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5.1 Effects of Operation of Heat Dissipation System

5.1.1 Physical Influence upon.Receiving Body of Water

During normal operation the heat dissipation system discharges about 8 x 10°

BTU/hour per unit from a deep water discharge located offshore of Hampton
Beach, New Hampshire: This heat is rejected to the Gulf of Maine by a once-
through ocean water cooling system with a flow of 412,000 GPM per unit at a

37.8°F temperature rise.

As sﬁown in Figure 5.1-1 the proposed location of the discharge zone is about
5,000 feet east of Hampton Beach. The discharge is near bottom in a depth

of about 40 feet mean low water. The characteristics of the mixing zone

and the effect that the heated effluent will have with respect to space and
time upon the receiving body of water are being studied., Hydro-thermal model
studies have been performed for a single port per unit dischérge concept the
results of which are presented in Appendix J, ”Bquant Jet Discharge Report!
by Alden Research Laboratories, 1969. More model studies are being performed

to evaluate multi-port designs.

Multi-port hydro-thermal model studies are now in progress at Alden Research
Laboratories and scheduled to continue through 1973. When the results of these
become available, the proposed discharge concept (single vs. multi-port) will
be chosen. The basis for selection of a discharge concept is that its environ-

mental impact be acceptable and that it meets all engineering requirements.

In addition to the hydro-thermal model studies; a hydrographic survey program
has been undertakén. The purpose of this survey is to identify the hydrographic
characteristics of the ocean waters in the vicinity of the offshore inlet and
discharge zones. This program began in December 1968 and is scheduled to
continue into 1974. Hydrographic data are being obtained on the water circu-
lation pattern, temperature distribution, dissolved oxygen concentration,

water level fluctuations, conductivity, salinity and density stratification

in the near-offshore waters of the Hampton-Seabrook region. These data are
collected through'the use of dye release studies, drogue tracking, current

meters, temperature monitoring instruments, tide gages and conductivity monitors.
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Results of the 1968 and 1969 hydrographic survey are presenfed in Appendix K,
"Thermal Discharge Application Report' by Ebasco Services Inc., October 1969.
Those studies included: continuous releases of Rhodamine-B dye at various
offshore locations in the vicinity of the proposed offshore inlet and dis-
charge, a dye concentration monitoring program in the ocean extending in all
directions from the release points, measurement of ocean current directions
and velocities at each of the dye release points, measurement of wind speed
and direction during the duration of the dye releases and the recording of

temperature and salinities for each release point.

The scope of the present hydrographic program includes surveys using current
meters, drogues, water level recorders, temperature monitors and wind measufing
instruments. This pfogram is being performed by Normandeau Associates Inc.

of Manchester, N. H. and will continue into 1974. As data become available
from these surveys they are used in the hydro-thermal model studies and in

the design of the discharge and offshore inlet structures.

The single-port per unit discharge concept which was tested in a limited-
scope hydro-thermal model study is designed for near-bottom horizontal dis-
charge from an open-ended pipe of about 9.5 feet inside diameter submerged at
a water depth of about 35 feet. The results of the model tests are presented '

in detail in Appendix J.

For the single-port per unit discharge there are two separate thermal plumes
spaced sufficiently apart to avoid'néar-field interference with one another.
In each plume the maximum surface temperature rise is 13°F above ambient

which occurs inside a zone of approximately 300 ft2 about 150 feet from the
point of discharge. In an effort to reduce the maximum surface temperature
rise of 13°F:produced by the single-port discharge, hydro-thermal model
studies of multi-port discharge concepts are being conducted at Alden Research
Laboratories. When studies are complete these schemes will be evaluated

from the viewpoint of their probable effect on the marine ecology. Upon this
basis a scheme with an acceptable environmental impact will be selected.

In order to proceed with hydro-thermal model testing of multi-port discharge
concepts it is necessary to establish discharge design criteria. The criteria

which have been selected are as follows:
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1. At the boundary of a zone, the thermal discharge from the Seabrook Station
shall not raise the monthly mean of daily maximum water temperatures more

than 4°F above ambient.

2. The thermal discharge shall not create a thermal block for marine life at

the entrance to Hampton Harbor.
3. ‘Bottom scour effects resulting from the discharge shall be avoided.
See subsection 5.1.3 for a'more detailed description of the heat-affected zone.

As indicated in subsection 5.1.3, these criteria are considered adequate to
protect marine life in the receiving waters and will result in a negligible
-environmental impact. Consequently,\thesé criteria are set forth as design
criteria and are proposed for the thermal effluent standard of the Seabrook

Station.

The thermal discharge from the Seabrook Station does not affect the water
quality in any other states. The nearest waters of another state are those
of Massachusetts about 2 miles to the south. Due to the low velocities

of ocean currents in this region any waters heated by the thermal discharge
are sufficiently diluted and cooled upon reaching the interstate.boundary

that no influence will be detected.
5.1.2 Thermal Standards

The discharge from the Seabrook Station will be designed to comply with
thermal standards promulgated by the Environmental Protection Agency or by
appropriate State agencies pursuant to Public Law 92-500, "Federal Water
Pollution Control Act - Amendment 1972". During the interim until such
standards are specified, the discharge will be designed to comply with those

prescribed by appropriate regulatory agencies.
The New Hampshire Water Supply and Pollution Control Commission has classified

the waters of the New Hampshire Coastal Basin as Class B tidal waters (Figure

5.1-2). Chapter 149 of the Commission's Statutes states that the thermal
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effluent standard for a particular discharge into Class B waters is determined -
upon the recommendation of the New Hampshire Department of Fish and Game,-New
England Interstate Water Pollution Control Commission or the National Technical
Advisory Cqmmittee Report on Water Quality Criteria dated April 1, 1968,

"whichever provides the most effective control".
5.1.3 General Ecological Effects of Operation of the Heat Dissipation System

Temperature is considered an important factor influencing the distribution of
marine organisms. . Since most marine species are poikilotherms, their body
temperatures vary according to the temperature and temperature changes of the
water. The biochemical and physiological processes of poikilotherms are
sensitive to temperature, and consequently vary according to temperature
changes of the environment. Each species of aquatic poikilotherm has evolved
certain homeostatic mechanisms which make it capable of functioning through-
out the rangé of temperatures to which it is normally subjected. Within this
temperature range growth rates, and certain aspects of reproduction and behavior
are influenced by thermal fluctuations (Reference 17). Therefore, to assess
the environmental impact of a thermal discharge it is. necessary to determine
if the temperature of the environment is altered beyond the limits to which

the ecosystem is adaptable.
5.1.3.1 Zoogeographical Background

While high and low lethal temperature of organisms set the ultimate limits
on their existence, the distribution and abundance of their populations is
determined by the interaction of temperature with other environmental con-
ditions (Reference 17). The combined effect of these factors has been

recognized by zoologists in delineating biogeographical regions.

The Hampton-Seabrook estuary is located in the American boreal province,
which extends from-Cape Cod to Labrador. Since this location is not close
to the extreme southern limit of the boreal province, its marine inhabi-
tants have a broader capability for bhysiological adaption than thoée
residing close to the limits‘of the region where ambient temperatures for

the province are most extreme. Using data from Gosner (Reference 7) to
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compile a list of the geographic ranges of the 64 invertebrate species from
the Hampton-Seabrook area that have been identified, it appears that 70 percent
are actually eurythermal (i.e. capable of withstanding a broad range of
temperatures) extending from Labrador to Long Island--half of them (50 percent)
to Cape Hatteras. Only 20 percent of the species are truly boreal (see Tables
5.1-1 and 2). Another 10 percent of the species are members of the Virginia
sub-region of the American temperature province, which extends from Cape

Cod to Cape Hatteras. These species are at, or near, their northern limit

and could be expegted to increase their populations under elevated temperature
conditions, whereas those boreal species near the southern limit of their
distribution would be expected to decrease their numbers under elevated

temperature conditions.

The predominance of eurythermal species in the Hampton-Seabrook area has
important implications in considering the impact of thermal discharge from
the Seabrook Station. It indicates that most species in this area can

adapt to a wide range of temperature fluctuations.

5.1.3.2 Possible Effect of Temperature Alteration on the Hampton-Seabrook
Area Biota ;

The discharge of thermal effluent by electric power generating plants has
given new impetus to scientific studies on the tolerance of temperature extremes
by aquatic organisms. Ideally these studies should be useful in predicting
the effects of thermal discharges and.in managing those discharges to produce’
the least ecological impact. However, study of even the latest reports
"indicates that their predictive utility is limited by the number of different.
methods employed as well as'by great variation in the quality and completenéss
of field observations (Reference 5). It is necessary to read each original
paper to learn the limits of the methodology used, and in many cases this
limits the meaning that can be placed on comparison in table form. Though

the applicant has tried to gather all the information available in the
literature pertaining to thermal tolerance of the important species of the
Hampton-SeaBrook estuary (see subsection 2.7-2 and Tables 5.1-1 and 5.1-2)

it is apparent that: 1) temperature tolerance information is limited even

for some of the more common species; and 2) the methods used are subject
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to the limitations described above, and thus have limited predictive value.

Some general conclusions can be made, however.

Under the pfesent design for thermal effluent discharge, maximum tempera-
ture occurs only in the immediate vicinity of the discharge point, located
about 5,000 feet off the Hampton shore north of thé harbor inlet. The
thermal effluent is to be discharged from a submerged multi-poft diffuser
~or submerged buoyant jet outfall both of which accomplish rapid dilution of
the heated discharge water. This process occurs in the 'near-field" region
of the diffuser where the momentum of the jets entrains cooler ambient

waters resulting in a rapid temperature reduction of the effluent.

At the periphery of a defined zone surrounding the points of discharge the
thermal effluent will not raise the monthly mean of the daily maximum water
temperature more than 4°F above ambient. Inside this zone the temperature
of the receiving waters will for the most part not exceed 6°F above ambient.
The only exception to this where higher temperatures are encountered is in
the rising buoyant jets issuing from the discharge ports. The momentum of
these jets creates rapid mixing of the thermal effluent with receiving

waters resulting in rapid dilution and temperature reduction of the discharge.

To avoid any direct thermal influence on the benthic community, the discharge
nozzles are directed at a small angle above horizontal. This feature causes
the plumes to riSe without imposing a thermal effect on the seabed and also

prevents bottom scouring.

It is demonstrated elsewhere that heated surface water will attract fish
during the colder months, as they have been observed congregating around

the thermal plumes of other power stations (Reference 6). Pearce, Silver-
man, and LeGoff (Reférence 15) found that winter flounders would leave watér
of 18.5°C (65°F) to feed in water of 31°C (88°F) with no adverse effects,

and other species show similar behavior.

The Seabrook Station dischafge zone is not expected to have as much poten-

tial for attracting fish_nor subjecting marine life to temperature shock
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as is the case for conventional surface discharge from power stations. This
is due to the rapid dilution of the effluent from the Seabrook Stations'
offshore submerged discharge. By virtue of the rapid temperature reduction
accomplished by the entrainment of receiving waters into the rising buoyant
jets, the temperature rise is minimized throughout the 'mear-field" region
of the discharge. This is not the case for a conventional surface discharge
in which relatively little entrainment of receiving waters with the effluent

is possible.

During certain inffequent occurrences some heated water may reach the
Hampton-Seabrook Harbor Inlet Channel, however, it is at a very slight
increase above ambient temperature. Present estimates indicate that any
of the thermal effluent reaching the Harbor entrance is heated to less than
1 1/2 - 2°F above ambient. This heated water can enter the estuary only
during an incoming tide and is almost tbtally removed on the succeeding

ebb tide due to the high flushing rate of the Hampton estuary. It is

estimated that about 88 percent of the estuary volume leaves and returns on
each ebb and flood tide (subsection 2.5.1.1.2). Consequent mixing of the effluent
with the larger quantity of Harbor inflow results in a further temperature
reduction of the heat affected water actually entering the Harbor. Based

on this analysis the maximum thermal influence upon-the estuary is pre-

dicted to be less than 1 1/2°F occurring only during the infrequent cir-

cumstance of prevailing onshore currents and flood tide. Hydro-thermal model
studies at Alden Research Laboratories, Holden, Massachusetts are now .in

pfogress to verify this prediction. Appendix K discusses the dyé release

studies ‘which havé been conducted to determine that the thermal effluent

reaches the harbor only during certain infrequent occurrences.
5.1.3.3 Effects on Passage Through Cooling Water System

Entrainment, the passage of small organisms (zooplankton, phytoplankton,
fish larvae, etc.) through the cooling water system of the power plant is taken ?
into consideration in evaluating the effects of the plant on the marine

environment. As ocean water moves thrdugh the cooling system, the entrained

organisms are subjected to mechanical, thermal and pressure influences.
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The potential for mechanically caused damage to entrained organisms is
céused by the operation of the circulating water pumps, the watér

velocity in the tunnels (7.2 fps) with resultant abrasive damage and the
entrainment time of about 65 minutes for passage through the system. Most
ali surveys of entrainment effects show varying degrees of physical stress

caused by abrasion (see Table 5.1-3).

The potential damage to planktonic' communities from circulating water
system mechanical stresses has been minimized by the decision to design a
system with as little water consumption as possible. The rationale here is
that with the prospect of an unquantifiable but estimated high percentage
of the entrained plankters affected, it is ecologically most desirable to
pass as little water through the plant as possible even though it results
in a higher condenser temperature rise. Another advantage of this scheme
Yis that with minimized water consumption the potential for fish entrapment

is reduced.

Studies at other locations have shown a wide range of effects to plankton,
depending on each plant‘s.characteristics (see Table 5.1-3). The effect

on the entrained species varies according to the magnitude of the increase
in temperature, duration of entrainment, rate of pressure change and size

of organisms. Although some mortality may be expected, the exact amount and
its importance at any particular power station is almost impossible to
predict without actual field studies at the intake and discharge areas.
Mortality or damage to zooplankton and phytoplankton and reduction of photo-
synthesis by phytoplankters appears:to depend on the degree of mechanical
abrasion, rate of préséure change, temperature rise, length of entrainment,

water quality, and ambient water temperature.

Entrained organisms experience abrupt changes in pressure in the intake
tunnel and abrupt pressure changes concurrent with increased water tempera-

ture in the discharge.
Phytoplankton appear to be tolerant of the pressures encountered during
entrainment. Observed damage to phytoplankton in circulating water systems

has been attributed to excessive temperature and chlorine toxicity (Reference 21).
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Vidaver.(Reference 22) determined that the production of oxygen by several
species of marine'algae decreased with increased pressures over a range
of exposure from 1,000 to 15,000 psi. Increases in temperature concurrént
with the increases in pressure caused a further decrease in oxygén pro-

duction by some species; while other species did not show such relationships.

'_The effect of entrainment on phytoplankton appears to vary according to the
ambient témperature and thereby changes from season to season. Morgan and
Stross (Reference.13) (1969) working with phytoplankton entrained at

the Chalk Point Plant in the Patuxent River (Chesapeake Bay) found that
photosynthesis increased when ambient temperature is 16°C (61°F) or below
and decreased when it is 23°C (73°F) or above. In a subsequent study of the
Chalk Point Plant, Flemer, Hamilton, Keef and Mehurshy (Reference 20) could
find no net change in photosynthetic production of the river just down-
stream of the discharge canal. While the temperature increase predicted

at Seabrook is considerably higher than that which occurs at the Chalk
Point Plant, the ambient temperature of the New Hampshire Coastal waters is
considerébly lower over most of the year; so that some increase in photo-
synthesis during the colder months. is possible. However, during most of
the year nearly total‘mortality of phytoplankton due to passage through

the cooling system is predicted due to temperature influences.

- Effects of entrainment on zooplankton may be both mechanical and thermal.
Many invertebrates respond to small changes in pressure of less than one
atmosphere by changing their vertical distribution. Other Tesponses to
changes in hydrostatic pressure include increased heart beat rates, and
increased ciliary activity. Pressure tolerances may increase or decrease

with respect to an increase in temperature (Reference 21).

Ebbecke (References 23 and 24) found sea anemone (larvae) to be the most

tolerant to pressure, followed in order of decreasing tolerance by starfish,

sea urchins, jellyfiéh, ctenophores, Branchiostoma, gastropods, polychaetes,

shrimps and teleost fish.
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Since the delta T is 37.8°F and the period of elevated temperature about
35 minutes almost total mortality of entrained zooplankton and fish

larvae over most of the year is predicted.

The significance of total mortality of entrained plankton must be related
to the amount of plankton.pfesent in the cooling water source. It is
hypothesized that the amount of plankton entrained represents only a small
portion of plankton present in the area (see Section 2.5). Some of the
planktonic stages of the benthic invertebrates (e.g. lobsters) have a
strong surface orientation during their early life stages (Reference 3)
and are thereby also protected from entrainment into the inlet which draws

water from just below mid-depth (Sectibn 3.4).

The larvae of most of the bi-valves and crustaceans in the area, including

Mya arenaria, Mytilus edulis, Macoma balthica, Artica islandica, Ensis

directus, Balanus balanoides, Crangon septemspinosus, Cancer spp., etc.,

could all be subjected to entrainment during their short planktonic stages.
It is estimated, however, that morfality due to entrainment of some of the
large numbers of larvae produced by these species is very minor compared
to mortality from other natural causes, e.g., predation, bacterial and fungal
attack {Section 2.7) as well as loss from the area due to tidal flushing
and ocean currents (Section 2.5). It must also be noted that most marine
species display prodigious reproductive potentials thereby compensating for
massive pre-adult mortalities. In fact, adult population densities may be
independent of pre-adult mortalities within.a certain stage. The limiting
factor reguléting populations which have a meroplanktonic stage are usually
not those imposed upon the larvae. MacGinitie and MacGiﬁitie (Reference.‘
12) believe that available space is the single most important factor

limiting the size of littoral populations.

Plankton entrained and subsequently killed is still available as a food
source in the area. Although there is expected to be a change in the
community composition ﬁtilizing the dead plankton as a food source, there
will be no net loss of energy to the immediate area. On the contrary, be-
cause of accﬁmulation of dead plankters there is expected to be an increase

in energy available.
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5.1.3.4 Effects of Entrapment

Operations of the circulating water system requires the passage of about

412,000 gpm/unit. This quantity of water is drawn from the area appro-

ximately 3,000 feet offshore from the Hampton Beach State Park in water
about 30 feet deep. The design of the offshore inlet structure is such
that the inlet port is about 8 feet above the bottom (see Section 3.4 for
a more detailed description of intake configuiatioﬁ)} Inlet current is
composed essentially of a horizontal flow with a velocity. of no greater
than 1.5 feet per second (fps) at the opening. This velocity reduces
abruptly with distance from the opening to less than 0.5 fps at about
a~5-foot distance and less than 0.25 fps at a 10-foot distance.

The potential for entrapment of finfish at power plants with intake struc-
tures is well recognized. Indeed this has caused much concern due largely

to the publicity given the more dramatic occurrences of this phenomenon.

Actual damage to entrapped fish usually occurs after they enter the intake
structure, whereupon they encounter rapid hydrostatic pressure changes,
mechanical abrasion and -impingement on the fine mesh traveling screens. Death
may then result from a combination of abrasion, exhaustion and suffocation,
caused by rapid changes in hydrostatic pressure, abrasion with the tunnel

surface, screen movement, or trauma assoclated with screen water washing

jets.

Rapid changes in hydrostétic pressure in the intake portion of the circu-
lafing watér systém for tﬁe Seabrook.Station arise from the respective
vertical descent and ascent of ocean water in. the inlet and pumphouse riser
shafts. Assuming entrapped organisms are drawn from mid-depth (15 feet)
and are taken down to a mean depth of about 200 feet, an approximated
differential hydrostatic pressure increase of 6 atmospheres would be
encéuntered within about 30 seconds. This pressure is maintained for

30 minutes, whereupon the organisﬁs'are subjected to a pressure decrease

of 6 atmospheres due to the ascent through the riser shaft at the site

into the pumphouse forebay. Whether the marine organisms could tolerate
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the hydrostatic pressure changes just described would depend on the
sensitivity of respective marine organism to the magnitude of the

pressure stress and to.the period of exposure.

Responses attributed to hydrostatic préssure changes differ according

to several anatomical features found in various species of fish:

1. Presence or absence of a swimbladder

2.  Whether the fish is a physoclist or a physostome

For some species of fish the swimbladder is totally absent. Species

such as the Atlantic mackerel Scomber scombus and winter flounder

Pseudopleuronectes americanus fall within this group. Since the Atlantic

mackerel has no swimbladder it must constantly remain in motion, otherwise
it would sink. Members of the mackerel family compensate for the pull

of gravity by applying a slight but constant upward thrust while -swimming.

- The winter flounder, Pseudopleuronectes americanus on the other hand, remains
exclusively on the bottom, thus it is advantageous that no swimbladder be

present to increase its buoyancy.

Many species of fish must be able to maintain a steady position some-
where between the bottom and the surface for hours. To accomplish

this, Some fish have evolved a swimbladder in the abdominal cavity just
below the backbdne and above the stomach. The swimbladder is basically
a hollow air-tight sac, that is used to control flotation. By secreting
into or releasing oxygen out of the swimbladder, the fish can achieve

neutral buoyancy (Reference 25).

Although a swimbladder is advantageous' in some respects, it can be a
marked disadvantage in others. Vertical movements of teleost fish are
restricted by the presence of a swimbladder which increases or decreases
in volume when the fish moves up or down in the water. If the fish moves
above the level at which it is hydrostatically equalized with its environ-
ment, the decrease in hydrostatic pressure (1 atm for about every 10 m

of water) leads to an expansion of the swimbladder. As a result the fish
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becomes more buoyant than the water and tends to rise to the surface.
Conversely,-if it swims into deeper water, the swimbladder decreases in
volume, with the result that the fish displaces less water and tends to
sink. A large vertical movement above or below this plane of equilibrium
might result in the fish being carried up to the surface or down to the
bottom. Too great a pressure reduction might lead.to the rupture of

the swimbladder wall (Reference 26).

As is noted, fish.respond differently to their aquatic environment, depend-
ing upon the presence or absence of a swimbladder. Responses of fish
with swimbladders may also be different depending on whether the fish

are physoclists or physostomes.

Physoclists (those species without an airduct in the swimbladder) having
a closed air bladder system, inflate or deflate the swimbladder by means-
of secretion or absorption of oxygen respectively (References 25 and 27).
Bishai (References 28 and 29) generally found that physoclists were more.
sensitive to pressure changes below 73.5 psi than physostomes. The
physoclists displayed their sensitivity by taking longer to adapt to

pressure changes.

Jones (Reference 26) found that a physoclist encounters two restrictions
with the presence of a swimbladder as it relates to vertical movements
involving a reduction of pressure: first, a restriction‘on_thevextent
of a rapid movement, and'secpndly,‘a restriction on the speed with which
the fish can migrate from one level to another. So the fish may be
considered as having a definite bathymetrical range within which it can
pass:rapidly from one level to another. But if it were to move outside
its range, the speed with which it would be transported would depend on
the rate at which it could adjust the voluﬁe of its swimbladder when

subjected to changes in hydrostatic pressure.

Physostomatous fishes (those fish who's swimbladder communicates via an air

duct with the alimentary canal), on the other hand, would be able to move
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freely above its plane of equalibrium, since it could vent the excess gas
‘ by means of the pneumatic duct (Reference 25). Its descents would be

restricted the same way as a physoclist however (Reference 26).

The hydrostatic pressure differentials incurred by the intake circulating
water system of the Seabrook Station would have its'greatest effect upon
those species of fish which have swimbladders, since any resultant varia-
tion in the ambient hydrostatic pressure would have an effect on this one
organ. Responses pf fish to the Seabrook water circulating system may also

be different depending on whether the fish are physoclists or physostomes.

The offshore inlet of the Seabrook Station draws water below mid-depth,
in 30 feet of water. If fish should become entrapped they will be drawn
down the inlet riser shaft in approximately 30 seconds. Traveling to a
mean depth of about 200 feet, the fish encounters a resultant increase
of 6 atmospheres pressuré. ‘At this depth the swimbladder of the teleost
fish compresses according to the subsequent rapid increase in hydrostatic
pressure. In order to compensate for its resultant loss of buoyancy, the

- fish (whether physoclist or physostome) must secrete enough oxygen into
the swimbladder to keep itself buoyant at that depth. If the fish does
not, or cannot, secrete any oxygen against this increased pressure, and
if it does not compensate by means of appropriate fin response, the fish
will éink (References 25 and 26).

From the bottom of the inlet riser shaft the fish is conveYed through the
intake circulating water tunnel for approximately 2 1/2 miles. Mechanical
abrasion with the surface of the tunnel walls is inevitable if the fish

does not equalize its buoyancy to the new depth.

Leaving the tunnel, the fish travels upwdrd in the on-site riser shaft to
the pumphouse forebay. The fish will move upward, barring any resistance
to the ascent, in about 40 to 50 seconds, undergoing a decrease in

pressure of 6 atmospheres.
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The passage of the fish from the inlet riser shaft to the plant takes
about 30 minutes. During this time interval the entrapped fish may or
may not compensaie to the change in pressure and its increased density
commensurate with the 200 foot mean depth. If the particular fish

‘ species does not compensate, and is druwn up to the forebay, the resultant
increase in swimbladder volume would be equal to that when it was first

drawn into the circulating water system (Reference 27).

However, if the fish should equaliie its buoyancy to compensate for the
increased hydfostatic pressure while in transit through the intake tunnel,
the subsequent decrease in depth encountered while ascending the riser
shaft at the site would cause expansion of the swimbladdér. This effect
could be compensated for somewhat by phycostomatous fish; however, for
physoclists compensation would probably require a greater amount of time
(Reference 27). Should the rate of gas expansion exceed the physical
limitations of the swimbladder, .a rapid reduction in ambient pressure

might lead to rupture of the swimbladder wall (Reference 26).

Regardless of the degree of physical damage due to the rapid pressure
decrease, there would probably be a temporary disruption of the fishes
ability to orient against the current. It is quite possible, therefore,
that they would be swept against the traveling screens and impinged before

any means of fish recovery could be employed.

Evidence of entrapment survival does exist, however, and certain means

for reducing mortalities have proven effective. These means include more -
frequent screen washings, basket screens which assure removal of impinged
fish and the so-called fish pump which 1ifts‘th¢ entrapped fish from the

forebay before they are impinged on the screen.

Obviously, means of mitigating fish damage should not be directed solely
to the traveling screen area, rather they should also attempt to prevent
entrance of fish to that point. Much effort has been directed within the

electric industry toward the design of intake structures that discourage
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the congregafion of fish at the point of intake and their subsequent
entrapment. Intake structure placement should bear cognizance of resi-

dent and migrant fish populations, their spatial distribufion and suscep-
tability to entrapment. Once the fish of an area are known, design features
may then be incorporated into the intake structure which minimizes entrap-
ment potential. Certain design considérations such as elevation of the intake -
port and configuration of the structure are somewhat flexible thereby allow-

ing latitude in planning to accomodate special circumstances.

Intake approach velocity is recognized as an extremely critical factor and
there is general agreement that for a specific facility an increase in
velocity results in greater numbers of entrapped fish. However, it must
be stressed that such specific natural location characteristics as shore-
line configuration and natural currents tend to confound attempts to
predict expgctéd fish entrapment rates based only on known intake approach
velocities. Variable entrapment results between power plants with equal
intake approach velocities emphasizes this point. Most power plants under
design will operate at approach velocities no greater than 1 fps although

regulatory standards do not presently govern this.

The configuration of the intake structure may influence the fish attrac-
tion potential. It is generally agreed that structures should be designed
to minimize potential sanctuary areas in which small fish might tend to
congregate. Semi-enclosed shadowy areas such as those afforded by chan-
nels, overhanging structures and cul-de-sacs are to be avoided as much -as
possible. With this in mind the Seabrook Station's offshore inlet structure

is simple and unembellished (subsection 3.4.2.2).

Although various methods for repelling fish from intake areas have been
tested (e.g. electric shock, sound, air bubbles) their success has been
limited and inconsistent. Often the method proven effective at one loca-

tion fails to minimize entrapment elsewhere.

The so-called intake velocity cap is of demonstrated value for reducing

fish entrapment in west coast offshore power plants. Its basic effective-
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. ness is based on the creation of intake flows which are essentially hori-

zontal.  As discussed in subsection 3.4.2.2, the features of the Velocity

Cap are being further investigated before the final design of the Seabrook

Station Offshore Inlets is determined.

With respect to the

following facts are

1. Intensive fish
Applicant that

which would be

Seabrook Station intake entrapment potential, the

evident:

sampling within the proposed intake area assures the
there are no major concentrations of resident fish

subject to entrapment. The fish species present are

(in order of relative abundance as shown in gill netting studies)

spiny dogfish (Squalus acanthias), cunner (Tautogolabrus adspersus),

and longhorned

sculpin (Myoxocephalus octodecemspinosus). Present

in lesser numbers are: winter flounder (Pseudopleuronectes americanus),

squirrel hake (Urophysis chuss), pollock (Pollachius virens). blueback

herring (Pomolobus aestivalis), mackerel (Scomber scombrus), little

. skate (Raja erinacea), and cod (Gadus morrhua).

2. Single representatives of the following fish species have been col-

lected in the area:

shorthorned sculpin (Myoxocephalus scorpius).

tomcod
menhaden

sea raven

(Microgadus tomcod)

(Brevoortia tyrannus)

(Hemitripterus americanus)

smelt (Osmerus mordax)
goosefish (Lophius americanus)
silver hake (Merluccius bilinearis)
sand flounder (Lophopsetta maculata)

Although these fish are found here they are by no means restricted

only to this area but rather they are commonly found throughout the
Gulf of Maine (Reference 19).
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3. The position of the inlet opening, just below mid-depth in the
water column, precludes the entrapment of demersal fishes (i.e. flounder,
sculpin, skate, hake and cod) as well as those that are surface oriented

(i.e. juvenile herring, mackerel and juvenile hake).

4. The reduced inlet approach velocity (no greater than 1.5 fps) of a
strongly horizontal nature due to the velocity cap may be overcome by
healthy average sized pelagic fish which are known to frequent the
proposed area’ at or near the intake depth (e.g. spiny dogfish, pollock,

-and adult herring); It should be pointed out that there is a rapid
reduction in current velocity with distance from the actual inlet
orifice. For example, assuming the design velocity at the orifice to
be 1.4 fps a fish five feet away would be subjected to about 0.5 fps,
and-;t ten feet only 0.25 fps. This shows that the area of inlet

current influence is quite small.

The cunner poses a potential entrapment problem -due to its habit of Lrowsing
subsurface objects'éuch as rock ledges which support sessile invertebrate
communities. Such behavior near the inlet structure could result in some
entering the ports and being drawn further along to the traveling screens
where they could be impinged. Of possible relevance to the Seabrook Station
are the monitoring studies conducted on cunner entrapment at the Applicant{s
Schiller Station Unit No. 4 (located about fifteen miles to the north on

the Piscataqua River).

Although gross differences between the two locations (i.e., Seabrook and
Piscataqua River) exist, the findings at the Schiller Station provide some
information which may be applicable to the Seabrook inlet. The main dif-

fering features which are most striking and significant are as follows:

1. The Schiller Station intake is on a swiftly flowing tidal river

unlike the offshore inlet location of the proposed Seabrook Station.

2. The inlet port at Schiller Station Unit No. 4 is essentially on the

bottom of a sloping river channel in about eighteen (18) feet of
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water and about thirty-three (33) feet from the shore. This is con-
siderably different from the Seabrook Station offshore inlet which is

described in Section 3.4.

3. The calculated approach velocity for Schiller Station Unit No. 4 is
2.13 fps; considerably faster than that at the Seabrook Station off-

shore inlet.

4. Piscataqua River has an estuarine component to its fish community
(e.g. Fundulus sp.; sticklebacks, alewife) and generally lacks
certain fish species found offshore (e,g.,'spiny dogfish, squirrel

hake, little skate, goosefish).

With the above considerations in mind the Schiller Station entrapment data
still offers certain information relevant to the proposed Seabrook Station
inlet. The species most frequently caught at Schiller Station Unit No. 4

are demersal species (e.g. grubby and winter flounder) which seems logical
because the inlet port is near-bottom. Another significant point is the
relatively low number of pelagic fish which have been caught. Although
méckerel, pollock, striped bass, silverside alewife and smelt are known to
pass this station few have been entrapped. Indeed, the silverside which

is the most abundant fish in the area has never been taken on this screen.
Cunner which have been discussed previously are the third most entrapped

fish presumably because of their preference for areas colonized by;sessile
invertebrate forms. Despite the high current velocity through the traveling
screen (i.e. about 2.5 fps) and a four hour interval between screen washes,
about 38 percent of the fish caught survive the experience. The total numbers
of fish taken on the Schiller Station Unit No. 4 traveling screen are low
(calculated at 0.33 fish/operating hour) and of those taken many (38 percent)
survive. These figures are generally accepted by regulatory agency fishery

biologists as insignificant to the maintenance of local fish populations.

To avoid attraction of cunner to the Seabrook Station Inlet area, the Off-
shore Inlet structures are provided with marine fouling protection to

eliminate settlement of sessile forms. This greatly minimizes the entrap-

ment potential.
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In summary the resident fish most likely to be entrapped at the Seabrook
Station Offshore Inlet are the pelagic schooling fish that occasionally pass
through the aréa‘such as pollock and smelt. The low inlet approach velocity,
horizontal inflow, absence of fouling forms on the inlet structures and

simple nonattractive features assures minimal pelagic fish entrapment.

The potential entrapment of larger invertebrates has also received con-
sideration. Valuable benthic crustaceans such as lobster and crab do not
approach the inlet openings because of its elevated position. It is possible
that pelagic invertebrates such as shrimp and squid could enter the inlet

but present knowledge denies their presence in this area.

If after operation of the circulating water system, it becomes apparent that
organisms in numbers greater than those considered unimportant for the
maintenance of regional popuiations are being taken on the traveling screens,
remedial measures are possible. Such remedial steps as louver diversion,
fish pumps and basket screens have been considered and the intake structure
forebay design is such that these future installations are possible. Such

a decision must, of course, await fish entrapment monitoring results on

the operating facility.

-

5.1.3.5 Effects of Shutdown

The possibility of plant shutdown poses a potential problem to life within
the area of thermal influence. With plant shutdown the discharge water

will decrease in temperature possibly resulting in a reverse thermal stress
(cold shock) to aquatic biota. Maximum cold shock ranges from the operating
tehperature (delta T of about 37.8°F) to ambient temperatures in a matter of
hours. This thermal change is experienced only at the discharge point with

commensurate reductions at increasing distance.

Presence of marine life for any prolonged period of time within the rising
thermal plume is unlikely due to its relatively strong current velocity
of 12-15 fps at the discharge port. A fish swimming into the rising plume

would be transported upward into the surface flow-away zone where temperatures
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are greatly reduced. Because of the dynamic nature of the plume it is
inconceivable that large numbers of pelagic organisms, planktonic or
nektonic will remain within the influence of the rising plume for more
than one minute before reaching the surface flow-away zone in which

the temperature rise is greatly reduced due to mixing with receiving waters.

The animals most likely to be influenced by a slight temperatufe change
throughout the flow-away zone are fish and in particular those species of
fish which typically migrate southward during late fall or early winter.
It is possible that limited numbers of such fish as stripped bass and
mackerel might delay this movement to warmer latitudes because of the
warm discharge area. Should fish which normally winter in moré southerly
waters remain into the colder periods within the area of thermal influence
then the sudden removal of this heat source would subject them to cold

shock for the most part no greater than 4 - 5°F and generally even less.

