulsion Program.

Beginning in 1977, Program activities conducting environmental monitoring were required
to obtain marine life samples during July of each year. Samples include available species of
marine plants, mollusks, and crustaceans from sample locations shown in Figure 6.1.
Analysis data of marine life samples taken since 1977 are shown in Table 6-4.
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Table 6-4
Marine Life Monitoring Results

Portsmouth Naval Shipyard
1977-1995

Year Sample Type Average Average Cobalt-60 Maximum Specific
Gross Gamma Energy Range Gamma Cobalt-60

pCi/g pCi/g pCi/g

1995 Marine Plant 0.52 048 <0.16
Mollusk 0.09 <0.09 <0.05

Crustacean 0.11 0.10 <0.10
1994 Marine Plant 043 0.38 <0.15

Mollusk 0.14 <0.08 <0.07
Crustacean 0.06 0.07 <0.03

1993 Marine Plant 0.31 0.27 <0.17
Mollusk 0.10 <0.08 <0.12

Crustacean 0.17 <0.14 <0.16
1992 Marine Plant 0.73 0.79 <0.27

Mollusk 0.14 0.13 <0.14
Crustacean 0.15 0.10 <0.07

1991 Marine Plant 0.31 0.32 <0.11
Mollusk <0.12 <0.14 <0.19

Crustacean <0.08 <0.10 <0.18
1990 Marine Plant 0.29 0.21 <0.25

Mollusk 0.12 <0.08 <0.Q9
Crustacean 0.12 <0.16 <0.19

1989 Marine Plant 0.24 0.25 <0.36
Mollusk 0.24 0.11 <0.06

Crustacean 0.15 0.14 <0.10
1988 Marine Plant 0.35 0.25 <0.15

Mollusk 0.13 0.12 <0.10
Crustacean 0.18 <0.11 <0.12

1987 Marine Plant 0.38 0.38 <0.27
Mollusk 0.10 0.14 <0.16

Crustacean 0.19 0.27 <0.11
1986 Marine Plant 0.31 0.17 <044

Mollusk <0.08 <0.09 <0.06
Crustacean 0.13 <0.11 <0.11

1985 Marine Plant 0.31 0.32 <0.10
Mollusk 0.14 0.13 <0.04

Crustacean 0.11 0.11 <0.08
1984 Marine Plant 0.31 0.35 <0.21

Mollusk 0.12 0.14 <0.07
Crustacean <0.10 <0.11 <0.20

1983 Marine Plant 0.61 0.56 <0.18
Mollusk 0.13 <0.08 <0.14

Crustacean <0.07 <0.10 <0.11
1982 Marine Plant 0.88 0.77 <0.23

Mollusk 0.09 <0.06 <0.09
Crustacean <0.10 0.19 <0.06

1981 Marine Plant 044 0.39 <0.20
Mollusk 0.13 0.09 <0.16

Crustacean 0.08 <0.09 <0.04
1980 Marine Plant 0.59 0.61 <0.12

Mollusk 0.13 0.12 <0.15
Crustacean <0.08 <0.09 <0.13

1979 Marine Plant 0.50 0.51 <0.21
Mollusk 0.09 0.09 <0.08

Crustacean <0.07 0.11 <0.10

1978 Marine Plant 0.62 0.50 <0.19
Mollusk 0.18 0.12 <0.12

Crustacean 0.15 <0.10 <0.19

Notes: (a) 1977 data mdlcate manne lIfe samples were collected and the samples contamed no detectable
cobalt-60. No additional data available.

(b) 1978-1995 samples analyzed with a high resolution germanium detector and 4096-channel
analyzer.
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Marine life samples were taken by the U.S. Environmental Protection Agency (EPA) in
1977 and 1989. Radioactivity measurements and assessment of the results are reported in
References 24 and 25. Both surveys concluded that no cobalt-60 or other radionuclide
which could be attributed to shipyard operations was detected. Radionuclides detected were
either naturally occurring or a result of fallout.

On the basis of the data shown in Table 6-4 and the findings of the EPA surveys reported in
References 24 and 25, there has been no accumulation of cobalt-60 in marine organisms as
a result of operation of nuclear-powered ships or work on those ships by PNS.

6.1.4 Core Sampling

Core samples were taken as part of two special environmental surveys by the shipyard in
1975 and 1980, and as part ofthe environmental assessments done by the Environmental
Protection Agency during 1977 and 1989, References 24 and 25. In 1977, NNPP
regulations were revised to include core samples where sediment exceeded 3 pCi/g. As
shown in Table 6-1, no sediment has exceeded this value; thus, no core sampling has been
done by PNS since 1980.

Core samples were taken to determine whether radioactivity may have accumulated below
the top layer of sediment, which is sampled on a routine basis. In February 1975, six 2-inch
diameter 12-inch deep core samples were collected from locations shown on Figure 6.2.
One sample was taken in the back channel to serve as a background location (sample 6); the
remaining samples were taken in areas where nuclear-powered ships were berthed.

Each sample was placed in a standard sediment sample container and analyzed for gross
gamma radioactivity within the energy range of 0 to 2.0 MeV and within the energy range
of cobalt-60 activity (1.1 to 1.4 MeV), using a gamma scintillation spectrometer. The
results of this survey are shown in Table 6-5, and show no detectable cobalt-60.

Table 6-5
Radioactivity Analysis of Harbor Sediment Core Samples, Feb 1975

Cobalt-60
Wet Gross Gamma Energy Range

Sample Weight (0-2.0 MeV) (1.1-1.4 MeV)
No. (Grams) pCi/g pCi/g

1 684 1.3 <0.06
2 707 1.3 <0.05

3 742 1.2 <0.05
4 610 1.3 <0.07

5 723 1.1 <0.06
6(a) 770 1.3 <0.05

Note: (a) Background location.
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In September 1980, the shipyard took additional core samples as part of a special
environmental survey. Eight 2-inch diameter by 12-inch deep core samples were collected
from locations shown on Figure 6-2. Each sample was placed in a Marinelli container and
analyzed using a high resolution spectroscopy system consisting of a 4096-channel analyzer
and germanium detector. No radionuclides associated with the Naval Nuclear Propulsion
Program were identified in any sample.

Table 6-5 (continued)
Radioactivity Analysis of Harbor Sediment Core Samples, Sept 1980

Cobalt-60
Wet Gross Gamma Energy Range Specific

Sample Weight (0.1-2.1 MeV) (1.1-1.4 MeV) Cobalt-60
No. (Grams) pCi/g pCi/g pCi/g

1 733 2.71 1.03 <0.10
2 789 2.05 0.89 <0.11
3 697 2.15 0.96 <0.13
4 766 2.04 0.95 <0.11
5 713 2.29 0.91 <0.12
6 811 1.80 0.84 <0.11

7(a) 938 2.18 0.84 <0.11
8(a) 828 2.19 0.84 <0.12

Note: (a) Background locations.

The Environmental Protection Agency collected core samples at eleven locations during
July 1977 (Reference 24). Cores were obtained with a 2.4 centimeter diameter by 61
centimeter tube pushed into the sediment by a diver. Cores were frozen, cut in sections and
counted in the wet state. Reference 24 concluded that "The only detectable radionuclides
were naturally occurring and those which are attributed to fallout."

The Environmental Protection Agency also collected core samples at four locations during
September 1989 (Reference 25). Cores were obtained using 3.8 centimeter diameter plastic
tubes and a mechanical coring tool. The four core samples obtained varied in depth from 5
to 22 inches. Cores were frozen, cut in sections, freeze dried, and counted on an intrinsic
germanium detector. The minimum detectable activity for cobalt-60 in this geometry was
about 0.1 pCi/g. Reference 25 concluded that "No Co-60 or other radionuclide which could
be attributed to the operations at the shipyard was found."

6-15



'T:l_.
()Q
c...
(ll

0\
IV

o
::3
en

(")
o
"1
ttl

en
Sl)

3
"0
=:
::3

(lQ

~
o
"Sl)...

~~( - L

c!)0

B(RTH l

~~(
\~

N

t
PORTSMOUTH NAVAL SHIPYARD

16 NOV. 1993

*5

*7 (Upstream)

,-
x.s;#

(Q\-"4!'

~

0\
I......
0\

LEGEND:

x
*

Core Sampling Locations
Core Sampling Locations

(1975)
(19S0)

.8 (Downstream)

~



6.2 Dredging Records

Maintenance dredging is periodically conducted at PNS to maintain the prescribed depth at
various berths and at the entrance to dry docks. Tidal action supplemented by the
Piscataqua River flow results in a swift current around the shipyard. This current results in
the lack of sediment on the bottom surfaces at several locations. As a result, maintenance
dredging at PNS is typically conducted on a long term cycle of approximately every 15
years or so.

Review of internal shipyard records indicate that disposition of most dredge spoils has
historically been at sea in areas established by the Army Corps of Engineers. Infrequently,
a few hundred cubic yards would be removed from certain berths and deposited in the
shipyard's spoil area (i.e., Jamaica Island landfill area).

In 1978, the shipyard received approval to dredge approximately 108,000 cubic yards of
material from Berths 6, 11, and 13, and to deposit this material in the Jamaica Island landfill
as shown on Figure 3.9. The material was placed on top of the landfill and was
encapsulated by a clay barrier wall along the Piscataqua River as well as a 2-foot clay cap to
prevent water infiltration (Reference 1). Dredging continued through 1980. PNS analyzed
the removed material during the dredging operations and detected no radioactivity
associated with shipyard operations. This was the last deposition of dredge spoils at the
Jamaica Island landfill area.

Currently, dredge spoils can only be disposed of at sea in areas established by the Army
Corp of Engineers or at a licensed commercial disposal facility. Dredging operations at
Portsmouth Naval Shipyard are shown in Table 6-6.

The amount of naturally occurring radioactivity removed from the region in the thousands
of cubic yards of spoil, primarily potassium-40 in organic detritus, would far exceed the
total upper limit gross gamma radioactivity found in shipyard sediment even if all the
sediment removed from the shipyard since 1958 had been deposited in one location.
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Table 6-6
Dredging Conducted at Portsmouth Naval Shipyard

1958 -1995

Year Dredging Location(s) Volume
(Cubic Yards)

1995 DD#I,2,3;Berth lIB 1,469
1994 None
1993 None
1992 None
1991 None
1990 None
1989 None
1988 None
1987 None
1986 None
1985 None
1984 None
1983 None
1982 None
1981 None

1980, 1979, 1978 Berths 6,11,13; Approach to DD #3 108,000
1977 None
1976 None
1975 None
1974 Berth 6 Unknown
1973 None
1972 None
1971 None
1970 None
1969 Northside of DD #3 1,000
1968 DD#I,2,3 10,000
1967(a) Berth 6 14,500
1966 None
1965 None
1964 None
1963 None
1962 None
1961 Berths 13B, 13C 32,500
1960(b) Berths lIB, IIC, 12, 17 40,380
1959 None
1958 Berths lIB, I1C, 13B, 13C Unknown

Notes: (a) Dredging Berth 6 occurred during 1967 or early 1968. A specific date could
not be found.

(b) Berth 17 was the location of the Sound Measuring Basin. Dredging of
Berth 17 occurred in 1960; however, the volume of dredge spoils is unknown.
Additional dredging of the Berth 17 area was planned for the mid to late 1960's;
however, records are not available to confirm this happened.

6-18



6.3. Perimeter Radiation Records

Beginning in 1966, beta-gamma film badges were posted outside of controlled radiation
areas to ensure that unmonitored personnel within the shipyard and the general public were
not exposed to radiation levels above natural background.

In March 1969, the regulations were revised to include a group of film badges close to or at
the perimeter of the shipyard. This second group of film badges provided additional data
that no member of the general public living or working outside the shipyard exceeded the
radiation exposure they would receive due to natural background, even if they lived or
worked immediately adjacent to the shipyard perimeter 24 hours per day.

During the second quarter of 1974 both film badges and thermoluminescent dosimeters
(TLDs) were posted in the same locations. For the third quarter of 1974 and all subsequent
quarters, TLDs only have been posted at the shipyard perimeter. Figure 6.1 shows the
locations of currently posted TLDs.

During 1975, a comparative study was performed utilizing a pressurized ion chamber
(Reuter-Stokes, RSS-11), a gamma scintillation survey instrument (PRM-5N/SPA-3), and
TLDs. Measurements were made at the locations of environmental TLDs (both perimeter
and controls). As shown in Table 6-7, the pressurized ion chamber (PIC), the PRM
5N/SPA-3, TLDs, and values reported in Reference 27 show agreement. These values also
agree with the values reported by the Aerial Measuring System survey as discussed in
Section 6.7. Table 6-7 shows that the TLDs provide an accurate estimate of environmental
radiation levels.

Table 6-7
Natural Environmental Radiation Levels

Kittery, Maine

Average Dose Rate Average Yearly Dose
(wem/hr) (mrem)

Reference 27 9.9 86.6
PNS PIC 6.5 57.0
PNS TLD 9.6 84.1

PNS PRM-5N/SPA-3 10.0 87.6

Beginning in 1974, clusters of five TLDs were posted at background locations. Examples
of background locations include: on a wooden utility shed over a grass surface in North
Hampton, on the front of a wooden building over an asphalt driveway in Durham, and on
the side of a wooden building over an asphalt driveway in South Berwick. This method
provided a better statistical basis for background determination and improved reliability.

Results of perimeter radiation monitoring are reported quarterly to the Naval Nuclear
Propulsion Program. Since 1969, over 3000 data points have been obtained. Table 6-8 lists
the quarterly results of the PNS perimeter monitoring program since the second quarter of
1974, when the use ofTLDs was initiated. The results ofthe monitoring verify that
radiation exposure to the general public in occupied areas surrounding the shipyard is
indistinguishable from natural background.
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Table 6-8
Perimeter Radiation Monitoring

Portsmouth Naval Shipyard
1974-1995

Exposure Rate Range Average Exposure Rate

Year Quarter mrem/qtr mrem/qtr

Background Perimeter Background Perimeter

1995 4 17.5-22.7 15.3-22.5 19.7 19.0

3 18.1-22.1 15.5-22.3 19.7 19.3

2 17.4-22.4 14.5-22.5 19.6 19.2

1 16.1-21.0 14.7-21.3 18.4 18.1

1994 4 17.6-23.1 14.5-22.3 19.8 19.0

3 17.5-23.4 14.5-22.1 19.5 18.9

2 17.0-22.6 15.1-22.2 19.6 18.9

1 14.6-19.4 14.8-20.0 169 17.4

1993 4 18.0-23.3 14.8-22.6 20.5 19.3

3 19.0-23.3 15.1-22.7 20.5 19.8

2 16.9-22.4 15.3-22.2 19.4 19.1

1 15.1-20.3 15.3-19.8 17.4 17.5

1992 4 17.8-22.8 15.9-22.4 19.9 19.4

3 17.8-22.6 15.4-22.5 19.8 19.2

2 19.2-26.1 17.0-24.1 22.1 19.9

I 17.8-24.0 16.4-22.8 20.6 19.7

1991 4 17.3-23.2 16.0-22.5 19.7 19.3

3 18.1-23.1 16.3-22.6 20.0 19.6

2 17.5-23.3 16.5-24.7 19.9 19.8

1 13.7-22.0 15.9-23.4 17.4 19.2

1990 4 17.1-22.7 16.6-25.4 19.5 19.8

3 16.8-22.7 15.3-23.9 19.3 19.2

2 16.6-22.4 14.7-23.5 19.1 18.9

1 15.7-20.9 13.6-21.8 17.7 17.6

1989 4 15.3 -22.9 14.4-22.9 19.1 18.9

3 15.9-23.3 14.3-32.5 19.6 20.6

2 17.1-24.1 15.5-25.6 20.6 20.4

I 16.5-22.5 14.8-24.1 19.5 19.5

1988 4 18.6-23.2 14.7-24.2 20.2 19.9

3 18.1-22.4 14.7-23.1 19.8 19.5

2 18.3-23.1 15.3-23.7 20.1 19.7

I 17.5-22.3 14.6-22.0 19.2 19.2

1987 4 17.9-23.2 15.5-22.9 20.1 19.8

3 187-23.8 16.5-23.4 20.5 20.0

2 18.5-22.3 18.2-24.0 20.1 20.6

I 16.1-21.2 15.9-19.1 18.2 17.4

1986 4 17.8-23.3 16.7-21.4 19.8 19.2

3 17.7-22.4 16.5-23.0 19.5 19.5

2 17.9-23.1 17.1-22.6 20.0 20.0

I 17.2-22.1 15.9-22.2 18.8 19.0

1985 4 17.8-23.2 16.6-23.3 19.9 20.1

3 18.8-23.7 19.0-25.2 20.8 20.8

2 18.1-22.9 17.9-23.3 ·19.9 20.2

I 17.0-21.9 15.3-21.4 18.7 18.8
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Table 6-8 (continued)
Perimeter Radiation Monitoring