Several design features serve to minimize sudden cold shock occurrence.

The most important of these is the submerged jet discharge scheme which
produces a thermal plume of high temperature only where there is a relatively
swift current with a strong vertical component. Once the current velocity
of the discharge is at a rate within which fish are capable of maintaining
themselves for long periods of time the plume has mixed with sufficient
receiving water to be at a maximum of 5°F above ambient and generally

even less. This is the maximum temperature rise to which nektonic species
could become acclimated and consequently it is ‘the maximum cold shock to
which they could be subjected. In addition since the discharge is designed
to avoid thermal influence on the seabed, there is no potential for cold

shock to the benthic community.

Also the presence of two reactors will provide a continuing heat source
should one unit be shutdown. During shutdown procedures there is the
ability to reduce the number of running circulating water pumps thereby

extending the time of heat decay in the discharge area.
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The frequency of scheduled shutdowns is once per year per unit after the
first three years of operation. Prior to this time no shutdowns are

planned. Unscheduled shutdowns are unquantifiable.

The intake and discharge of water in the area will not cause a significant
change in circulation patterns over the entire area-although very limited
lecal perturbaticns ' in current are unavoidable, Thz censtruction and

testing of a hydro-thermal model is now in progress and will provide more

information on this subject. Entrainment of the ocean water does not

. change the dissolved oxygen concentration since the water taken in is at or

near the saturated condition (see Section 2.5). Heating of the water will
reSult in a higher saturation of oxygeh in the effluent, but this concentra-
tion reaches equilibrium with the receiving waters when the discharge is
cooled to ambient by dilution. The discharged water also has a slightly
greater amount of nutrients resulting from the heat effected algae cells.
This and other effects of intake and discharge of the local water will

be monitored as described in subsections 6.1.1.1 and 6.1.1.2.

The inlet structure will be located about 3,000 feet offshore. In this
location it is approximately 20 feet below the water surface. Studies
have indicated that a location below 12 feet in depth is to be preferred;
below that level problems with settlement of fouling organisms is less
severe. This location of the inlet structure‘well above the bottom also
prevents 'scouring of the bottom in the area of the intake. Prevention of
bottom scouring in the discharge area is accomplished by directing the

discharge nozzles slightly above horizontal.

5.1.3.6 Recirculation Potential

A submerged multi-port discharge concept is being investigated in the
present model study; a submerged single port discharge scheme was _
investigated in a previous hydrothermal model study (Appendix J). These

submerged jet discharge concepts induce rapid dilution of the heated
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effluent with the receiving water. In the near-field region of the
discharge the effluent is diluted by at least a factor of 10 at less
than 1000 feet from the point of discharge. This factor is constantly
increasing with greater distance from the discharge zone into the far-
field region. The rapid initial dilution and mixing of the effluent
tends to reduce the potential for direct recirculation or re-entrainment
of the discharge and minimizes the extent of the high AT zone of

the near-field region.

There is no possibility for direct re-entrainment of undiluted effluent
from the discharge into the inlet. Due to the initial rapid dilution

of the discharge, any effluent reaching the inlet over 3,000 feet-away

~is highly diluted. Also, the heated effluent rises to the surface during

initial mixing with receiving waters to form a stratified surface layer.
The location of the inlet structure over 3,000 feet from the discharge
and the submergence of the inlet being below mid depth in about 30 feet
of water absolutely precludes any potential for direct re-entrainment
at the inlet of undiluted effluent. If it exists at all, the only
possibility for re-entrainment is of highly diluted and well dispersed
effluents; however, this could occur only during conditions of onshore

currents,

The natural offshore drift of the receiving waters and the inherent
momentum of the diluted effluent plume at the surface tends to carry
the discharge plume away from the discharge and inlet structures. This
prevents any localized concentration in the ocean along the coast ,or

in Hampton Harbor.
The potential recirculation from the far-field discharge zone back into

the near-field mixing region is being'evaluated as discussed in sub-

section 3.4.3.
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5.1.4 Assessment of Operational Impacts of the Circulating Water System
on the Environment

The circulating water scheme of the Seabrook Station consists of an offshore
inlet structure, intake riser shaft, intake conveyance tunnel, pumphouse
riser shaft, pumphouse, condenser, a discharge riser shaft, discharge

conveyance tunnel, discharge riser shaft and a discharge structure.

The operational environmental impact of this circulating water system is
considered negligible in the following subject areas: (a) aesthetics,
(b) noise, (c) relationships of wildlife adaptation to reconstructed
vegetation types, and (d) increased human activity associated with

operation of the circulating water system.

The only aspect of the Seabrook Station circulating water system that

could have a possible influence on the aesthetics of the Hampton-Seabrook
area would be the pumphouse located at the plant site; all other structures
relating to the circulating water system would be located either under-
ground or underwater, thereby negating their respective visual impacts.

In order to harmoniously blend the above ground portion of the pumphouse
with its surrounding terrestrial environment, it will be situated in such

a manner that its visual effects will be muted by the surrounding trees

indigenous to the area.

Operational impact to the environment arising from the noise incurred by
the six circulating water pumps will be minimized by adequate noise
abatement incorporated into the pumphousé at the time of construction.
Thus, operational noise will be indistinguishable from that of the back-
ground noise level at the periphery of the exclusion radius. To insure
that the operational noise level is mainfained below an acceptable level,

monitoring will be conducted at the plant site prior to and during

/

operation.

Since underground bedrock tunnels have been selected as the means of

circulating water conveyance, there will be no operational impact relating
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to wildlife adaptation to reconstructed vegetation types. During operation,
the only impact upon the aquatic environment will be from the effects of
offshore entrainment and discharge from the circulating water systenm,

previously discussed in this section.

Increased human activity relating to the Seabrook Station circulating water
system will arise from normal and yearly maintenance of the circulating
water pumps, traveling screens, and other hydraulic equipment. Maintenance
could include removal and disposal of debris caught on the traveling
screens,-and any marine fouling organisms collected within the circulating

water system.

5.1-25




@

10.

11.

12.

13.

14,

15.

June 1973

References -

Anderson, R. R. 1969. Temperature and rooted aquatic plants. Ches
Sci. 10: 157-164.

Blake, J. W. 1970. Appendix B, IN Ecological Survey of Great Egg
Harbor Bay and B. L. England Power Station. Tech. Rept.,
Raytheon Co., Mar. Res. Lab., 40 pp.

Clark, John R. and John H. 1964. ''An Abundance of Pelagic Young Lobsters'",
Underwater Naturalist Volume III, Number 1, pp. 24 - 27.

Carpenter, E. J. 1971. Entrainment of marine plankton through Milistone
Unit #1. 1st semi-annual report to Northeast Utilities Service
‘Company, Hartford, Connecticut. 56 pp.

Coutant, C. C. and Goodyear, C. P. 1972. Water Pollution: Thermal
effects. Jr. Water Poll, Contr. Fed. 44(6): 1250-1294.

Fairbanks, R. B., Collings, W. S., and Sides, W. T. 1971. An assessment
of the effects of electrical power generation on marine resources
~in the Cape Cod Canal. Mass. Dept. of Natural Res., Div. of Mar.
-Fish. 48 pp. :

Gosner, K. J. 1971. Guide to Identification of Marine and Estuarine
Invertebrates. New York, Wiley-Interscience. 693 pp.

Heinle, D. R. 1969. Temperature and zooplankton. Ches. Sci. 10:
186-209. :

Lauer; G. J. 1972. Effects of elevated temperature and entrainment on
Hudson River biota. Testimony before the U.S. Atomic Energy
Commission in the matter of Consolidated Edison Co., New York.
Docket No. 50-247.

Maine Yankee Atomic Power Company, 1972. 3rd Annual Report: Environmental
Studies. Two Volumes.

Marcy, B. C., Jr. 1971. Survival of young fish in the discharge canal
of a nuclear power plant. Jr. Fish. Res. Bd. Can. Vol. 28: 1057-1060. -

MacGinitie, G. E. and N. MacGinitie 1968. Natural History of Marine
Animals New York McGraw Hill. i

Morgan, R. P., III, and Stross, R. G. 1969. Destruction of phytoplankton
in the cooling water supply of a stream electric station. Ches.
Sci. 10: 165-171. :

New England Power Company Environmental Report on Brayton Point. 1972.

Pearce, J. B., Silverman, M., and LeGoff, R. 1968. Laboratory invesfigations
of the effects of thermal additions on marine organism characteristics
off Cape Cod Canal. Sandy Hook Mar. Lab., Highlands, New Jersey. 21 pp.




16.
17.

18.

19.

20,

21.

22.

23.

24,

25,

26.

27.

28.

29,

June 1973

Pilgrim Nuclear Power Station Environmental Report Supplement, Operating
License Stage. 1971. Boston Edison Company.

Warren, C. E. 1971. Biology and water pollution control. Philadelphia:
W. D. Saunders Co. 434 pp.

U.S. Atomic Energy Commission. 1972. Draft detailed statement on the
environmental considerations related to the issuance of an operating
license to the Baltimore Gas and Electric Company for the Calvert
Cliffs Nuclear Power Plant, Units 1 and 2. Dockets #50-317 and
#50-318. Springfield, Va., Natl. Tech. Information Service. 98 pp.
PB206 179-D.

Bigelow, H. E., and Schroeder, W. C., Fishes of the Gulf of Maine, 1953.
U.S. Government Printing Office.

Flemer, Hamilton, Keef and Mehursky, Effects of Thermal Loading and
Water Quality on Estuarine Primary Production, Final Report to
O.W.R.R., National Technical Information Service December 1970,
No. PB-198304 and October 1971. No. PB-209811.

Lauer, Gerald J., Waller, William T., Beck, Andrew P., "Problems and
Potential Solutions to Biological Entrainment and Chemical
Discharges', Atomic Industrial Forum, Inc. Conference on
Water Quality Considerations for Siting and Operatlng 0i Nuclear
Power Plants, October 1972.

Vidaver, W. E., 1969. Hydrostatic pressure effects on photosynthesis
Int. Revue ges. Hydrobiol. 54.

Ebbecke, U. 1935. Uber die Wirkungen hoher Drucke auf Marine Lebewesen.
Arch, Ges. Physiol. 236, 648. In High Pressure Effects on Cellular
Processes. Ed. A. M. Zimmerman. Academic Press (1970).

Ebbecke, 1944, Lebensvorgange unter der Einwirkung hoher
Drueke, Ergeb. Physiol., 45. In Marine Ecology Vol. I Ed.
0. Kinne, John_Wiley and Sons Ltd., (1972).

Jones, Hérden, F., May, 1951. The Swimbladder and the Vertical
Movements of Teleostean Fishes, from the Department of Zoology,
Queen Mary College, University of London, pp. 94-108.

Jones, Harden, F., April, 1951. Of Teleostean Fishes: Physical factors,
from the Department of Zoology, Queen Mary College, Un1vers1ty
of London, pp. 553-565.

Scholander, P. F., Claff, Lloyd, C., Teng, C. T., Walters, V.,
Nitrogen Tension in the Swimbladder of Marine Fishes in
Relation to the Depth.

Bishai, H. M., 1961. The Effect of Pressure on the Distribution

-of Somé Nile Fish, J. Exptl. Zool. pp. 147.

Bishai, 1961. The Effect of Pressure on the Survival and
Distribution of Larval and Young Fish. J. Conseil, Conseil
"Perm. Intern. Exploration Mer. 26.




TABLE 5.1-1,

OPTIMAL AND LETHAL TEMPERATURE TCLERANCES FOR SPECIES

‘OF THE OFFSHORE AREA.

-

SPECIES ‘
CCMON  SCIENTIFIC ,

NORMAL HABITAT TEMP-

ERATURE RANGE!

SPECIES
COMMON SCIENTIFIC

NORMAL HABITAT TEMP-

LMa“cq:ny quohaug, Arctica
islaadica

Tecllin snrell, Telllna
agilis

Barboo worm, Clymenella
torquata

Burrowing anemonc, Edwardsia
‘lpLﬂCulOldCS

Horse musscl, Modiolus
modiolus

Common rock crab, Cancer
lrroratus

Sand Lollar, Ecnlnarachnlus
parra

" Pcllock, Pollachius virens:

B.V.

B.Vl

B.v.
upper limit
B.V.

B.V. .

B.V.

23°C

in nature

Razor clam, Ensis directus .

Clam worm, Nereis virens

Atlantic chinkshell, Lacuna
vincta

American lobster, Homarus
americanus

Ribbed pod shell, Siliqua
costata

Northern crab, Cancer
borealis .

Typhosella sp.

Cunner, Tautogolabrus
adspersus

ERATURE RANGE!

B.V.
B.v.
No Information Avail.

“B. (New Jersey)

lp

<
|

American boreal (Cape Cod to Coast of Labrador;
= Virginian (northern sub-region of Anmerican Atlantic temperature region
to Cape Hatteras).

Gosnex, 1971).

-=- Cape Cod




TABLE 5 01‘2 .

OF THE ESTUARINE AREA.

OPTIMAL AND LETHAL TEMPERATURE TGLERANCES FOR SPECIES

SPECIES
COMIION SCIENTIFIC

NORMAL HABITAT TEMP-
ERATURE RANGE!

SPECIES
COMMON _SCIENTIFIC

NORMAL HABITAT TEMP=-... .

ERATURE RANGE!

B.V.

amhoo worm, Clgmenella
torgquata
Shimaey worms, Nephthys bucera ‘B
and Nephthys cacca
Comron periwinkle, Littorina B. 39°C
littorea ’ '
Gem clam, Gemma gemma B.V.
Zoft~shelled clam, Mya B.V.
arenaria '
Acorn barnacle, Balanus B.V.
balanoides . ‘
Sand shrimp, Crangon "B.V.

septemrspinosus
Smooth flounder, Llopsetta
putnaml .
Atlontic silversides,
tenidia-menidia ‘
Rairbow smelt, Osmerus
mordax
Muwnmichog, Fundulus
hzteroclitus

~ Arxctic to Boreal"

B.V.
Boreal to N.J.

Boreal to Texas

Clam worm, Nereis virens B. 37°C

A polychaete, Scoloplos B.V.
fragilis

Northern moon snail, Lunatia B.V.
heros

Balthic macoma, Macoma B.V.

balthica 4

Blue mucseel, Mytilus
edulis

Green crab, Carcinas
maenas

Sand eel, Ammodytes

- americanus

" Winter flounder, Pseudo-

pleuronectes americanus

Striped bass, Morone
saratilis -

Alewife, Alosa pseudo-
harengus

Nine-spined stickleback,
Pungitius pungitius

Naturally restricted
upper limit of 27°C
40-45°C (Bay of Fundy
to Long Island)
B.v.
"B.V. (and Georgia)
B. to Florida
B,V.:

' Arctic to N.J,.

1B>= American boreal (Cape Cod to Coast of Labrador;

. Gosner, 1971),

V = virginian (northern sub-region of Amzrican Atlantic temperature region
to Cape Hatteras). '

-~ Cape Cod




TABLE 5.1-3. THE EFFECT OF ENTRAINMENT ON MARINE ORGANISMS: DATA FROM EAST COAST POWER PLANTS

Note:

This table is for general reference only and should not be‘

used for specific comparisons between plant conditions.

ENTRAINMENT

Maine Yankee Nuclear Montsweag Bay, Complex 950 cfs 62 sec. at 13.9°C |Simulation to temperature effects in lab caused 100% mortality of

Power Plant Wiscasset, Maine Estuarine Bay elevated temp. Chaetoceros lacinosus, no effects on Asterionella japonica,

855 MWe C. lorenzianus, C. socialis, Skeletonema costatum, Thalassiosira
nordenskioldii, etc., (3rd Env. Rept., Vol. 1)

Seabrook Nuclear Hampton - Seabrook Coastal Ocean 834 (per unit) 30 min. at elevated |25°C No data yet, but mortality of entraimment organisms

Power Station Estuary, New Hampshire temp. |expected to be relatively high.

2200 MWe (2 units)

Pilgrim Nuclear _Plymouth Harbor, Coastal Ocean 690 efs 2 to 9 min. at 16% No adverse effects expected; effects to be minimized by

Station Massachusetts Bay elevated temp. by taking water from subsurface levels (Pilgrim Plant Report,

655 Mwe (tidal dependent) 1971).

Brayton Point Taunton River, Estuarine 1381 cfs 5.4 min. at eleva- 8.29C |No appreciable mortality of phytoplankton or zooplankton due

Fossil Plant Mount Hope Bay off ted temp. avg. to passage through the condensers at 7-10°C. Lab studies showed

1125 MWe (3 units) Narragansett Bay diatoms more sensitive to temperature increase than flagellates
(New England Power Company, 1972).

Canal Stream Cape Cod Canal Ocean Canal 372 (peak) 15°%C Temperatures would exceed limits of eggs and larval forms of

Electric (Fossil) cod and mackerel during their spawning seasons, but damage

Plant considered negligible due to. small percent of total number of

560 MWe . eggs that would be affected (Fairbanks, Collins, Sides, 1971).

Connecticut Yankee Haddam Neck, Fresh water river 828 (peak) 50 - 100 min. 12.5°C |of nine species of fish, none survived entrainment and passage

Nuclear Power Plant Connecticut . . into lower end of cooling canal where water temperatures were

600 MWe on Connecticut River above 30°C for over 95% of the time that fish larvae and

- juveniles were present. (Marcy, 1971)

Millstone Point Waterford, Conn. Coastal Long Island 233 cfs 8 min. at 12% Relatively few phytoplankton killed by mechanical effects of

Nuclear Plant Sound : glevated temp. entraimment, heat shock can kill phytoplankton in warmer months.

Unit No. 1 Chlorination is responsible for greater mortality than heat in

650 Mwe autumn and winter. Loss of phytoplankton not significant; loss of
copepods and fish larvae could be important (Carpenter, 1971)

Northport Electric Northport, N.Y. Coastal Long Island 1432 cfs 12.4°C | Production of entrained phytoplankton greatly reduced in summer,

Plant (Fossil) (Long Island) Sound reduction in mobility of zooplankton and abnormalities in growth

(L units) of Fundulus and some invertebrates were reported. (Coutant and

. Goodyear, 1972).

Indian Point Nuclear Peekskill, N.Y. Lower Hudson 668 (Unit #1) "L4O min. at elevated |[8.3°C ]Little adverse effect on plankton until temperature exceeds

Power Plant on Hudson River Brackish 1812 (Unit #2) temp. 90°F in summer (lauer, 1972). Effect of entraimment on Striped

(Units 1 & 2) Estuarine water Bass eggs and larvae will be minor, power-plant effect dwarfed by

1158 MWe (total) . other natural and artificial perturbations of the system.

B.L. England Great Egg Harbor Bay, Estuarine 3 - 8°C{Mechanical death of large organisms, e.g. jellyfish.  During

Power Plant Atlantic City, N.J. August heat combined with chlorination detrimental to phyto-
and zooplankton. Decrease in productivity during temperature
peak with or without chlorination (Blake, 1970).

Chaik Point Patuxent. River, Estuarine 3% Estuarine copepods were billed in passage through the plant, but

Power Plant Chesapeake Bay this was considered to be due to chlorine rather than temperature

’ which was below their lethal limits (Heinle, 1960). Phyto-

plankton photosynthesis increased when ambient 16°C or below,
decreased when 20 C or _above (Morgan and Stross, 1969).

Calvert Cliffs Nuclear | Lusby, Md. Estuarine 3.5 min. at 5.5°C |No mortality of plankton organisms at this At and for this time

Power Plant

on Che sapeaké Bay

elevated temp.

period (U.S.A.E.C. Rept., 1972)
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5.2 Radiological Impact on Biota Other Than Man

This Section considers the impact on biota other than man of the release of
radioactive effluents from the Station. Included is a discussion of expo-
sure pathways in subsection 5.2.1, distribution of radionuclides in the
environment in subsection 5.2.2, and dose rate estimates to local flora and

fauna in subsection 5.2.3.
5.2.1 Exposure Pathways

The various possible pathways for radiation exposure of local flora and fauna
are illustrated in Figures 5.3-1 for gaseous effluents and Figure 5.3-2 for
liquid-effluents. These figufes, although designed to illustrate pathways

~ to man, also show most pathways by which flora and fauna can receive radiation
exposure. In addition to the radiation exposure pathways discuséed in sub-
section 5.3.1, and illustrated in the above‘figures, species of flora and
fauna receive exposure as follows. Gaseous releases result in radiation
exposure through submersion of terrestrial and intertidal area flora and

fauna in the plume and direct radiation from the plume when it is not at
ground level. In addition, activity which is deposited from the air to the

soil, results in radiation exposure through direct radiation exposure.

Free swimming marine biological media receive radiation exposure from sub-
mersion in diluted cooling water and internal deposition of radionuclides.
Bottom dwelling organisms receive direct radiation exposure by submersion in
cooling water and internal deposition as well as direct radiation from

radionuclides in sediment.

The capacity for a given species of plant or animal to concentrate specific
radionuclides vafies'widely. The.actual level to which an isotope is concen-
trated varies with season, geographical location, and a number of poorly
understood factors. However it is clear that animals and plants cycle
radionuclides through the environment by metabolism during life and by decom-
position after death. After introduction of radionuclides into the marine

environment, the activity is cycled between the water, sediment, and biota.
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Radionuclides in water can initially be taken up by bicta or deposited in
sediments. Although sediments may initially remove large quantities of
radionuclides from water exposing benthic speciss to a direct radiation
exposure pathway, this sediment bound activity may later be leached from the
sediment by the water or taken in by filter feeding organisms on sediment

particulates and absorbed by the organism upon digestion.

The food chain in estuaries is based on both benthic plants and phytoplankton
and it is thus necessary to consider both the benthic as well as the pelagic
habitats. The primary producers of the benthic community are sediment based
algae and rooted phanerogams. The marine fauna are made up of epifauna which
lIive on the sediment surface and infauna 1iving within the sediment. Also
located in sediments are fungi and bacteria which are important in decay of

organic matter to elemental forms.

In order for flora or fauna to be of importance in the cycling of radionuclides,
the species must accumulate the radionuclide, be consumed by anothe. rganism,
and be digestible. Even if an organism which accumulates activity is not

eaten; its activity upon death enters the ''biological cycle" through decay by
sediment bound organisms. Biota can acquire activity through ingestion,
adsorption, or absorption. Activity may be lost by decomposition and excretion.
Sediment buildup occurs through the processes of absorpticn and exchange.
Despite sediments being the major reservoir for radionuclides in an estuary,
exchange of this activity between the water and sediments is greatly influenced
by benthic organisms. Bacteria and microscopic algae coating the sediment in
estuary regions hastens sedimentation of activity. Benthic infauna such as |
burrowing worms extend the sediment-water interface into the sediment. '
Burrowing thus increases the interface region and promotes the exchange of
radionuclides with deeper sediments. Another major factor influencing sedi-
mentation is the physico-chemical forms of the nuclide in the marine environment.
For a number of isotopes there is little knowledge of the form or the change

in form in varying environments over time. The factors which govern sedi-
mentation of radionuclides will be discussed in greater detail in subsection
5.2.2.
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The role of phytoplankton in the movement of radionuclides through the
environment varies both in time and location. Phytoplankton are a food for
filter-feeding animals while alive and in suspension. After death, they
settle to the bottom and are consumed by detritus feeders or decay. Phyto;
plankton play a critical role in removal of radionuclides from seawater due
to their large surface area per unit weight. This factor promotes adsorption

while metabolic processes promote absorption of a number of nuclides.

The ‘ability of phytoplankton to pass radionuclides up the food chain varies
with cell size, the total nﬁmber of cells in suspension, and the radionuclide
concentration in the particular species of phytoplankton. Cell size and the
number of cells per unit volume greatly affect the filtering efficiency of
filter-feeding animals. As these two parameters vary widely so does the rate
of radionuclide movement to species further up the food chain. Another factor
influencing a filter feeding animal's accumulation of radionuclides from
phytoplankton is that not all species of phytoplankton are digested by filter
feeders with the same effluency. Thus, the activity cannot be assimilated

by the filter feeder and passed up the food chain.

The food)pathways in the marine environment are quite complex and food habits
vary ét different periods in an animals life cycle. As mentioned earlier,
phytoplankton indirectly or directly form the basis for all animal life.

In general larger marine animals and fish are unable to feed on phytoplankton,
being dependent on filter feeding animals which can remove phytoplankton.
These smaller animals include mollusks and certain fish such as menhaden
which can feed on phytoplankton. These animals are in turn eaten by larger
animals. It is thus quite difficult to predict the movement of each radio-

nuclide through a particular environment with any degree of certainty.

Accordingly, the operational radiological environmental monitoring program
described in subsection 6.2.1.2 includes an extensive marine monitoring program
which includes collection of the following: fish, mollusks, crustaceans,

plankton, algae, bottom sediments, and beach sands. Analysis will be by high

.resolution gamma Ge(Li) spectroscopy and Strontium-89 and 90 analysis if Cesium-

- 137 is found in a gamma spectrum related to Station operation. In this manner
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ingrowth of plant related activity in any media will be quickly detected
at levels far below those which would result in a significant exposure to

any individual.

Because of the offshore discharges the annual average water concentration of
activity inside'Hampton Harbor will be greatly reduced over discharge concen-
trations resulting in minimal exposure.from any pathway to any terrestrial
species of flora or fauna. Potential pathways of exposure to terrestrial
flora in the estuary intertidal zone from liquid releases are discussed in
subsection 5.3.1. It is possible that terrestrial fauna such as muskrats
would consume marine vegetation growing in the intertidal region inside the
estuary. This would result in internal dose to these animals. In addition
terrestrial flora and fauna would receive direct radiation exposure from
sediment deposition of activity, and submersion in greatly diluted cooling

water.
5.2.2 Radioactivity in Environment
Radionuclide ancentration in Surface Waters

’ Radioaétive liquids are discharged from the Station into the Atlantic Ocean
approximately 5000eret eést of Hampton Beach. Hydrothermal model studies
made on a single port discharge design indicate a dilution of discharge
concentrations of radionuclides (iisted in Table 3.5-5) by a factor of 3.5.
A multi-port discharge structure now proposed would result in the near-
field entrainment of greater quantities of receiving water than the single
port design. Accordingly the initial dilution achieved by this multi-

port design would exceed that achievable with single port discharge. Hydro-
thermal hodel studies now in progress.wili determine the expected dilution

factors with the multi-port design.

For the purposes of dose calculation to various classes of marine biological
media in subsection 5.2.3 it is assumed that the fish, crustaceans, mollusks,
and marine plants live in 100 percent effluent water with no credit for radio-

active decay.
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For the purposes of calculating dose from liquid effluents to terrestrial
fauna (a muskrat consuming acquatic vegetation) inside Hampton Harbor, an
annual average dilution factor of 500 has been assumed. i

This factor of 500 annual average dilution is derived from dye dilution
studies performed by Ebasco, Inc. in 1969 {(Reference 5). It was found
that recirculation of dye to Hampton Harbor from the dye release point

located 4900 feet offshore of Hampton Beach State Park occurred on

3 of 15 flood tides monitored. The maximum dye concentrations recorded

in the harbor varied from 0.1 to 0.5 Ppb at flood slack which according

to the formula:
1 ppb = 2.6°F.

could be considered equivalent to approximately a 0.25°F to 1.3°F temper-
ature rise, reflecting any heat loss to the atmosphere. A 0.25°F temper-
ature rise is equivalent to a dilution ratio of 160-1, while a 1.3°F
temperature rise corresponds to a dilution of approximately 31-1. This
yields an average dilution factor for these flood tides during which
recirculation occurred of approximately 100-1.‘ No residual concentration
of dye was found in the harbor on any ebb slack period which indicates
any diluted discharge water entering the harbor on a flood tide was
completely flushed form the harbor on the following ebb tide. Thus,
since recirculation occurred on only 3 of 15 flood tides or 1/5 of the
time, the average dilution factor over the 15 tides mqnitored would be
100/5 = 500 - 1. '
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Terrestrial Vegetation

The estimated gaseous releases during operation are found in Section 3.5.
Of the isotopes listed in Table 3.5-7, the only nuclides subject to
deposition on vegetation are the various isotopes of iodine. A calcula-

tion of the areal concentration for each isotope follows.

The maximum offsite mean annual Chi/Q for the Station is 3.0 x 10-° sec/ms.
The annual average iodine air concentrations at this point (.57 miles to ESE)
is shown below.

s

Annual Average Jodine Air Concentration
at Site Boundary

\

Chi-Annual Average -

Isotope ' (pCi/mS)
I-131 3.3-3 (*)
I-132 , - 9.3-5
1-133 : 1.4-3
1-134 3.9-5
I-135 4.2-4

(*) 3.3-3 = 3.3 x 1073

A deposition velocity governing the transfer of iodine from air to vegetation
of 1 cm/sec was chosen from amont the various measurements reported in the
literature. After deposition from the air to vegetation it was assumed that

the iodines are removed only by radiological decay.

Since radionuclides are washed off vegetation after deposition with a »
biological half-life averaging fourteen days, the assumption of removal by
decay only makes for a conservative estimate of iodine deposition on vege-

tation. The decay constants, A, are shown below for each isotope of iodine.
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Isotope
1-131

I-132
1-133
I-134
I-135

February 1974

Decay Constant, A (in sec‘l)

9.96E-7
8.26E-5
9.19E-6
2.23E-4
2.84E-5

The resultant concentration per square meter, w, associated with the annual

average iodine air concentrations at the site boundary is calculated from

A

where Chi
vd
A

w = (Chi) (Vd)

i

i

annual average iodine concentration in pCi/m3

Deposition velocity (.01 m/sec)

Decay constant (sec-1)

The calculated areal concentration for each isotope is as follows:

Isotope
I-131

I-132
I-133
1-134
I-135

Areal Concentration

(pCi/m?)

3.3+1
1.1-2
1.5+0
1.8-3
1.5-1

If we assume that there is 1.8 Kg of vegetation per square meter and that

all activity goes onto vegetation the above areal deposition converts to

the following vegetation concentration.

Isotope
1-131

1-132
1-133
1-134
1-135

5

.2-6

Activity
(pCi/kg)
1.8+1
6.1-3
8.3-1
1.0-3
8.3-2




The above vegetation activities will be used in subsection 5.2.3 in calculating

dose to terrestrial biota.
Sediment Buildup

It is known that a portion of the radionuclides released in cooling water
~will build up in sediments about the discharge point. The rate of sedimenta-
tion is determined by a number of factors including among others the physical
state of the isotope in seawater (particulate, colloidal, ionic), the
radiological half-1life, the nature of the sediments (particle size, ion
exchange capacity), and the quantity of sediment in suspension available for
radionuclide scavenging. Also of importance is the mode of release, the
temperature difference between discharge and receiving water, and the dis-
charge flow rate. Thermal stratification of the warmer discharge water will
tend to keep the discharge water on the surface until its excess heat is lost
to the atmosphere. Thermal stratification thus increases the potential area
over which sedimentation may occur while lowering the radionuclide sediment
concentration and dose from direct radiation. In an estuary region once
radionuclides are deposited, they are subject to resuspension and movement

by tidal currents. Sediments are also washed out from estuaries during

periods of strong wave action to be deposited on the continental shelf.

A conservative calculation is presented below to assess the importance of
direct radiation from sediment bound radionuclides. Assumptions used in

this calculation include the following:

1. The physical state of fission products in seawater has been dexefmined
(Reference 1). This study by Greendale and Ballou determined the fraction
of fission products in ionic, colloidal, and particulate form. Deposition
fractions assumed for each isotope released from the Station going into
sediments were calculated by increasing the sum of the colloidal and
particﬁlate'fraétions determined in the above study by 50 percént (up to

a maximum of 100 percent). This increase takes account of non-physical
deposition processes which may occur. Deposition fractions used in this
calculation are shown in Table 5.2-1. For isotopes not reported in this

study, 100 percent deposition was assumed.
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2. Radionuclides are assumed to deposit uniformly in the top 20 centimeters

of sediment. This is based upon studies showing that 50 percent of Cesium-137

depositing in an estuarine mud-flat is in the top 7 - 10 centimeters (Reference

2). A few samples taken in sand showed no concentration change with depth

~down to 15 centimeters, and only a 10 percent reduction between 15 and 25

centimeters.

3. Based on the annual quantities of radionuclides released from both
Seabrook units shown in Table 3.5-5, the buildup of radionuclides was cal-
culated. Using the deposition fraction shown in Table 5.2-1 the total
activity deposited by isotope was calculated at yearly intervals from'l to
40 years after station startup. This buildup was calculated using the

following equation for each isotope.

o]

Ri
A, = — -A.t
i X 1-¢e"17) DFi

where: A; = Activity buildup to time t of isotope i, in Curies
DR; = Release rate of isotope i in Ci/yr
Aj = Decay constant for isotope i in year"1
t = Time in years since station startup

DF; = Deposition fraction for isotope i from Table 5.2-1

4. Deposition of Station released activity is assumed to take place over

a circular area 1 mile in radius. The activity buildup calculated using
the equation above assumed no.resuspension of sediment bound activity with,
time or washout of activity to sea. Based on the.above assumptions, the
calculated sediment concentration to a depth of 20 centimeters by isotope
at various times after Station startup is shown in Table 5.2-2 and the total
curies of each isotope deposited is shown in TaBle 5.2-3. Totals from these

two Tables are shown below.

"Number of Years Average Sediment
After Startup Total Curies Deposited Concentration (uCi/cm3)

1 6.2-2 ‘ 3.8-8 '
5 2.4-1 1.5-7

10 4.4-1 2.7-7

20 7.6-1 4.7-7

30 1.0+0 6.2-7

40 1.2+0 7.5-7
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By inspection of Table 5.2-3, it is seen that the bulk of deposited activity
. is due to Cesium-134 and Cesium-137. The proportion of deposited activity
comprised. of these two isotopes increases from 84.6 percent after 1 year's

operation to 98.9 percent after 40 years' operation.
5.2.3 Dose Rate Estimates

Marine organisms will receive external radiation exposure from submersion in
the cooling water and internal exposure from uptake of radionuclides from
~this water. Radiation exposure was calculated for free swimming fish,
crustacea, mollusks, and marine plants assuming these species live and

devéloped in 100 percent cooling water with no credit for radioactive decay.

Any external exposure does not vary with the size of the animal or plant.
Immersion doses were calculated under the assumption that the organism was
completely submefged and surrounded on all sides by an infinite volume of
cooling water at the annual average nuclide concentration shown in Table
3.5-5. This 1s extremely conservative since many organisms spend a large
portion of their time either at the surface or in sediment. The dose to an
. organism which spends all its time either on the surface or on the bottom

would be approximately one-half the value shown in Table 5.2-4.

The follcwing equation was used to calculate the immersion dose factors,

(D.F) for each isotope.
(D.F); water immersion = 1.865 x 107 (E&i * Eéi/Z)'

where: (D.F); = Dose factor (mrém/yr per uCi/ml of isotope i)

Eéi = Average beta energy per disintegration of isotope i
(meV) '
E&i = Average gamma energy per disintegration of isotope i

(meV)

Dose factors were derived using the above equation for (Gamma plus Beta) and

Gamma éxposure. The doseé factors used in the calculation are tabulated in

. Table 5.2-5.
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Internal Dose - Marine Organisms

Uptake of radionuclides by finfish, crustacea, mollusks, and marine plants
living in 100 percent cooling water was calculated using bioaccumulation
factors from the literature. The bioaccumulation factor for an isotope in

a given organism is defined as:

where: BFj3
Co
Cw

bicaccumulation factor for isotope i in this organism

concentration of isotope i in the organism

concentration of isotope i in the ambient water

The biocaccumulation factors used for fish, crustacea, and mollusks were

those supplied by Freke (Reference 3).v Biocaccumulation factors for marine
plants used in this calculation were those tabulated by Chapman (Reference 4).
It is assumed that the bioaccumulation factors for each organism represent
equilibrium values. A summary of the bioaccumulation factors used in the

calculation of internal dose is found in Table 5.2-7."