Portsmouth Naval Shipyard
1974-1995

Exposure Rate Range Average Exposure Rate

Year Quarter mrem/qtr mrem/qtr

Background Perimeter Background Perimeter

1984 4 17.4-21.7 15.4-23.6 19.0 19.2

3 18.2-22.1 15.6-22.6 19.9 \9.8

2 18.1-22.0 15.7-22.7 19.5 \9.4

I 17.2-22.1 15.5-21.0 18.8 18.4

1983 4 18.0-22.7 15.8-23.6 19.9 19.8

3 17.6-22.8 15.5-23.2 19.5 19.9

2 19.1 -23.5 16.2-24.3 20.7 20.6

I 17.3-21.0 15.2-21.5 18.7 18.3

1982 4 17.7-21.7 \6.2-22.4 19.4 19.6

3 18.1-22.7 \4.8-22.7 19.8 19.6

2 18.8-22.8 \5.9-22.8 20.1 19.6

I 16.5-21.2 \4.5-21.0 18.1 17.9

198\ 4 18.8-23.3 15.9-22.9 20.5 19.9

3 18.0-22.0 16.1-23.7 19.5 19.6

2 18.7-22.4 16.0-23.8 20.3 19.9

I 17.0-21.2 15.1-23.2 19.0 18.8

1980 4 18.2-22.8 16.3-23.7 20.6 20.0

3 17.8-21.7 14.9-23.0 19.7 19.1

2 18.8-22.8 15.1-22.5 20.2 19.6

I 18.4-21.3 15.0-21.4 19.7 19.2

1979 4 18.4-22.0 15.7 -23.1 20.2 19.9

3 17.2-21.3 13.1-22.8 18.9 19.0

2 17.8-21.6 15.8-22.0 19.4 19.6

1 16.4-20.2 15.8-19.8 18.0 18.0

1978 4 18.2-22.8 15.8-22.0 20.1 19.7

3 20.1-29.6 16.6-24.1 24.3 21.0

2 18.3-25.3 15.4-21.5 21.9 19.1

1 16.0-19.2 14.9-18.7 17.7 17.0

1977 4 19.3-24.2 17.3-23.0 21.1 20.8

3 207-26.6 17.6-26.3 23.6 22.6

2 20.9-24.7 17.0-24.6 22.6 22.2

I 15.5-20.3 15.0-20.5 17.6 18.3

1976 4 19.0-23.1 17.0-22.2 21.2 20.3

3 19.9-25.6 17.9-24.9 22.8 22.3

2 19.8-24.4 17.6-23.7 21.7 21.4

1 16.6-20.6 15.5-20.7 18.7 18.6

1975 4 19.2-22.7 16.7 -22.6 20.8 20.6

3 20.2-23.9 20.0-23.4 22.0 21.3

2 18.8-22.8 18.4-22.7 20.5 21.1

I 20.6-21.8 16.1-21.1 21.1 19.6

1974 4 19.2-23.1 18.4-22.3 21.9 21.3

3 17.2-26.4 12.9-30.7 21.8 21.1

2 197-24.0 12.9-28.8 21.9 22.4
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Table A-I of Reference 27 lists the annual total body dose due to natural sources in the
vicinity ofPNS as approximately 87 mrem (9.9 !lR/hr): 46 mrem is due to terrestrial
sources of natural radioactivity and 41 mrem is due to cosmic radiation. Reference 27 is
cited extensively by the National Council on Radiation Protection and Measurements
(NCRP) as a continuing source of data for natural background radiation exposure estimates.
This referenced estimate for natural background radiation exposure rate in the vicinity of
PNS is consistent with data in Table 6-9, which is a tabulation of values reported in
References 22, 24 , 25 , and 28, along with PNS fourth quarter data for 1995. (PNS results
for 1982 monitoring using TLDs are reported in Table 4.4 of Reference 22. Tables 7 and 8
of Reference 24 and Table 4 of Reference 25 report the range of gamma-ray exposure rates
taken during the Environmental Protection Agency surveys. Reference 28 reports the
results of the aerial radiological survey ofPNS.)

Table 6-9
Perimeter Radiation Monitoring Comparison

Portsmouth Naval Shipyard

Average
Exposure Rate Perimeter

Year Survey Ref. Range Exposure
l-lR/hr Rate l-lR/hr

PNS Quarterly Monitoring Data N/A
1995 Background 8.0-10.4 9.0
4th

Quarter
Perimeter 7.0-10.3 8.7

1989 US EPA Radiological Survey 25 4.0-24.0 Not reported

1982 PNS Assessment of Environmental Radiation 22
Effect

Background 7.5-10.4 8.9

Perimeter 6.6-10.4 8.8
1982 EG & G Aerial Radiological Survey 28 7-13 8.5
1977 US EPA Radiological Survey 24 4.0-8.5 Not reported

EPA concluded in Reference 24 that "External gamma measurements indicate that shipyard
operations do not significantly raise radiation exposure to the public above natural
background levels," and in Reference 25 that "External gamma-ray measurements did not
detect any increased radiation exposure to the public above natural background levels."
This conclusion is consistent with the Navy findings reported annually for the past 30 years
in Reference 18 and successive reports through Reference 14.

6.4 Shoreline Monitoring Records

Portsmouth Naval Shipyard has conducted gamma radiation surveys of selected shore areas
uncovered at low tide since 1966. The purpose of this monitoring is to determine if any
radioactivity has washed ashore. These surveys are conducted during the second and fourth
quarters of the year. Areas are selected based on the likelihood of suspended radioactivity
being deposited by tidal currents upstream and downstream of nuclear ship berthing areas.
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Two or more background readings are taken at least thirty feet from the high water line at
each survey location.

Table 6-10 summarizes the results of these surveys taken since 1966. During 1966 and
1967, these surveys were obtained using a Wm. B. Johnson GSM-5/GSP-2A gamma
scintillation survey meter. In 1968 and 1969, these surveys were obtained using either a
GSM-5/GSP-2A or a PRM-5N/SPA-3 gamma scintillation survey meter. Beginning in
1970 and continuing through the present, a PRM-5N/SPA-3 has been used. Surveys are
taken at waist level and PNS examines any reading that exceeds twice background. These
examinations have always concluded that the source of the elevation above background was
naturally-occurring radioactivity (e.g., granite outcroppings). This instrument is calibrated
to permit distinguishing between natural and non-naturally occurring radioactivity; it is not
calibrated for the direct conversion of count rate data to natural background radiation dose
rates.
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Table 6-10
Shoreline Radiation Monitoring

Portsmouth Naval'Shipyard
1970-1995

Average Average Shoreline Count
Year Background Shoreline Rate Range

Count Rate Count Rate kcpm
kcpm kcpm

1995 6.1 6.4 4.5 - 10.0
1994 8.2 8.0 6.0-15.0
1993 6.6 6.6 5.0 - 10.0
1992 5.4 6.1 4.5 - 10.0
1991 5.6 6.2 4.3 - 12.0
1990 5.9 6.2 4.5 - 10.0
1989 6.1 6.7 4.5-15.0
1988 5.7 6.2 4.5 - 11.0
1987 5.3 6.3 4.5 - 11.0
1986 5.8 6.1 4.0 - 11.0
1985 7.0 7.3 5.0 - 12.0
1984 7.0 7.4 6.0-15.0
1983 7.1 7.2 5.0-15.0
1982 6.8 7.6 5.5-15.0
1981 6.8 7.3 5.0 - 12.5
1980 5.3 5.9 1.8 - 11.0
1979 7.0 7.6 6.0 - 15.0
1978 7.0 7.8 6.0 - 15.0
1977 8.0 7.8 5.8 - 16.0
1976 8.0 7.8 5.8 - 15.0
1975 7.5 7.4 5.5-15.0
1974 8.5 7.7 6.0-15.0
1973 (a) 7.5 7.5 5.5 - 16.0
1972 1.0 1.1 1.0 - 2.0
1971 0.7 1.0 0.6 - 1.8
1970 (b) 5.0 6.4 5.0 - 12.5

Notes: (a) The calIbratIOn procedure for the Instrument used to perfonn shoreline radiation
monitoring was adjusted in 1973 to reflect an energy range of 0.1 MeV to about
8 MeV, vice 0.5 MeV to about 8 MeV. Thus, the higher shoreline survey results
since 1973 include lower energy radiation from natural radioactivity.

(b) A review of the 1970 data indicates that the calibration procedure used was similar
to that used in 1973.

Shoreline Radiation Monitoring
Portsmouth Naval Shipyard

1966-1969

Average Shoreline
Background Gamma

Year Gamma Level
Levels Range
IlR/hr IlR/hr

·1969 4.0 3.0 - 12
1968 4.0 3.0 - 12
1967 5.0 3.0-13

1966 (a) 30 20 - 90
Note: (a) The higher levels In 1966 are attrIbuted to the calibration/use

of the detection instrument. Specifics are not available.
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The selected shorelines for 1995 are shown on Figure 6.1. These areas are located on
Federal property and are thus readily accessible for monitoring by the shipyard. The data of
Table 6-10 shows that since 1966 there has been no measurable increase in radioactivity
along monitored shorelines.

The Environmental Protection Agency conducted surveys in 1977 and 1989 along the
shoreline perimeter of the shipyard and along public shorelines in Maine and New
Hampshire. The results are listed in Tables 7 and 8 of Reference 24, and in Table 4 of
Reference 25. EPA concluded in Reference 24 that "External gamma measurements
indicate that shipyard operations do not significantly raise radiation exposure to the public
above natural background levels," and in Reference 25 that "External gamma-ray
measurements did not detect any increased radiation exposure to the public above natural
background levels."

6.5 Storm Drain and Drydock Sampling Records

6.5.1 Storm Drain Sampling

Between 1974 and 1976, sediment samples were collected from accessible storm drain
catch basins around areas where Navy nuclear work is performed. In 1977, NNPP
regulations were revised to include these samples in an annual sampling routine. These
areas are likely to accumulate radioactivity in the event of an inadvertent radioactive
discharge. Storm drains can accumulate radioactivity from the run-off of precipitation, if
inadvertent releases of radioactivity were not cleaned up properly or had occurred without
proper reporting of the release.

Monitored storm drains are typically located near:

a. Radiological Work Facilities
b. Radioactive Material Storage Areas
c. Radioactive Liquid Waste Tank Storage Locations
d. Drydock Perimeters
e. Piers

Figure 6.3 shows the current storm drain sampling locations. These locations are normally
sampled each year, unless access is obstructed. The samples are analyzed for gross gamma
cobalt-60 equivalent activity over the energy range from b.l to 2.1 MeV, and detailed
radionuclide content. The results of the sampling are listed in Table 6-11.

The average gross gamma activity determined in the 1974-1976 study was 2.8 pCi/g. This
excludes the sampling results of the known radioactively contaminated storm drain system
(which was later removed) near Building 233, the inactive radiological repair facility.
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Figure 6.3

Storm Drain Sediment Sample Locations
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Table 6-11
Storm Drain Sediment Samples

Portsmouth Naval Shipyard
1978-1995

Gross Gamma Specific
Cobalt-60

Year Number of Average Range Range Samples with
Samples pCi/g High/Low High/Low Cobalt-60(a)

pCi/g pCi/g

1995 26 3.0 5.27 - 1.18 0.17 - <0.07 0.17 pCi/g, Storm Drain Southwest of Bldg. 291
1994 25 2.8 4.79-2.19 <0.16 - <0.08 None
1993 23 2.5 3.60 - 0.83 <0.23 - <0.07 None
1992 18 2.5 4.27 - 0.66 <0.27 - <0.09 None
1991 19 2.7 5.33 - 1.37 <0.23 - <0.08 None
1990 22 2.5 3.77 - 1.86 <0.22 - <0.04 None
1989 26 2.5 4.20 - 1.88 1.90 - <0.08 1.9 pCi/g, Storm Drain Southwest of Bldg. 291
1988 26 0.3 3.90 - 0 .09 <0.30 - <0.02 None
1987 26 2.7 3.73 - 2.11 <0.16 - <0.07 None
1986 25 2.7 4.07 - 1.59 <0.25 - <0.08 None
1985 26 2.5 3.60 - 0.20 <0.19 - <0.05 None
1984 24 2.3 3.17 - 2.03 <0.18-<0.08 None
1983 26 2.7 3.40 - 1.70 <0.17 - <0.03 None
1982 25 3.9 4.95 - 2.07 <0.19 - <0.07 None ,
1981 26 3.6 4.81 - 2.34 0.85 - <0.04 0.51 pCi/g, Storm Drain Southwest of Bldg. 291

0.85 pCi/g, Storm Drain Near East End of DO #3
1980 26 3.0 4.24 - 2.09 <0.23 - <0.03 None
1979 17 3.5 3.95 - 1.32 <0.17 - <0.07 None
1978 19 3.2 4.99 - 1.27 <0.22 - <0.06 None

Notes: (a) PNS policy has been to resample adjacent to locations where cobalt-60 has been detected to
determine if detectable radioactivity may be more widespread. For storm drains, the additional
samples have been taken from adjacent upstream and downstream drains.

As noted in Table 5-4, in November 1966 a contractor's portable tank outside of Building
233 overflowed and spilled radioactive liquid onto the ground and into a nearby
subterranean double-tiered service trench and storm drain. The storm drain system
consisted of six storm drains, one cement mechanical duct, and connecting lines. The storm
drain system discharged eventually into the Piscataqua River. Normal spill response
actions were taken at the time, including surveys, decontamination, and resampling.

The storm drains were further cleaned in 1968 and again in 1970 (e.g., with solvents).
During 1975, the storm drain system from the point of exit from Building 233 to the
discharge point into the river was removed, with the exception of a small section of storm
drain pipe which was filled with concrete, capped, and left embedded in the granite
seawall. Less than one half of one microcurie cobalt-60 radioactivity was estimated to
remain fixed on the internal surface of this small section of storm drain pipe in 1978; by
1997 this would have decayed to less than 0.04 microcurie. In 1982, the last controlled
section of storm drain (a branch line) was removed and the excavated area was released for
unrestricted use.

Storm drain sediment sampling near Building 233 continued until 1991, at which time it
was discontinued. The results of this sampling from 1983-1991 had shown no detectable
cobalt-60.
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Quarterly environmental harbor sediment and harbor water samples before and after the
original spill were comparable, indicating no observable release off the shipyard as a result
of the spill.

6.5.2 Drydock Sampling

Drydocks routinely used by nuclear-powered ships are surveyed annually due to the
potential to release radioactivity into the drainage and pumping systems.

Radiation surveys are performed using a gamma-scintillation survey instrument
(PRM-5N/SPA-3). The gamma radiation measurements are taken 1/2 inch from the
drydock floor surface at intervals of20-30 feet. The results are listed in Table 6-12. These
surveys consistently find radiation levels indistinguishable from those in similar areas
where no NNPP work has been performed.

The results show that NNPP activities have had no measurable effect on normal background
radiation levels.

Table 6-12
General Gamma Radiation Levels

Drydock Pumping Areas
Portsmouth Naval Shipyard

1991-1995

Year Area Average Range
(kcpm) (kcpm)

1995 DD #1: Floor 0.46 0.30 - 0.60
Sump Area 0.30 0.30 - 0.35

DD #2: Floor 0.53 0.45 - 0.65
Sump Area 0.39 0.35-0.40

DD #3: Floor 0.30 0.20 - 0.40
Sump Area 0.36 0.30 - 0.40

1994 DD #1: Floor 0.36 0.35 - 0.40
Sump Area 0.40 0.35 - 0.45

DD #2: Floor 0.52 0.45 - 0.60
Sump Area 0.51 0.45 ·0.55

DD #3: Floor 0.44 0.35 - 0.50
Sump Area 0.45 0.45-0.45

1993 DD#I: Floor 0.50 0.40 - 0.65
Sump Area 0.40 0.30 - 0.50

DD #2: Floor 0.54 0.25 - 1.50 (a)
Sump Area 0.51 0.40 - 0.60

DD #3: Floor 0.48 0.35 - 0.60
Sump Area 0.40 (b) N/A

1992 DD #1: Floor 0.38 0.25 - 0.55
Sump Area 0.25 (b) N/A

DD #2: Floor 0.65 0.35 - 1.50 (a)
Sump Area 0.34 0.30 - 0.35

DD #3: Floor 0.56 0.40 - 0.70
Sump Area 0.38 0.35 - 0.45

1991 DD#I: Floor N/A N/A
Sump Area 0.25 (b) N/A

DD #2: Floor 1.18 1.00 - 1.50 (a)
Sump Area 0.42 0.35 - 0.50

DD#3: Floor 0.52 0.40 - 0.65
Sump Area N/A N/A

Notes: (a) Elevated readings were due to naturally occurring radioactivity
(b) Only the highest reading was recorded
(c) N/A· Data Not Available
(d) DD - Drydock
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Table 6-12 (Continued)
Drydock Sediment Samples
Portsmouth Naval Shipyard

1978 - 1995

Gross Gamma Cobalt-60 Energy Range Specific Cobalt-60
Range Range Range

Year Number of Average High/Low Average High/Low Average High/Low
Samples pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g

1995 9 1.5 2.23 - 0.84 OA5 0.58 - 0.26 <0.07 <0.08 - <0.04
1994 6 2.0 3AI - 1.06 0.55 0.80 - 0.30 <0.08 <0.10 - <0.04
1993 9 1.9 3.05 - 1.08 0.61 0.91 - 0.36 <0.08 <0.15 - <0.05
1992 9 2.0 3.06 - 1.06 0.61 0.89 - 0.33 <0.11 <0.14 - <0.08
1991 9 2.9 6.13-0.94 0.86 1.75 - 0.29 <0.15 <0.23 - <0.04
1990 9 2A 4.52 - 1.71 0.69 1.20 - OA6 <0.12 <0.17 - <0.10
1989 9 2.8 4.81 - 0.26 0.76 1.25-0.14 <0.1 I <0.14 - <0.08
1988 9 3.1 4.96 - 0.82 0.96 1.34 - 0.33 <0.17 <0.25 -<0.13
1987 3 1.9 3.13-1.20 0.64 0.97 - OAI <0.15 <0.19 - <0.09
1986 3 3.9 4.38 - 3.37 1.03 1.25 - 0.83 <0.15 <0.17-<0.13
1985 3 3.3 4.90 - 1.70 0.83 1.20 - 0.50 <0.1 I <0.12-<0.11
1984 3 4.6 5.10 - 4.10 1.17 lAO - 1.00 <0.10 <0.12 - <0.09
1983 3 5.0 6.74-3.16 0.94 1.0 I - 0.82 <0.13 <0.16 - <0.10
1982 3 3.0 3.79-1.78 0.66 0.99 - <0.06 <0.12 <0.12-<0.12
1981 3 4.8 6.60 - 3.58 1.02 1.32 - 0.79 <0.17 <0.21-<0.12
1980 3 3.8 4AO - 3.10 0.96 1.13 - 0.80 <0.13 <0.14 - <0.12
1979 3 3.5 4.62 - 1.47 0.93 1.08 - 0.51 <0.15 <0.2 I - <0.12
1978 3 4.1 4.92 - 2.77 0.89 1.05 - 0.74 <0.12 <0.14-<0.11

Composite samples of the accumulated sediment from drydock sumps are analyzed for
gross gamma (0.1 to 2.1 MeV) activity, cobalt-60 energy range (1.1 to 1.4 MeV) activity,
and by detailed radionuclide analysis. Results are included in Table 6-12. Radionuclide
analysis of all samples was performed. The major radionuclides identified included
lead-212, lead-214, thallium-208, bismuth-214, actinium-228, and potassium-40 (cobalt-60
was not detected). All of the radionuclides encountered in the analysis of the sump samples
were naturally occurring (i.e., naturally occurring gamma radiation is detected in the 1.1-1.4
MeV "cobalt-60 energy range," as well as in the wider 0.1-2.1 MeV range).

6.5.3 Conclusions

Other than the 1966 spill to a storm drain, which was remediated as discussed above, only
trace levels of cobalt-60 have been found in a few storm drain samples. No cobalt-60 has
been found in any drydock sump samples. This demonstrates that no significant amount of
radioactivity associated with work on Naval nuclear propulsion plants has contaminated soil
or ground coverings, as transportable via surface water run-off to the storm drain system or
to the harbor via storm drain outfalls and/or drydock drains.