The internal dose to an organism living in the cooling water from the Station

was calculated usinglthe following equation:

- - 7 .
D, = (1.87 x 107) A; BF; E;

where: Dy = Dose rate due to isotope i (mrad/year)
1.87 x 107 = a constant to convert pCi/gm of organism to
mrad/year
A; = the concentratioﬁ of isotope i in water
BF; = the bioaccumulation factor for isotope 1
E; = the effective absorbed energy (MeV)

The maximum effective absorbed energy, E;, used above were those for man.
Thus, the calculated internal dose will be higher than is actually received
by the organism. The calculated internal dose to fish, crustacea, mollusks,

and marine plants is tabulated in Table 5.2-6.
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Sediment - Dose to Marine Organisms

The deposition of radionuclides in marine sediment about the discharge point

was discussed in Section 5.2.2. The concentration of each isotope in

sediment at various times after station startup is shown in Table 5.2-2.

Using these sediment concentrations it is possible to calculate the dose to

a mollusk submerged in the sediment. The assumptions made are that the

mollusk is surrounded on all sides by an infinite volume of sediment with

the radionuclide concentration found in Table 5.2-2. This assumption leads

to overestimates of dose due to sediment buildup of activity extending to a
depth of only 20 centimeters. Thus, above and below a mollusk, there would

be a maximum of 10 centimeters of sediment. Dose factors (mrad/year per '
pCi/ml) for submersion in radioactive sédiment are listed in Table 5.2-5.

The calculated Beta plus Gamma dose by isotope to a mollusk at 1, 5, 10, 20;

30 and 40 years after station startup is found in Table 5.2-8. It is seen

that dose rate increases from 0.55 mrad/year after 1 year to 9.3 mrad/year l
after 40 years operation. For a benthic organism located at the water-

sediment interface, the dose due to direct radiation from sediments would

be approximately one-half those shown in Table 5.2-8.
Dose to Terrestrial Organisms

The dose to terrestrial animals around the Station will be quite close to
those received by people in the same area. External dose due to direct
radiation from the plume is independent of body size and identical for all
species of flora and fauna. A discussion of the total body dose to man

~from gaseohs effluents is found in Section 5.3.3. Other pathways of dose

to biota are direct radiation from deposition of iodine on the ground surface.
The areal éoncéntration of iodine at the exclusion fence was calculated in

Section 5.2.2. Dose factors (mrad/year per pCi/m2) for exposure from activity I
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deposited on the ground surface are found in Table 5.2-9.

factors were derived from the following equation:

(@) grownd = (0.5 3 (A) R) (P)

where D.F. = the dose factor in units of mrem/year

per pCi/m2

A1 = Fractional abundance of photon (i)

in the radionuclide under consideration

Ri = Exposure rate at 1 meter above an infinite

February 1974

These dose

smooth plant contaminated to one pCi/m2 (in mrem/year)

P1 = Fraction of surface dose which penetrates
‘to skin depth (7 x 10-3 cm)

0.5 = ground roughness factor

0.869 = (rads in air) x rem
(R in air) rad
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The internal dose to a muskrat was calculated with the following assumptions:

1. The muskrat consumes 100 grams/day of vegetation growing in an intertidal
area, at the plant exclusion boundary .57 miles to the ESE. The water in

which the plant develops is assumed to have radionuclide concentrations 1/500
of the annual average liquid effluent discharge concentration. " Concentration

factors used for each isotope are those supplied by Chapman (Reference 4).
2. In addition to radionuclide uptake from water, the iodine deposition
from air to vegetation calculated in 5.2.2 takes place and is added to the

iodine uptake from seawater.

3. The internal dose to the muskrat is calculated using the following

equation:
7 eq
(1.87 x 10°) (X} E.
D. = i i
i m
where: D; = Dose rate due to isotope i (mrad/yesr)
1.87 x 10 = a constant to convert uCi/g of animal to mrad/year
ng = body burden of isotope i in uCi at equilibrium
in the animal consuming 100 grams of vegetation
per day
m = mass of the animal, assumed to be 1000g
Ei = the effective absorbed energy for isotope i in

man

X?q,-the equilibrium body burden in uCi is calculated from the following

equation
eq _ .
Xi —.1.4 Ti (wi/SOO) (Ci)g Fi

where: Ti = effective half-life of isotope i, - assumed to be
equal to the radiological half-life (days)

Wi

(566-)= concentration (pCi/ml) of isotope i in discharge

water from Table 3.5-5 divided by a dilution factor
of 500
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C. = bioaccumulation factor for isotope i in marine
vegetation

g = mass in grams of vegetation consumed daily - assumed
to be 100g

F. = fraction of ingested quantity of radionuclide i

absorbed by animal - assumed to be 1.0

For the five isotopes of iodine, to the product of
(Wi/SOO)Ci was added the calculated iodine deposition

to vegetation calculated in 5.2.2
~Based on the above assumptions, the calculated internal dose to a muskrat by

isotope is shown in Table 5.2-11. The total dose 'is calculated to be

0.29 mrad/year.
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TABLE 5.2-1

Deposition Fraction Used in Calculating Sediment Buildup of Radionuclides

Radionuclide Deposition Fractions
I-131 ' .150
I-132 .150
1-133 : .150
I-134 .150
I-135 .150
Sr-89 .195

- Sr-90 .195
Sr-91 _ .195
Y-90 1.000
Y-91 1.000
Y-92 1.000
Zr-95 1.000

. . Nb-95 1.000
Mo-99 1.000
Cs-134 » _ .450
Cs-136 .450
Cs-137 : : .450
Te-132 _ .825
Ba-140 1.000
" La-140 1.000
Ce-144 1.000
Mn-54 1.000
Mn-56 1.000
Co-58 1.000
Co-60 . 1.000
Fe-59 1.000
Cr-51 1.000 -




‘ TABLE 5.2-2

AVERAGE CONCERTRATION BY ISOTOPE (uCi/CC) IN SEDIMENT
AT VARIOUS TIMES AFTER STATION STARTUP

YEARS AFTER STARTUP

SOTOPE ’ 1 "5 10 20 30 40
I -131 2.69-09 2.69-09 2.69-09 2.69-09 2.69-09 2.69-09
I -132 1.11-11 o 1.11-11 1.11-11 1.11-11 1.11-11 1.11-11
I -133 L4.45-10 4.45-10 L. 45210 L. Ls-10 L. Lk5-10 b, 45-10
I -134 - 2.79-12 2.79-12 2.79-12 2.79-12 2,79-12 2.79-12
I -135 7.91-11 T7.91-11 7.91-11 7.91-11 7.91-11 7.91-11
SR -89 4, 87-12 L.91-12 4.91-12 - b.91-1 4,91-12 4.91-12
SR -90 9.71-13 4.62-12 8.71-12 1.55-11 2.08-11 2.50-11
SR -91 2.47-13 2.47-13 2.47-13 2.h7-13 2.47-13 2.47-13
Y -90 6.45-11 6.45-11 6.45-11 6.45-11 6.45-11 6.45-11
Y -91 3.92-11 3.97-11 3.97-11 3.97-11 3.97-11 3.97-11
Y -92 1.49-14 1.hkg-1k 1.40-14 1.ho-1Y4 1.49-1k 1.49-14
ZR -95 k.97-12 4.89-12 4.89-12 4.89-12 4 .89-12 4.89-12
NB -95 2.81-12 2.81-12 2.81-12 2.81-12 2.81-12 2.81-12
MO -99 1.01-09 1.01-09 1.01-09 1.01-09 1.01-09 1.01-09
CS-134 4.70-09 1.34-08 1.59-08 1.64-08 1.64-08 1.64-08
CS-136 1.48-10 1.48-10 1.48-10 1.48-10 1.48-10 1.48-10
CS-137 2.73-08 1.31-07 2.47-07 4.43-07 5.99-07 T.22-07
TE-132 7.81-11 7.81-11 7.81-11 7.81-11 7.81-11 7.81-11
BA-140 6.52-12 6.52-12 6.52-12 6.52-12 6.52-12 6.52-12
LA-1LO .+ 2.56-13" 2.56-13 2.56-13 2.56-13 2.56-13 2.56-13
CE-1LL 8.11-12 1.35-11 1.37-11 1.37-11 1.37-11 1.37-11
MN -5l T7.47-11 1.29-10 1.31-10 1.31-10 1.31-10 1.31-10
MN -56 1.59-12 1.59-12 1.59-12 1.59-12 1.59-12 1.59-12
Co -58 9.96-10 1.03-09 1.03-09 1.03-09 ©1.03-09 1.03-~09
Co ~-60 9.79-11 3.83-10 5.81-10 7.37-10 7.79-10 7.90-10
FE -59 2.28-11 2.29-11 2,29-11 2.29-11 2.29-11 2.29-11
CR -51 1.48-11 1.48-11 1.48-11 1.48-11 1.48-11 1.48-11
TOTALS 3.78-08 1.50-07 2.69-0T7 4 .66-07 6.22-07 7.45-07
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TABLE 5.2-3

MAXTMUM RADIOACTIVITY (CURIES) BY ISOTOPE DEPOSITED IN
SEDIMENTS AT VARIOUS TIMES AFTER STATION STARTUP

YEARS AFTER STARTUP

SOTOPE ' 1 5 10 20 .30 ‘ Lo
I -131 " . 4.38-03 4.38-03 4,38-03 4,38-03 4. 38-03 4.38-03
I -132 1.80-05 1.80-05 1.80-05 1.80-05 -1.80-05 1.80-05
I -133 T.24-04 7.24-04 7.24-04 7.24-0L 7.2L-0L 7.24-0k
T -134 4.53-06 4.53-06 4 .52-06 4.53-06 4 .53-06 4 .53-06
I -135 1.29-04 1.29-0k 1.29-0k 1.29-0L 1.29-0k ~1.29-0L
SR -89 7.93-06 7.99-06 7.99-06 7.99-06 7.99-06 " 7.99-06
SR -90 1.58-06 7.52-06 1.42-05 2.52-05 3.39-05 4.06-05
SR =91 L. 02-07 L.02-07 4.02-07 . L.02-07 4. 02-07 L.02-07
Y -90 1.05-0k 1.05-04 1.05-0kL 1.05-0k 1.05-04 1.05-04
Y -91 6.38-05 6.46-05 6.46-05 6.46-05 6.46-05 6.46-05
Y -92 2.42-08 2.42-08 2.42-08 2.h2-08 2.42-08 2.Lk2-08
7R -95 7.80-06 7.96-06 7.96-0€ T7.96-06 7.96-06 7.96-06
NB -95 4.57-06 4.57-06 4.57-06 4. 57-06 4. 57-06 L .57-06
MO -99 - 1.65-03 1.65-03 1.65-03 1.65-03 1.65-03 1.65-03
CS-134 7.64-03 2.18-02 2.58-02 2.67-02 2.68-02 2.68-02
CS-136 2.40-04 2.40-0k4 2.40-04 2.4o-04 2.40-04 2.50-0k
CS-137 L, 45-02 2.12-01 4.,02-01 7.21-01 9.74-01 1.17400
TE-132 1.27-04 1.27-0k 1.27-0k 1.27-0k ©1.,27-04 1.27-0bL
BA-140 1.06-05 1.06-05 1.06-05 1.06-05 1.06-05 1.06-05
LA-140 4.17-07 - 4.17-07 4.,17-07 L .17-07 L.17-07 4.17-07
CE-1kk 1.32-05 2.20-05 2.23-05 2.23-05 2.23-05 2.23-05
MN -S54 . 1.22-04 2.10-04 2.13-0k 2.13-04 2.13-0b4 2.13-04
MN -56 2.59-06 2.59-06 2.59-06 2.59-06 2.59-06 2.59-06
Cco -58 1.62-03 1.67-03 1.67-03 1.67-03 1.67-03 1.67-03
CcO -60 1.59-04 6.23-0k4 9.46-0k4 1.20-03 1.27-03 1.29-03
FE -59 3.71-05 3.73-05 3.73-05 3.73-05 3.73-05" 3.73-05
CR -51 2.41-05 2.41-05 2.41-05 2.41-05 2.41-05 2.41-05
TOTALS 6.16-02 2.4h-01 - L.38-01 7.58-01 1.01+00 1.21+00
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TABLE 5.2-4

Immersion Dose Rate to Marine Biota
Undiluted Liquid Effluent

‘(mrad/year)

Isotope Gamma _ Beta and Gamma
1-131 3.7-3 5.1-3
1-132 ' 8.2-3 1.0-2
1-133 7.9-3 1.2-2
1-134 3.4-3 4.2-3
I-135 1.5-2 1.8-2
Sr-89 0 6.1-7
Sr-90 . 0 7.2-10
Sr-91 6.9-6 1.2-5
Y-90 0 5.6-5
Y-91 7.0-9 1.1-6
Y-92 1.3-7 4.8-7
Zr-95 2.7-7 3.4-7
Nb-95 2.6-7 3.1-7
Mo-99 4.1-4 8.0-4
Cs-134 3.3-4 4.0-4
Cs-136 2.7-4 3.0-4
Cs-137 5.9-4 8.0-4
Te-132 2.8-5 3.4-5
‘Ba-140 5.6-7. 9.4-7
La-140 1.5-6 2.0-6
Ce-144 3.4-9 7.0-9
Mn-54 1.6-6 1.906
Mn-56 1.3-4 1.6-4
Co-58 © 6.4-5 8.0-5
Co-60 4.4-6 5.2-6
Fe-59 2.7-6 3.2-6
Cr-51 6.9-8 8.4-8

“

TOTAL 4.0-2 mrad/year 5.2-2 mrad/year
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TABLE 5.2-5

Dose Factors for Immersion in Water
and Sediment
(mrem/yr per uCi/cm™)

Isotope ‘Gammé Factor Beta and Gamma Factor
I-131 6.00E+06 8.30E+06
1-132 3.90E+07 4 .80E+07
I-133 ' 8.40E+06 1.30E+07
1-134 ' 2.40E+07 3.00E+07
1-135 2.90E+07 3.50E+07
Sr-89 0 4.70E+06
ST-90 ' 0 1.30E+05
Sr-91 7.80E+06 1.40E+07
- Y-90 0 8.40E+06
Y-91 3.70E+04 5.60E+06
Y-92 4.50E+06 1.70E+07
Zr-95 1.30E+07 1.60E+07
Nb-95 1.20E+07 1.40E+07
Mo-99 4.10E+06 8.00E+06
Cs-134 2.50E+07 3.10E+07
Cs-136 4.10E+07 4 .50E+07
Cs-137 8.80E+06 1.20E+07
Te-132 3.50E+06 4.20E+06
Ba-140 4 .00E+06 6.70E+06
La-140 3.60E+07 4 .60E+07
Ce-144 - 2.60E+05 5.40E+05
Mn-54 1.30E+07 1.60E+07
Mn-56 3.10E+07 4.00E+07
Co-58 1.60E+07 2.00E+07
Co-60 4 .00E+07 4.70E+07
Fe-59 1.90E+07 2.30E+07
Ccr-51 4.60E+05 5.60E+05
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TABLE 5.2-6

Internal Dose Rate to Marine Biota (mrad/year)
100 Percent Cooling Water

Isotope Finfish Crustaceans Mollusks Plants
I-131 1.0-1% . 5.1-1 ©5.1-1 2.0+1
1-132 1.3-1 6.7-1 _ 6.7-1 2.7+1
1-133 3.0-1 1.5+0 1.5+0 5.9+1
I-134 1.7-1 8.4-1 8.4-1 3.3+1
I-135 . 2.3-1 1.2+0 1.2+0 4.7+1
Sr-89 1.4-6 1.4-6 1.4-6 1.8-5
Sr-90 2,2-8 2.2-8 2.2-8 2.8-7
Sr-91 2.2-5 2.2-5 2.2-5 2.8-4
Y-90 3.3-3 1.1-2 | 1.1-2 2.2-1
Y-91 6.3-5 2.1-4 2,1-4 o 2.0-2
¥-92 2.5-5 ' 8.4-5 8.4-5 8.4-3
Zr-95 6.7-6 2.2-5 2.2-5 2.2-3
Nb-95 2.1-5 4,2-5 4.2-5 2.1-4
Mo-99 1.0-2 1.0-1 1.0-1 1.0-2
Cs-134 8.0-3 1.3-2 | 2.7-3 5.3-3
Cs-136 2.4-3 4.1-3 8.1-4 1.6-3
cs-137 2.2-2 . 3.7-2 7.4-3 1.5-2
Te-132 12.9-3 2.9-3 | 2.9-2 | 2.9-1
Ba-140 1.8-5 1.8-5 1.8-5 ’ 3.0-3
La-140 1.5-4 1.5-3 L3 1.5-2
Ce-144  9.5-6 3.2-5 3.2-5 3.2-3
Mn-54 L 3.4-3 1.1-2 5.8-2 1.1-2
Mn-56 4.4-1 1.5+0 ‘ 7.240 . 1.540
Co-58 463 4aeel | 1.4-2  ha62
Co-60 3.1-4 3.1-2 9.3-4 3.1-3
Fe-59 2.1-3 8.5-3 4.2-2 1.1-1
Cr-51 7.0-6 7.0-5 - 7.0-5 1.4-4
TOTALS 1.4+0 mrad/yr 6.9+0 mrad/yr 1.241 1.942

- *1,0-1 = 1.0 x 101




TABLE 5.2-7

Bioaccumulation Factors for Radionuclides
in Marine Biota

Isotope Finfish Crustaceans Mollusks Plants

I-131 2.0E+01 1.0E+02 1.0E+02 4 .0E+03
1-132 2.0E+01 1.0E+02 1.0E+02 4.,0E+03
1-133 2.0E+01 1.0E+02 1.0E+02 4 . 0E+03
I-134 ~ 2.0E+01. 1.0E+02 1.0E+02 ~ 4.0E+03
I-135 2.0E+01 l.OE+02 1.0E+02 " 4 _0E+03
Sr-89 1.0E+00 1.0E+00 1.0E+00- 1.3E+01
Sr-90 1.0E+00 1.0E+00 1.0E+00 1.3E+01
Sr-91 1.0E+00 1.0E+00 1.0E+00 1.3E+01
Y-90 3.0E+01 1.0E+02 1.0E+02 1.0E+04
Y-91 3.0E+01 1.0E+02 1.0E+02 1.0E+04
Y-92 3.0E+01 1.0E+02 1.0E+02 1.0E+04
Zr-95 3.0E+01 1.0E+02 1.0E+02 1.0E+04
Nb-95 1.0E+02 2.0E+02 2.0E+02 1.0E+03
Mo-99 1;0E+01 1.0E+02 1.0E+02 1.0E+01
Cs-134 3.0E+01 ' 5.0E+01 1.0E+01 2.0E+01
Cs-136 3.0E+01 5.0E+01 1.0E+01 2.0E+01
Cs=137 3.0E+01 5.0E+01 1.0E+01 2.0E+01
Te-132 1.0E+01 1.0E+01 1.0E+02 1.0E+03
Ba-140 3.0E+00 3.0E+00 3.0E+00 S5.0E+02
La-140 1.0E+02 1.0E+03 1.0E+03 1.0E+04
Ce-144 3.0E+01 1.0E+02 1.0E+02 1.0E+04
Mn-54 3.0E+03 1.0E+04 5.0E+04 1.0E+04
Mn-56 3.0E+03 1.0E+04 5.0E+04 1.0E+04
Co-58 1.0E+02 1.0E+04 3.0E+02 1.0E+03
Co-60 1.0E+02 1.0E+04 3.0E+02 1.0E+03
Fe-59 1.0E+03 4.0E+03 2.0E+04 5.0E+04
Cr-51 1.0E+02 1.0E+03 1 2.0E+03

.0E+03
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: . TABLE

* DIRECT GAMMA PLUS BETA RADIATION DOSE BY ISOTOPE TO
ORGANISM IN SEDIMENT (MRAD/YEAR)

YEARS AFTER STARTUP

SOTOPE 1 5 . 10 _ 20 30 ko
I-131 2.23-02 2.23-02 2.23-02 2.23-02 2.23-02 2.23-02
I -132 5.31-04 5.31-0k4 5.31-0k 5.31-0k 5.31-0k4 5.31-0L
I -133 5.79-03 5.79-03 5.79-03 5.79-03 5.79-03 5.79-03
I -134 8.36-05 8.36-05 8.36-05 8.36-05 8.36-05 8.36-05
I -135 2.77-03 2.77-03 2.77-03 2.77-03 2.77-03 - 2.77-03
SR -89 2.29-05 2.31-05 2.31-05 2.31-05 2.31-05 - 2.31-05
SR -90 1.26-07 6.01-07 1.13-06 2.02-06 2.71-06 3.24-06
SR -91 3.46-06 3.46-06 3.46-06 3.46-06 3.46-06 3.46-06
Y -90 5.Lh2-0kL 5.42-04 5.42-0k 5.42-0L 5.42-0L 5.42-0L
Y -91 2.20-04 2.23-04 2.23-0k4 2.23-04 2.23-0kL 2.23-0k
Y -92 2.53-07 2.53-07 2.53-07 2.53-07 2.53-07 2.53-07
ZR -95 7.67-05 7.83-05 7.83-05 7.83-05- 7.83-05 7.83-05
NB -95 3.93-05 3.93-05 3.93-05 3.93-05 3.93-05 3.93-05
MO -99 8.09-03 8.09-03 8.09-03 8.09-03 8.09-C3 8.09-03
CS-134 1.46-01 4,15-01 L.92-01 5.09-01 5.10-01 - 5.10-01
CS-136 6.65-03 6.65-03 6.65-03 €.65-03 6.65-03 6.65-03
CS-137 3.28-01 1.57+00 2.96+00 5.32+00 7.18+00 8.66+00
TE-132 3.28-04 3.28-04 3.28-04 3.28-04 3.28-04 3.28-04
BA-1L40 4. .37-05 4,.37-05 4.37-05 4,37-05 4.37-05 4.37-05
LA~1LkO 1.18-05 1.18-05 - 1.18-05 1.18-05 1.18-05 1.18-05
CE-1Lk) L.38-06 7.31-06 7.39-06 7.39-06 7.39-06 7.39-06
MN -5k 1.19-03 | - 2.06-03 2.09-03 2.09-03 2.09-03 2.09-03
MN =56 6.36-05 6.36-05 6.36-05 6.36-05 6.36-05 6.36-05
Cco -58 1.99-02 2.05-02 2.05-02 2.05-02 2.05-02 2.05-02
CO =60 L. 60-03 1.80-02 2.73-02 3.47-02 3.66-02 3.72-02
FE -59 5.25-04 5.27-04 5.27-0k4 5.27-04 5.27-0k 5.27-0k
CR -51 8.30-06 -~ 8.30-06 8.30-06 8.30-06 8.30-06 8.30-06
TOTALS 5.46-01 2.07+00 3.55+00 5.93+00 7.80+00 9.28+00

%.61 Laenaqag
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TABLE 5.2-9

Beta Plus Gamma Dose Factors for Direct Radiation Exposure
from Contaminated Ground
(mrad/year per pCi/m?)

Isotope (B & v) Dose Factor
I-131 - - 2.98E-05
I-132 1.75E~04
I-133 3.94E-05
1-134 | | 1.20E-04
1-135 ' - 1.23E-04

' (Derivation of dose factors above described in Section 5.2.3)
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TABLE 5.2-10

(Beta and Gamma) Doses - Direct Radiation from
Activity Deposited on Soil or Vegetation

(mrad/vyear)
Isotope ..Qggg_
I-131 9.8-4
- 1-132 ~ 1.9-6
I-133 ' . - 5.9-5
I-134 2.2-7
I-135 1.9-5
TOTAL DOSE 1.1-3.mraq/year

(Above doses calculated using dose factors tabu~-
lated in Table 5.2-9 and areal concentrations
calculated in Section 5.2.2)




TABLE 5.2-11
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~

Internal Dose Rate at Equilibrium to a Muskrat
Consuming Intertidal Vegetation (mrad/year)

: xiq Effective
_ ‘ - Equilibrium Body Absorbed Internal Dose Rate
Isotope Burden (uCi) Energy, Ey (MeV) (mrad/yr)
I-131 -2.7-5 A A 2.2-1
I-132 2.3-8 1.7 7.3=4
1-133 1.0-6 .84 1.6-2
I-134 5.7-9 3.19 3.4-4
I-135 1.7-7 1.2 3.8-3
Sr- 89 2.4-11 .56 2.5-7
Sr- 90 2.0-10 .2 7.9-7
Sr-91 1.3-12 1.32 3.2-8
Y-90 4.9-8 .89 8.2-4
Y-91 3.1-8 .59 3.4-4
Y-92 1.2-11 1.6 3.6-7
- Zr-95 3.8-9 .57 4,1-5
Nb-95 2.2-10 .51 2.1-6
Mo-99 7.8-10 _ .54 7.9-6
Cs-134 5.8-8 1.1 1.2-3
Cs-136 5.1-10 .65 6.2-6
Cs- 137 4.0-6 .59 4.5-2
Te-132 7.2-9 | 1.9 2.6-4
Ba-140 2.6-10 2.3 1.1-5
La-140 2.1-10 1.9 7.6-6
Ce- 144 1.1-8 1.3 2.7-4
Mn-54 1.0-7 o .51 ' 9.7-4
Mn-56 1.3-9 1.9 4.7-5
Co-58 8.0-8 .61 9.3-4
Co-60 5.9-8 1.5 1.7-3
Fe-59 8.8-8 .81 1.4-3
Cr-51 2.4-9 -~ .025 1.1-6
TOTAL Dose Rate mrad/yr 2.9-1
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5.3 Radiological Impact on Man

5.3.1 Exposure Pathways

The various potential pathways for radiation exposure of man are shown in flow
chart format in Figure 5.3-1 for gaseous effluents and Figure 5.3-2 for liquid

effluents.

After release, gaseous effluents will be a potential source of external exposure
-either from direct radiation from the elevated plume or submersion in the plume
after it reaches ground level. At ground level, the plume is a potential source
for internal exposure due to inhalation of radiogases-and particulates. The

~ ground-level plume may also permit inhalation by terrestrial animals. A small
fraction of this inhaled radiocactive material may be incorporated in animal
products such as milk and meat which upon ingestion by man, can résult in

internal radiation exposure.

. Deposition of radionuclides oh plants may also result in two pathways to man.
The first pathway is direct deposition of airborne activity on the surface

of a plant resulting . in either superficial contamination or internal contamina-
tion for the fraction of the deposition which is subject to foliar absorption.
Deposition of airborne nuclides upon soil is the second pathway. which results
in uptake of radionuclides by growing plants. These plants may eventually be
consumed by animals and thus result in a transfer of nuclides to milk and meat
products which in turn will be ingested by man. Aiternatively, the plants

containing radionuclides may be directly consumed by man.

Ground surface contamination through airborne-deposition results in external
radiation exposure to man from direct radiation. Unharvésted pqrtibns of |
plants will normally be plowed into the soil. Similarly, after death of
démestic and wild animals, activity will be returned to the soil. This activity
will contribute in a minor way to the exposure from those pathways with soil

as an intermediate. Animals such as domestic and wild fbwl may also pick up
deposited radionuclides directly from the soil as they forage about for food.

A fraction of this activity will be incorporated in animal products with the

. potential for internal exposure to man.

2
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Cooling water containing significantly diluted concentrations of radionuclides
from the station will be discharged approximately 1 mile offshore. The
pathways by which radiation exposure of man may result is shown in flow chart

format in Figure 5.3-2 and discussed below.

Aquatic plants and marine biological media such as'fish, mollusks, and
crustaceans have been observed to concentrate radionuclides directly from

the water in which they develop. Marine biological media may also concentrate
activity from ingestion of aquatic plants or terrestrial plants. Terrestfial
plants such as marsh grass (Spartina) may undergo surface contamination
periodically on tidal cycles if dilute radionuclide concentrations are present.
Also, the soil on which marsh grass develops may be subject to contamination
on incoming tides and this activity will be taken up from the soil by the
growing plant. Bacterial consumption of dead Spartina grass and the subsequent
utilization of bacteria and detritus feeders results in a pathway for marine

biological media uptake of radionuclides.

Sand and sediments may receive deposition of particulate radionuclides or
particulate matter which is able to bind soluble radionuclides through ion
exchange mechanisms. In addition, benthic filter feeders can hasten
sedimentation of radionuclides through production of fecal particulates

from ingested colloids and fine particulates. Marine media also- contribute
their body burden of activity to sediments upon death and decay. Radionuclides
are cycled between aquatic plants and sediments with an uptake of activity
from sediments by aquatic plants and a return to sediments of activity on"
plant death and decay. Terrestrial plants growing in intertidal areas which
are subject to semidiurnal flooding by.seawater also cycle radionuclides between
“the soil in which they grow and thg superficial and internal radionuclides
which the plant will contain. Gamebirds and terrestrial animals may take

up radionuclides from ingestion of marine biological media, terrestrial
plants, and soil. When birds and terrestrial animals die any radionuclides

they contain are returned to the soil after decay.

Consumption of aquatic plants, marine biological media, terrestrial plants,
gamebirds and terrestrial animals by man results in internal radiation
exposure through uptake‘of a fraction of the radionuclides contained in

these foods. External radiation dose to man will result from submersion

5.3-2
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of swimmers in water containing radionuclides and direct radiation exposure
from this water to boaters, water skiers, sunbathers and fishermen. These
individuals can also receive external radiation exposure when in proximity-
to nuclide containing sediments, soils, sands, or plants. A minor pathway
of radiation exposure may be contamination of fishing and sporting gear
with fine particles of inorganic or organic matter containing absorbed

radioactivity,

Dose estimates for the major pathways of radiation exposure are discussed

in subsections 5.3.2 and 5.3.3 and summarized in subsection 5.3.6.
5.3.2 Liquid Effluents - Radiological Impact on Man

Subsection 3.5.1 discusses the origin, treatment, and disposition of radio-
active liquids that are produced through the operation of the Seabrook units.
This discussion presents the estimated radioactivity content of those liquids
that are collected and released from the site. Specifically, Table 3.5-5
presents the estimated radioactive liquid release from both Seabrook units

in terms of both annual release quantity (Curies/year) and annual average
concentration (uCi/ml) at the point of discharge to the Gulf of Maine.

These radioactivity release levels, then, constitute the source of radiation

exposure to the public through marine pathways.

As described in subsection 3.5.1 and pictured in Figure 3.5-1, the various
sourceslof radioactive liquidé that are discharged from the site reach the
marine environment, the Gulf of Maine, via the circulating water system
discharge conduit. Section 3.4 of this report depicts the dischafge point
as 5000 feet into the ocean east of Hampton Beach. This is significant
from a radioactive liquid release standpoint since dispersion of the
discharged plume coﬁtaining the released radionuclides within the marine
environment between the discharge point and the point of dose consideration

will mitigate the radiological environmental impact.
As presented in subsection 5.3.1 and depicted in Figure 5.3-2, the general
public radiation exposure pathways within or related to the marine environ-

ment for consideration at the Seabrook site include swimming, clam digging

5.3-3




~and similar activities within in-shore water areas potentially influenced
byvreleased radionuclides and ingestion of finfish, invertebrates, and
marine plants harvested from areas potentially influenced by released
radionuclides. Each of these radiation exposure pathways are evaluated
below in terms of whole body and critical organ doses (fér internal
exposures) to individual members of the general puBlic and in terms of |

whole body doses. to the exposed population.
Radiation Exposure from Fish Consumption

Consumption of finfish or shell fish harvested from areas affected by
released radionuclides will result in radiation exposure to members of
the general public through internally deposited radionuclides. The
radiological assessment of this exposure pathway is calculated by the
specific activity approach - the concentration of each radionuclide in
the marine habitat of the finfish or shellfish is converted to a specific
activity within the fish, and with a fish consumption rate, the dose is
calculated by comparison with permissible specific activities. The

assumptions employed in this calculation are as follows: .

a) The fish are exposed to radionuclide diluted from discharge con-
centrations (given in Table 3.5-5 of this report) by a factor of
3.5. This dilution factor is determined from the results of the
singleport dischargé hydrothermal model studies. These model
tests indicate that the maximum surface temperature rise created
by a near-bottom, single-port discharge in 35 feet of water-is
about 13°F above ambient. The zone of this 13°F temperature rise
is small in area, and temperature decay is rapid with distance

from it.

In the near-field region adjacent to the point of discharge the
momentum of the effluent is greater than ambient ocean currents
and temperature reduction is primarily a function of dilution.
Thus, the dilution factor for this region may be‘expressed as the
ratio of the temperature rise at the point of ‘discharge to the
temperature rise at the point in question. Therefore, for the

singlerort discharge the lowest surface dilution is 45/13, or

5.3-4
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3.5. Higher dilution factors will be encountered with distance

from this +13°F zone.

Multi-port discharge concepts result in near-field entrain-

ment of greater quantities of receiving waters than the
single-port concept. Consequently, the multi-port discharge is
capable of achieving a lower maximum surface temperature rise
and greater dilution. Hydro-thermal model studies are now in
progress to evaluate the characteristics of multi-port discharge
concepts, all of which induce greater near-field dilution from
the single-port concept. When these studies are complete, an
accurate determination of near-field dilution will be made

which will allow the use of a dilution factor representing the

actual discharge concept to be employed for, Seabrook.

'b) The period of fish exposure is sufficient to establish an
equilibrium condition between the radionuclide concentrations

in water and in the fish flesh.

c) The reconcentration factors for each of the released radio-
nuclides in marine finfishband invertebrates are as reported
for the chemical elements in UCRL-50564, '"Concentration
Factors of Chemical Elements in Edible Aquatic Organisms",

Chapman, et. al., Dec. 30, 1968.

Table 5.3-1 gives the radicnuclide specific activities within finfish and

shell fish with the above discharge and reconcentration parameters.

The annual average consumption of 50 grams per day of finfish meat with
the radionuclide specific activities listed in Table 5.3-1 would result

in the following doses to an individual member of the public:

Total Whole Body DOSE.........c.ovvuvnnns b,ooz mrem/year
Total Thfroid DOSE. vt 0.10 mrem/year

Total G. I. Tract Dose......ccvvvevnennnn 0.005 mrem/year
Total Dose to Other Organs............... 0.002 mrem/year
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. The annual average consumption of 50 grams per day of shell fisvh meat with
the radionuclide specific activities listed in Table 5.3-1 would result

in the following doses to an individual member of the public:

Total Whole Body Dose.......c.covvvvvnnunnn 0.002 mrem/year
Total Thyroid Dose.......covieivennennn. 0.50 mrem/year
Total G. I. Tract DOS€..........uveven... 0.01 mrem/year
Total Dose to Other Organs............... 0.003 mrem/year

In the New Hampshire coastal waters, there is no commercial finfiéh industry.
Finfish are caught by sport fishing efforts only, which includes fishing
from land areas adjacent to the coast and fishing in the off-shore areas
from private pleasure craft and sport fishing ''party boats'. Estimates of
the number of sport fishermen and their catch for both the estuary and off-
shore areas are on the order of 18,000 and 250,000 1bs., respéctively.

‘Only a small fraction of this catch would be from the Seabrook discharge
plume area, where the minimum dilution factor of 3.5 applies. However, .