6.6 Routine Radiological Surveys

To'ensure proper posting of radiation areas, gamma surveys are performed weekly in
occupied radiological areas, including on piers and in drydocks alongside nuclear ships.
Monthly surveys are performed on any potentially contaminated ducts, piping, or hoses in
use. Surveys have beenperformed quarterly in locked, unoccupied areas.

To ensure no environmental release of contamination, surveys for loose surface
contamination are conducted either each shift, daily, or weekly, depending on the work site
and potential for release.
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Searches are also conducted each month to identify any radioactive material (RAM) outside
radiologically controlled areas. Searches using a beta-gamma frisker and a gamma
scintillation survey instrument are performed in areas and buildings where no radioactive
work is performed or radioactive material is stored. These searches are conducted on a
revolving basis. Buildings having a higher potential for uncontrolled radioactive material
are surveyed more frequently than those with less likelihood. Typical survey intervals for
buildings in the shipyard Controlled Industrial Area currently range from annual to
triennial. These surveys infrequently find radioactivity not associated with the NNPP, such
as radioluminescent dial and markers, chemicals, and ceramic materials. NNPP
radioactivity has seldom been found since this RAM survey program started in 1977. The
four occurrences of finding NNPP radioactivity during RAM searches are documented in
Table 5-4.

6.7 Aerial Radiological Survey

The Aerial Measuring Systems (AMS) program is managed by the Remote Sensing
Laboratory in Las Vegas, Nevada, operated for the Department of Energy by EG & G.
Since 1958, hundreds of baseline radiation surveys have been performed as part of the AMS
program. EG & G aerial surveys of Department of Energy sites and radioactive waste
disposal sites have demonstrated that the AMS can readily detect areas with surface
contamination due to liquid or airborne releases and areas with buried radioactive waste.

In 1982, an aerial monitoring survey was performed over Portsmouth, New Hampshire and
the surrounding area. The survey covered a 10 mile by 10 mile area and was bounded on
the east by the Atlantic Ocean. The survey area mainly encompassed the city of
Portsmouth, New Hampshire, and the towns of Kittery and Eliot, Maine. In addition,
measurements were taken over the Isles of Shoals located approximately 10 miles southeast
of Portsmouth. The helicopter used for the survey flew at an altitude of 400 feet and all
readings were extrapolated into data results at 1 meter above ground level. The results of
the survey are shown in Figures 6.4 and 6.5, and are reported as radiation exposure rates in
microroentgen per hour (!J.R1hr) and counts per second (cps), respectively. The radiation
exposure rates reported include terrestrial gamma radiation measured throughout the survey
area and an estimated 3.7 !J.R/hr cosmic ray contribution to the radiation exposure rate.
With the exception of two small areas encompassing radioactive material storage areas
(Figure 6.5), all the Portsmouth Naval Shipyard is in the 7-13 !J.R/hr range, as are all the
land areas bordering the Piscataqua River. The survey report, Reference 28, states
"Background exposure rates throughout the area ranged between 7 and 16 microroentgens
per hour (!J.R/hr), which is normal for the coastal plains bordering the Atlantic Ocean." No
man-made sources of radioactivity in the environment were identified.

After the aerial phase survey was completed, ground-based (one meter height) radiation
measurements were taken at selected locations to corroborate the aerial measurements.
Five locations were chosen in the survey area; site locations are shown on Figure 1 of
Reference 28. Soil samples were also taken at the five locations, and radiation levels were
projected from radionuclide analysis. These ground-based and soil measurements, and a
comparison with the aerial data, are given in Table 6-13. These data confirm the aerial
survey results.
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Table 6-13
Comparison of Aerial and Ground-Based Results

Ground Survey Results
Site Gamma Exposure Rate Aerial Measured

Number IlRlhr Gamma Exposure Rates (b)
Ion Chamber (a) Soil Analysis Estimate (b) IlRlhr

1 12.1 12.6 10-13
2 9.5 11.1 7-10
"I 9.6 9.5 7-10.)

4 9.7 10.5 7-10
5 13.0 15.3 10-13

Notes: (a) Reuter-Stokes model RSS-111 pressurized ion chamber.
(b) Includes an estimated cosmic ray contribution of3.7 flR/hr.

With the exception of known radiological work and storage locations, the radiation levels of
the shipyard property are no different than those found in the survey areas remote from any
shipyard activities. This survey is credible independent evidence that there are no locations
within the shipyard, other than active facilities, where significant radioactivity is present.
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• Figure 6.4

Aerial Radiological Survey Results
Vicinity ofPNS Circled in Red
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7.0 Residual Radioactivity

Of all the environmental radioactivity data collected, analyzed, and reported by the shipyard
since 1957, by the U.S. Environmental Protection Agency in 1979 and 1991, and by the
States of Maine and New Hampshire since 1957, the only detectable radioactivity remaining in
the environment attributable to NNPP work at PNS is a trace amount of cobalt-60 found in
the lower level of a double tiered service trench and in a small section of capped storm drain
pipe which is embedded in the granite seawall near the deactivated radiological repair facility
(Building 233).

Radioactivity in the controlled lower tier of the service trench is fixed in the concrete
construction materials and is radioactively decaying in place. Survey results indicate that the
radioactivity is not leaching from the construction materials. In August 1990, the total amount
of cobalt-60 remaining in the service trench was estimated to be approximately one microcurie
with a maximum radioactivity level of 16 pCi/g. By 1997, the radioactivity will have decayed
to 40 percent of the estimated value, or 0040 microcurie, with a maximum radioactivity level of
6.4 pCi/g.

Radioactivity in the small section of storm drain pipe is fixed on the internal surface and is
radioactively decaying in place. The total amount of cobalt-60 remaining in the small section of
storm drain pipe was estimated to be less than one half of one microcurie in 1978. By 1997, the
radioactivity will have decayed to approximately 7 percent of the estimated value, or less than
0.04 microcurie.

By remaining in-situ, the process of radioactive decay will remove the radioactivity from the
environment naturally. This would avoid the excessive cost, effort, impact on ship's services at
Berths 6 and 7, and interruption of services to several buildings in the area, that would result if
the radioactivity were removed via excavation. This area is controlled by the shipyard and is not
accessible to members of the general public. These levels of radioactivity are well below those
which are detectable using sensitive field survey instruments, and can only be identified by
laboratory analysis of material samples.
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8.0 Assessment of Environmental Impact

Reference 29, "Guidance for Performing Preliminary Assessments under CERCLA," lists
four pathways of possible environmental transport, each evaluated by three elements. These
pathways include ground water, surface water, soil exposure, and air. The elements are the
likelihood of release (including the likelihood of a substance migrating through a specific
pathway), the waste characteristics, and the targets.

The following sections evaluate the data and information presented in this report within the
framework of Reference 29.

Reference 22 calculates the annual dose to individuals from pathways derived from the
requirements of 10 CFR 50. Elements of the 10 CFR 50 pathways are comparable to the air,
soil exposure, and surface water pathways evaluated by the protocol of Reference 29. It is
informative to compare the results of these assessments in order to quantify the potential
exposures via the pathways considered in Reference 29.

8.1 Ground Water Pathway

The ground water pathway considers potential exposure threats to drinking water supplies via
migration to and within aquifers.

As discussed in Section 3, the shipyard Controlled Industrial Area is mostly (95%) covered
with paving or structures that isolate the soil zone from any potential release mechanisms
discussed below. Without access to the soil, percolation into the aquifer cannot occur. That
no radioactivity to infiltrate the aquifer exists above background levels is established in
evaluating the soil exposure pathway in Section 8.3.

The water contained in the aquifer underlying the shipyard discharges into the Piscataqua
River and the back channel. Municipal and domestic wells on the mainland areas appear to
be isolated from the potential for contamination from the shipyard. Reference 3 states,
"Groundwater flow at NSY Portsmouth appears to be a localized system that is not affected
by the mainland groundwater flow system. Whether the island freshwater affects any
mainland areas (e.g., could be drawn into any mainland wells), while very unlikely, is not
disproved. Such effect is especially unlikely for shallow groundwater at the facility, as
water-level and water quality data gathered to date indicate that shallow groundwater
discharges into (and is recharged by) the Piscataqua River. The deeper groundwater flow
regime is also likely bounded by the river; however, the data supporting this conclusion are
more limited."

8.1.1 Release Mechanisms Affecting Ground Water

Radioactivity being released to ground water is the least likely mechanism. This could
conceivably occur as a result of a release to the soil, atmosphere, or surface water. The
radioactivity, which is primarily in an insoluble particulate form, would have to infiltrate
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through the soil to the ground water. As discussed above and in Section 3, no drinking water
wells would be affected.

8.1.2 Ground Water Targets

Primary targets are defined as populations served by drinking water wells that are suspected
to have been exposed to a hazardous substance. There has been no suspected NNPP
radioactivity release from the site to applicable ground water; thus, no primary targets are
identified.

Secondary targets include populations served by all drinking water wells within four miles of
the site that are not suspected to have been exposed to a hazardous substance. There are
seven hundred and twenty-one (721) known municipal and private wells within four miles of
PNS. Seven hundred and seventeen (717) of the wells are private and four (4) are municipal.
The nearest domestic well is located 0.45 mile and the nearest municipal well is located
2.8 miles from the shipyard. The domestic well is located in Kittery, Maine, and the
municipal well is located in Portsmouth, New Hampshire.

There are no Wellhead Protection Areas within the region. Since ground water within the
four mile zone has uses other than drinking water, it would be considered a resource.

8.1.3 Ground Water Pathway Assessment

There has been no identifiable release of radioactivity which could threaten the ground water
in the vicinity of the shipyard and no mechanism by which a potential contaminant could be
transported to target receptors.

8.2 Surface Water Pathway

The surface water pathway considers potential exposure threats to drinking water supplies, to
human food chain organisms, and to sensitive environments.

The Piscataqua River is a salt water estuary that does not supply any of the drinking water
needs of the region. The two small freshwater ponds located on the shipyard outside of the
Controlled Industrial Area also do not provide any drinking water.

Analytical data collected by the shipyard consisting of harbor water, biota, and sediment
samples, along with data reported in 1979 and 1991 by the Environmental Protection
Agency, have not detected cobalt-60 in any water or marine biota since sampling was begun.·
Only one sediment sample, taken by the shipyard in 1966, showed reportable cobalt-60. This
sample was not typical ofthe harbor bottom in that other samples collected in close
proximity to this sample were below the minimum reportable activity concentration. As
concluded by all agencies, this radioactivity poses no threat to humans or the environment.
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There are no primary sensitive environments within the IS-mile tidal influence zones of
concern. Secondary sensitive environments consist of wetlands along the shorelines.
Wetlands frontage exceeds 20 miles. Fresh water wetlands are present near the two ponds
located on the shipyard.

8.2.1 Release Mechanisms Affecting Surface Waters

Air release mechanisms can disperse radioactivity to local surface waters, but the potential
effect of low level discharges via the air pathway is very small. Of greater potential concern
would be direct liquid and solid material discharges to surface water. Leaks or ruptures from
tanks stored or being moved pierside could spill their contents into the harbor; the NNPP has
a periodic maintenance program for radioactive liquid tanks which includes visual
inspections inside the tanks and hydrostatic tests to help prevent potential leaks.
Additionally, spillage of radioactive liquids to the shipyard storm drain system could
ultimately reach the harbor.

8.2.2 Surface Water Targets

Surface water targets are sub-divided into drinking water, human food chain, and
environmental. All of the fresh water for the public supply is obtained from surface water
bodies, as shown on Table 3-2. The nearest such surface water body is in York, Maine about
six miles to the northeast. The other eight surface water bodies are located seven to thirteen
miles from PNS. Ponds, reservoirs, and rivers are replenished by precipitation.

There are no intakes within the target distance limit as defined in Reference 29. As a
drinking water supply, there is no resource within the target distance limit.

Sport and commercial fishing occur within the 15 mile target distance limit. Because the
river is an estuary and the streams are tidal, no gauging stations are located on these surface
water bodies. The river and its tributaries would be classed as coastal tidal water in
accordance with 40 CFR 300, Table 4-13. There are no closed fisheries within the tidal
influence zone. Reference 1 discusses fisheries in detail.

Table 8-1 lists all the surface water bodies within the 15 mile tidal influence zone.
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Table 8-1
Water Bodies Within the 15 Mile Tidal Influence Zone

Portsmouth Naval Shipyard

Downstream, Eastern Bank, Piscataqua River
Spruce Creek
Barters Creek

Crocketts Brook
Hutchins Creek

Hill Creek
Fuller Brook
Wilson Creek

Chauncey Creek

Alantic Ocean,North of mouth of
Piscataqua River

Brave Boat Harbour
York River
Little River

Cape Neddick River
Josias River

Upstream, Eastern Bank, Piscataqua River
Spinney Creek

Adlington Creek
Stacey Creek

Sturgeon Creek
Salmon Falls River

Shoreys Brook
Quamphegan Brook

Hamilton Brook
Great Works River

Garvin Brook
Cocheco River
Emerson Brook

Downstream, Western Bank, Piscataqua River
South Mill Pond
Sagamore Creek

Elwyn Brook
Witch Creek
Berrys Brook
Seavey Creek

Fairhill Swamp

Alantic Ocean,South of mouth of
Piscataqua River

Wallis Sands Marsh
North Rye Marsh
Awcomin Marsh

Lockes Neck Marsh
Eel Pond Brook

Little River
Birch Road Marsh

Hampton River

Upstream, Western Bank, Piscataqua River
North Mill Pond

Paul Brook
Pickering Brook
Hodgson Brook

Little Bay/Furber Strait
Bellamy River
Canney Brook
Oyster River
Bunker Creek
Johnson Creek
Knight Brook

Brackett Brook
Lubberland Creek
Crommet Creek
Lamprey River

Squamscott River
Pickering Brook
Peverly Brook

Great Bay Region
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Foss Brook
Shaw Brook
Packer Brook

Winnicut River
Jewell Hill Brook

Mill Brook



There are no critical habitats as defined in 50 CFR 424.02 within the tidal influence zone.

Table 8-2 lists state and federally designated threatened or endangered species identified as
existing in the region.

Table 8-2
State (S) and Federally Designated Threatened (T) or Endangered (E) Species in the

Vicinity of Portsmouth Naval Shipyard

Species Locality Federally State Designated
Designated

Fish

Shortnose sturgeon (1). Piscataqua River E

Mammals

Humpback whale Coastal Tidal Water E
Right whale Coastal Tidal Water E
Fin whale Coastal Tidal Water E
Minke whale Coastal Tidal Water E

Birds

Bald eagle Great Bay Estuary E
Common tern Great Bay Estuary S
Common loon Great Bay Estuary S

Plants

Prolific knotweed Great Bay Estuary S
Salt marsh gerarida Great Bay Estuary S
Eastern lilaeopis Great Bay Estuary S
Downy foxglove Great Bay Estuary S
Missouri rock-cress Great Bay Estuary S
Turk's-cap lily Great Bay Estuary S
Large-spored quillwort Great Bay Estuary S
Hairy brome-grass Great Bay Estuary S
Dwarf glasswort Great Bay Estuary S
Lined bulrush Great Bay Estuary S
Marsh elder Great Bay Estuary S
Robust knotweed Great Bay Estuary S
Large salt marsh aster Great Bay Estuary S
Stout bulrush Great Bay Estuary S
Small spike-rush Great Bay Estuary S
Small knotweed Great Bay Estuary S

(I) One Shortnose Sturgeon was encountered in the Portsmouth Harbor in 1971.
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No national parks or monuments have been identified within the tidal influence zone.

No national seashore or lake shore recreational areas, national preserves, federal wilderness
areas, or state designated natural areas have been identified in the tidal influence zone.

Adams Point, Bellamy River, and Great Bay wildlife management areas are located within
the tidal influence zone.

The Great Bay National Wildlife Refuge is within 15 miles upstream of the shipyard, and the
Rachael Carson National Wildlife Refuge is within 15 miles downstream of the shipyard.

The Great Bay Estuary is a National Estuary Research Reserve designated under the National
Estuary Program. It is a concentrated spawning area for finfish and is the habitat for the Bald
Eagle.

Under the Coastal Zone Management Act, the States of Maine and New Hampshire list areas
of concern. Within 15 miles upstream and downstream, areas of concern include wetlands,
spawning, nursery and feeding grounds, and significant wildlife habitat.

The Piscataqua River is a migratory pathway for numerous anadromous fish species which
migrate from the Atlantic Ocean to points upstream to spawn. These species include river
herring (blueback and alewives), rainbow smelt, shad, sea lamprey, coho salmon, chinook
salmon, atlantic salmon, atlantic sturgeon, and atlantic tomcod. Several of these anadromous
species use the waters upstream of the shipyard as nurseries before migrating back out to sea.

The total length of tidal wetlands within 15 miles upstream and downstream of the shipyard
greatly exceeds 20 miles, the maximum assigned value under PA or HRS scoring.

8.2.3 Surface Water Pathway Assessment

Previous sections of this report have established that no drinking water intakes from either
surface or ground water are utilized or could be affected by any potential release via
discharge, precipitation run-off, or percolation.

Reference 22 calculates the total body dose to the maximally exposed individual from
ingestion of shellfish and from recreational use of the water from cobalt-60 and tritium.
Table 8-1 of Reference 22 lists the annual maximum individual total body doses as
0.000012 mrem from ingestion of seafood and 0.00024 mrem from swimming and boating.

These calculated values are based on the maximum assumed annual release of 0.001 curie for
cobalt-60 and 0.100 curie for tritium. These values conservatively bound the levels of
radioactivity in several thousand gallons of unprocessed reactor coolant; such a release has
not occurred in over 20 years. Hence, these are very conservative estimates.
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According to Reference 11, the total body dose to an individual due to naturally occurring
radionuclides which are internally deposited is about 40 mrem/year. About half of this dose
is due to naturally occurring potassium-40. When this value is compared to the dose due to
ingestion of seafood, were the seafood contaminated with the maximum conceivable level of
NNPP radioactivity, it is seen that the dose due to consumption of seafood is about
0.00006 percent of the 20 mrem from potassium-40. A similar comparison shows that the
recreational dose is about 0.001 percent of that due to potassium-40.