‘ assuming entire catch came from the discharge area, the aggregate whole

. body population dose would be 0.013 man-Rems/year.

Regarding the lobstering efforts in the Hampton-Seabrook estuary and coastal
waters, there are two types of iObstermen to consider. The first is the
sport lobstermen - those licensed to work up to a limit of five lobster
traps. The second is the commercial lobstermen. Data on these lobstermen
for the year 1970 indicate that 19 held sport licenses and 62 held commercial
licenses and their catch for the year from both estuary and off-shore areas
was 1255 lbs. and 73,233 1lbs., respectively. A breakdown of the data
indicates that 89 percent of the catch was from off-shore areas (outside

the Hampton Harbor Inlet). Only a small fraction of this catch would be
from the Seabrook discharge plume area, where the minimum dilution factor
of 3.5 applies. However, assuming the entire off-shore catch came from

the discharge area, the aggregate whole body population dose would be

0.0012 man-Rems/year (with the assumption of 0.33 1b. lobster meat per

1b. lobster).
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Radiation Exposure from Marine Plant Consumption

Consumption of marine plants, such as seaweed, harvested from areas affected
by released radionuclides will result in radiation exposure to members of the
public through internally deposited radionuclides. The radiological assess-
ment of this pathway employs the same method as outlined above for fish
consumption only with different parameters. The dilution factor between the
point of radionuclide release to the Atlantic and the seaweed habitat is
assumed to be on the order of 500. The reconcentration factors at equilibrium

are as listed for marine plants in Chapman, the above-mentioned reference.

With the Table 3.5-5 radionuclide discharge concentrations diluted by a factor
of 500 and with radionuclide reconcentration in the plants, the annual average
consumption of 5 grams per day of seaweed would result in the following

doses to an individual member of the public:

Total Whole Body Dose ............. 4.2-5 mrem/year
Total Tﬁyroid Dose........ e 2.6-2 mrem/year
Total G. I. Tract Dose............. 2.9-5 mrem/year
Total Dose to Other Organs......... 1.6-6 mrem/year

If 1000 members of the general public consumed this seaweed at the 5 grams per’

day rate, the whole body population dose would be 4.2 x 10-5 man-Rem/year.

Radiation Exposure from Swimming

Immersion in coastal water affected by released radionuclides would result
in external exposure to the swimmers. It is assumed that an individual
swimming along the shoreline at Hampton or Seabrook beaches would be
exposed to released radionuclides in concentrations diluted by factors

at least on the order of 500. Swimming in these waters at the frequency

of three hours per day for 60 days per year would result in whole body
plus skin dose to an individual of approximately 2.9 x 1076 mrem/year. For
swimming population of 200,000 at the above raté;’the whole bodypopulation

exposure would be approximately 5.8 x 10'4'man¢rem/year.
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Radiation Exposure from Clam Digging

Harvesting clams on mud flat areas upon which radionuclides released from the
Seabrook discharge conduit have deposited would result in skin and whole body
radiation exposures to the clam diggers. It is assumed that all the radio-
nuclides that reach the Hampton Harbor clam flats over the 40 year life of
the station settle out of the tidal waters and become permanently incorpor-
ated into the flat sediment. The amount of each radionuclide reaching

the flats is assumed to be the amount released from the Seabrook discharge

conduit divided by an estimated dilution factor of 500.

Clam digging regulations in New Hampshire dictate that all clamming be on
~a non-commercial basis (recreational clam digging only) limited to Friday,
Saturday and Sunday, and holiday digging only. An ambitious clammer, one
digging for 2 hours. each permitted day of the year (167 days per year),
would receive a skin dose of approximately 1.3 x 10-§ mrem/yeér and a

whole body dose of approximately 9.5 x 1076 mrem/year .

The number of clamming licenses issued in New Hampshire for 1972 is
approximately 15,000. It is assumed that all of these license holders dig

in the Hampton-Seabrook area and that they average 2 hours per day for 75 days
per year on the flats. .The aggregate whole body dose to this clamming

population is 6.4 x 107° man-rem/year

Summary of Marine Pathway Exposures

The radiological environmental impact of radioactive liquid releases, as

assessed in the above discussions, is summarized in Table 5.3-2.

5.3.3 Gaseous Effluents

Subsection 3.5.2 discusses the sources and treatment of gaseous radioactive
wastes from the Seabrook Station. The estimated annual release rates, by

isotope, are shown in Table 3.5-7. All of this gaseous waste, except that
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due to leakage in the turbine hall, is discharged to the environment through

the unit's primary vent stack. Gaseous waste from the turbine hall is
released from wall and roof ventilators in that building. For purposes
of calculating doses, it is assumed that all gaseous released from the

site are from ground level.
External Exposure from gaseous releases

Radioactive gases released to the atmosphere will result in external radiation
doses to individuals in the population. The radiation from these gases
consists of gamma rays, which result in a dose to deep tissues or skin

body dose, and beta particles which result only in a surface or skin

dose and which is effectively feduced by normal clothing. In the discussion
below, whole body dose refers to the gamma ray component of the dose and

skin dose refers to the beta plus gamma doses at the outer surface of the

skin and assumes no dose reduction due to clothing.

The whole body dose from the releases shown in Table 3.5-7, has been evéluated
at 2 locations - the highest dose point on the site boundary and the highest
residential dose location. The site boundary location is 3000 feet in the ESE
sectér with an annual average x/Q = 3.0 x 107° sec/ms. The house location is
approximately 7800 feet in the ESE sector with an annual average x/Q = 6.5 x
106 sec/ms. The maximum skin dose is assumed to be received by an unshielded

individual exposed 100 percent of the time at the site boundary.

Location » Whole Body Dose, mrem/year 35@2/?22?
Site Boundary 0.11 " 6.2
Residence | - 0.035 , 1.4

These doses take no credit for shielding or occupancy factors.

Tthoid Exposure from Jodines

Radioactive iodine isotopes released to the atmosphere will result in internal
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exposure to individuals in the population. Due to the affinity gﬁg%yléglge

has for the thyroid gland, this organ becomes limiting in a dose calculation.

. Three pathways of exposure to radioiodine were considered:
1. Inhalation of airborne iodine
2. Deposition of iodine on leafy vegetables and subsequent

ingestion of these vegetables

3. Deposition of iodine on pasture grass and the subsequent

cow-milk pathway

The critical individual in the population is assumed to be a child living
at the highest residential dose point. This child is assumed to eat 3 kgm
of unwashed leafy vegetables, from a vegetable farm with a 4 month growing
season. It is further assumed that this child drinks 1 liter/day of milk

from the nearest dairy farm for the six months per year pasture season.

—The house is approximately 7800 feet from the station in the ESE sector,

with an annual average X/Q = 6.5 x 1076 sec/m3. The dairy farm is 2.5 miles
. ~ from the bsite, in the N sector, with an annual average x/Q = 4.8 x 1077 sec/ms.

The vegetable farm is 4.2 miles in the NW sector with an annual average ./Q =

1.6 x 1077 sec/m>.

The thyroid dose from the releases shown in Table 3.5-7 for each of the 3

pathways is shown below:

Pathway . Thyroid Dose; mrem/year
‘Inhalation » 0.011
Vegetables ' 0.004
Milk 0.10

Total 0.115
Dose Calculation Models
1. Externai beta dose

. External beta doses are calculated assuming a semi-infinite cloud model
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as described by the following expression:
D= 0.23 EB X

B
where DB = beta dose rate (rem/sec)
E, = average beta energy per disintegration
B .
(Mev/dis) '
. X = concentration gf isotope in cloud (Ci/m3 = dilution

factor) (sec/m” times release rate) (Ci/sec)
This expression was taken from “MeteorOIOgy and Atomic Energy - 1968",
Chapter 7. '

2. External gamma dose

External gamma doses are calculated by the finite cloud technique described
in "Meteorology and Atomic Energy - 1968", Chapter 7. The concentration of
radioactive material within the sector of interest, is averaged in the
horizontal direction across the sector. The cloud is thus considered to be
comprised of a series of horizontal plane sources which vary in concentration

vertically according to a Gaussian distribution about the cloud center plane.

This model has been adapted to a computer code 'Plumdos'' which calculates
the gamma dose to a ground level receptor from up to 24 isotopes and for
7 gamma energy groups. The code considers meteorological input of 7 stability

classes, 16 wind direction and 6 wind'speed groups.
3. Thyroid dose

The thyroid doses are calculated bésed on the method described in the 'Draft
Environmental Statement Concerning Proposed Rule Making Action: Numerical
Guides for Design Objectives and Limiting Conditions as Low as Practicable.
for Radioactive Material in Light-Water-Cooled Nuclear Power Reactor
Effluents', Appendix C, issued by the U.S.A.E.C. in January 1973. The dose

conversion factors obtained from this report are listed below:

: mrem/year per pCi/m3 ,
Isotope Air Leafy Vegetables Milk

I-131 13 400 1840
1-133 5.4 28 130
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These conversion factors are based on a child that inhales 2045 m3/year of
air, eats 6 kgm of leafy vegetables in a 4-month growing season and drinks
365 liter/year of milk. The milk factor is corrected for a 6-month pasfure

growing season.

" The average concentration of iodine is calculated by multiplying the average
release rate of Ci/sec times the dilution factor (x/Q) in sec/m3 for the
location of interest. No correction is made for cloud depletion from
deposition. The x/Q values used are given in subsection 5.3.3.B and are

based on the meteorology discussed in subsection 2.6.6.

5.3.4 Direct Radiation

This subsection deals with external radiological dosage attributable to direct
radiation emanating from the facility and from radioactive material shipped

to or from the station during its operation. Doses to individuals outside

the facility due to radiation from the facility are described in 5.3.4.1;
those resulting from the transportation of radioactive material are given

in 5.3.4.2.

5.3.4.1 Radiation from Facility

Station radiation sources of significant activity are the reactor cores and’
their coolant, spent fuel elements, the waste tanks, filters, and demineral-
izers. The station design includes specific shielding of all this equipment

" to ensure low radiation levels even within the immediate areas of the facility.

The reactor cores have reinforced concrete primary shields that are at least
é—feet thick. Additional shielding of each core is provided by a 2.5-foot
secondary shield structure that encloses the reactor coolant equipment
‘(piping, pumps, steam generators, etc.) and by the primary and secondary
containment structures that surround the reactor equipment. The primary
containment wall of each unit is 4.5-feet thick; the domes are 3.5 feet.
The secondary containment structure surrounds the primary containment and
its walls are 15 inches thick. Spent fuel elements are stored under water
in the fuel storage buildings. The minimum water depth in the spent fuel
pools is 11.5 feet above the top of the fuel assemblies. The pool walls
are 6-feet thick. '
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The station design calls for individual shielding cubicles for each of the
remaining major sources of radiation. The cubicles have up to 2-foot walls
and are located in the Primary Auxiliary Buildings, the Waste Processing
Building and the Holdup Storage Building. The walls and floors of these
buildings. are 2-feet thick.

In addition to the heavy shielding provided as described, all these sources
of radiation are totally or partially located below station grade. As

*a result, direct radiation doses -outside the station from these sources

are expected to be insignificant when compared to those attributable to

normal background radiation.

With regard to radiation sources (of relatively lower activity) located
above station grade, the most significant ones are the chemical and
volume control systems (CVCS), the reactor make-up water tanks and the

refueling water tanks.

The CVC system of each unit is located in a 4-foot concrete cubicle on the
thrid floor of the Primary Auxiliary Building. Since radiation from this
system must traverse at least 6 feet of concrete to escape from the PAB,
the site boundary direct radiation dose from this source is negligible. In
fact, using equilibrium tank activities, the calculated dose rate at

the site boundary'from both CVCS units is approximately 1 x 10_6 mrem/year.

Site boundary doses from the unshielded reactor make-up water tanks have

beén estimated to be small and to amount to approximately 2 X 10_4 mrem/year.

The refueling water tanks contain less activity than the reactor make-up
water tanks and, in addition, they are partially shielded by a reinforced
concrete wall that is two-feet thick. As a result, this source of radiation
will also lead to negligibly small radiation levels at the site boundary

‘or beyond.
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To summarize then, radiation dosage to individuals outside the facility
due to direct radiation from the facility are expected to be a few orders

of magnitude- less those attributable to normal background radiation.
5.3.4.2 Transportation of Radiocactive Materials

Subsections 3.5.3 and Section 3.8 of this report outline the amounts and
characteristics of radioactive materials expected to be transported to

and from the Seabrook Station. Subsection 3.5.3 presentsAthe anticipated
volume and radioactivity cqntent of each of the various solid radioactive

waste products that are anticipated to be generated by the operation of

the Seabrook units. Section 3.8 presénts requirements for new (unirradiated)

fuel element shipments to the site and spent (irradiated) fuel element

shipments from the site.

Transportation of these radioactive materials has potential radiological
impact on members of the general public who are exposed to radiation
emanating from the shipments. This potential for exposure exists for
both normal conditions of transport and situations arising through trans-
portation accidents. These exposure potentialé are evaluated in a report
_prepared by the Directorate of Regulatory Standards, U.S. Atomic Energy
Commission, ehtitled'”Environmental Survey of Transportétion of Radioactive
Materials to and from Nuclear Power Plants", dated December, 1972. This
report presents a detail accounting of the subject of radioactive material
transportation from nuclear power plants and specifically evaluates for

a typical light water reactor radiation exposures to both transport workers

and the general public as a result of such transportation.

It is concluded that the radiological impact evaluation of the transportation

of radioactive materials from Seabrook Station'is within the scope of the
analyses.presented in the above mentioned report, and therefore, no such
analyses are required here.

5.3.5 Other Exposure Péthways

The radiological environmental impact analyses presented in subsections
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5.3.1 through 5.3.4 above cover all the potential radiation exposure
pathways that the Seabrook Station and its environment combine to impose
on man. Thus, no other radiation exposure pathways need be considered

here.

5.3.6 Summary of Annual Radiation Doses to Man

The radiological environmental impact of radioactive liquid and gaseous
releases from the Seabrook site are presented above in subsections 5.3.2

and 5.3.3, respectively. The doses to the local and regional populace

from these effluents are summarized in Table 5.3-3.
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TABLE 5.3-1

FISH SPECIFIC ACTIVITIES

FINFISH SPECIFIC ' SHELLFISH SPECIFIC

RADIONUCLIDE ACTIVITY (uCi/gm)  ACTIVITY (uCi/gm)
I1-131 1.8-9 . 8.8-9
1-132 6.1-10 3.0-9
I-133 2.6-9 1.3-8
1-134 4.0-10 2.0-9
I-135 1.4-9 7.0-9
Sr-89 1.9-14 2.3-13
Sr-90 7.8-16 9.8-15
Sr-91 1.2-13 1.6-12

¥-90 1.9-10 1.9-9
¥-91 5.4=12 5.4-11
Y-92 8.2-13 8.,2-12
Zr-95 6.2-13 6.2-12
Nb-95 - 2.3-10 6.4-13
Mo-99 3.2-10 3.2-10
Cs-134 1.1-10 7.4-11
Cs-136 5.8-11 4,0-11
Cs-137 5.8-10 4.0-10
Te-132 2.2-9 2.2-9
Ba-140 4.1-13 8.2-12
La-140 1.2-12 1.2-11
Ce-144 3.7-13. 3.7-13
Mn-54 1.1-11 1.8-10
Mn-56 4,0-10 6.5-9
Co-58 5.9-10 1.1-9
" Fe-59 1.6-11 3.0-11
Cr-51 1.2-10 7.8-10
Cr~51 1,7-11 8.6-11

1,2-8 TOTAL 4,8-8

H-3 | 3.4-7 3.4-7
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TABLE 5.3-2

. Summary of Radiological Impact on Man from
Seabrook Radioactive Liquid Releases (both units)

EXTERNAL RADIATION EXPOSURE:

I Individual Whole Body plus Skin Dose I Population Whole Body Dose

Swimming ] 0.000003 mrem/year ’ 0.00058 man-rem/year
Individual Individual Population
Skin Dose : Whole Body Dose Whole Body Dose
Clam Digging 0.000013 mrem/year 0.00001 mrem/year 0.00006 man-rem/year

INTERNAL RADIATION EXPOSURE:

; Individual Doses (mrem/year) Other
Whole Body | Thyroid [G.I. Tract | Organs AJ;Population Whole Body Dcses
) l ]
.| Finfish .

Ingestion | 0.002 0.1 0.005 0.002 0.013 man-rem/year
Shellfish R -
Ingestion | 0.002 0.50 0.01 0.003 0.012 man-rem/year
Marine
Plant
Ingestion | 0.000042 0.026 |0.00003 0.000002 .000042 man—rem/yeiz

POPIrI mp——
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TABLE 5.3-3

SUMMARY OF POPULATION DOSES

Radiocactive Liquid Releases

EXPOSURE PATHWAY ‘ ‘) WHOLE BODY DOSE -~ man-rem/year
Swimming 0.00058

Clam Digging 0.000064
Finfish.Iﬁgestion ‘ - 0.013

Shellfish Ingestion _ 0.012

-Marine Plant Ingestion 0.000002

Radiocactive Gaseous Releases
(whole body immersion doses)

RADIAL DISTANCE

FROM SITE WHOLE BODY DOSE - man-rem/vear
1 mile , 0.08
5 miles | . 0.44
10 miles 0.58
ZQ miles : 0.75
30 miles - N 0,99
40 miles ' : 1.2

50 miles ' 1.4
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5.4 Effects Of Chemical And Biocide Discharges

The chemical discharges resulting from routine operation of Seabrook Station

are discussed in detail in Section 3.6. They are produced from the following

sources:
1, Make-up water demineralizer
2. Blowdown from auxiliary boiler(s)
3. 0ily wastes from equipment areas
4, Biocide application residuals
5.

Circulating water system degredation.

In addition to the above described routine wastes, there are other waste sources

prior to startup and of infrequent periodicity that are considered. -

A complete list of all known nonradioactive chemical discharges and the proposed

discharge quantities and concentration levels is as follows:

chemical quantity (lbs/day) discharge concentration
ppm

Calcium 80 0.01

Magnesium 20 0.0025

Sodium 400 0.05

Chloride : 30 0.003

Sulfate . 1300 0.16

Bicarbonate 250 0.031

Silicate 30 0.003

Chlorine ' . 37 <0.1 (intermittent)

Iron ‘ 24 0.002

Copper . 144 0.02

0i1l none visible

pH 6.7 to 8.0

The response of aquatic biota to known concentrations of chemicals has

received much attention yet understanding of the subject is far from complete.
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A review of several available sources shows the information is not only
incomplete, but in many instances appears contradictory, no doubt reflecting
methodological differences and inconsistencies in establishment of test
criteria. Below is a synoptic review of relevant considerations and some

of the study results believed to be most applicable in an evaluation of

Seabrook Station chemical discharge effects.
Calcium

Calcium ions are among the most commonly encountered substances in water.
There they combine readily with anionic types forming various salts, notably,
calcium carbonate, calcium chloride and calcium sulfate. In seawater
calcium is in quantities approximating 400 mg/l (Reference 1). The effect
of calcium in water has been found by several investigators to serve as a
meliorater of toxic thresholds when operating in synergism with known toxic
chemicals (Reference 2). Doudoroff and Katz (Reference 2) in their review
of toxic‘chemicals to fish, cite study results showing toxic effects of
calcium salts (calcium chloride and nitrate) at concentrations between 300
and 1000 mg/l as calcium. The same reference reports survival of fish in
some waters with CaCl concentrations as much as 4000 mg/l. These are of
course exfreme cases and have little application in this discussion. The
lowest reported sensitivities to calcium salts varies depending on the
anionic elements invblved. However, the material in McKee and Wolf's
comprehensive review of water quality criteria shows no reported toxic
effects for common calcium compounds to aquatic life at concentrations below

about 500 mg/1 (Reference 3).
Magﬁesium

Seawater is rich in magnesium, it being the third most abundant element,
exceeded only by chlorine and sodium. Like calcium the magnesium cation

is ephemeral in its existence quickly combining with common available anions -
(chloride, nitrate and sulfate ions) to form salts. Because of this charac-
teristic the toxicity of magnesium salts appears more relevant than that of
the ionic or elemental state. Maghesium chloride and nitrate can be toxic

to fish in distilled water at concentrations between 100 and 400 mg/l as
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magnesium. However, magnesium chloride, nitrate and sulfate at concentrations
between 1000 and 3000 mg/l as magnesium have been tolerated for 2-11 days
(Reference 2). Generally the review of McKee and Wolf (Reference 3) contains
assurances of no toxic effects from the common magnesium salts at concen-

tration levels below 300 mg/1.
Sodium

This highly reactive metal does not occur free in nature due to its water
solubility. It is the cation of many naturally occurring salts, foremost
of which is sodium chloride. Seawater contains about 10,600 mg/l of sodium
most of which is combined with chloride. Due to the presence of this
quantity of sodium in seawater the tolerance limit of marine and estuarine

organisms is obviously greater than these ambient concentrations.
Chloride

Chloride ions are found in practically all natural waters and are the most
‘abundant ion in seawater (about 19,000 mg/l). Because of the abundance of
chloride ions it is obvious that marine and estuarine forms have substantial

tolerance to them.
Sulfate

Studies on the toxicity of the sulfate radical are few. In evaluating the
toxicity of sulfates one must survey the three commonly formed water-soluble
salts; sodium sulfate, potassium sulfate, and ammonium sulfate. Findings of

the various toxicity studies dealing with sulfates cannot be readily compared with
expressed sulfate levels since the effect may be wholly or partly due to the
cation involved. In a summary on sulfates McKee and Wolf (Reference 3) recommend
the following concentrations of sulfate as compatible with certain indicated

water uses. These are:

domestic water supply 500 mg/1
~ irrigation of crops 200 mg/1
stock watering ’ 500 mg/1

5.4-3




—Bicarbonate

The concentration of bicarbonates in natural and polluted waters is a function
not only of the bicarbonates present but also of the temperature, pH and |
concentration of other dissolved solids. It is generally understood that
bicarbonates tend to reach an equilibrium with carbonates in natural waters.
Information on the tolerance limits of marine life to bicarbonate ioncen-
trations cannot be found, probably because of the comparatively great ambient
levels in seawater. For fresh water fish Hart et al found that about 95 per-
cent of the U. S. waters that supported a ''good fish fauna'' contained less.
than 180 mg/1 of bicarbonate (Reference 4).

Silicate .

Silica and silicates are generally not considered as highly reactive toxic
substances. They are, in fact, an essential nutrient for the growth of ‘
marine diatoms. No adverse physiological effects have been noted for silica
or silicate concentrations found in natural waters (Reference 5). According
to Raux (in McGee and Wolf, Reference 3) silica in a concentration greater

than 50 mg/l may cause difficulties arising from turbidity.
Chlorine :

Free chlorine is a very toxic chemical which may be present in small amounts be-
cause of its introduction into the circulating water system for control of foulf
ing organisms. Residual quantities are inevitably carried in the discharge
effluent although the toxic character is not required for system cleansing
beyond the condenser. The State of New Hampshire has an established standard

of 0.3 mg/l. Recently the applicant in discussions with the Environmental
Protection Agency Regional Office was advised that this concentration should be
lowered to 0.1 mg/1. Thereforé, consistent wifh this opinion, the applicant

proposes 0.1 mg/1 as a discharge concentration level.

Iron )
i
|
|
The amount present in the discharge would result from circulating water system

|

Elemental iron is present in seawater at a concentration of .01 mg/l (Reference 1}.
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corrosion and erosion and are estimated as 0.002 ppm. A recent study at one
of the applicant's fossil-fired generating stations demonstrated that dis-.
charge water samples show no consistent increase in iron over intake water

in twelve monthly samples (Reference 6). In most studies of iron physiological
effects both beneficial and aéverse are expressed in terms of specific iron
salts. When iron is added to water in the form of salts (chlorides, sulfates,
etc.) there is~an ionic dissociation. The resulting ferrous and ferric ions
combine readily with hydroxyl ions (OH™) to form precipitates, hence very
little iron is found naturally in its ionic state. These events could produce
lowered pH in unbuffered waters but salt water is strongly buffered and there-
fore unlikely to react in this manner. Two references provide information

on iron concentration toxicity which seem germane to the Seabrook case.

One shows survival of dogfish (Squalus sp.) over one week in 1-2 mg/llof

iron (Reference 7). The other reports the death of dogfish in three hours

when exposed to a 5 mg/l concentration of iron (Reference 8).
Copper

A trace amount of copper addition may belhypothesized due to the potentiai

for condenser tube erosion. According to the applicants' experience else-

where copper concentration increases, from transit through a typical circulating
water system, are undetectable (Reference 6). Another means of estimating the
copper concentration within the discharge water involves the use of predicted
condenser tube wear rates. Based on this method a discharge concentration '

of 0.02 mg/1 can be estimated. The toxicity of copper ions are well docu-

‘mented. Copper is well recognized for its toxic effects on marine forms

which is well demonstrated by the wide acceptance of copper-based anti-
fouling paints. Many adverse synergiétic effects have been demonstrated

with such other chemicals as magnesium salts and phosphates (Reference 9),
chlorine (Reference 10), zinc and cadmium sulfates (Referenceé 11, 12 and 13),
and mercury (Reference 14). On the other hand copper has shown evidence

of decreasing the toxicity of cyanide (Referencé 15). A fairly complete
review of the many specific references covering responses of various life
forms to known concentrations of copper is found in McKee and Wolf's Water

Quality Criteria (Reference 3). On the basis of their review a maximum
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allowable copper concentration of 0.05 mg/l is recommended for seawater
releases. Roosenburg (Reference 16) suggests the greening of oysters in
the vicinity of power plant as being caused by copper accumulation but

he unfortunately fails to offer data on the concentrations in the effluent

water or within the area occupied by the affected oysters.
0il

In the wake of the recently disasterous oil spills such as ”Torrey Canyon''
and the California offshore oil rigs the public has viewed with growing alarm
‘the release of oil into public waters. Their concern is well suppofted by
the literature. Chipman and Galtsoff (Reference 17) report that crude oil

in concentrations as weak as 0.3 ppm is extremely toxic to freshwater fish.
This same paper reports a toxic effect on the marine ﬁydrozoan, Tubularia
crocea, barnacles and to the embryos of the toadfish (Opsanus tau). The

use of o0il in controlling mosquito larvae is a well-known practice thus attest-
ing to its toxicity. Another.commonly used control method utilizing oil is
in the destruction of noxious weed in irrigation ditches. This treatment

was found to eliminate crayfish at concentrations of 300 ppm. North and
Clendenning (Reference 19) in a study on the effects of discharged wastes

on kelps, consider 10 ppm concentrations of fuel oil to be deteterious to

Macrocystis pyrifera. Oysters may be susceptible to o0il pollution at both

the adult and larval stage. Both McConnell {Reference 20) and Gowanlock
(Reference 21) attribute an extensive mortality of Louisiana oysters in

1932 and 1933 to oil-well wastes. Unfortunately, no concentration levels
are available in this case. Destruction of oyster larvae is reported by
Speer (Reference 22). Again there is no idea of concentration level however,
the term "surface film" implies a concentration certainly greater than

1.0 ppm.
pH

Marine waters generally fall into the pH range of between 8.1 to 8.3 with

estuarial dilution tending to lower pH values slightly (Reference 23).
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Despite this rather narrow range the tolerance of aquatic organisms appears

to be much greater.

The review by McKee and Wolf (Reference 3) of known

pH influences on'plants and animals reveals that by :limiting values to

about 6.5 to 8.5 protection of aquatic life is possible.

Natural ambient water chemical conditions in the receiving waters have been

ascertained and are reported in Section 2.5.

For comparison the concentrations

of dischérged wastes. occurring naturally are given below as well as the

expected release concentration:

Calcium
Magnesium
Sodium
Chloride
Sulfate
Bicarbonate
Silicate
Chlorine
Iron’
Copper
0il

pH

Naturally Occurring
Conc. (mg/l)

915

.5085

8000*
18084.6
2554.6

136.6

2.1

not measured
.06

.0009

none

7.9-8.0

Proposed Release

Conc. (mg/1)

0.01
0.0025
0.05
0.003
0.16
0.031
0.003
<0.1
0.002
0.02
none
6.7-8.0

*An approximated value based on the known salinity of seawater.

The dilution of chemical discharges by the receiving waters will dperate in

a manner similar to the described for the thermal effect through entrainment

of adjacent receiving waters (see Section 3.4).

This indicates that a dilution

of between 3.4:1 and 7.5:1 occurs as the effluent surfaces.

Station chemical wastes will be carefully contained such that ground water

contamination does not occur.
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5.5 Effects of Sanitary and Other Waste Discharges

5.5.1 Sanitary Waste System

The effluent from the sanitary waste treatment s&stem is essentially of
‘drinking water quality. Its discharge into the ocean via the circulﬁting
water discha;ge pipe has no measurable or observable effect on the natural
ambient enviromment. In quality and quantity it meets all known'require;

ments for discharge as proposed.
5.5.2 Other Waste Systems
5.5.2.1 Auxiliary Boilers

The two auxiliary boilers for this facility are each designed for a
nominal steam flow of 100,000 pound per hour and, as a maximum, would

operate on the following basis:

1. One boiler operating year round.

2. Both boilers operating simultaneously one month per year.

During operation the expected flue gas emission rate of each boiler,

is approximately 31,000 cubic feet per minute at 300°F.

.Fuel oil (#2) is fired at a rate of 900 gallons per minute per boiler and

has an expected composition as given below.

Fuel 0il Composition = ¢

Carbon and Hydrogen 99.595
Sulfur 0;3Q0
Aéh | 0.00;
Nitrogen - 0.100 |
-100.000

Heating value - 143,000 BTU/gal.




For the pollutant compounds of'SOz, NO,. and particulates, a preliminary
. comparison between the emission rates for these boilers and federal and
state standards is shown on the following table.

Preliminary Comparison of Auxiliary Boiler Emission with
- Federal and Present New Hampshire Emission Rate Standards

- Basis: 1 Boiler

New Hampshire

Auxiliary Boiler Federal Standards Standards
50, 0.30 1b/10% BTU 0.8 1b/10® BTU None
W 0.30 1b/10% BTU 0.3 1b/10° BTU None

- (315 ppm 6 ¢
Particulates 0.012 1b/10° BTU 0.1 1b/10° BTU = .35 1b/10° BTU

As can be seen by the previous table the emission rates for the auxiliary

boilers meet both the federal and present New Hampshire Standards.

. . Ambient air qualiﬂy standards is met by discharging the flue gases at a
point a‘bove the ground so that the maximum combined concentration (both
boilers opérating) under varying atmospheric conditions when added to
the local background concentration do not exceed the federal and state

secondary ambient standards.
5.5.2.2 Emergency Diesel Generators

The fou.f Emergency Diesel Generators fo.r this facility are designed for
an electrical output of 4500 MW per diesel generator. They burn the
same fuel as the Auxiliary Boiler and have an ekpected fuél consumption
of 310 gal/hr. Exhaust gasés are emitted at a rate of 20 ,000 cubic feet
per minute at 850°F. Operation of the diesel generators is only on an
, emergency basis and tesﬁing is comprised of operating a generator once
. every month for two hours. The combined total usage for all four diesel

generators will be approximately four days per year.

5.5=2




The change in ambient air concentrations of the 505, NOx, Photochemical
Oxidants, CO, Hydrocarbons, and Particulates pollutants due to operation
of the generators is expected to be negligible because of the high exhaust

temperature (850°F) and infrequent operation.

The State of New Hampshire Air Regulation 9 specifies that emissions

from diesel engines be in compliance when the opacity of the exhaust

gases does not exceed a 20 percent decreasé in light transmissidn averaged
over a 15 second period. The diesel generators are designed to meet this

regulation.

5.5=3.
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5.6 Effects of Operation and Maintenance of the Transmission System

There will be no maintenance required on New Hampshire rights-of-way because
construction roads will be temporary and culverts or bridges on all stream
crossings will be removed upon completion of construction. Roadways will

be allowed to reseed.

Of the 32 miles of transmission right-of-way in Massachusetts, 29 miles
have existing access roads for operation and maintenance. Thus, new access
roads will be required on only three miles of right-of-way. All culverts
will be installed under the Massachusetts Inland Wetlands regulations and

" will be left in place after construction to maintain normal stream

drainage. Roadways will be allowed to reseed.

Maintenance will be‘performed with standard and special vehicles using
the roadway for access, thereby minimizing any effect on existing vege-

tation in the right-of-way.

Routine patrols will be done by helicopter. Minor maintenance associated
with conductors and structures will be performed by the best method
depending upon location in the right-of-way. Heavy equipment will not
need to traverse rights-of-way for many years assuming poles are kept

intact and properly treated at the ground line.

In New Hampshire rights-of-way wili be maintained by a combination of
selective cutting and spraying depending upon conditions.- Any swamp or
‘bog area will have selectivé cutting and no chemical treatment. Water
shed areas will be treated in the same manner. Stream banks will be
checked for height of growth. Any growth which will not interfere with
the reliability of the line will be left to stabilize the banks of the

streams. -

Brush control of rights—of-way is done in compliance with the Pesticide

Board of New Hampshire and will be done in the following manner:
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1. In those areas where chemical treatment is allowed a stump spray will

be applied soon after initial clearing is completed.

This consists of a chemical mixture of two gallons of Bromacil to
98 gallons of water and applied to hardwood stumps at the rate of

approximately 70 géllons_of mixed material per acre.

2. The second treatment is a selective foliage application which is
applied from four to six years after the stump spray. The selective
application involves the retention of desirable ground cover by

eliminating the tall growing plants.

This chemical mixture consists of 1 gallon of Picloram and 2-4-D to
99 gallons of water and applied at the rate of approximately 70 gallons

of mixed material per acre.

3. From this point on the chemical treatment is still a selective foliage
application and is required on a cycle which varies from six to ten
years between applications. The variation is due to the plant growth

within the right-of-way.
The mixture is the same as that used in the second application.

The right-of-way for the Massachusetts portion of Seabrook - Mass. Line
will be maintained by selective cutting and herbicide treatments in the

following manner:

1. A selective stump spray will be applied to the stumps of all hardwood
tree species during the dormant season after land clearing is completed.
A chemical treatment of three quarts of Dicamba and 99 gallons of fuel
0il at the rate of 70 gallons per acre will be applied to the stumps
in watershed areas. The Massachusetts Pesticide Board uses a ‘broad
interpretation of watershed; any land draining into a public water
reservoir if owned by the water supply agency or ndt. In non-watershed
areas, a chemical treatment of one gallon of Picloram and 2-4-5-T and

99 gallons fuel oil at the rate of 70 gallons per acre will be used.

BN
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2. The second treatment will be a selective basal application applied two
years after the first treatment. The chemical formulations and rate

of application will be the same as above.

3. The subsequent treatments will be selective basal appllcatlon on a
three to four-year cycle. The chemlcal formulations will be the same
as above or other materials and rates of application that may be
approved by the Massachusetts Pesticide Board. A shrub, conifer,

fern, grass and wildflower plant community will develop.

The results of the treatments discussed above for all lines will provide
beneficial nesting areas and food supply for wildlife. From experience on
existing 345 kv lines there are no expected environmental impacts from

any electrical effects associated with these lines.
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5,7 Other Ernvironmental Effects

The Applicant knows of no other potential effects which the plant may

have beyond those discussed in the previous sections of this chapter.

S.7-1




86




5.8 Resources Committed

Many of the decisions involved in the construction and operation of a
nuclear power plant may have potential environmental consequences, and
the necessity of foreseeing and minimizing any negative consequences 1is

recognized.