PNS concludes that radioactivity in surface waters will not damage sensitive environments as
described by Reference 29. As discussed above and in Section 6, no water or marine biota
samples have shown levels of cobalt-60, nor have any shorelines within the littoral zone
accumulated any radioactivity associated with the NNPP. This evidence supports the
conclusion that there has been no environmentally detrimental release of radioactivity to
surface waters surrounding the shipyard.

8.3 Soil Exposure Pathway

The soil exposure pathway considers potential exposure threats to people on or near the site
who may come into contact with a hazardous substance via dermal exposure, soil ingestion,
or plant uptake into the human food chain.

The shipyard is actively engaged in NNPP work. As such, there are radiological facilities
containing radioactivity associated with this work. These facilities and the radiological
controls applied to prevent contamination of workers and the environment are discussed in
other sections of this report.

For areas and facilities other than those discussed above, this report concludes that there is no
likelihood for exposure to humans or to the environment. This conclusion is based on the
following:

• Perimeter radiation levels have consistently been comparable to background radiation
levels as measured by the shipyard, Environmental Protection Agency, and EG & G.

• Shoreline surveys conducted by the shipyard and the Environmental Protection Agency
found no radionuclides along the shore attributable to Naval Nuclear Propulsion Program
activities.

• Results of storm drain and drydock surveys and samples have not shown any significant
amounts of cobalt-60 radioactivity.

• .An aerial radiological survey conducted by EG & G identified controlled radiological
work and storage areas, but did not find other areas within or adjacent to the shipyard
with radiation levels higher than background.
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• There has been no solid NNPP radioactive waste disposal on or near shipyard property, as
\

documented by regulatory prohibition, review of historical disposal records, and review
of measured radiation levels.

Since the above evidence would result in a "no likelihood of exposure" finding, the other
elements of the soil exposure pathway do not need to be evaluated.

8.3.1 Release Mechanisms Affecting Soil

The release mechanisms discussed in the air pathway section could deposit radioactivity in
the soil of affected areas. Radioactive liquid spills to the soil would be much more localized
and concentrated than soil contamination resulting from low level airborne radioactivity
releases. Liquid spills with the highest potential for reaching the soil are related to activities
performed outside ofradiological work areas. These activities include connections of tanks
to ships, tank to tank transfers, movement oftanks within the shipyard, and the movement of
smaller liquid containers such as plastic bottles. Spills of radioactive liquids inside work
facilities would generally be contained within that facility but could reach the soil through
cracks in building materials or by leaching through porous building materials such as
concrete. Also, in the event of a fire in a work facility, the large volumes of water needed to
control the fire could result in the transport of radioactive materials into the soil.

8.3.2 Soil Exposure Targets

There are no residences, schools, or daycare facilities within 200 feet of any potential source
ofNNPP radioactivity.

There are about 3500 employees working on the shipyard, including within the industrial
area.

There are no terrestrial sensitive environments that have been identified within a four-mile
radius of the shipyard.

There are land resource uses for commercial agriculture, commercial silviculture, and
cornmerciallivestock production and grazing within a four-mile radius of the shipyard.

8.3.3 Soil Exposure Pathway Assessment

The ground deposition element in the airborne pathway of Reference 22 is directly relatable
to the soil exposure pathway. For this calculation only cobalt-60 is considered since, of the
radionuclides listed in Table 3.1 of Reference 22, it is the only particulate. Although most
noble gases have particulate daughters, the transport of the gaseous parent disperses and
dilutes the eventual dry deposition and rainout of particulate daughters to such an extent that
their dose contribution is negligible.

Table A-I of Reference 27 lists the annual total body dose due to natural sources in the
vicinity ofPNS as approximately 87 mrem (9.9 IlRlhr): 46 mrem (5.2 IlRlhr) is due to
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terrestrial sources of natural radioactivity and 41 mrem (4.7 /-lRJhr) is due to cosmic
radiation. Reference 27 is cited extensively in Reference 11 as a continuing source of data
for natural background radiation exposure estimates. This value is consistent with shipyard
perimeter surveys, with surveys done by the EPA, and with the EG & G aerial survey.

The maximum individual annual total body dose due to soil exposure from 0.001 curie of
cobalt-60 ground deposition would be 0.07 mrem as listed in Table 8.1 of Reference 22.
Table 5-3 shows that the calculated maximum airborne release ofNNPP radioactivity
occurred in 1981 and totaled 1.26 x 10-6 curie. Presuming all this activity is deposited
on the soil of interest, this is still a factor of about 800 less than the 0.001 curie used for
Reference 22 calculations. Hence, the actual maximum individual total body dose through
the soil pathway wot,lld be 0.000088 mrem/yr. This is about 0.00019 percent of the natural
terrestrial background, or alternatively, this yearly dose is approximately equal to one-sixtieth
of the hourly exposure from natural sources of radioactivity from the earth.

PNS concludes there has been no adverse impact on human health or the environment due to
the soil exposure pathway.

8.4 Air Pathway

The air pathway considers potential exposure threats to people and to sensitive environments
via migration through the air.

As discussed in Section 5, air discharged from radiological work facilities contains less
radioactivity than an equivalent amount of environmental air containing naturally occurring
radioactivity. Since air leaving radiological facilities contains less than background
concentrations, the likelihood of an airborne release is very low. When quality analytical
evidence shows that exhaust air from a facility is cleaner than environmental air and the

_ facility has a long history of air control measures, such as HEPA filtered and monitored
exhausts, no individual on-site or within the four mile radius of concern is being exposed.

Other potential sources of airborne radioactivity, such as from contaminated soil or spills of
contaminated liquids, have been discussed in other sections of this report. Based on the lack
of detectable soil contamination, and the immediate containment and recovery actions taken
for spills, PNS considers these potential sources of airborne radioactivity have been
eliminated from consideration.

8.4.1 Release Mechanisms Affecting the Air

The methods employed to prevent the release of radioactivity into the atmosphere were
discussed in Section 4.4 and have proven to be extremely effective. Nevertheless,
consideration of atmospheric releases is necessary since such releases would potentially
allow radioactivity to contact the soil and surface water. Some mechanisms that could cause
an atmospheric release of radioactivity follow.
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8.4.1.1 Potential Releases from Ventilation Systems

Facilities that are used for radioactive work or work with radioactive materials are potential
sources of airborne radioactivity. High efficiency particulate air (HEPA) filtered ventilation
systems are used in these facilities and could fail before or during work and allow radioactive
particulates to enter the atmosphere. Potential failure modes for HEPA filters include:
improper installation, damage during installation or use, improper differential pressure
testing, or exceeding HEPA filter capacity. In addition, duct work associated with these
ventilation systems could fail or become damaged causing an uncontrolled release.

8.4.1.2 Potential Releases from Storage Areas

The primary atmospheric release potential from radioactive material storage areas would be a
fire. NNPP regulations specify that buildings where radioactive materials are stored shall be
constructed and equipped with fire protection systems in accordance with Reference 30.
These provisions include building construction, fire detection and alarm systems, automatic
sprinkler systems, portable fire extinguishers, and fire hydrants. In addition to structure
requirements, NNPP regulations: require that materials be stored in fire retardant containers;
prohibit welding, burning, or other operations that could cause a fire without prior
authorization; and require periodic inspections and fire drills.

Another potential release mechanism is the possibility of the loss of containment for items
being stored, including tears in packaging material.

8.4.1.3 Potential Releases from Collection Tanks

Tanks containing radioactive liquid effluent present a potential for atmospheric release. If a
tank were to rupture or leak, evaporation ofthe liquid could allow radioactive particles to
become airborne. Rupture or leakage could result from corrosion of the tank, excessive
pressure build-up, or human error in valve positioning. A release could also occur if a tank
were to overflow during a liquid transfer.

8.4.2 Air Targets

Target populations under the air pathway consist of people who reside, work, or go to school
within the 4-mile target distance limit around the site. Preliminary Assessment air pathway
targets also include sensitive environments and resources.

Targets are evaluated on the basis of their distance from the site. Those persons closest to the
site are most likely to be affected and are evaluated as primary targets. The nearest
individual would be an on-site worker.

8-10



Like the other migration pathways, a release must be suspected in order to score primary
targets for the air pathway. Releases to the air pathway, however, are fundamentally different
from releases to the other migration pathways. Depending on the wind, air releases may
disperse in any direction. Therefore, when a release is suspected, all populations and
sensitive environments out to and including the 1/4 mile distance category are evaluated and
scored as primary targets. Because air releases are quickly diluted in the atmosphere, targets
beyond the 1/4 mile distance are evaluated as secondary targets.

As with other migration pathways when a release is not suspected, the residential, student,
and worker population within the entire 4-mile target distance limit is evaluated as the
secondary target population. The population distribution for the secondary target population
is given in Section 3.

Sensitive environments are defined as terrestrial or aquatic resources, fragile natural settings,
or other areas with unique or highly-valued environmental or cultural features.

Typically, areas that fall within the definition of "sensitive environment" are established
and/or protected by State or Federal law. Examples include National Parks, National
Monuments, habitats of threatened or endangered species, wildlife refuges, and wetlands.

There are no sensitive environments within 1/2 mile of the shipyard.

The resources factor accounts for land uses around the site that may be impacted by release to
the air:

• Commercial agriculture
• Commercial silviculture (e.g., tree farming, timber production, logging)
• Major or designated recreation area (e.g., municipal swimming pool, campground, park)

The only land resource within 1/2 mile of the shipyard is the municipal swimming pool
located on Pierces Island in the State of New Hampshire.

8.4.3 Air Pathway Assessment

Ofthe pathways considered in Reference 22, the plume immersion and inhalation pathways
best fit the model of Reference 29.

Table 8.1 of Reference 22 present the results of calculated radiation dose estimates for
immersion and inhalation. For comparative purposes, the total body dose to the maximally
exposed individual is used in all cases.

Reference 22 calculates an annual total body dose of 0.0049 mrem for immersion and
0.00027 mrem for inhalation, for radionuclides ofNNPP interest. This gives a combined
dose of 0.0052 mrem for this pathway. For inhalation, only cobalt-60 and carbon-14
contribute significantly to exposure. For immersion, cobalt-60, carbon-14, tritium, and all
fission product noble gases as listed in Table 3.1 of Reference 22 are considered.
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This represents a maximum value since the assumed releases of Table 3.1 of Reference 22
are significantly higher than actual. For example, for cobalt-60, the primary radionuclide of
interest for NNPP nuclear facilities, the calculations are based on 0.001 curie per year. Table
5-3 shows that the maximum possible release occurred in 1981 and totaled 1.26 x 10-6 curie
or a factor of about 800 less.

Comparing the Reference 22 combined dose of 0.0052 mrem/yr to the dose from natural
sources of radiation listed in a report published by the National Council on Radiation
Protection and Measurements (Reference 11), the calculated combined dose is about 0.003
percent ofthat due to airborne natural background radioactivity (primarily radon). When the
actual PNS release values are factored in, the comparative percentage becomes vanishingly
small.

Since 1989, PNS has used the Environmental Protection Agency COMPLY computer
program to provide a quantitative estimate of the radiation exposure to which any member of
the general public might be exposed as a result of radioactivity in airborne effluents. This
analysis is performed in accordance with EPA regulations in 40 CFR 61 Subpart I. Site
specific input parameters include radionuclide releases and distance to members ofthe
public. Cobalt-60 values include actual measurements of cobalt-60 emissions from the
exhaust of monitored ventilation in addition to very conservative estimates of other potential
sources of cobalt-60. Values for other airborne radionuclides, including iodine-131, are
conservative estimates based upon detailed study of land-based Naval nuclear propulsion
prototype plants. Thus, the actual exposures to members of the public are expected to be
lower than the results of this analysis.

Si~ce the controls for airborne releases have remained the same over the years, the
assessment for 1996 can be used for evaluation purposes. The result of the airborne effluent
analysis in 1996 was 0.0037 millirem from particulate and gaseous radionuclides and
0.00000067 millirem from radioiodine releases. The estimated maximum radiation exposure
to a member of the general public from releases of airborne radioactivity is much less than
the standard of 10 millirem per year established by the Environmental Protection Agency in
40 CFR 61.

These comparisons provide additional evidence that the airborne exposure to any potential
target due to NNPP activities at PNS is insignificant. .
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9.0 Conclusions

Evaluation of the information and analytical data presented in this HRA leads to the
conclusion that past and current activities at the shipyard associated with work on Naval
nuclear propulsion plants have had no significant adverse impact on the human population or
ecosystem of the region.

Of all the radiological parameters monitored and reported as part of the long-standing and
continuing monitoring of the radiological environment, only the trace levels of cobalt-60
detectable in the controlled lower tier of the service trench and the small section of capped
storm drain pipe northwest of Building 233 could be considered for remediation.

To the extent that the goal ofthe CERCLA process is to identify and remediate those sites
where harm to the environment or to human populations is occurring or is likely to occur,
these trace amounts ofradioactivity are located within the controlled perimeter of the
shipyard, are far below the limits of detectability without sensitive laboratory instruments,
represent a vanishingly small exposure compared to natural background radiation, and
therefore need not be considered for remediation. This radioactivity is fixed in place and will
be eliminated by natural radioactive decay.

The findings and conclusions of the Environmental Protection Agency surveys reported in
1979 and 1991, the State of Maine Study in 1961-1965, and the joint radiological monitoring
conducted by the States of Maine and New Hampshire in 1975-1981, fully support the data
and conclusions of this assessment.

PNS will continue to follow NNPP radiological control practices and perform environmental
monitoring as discussed in this HRA. Within the framework of the CERCLA process, no
further action is warranted regarding radioactivity associated with the Naval Nuclear
Propulsion Program at Portsmouth Naval Shipyard.
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GLOSSARY

Aquifer: A saturated subsurface zone from which drinking water is drawn.

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act
of 1980. Legislation that established the Federal Superfund for response to
uncontrolled releases of hazardous substances to the environment.

CERCLIS: CERCLA Information System. EPA's computerized inventory and tracking
system for potential hazardous waste sites.

Coastal Tidal Waters: Surface water body type that includes embayments, harbors,
sounds, estuaries, back bays, etc. Such water bodies are in the interval
seaward from the mouths of rivers and landward from the 12-mile baseline
marking the transition to the ocean water body type.

CPW:

curie:

EPA:

Factor:

FFA:

Fishery:

G-RAM:

Controlled pure water.

Abbreviated Ci. A unit of measure of the amount of radioactivity equal to
3.7 x 10

10
disintegrations per second or 2.22 x 10

12
disintegrations per

minute.

U.S. Environmental Protection Agency. The federal agency responsible for
action under CERCLA.

The basic element of site assessment requiring data collection and evaluation
for scoring purposes.

Federal Facility Agreement. An agreement among the EPA, state, and site
detailing the extent and schedule for remedial actions.

An area of a surface water body from which food chain organisms are taken
or could be taken for human consumption on a subsistence, sporting, or
commercial basis. Food chain organisms include fish, shellfish, crustaceans,
amphibians, and amphibious reptiles.

General Radioactive Material. Radioactive materials that are not associated
with the NNPP.
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GLOSSARY (continued)

HEPA filter: High Efficiency Particulate Air Filter. A filter that will remove 99.97% of
0.3 micron particulates from an air system.

HRA:

HRS:

lAS:

kcpm:

micro:

micron:

milli:

NNPP:

NPL:

Historical Radiological Assessment. A compilation of site historical
radiological data derived from the site environmental monitoring program
and other records. This document is intended to be an integral part of a FFA.

Hazard Ranking System. EPA's principal mechanism for placing sites on the
NPL.

Initial Assessment Study. A study done under the Navy's Installation
Restoration program. This study parallels the PA.

Thousand counts per minute.

Abbreviated~. A prefix denoting a one-millionth part (l 0-6).

A millionth of a meter (10-6m).

Abbreviated m. A prefix denoting a one-thousandth part (10-3).

Naval Nuclear Propulsion Program. Ajoint Navy/Department of Energy
program to design, build, operate, maintain, and oversee operation of Naval
nuclear-powered ships and associated support facilities.

National Priorities List. Under the Superfund program, the list of sites of
releases and potential releases of hazardous substances, pollutants, and
contaminants that appear to pose the greatest threat to public health, welfare,
and the environment.

No Suspected Release: A professional judgement based on site and pathway conditions
indicating that a hazardous substance is not likely to have been released to
the environment.

PA:

PNS:

Preliminary Assessment. Initial stage of site assessment under CERCLA;
designed to distinguish between sites that pose little or no threat to human
health and the environment and sites that require further investigation.

. -p

Abbreviated p. A prefix denoting a one-trillionth part (10 -).

Portsmouth Naval Shipyard
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GLOSSARY (continued)

Portal Monitor: A walk-in booth used for personnel whole body gamma monitoring.

R:

rem:

SARA:

Roentgen. A unit of exposure. For cobalt-60 radiation, a roentgen and a
rem are considered to be equivalent.

Roentgen Equivalent Man. A measure of radiation dose.

Superfund Amendments and Reauthorization Act of 1986. Legislation
which extended the Federal Superfund Program and mandated revision to the
HRS.

Surface Water: A naturally occurring, perennial water body; also, some artificially-made
and/or intermittently-flowing water bodies.

Suspected Release: A professional judgement based on site and pathway conditions
indicating that a hazardous substance is likely to have been released to the
environment.

Target: A physical or environmental receptor that is within the target distance limit
for a particular pathway. Targets may include wells and surface water
intakes supplying drinking water, fisheries, sensitive environments, and
resources.

Target Distance Limit: The maximum distance over which targets are evaluated. The
target distance limit varies by pathway; ground water and air pathways
-- a 4-mile radius around the site; surface water pathway -- 15 miles
downstream from the probable point of entry to surface water; soil exposure
pathway -- 200 feet (for the resident population threat) and 1 mile (for the
nearby population threat) from areas of known or suspected contamination.

Target population: The human population associated with the site and/or its targets.
Target populations consist of those people who use target wells or surface
water intakes supplying drinking water, consume food chain species taken
from target fisheries, or are regularly present on the site or within target
distance limits.

Terrestrial Sensitive Environment: A terrestrial resource, fragile natural setting, or other
area with unique or highly-valued environmental or cultural features.
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GLOSSARY (continued)

Wetland:

Worker:

<

>

A type of sensitive environment characterized as an area that is sufficiently
inundated or saturated by surface or ground water to support vegetation
adapted for life in saturated soil conditions. Wetlands generally include
swamps, marshes, bogs, and similar areas.

Under the soil exposure pathway, a person who is employed on a full or
part-time basis on the property on which the site is located. Under all other
pathways, a person whose place of full or part-time employment is within
the target distance limit.

Less than.

Greater than.
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