Terrestrial resources affected are the estimated 85 acres of mixed woodland
and the wildlife habitat which it provides. This resource impact should be
viewed in two distinct stages: the construction stage and the operating
stage. The major difference between these two stages is the total area

under impact during each.

Plant construction time is estimated to be about seventy-two (72) months
total of which about fifty-four (54) months will involve heavy construction.
Clearing for construction will involve the cutting and grading of approxi-
mately 85 acres of land. This alteration'represents the maximum land
commitment consisting of actual structure areas, switchyards, parking areas
and construction lay-down areas. In addition, construction procedures

may exert minor stresses beyond the immediate cleared area Such as atmos-
pheric pollution generated by exhaust from machinery and noise. These
potential impacts are much harder to quantify and their influence depends

greatly upon natural conditions as well as subjective judgment.

Specific botanical communities which will be disturbed in part by construction
are the upland oak-hickory, old field pine, upland hardwood-evergreen and
swamp hardwood communities. The plant types, location and spatial extent

of these botanical communities are shown in the report of Hodgdon and

Wicks entitled Botanical Survey of Seabrook Nuclear Project Site (Appendix A).
Seabrook Station structures and associated components are shown in Figure
3.1-1." An estimate of the approximate area of each affected botanical

community can be gained by comparison of the above reference figures.

The affected plant communities are not unique to the coastal region of

New Hampshire. The only recognized features of particular botanical
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interest on the site are an isolated clump of comparatively uncommon (for
Northern New England) herbaceous plants (Wild Coffee, Bush-Clover, Venus'
Looking-Glass and Wild Licorice) and an area characterized by Hodgdon and
Wicks (Appendix A) as a Hemlock Ravine. Neither of these two areas is

expected to be altered by construction.

The resident large mammals and birds in the affected area will be displaced.
It is possible that some lower forms of animal life such as reptiles,
amphibia, insects and annelids will survive the construction process but
because of their general lack of well developed motile powers many will
perish. No rare or endangered animals are known to be present and therefore .
this tenuous resource is not involved. Those animals displaced from the-
construction site may find suitable habitat in adjacent‘areas.‘ However,
it is possible that these immigrants will percipitate intraspecific
territorial competition or strain available food supplies resulting

indirectly in some mortalities distant from the cleared area.

Following completion of the construction stage some areas will be replanted
and in time will be restored to productivity. The selection of plant types
will bear in mind such considerations as esthetic appeal, ability to
provide suitable wildlife habitat, rapid growth characteristics, soil
retention qualities and compatibility with the surrounding vegetation

and salt environment. Naturally occurring noxious weeds will be

supplanted with types more acceptable.

The final long-term terrestrial effect will Be the loss of about forty acres
of the approximately 250 acre portion of the plant site above high tide.
Although some animal life within the affected area will be destroyed this

' resource is considered replenishable. Wildlife inventories of the site

reveal no threatened rare or endangered species.
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The construction of the power plant's circulating water system will involve
deep bedrock tunnels‘thereby eliminating the effect on living forms except
for the biota in the areas of the vertical riser shafts and diffuser system.
Two of the riser shafts will be on the site high ground and have been
considered above in the overall terrestrial commitment of resources. The
other riser shafts to the inlet and the diffuser system will be offshore and
will involve the commitment of about 1/2 acre of benthic environment during
construction and afterwards. Intensive benthic sampling within the

proposed area and in adjacent areas reveals that no rare or unique species
will be affected.

Construction will have an immediate disruptive impact on the benthic organisms
found along the intake and discharge structures. Although the resident and
migratory finfish and the motile epifauna could avoid.the construction impact,

the less motile benthic organisms found here will be displaced or destroyed

as a result of these operations. This should not result in any long-term

adverse effect to the ecology of the area providing adequate construction
methods are employed. These construction methods include safeguards to
prevent excessive turbidity. Benthic organisms living within the impacted
area are accustomed to frequent disruption and turbid conditions due to
storms. It is estimated that the benthic area permanent1y>oCcupied by
intake structure and diffuser system amount to less thanAl/Z acre.

The construction of storm drainage and a sewage plant outfall for use prior

to plant operation will require minor construction from the high-land to

‘the edge of Browns River. This marshland construction will temporarily

open one-half acre of marsh while concrete culverts are being placed. The
trench will be refilled and vegetation restored so that no long-term effect

of this phase of the work can be visualized.
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Section 5.1 (Effects of Operation of Heat Dissipation System) considered
the effect of thermal discharges on fish and marine invertebrates and
concluded that they would probably be negligible except in the immediate
vicinity of the discharge ports. From present knowledge, this should
not cause any significant or long-term changes in the distribution or
species composition of organisms in the Hampton-Seabrook estuary or
offshore area. It is possible that numbers of detritus and deposit-
feeding animals may increase in the immediate area of the discharge due

to availability of dead plankters that are killed in the cooling water.

Effects of entrainment were also discussed in Section 5.1. Because of
the relatively high delta T ( At) and the long entrainment time, it is
expected that entrainment will result in considerable mortality of
entrained plankton. Thé significance of this problem can be directly
related to the quantity and distribution of plankton in the waters

that serve as a source of cooling water for the plant and the extent to
which water exiting the discharge pipe is re-mixed with resident non-
entrained waters. It is our hypothesis; based on a review of the

literature and several months study, that:

1) the source of cooling water is large compared to the requirements
of the plant (see Section 2.5);

2) that the plankton within these waters is ubiquitously distributed
along the coastal waters of the Gulf of Maine;

3) that the numbers of plankton existing in the waters that will
serve as a source of cooling water for the plant are large
compared to the number that will be entrained in the plant;

4)  that there is adequate advective currents in the discharge area
to insure quick and complete mixing of the discharge waters; and

5) that this mixing of the waters will result in redistribution of

the plankton so no "unit' of discharged water will remain void
of living plankters for any long period of time.
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This hypothesis, complemented by a general knowledge of the reproductive
potential of holoplanktonic and meroplanktonic organisms leads us to
conclude that the entrainment of planktonic organisms at the Seabrook

Station would have no unreasonable ecological impact.

The probability of fish entrapment is primarily an engineering problem.
Proper design of the intake structure will minimize the number of fish
entering the intake tunnel. Experience with power plants in the area

has shown entrapment of fish to be a minor problem. A brief description
of these studies and their pertinence to the Seabrook Station is provided
in Section 5.1. Based on the existing knowledge of local fish populations
and intake design measures to mitigate entrapment it is unlikely that

long-term effects would be felt,

Although discharges of radioactive wastes and neutralized demineralized
regenerants wi11 take place, the concentration released will be monitored
.(see subsections 6.1.1.1 and 6.1.1.3) to insure that they do not exceed
regulatory agency standards. Compliance with these standards should

ensure that there would be no unreasonable effect on local organisms.

In summary, in evaluating possible long-term effects, we have been unable
to find significant evidence of either unfavorable or beneficial ecological
effects due to plant construction or operétion. Any changes brought

aBout will probably be damped out by those perturbations natural to the

environment.
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Supplement
October, 1975

ADDITIONAL INFORMATION NEEDED FROM APPLICANTS
FOLLOWING OPTION PROVIDED IN THE SEPTEMBER 4, 1975
AMENDMENT TO SECTION II.D. OF APPENDIX T

The folloWing question and answer information is presented to comply

with the request delineated in Enclosure 1.of a letter dafed September 12,
1975 from the Nuclear Regulatory Commission which specifies what addi-
tional information is needed from.applicants following the option
provided in the September 4, 1975, amendment to Section II.D of Appendix I
of 10 CFR Part 50, Code of Federal Regulations. For information and
reference, the above mentione& letter is attached at the end of this

appendix.

Question la.

For each building housing systems containing radioactive materials,
' provide a description of the provisions incorporated to reduce radio-
active releases (iodine and particulates) from the ventilation exhaust
- system.
Answer lé.
Buildings housing systems containing radioactive materials include:
1. Containment»Enclosure Area
2. Fuel Storage Building
3. Containment Structure
4. Primary Auxiiiary Building
5. Waste Processing Building

6. Turbine Building
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Containment Enclosure Area

During normal plant operation 27,335 cfm of ventilation exhaust éir

from this area is filtered through a HEPA/charcoal.filter train before
being discharged into the unit plant vent. This filter train system

is described in bSAR Section 9.4.2 and shown on PSAR Fig. 9.4-2. The,
HEPA/charcoal filter train consists of a roll filter, a medium efficiency
filter, a HEPA filter, charcoal guard bed and ‘an all welded adsorber

section containing a four inch deep charcoal bed.

During emergency plant conditions the area will be isolated from adjacent
areas and from the outside. It will be kepf at a negative pressure

of -0.25 in.W.G. by exhausting air from the area thréugh a HEPA/charcoal
filter train before being discharged into the unit plant vent. The filter
train system is described in PSAR Subsection 6.2.3.5 and shown on PSAR

Fig. 9;4—5. The HEPA/charcoal filter train consists of a moisture separator,
HEPA filter, an all welded adsorber section containing a four inch deep

charcoal bed and a second HEPA filter section.

Fuel Storage Building

During periods when irradiated fuel outside of a cask is being handled
the fuel storage building is isolated from adjacent areas and the outside.
except that 15,000 to 30,000 cfm of ventilation air is drawn from the PAB
ventilation supply air systemf The building is kept at a negative
pressure of -0.25 in.W.G. by modulating'the supply air dampers and by
operating one or two HEPA/charcoal filter trains. The filtered exhaust
air is then discharged into.the unit plant vent. The filter train

system is described in a‘PSAR Section 9.4.6. The HEPA/charcoal filter

train consists of a moisture separator, heater, HEPA filter, charcoal
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guard bed, an all welded adsorber section containing a four inch deep

charcoal bed and a second HEPA filter section.

Following a fuel handling accident the ventilation, clean up and exhaust
system operated identical to the way it does during fuel handling

except that only one exhaust filter train is operated.

During periods other than described above the building normal ventilation
system is operated. This system does not provide any exhaust air filtra-

tion. The exhaust air is, however, discharged to the unit plant vent.

Containment Structure

During normal plant operation the containment environment can be recir-
culated through a clean up HEPA/charcoal filter train at the rate of 4000 cfm.
The filter train is described in PSAR Subsection 6.2l3.3 and shown on

PSAR Fig. 9.4-5. The HEPA/charcoal filter train consist of a prefilter,

a HEPA filter and a tréy type adsorber section containing a two inch deep

charcoal bed.

After reactor shutdown and prior to personnel entry into the containment,
-a containment purge system will be operated with a HEPA/charcoal filter
train in the exhaust system prior to the exhaust air being discha?ged to
the plant unit vent. This purge system will purge at the rate of 15,000
cfm. The purge system with the filter train unit is.descriBed in PSAR
Subsection 6.2.3.2 and shown on PSAR Fig 9.4-2. The HEPA/charcoal filter
train consists of a‘prefilter, a HEPA filter and an ali welded adsorber

section containing a four inch deep. charcoal bed.
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Primary Auxiliary Building

The PAB has a ventilation air flow pattern which draws air from areas
with low radioactivity into areas of high radioactivity. These areas
of higher radioactivity are exhausted through a HEPA/charcoal clean up
filter train at the rate of 14,425 cfm prior to it being exhausted to
the unit plant vent. This filter train also collects the 27,335 cfm from
the\Containment Enclosure Area described above and operated continuously
at 41,760 cfm during all normal plant operation. The filter train is’
described in PSAR Section 9.4.2 'and is shown in PSAR Fig. 9.4-2. The
HEPA/charcoal filter train consists of a toll filter, a medium efficiency
filter, é HEPA filter, a charcoal guard bed and an all welded adsorber

section with a four inch deep charcoal bed.

Waste Processing Building

The Waste Processing Building has no provisions to reduce radioactive
releases from the exhaust ventilation system, however, the exhaust air

is discharged to the unit plant vent.

Turbine Building

The turbine Building ventilation system is a non-ducted system. The
ventilation air enters at the lower floor elevations and circulates up
through the upper floor.elévations via floor grating and openings. Tﬁe '
ﬁentilators air is then exhausted io the atmosphere through power fodf
ventilation located on the turbine building and heater bay. There are
no provisions to reduce radioactive releases from the turbine.exhaust

ventilation system. The ventilation system is described in PSAR Section 9.4.4.
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ggestion 1b.

For each building housing systems confaining radioactive materials,
provide the locatioh, height of release, inside dimensions of release
point exit, effluent temperature and exit velocity.

Answer 1b.

All of the exhaust air from the buildings housing systems_coﬂtaining
radioactive materials discussed in the response to Question la above,
except for the turbine building exhaust, are‘discharged'through the
plant unit vents. The plant unit vents are heavy gauge steel exhaust
stacks up the side of the outer containment shell. They follow the con-
tour of the containment dome and when they reach the top they have an
elbow looking up. The elevation of the release point is about elevation
208 feet above MSL. The inside dimensions.of the vent on Unit 1 is

6 feet by 9 feet and on Unit 2 it is 5 feet by 7 feet 6 inches. The
release temperatures will be above 100°F on a design summer day ana about

50°F on a design winter day.

Quantities of flow and exit velocities will be as tabulated below:

Building Areas  Flows in Cubic Feet Per Minute

Fuel Hand. Fuel Hand.
Unit 1 Normal Max. - Min.
Containment Enclosure 27,335 27,335 0
Fuel Storage Building 33,000 ' 30,000 15,000
Containment Structure ‘ - 40,000 . 0
PAB (Radioactive Areas) 14,425 14,425 0
Waste Processing Building 110,840 110,840 110,840
PAB (Clean Area) 46,800 46,800 46,800
TOTAL 232,400 269,400 172,640
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Building Areas Flows in Cubic Feet Per Minute
Fuel Hand. Fuel Hand.
Unit 2. "~ Normal Max. Min.
Same as Unit 1 less WPB 121,560 158,560 61,800

Exit Velocities

Unit 1

Normal ' 4500 fpm
Fuel Handing, Max. 5300 fpm
Fuel Handing, Min, 3500 fpm
Unit 2

Normal ' . 3300 fpm
Fuel Handling, Max. 4600 fpm
Fuel Handling, Min. ‘ 1800 fpm

There are ten turbine building exhaust ventilators located on the turbine
building roof, and ten heater bay exhaust ventilators located on the

heater bay roof.

Each turbine building ventilator has a maximum flow rate of 54,000 cfm,
with a maximum exit velocity of exhaust of 2634 feet per minute. .The
turbine building ventilators are situated 129 feet 6 inches above ground

level, and each has a 62 inch inside diameter.

Each heater bay ventilator has a maximum flow rate of 44,000 cfm with a
‘maximum exit velocity of exhaust of 2750 feet per minute., The heater
bay roof ventilators are situated 76 feet 2 inches above ground level,

and each has a 56 inch inside diameter.
The release temperature will range from about S0°F to 175°F.

Question lc.
' For the containment building indicate the expected purge and venting
frequencies and duration, and continuous purge rate (if used).

5.A-6
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Answer lc.

The reactor containment building is assumed to be purged four tiﬁes
a year. Two purges are considered to result from cold shutdowns for
annual fuel loadihg and planned maintenance. The remaining two shut-
downs are considered to occur while the reactor is in a hot standby
condition to allow maintenance requiring access to the containment.

There are no plans at the present time for continuous purge.

Question 2.
For a pressurized'water reactor having recirculating U-tube steam generators
and employing all volatile treatment (AVT) to main secondary coolant

chemistry, provide the following information:

Question 2a.

Expected blowdown rate (1lb.hr) and method of processing blowdown.

Answer 2a.

See Section 10.4.8, Steaﬁ Generator Blowdown System of the Seabrook Station

PSAR (amendment 35).

ggestion 2b.

Number and type of condensate demineralizers (if applicable) and flow

rate of condensate through polishing demineralizers (1b/hr.).

Answer 2b.

Not applicable. Seabrook will not utilize condensate demineralizers.

Question Zc.
Expected frequency of resin regeneration or replacement, volumes and

and radioactivity of regenerant and rinse solutions, sluice water,
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or backwash water -per batch of resin regenerated or replaced.

Answer 2c.

Not applicable to the Seabrook Station design.

Question 2d.
" Method of collection, processing and disposal of liquid wastes,

including decontamination factors assumed for process operations.

Answer 2d.
See Seabrook Station PSAR Section 11.2, Liquid Waste System, for method
of collection, processing, and disposal of liquid wastes and decontamination

factors assumed.

guestion 2e.

P§ID's and process flow diagrams for the steam generator blowdown

system and condensate polishing system.

Answer 2e.

See Seabrook Station PSAR Figure 10.4-9, (amendment 35)..

Question 3

Provide a map showing the detailed topographical features.(as modified

by the plant) on a large scale within a 10-miie radius of the plant and:

a plot of the maximum topographic elevation versus distance from the center
of the plant in each of the sixteen 22-1/2 degree cardinal compass péint
sectors (centered on true north), radiating from the center of the plant,

to a distance of 10 miles.
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Answer 3

Figure 5.A-1 is a map showing the detailed topographical features of
the site area within 10 miles of the plant. Figures 5.A-2 (a throughvf)
plot the maximum topographic elevation versus distance from the center

of the plant in each of the sixteen principle compass directions.

Question 4

Provide representative annual and, if available, monthly summaries of
wind speed and direction by atmospheric stability class, in joint

frequency form from onsite data. If availabie, describe airflow tra-
jectory regimes of importance in transporting effluents to a distance

of 5 miles from the plant, including airflow reversals.

Answer 4

Monthly, seasonal, andvannual joint frequency distributions of wind speed
and wind direction by delta T stability class from onsite data have been
provided for. the period December 1972 through November 1973 in a report
.entitled ""Seabrook Station.Méteorological.Data Supplement (February 1974j".
This information was sppplied in response to Question 2.25 of the Seébrook

PSAR (amendment 7).

Question 5
Tabulate, for each compass point sector radiating from the center of the
plant, the location of the nearest existing milk producing animals (cows

and goats) within 5 miles of the site.

Answer 5

The following table indicated the location of the nearest cows and goats

5.A-9
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Sector
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of 5 miles.

Nearest Goats
(miles)
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Public Service Company of New Hampsire 2

Such realistic staff models have been developed, and Enclosurc 2 reflects
the information we believe you should provide in order to use these
-models in the cost-benefit analysis of the radwaste system of your
facilities. We recognize that because of difficulty in obtaining data

it may not be practical in all cases to perform the most realistic dose
calculation that is technically achievable. Therefore, if you choose

to carry out the cost-benefit analysis and to provide site specific

data in less detail than requested in Enclosure 2, it will be necessary
to use a less complex calculational procedure comparable 1in conservatism
to that used in the past, to demonstrate compliance with the Appendix I
guidelines. Thus, the depth and scope of the information you wish to
provide will dictate the calculationai procedures to be used to demon-
strate compliance with the Appendix I design objectives, but the in-
formation provided should, as a minimum, be sufficient to support the
analyses used in your assessments. In any event, the calculatibnal
procedures utilized to demonstrate compliance with Appendix I and the
data to be used in those models must be such that the actual exposure of
an individual is unlikely to be substantially underestimated.

If the information requested in Enclosures 1 or 2 has been provided
by you in material which you already have submitted or if the infor-
mation has been provided for another docket file, references as to
where the requested information can be found will be sufficient.

Delays in the review process will be minimized, if you submit a complete
- response to this letter by October 13, 1975. To further assure that the
stafv has sufficient information to perform its analyses, it may be
necessary for members of our respective staffs to mect. Arrangements
for such a meeting will be made subsequent to our review of your
responses. To aid in our scheduling, please inform us within seven

days aiter the receipt of this letter of the date you will be able to
provide the requested information.

Your reply should consist of three signed originals and 197 additional
copies as a sequentially numbered supplement to your environmental
report (ER). If the information provided in the ER changes the de-
scriation of systems or designs previously described in your PSAR an
eppropriate amendment of the PSAR should also be submitted.
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The reporting requirements and the application requirements centained
in Appendix I of 10 CFR Part 50 have been approved by the U.S.

General Accounting Office under clearance number B-180225 (920071).
This clearance expires June 30, 1978.

S1ncere]y,

Daniel R. Muller, Assistant Director
for Environmental Projects
Division of Reactor Licensing

Enclosures:

1) Additional Information needed
to comply with 9/4/75 Amendment
to Appendix I

2) Additional Information needed
to comply with Section II.D.
of Appendix 1 issued 5/5/75

cc: (see attached 1ist)




cc:

Mr. Bruce B. Beclkley, Project Manager
Public Service Company of New Hampshire
1000 Elm Street

Manchester, New Hampshire 03105

Mr. John Haseltine, Project Manager
Yankee Atomic Electric Company

20 Turnpike Road

Westboro, llassachusetts 01581

Robert H. Wood, Esquire

General Counsel

Public Service Company of New
Hampshire

1000 Elm Street

Manchester, New Hanpshire 03105

John A. Ritsher, Esquire
Ropes and Gray _
225 Franklin Street
Boston, Massachusetts

Mr. Arthur M. Sheppard, Project
Manager

Yankee Atomic Electric Company

20 Turnpike Road '

Westboro, Massachusetts 05181

Donald W. Stever, Jr., Esquire
Assistant Attorney General
Office of the Attorney General
State llouse Annex, Room 208
Concord, New Hampshire 03301

Robert A. Backus, Esq.

Devine, Millimet, Stahl & Branch
1838 Elm Street

Manchester, Yew Hampshire 03105

Ms. Elizabeth H. Weinhold
Bradstreet Rogd :
Hampton, New Hampshire 03842

Anthony Z. Roisman, Esquire
Berlin, Roisman & Kessler
1712 N Street, N. U.
Washington, D. C. 20036

Norman Ross, Esquire
30 Francis Street
Brookline, Massachusetts 02146

Mr. Warren B. Rudman
Attorney General

State House Annex, Room 208
Concord, New Hampshire 03301

Seacoast Anti-Pollution League
Box 134
Hampton Falls, New Hampshire 03844

Ellyn R. Veiss
Deputy Assistant Attorney General
Environmental Protection Division

131 Tremont Street
- Boston, Massachusetts 02111

Mr. Tudor Richards

Executive Director

Audubon Society of New
He=mpshire

3 Silk Farm Road

Concord, New Hampshire 03301

Mr. Paul 0. Bofinger"

Chief Forester

Society for the Protection of
New Hampshire Forests

86 Mountain Road

Concord, New Hampshire 03301

Mr. George Gilman, Commissioner

Dept. of Resources & Economic
Division ' '

P. 0. Box 856

State House Annex

. Concord, New Hampshire 03301




ENCLOSURE 1

ADDITIONAL INFORMATION NEEDED FROM APPLICANTS FOLLOWING
OPTION PROVIDED IN THE SEPTEMBER 4, 1975, AMENDMENT
TO SECTION II.D. OF APPENDIX I

For each building housing systems containing radioactive materials:

a. Provide a description of the provisions incorporated to reduce
radioactive releases (iodine and particulates) from ventilation
exhaust systems.

b. Provide the Tocation, height of release, inside dimensions of
release point exit, effluent temperature and exit velocity.

c. For the containment building indicate thebexpected purge and

venting frequencies and duration, and the continuous purge rate
(if used).

For a pressurized water reactor having recirculating U-tube steam
generators and employing all volatile treatment (AVT) to main-
secondary coolant chemistry, provide the following information:

a. Expected blowdown rate (1b/hr) and method of processing blowdown.

b. Number and type of condensate demineralizers (if applicable) and
flow rate of condensate through pclishing demineralizers (1b/hr).

c. Expected frequency of resin regeneration or replacement, volumes
and radiocactivity of regenerant and rinse solutions, sluice water,
or backwash water per batch of resin regenerated or replaced.

d. Method of collection, processing and disposal of liquid wastes,
including decontamination factors assumed for process operations.

e. P&ID's and process f1bw diagrams for the steam generator blowdown
system and condensate polishing system.

Provide a map showing the detailed topographical features (as medified
by the plant) on a large scale within a 10-mile radius of the plant
and a plot of the maximum topographic elevation versus distance from
the center of the plant in each of the sixteen 22-1/2 degree cardinal
compass point sectors {centered on true north), radiating from the
center of the plant, to a distance of 10 miles.




4. Provide representative annual and, if available, monthly summaries of
wind speed and direction by atmospheric stability class, in joint
frequency forin from onsite data. If available, describe airflow
trajectory regimes of importance in transporting effluents to a
distance of 5 miles from the plant, including airflow reversals,

5. Tabulate, for each compass point sector radiating from the center of
~ the plant, the location of the nearest existing milk producing
animals (cows and goats) within 5 miles of the site.

NOTE: If you choose to provide site specific data in less detail than
‘requested above, it will be necessary to use a less complex calculational
procedure comparable in conservatism to that used in the past, to .
demonstrate compliance with the Appendix I guidelines. Thus, the depth

and scope of the information you wish to provide will dictate the calcula-
tional procedures to be used to demonstrate compliance with the Appendix I
design objectives, but the information provided should, as a minimum, be
sufficient to support the analyses used in your assessments. In any

event, the calculational procedures utilized to demonstrate compliance with
Appendix I and ‘the data to be used in those models must be such that the

actual exposure of an individual is unlikely to be substantially underesti-
- mated.




ENCLOSURE 2

ADDITIONAL INFORMATION NEEDED TO COMPLY
WITH SECTION II.D OF APPENDIX I ISSUED MAY 5, 1975

General: Predictive models are necessary in estimating the concentrations
of radionuclide effluents in pathways to man and their resultant doses.

For the purpose of implementing the requirements of Appendix I, models

are ciassified into two categories: those that estimate physical effects
using simplifying, conservative assumptions, and those that are state-of-
the-art atteimpts at realistically modeling physical effects. Prediction

of the transport of radioactive effluents may require the use of one or
both categories of models, each applicable under different situations and
for different regions of the environment. A discussion of the rationale
for model choice, the range of applicability of the models utilized, the
methods used in model calibration and verification, and the input data
selected for prediction should be provided as indicated below. The follow-
ing request for information is generic in nature and may not be uniformly
applicable to all sites and models utilized. The information provided should
be sufficient to support the analysis to be used in your Appendix I assess-
ments. Uhere the requested information has been previously provided in
either the ER or SAR, provide a specific cross reference thereto. The
projected plant operating life should be assumed to be 30 years.

A. dero]ogx

1. Provide quantitative water-use diagrams for the plant showing
maximum and monthly average flow rates to and from the various
plant water systems (heat dissipation system, sanitary system,
radwaste and chemical waste systems, process water system, etc.)
in support of 1iquid radionuclide release rate and concentration
estimates,

2. Provide the maximum and monthly average consumptive use of
water by the plant. Include consideration of maximum and
minimum power operation and temporary shut down.

3. Provide estimated monthly average release rates (flow volume
and concentration) for liquid radionuclide effluents,

4. Provide a dctai]ed'déscription-of the liquid discharge structure.
Identify any institutional restrictions (State or local) on releases.

5. Identify the location, nature, and amounts of present and projected

' (over plant life) surface water uses (e.g., water supply, irriga-
tion, reservoirs, fisheries, recreation) within 50 miles of the:
plant where detectable amounts of radicactivity from plant liquid
effluents may be expected to affect such use. (See question 6
also.) The bases for estimating present and projected water use
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must be provided and the users located on maps of legible scale.
Provide a tabu]at1on of the following specific 1nformat1on for
water users.

a. Map identification key;

b. Radial and water route distance from the p]ant to the
intake and discharge;

¢c. Withdrawal and return rates in cfs or gpm- for present
and projected monthly use;

d. Type of water use {(e.g., municipal, industrial, irrigation);
e. Source and projection dates of water use estimates.

The ambient flow field of the water body affected by plant liquid
radionuclide effluents must be described out to a radius of 50
miles. Expected seasonal and other temporal variations of
important parameters (e.g., flows, currents, tides) should be
described. At all points that could be affected by detectable
amounts of radioactivity from plant liquid effluents where water
is used, or where there are important changes in flow parameters,
the following information should be provided for both present

and projected conditions.

a. For rivers, provide monthly average flows, velocities, and
water levels. In the case of large lake and coastal sites,
provide estimates of the persistence and frequency d1str1bu—
tion of current magnitude and d1rect1on,

b. Ba@hymetry and shoreline geometry;
c. Bases .and sources for data and estimates.

Describe the ambient flow conditions at, and downstream of the
plant, for both present and projected upstream use. The area
of consideration is not limited to 50 miles, but must refiect
all important upstream processes that may affect the ambient
flow. Provide information similar to that requested in 5 and
6 above for the points of significant effect.

Provide estimates of radionuclide concentrations and travel times
at use locations identified in 5, above annually and for the time
periods used to identify water use, flow fields and release rates.
Describe the transport model(s) used, input data and parameters,
sources of data and parameters, techniques and results of both
laboratory and field calibration and verification studies, and
the results of sensitivity analyses.
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Provide the following information from the onsite
meteorological program:

~a. Monthly and annual wind speed and direction data, in

joint frequency form, at all heights of measurement representa-
tive of wind characteristics for points of effluent release to,
and transport within, the atmosphere.

b. Monthly and annual joint frequencies of wind direction and
speed by atmospheric stability class at heignts and intervals
relevant to atmospheric transport of effluents.

c. Total precipitation by month, number of hours with precipita-
tion, rainfall rate distributions and monthly precipitation
wind roses.

Note: The information, based on onsite meteorological measurements,
should include at least one annual cycle of data collection from
the onsite program. The information should be fully documented
and substantiated as to the validity of its representation of
expected long term conditions at and near the site.

Provide the following information, concerning regional meteoro-
logical conditions characterizing atmospheric transport processes
within 50 miles of the plant, for as many relevant stations as

practicable or necessary to define these transport processes
within the region: :

a. Wind speed and direction data at all heights(s) at which
wind characteristic-data are applicable or have been
measuvred;

b. Atmospheric stability data as defined by vertical temperature
gradient or other well-documented parameters that have been
substantiated by -diffusion test data;

.c. Monthly mixing height data; and

“d. Total precipifation by month, number of hours with precipita-

tion, rainfall rate distributions and monthly precipitation
wind roses.

e. Describe airflow trajectory regimes of importance in

transporting effluents to a distance of 50 miles from
.the plant, including airflow reversals.

Note: The regional meteorological information provided should
be based on at least.a one-year period of record and should be
concurrent for each station with the period of onsite data
collection. Both onsite and regional metcorological data should
be presented for each hour, and if possible also be available

on magnetic tapes to expedite the staff review. Sources of




meteorological information, in addition to the onsite program
could include available National Weather Service (NWS) stations
and other well-maintained and well-exposed (e.g. other nuclear

plants, university, private meteorological programs) meteorological
facilities.

Provide the following topographical information:

~a. A map showing the detailed topographic features (as

modified by the plant) on a large scale within a S5-mile radius
of the plant, and a smaller scale map showing topography within
a 50-mile radius of the plant. ' '

b. A plot of the maximum topograpnic elevation versus
distance from the center of the plant in each of the sixteen
22-1/2 degree cardinal compass point sectors (centered on
true north, etc.), radiating from the center of the plant, to a
distance of 50 miles.

Provide the following information concerning meteorological data:

a. The identity of the sources of meteorological data used in
the atmospheric transport models to assess the dispersion of
gaseous effluents from the plant to a distance of 50 miles, and
a description of the locations and elevations of all observations
and the frequency and duration of the measurements made at
each station.

b. A description of the onsite pre-operational and operational
meteorological programs including the instruments, performance
specifications, calibration and maintenance procedures, data
output and recording systems and locations, and data analysis
procedures. A

c. A detailed description of any models(s) to derive estimates
of basic meteorolegical parameters, such as atmospheric ~
stability, and information concerning the validity and accuracy
of the model(s).

Provide the following ‘information concerning concentration evaluations:

a. Estimates of relative concentrations (X/Q) and or deposition
(D/Q) at points of potential maximum concentration outside the
site boundary, at points estimated maximum individual exposurc,
and at points within a radial grid of sixteen 22-1/2 degree
sectors (centered on true north, etc.) and extending to a distance
of 50 miles from the plant. A set of data points should be-
located within each sector at increments of .25 mile to a
distance of 1 mile, at increments of .5 mile from a distance
of 1 to 5 miles, at increments of 2.5 miles from a distance

of 5 to 10 miles, and at increments of 5 miles thereafter to
a distance of 50 piles.
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b. Estimates of X/Q for noble gas effluents and, if applicable,
X/Q depleted by deposition and D/Q for iodine effluents at
each of these grid points, as well as averages of these
X/Q and/or D/Q values between all adjacent grid points along

~the radials.

c. A detailed description of the model(s) and the model
assumption(s) used to determine the air concentrations and/or
deposition, and information concerning the validity and

accuracy of the model(s) and assumptions, and the identity of the
meteorological data used.

Radiological Dose Assessment

1. If there is a priori knowledge that the current 50 mile population
age distribution may be significantly different from the U.S.
population distribution, then furnish the current age d1str1but1ow
of the 50 mile population (e.g., 0-12, 12-18, >18).

2. Provide in tabular form, the d1stances from the centerline
of the first operat1ona1 reactor for each of the sixteen
sectors described in Section 2.1.3 of R.G. 4. 2, Rev. 1, to
the nearest vegetable garden (greater than 500 ft2) out to
a distance of 5 miles.

3. Tabulate, for each compass point sector radiating from the center
of the plant, the location of the nearest existing milk producing
animals (cows and goats) within 5 miles of the site. .

4. Provide data on annual meat (kg/yr), milk (liters/yr) and
truck farming production (kg/yr) and distribution within a
50 mile radius from the reactor. .Provide the data by sectors
in the same manner indicated in Sections 2.1.3.1 and 2.1.3.2
of R.G. 4.2, Rev. 1.

5. Furnish information on type, quantity and yield (kg/m?) of
Crops grown.

6. Provide information on grazing season (give dates), feeding
regimes for cattle (such as grazing practices, green chop
feeding, corn & grass sileage feeding and hay feeding) pasture
grass density (kg/m?) and yield .statistics (kg/m2) for harvested
forage crops for beef and dairy cattle feeding.

7. Determine and indicate in tabular format the present and projected
comnercial fish and shellfish catch (in 1bs/yr) from contiguous
waters within 50 miles of the plant discharge. Report the catch
by total landings and by principal species, indicating the re-

" lative amounts used as human food. Indicate the location of
principal fishing areas and ports of landing associated with these
contiguous waters and relate these locations to harvest by specics.
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Indicate the relative amounts consumed locally. Determine and
tabulate the present and projected recreational fish and shell-
fish harvest from thésc waters in the same format, also in-
dicating principal fishing areas and their yield by species.

As above, indicate the relative amounts consumed locally. In-
clude any harvest and use of seaweed, other aquatic life, or
any vegetation used as human food from these waters. Identify
and describe any fish farms or similar aquatic activity within
the 50-mile area utilizing water that may reasonably be affected
by the power plant discharge. Indicate the species and pro-
duction from each of these facilities and indicate the relative
amounts consumed locally. '

8. Identify any additioha1 exposure pathways specific to the region
around the site which could contribute. 10% or more to either
individual or population doses.

9. Annual Population Doses - Calculate, using the information
provided in response to questions 1-8 above and any other
necessary supporting data, the annual total-body man-rem and
the annual man thyroid-rem to the population expected to reside
in the 50 mile region at the midpoint of plant operation as well
as the annual total body man-rem and the annual man thyroid-rem
received by the U.S. population at the same time from all 1liquid
and gaseous exposure pathways. Provide as an appendix to your
response a description of the models and assumptions used in
these calculations. ' :

Effluent Treatment Systems

- The following information should be consistent with the contents of
the Safety Analysis Report (SAR) and Enviromnmental Report (ER) for
the proposed reactor. However, based on more recent operatling data
the staff has modified the calculational models previously used in
the evaluation of radwaste treatment and effluent control systems.
These modifications to models may result in an increase in the
expected relecases of radioactive materials in effluents parti-
cularly with respect to gaseous releases. In addition, the gascous
source terms now contain values for carbon-14, tritium, argon-41

and particulates not previously considered in our evaluation.
Appropriate sections of the SAR and ER containing more detailed
discussions of the required information should be referenced follow-
ing each response. Each response, however, should be independent of
the ER and SAR. This information constitutes the basic data required
in performing a cost-benefit analysis for radwaste systems. All
responses should be on a per-reactor basis.
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Provide detailed cost estimate sheets, similar to attachments

A and B, listing all parameters (and their bases) used in
determining capital, operating, and maintenance costs associated
with all augments considered in the cost-benefit analysis. All
costs should be stated in terms of 1975 dollars.

Provide the cost of borrowed money used in the cost analysis and’
the method of arriving at this cost.

Describe the methods and parameters used in the cost-benefit
analysis and provide bases for all parameters. Include the

.following information:

a. Decontamination factors assigned to each augment and
fraction of "on-line" time assumed, i.e., hours per year
used.

b. Parameters and method used to determine the. Indirect Cost
Factor and the Capital Recovery Factor.

Ventilation and Exhaust Systems

For each building housing systems that contain radioactive materials,
the BHR turbine gland seal exhaust and mechanical vacuum pump, the
steam generator blowdown system vent exhaust (PHR), and the main
condenser air removal system (PWR), provide the following:

a. Ventilation system flow rates and provisions incorporatéd to
reduce radioactivity releases through the ventilation or
exhaust systems. :

b. Decontamination factors assumed and the bases (include
charcoal absorbers, HEPA filters, mechanical "devices).

c. Release rates for radioiodine, noble gases, and radioactive
particulates (Ci/yr),Aand the bases.

d. Release points to the environment including location, height
of release, inside dimension of release point exit, effluent
temperature, and exit velocity.

e. For the containment building, provide the building free
volume (ft3) and a thorough description of the internal
recirculation system (if provided) including the recirculation
rate, charcoal bed depth, operatirg time assumed, and mixing
efficiency. Indicate the expected purge and venting frequen-
cies and duration, and continuous purge rate (if used).

f. If HEPA filters are used downstream of pressurized storage
tanks provide the decontamination factor used in your
evaluation.
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Pressurized Water Reactor Blowdown System

For a pressurized water reactor having recirculating U-tube steam
generators and employing all volatile treatment (AVT) to main
secondary coolant chemistry, provide the following information:

a. Expected blowdown rate (1b/hr) and méthod of processing blowdown.

b.. Number and type of condensate demineralizers (if applicable) and

flow rate of condensate through polishing demineralizers (1b/hr).

c. Expected frequency of resin regeneration or replacement, volumes
and radioactivity of regenerant and rinse solutions, sluice water,
or backwash water per batch of resin regenerated or replaced.

d. Method of collection, processing and disposal of liquid wastes,
including decontamination factors assumed for process operations.

e. P&ID's and process flow diagrams for the steam generator blowdown
system and condensate polishing system.




ATTACHMENT A

TOTAL_DIRECT COST ESTIMATE SHEET

Description of Augment

DIRECT COST (1975 $000)

ITEM

LABOR ’ EQUIPHENT/MATERIALS TOTAL

BASIS FOR COST ESTIMATE

1. Process Equipment

2. Building Assignment

3. Associated Piping Systems

4. Instrumentation & Controls

5. Electrical Service

“16. Spare Parts

SUBTOTAL

7. Contingency

8. TOTAL DIRECT COSTS




Description of Augment

ATTACHMENT B
ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET

COST {1975 $000)

ITEM

BASIS FOR COST ESTIMATE

Operating Labor,
Supervisory and
Overhead

'LABOR A . OTHER ' TOTAL

Maintenance Material
and Labor

Consumables, Chem1cais
> and Supplies

Utilities & Services
. Waste Disposal
Water
Stean
Electricity
Building Services
Other

TOTAL O & M AuHUAL COST
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6 EFFLUENT AND ENVIRONMENTAL
MEASUREMENTS AND MONITORING PROGRAMS

6.1 Applicant's Pre-Operational Environmental Programs

6.1.1 Surface Waters
6.1.1.1 Physical and Chemical Parameters

This subsection is divided into separate treatment of Hampton Harbor

estuarine waters and offshore oceanic waters.
6.1.1.1.1 Hampton Harbor Estuarine Waters

Initial studies of the physical and chemical pafameters of the Hampton Harbor
estuary were started in 1968 with respect to the original Seabrook Sfation
Nuclear Project. .Studies of these parameters have been completed. No further
extended effort is contemplated.due to the fact that the plant cooling water
system is different for the present Seabrook Station proposal. Since it _-
is no longer proposed to take from or discharge cooling water to the estuary,
and because the intake and discharge tunnels will be about 200 feet beneath

mean sea level, no direct influence will be imposed upon the estuary.
-Estuarine Temperature and Salinity Surveys - Normandeau Associates, Inc.

During 1969, Normandeau Associates, Inc. performed a survey designed to
determine normal temperature and salinity variations for the Hampton Harbor
estuary and to present the normal .daily and seasonal fluctuations of these
parameters (Reference 1). Temperature and salinity readings were taken at
regular stations within the estuary from mid July to early November 1969.
Aithough the survey did not continue year round, it did give a comprehensive
picture of temperature and sélinity variations for a period of approximately

four months.

Rustrak temperature recorders, readings from certified, precision grade,

mercury thermometers, and portable Yellow Springs Telethermometers
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were utilized in the temperature survey. Salinity measurements were made
‘with a portable Beckman Salinometer. Rustrak recorders, installed at the
Hampton Harbor Bridge and at the Hampton River Boat Club, provided a
continuous record of temperature fluctuation at these two locations. Both
surface and bottom temperatures were recorded at the Hampton Harbor Bridge
while the instrument at the Boat Club, recorded water temperature at a depth .

slightly below extreme low water spring tide.

Temperature and‘salinity profiles were taken at in-harbor stations on
July 18, 22, 23, 29, 31, 1969 and August 6, 8, 25, 27, 29, 1969 (Figure
2.5-7). Readings taken during August were limited to Stations H-1,

C-8, B-11, and A-11. Profiles were derived by taking temperature and
salinity readings from surface to bottom using a Yellow Springs Tele-
thermometer and a Beckman Salinometer. Ordinarily, profiles were made on
the flooding tide one week and the ebbing tide the following week. On
August 29, however, temperature and salinity readings were taken at

Stations H-1, C-8, B-11, and A-11 over a complete tidal cycle.

During 1970 surface and bottom temperature readings were taken routinely
at each plankton station (Figure 2.5-8) by means of a Beckman Model 7
Salinometer, which was periodically calibrated against precision grade

mercury thermometers.

Summer temperature data of surface and bottom waters during ebb and flood
tides for selected stations were graphically plotted. These graphs were N
used to determine temperature/tide/time relationships within and outside

of the estuary.

Hydrological Surveys - Ebasco Services, Inc.

During 1969, Ebasco Services, Inc. performed a study to determine the flush-
ing characteristics of the estuary (Reference 2). The results are given in
Section 2.5.

The field study program included a bathymetric survey of Hampton Harbor,

a current meter monitoring program at Hampton Harbor Bridge, a tracer '

release monitoring program in the harbor, installation of recording tide
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gages at the Hampton Harbor Bridge and at the Hampton River Boat Club, and

a current velocity measurement study in the Browns River. The procedures

for the field studies were specified by'Ebasco Services with the consultation
of Dr. J. H. Carpenter, Research Scientist from the Johns Hopkins University.
- Interpretation and analysis of the data collected in the studies were

carried out by Ebasco and Dr. Carpenter. Actual field work was conducted

by Webster-Martin, Inc. of Burlington, Vermont, and McKenna Associates of

Portsmouth, New Hampshire.

Two independent methods were utilized to determine the volume of the tidal
prism in Hampton Harbor and its tributaries. The first method involved a
volumetric determination, based on bathymetric survey data and tide gage
recordings. The second method involved the correlation of tide gage
readings, cross sectional area through the Hampton‘Harbor Inlet and
current velocities measured by recording current meters placed in the

harbor inlet.

Two recording tide gages were established in the estuary, one mounted on
a centfai pier of the bridge which crosses the Hampton Harbor Inlet and
the other mountéd on a dock at the Hampton River Boat Club, abouf 2-1/2
miles upstream from the bridge. The gages were standard Julian P. Friez
water stage recorders of the type used by the USGS. They were equipped
Qith continuous recorder charts driven by a épringwound mechanism. Both
gages were installed over 18-inch diameter corrugated metal pipes which
acted as stillwells and helped to dampen short period water surface

oscillations.

The gage at the bridge was installed on December 22, 1968 and‘operated
continuouslyvuntil November 7, 1969. The gage at the Hampton River Boat
Club was installed on January 22, 1969 and operated continuously until
September 16, 1969. Level lines were run into each gage location and
bench marks established so that.gages could be referenced to mean sea

level.
A survey of the harbor bottom and the harbor inlet was made by traversing
on predetermined lines with a fathometer and relating water depth to.

“water levels recorded by the tide gages. Depths were measured and recorded
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with a fathometer which has an accﬁracy tolerance of plus or minus 6 inches.
Survey information is summarized on Figure 2.5-2 which is a plan of the

bottom contours of the harbor area, referenced to mean sea level.

>Recording directional current meters were used to help estimate the volume
of tidal flow through the Hampton Harbor Inlet. Tﬂree different current
velocity studies were performed: one in December 1968, one in.January 1969,
and one in July 1969. In the first two studies, meters were moored

‘east of the bridge foundations in water of sufficient depth at low tide.

A cross sectionAof the channel configuration and the numerical designation
of the locations where the current meters were installed is shown on

Figure 2.5-6. Two current meters were used during each study. In locations
1 and 2, the two deepest sections, the meters were installed in a verticél
string, with the upper meter location about 6 feet below the water surface
at mean low water and the lower meter located about 6 feet above the

bottom asAshown on Figure 6.1-1. At locations 3, 4, 5 and 6 one meter

was moored in each section at a point 6/10 of the water depth below the

mean low water surféce. During the December study one flood tide and two
ebb tide periods were monitored in each of the six locations. In the
January study three flood and three ebb tides were monitored in locationllg
one flood and one ebb tide in locations 2 and 4, and two floods and one ebb
in locations 5 and 6. Due to a malfunction of one of the meters, no data
were collected in locations 4 and 6 and no deep readings were obtained in
locations 1 and 2 during the January study. 1In July, two meters were installed
in a vertical string in location 2 and remained in place for five tidal cycles.
These meters recorded continuously, while the mefers installed in December

and January sampled and recorded velocities at S-minute intervals.

The bathymetric survey of the harbor provided important data for determination
of the volume of water in the tidal prism within the estuary. The areas
bounded by each of the bottom contours shown on Figure 2.5-2 were planimetered
and the results were used to compute the relationship of volume and water

level in the following manner.

1) The water surface area in the estuary arms at mean low water was
planimetered from large scale aerial photographs, giving a total

area of 24 million square feet.
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2) Assuming average width of 150 feet,'side slopes of 1-1/2:1 and a
' depth of 8.6 feet from mean low water to mean high water, the
additional surface area at mean high water would be about

4 million square feet.

3) With an average surface area in the intertidal zone of 26 million
-square feet and a tidal amplitude of 8.6 feet, the total volume

in the intertidal zone is 224 million cubic feet.

4) If it is assumed that the estuary channels below mean low water
have an average depth of 1.5 feet, the volume of water below mean
low water in this portion of the estuary is approximately

36 million cubic feet.

S)F Although the entire marsh area is not covered at mean high water,
portions of it are and a considerable volume of water is stored
in the network of channels which crisscross the area. It has
been assumed that this water would be equivalent to 0.5 feet
over the 150 million square feet of marsh area or about

75 million cubic feet.

Thus, from the geometry of the estuary, it is estimated that there are o
about 80 million cubic feet of water in the estuary at mean low water
and 551 million cubic feet at mean high water. Therefore, on an average
tidal cycle, approximately 471 million cubic feet of water enters and
leaves the estuary. It will be assumed that the tidal prism for the
Hampton estuary is 470 million cubic feet. A plot showing volume versus

elevation for the entire estuary is given in Figure 2.5-4.

The current meter data obtained at the Hampton Inlet was used to check the
tidal prism calculated as described above. In this analysis, 15-minute
intervals of current meter output were correlated with the tide gage
readings and cross sectional area in the section being considered at

that tide stage. Using the cross sectional area and the recorded velocity,
the volume of water flowing through the section during each 15-minute
increment was determined. This procédure was repeated for each location

until volumes had been calculated during each tidal cycle for which
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current meter data was available. The ebb and flood volumes flowing
through each location were averaged, and the tidal prism for the entire
section at ebb and flood was determined. These totals are listed in

Table 6.1-1 along with the tidal amplitudes.

When the average of the flood and ebb flows are muitiplied times the
-ratio of the recorded tidal amplitudes to the mean tidal amplitude

(8.6 feet), the tidal prism is found to be 515 million cubic feet for
December and 450 million cubic feet for January, both within 10 percent

of the volume previously computed. This indicates that the 470 million
cubic feet determined by the bathymetric survey is an accurate repre-
sentation of the average tidal prism for Hampton Harbor and its associated

estuarine areas.

To evaluate the average velocity through the Hampton Harbor Inlet an
analysis was performed by taking into account the volumetric chénges with
time in the estuary as the tide rose and by correlating. this flow rate_ﬁith
the available cross-sectional flow area under the Hampton Bridge. FigureA
2.5-5 shows a plot of calculated average velocity versus time over a
complete tidal cycle. The velocities shown on Figure 2.5-5 are calculated -
a;erage velocities considering the entire cross-section through the inlet.
From the current meter study conducted at the inlet the average velocity
through the navigation channel was found to be approximately 1.2 feet

per second.

In order to determine the rate of renewal of water within the estuary

(or loss of water from the estuary) a continuous dye release was made at
the bridge. A 40 percent solution of conservative Rhodamine-B dye was
released at a depth of about 16 feet at the Hampton Harbor Bridge. The
dye was pumped through a 3/8 inch diameter hose, at a rate of 2.5 pounds
of dye solution per hour, with a chemical proportioning pump. Dye
concentratiohs were measured with a Turner Model III fluorometer. In
deeper portions of the harbor and at flood tide the equipment was mounted
in a boat and concentrations were read and recorded while under way.
Concentrations in the upper portion of the estuary at ebb tide were

measured by collecting grab samples with an air boat and placing a
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vial of the sahﬁled water in the fluorometer. Concentrations were measured
on fixed traverses and at the bay stations shown on Figure 6.1-2. The
renewal rate is defined as the rate at which new water is added to and

old water is lost from the estuary. It is analagous to the flow in a
unidirectional stream. In the case of an estuary dominated by tidal .action
and with very little freshwater-inflow this renewal rate cannot be computed
directly but can only be estimated‘by determining the rate at which a
conservative substance is lost from the system. This rate of loss can

be computed if the rate of tracer addition to the estuary and the steady

state concentration of dye in the estuary are known. These are determined

in the following manner:

concentration of dye solution in pounds per pound of water

1)

density of water in pounds per cubic foot

rate of addition of dye solution in pounds per hour

0 = 0O
"

rate of renewal of or loss of water from the estuary in cubic

feet per hour

2) At steady state the concentration of dye is proportional to the

ratio of the mass flow rates of the dye and water into the estuary.

Therefore;

D 1b dye/hr
(W 1b water/ft>) (R £t>/hr)

D
- CW
For the Hampton Harbor estuary the following analysis was carried out to

determine the renewal rate.

In the first step the estuary was divided into areas of approximately equal
dye concentration on an ebb slack tide under steady-state conditions. Each
area was weighted by the volume of water contained therein at ebb slack and

the equivalent mean concentration in the estuary was computed.
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Average dye concentration in the estuary equals 90.82 x 10-3 divided by
82.86 x 106 or 1.10 ppb by volume. Given this:information the rate
at which old water is lost from the estuary or new water is added, is

2.5 9 1
T.10 * 10 x g7

3.54 x"107 cubic feet per hour, or 9850 cubic feet per second.

computed using the equation R-= g-x %3 where R =

Based on the tidal prism calculations for the Hampton Harbor estuary,
approximately 470 million cubic feet of water enter and leave the estuary
on each tidal cycle. This represents an average inflow or -outflow over

' 6

. 470 x 10 _ - .
the tidal cycle of 3600 x 12.5 - 10,425 cubic feet per second. Thus about

9850/10,475 or 94 percent of the water entering the estuary on each flood
tide is ''new" water and likewise 94 percent of the water leaving the
estuary on an ebb tide is lost and does not return, indicating a very high

exchange rate from the harbor to the ocean.
Chemical Water Analysis - Sheppard T. Powell Associates, Inc,

Wet chemical and spectrographic analyses were made on water samples .

taken aperiodically from the estuary. 'The purpose of the analyses was

to gain insight into the background levels of station waste components

that may exist as ambient constituents in the water of the estuary. These
tests are outlined in Section 2.5. Techniques are similar to those explained

for offshore sampling in the following oceanic portion of this subsection.

6.1.1.1.2 Offshore Oceanic Waters

As with the estuarine studies, the first investigations of the offshore

zone were initiated in 1969. Offshore studies have continued to the preseﬁt
and are scheduled to go on into the future. These studies are necessary
because it is proposed that both the intake and discharge of cooling water
for the plant will be in the offshore ocea?ic zone adjacent to Hampton

Harbor.
Offshore Physical and Chemical Studies - Normandeau Associates, Inc.

Measurements of physical and chemical parameters of offshore oceanic

waters in conjunction with the originally proposed Seabrook Station were

"6.1-8




made during the 1969, Phase I studies by Normandeau Associates, Inc.
(Referenée 1). Temperature was measured using certified precision grade
nercury thermometers and portable Yellow Springs, Model 44, Telethermometers
(accuracy about 0.1°C). Rustrak temperature recorders were installed at
the Hampton Bridge and at the Hampton River Boat Club in order to provide

a continuous record of temperature fluctuation (accuracy + 2 percent of
full scale). Salinity, temperature, and conductivity measurements were made
with a portable Beckman (Model RS5-3) Induction Salinometer (accuracy about
+ 0.1 unit). All instruments were routinely calibrated during the studies.
Although numerous temperature and salinity profiles were measured in the
estuary during July and August, the only measurements of these parameters
in offshore waters were made in the vicinity of the proposed discharge
condﬁits, aproximately 3/4 of a mile east-northeast of the entrance to
Hampton- Harbor, on August 10, August 26, and September 23, 1969.. Data were
recorded at five-foot intervals to a depth of 40 feet relative to the .
instantaneous water surface elevations. Surface water temperature at the
Hampton Harbor Bridge was mopitoredlfrom August 15 to 26, 1969, whereas
bottom temperature was monitored from August 15 through November 7, 1969
except for Septembér 26 through October 9 when a thermistor was damaged

by heavy seas. Surface and bottom temperatures at the Hampton River Boat
Club were monitored from July 14 to November 3, 1969. This program did not

provide adequate data for describing the hydrography of offshore waters.

During the summer and fall of 1970 the Normandeau Associates, Inc. Phase II
Study Program (Reference 3) included measurements of temperature, conductivity,
and salinity, made in conjunction with plankton samples, at about nine off-
shore stations during both flood and'ebb tides on an irregular basis from
mid—Jﬁly through mid-October, 1970. Readings were taken at surface and at"’
bdttom and on some occasions throughout the entire water column using a
Beckman, Model RSS—S,FSalinometer which was periodically calibrated against

precision grade mercury thermometers'and standard seawater samples.
During the summer and fall of 1971 the Normandeau Associates, Inc. Phase III
Study Program (Reference 4) included measurements of temperature, conductivity,

and salinity made in conjunction with plankton samples. Only one offshore
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station was sampled in detail on Septembér 23rd and 24th, 1971, during a

24-hour ﬁlankton sampling. = Measurements were made using both a Beckman,

Model RS5-3, Salinometer, and a Martek TDC metering system which measured
temperature and conductivity as a function of depth. Both units were

routinely calibrated throughout the sampling season.

The 1972-73 hydrographic studies for the Seabrook Station are outlined in

the Environmental Study Program of Normandeau Associates, Inc. (Reference 5).
These studies are gesigned to determine the local water circulation patterns
and hydrographic characteristics of the New Hampshire coastal waters on a
year-round basis and to identify the source of the waters which the proposed
Seabrook Station may utilize during its operation. This study program will
continue until sufficient data have been collected to provide an adequate
understanding of the natural water movements and hydrographic characteristics
in the area of the proposgd intake and discharge. There are basically seven

areas of investigation as follows:
1. Monitoring From Moored Buoys

Current speed, current direction, and water temperature are being monitored
for extended periods of time in the area of the proposed intake and dis-
charge conduits (Figure 6.1-3) as well as at various locations several miles
offshore during 1973. Currents are measured using Bendix Q-15 geomagnetic -
bi;directional ducted rotor current meters (accuracy + 3 percent speed and
':_12° directidn); velocity and direction are recorded continuously on strip-
charts using in situ Bendi* Model 270 reéorders (accuracy + 2 percent of

full scale); water temperatures are monitored continuously using Rustrak .
strip-chart recorders (accuracy + 2 percent of full scale) mounted in water-
tight PVC containers; tidal heights are monitored for the duration of the
study using a Mafsh-McBirney water level gauge which is installed in Hampton
Harbor (accuracy better than + .15 feet); wind velocity and direction are
being monitored for the duration of the study at the Hampton Beach State

Park using a R.M. Young Company wind vane and anemometer with Rustrak recorder
(accuraéy + 2 percent of full scale) mounted at a 30-foot height on a utility

pole. All units are routinely checked to insure accurate calibration.
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2. Offshore Surveys

Periodic hydrographic surveys are being conducted at permanent instrument
stations located in the vicinity of the proposed intake and discharge

zones and offshore to a distance of 12-15 miles. The following data

are collected at each of these stations: Current speed and direction is
recorded at five foot intervals from the surface to the bottom every 30
minutes during both flood and ebb phases of the tide using a Bendix Q-15
current meter and a Bendix Model S$-232 deck readout. An Interocean.Model
721 F electric cable winch with nine channel slip rings is used to raise and
lower the current meter through fhe water column. Water temperatures,
conductivity, and dissolved oxygen is recorded at five foot intervals from
the surface to the bottom every 30 minutes during both flood and ebb phases
of the tide using a Martek Mark II (accuracy :_O.2°C, conductivity + 2 percent
of full scale, dissolved oxygen + 1 percent full scale_at'temperature of
calibration). Periodically surface water temperature is measured with a
precision grade mercury thermometer and water samples are taken at surface
and bottom for determination of dissolved oxygen using the Winkler method.
Air temperature is measured periodically using a'precision grade mercury
thermometer. Wind speed, wind direction, wave height, and wave direction
are observed visually every hour and recorded on data sheets. Surface drift
bottles and sea-bed drifters are released periodically during mid-flood and
mid-ebb to monitor patterns of net drift. Water samples-are collected
periodically at surface, mid-depth, and near-bottom for laboratory determina-

tion of nitrates, phdsphétes, and water density.

3. Drogue Tracking

A number of floating 'W" type drogues rigged’for near surface and 25-foot
depths are released and tracked using readings of sextant angles made from
a small boat. during a tidal cycle period when anchor stations are being run.
This data will help to delimit patterns of net drift in local areas such as
near the proposed location for the intake and discharge conduits.

4. Drifter Releases_

Glass drift bottles and plastic sea-bed drifters are released during an off-

shore cruise every three months at 19 stations along three eastwest transects
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out to about 25 miles offshore. At each station, ten of each type of drifter
are released and a profile of temperature and conductivity is made. This

program is being run in conjunction with Woods Hole Oceanographic Institution.
5. Sediment Transport

Sediment transport in the vicinity of the proposed offshore intake and -
discharge zones and along Hampton Beach is being monitored (Figure 6.1-4).
Sediment transport is measured suBtidally using marker stakes driven into the
sea floor and marked with é'buoy at the surface. Monthly measurements of
elevation of stakes above the sediment interface are made by divers. At each
station two markers are driven into the sand approximately 30 feet apart. These
data are used to calculate average changes in sediment cover around the stakes.
Sand transport onto the southern end of Hampton Beach is evaluated by monthly
beach profiling and additional measurements of all parameters are made follow-

ing severe storms.
.6. Chemical Water Analysis - Sheppard T. Powell Associates, Inc.

Chemical water analyses were made for sea-water samples collected in the off-
shore area. The results of the analyses are described in Section 2.5. Sheppard
T. Powell Associates, Inc. performed wet and spectrographic chemical analyses
for specific water components. Their analytical techniques in general follow

the Standard Methods for the Examination of Water and Wastewater, APHA, 1966

(Reference 6) or Methods for Chemical Analysis of Water and Wastes, EPA, 1971

(Reference 7) as appropriate.

As the comparative results of the aperiodic sampliﬁg has shown consistency, it
is planned to retain such aperiodic sampling seasonally until the plant becomes
operational. The list of constituents to be investigated is subject to
revision as the station waste components become better identified during plant

design.
7. Hydrographic Dye Diffusion Study - Ebasco Services, Inc.

Hydrographic data were measured by Webster-Martin, Inc. for Ebasco Services, Inc.

in conjunction with dye releases in the ocean waters to monitor water movement
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in ‘the vicinity of the proposed intake and discharge zones during December
1969 and April-May 1970. Appendix K is the final report of this program. A
40 ﬁercent solution of Rhodamine B dye was pumped from the shore through a
3/8-inch diameter hose to one offshore discharge point in December and five
points from April to May. Water temperature and salinity measurements were
made daily at the dye release point being used at that time. From the salinity
and temperature data, water density was calculated to determine possible
presence of density stratification. A recording anemometer was mounted on the
roof of the Hampton Beach State Park Bathhouse to monitor wind velocity and
direction during the dye release periods. Dye was released continuously and
at a constant rate throughouf both test periods. The release rate during the
December 1969 study was 4.1 pounds of dye solution per hour, while during the
April-May 1969 study the release rate was 2.4 pounds of dye solution per hour.
Ten dye tracking stations were established near navigation buoys and shore
reference points for the December 1969 releases, whereas a grid of 30 stations
was established using moored reference buoys during the April-May study.' Dye
concentrations were measured with a boat-mounted Turner Model III Fluorometer
and recorded with a Rustrak Recorder on a strip-chart on which time of sampl-
ing, tracking course, and fluorometer setting were noted. Water to be sampled
was pumped through the fluorometer from an inlet located on the bottom of the
boat about 2.5 feet below the water surface. All sampling was done while
underway, except for vertical sample runs which were made periodically to
determine the variation of dye concentration with depth. Sampling procedure
was to measure the dye concentration from the release point outward to the
limit of detectable dye concentrations. Sample runs were made on each day-
light slack tide, whenever weather permitted. During the Deqember release
period ten sampling ruhs were made. From these data calculations of dye

dispersal and dilution were made.

Throughout the April-May 1969 release period, tidal current direction and
velocity were measured and recorded at the dye release points using two

Geodyne Model 102-1 current meters -- one installed 8 feet above the bottom

and the other near mid-depth. Each time the dye release point was moved

the meters were also moved. The results of the dye tracking and current meter
surveys for this study are useful in predicting the dynamics and dispersion of .

the thermal plume.
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6.1.1.2 Ecological Parameters

Construction and operation of the proposed Seabrook Station would result
in certain environmental alterations to the estuary, marsh, and offshore
areas. The magnitude of these changes cannot be predicted at this time.
It is possible, however, to evaluate these effects by categorizing them
into those resulting from construction of the cooling water system in

contrast to those effects resulting from the operation of this system.

It appears, at this time, that construction effects, although substantial
in terms of habitat disruption, will be temporary. There is sufficient
evidence to indicate that with proper construction techniques, recovery

should occur.

Ecological effects reéulting from the operation of the cooling water system.
are most difficult to predict. The probability that any of the operational
effects would be ecologically ‘significant cannot be fully determined at

this time.

It is apparent, therefore, that pre-operational and post-operational
ecologicallmdnitoring in conjunction with the construction and operation

of this large generating facility is most important.

Construction Effects
‘The construction of the pipeline will involve dredging an approximately
50 foot wide trench along the route shown in Figure 3.4-1.

Construction will result in:

1. Temporary disruption of the saitmarsh, intertidal, and
bottom habitats along this route;

2. Releasé of some suspended sediments to the waters;

3. Other effects if measures used to restore the route to

its natural condition are not properly controlled.
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The Hampton-Seabrook area is historically a dynamic one -- within even
the last 50 years there has been considerable meandering of tributary
rivers, changing of the location of the inlet channel to the sea (it has
moved several hundred feet northward), and shifting of sand causing
filling of some areas and erosion of others. In addition, there is ex-

tensive sand transport along Hampton Beach.

The presence of the circulating water diffuser pipe in the offshore
area is not expected to produce significant ecological alterations.
Nevertheless, it is not known what the presence of pipe will do to _
natural water movement and sand transport. Since any change in natural
water movement and sediment transport can potentially result in altera-
tions to the natural habitats, there is sufficient concern to warrant

careful ecological monitoring.
Possible Effects Of Operation

The operation of the condensing water system has many ramifications which
may result in effects on the ecology of the area. These considerations

can be divided into four general categories:

1. Entrapment

The potential for entrapment of fish appears to be related primarily to

the engineering and design of the intake system. Approach velocitiés;

escape mechanisms, and other features will be considered in the design

of this system. It will be necessary, however, to document the amount
of fish entrapped, if any, compared to the number of fish utilizing the

area in order to estimate the effect on the ecology of the area.

6.1-15




November 1973

2. Entrainment

The present design for the proposed condensing water system specifies an
approximate 39°F increase in temperature of the cooling water. This will
most likely kill all the plankton entrained in the intake water. There

is. some concern on the effects of this entrainment to the ecology of the
area, but unless this can be related to the amount of plankton entrained

to those which escape, the magnitude of this problem cannot be éva]uéted.
Impoftant species of the area that”spénd part of their lives as meroplankton

include the soft-shelled clam, Mya arenaria, the lobster, Homarus americanus,

and many species of finfish. Additionally, planktonic organisms form the
basis for the food chain for many organisms in the area. Since the intake
will be near the estuary entrance, there is also the possibility that many
planktonic organisms will be entrained before they enter the estuary. The.
dead planktonic organisms discharged with the heated effluent may also
alter the ecology of the immediate area around the discharge. The input
of large quantities of dead plankton may affect benthic invertebrates or
even change the composition of the community by encouraging deposit

feeders.

3.  Thermal Effects

The heated waters discharged into the ocean may cause changes in the
pelagic and, indirectly the benthic environment, that could result in
some ecological effects. It may also indirectly affect these habitats
by altering small-scale circulation patterns in the area off of Hampton
Beach. The general nature of the heated plume isfbuoyant.énd will rise
to the sufface through multiple diffusers. As it rises, the cooler
resident waters will become entrained, thereby diluting the heated
effluent and reducing the overall temperature while raising the
temperature of the surface mass of water. The heated plume will reach
the surface and be carried by currents and winds. There are several
possible.effects resulting from thermal discharges which should be
considered. They include: the effect on the soft bottom benthic fauna;

the effect of the heated plume on the biota on the Outer Sunken Rocks;
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the formation of a thermal barrier to migratory fish; the possible attraction
of migratory fish to the heated area; and, the possibility of a physical

barrier to vertical migration by members of the planktonic community.

4. Discharge of Effluents, Other than Heat

The fourth possible ecological effect of the plant Qould be from‘effluents

or discharges not directly associated with cooling water systehs. In the
operation of this proposed plant, several wastes will accumulate. Present
plans call for disposing of these discharges direétly into the circulating
water tunnel to be diluted and discharged offshore. At present there

are blans to dispose of liquid radiological wastes and neutralized
demineralizer reagents. Additionally, it is possible that certain substances

might leach from some of the plant's structures into the waterways.

It is important to monitor the biota for any effects from being exposed

to these other effluents.

Pre-operational Monitoring Programs

Although monitoring of physical parameters is discu;sed in a previous
section (6.1:1.1), it is obvious that some physical parameters will be
measured in conjunction with biological sampling. The parameters that
will routinely be measured when biological samples are taken include
temperature, salinity, dissolved oxygen, and turbidity. Other physical
parameters will be measured when appropriate in accordance with (see

Garton and Harkins, Reference 11).

1. Benthos

As discussed above the construction and 6peration of the cooling water

system will have several potential effects on the benthic environment. These
include: 1) effects on benthic organisms caused by changes in water

quality (e.g. turbidity); 2) effects of entrainment of larvae stages of °
benthic animals or entrainment of holoplankton used as food by benthic
animals; and 3) indirect effects caused by possible alteration of circula-

tion patterns or sediment transport.

6.1-17




June 1973

The monitoring program for benfhic organisms follows basically the guidelines
set forth by the Environmental Protection Agency (Garton and Harkins,
Reference 11). Duplicate samples will be taken from 42 stations (see

Figure 6.1-5), in June and September, and from 19 stations (1 through

4, 7 through 10, 12, 14, 16, 26 through 33) in December and March. Samples
(1/4 mz) will be taken using a diver-operated Venturi dredge. Numbers

and biomass for each species will be tabulated. Diversity and redundancy
indices and dispersion values (Garton.and Harkins, Reference 11) will

be computed for each sample.

The reproductive cycle of the bivalve, Siliqua costata, will be monitored

in the dischargé area and at a control station. Siliqua was chosen
because of its abundance in the sampling area, its importance in the food

chain, and, being a bivalve, gonad samples are relatively easy to obtain.

2. Intertidal

a. General Intertidal Community

Operation of thé cooling water system may affect some of the intertidal
locations in the offshore area if reached by the thermal plumes. Several

areas warrant special attention.

Five stations (see Figure 6.1-6) will be sampled seasonally. At each
station a transect will be established and triplicate 1/4 m2 samples

taken at-three elevations (mean low water, MLW; mid-tide; and mean high
water, MHW). Species will be enumerated and biomass determined. Diversity .
and redundancylindices and dispersion values will be computed for each
‘sample. Sediment samples will be taken with each sample and sediment

composition (grain size) will be determined.

3.  Soft-shelled Clam Populations

Construction and operation of the plant could possibly affect the clam
population in a number of ways. These may include actual disruption of
some of the clam flats during construction as a result of sedimentation

or changes in water circulation. Other effects could possibly result
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from the operation of the power station. Entrainment of clam larvae or

increased activity by clam predators are examples of possible changes.

Since clams are a dominant organism in the estuary and provide a most
important sporf shellfishery, their autecology warrants monitoring.

Clam densjty, age-growth, and annual recruitment of clam spat will be
monitored. Additionally, size and sediment composition of the major

clam flats will be monitored.

The monitoring program will consist of an annual census of adult clam
and clam spat density in the five major flats (see Figure 6.1-7); seasonal
monitoring of age-growth of adult clams and clam spat recruitment on '
Flats 1 and 2; and, annual study of size and sediment composition of

Flats ;, 2, and 3.

Sampling of clam and spat density and age-growth will follow the same
methodology Normandeau Associates, Inc. used to monitor similar parameters
in 1969, 1971, and 1972. Random transects and quadrats are established on
the flats and two square foot samples excavated to a depth of three inches.
This top layer of sand is bagged and later sieved for clam spat. The
digging is continued to a depfh of 15" and adult clams separated. The

spat and adult clams are later measured and density and population structure
determined. Growth is calculated from size-frequehcy distributions using

binomial probability paper (Cassie, Reference 8).

The change in configuration of clam flats will be followed annually using
a piane table or aerial photography. Sediment composition will be

monitored on the transects established on the three clam flats.

4. Biota'of\Outer Sunken Rocks

Since Quter Sunken Rocks may be exposed to the heated effluent or be

affected by the proximity to changes that ﬁay be caused by the intake structure,
and discharge diffuser, it is important to monitor the biota that are found

there.

Monitoring in this area is separated into several phases. Community

composition will be determined on five transects on the northern end
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of the rocks (see Figure 6.1-8). On each transect, five 1/4 m2 quadrats,
ranging from mean high water (MHW) to the edge of the outcrop at a depth
of about 25 feet will be sampled seasonally using a diver-operated
Venturi dredge. Macroalgae and animals will be identified, enumerated,
and their biomass determined. Percent cover of macroalgae will be
estimated. The results of these stations will be compared to a control
station (see Figure 6.1-8). Diversity and redundancy indices and

dispersion values will be computed for each sample.

Since macroalgae, predominantly Laminaria saccharina and Chondrus crispus,

constitute the dominant species of organisms on the rock, their growth
rates and reproductive cycle will be monitored. Growth rates of selected
plants along the transects will be determined by tagging individual plants
and measuring them at monthly intervals.. Their reproductive cycle will

be determined by examining the plants within the 1/4 meter square quadrats.
The percentage of plants at the reproductive peak (i.e., as determined

by reproductive structures, e.g., nemathecia or "bullations'), will be

estimated.

5. Epibiotic Settling Community (Panel Organisms)

Thermal release and other effluents from the discharge diffuser may also affect
epibiotic communities, the so-called settling community. This coﬁmunity

is composed of many small organisms that are not collected in other

sampling methods. They also form the basis of the food chain for

many. ''grazing" invertebrates and finfish. Because of the relatively

shorf reproductive cycles and large numbers, these animals also provide

a good index to changing conditionms.

These organisms will'be‘sampled by submersing panel arrays for varying-
times in a north-south transect in the discharge area and at two

stations in the Browns River (see Figure 6.1-9). Each array will con-
sist of a plexiglass (1/4" thick) slide rack holding twelve 3" x 3"
removable plate glass panels vertically in the water column. Each month
Panel No. 1 will be éollected and replaced by a clean panel. The remain-

ing panels are long-term; Panel No. 2 will be collected after two months
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submersion; Panel No; 3 after three months sumbersion, etc. The short-
term panels provide information regarding time and length of reproductivé
period of sessile species which are able to colonize artificial substrates,
while long-term panels furnish knowledge on temporal sequences and biotic
succession within the panel community and supply data on many additional
species which do not settle on short-term paﬁels because proper niches

are not available.

Organisms collected on these panels will be identified to lowest poséible
taxon and abundance expressed either as density or in relative terms
such as rare, common, or numerous. Diversity and redundaﬁcy indices

and dispersion values will be computed.

6. Meiofauna

Construction and operation of the plant and its presence near the

Browns River may indirectly change the benthic community in the
discharge area and in the Browns River. This change could probably be
first manifested in the meiofauna since their development is more rapid,
their reproductive cycle shorter, and their numbers greater than their

larger relatives.

The diversity and density of meiofauna will be seasonally monitored along

a north-south transect in the discharge area. Following the methods

. outlined in Hulings and>Gray (Reference 13) meiofauna will be sampled from
six to eight random 1/6 m2 subsamples from each of five 1/4 m2 grids placed
along the transect and at two control locations in the offshore area. Two
stations and a control in the Browns River will be sampled similarly (see
Figure 6.1-10). Organisms will be identified and enumerated. Diversity

and redundancy indices and dispersion values will be computed.

7. Lobsters and Crabs
There is some concern that some aspeéts of the construction and possibly
operation of the Seabrook Station may alter the abundance or habits of

the lobster, Homarus americanus, and crabs, Cancer spp. Since these

shellfish are commercially important and have a widespread distribution

in the area, it is important that they be monitored.
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This monitoring study will consist of mark and recapture techniques.
Although other attempts, using these techniques along the New Hampshire
coast; have not proven very successful (personal communication,

Mr. Ted Spurr, Bioiogist, N.H. Fish & Game Department), an attempt will
be made employing a local successful lobsterman to fish the traps. If
this is not successful, catch per unit effort will be estimated in sub-
sequent studies. The mark and recapture study will take place both
offshore and in the estuary (see Figure 6.1-11). The traps will be
maintained from April to November, baited with a standard bait, and
fished twice weekly. The lobsters and crabs trapped will be measured,
sexed, tallied, marked, and released. Gravid conditions of both will
be noted. Lobster lengths will be measured with vernier calipers from
the right eye socket to the end of the carapate. They will be tagged
according to a technique described by Scarratt and Elson (Reference 16),
whereby a numbered plastic tag (Floytag -69) will be inserted under the
carapace. Crab widths will be measured at the widest portion of the
carapace and length taken from the right eye socket to the end of the

carapace. The crabs will be identified to species -- Cancer borealis

or Cancer irroratus -- and marked by clipping on the blunt teeth

ringing the right side of the carapace.

Size-frequency distributions will be determined, and migratory behavior

documented.

The trapping program will be supplemented by a monthly underwater census
along transects in the study area. Those lobsters and crabs encountered

underwater will be similarly marked and measured and released.

8. Finfish

Since the normal behavior of finfish found in the area may be altered by
construction and operation of the plant, it is importaﬁt to monitor their
populations and distributions. Presence and abundance of finfish in the-

area of the intake and discharge will be carefuliy documented. Studies
will be designed to evaluate possible thermal effects, entrapment, and

entrainment of fish eggs and larvae.
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The monitoring progfam for fish will consist of several sampling techniques,
both offshore and in the estuary. In the offshore waters this program will
consist of: 1) duplicate standardized night tows with an otter trawl and
mid-water trawls in the discharge area (see Figure 6.1-12) on a'monthly
basis from April to October, and one sampling in the winter; 2) gill
netting at night in the discharge and intake area ét a frequency of three
nights per month; and 3) duplicate metered tows for f}sh eggé and

larvae each month.

Sampling in the estuary will consist of monthly seining in two locations
(see Figure 6.1-12); duplicate metered tows for fish larvae in the
Hampton.River,'Hampton Harbor, and Browns River on a monthly basis; and

periodic surveys of potential spawning areas (e.g., Taylor River).

Adult fish will be identified and numbers, length, and biomass per species
determined. Scale samples of selected specimens will be collected for
age-growth studies. Larval fish will be identified and quantified.
Statistical evaluation, as suggested by Garton and Harkins (Reference 11),

will be used to detect changes in community composition.

These studies will be complemented by a creel census of local sport and

commercial fishermen.

9. Plankton

a. General _

As discussed above, operation of the condensing water system has many
potentially detrimental effects to the planktonic community andvto those
animals who spend a portion of their lives as members of the plankton.

The entrainment and subsequent killing of the plankton in the intake water
provides perhaps the greatest threat to the planktonic community. The
effects on the planktonié community of entrainment in the Hampton-Seabrook

estuary and nearby coastal waters will be carefully monitored.

Monitoring of plankton will consist of duplicate monthly samples taken in
six locations (see Figure 6.1-13). Samples will be taken from top and
bottom using submersible plankton pumps. In addition, monthly volumetric

samples will be made at the intake location. These samples will be taken\
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from surface and bottom and throughout a complete tidal cycle that also

provides day and night sampling.

In the samples from the seven monitoring stations, zooplankton and phytoplankton
bspecies will be identified and enumerated. Catch data will be statistically
evaluated and confidence intervals established so that natural- variability

can be documented. Those monthly samples taken from the intake area for

the second part of the study will provide information on average quantity

of plankton exposed to entrainment.

b. Phytoplankton Productivity

The effects of entrainment on primary productivity will be determined by
measurements of phytoplankton production. These measurements will employ
the method of Ryther and Yentsch (Reference 15). Repliéate subsurface
samples will be taken bi-monthly from April to November and once in
February at the discharge area and in two other offshore stations (see
Figure 6.1-14).

Other Aspects of the Pre-operational Monitoring Program
1. Taxonomic Determinations
Species will be identified by trained personnel using the keys to

identification of local species, e.g., Smith (Reference 10), Miner

(Reference 7) and Gosner (Reference 5). Specimens that cannot be identified
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using the above keys or specimens whose identification is doubtful will be
sent to experts at nearby institutions for identification or verification.
These expefts include Dr. Marie Abbott, Marine Biological Laboratory,
Woods Hole Oceanographic Institute (marine invertebrates); Dr. Arthur C.
Mathieson, Director, Jackson Estuarine Laboratory, University of New
Hampshire (marine macroalgae); and Dr. Ellsworth ﬁ. Wheeler, Jr.,
University of New Hampshire (plankton). A reference collectioﬁ of
voucher specimens will be verified by local experts and will be avail-

able in the laboratory for verification of identification.

2. Natural Variations of Ecological Parameters

The pre-operational monitoring program will begin in the spring of 1973
and continue through the completion of the first unit of the proposed
generating station in 1979. Observation of natural variation will be
obtained from the annual reports dealing with each of the ecological
parameters measured. In each case significance of an observed change

in population or distribution of the local fauna and flora will be
assessed using appropriate statistical analysis. Changes in biological
phenomena will be compared to all physical parameters using multivariate
statistical énalysis. Natural variation of populations due to seasonal

migration will be documented.

Several years of pre-operational studies and monitoring will provide
reliable analyses of natural variations of animal and plant populations,

as well as physical parameters.

.In monitoring natural variation, several organisms because of their
commercial or ecological importance or their ubiquitous distribution,

have been selected as indicator organisms. These organisms include:

a. Mya arenaria, the soft-shelled clam

The soft-shelled clam is distributed throughbut’the estuary and is easily
sampléd. Since it is the most economically important shellfish in the
estuary, there are already several year's data available on its density,
distribution, and other aspects of its population. There is also a rather

comprehensive literature available on its biology and physiology.
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b. Siliqua costata, the ribbed-pod shell

Siliqua has a widespread distribution in the proposed intake-discharge area,
is the most abundant bivalve in the offshore area and is easily collectable.

Siliqua costata is very important in the food web and serves as a major

food item in the diet of many of the sea ducks and bottom fish that use

the area. Siliqua costata will also be used to assess any changes in

reproductive cycles due to thermal addition or changes in water quality.

c. Laminaria saccharina, kelp

Laminaria saccharina will be used to assess any changes in reproductive

cycle or growth rates of macroalgae living on Outer Sunken Rocks.

L. saccharina is very abundant and makes up a large portion of the biomass
of macroalgae. Its large size makes it easy to measure and observe in situ.
Since it is close to the southern limits of its distribution it should

provide a sensitive index to effects of thermal addition.

d. = Chondrus crispus, Irish moss

* Chondrus crispus will be used to supplement information on reproductive
cycle and growth rates of macroalgae. C. crispus is abundant wherever
hard substrate is available in the offshore area. It is the greatest

component of the macroalgae biomass in the area.

e. Other
Organisms that warrant special attention because of their widespread

distribution or commercial importance include Homarus americanus, the

lobster; Cancer spp., rock crabs; Pseudopleuronectes americanus, the

winter flounder; Morone saxatilis, the striped bass; and Crangon

septemspinosus, the sand shrimp. Their populations will be monitored
in studies discussed above. The most ecologically important groups of
animals, the benthos, and plankton, that serve‘as the basis of many of
the food chains in the area will be monitored in studies especially

designed for them. At present, no species, other than Siliqua costata,

have been chosen as index species of these groups. It is possible that
- further study may necessitate other species be chosen as indicator

organisms,
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Biological Effects

Prediction of non-lethal physiological and behavioral responses have been
implied in the discussion of the monitoring programs. Effects such as
decreased or increased density, changes in reproductive cycle, growth
rates, distribution or migratory patterns of the organisms that are

- significantly different from the normal variation observed in the
pre-operational monitoring study will be correlated with changes in

physical parameters caused by the plant's operation.

Known sources or parameters of lethality for organisms have been identified
above., These include entrainment of the plankton in water that will be
subjected to a rise of 39°F, entrapment of fishes in the intake stfucture,

and disruption of habitat during construction of pipelines. Other potentially -
lethal effects could result from plant shutdown with consequent cold shock

to fish attracted to plumes and from discharges of other plant—reiated
effluents, e.g., neutralized demineralized regenerants. Design of the
pre-operational monitoring studies has provided for widespread location

of sampling and control stations. This design should permit assessment

of plant-related interactive effects when combined with physical and

chemical data in an analysis of variance.
6.1.2 Groundwater -

Most water supplies in the Seabrook area depend on local ground water
sources that include major regional aquifers found in the glacial drift
deposits that overlie the bedrock of the region. The major producing wells
are located in the saturated sand and gravel layers in glacial ice contact
deposits. These are the public wells for the Town of Seabrook and are
located at a distance of over one mile to the southwest from the plant
site. These wells range in depth from 22 to 54 feet. Almost all of the
homes in the area are supplied by this municipal water supply. The few
private wells that are within a mile of the plant site tap the shallow

outwash deposits to the west and southwest and are less than 15 feet deep.
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The potable and sanitary water for the plant will be obtained from the
municipal water supply and will not affect the local ground water supply.

No wells are planned for the site in the future. The groundwater movement
.in the region is generally limited to drainage areas where streams intersect
the water table and where the streams lead to the tidewater. Because ‘
these drainage areas are small, the distances from'recharge areas to the
discharge point generally do not exceed one mile. The modification of the
surface of the land at the plant site will not affect the recharge of the
local wells because the recharge area for these wells is predominately the

ice-contact depnsits to the south and southwest of the plant approximately

1.5 miles away.

Bedrock at the plant site is at or near the surface and the ground water
movement through the relatively impermeable till that ovérlays the bedrock
is toward the tidal areas to the north, east and south of the site. The
rainwater drainoff system at the plant will direct the runoff through a .
storm drain system that empties into Hampton Harbor. The sewage is passed
through a treatment plant and then injected into the plant's éirculating

water system for dilution and removal to the ocean. -

Since the plant will neither draw nor discharge water at the site, the local
ground water conditions are not expected to change. Therefore, no program
is necessary to monitor the groundwater except that which is required for

radiological purposes.
6.1.3 Air

Recognizing the importance of determining actual atmospheric conditions

experienced at the site, a meteorological data collection program was under-
taken by PSNH and a weather tower was installed on the site in October 1971.
T A description of the program is given in the section that follows. The models
used to analyze the data and obtain estimates of gaseous effluent dispersion

. are discussed in subsection 6.1.3.2.

It should be notéd that construction plans for Seabrook do not include the

use of cooling towers or open bodies of cooling water. As a result, no
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significant effect on the local meteorology due to the plant and its
facilities is anticipated. Fogging and icing on the plant environs are

not predicted.
6.1.3.1 Meteorology

The meteorological tower installed on the site is 150 feet high with a

base at approximately 10 feet MSL. There are no trees or other vertical
obstructions in the immediate vicinity of the tower. The nearest significant
growth is 25-35 foot trees that begin about 500 feet to the west and southwest
of the tower. There is no significant vegetation between the tower and
Hampton Harbor. Grass is planted under the tower out to a radius of 50 feet
to assure conservative temperature gradient data. The tower is instrumented
as shown in Table 6.1-3. After one year of data accumulation, the original
Aerovane wind system at 30 feet was replaéed'with a Bendix 3-cup anemometer
and vane system. Another Bendix wind system was installed at the 130 foot
level at the same time. The dewpoint sensor was installed on the tower

March 17, 1972. Recorded dewpoint data has been verified by bi-weekly multiple
sling psychrometer readihgs taken at the 30 foot level on the tower.
Occasional minor adjustments to the recorded dewpoint data have been made to

maintain the data within an accuracy of + 0.5°C.

The temperature systems use Rosemount precision resistance bridges and
record on an Esterline-Angus multi-channel recorder. One channel of the
recorder is used to print a reference value of 0 volts from which all

traces are calibrated.

The temperature sensors are installed in aspirated shields on the tower.

The vertical temperature difference (AT) is measured between 30 and 130 ft.

The AT system is scaled for a range of from -10°F to +18°F, for a full span
scale of 28°F The Rosemount platinum resistance sensors and brldge system
has an accuracy of 0.1 percent of span or + 0. 02 ohms, which ever is

greater; the maximum possible system error therefore is '+ 0.09°F. The
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recorder accuracy is + 0.25 percent of scale, or + 0.07°F. As a result,
the maximum delta T system error could be :_0.16°F, with a probable

system error of + 0.11°F.

All equipment was checked for normal operation before installation on the
tower. At that time, the delta T system was calibrated to a 0,0°F'value
" by means of a simultaneous ice bath of both sensors. All laboratory tests
were made with each sensor permanently connected to the cable to be used

with the sensor on the tower.

The tower will be maintained in accordance with Regulatory Guide 1.23 of
the AEC. In addition to the bi;monthly meteorological strip chart reView,
every three months recorded temperatures will be checked against tower
values obtained with ASTM precision thermometers. Wind systems will be
checked for trouble-free operation every three months. Wind direction and
speed transmitters are to be removed from the tower and given a complete
laboratory check to assure they are working within the manufacturer's

specifications at least every six months.

Processing of the on-site meteorological strip charts is as follows. For
hourly data values, a mean value for the 30 minutes preceding the hour is

determined directly from the strip charts. This value is transferred to

a punched card by means of a Gerber semi-automatic analog-to-digital converter.

The punched cards are checked by computer for consistent values from one
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hour to the next. After all checks are verified, a punched card is prepared
that contains the date, time and the hourly values for all the parameters
measured on the tower. These cards are used as a base from which data
summaries are preparéd. The seasonal and annual summaries prepared for
Seabrook include a chronological listing of the hourly data values, wind
speed and wind direction joint frequency distribution by stability, wind
direction persistences, and moisture deficits by wind directioﬁ and

stability. These are described in more detail in Section 2.6.

The meteorological tower will be maintained throughout the life of the plant.
The equipment will be regularly calibrated and strip-chart records of wind
speed, wind direction and temperature will be kept. Conversion of the

charts to punched computer cards will be continued through 1973.

6.1.3.2 Models

The meteorological data collected at the site were also used to obtain
diffusion estimates for assessing the consequences of accidental and routine
releases of gaseous effluents from the station. The models on which these

estimates were based are as follows:
A. Accident Diffusion Models

Diffusion estimates for assessing the consequences of postulated accidents
were based on cumulative frequency distributions of hourly dilution factors
(x/Q) averaged over selected time intervals. The hourly x/Q values, in turn,
were evaluated<by two different models depending on the time interval of
concern. For time intervals up to 8 hours, hourly dilution factors were

based on the ground level plume centerline model

x/Q = —1 , ) | (6.1-1)

no wake mTHO. O
y z

where
. . 3
X = short term ground level concentration (Curies/m”),
Q = release rate (Curies/sec),
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v = mean wind speed (m/sec),
oy = horizontal diffusion parameter  (m), and
o_ = vertical diffusion parameter (mj.

To account for the additional dilution due to the wake effect of the reactor
building at short distances from the plant, Eq. (6.1-1) is written as

Reference 18:

1

X/Qwake - nuoyoz + cAyp ‘ (6.1-2)
where

¢ = empirical building shape factor, and

A = reactor building minimum cross sectional area (mz).

Values of ¢ = 0.5 and A = 2090 m2 were used for the Seabrook calculations.
Equations (6.1-1) and (6.1-2) are used to define a building wake dispersion

correction factor

(6.1-3)

with the value of Db limited to <3. The x/Q with wake is then computed by

X/ Qake = W/ Qg yake) /Dy (6.1-4)
Equation (6.1-4) is used only out to a distance of 3000 m. No credit is taken
for building wake dilution beyond 3000 m.

Equation (6.1-1) or (6.1-2) is used out to a distance x,, where

L,
o = 0.47 L (6.1-5)

L
and L is the ‘depth of the limited mixing layer. A value of L = 900 m has

been used for Seabrook (Reference 19). At a distance of 2x,, the limited

mixing model ' Lf |
X/ Qo wake " ™o to.s L) (6-1-6)
or :
.X/Qwake - THO (0.; L) D, (6.1-7)

is used in place of Eq. (6.1-1) or (6.1-4), respectively. For distances
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L

~for distance x, and the x/Q obtained for 2x

between x, and 2xL, a linear interpolation is made between the x/Q obtained
L
For the time periods greater than 8 hours, the sector average model

2.032

g_ ux
Z

x/Q =

(6.1-8)

is used, where X is ‘the distance from the release point to the receptor, and

the other terms are as previously defined. For distances greater than 2x

L’
the limited mixing sector average model
_2.55
x/Q = £ (6.1-9)

is used. For distances between X and 2xL, a linear interpolation is made

between the ¥/Q at x, and the x/Q at 2x

L L’

A x/Q was computed for each hour by the above models using the on-site
meteorological data. The hourly dilution factors obtained and the correspond-
ing direction in which the wind was blowing during each hour of the year were
then stored in arrays for sequential processing. This involved the averaging
of selected hourly x/Q values over successive, overlapping time intervals of
1, 2, 8, 16, 72 or 624 hours. (The last four intervals correspond to the time
periods 0 to 8 hours, 8 to 24 héurs, 1 to 4 days énd 4 to 30 days specified

in Regulatory Guide 1.4.) {Reference 20).

For each selected interval size, the processing begun with the first hourly
x/Q value on record and was then repeated for the same interval size starting
with each subsequent hour of x/Q data. In the averaging process, the only
x/Q values within a given time interval that were considered in evaluating
the mean dilution factor for the interval were those whose corresponding wind

direction sectors were the same as that for the first hogr in the interval.

As an illustrative example, consider a 4-hour interval and the following
sequence of hourly wind directions: W W W W S W S s S, W W W

The sequence of averaged dilution factors (assuming each hourly x/Q is equal
to unity) is then 4/4, 3/4, 3/4, 2/4, 3/4, 1/4, 3/4, 2/4, and 1/4.
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An average dilution factor obtained in this manner corresponds to the average
relative concentration a receptor would be exposed to if he is positioned
for the entire time interval in the sector in which the wind blows during

the first hour in the interval.

The average dilution factors computed as described were subsequently classified
into'4O groups and corresponding cumulative frequency distributions of
decreasing x/Q values were prepared. The distributions were then analyzed

to determine the values that were exceeded 50 percent of the time. The

results obtained for the various time intervals are presented in subsection 2.6.6
for the exclusion radius (3000 feet) and the outer boundary of the low
population zone (1.5 miles). Values for other distances out to 50 miles

for population dose calculations are given in Table 2.6-4.
B. Routine Diffusion Models

Annual avefage x/Q values were computed from the on-site data for each sector
for distances out to 50 miles. For eaéh'hour, the ground level release sector
average model ahd/or the limited mixing model was used depending on the
stability category for the hour and the downwind distance. The models used

to compute the hourly values are given by Eqs. (6.1-8) and (6.1-9). The

mean annual value in sector i at distance k is computed from the hourly

value as

f§753ik - fo';X/Q)iik ) (6.1-10)

where n is the number of hourly x/Q values in sector i and N is the total
number of values for all sectors. The results of these computations are

presented in subsection 2.6.6.
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6.1.4 Land
6.1.4.1 Geology and Soils

Geological studies in support of safety analyses were conducted at the site
in 1969 and in 1972. Seismicity investigations and seismic field work were
performed by Weston Geophysical Research, Inc., and soil studies were
conducted by Geotechnical Engineers, Inc. A detailed presentation of the
studies appears in Section 2.5 of the Preliminary Safety Analysis Report

for the Seabrook Station.

In brief, the surveys indicated that igneous bedrock crops out in the station
area and at the entrance to Hampton Harbor, while metamorphic schist bedrock
commonly forms bedrock valleys buried deeply beneath deposits of till, V -
outwash and marine clay-silt. Bet&een the site area and the coast line, a
broad surface of tidal marsh overlies old sandy beach deposits, sandy outwash
and marine clayésilt deposits; these unconsolidated fine-grained sediments
locally exceed 100 feet in thickness. Total local relief on the bedrock
surface rarely exceeds 200 feet above mean sea level in the general vicinity

of the site.

The purpose of the reconnaissance seismic survey was to determine depths of
bedrock and depths of major seismic overburden discontinuities and to provide
bases for evaluating the ground acceleration and design response spectra
associated with the. safe shutdown earthquake defined in 10 CFR 100. The
seismic field data were indicative of sound bedrock with high in-situ
compressional wave velocity (18,000 ft/sec) and shear wave velocity

(9,000 ft/sec).

In géneral, the survey shows that hard rock was shallow in the vicinity of

the selected plant location, with dense till aiong the north side of the

site and less dense till and possible other overburden materials west of

the plant location. A design response spectrum was obtained for an earthquake
of 10 to 15 second duration with a peak particle velocity of 6 to 8 in/sec and

a recommended ground acceleration of 0.2g.
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The Class I components of the station will be placed in or on hard, strong
crystalline igneous rock. As a result, present soil properties are expected

to remain unaltered following station construction and operation.
6.1.4.2 Land Use and Demographic Surveys

The actual land use in the site environs, described in Sections 2.1 and 2.2,
was determined from material supplied by the Southeastern New Hampshire
Regional Planning Commission, (Reference 21), and by the Central Merrimack
Valley Regional Planning District Commission (Reference 22). These reports
are quite recent, and are considered to represent an accurate description

of land use in the site environs.

Demographic data for the region was obtained from several sources. For
distances between five and fifty miles from the site, Bureau of the Census
reports for the 1970 Census were used (References 23, 24, and 25), with a map
showing town delineations in the area, to determine population distribution
around the site. The actual distribution was determined at these distances
by superimposing the grid described in Section 2.2 on the map mentioned above,
and ratioing town populations by the fractional area within grid sections.
This is considered an accurate method of determining population distribution

at distances greater than five miles from the site.

For distances within five miles of the site, several different approaches
were used to determine population distribution data. Because of the impor-
tance of population distribution data in the immediate area of the site, an
order was placed with the Bureau of the Census for the preparation of
detailed-permanent population distribution data, in a format consistent
with the grid described in Section 2.2, for the area within five miles of the
site, based on the 1970 Census. An independent estimate of population
distribution was made by the applicant, based on 1970 Census data and U. S.
Geological Survey maps, used to locate population centers and individual
dwelling units with respect to the grid describgd in Section 2.2. Within
the Town of Seabrook, a comprehensive town plan (Reference 26), was used to

estimate population distribution.
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The total 1970 permanent pcpulation within five miles of the site as déter-
mined by the applicant was 1.2 percent larger than the estimate from the
Bureau of the Census. The data obtained from the Bureau of the Census was
used in this report, and in the Preliminary Safety Analysis Report, for

the area within five miles of the site.

Population projections for New Hampshire to the year 2020 were taken from
the reports in References (27) and (28). Population projections for Mass-
achusetts to the year 1990 were taken from the reports in References (29)
and (30). These data were extrapolated to the'year 2020 by applying the
1900/1960 ratio to the 1990 data. Population projections for Maine to the

year 2020 were taken from the report in Reference (31).
6.1.4.3 Ecological Parameters

The description of the existing ecological features of the site's terrestrial
environmenf is based upon studies by consultants familiar with local biota
within their recognized fields of expertise. These investigations cover the
plant life, mammals and birds of the area and reports of study findings

appear in Appendices A, B, and C.

Additional, frequent site visits by Public Service Company of New Hampshire
personnel and their bioenvironmental consultants have served to reinforce
and extend knowledge of terrestrial biota. From these sources the applicant
has gained a qualitative appraisal of terrestrial life with some estimates
of relative abundance. The site is not inhabited by any plant or animal

considered to be endangered or near extinction.
The only continuing sequential sampling of terrestrial life presently planned

is that done in conjunction with the applicant's proposed radiological

monitoring program (see subsection 6.2.1).
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6.1.5 Radiological Surveys

As described in Section 2.8, a field and laboratory analytical survey of the
region around Seabrook was conducted in order to supply information on about
background concentrations of radionuclides in important local and regional biota,
as well és in soil, surface water, ground water, seﬂiments, and milk. This
survey also included in situ external environmental gamma field measurements

at 21 points measured with a high sensitivity pressurized ionization chamber and
field spectra taken with a sodium iodide detector and a multichannel analyzer.
An objective of this initial radiological stﬁdy was to gather information which
could be used in formulating the pre-operational radiological environmental
monitoring program. The results of this study are tabulated and discussed in
Section 2.8, as well as a description of the equipment used and the sample loca-

tions for this background study.

At least 18 months prior to station startup, an ongoing pre-operational
offsite environmental radiological monitoring program will be established to

more accurately determine the following items:

1) critical population groups and pathways
2) procedures for routine sample collection and analysis ‘
3) documentation of seasonél variations or trends, if any, of activity
in those media which are to be sampled operationally
“4) a baseline of data on the distribution of manmade and natural
activity in sample media in the environment about the station
The program is designed to allow comparisons of operational measurements between
locations conéidered "indicator locations' and locations designated ''background
locations" in light of any seasonal fluctuations or trends which were evident
during the preoperation program. In monitoring airborne releases, indicator
(Zone I) loéations are those sampling sites situated within five miles of the
station. It is considered that these close-in locations will reflect increases
in environmental activity, if any, due to airborne releases. Background

locations (Zone II) are those locations over five miles from the station,
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a distance considered outside the influence of routine airborne station releases.
This simultaneous monitoring of Zone I and Zone II is designed to allow
statistical comparisons of activity in various sample media in the two zones
after station startup while eliminating the problem of changes in natural or
fallout exposure rates throughout the entire area from causes not related to
station operation. For example, following a nuclear weapons test, fallout

would be collected by the air particulate and precipitation monitors through-
out both Zone I and Zone II. Similarity of particﬁlate gross beta, and gamma
spectrum analysis of filters for all stations would indicate the activity

was not due to station releases.

In monitoring surface water, fish, bottom sediments, beach sands, mollusks,
crustaceans, plankton, and algae, comparisons will be made between samples
collected from areas in the proximity of the station discharges and areas
which, due to the action of tides and distance, are outside the influence of

station releases.

It is anticipated, that the analyses of the various sample media, except
thermoluminescent dosimeters will be contracted to an outside analytical
laboratory in order to minimize dose pickup in transit. Environmental samples
will be shipped to the contractor's laboratory by the fastest shipping method
available in order to minimize decay of short lived isotopes possibly present
in the sample. Analytical sensitivities discussed below are representativé

of the sensitivity of analysis presently being achieved by contractor
laboratories using currently available instrumentation and techniques. An
outline of the preoperational program is shown in Table 6.1-4. Sample points
are shown in Table 6.1-5 through 6.1-13. The radiological environmental -
‘moniforing program as outlined below exceeds the monitoring requirements of the
recommended minimum level environmental surveillance program around nuclear
reactors recommended by the EPA, Office of Radiation Programs in their
"Environmental Radioactivity Surveillance Guide" (ORP/SID 72-2). For most
environmental media, samples are collected from more points, at more frequent -
intervals, with more specific analyées being performed than is specified by

this guide.
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The surveillance program will be reviewed at least biennially in order to
determine that it is achieving its stated objectives and that no changes or
additions to the monitoring program are necessitated by changes'in effluent

characteristics or experience at other reactors or research establishments.

The preoperational radiological environmental surveillance program will consist

of the following:

6.1.5.1 Atmospheric Monitoring

Air monitoring sites will be established at a tbtal of 10 locations. Seven
of these will be located in Zone I, with three in Zone II. . The Zone I sites
will include three close-in monitoring locations situated so as to monitor
maximum offsite ground level air concentrations based on annual meteorology
as closely as possiblé under the restrictions of year round access to the
site and availability of power} The other four Zone I air monitoring locations
are to be distributed in the major wind rose directions throughout Zone I.
The Zone II locations will be in Portsmouﬁh, New Hampshire, Haverill,
Massachusetts, and East Kingston, New Hampshire. They will serve as Zone II
- background locations for comparison against the Zone I indicator locations

in evaluating the environmental impact of routine airborne effluents. At

the same time, their operation will maintain constanf surveillance of .
Haverhill and Portsmouth, the major population centers within 15 miles of the
site, in case of a release of activity far in exéess of normal levels during
an improbable\accident situation. East Kingston, New Hampshire provides a
third Zone I1I air monitoring point to the WNW. Preoperational monitoring of
these three background sites will provide data as to the normal magnitude

of variations noted relative to the Zone I locations, and identify any marked
seasonal fluctuations in airborne activity. This information is of use in
assessing any increases noted in airborne activity aftef station startup in

Zone I vs. Zone II monitoring locations.

Preoperational analyses at each air monitoring site will include gross long
lived beta analysis (at least 24 hours after filter removal to allow for radon
and thoron daughter decay) on a weekly basis. Monthly gamma spectrum analyses
on Zone.I and Zone II filter composites will be made to identify gamma emitters

present. Thése monthly zone composites will also be analyzed for Sr-90
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-activity. Gamma analysis will be done by counting each zone's filter composite '
for at least eight hours using a lithium drifted germanium detector and a

4096 channel multichannel analyzer.' In this manner, it is possible to resolve
complex isotopic mixtures and to measure low level fallout activity at each

site. Table 6.1-14 shows the minimum detectable activity by isotope which I
must be present on a filter. These minimum detectable activities are as

supplied by third party analytical laboratories based on calibrations made

using N.B.S. standards where possible. In addition, interlaboratory comparisons
are carried out by these laboratories with samples supplied by the Analytical
Quality Control Service of the Surveillance and Inspection Division of the

EPA and other Federal regulatory agencies.

Glass fiber filters are’analyzed for strontium by fusing a measured fraction
of the filter with sodium carbonate and dissolving the melt. Silica is
destroyed by.treatment with hydrofluoric acid and the remaining salts are
dissolved and diluted to a known volume with hydrochloric acid. Analysis

then proceeds as for strontium in water as described in subsection 6.1.5.3.

Air samplers will operate continuously, drawing air at one cubic foot per
minute (approximately 300 cubic meters per week) through a 47 mm fiber-
glass filter (Gélman Type E or its equivalent). These filters are at

least 99.7 percent efficient for particles larger than 0.3u in diameter and
98 percent efficient for particles as small as 0.05u according to the
manufacturer. The volume of air sampled during each sampling interval will
be recorded using an in-line integrating dry gasmeter. It will be equipped
‘with a pressure gauge to allow volume correction based on the average

gasmeter inlet line pressure.

The minimum detectable gross beta level using a low background beta counter
is 0.005 pCi/ms. For a monthly composite of four fllters, a gamma spectrum
has a m1n1mum detectable level of 5.8 x 10~ pC1/m for Cs-134, Cs-137, and
4.2 x 107 pCi/m for Mn-54, Co-58, Co-60, using the minimum detectable

activities supplied in Table 6.1-14 and a.sampling rate of 300 cubic meters
per week per filter. The minimum detectable level for Sr-90 is 4.2 x 10_4

pCi/m3 for a monthly composite of four filters.
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6.1.5.2 Gamma Radiation Monitoring

Each air monitoring station will be equipped with thermoluminescent dosimeters
(TLD to quanfify background radiation on a monthly basis. In addition to air
monitoring sites, 15 other sites will be chosen for placement of dosimeter
packs. 1It-is anticipated that each dosimeter pack'at a monitoring location will
include at least four individual dosimeters. This allows a more accurate
measurement of the true monthly location mean and prevents erroneous readings
being recorded due to chance fluctuations in a single dosimeter's readout.

The 'variances calculated at each point through use of multiple dosimeters
figures into the statistics used to compare one monitoring location to another
on an operational basis. The smaller a location's monthly variance, the smaller
the necessary difference between any two locations monthly means in order to

achieve a given probability that the difference noted is not due to chance.

The proposed TLD monitoring locations are listed in Table 6.1-6. Zoné I TLD
locations include each air sampling site plus seven TLD sites placed at the
exclusion radius. TLD's are thus located at the exclusion radius to the N,
NE, E, ESE, SE, S, SW, W and NW. Five other Zone I TLD locations are situatéd.
as listed in Table 6.1-6. Zone II TLD locations include tﬁe three Zone II air
ménitoring locations plus sites in Exeter, New Hampshire, Amesbury, Massachu-
setts and Newbury, Massachusetts. The proposed TLD sites will thus cover most

of the major population concentrations within 15 miles of the station.

At léast six months before plant startup, the TLD background radiation network
will be supplemented by the use of a high sensitivity pressurized ion chamber.
This chamber is to be placed at TLD station TL 1.18 located 3000 feet from the '
station to the ESE. This location has the maximum mean annual chi/Q of any
sector and thus should showrthe maximum incremental dose of any location from

station gaseous effluents.

The pressurized ion chamber to be used is designed for continuous field 6peration :
and is capable of distinguishing gamma radiation field variations as low as
0.1y rad/hr (0.9 mr/yr). Use of this chamber will supply information useful in

validating the gaseous dispersion model used to calculate offsite doses through
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its ability to record very low level incremental exposures with little
ambiguity as to source. Accurate calculations of the incremental exposure
dose due to station operation can be made by integrating recorded dose rates

above the mean background dose rate for the monitoring site.

Preoperational use of the ionization chamber will identify the magnitude of
natural short term fluctuations in background due to processes such as ''nmatural -
fallout" - the fapid washout of radon daughters from the atmosphere during
rainstorms. Evenrthis_sort of short term variation should be distinguishable
from plume contribution to background dose rate on an operational basis. The
jonization chamber operates by recording the dose rate at 10 second intervals
on magnetic tape. Once a week this tape is changed and the data is read out.
The dose rate above the mean background rate for any time interval can be
easily calculated and this information used to calculate incremental dose due

to station operations.

According to studies performed by the AEC's Health and Safety Laboratory.
the energy response of this type spherical ionization chamber is reason-

ably linear over the range 100 kev - 7 meV (Reference 32).

The TLD's to be placed at the points described earlier will measure the
monthly integrated dose due to gamma radiation. A packet of preselected,
matched TLD chips from the same production batch (use of Harshaw TLD-100
LiF dosimeters is anticipated) will be placed at each location. Readout
will be done locally in order to eliminate problems of dose pick-up in

transporting dosimeters to a contractor's laboratory.

According to a recent study by the AEC's Health and Safety Laboratory using
LiF dosimeters, it is feasible to measure a 10 percent change in a 10 mr
dose (Reference 33). Thus, a one mr/month increase in normal background
radiation due to statian oﬁerations could be detected if the normal varia-
tions at each of the monitoring sites are well known or essentially constant.
It is this periodic seasonal change in background radiation which the pre-

operational program will seek to clarify.

6.1-42




June 1973

6.1.5.3 Precipitation Monitoring'

During the preoperational program, samples of precipitation will be collected
continuously at each air sampling site in both Zone I and Zone II. A funnel
at least 9 inches in diameter will be used. This funnel is to be heated
during the winter months to melt and collect preciﬁitation falling as snow

or sleet. Samples will be collected monthly and analyzed for éross beta,
tritium, gamma emitters by high resolution gamma spectroscopy, and strontium-

90 activity.

Gross beta analysis will be done by evaporating at least 1 liter, if
available, of a composite sample to dryness and counting the residue in a

low background beta counter. Analytical sensitivity for this procedure is

1 pCi/1. Tritium analysis will be done using a modified liquid scintillation
procedure. Samples are first filtered and distilled to eliminate quenching
materials which can cause erratic results. A sample of water is then ’
mixed with a scintillation solution and counted in a liquid scintillation
spectrometer for at least 500 minutes. Analytical sensitivity for tritium

with this procedure is approximately 200 pCi/l.

Gamma spectrum analysis will be done on one liter of precipitation by placing
the sample in a Marinelli beaker surrounding a Ge(Li) detector, in a standard
calibrated geometry.. This detector will be coupled to a 4096 channel multi-
channel analyzer. The sample will be counted for a period of time sufficient
to achieve the detection sensitivities shown in Table 6.1-15. ' Strontium-90
will be analyzed by evaporating to dryness one liter of water containing
suitable carrier. The residue is dissolved in dilute acid and the strontium
precipitated and separated. Yttrium is allowed to grow into the strontium
precipitate for a period of 14 days. Yttrium-90 is then extracted in di-2-
ethylhexyl phosphoric acid, and after back extraction into the aqueous

phase, precipitated as yttrium oxalate. This precipitate is then counted

in a low background proportional counter for 100 minutes and the étrotium-QO
activity calculated. Analytical sensitivity for Sr-90 by this procedure is
1.0 pCi/1. The percent recovery is determined using Sr-85 carrier of known
activity counted by gamma spectroscopy. The yttrium-S0 precipitate is
recounted at a later time to determine if the decline in count rate corres-

ponds to the half life of yttrium-90.
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6.1.5.4 Foodcrop and Vegetation Monitoring

Representative samples of foodcrops and vegetation from six Zone I locations
will be compared to three Zone II locations during the preoperational
program. Samples will be collected at harvest (or at the end of the growing
season) and at least once during the growing season in order to determine
uptake of radionuclides either from the soil (after deposition from the

air) or direct deposition.on the plant. Sampling points for vegetation are
shown in Table 6.1-7. Among the flora to be sampled are apples, vegetables,
and marshgrass. Samples will be analyzed for gamma emitters by Ge(Li)
spectroscopy with the analytical sensitivities shown in Table 6.1-15.
Strontium-90 analysis will be done on each sample collected in order to
determine the background levels for each sampling point. Strontium analysis
will be done by first drying the samply for twenty-four hours, ashing in

a muffle furnace and dissolving the residue in dilute acid. Analysis

then proceeds as for strontium in water. Analytical sensitivity is 30 pCi/kg

dry weight.
6.1.5.5 Milk Monitoring

Milk will be collected monthly from five locations during the preoperational
“program. Three Zone I dairies will be compared to two Zone II dairies
located over fifteen miles from the station. Each sample will be analyzed
for gamma emitters by high resolution Ge(Li) spectroséopy with analytical
sensitivities as shown in Table 6.1-15. One liter of milk is placed in a
Marinelli beaker over a Ge(Li) detector and counted for a period of time
sufficient to achieve the detection sensitivities shown in Table 6.1-15.
Strontium-90 is to be analyzed by stirring one liter of milk containing
standérd strontium, yttrium, and cesium carriers with a cation exchange
resin. The strontium is stripped from the fesinjwith strong acid and

after 14 days ingrcwth, the yttrium-90 is extracted with di-2-ethy1h¢xy1
phosphoric acid in toluene. This is back extracted into the aqueous phase
and precipitated as the oxalate. This purified precipitate is then counted
in a low background proportional counter and the strontium-90 activity
calculated. A recount is made later to determine if the decline in activity

corresponds to the half life of yttrium-90.
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Todine-131 analysis will be made using a radiochemical separation technique.
One liter of milk is passed through an ion exchange column. The iodine is-
eluted from the column with sodium perchlorate and precipitated as silver
iodide. After purification, the samﬁle is mounted on a planchete and
counted in a low background beta counter. Analytical sensitivity is 0.5
pCi/1l. o

6.1.5.6 Ground Water Monitoring

Preoperationally, well water is to be obtained from the wells listed in

Table 6.1-9. These wells include three in the immediate area of the station
and two distant wells which will be grab sampled and analyzed on a quarterly
basis. Tﬁe samples will be analyzed for gross beta, tritium, Sr-90, and gamma
emitters by high resolution Ge(Li) spectroscopy. Analytical methods and

sensitivities are as discussed under precipitation analysis above. The

-two distant wells will serve as a running background for the close-in wells

during station operation.

6.1.5.7 Surface Water Monitoring

.Surface water will be grab sampled monthly during the preoperational ﬁrogram

from ten monitoring points both in Hampton Harbor and in the Atlantic. The

sampling areas are as listed in Table 6.1-10. Points chosen include areas

in the vicinity of the proposed discharge area and areas which are considered
outside the influence of station releases. Samples will be analyzed for
gdmma activity and tritium by the techniques described in the preéipitation
section. Analytical sensitivity by isotope for gamma spectroanalysis is

as shown in Table 6.1-15. Tritium analYtical sensitivity is 200 pCi/l.

6.1.5.8 Soil Monitoring

- During the preoperational progranm, 15 situ quantitative gamma spectrometric

measurements of soil activity will be made at each air sampling station
and accessible TLD stations on a quarterly basis. Spectra will be collected

using high efficiency Ge(Li) solid state detectors. It is clear that
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in situ measurements of soil activity are more sensitive and provide more

representative data on radionuclide activity in soil, and the exposure
rate from these radionuclides, than does collection of soil samples and
laboratory analysis. Field analysis of soil activity using an unshielded
downward looking detector 1 meter above the ground, detects gamma rays
from an area within about a 10 meter radius, thus éveraging out any small

local variations in the soil (Reference 34),

Soil samples will be collected at the time field spectra are taken to

document the ambient Sr-90 level for each location.

Concurrent with use of the field gamma spectrum system, high pressure
ionization chamber readings will be made to determine the total dose rate
over the time period field spectra are collected. 'This total dose rate
will be apportioned among the various contributing radionuclides detected
in the gamma spectrum. Soil activity sampling locations are shown in
Table 6.1-13.

6.1.5.9 Marine Media Monitoring

Preoperationally, samples of a variety of marine media will be collected
semiannually. Seven locations have been chosen for sampling each of the
following media: fish, mollusks, crustacea, plankton, and algae. Bottom ‘
sediments and beach sands will be sampled from ten locations. Sample
locations for the above media are shown in Tables 6.1-11 and 6.1-12. The
stations chosen will include points in the immediate vicinity of the dis-
charge and areas outside the influence of routine station effluents.

In situ gamma spectrometry will)be done at those beach sand locations
accesible to the vehicle carrying the field gamma system. Otherwise, a
one kilogfam sample of sand will be coliected and analyzed by'the analytical
contractor by high resolution Ge(Li) spectroscopy for any activity above
the detection sensitivities shown in Table 6.1-15. Only edible portions
of-fish, mollusks, and crustaceans will be analyzed in all procedures.

Strontium-90 analysis will also be carried out on each sample during the
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preoperational program in order to document ambient levels. Preparation
of all media will include drying, ashing, dissolution in dilute acid, and

analysis as for Sr-90 in precipitation.
6.1.5.10 Miscellaneous

The results of the surveillance program outlined above will be reviewed
every 6 months to determine if it is necessary to add sample media, and
change analytical and/or sampling procedures or sampling points in order

to meet the objectives listed in the introduction to subsection 6.1.5.

Certain media such as small game were not included in the preoperational
program because of the migratory nature of all common gamebirds in the

area.

Since it is improbable that groundwater used by local farms would contain.
any plant related radionuclides and local poultry are fed processed feeds,
there is no significant pathway by which locally produced meat or eggs

could be as an exposure pathway to man. However if survey results indicate
. such a potential, the appropriate sample media will be added to the monitor-

ing program to fully determine the extent and magnitude of the problems.
6.1.5.11 Quality Control Program

A quality control program will be established to check the validity of
analyses ﬁerformed by the contractor providing the radiological environ-
mental analyses for Seabrook Station. The program will operate as follows.
Various sample media with known activities are to be supplied to the
environmental group at the site on a regular basis (at least quarterly) by
the EPA AnalYtiéal Quality Control Service in Las Vegas, Nevada. These
samples are designed to check various analyses including gamma\spectro—

scopy for key nuclides, tritium, and strontium-90 analysis.

At the plant, the samples will be labelled and packaged so as to be

completely indistinguishable from any other similar environmental sample.
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A note will be made to the plant environmental sample file detailing-the
date shipped, the EPA Code number for this sample, and the manner in

which it was labelled at the plant. When the contractor reports its results
to the plant environmental group, the station group will fill out and

submit the appropriate EPA Quality Control Service reporting forms. When
the EPA reports actual sample activity back to the.station, comparison

will be made between contractor values and "known' EPA values. This pro-
gram will validate reported values and allow rapid detection of problems

in a particular analytical procedure should this problem arise.
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Table 6.1-1

Flow Through Hampton Inlet - Cubic Feet

. ' " Average of Average Tidal
Flood Tide Ebb Tide Flood and Ebb Amplitude
_ Decémber, 1969 - 353 'x 106 430 x 106 291 x 106 cf 6.55 feet
. ' January, 1969 - 358 x 10° 505 x 10°  431.5 x 10% ¢f  8.25 feet




Area
Harbor

Subarea 1
2
3
4
5
Browns River
Hampton River

Mill Creek
Blackwater River

Total

Equivalent Dye Volume by Harbor Segments

Table 6.1-2

Volume of Water
in Each Area

Dye Concentration at Ebb Slack
ppb by Volume Cu Ft x 106

—
COCOMNMNNOORFMH®

N

Volume of Dye
Solution in Each

Arc at Ebb Slack
Cu Ft x 10-3

4.90
11.96
14.30

1.40
11.15

1.25
19.00

1.40
17.50

82.86

8.85
25.15
30.00

2.52

0

1.50

22.80
0
0 -

90.82




TABLE 6.1-3

SEABROOK METEQROLOGICAL EQUIPMENT SYSTEMS

30 Foot Level

Windé
11/1/71 - 11/21/72

11/21/72 - Present

Ambient Air Temperature -

11/1/71 - Present

Dewpoint
3/17/72 - Present

130 Foot Level

Winds -

11/28/72 - Present

-Six-bladed Bendix Aerovane with Bendix Model

141-2 dual recorder.

Bendix P/N 2414914 3-cup anemometer and P/N
2416970 vane system with Bendix Model 141-2
dual strip chart recorder. Starting speed:
less than 1 mph.

REC platinum temperature sensor, 400A REC
resistance bridge, and Esterline-Angus multi-
point recorder. :

Foxboro Dewcel H103AZ, Dewcel Weatherhood,
REC 400A resistance bridge,‘Esterline-Angus
multipoint recorder.

Bendix P/N 2414914 3-cup anemometer and P/N
2416970 vane system with Bendix Model 141-2
dual strip chart recorder. Starting speed:
less than 1 mph..

Delta T Temperature between 30 feet and 130 feet

11/1/71 - Present

REC platinum temperature sensor, 400D differ-
ential bridge, 421 BX-2X differential chassis,
Esterline-Angus multipoint recorder.
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TABLE 6.1-4

PRE-OPERATIONAL RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Type Analysis Performed Number of Sample Locations-
Media (Frequency) "+ Zone 1 Zone I1I
Air ‘Gross Beta (Weekly) 7 ' 3
Particulates Gamma Scan of Zone I and Zone II

Composite (Monthly)
Sr-90 Zone I and Zone II
Composite (Monthly)

High Pressure . Gamma Dose Rate 1 -
Ionization Chamber (Records Dose Rate every 10 sec.)

TLD Dosimeters Integrated Gamma Dose (Monthly) 19 6
Food Crop and Gamma Spectrum (Twice during 6 3
Vegetation Growing Season)

vSr—90 (Twice during Growing Season)

Milk Gamma Spectrum (Monthly) 3 2
Sr-90 (Monthly)
I-131 (Radiochemical Separation
- Low Beta Count) (Monthly)

Well Water Gross Beta (Quarterly) 3 .2
Gamma Spectrum (Quarterly)
Tritium (Quarterly)
Sr-90 (Quarterly)

Surface Water Gamma Spectrum (Monthly). 7 3
Tritium (Monthly)

Precipitation Gross Beta (Monthly) : 7 3
' Tritium (Monthly)
Gamma Spectrum (Monthly)
Sr-90 (Monthly)

Soil In situ quantitative 13 ‘ 6
Gamma Spectrum (Quarterly)
Sr-90 (Quarterly)

‘Fish . Gamma Spectrum Analyéis (semiannually) S T2
Sr-90 (semiannually)

Mollusks - Gamma Spectrum Analysis (semiannually) 5 2
Sr-90 (semiannually)

Plaﬁkton Gamma Spectrum Analysis (semiannually). 5 2.
Sr-90 (semiannually)
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TABLE 6.1-4 (Continued)

PRE-OPERATIONAL RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Media

Crustaceans
Algae

Bottom Sediments
{Including Beach
Sands)

- Type Analysis Performed Number of Sample Locations
(Frequency) Zone I Zone II
Gamma Spectrum Analysis (semiannually) 5 2

Sr-90 (semiannually)

Gamma Spectrum Analysis (semiannually) 5 2
Sr-90 (semiannually)

Gamma Spectrum Analysis (semi- 7 _ 3
annually) #1

Sr-90 (semiannually)

#1 Accessible beach sand locations will be analyzed by in 51tu quantitative
gamma spectroscopy as described in text.
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TABLE 6.1-5

AIR MONITORING STATIONS

June 1973

Electrical Substation

Zone I
Location Distance from Plant Direction
Hampton State Park 1.8 "E
Seabrook Beach 1.9 SE
‘Hampton River Boat Club 1.9 NNE
Farm Dock - Seabrook 0.7 S
Weare Corner - Seabrook 2.5 W
Dow's Lane - Seabrook 0.57 SW
Brimer's Lane 0.57 N
Zone 11
Portsmouth, New Hampshire - 9.5 NNE
PSCNH Branch Office -
Route 1
Haverhill, Massachusetts - ' - 12.5 SW
Winnekenni Park ’
E. Kingston, New Hampshire - - 8.0 WNW
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.. TL

TABLE 6.1-6
GAMMA RADIATION MONITORING STATIONS
Zone 1
Distance from Direction from
Station Designation Plant ‘ Plant
TL 1.1 - TL 1.7 : At each of 7 Zone I air monitoring sites
TL 1.8 0.57 : NE
TL 1.9 0.57 E
TL 1.10 0.57 SE
TL 1.11 0.57 S
TL 1.12 0.57 W
1.13 0.57 ‘ NW
TL 1.14 (South Seabrook 2.1 : S
Substation) '
TL 1.15 (Seabrook Beach) 2.3 o SE
TL 1.16 (Salisbury) 4. SSE
TL 1.17 (Seabrook) 0. W
TL 1.18 (Ion Chamber and 0.57 ESE
TLD Site)
TL 1.19 (Hampton Beach 2.2 NE
Firehouse) '
Zone II
Station Distance from Direction from’
Designation Location Plant Plant
TL 2.1 Portsmouth, New Hampshire - 9.5 NNE
o PSCNH Branch Office - ‘
Route 1
TL 2.2 Haverhill, Massachusetts - 12.5 SW
Winnekenni Park :
TL 2.3 E. Kingston, New Hampshire - 8.0 W
Electrical Substation .
TL 2.4 Exeter, New Hampshire 7.3 ' NW
TL 2.5 Amesbury, Massachusetts" 5.1 Sw
TL 2.6 Newbury, Massachusetts 8.4 SSE-




.

Media

Apples

Vegetables

"Vegetables

Marsh Grass
Marsh Grass

Marsh Grass

Vegetables

Apples

Marsh Grass

TABLE 6.1-7

FOOD CROP AND VEGETATION MONITORING STATIONS

Zone I
Distance from
Location Station
Applecrest Farm Orchards 3.0

Rt. 88, Hampton Falls,
New Hampshire

Crooked Chimney Farm 4.2
Rt. 88, Hampton Falls,
New Hampshire

Bartlett Farm ‘ ‘ 3.0
Congress St. :
Salisbury, Massachusetts

Hunts Island 0.57

Beckman's Island 0.57

Hémpton Flats 0.57
Zone II

Ingaldsby Farm 16.5

W. Boxford, Massachusetts

R. H. Hetnar Orchard .- 16.8
Prescott Road
Epping, New Hampshire

Vicinity of Wingaersheek 18.3
Beach, Gloucester,
Massachusétts

June 1973

Direction

NW

NW

SW

ESE

NW

SwW

NW -

SSE




Location

- Harold Perkins
Hampton, New Hampshire

W. W. Marston Dairy
Hampton Falls,
New Hampshire

R. Bartlett Dairy
Congress St.
Salisbury, Massachusetts

Rogers Spring Hill Farm
Neck Road
Bradford, Massachusetts

McPhee Farm
Prescott Road

Epping, New Hampshire

TABLE 6.1-8

MILK MONITORING SITES

Zone I

Distance from Station

20h

207

3-0
Zone II

17.2

16.4

Direction

NE

NW




TABIE 6.1-9

GROUND WATER MONITORING SITES

Zone I
Location Distance from Station
 Bondi's Restaurant-Well 0.7

Seabrook, New Hampshire
Brimer's Lane-Well ' 0.6
Hampton Falls,
New Hampshire
T. L. Boyd-Well 0.8
Seabrook, New Hampshire

Zone II
Hampton Water Co. 3.3
Well #9
Hampton, New Hampshire
Kensington Elementary ‘ 5.0

School Well
Kensington, New Hampshire

Direction

W
NNW

SSW




TABIE 6.1-10

SURFACE WATER MONITORING SITES

Zone 1

_Distance from
Location Discharge Area

Discharge Area -

Intake Area 0.57
Locke Point - Hampton _ 1.4
Harbor Inlet

Seabrook Beach - opposite 2.3
Round Rock .

Salisbury Beach ' 4.5
Hampton Beach A 1.0
North Beach _ : 2.0

Zone II

Wingaersheek Beach _ 18.0

Gloucester, Massachusetts

Odiornes Point 10.7
Rye, New Hampshire

Cow Beach Point . 19.6
York, Maine

Direction

SwW

SW
SSW

SSW

SE




TABLE 6.1-11

MARINE MEDIA MONITORING SITES

FISH, PLANKTON, MOLLUSKS, CRUSTACEANS, AIGAE

Location
Discharge Area

Hampton Harbor Inlet -
Locke Point

Taylor River at
Hampton Landing

Browns River -
Robbins Point

Blackwater River - near
Route 286 Bridge

Cow Beach Point
York, Maine

Ipswich Bay -

Vicinity of Wingaersheek

Beach, Gloucester,
Massachusetts

Zone I

Distance from
Discharge Area

1.4

2.7

2.6

2.9 
Zone 11

19.6

. 18.3

Direction

SwW

WSW

SSW

NE

SSE




TABLE 6.1-12

BOTTOM SEDIMENT AND BEACH SAND MONITORING LOCATIONS

Zone I

Distance from
Location Discharge Area Direction

Discharge Area - -

Intake Area 0.57 sw

Hampton Harbor - opposite 1.9 Sw

Commons Island :

Seabfook Beach - opposite | 2.3 SSW

Round Rock

Salisbury Beach u}e SSW

Hampton Beach ,' 1.0 il W

North Beach _ 2.3 NNW
Zone II

Wingaersheek Beach 18.0 SE
Gloucester, Massachusetts

Odiornes Point o 10.7 NE
Rye, New Hampshire

Cow Beach Point - 19.6 NE
York, Maine




Newbury, New Hampshire ) ) 8.

TABLE 6.1-13

SOIL MONITORING LOCATIONS

ZONE 1
Location Distance from Plant
Hampton State Park _ 1.8 '
Seabrook Beach 1.9
Hampton River Boat, Club 1.9
Farm Dock - Seabrook 7
Weare Corner - Seabrook 2.5
Dow's Lane - Seabrook .57
Brimer's Lane - Hampton Falls 57
TL -1.12 (Rocks Road) 0.57
TL 1.14 (South Seabrook Substation) 2.1
TL 1.15 (Seabrook Beach) 2.3
TL 1.16 (Salisbury) 4.0
TL 1.17 (Seabrook) ’ 0.9
TL 1.19 (Hampton Beach Firehouse) 2.2
ZONE II

Portsmouth, New Hampshire - 9.5
PSCNH Branch Office - '
Route 1
Haverhill, Massachﬁsetts 12.5
Kenoza Park _
E. Kingston, New Hampshire ‘ 8.0
Electrical Substation .
Exetef, New Hampshire 7.3
Amesbury, New Hampshire _ 5.1

4
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" Direction

E
SE
NNE

SW

SE
SSE

NE

NNE

SW
WNW

NW
SW
SSE
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TABIE 6.1-1h‘

ATR PARTICULATE FILTER DETECTION SENSITIVITY BY
HIGH RESOLUTION Ge(Li) GAMMA SPECTROSCOPY

Nuclide pCi/Total Filter

Be-7 : _ 60
Cr-51 , 60
Mn-Sh | | 6
Co-58 " ‘ 6
Co-60 _ | - 6
Se-75 52
Fe-59 . ' 1
Zr-95 | 11
Ru-1o3  S 7
Ru-106 : 60
I-131 _ 8
Cs-13L . 7
Cs-137 ' 7
Ba-1L,0 : ' 25
La-140 | 6
Ge-1L1 - o 12
Ce-1LL ' ' 52
K-LOo . 52
Ra-226 | 12

Th-228 : ' 12




Isotope
Be-7

Cr-51
Mn-5
Co-58
Co~60
Se-75
Fe-59
Zr-?S

Ru-103

Ru-106
I-131

Cs-13L
Cs-137
Ba-14L0
La-140

Ce-141

Ce-1Ll ~

K-40
Ra-226

Th-228

TABIE 6.1-15

June 1973

ENVIRONMENTAL SAMPLE DETECTION SENSITIVITY BY
HIGH RESOLUTION Ge(Li) GAMMA SPECTROSCOPY

Water or Milk
(1 1liter)
pCi/l
60

60

52
1"

11

60

25

12
52
52
12

12

Other Environmental Media
(Soil, Vegetation, Fish,
etc.-1 kg) pCi/ke

100

100
10
10
10
90
18
19
11

100
13
11
12
42
10
20
90
90
21

21
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6.2 Applicant's Proposed Operational Monitoring Programs

6.2.1 Radiolbgical Monitoring
6.2.1.1 Station Radiation Monitoring System
6.2.1.1.1 General Description

In complidnce with the requirements of 10 CFR Parts 20 and 50, and General
Design Criteria #64, the effluent monitoring system is designed to provide
radiation measurements, records, alarms and/or automatic line isolation at
points of radioactivity discharge from the sfation. Design of these moni-
toring channels is such that they do not saturate if exposed to radiation
‘levels of up to 100 times full scale indication; in addition, they may be
checked on a daily basis, tested monthly, and recalibrated at refueling shut-
downs. ‘Each radiation monitor provides control room annunciation and indi-
cation and each provides instrument failure annunciation on loss of power or
éignal. Power for the monitors comes from vital buses to insure operation

during emergency conditions.

6.2.1.1.2 Gaseous Effluent Monitofing

Radiogas monitors are located at three points within the Radioactive Gaseous
Waste System. The first is located upstream of the ambient pressure carbon
beds, the second is located between the ambient and high pressure carbon
beds, and the third monitor is located downstream of the high pressure carbon
beds. These monitors serve as indicators of carbon bed performanée with con-
trol room annunciation to alert station operators of abnormal operation or
conditions. Remote indication and annunciation are provided on the control
panelfor the Radioactive Gaseous Waste System. A high radiation signal on
the high pressure carbon bed outlet monitor terminates waste gas system dis-
charges to the ventilation stack by automatic closure of the waste gas dis-

charge valve.
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Gaseous activity that might result from a primary to secondary éystem leak
would be detected at the air ejectof condenser vent. This monitor is a G-M
deteétor.with a minimum sensitivity of 1 x 107% \Ci/cc for Xe-133. Control
room annunciation and indication are furnished by this monitoringvchannel.

- The gas discharge of the air ejector condenser is normally unfiltered but
may be manually redirected to the air ejector gas proéessing filters on re-

ceipt of a high radiation alarm.

Redundanéy in the airborne radioactivity monitoring system is accomplished by
the plant vent particulate and gas ménitors. All air exiting the plant is
continuously monitored for gaseous activity by an off-line G-M detector, and
for particulate activity by a Nal scintillation detector scanning a moving
filter paper which collects 99 percent of all particulate mdtter greater than
0.5 microns in size. There is control room indication and annunciation. The.
response range for gaseous activity is 1 x 1076 to 5 x 1072 uc/cc for Xe-133

and for particulate activity 1 x 10710 t6 1 x 1076 uc/cc based upon I-131. ' t

In a separate system, a stack sample is continuously drawn through a fixed
particulaie filter and a charcoal filter. The particulate filter is removed -

periodically and analyzed to determine the nuclide content of the stack

effluent, and the charcoal filter is analyzed periodically in the station

to determine the radioiodine content. |
6.2.1.1.3 Liquid Effluent Monitoring

Liquid process radiation monitors located within the reactor coolant systen,
boron recovery, steam generétor blowdown, component cooling, service water and
liquid waste systems, continuously monitor all potential and actual liquid dis-
charge pathways from the station. Radioactive liquids which are dischafged fro.
the station are continuously monitored dgring discharge. Prior to discharge, the
contents of a‘test tank are isolated, recirculated, and sampled to determine
whether a release may be made within the terms of the operating license. If the

. sample analysis indicates that the waste may be discharged, an operator must. unlock
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and open the last stop valve in the discharge line (normally locked shut),
open a second valve which automatically shuts on a high radiation signal,
start a test tank pump, and close the recirculation valve. This procedure
precludes the possibility of inadvertent dischafge. The channel which con-
tinuously monitors the liquid waste system effluent is an in-line scintil-
lation detector whose sensitivity range isl x.107% to 1 x 10_2

on Co-60.

uCi/cc, based

To provide backup and a final check on station liquid effluents, a composite
"sample of the station circulating water system discharge shall be continuously

collected for laboratory analysis as discussed in subsection 6.2.1.2.

6.2.1.2 Environmental Radiological Monitoring

The opération'radiological environmental monitoring program is outlined in
Table 6.2-1. Except for airborne iodine monitoring using charcoal car-
tfidges, sample media for the operational program are identical to those

of the preoperational program described in subsection 6.1.5. Sample sites
are also identical for both phases of the program. The frequency of sample
collection and the analyses performed do vary for some media as described
below. The analytical sensitivity for a given analytical procedure is as
déscribed in subsection 6.1.5. Analytical procedures not discussed in 6.1.5
are discussed belowf Factors influencing sample site selection are described
in subsection 6.1.5.

It is anticipated that all fadiologicél analyses except thermoluminescent
dosimeter readout, which is to be done locally in order to minimize dose
pickup in transit, will be done by a third party analytical laboratory.
Analytical sensitivities quoted are représentative of those supplied by these -

vendors.
The radiological environment monitoring program as outlined below exceeds

the monitoring requirements of the recommended minimum level environmental

surveillance program around nuclear reactors recommended by the EPA, Office
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of Radiation Programs in their "Environmental Radioactivity Surveillance
Guide'" (ORP/SID 72-2). For all environmental media, samples are collected
from more points, generally at more frequent intervals, with more specific

analyses being performed than is specified by this guide.

The surveillance program will be reviewed at least biennially in order to
determine that it is achieving its stated objectives and that no changes or
additions to the monitoring program are necessitated by changes in effluent

‘characteristics or experience at other reactors or research establishments.
6.2.1.2.1 Air Particulate Monitoring

Air samplers will operate as described in subsection 6.1.5.1 at the same
-locations used in the pre-operational program. Long lived gross beta

activity analysis (at least 24 hours after filter removal to allow for radon
and thorium daughter decayj will be done weekly. Monthly ‘gamma scans and Sr-90
analysis will be made on the monthly filter éomposite from each of the ten air
monitoring locations. Analytical procedures and.-sensitivities are described

in subsection 6.1.5.1. Sample locations are as listed in Table 6.1-5.
6.2.1.2.2 Airborne Iodine Monitoring

In series with, and downstream of the particulate filter at each air sampling
location will be an impregnated charcoal filter cartridge designed to retain
both inorganic and organic forms of gaseous airborne iodine. Charcoal filters
will be chaﬁged and analyzed on a weekly basis. It is anticipated that filters
will be gamma scanned using a Ge(Li) detector. The minimum detectable iodine-
131 activity at the time of analysis is approximately 8 pCi. Assuming four
cartridges are counted together after 7 days sampling and two days from sample
removal until analysis, the minimum'detectable air concentration would be

1.1 x 1072

minimum detectable activity is noted in the group .scan, each cartridge in

pCi/m? taking decay into account. If any activity above the 8 pCi

that group would be analyzed individually. For single cartridge analysis, the
average minimum detectable air concentration associated with this minimum

: : - ., 3 o
detectable activity would be 4.4 x 10 2 pCi/m™.
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6.2.1.2.3 Environmental Gamma Radiation

Thermoluminescent dosimeters will be placed at the 25 points described in
subsection 6.1.5.2. Dosimeter readout will continue on a monthly basis.
Analytical sénsitivity éﬁd sample location selection criterion are discussed
in subsection 6.1.5.2.

As described in subsection 6.1.5.2, a high pressure ionization chamber will
be in constant use at the expected point of annual maximum ground level con-
centration of airborne effluents in the most prevalent downwind direction.
This chamber will record the background dose rate at 10 second intervals on
magnetic tape. Analysis of this data will document incremental exposures
due to plant operation of less than 5 mrad/year. A more complete discussion

of this instrument is found in subsection 6.1.5.2.
6.2.1.2.4 Precipitation
Precipitation sampling will continue during the operational program at each

air monitoring location as discussed in subsection 6.1.5.3. Each monitoring

location's monthly composite will be analyzed for gross beta, tritium, and

gamma activity using the procedures specified in subsection 6.1.5.3. Analytical

sensitivities are the same as in the above mentioned subsection.

Strontium-89 and étrontium—go analysis will be done on each sample.

The aﬁalytical procedure for strontium-89 and strontium-90 is as follows.
One liter of water containing suitable carriers is evaporated to dryness.
The residue is then dissolved in dilute acid and strontium precipitated
and filtered. Yttrium-90 ingrowth is allowed to proceed for 14 days.
The yttrium-90 is then extracted in di-2-ethylhexyl phosphoric acid,

and after back extraction into the aqueous phase, precipitated
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as yttrium oxalate. This precipitate is purified and counted in a low back-
ground beta counter for at least 100 minutes. Strontium-90 activity is then
calculated based on the period of yttrium-90 ingrowth and the percent recovery
of strontium determined using a strontium-85 carrier of known activity counted
by gamma spectroscopy. Analytical sensitivity for strontium-90 by this proce-
dure is 1.0 pCi/l.

Strontium-89 activity is measured by the '"difference method'". The purified
strontium isotopeé'which were set aside during strontium-90 analysis are
precipitated from ingrown yttrium with fuming nitric acid. After purification
to remove barium-140, total strontium is precipitated as the oxalate and
counted in a low background proportional counter. The strontium-89 activity
is determined by subtracting the activity due to strontium-90 which was
determined with the phosphate extraction procedure. Analytical sensitivity

for Sr-89 by this procedure is 5.0 pCi/l.
6.2.1.2.5 Foodcrops and Vegetation Monitoring

Operafional monitoring of foodcrops (apples, vegetables) and terrestrial
vegetation (mixed grasses) will continue as during the preoperational program
at six Zone I and three Zone II locations. Samples will be taken twice
during the growing season at the sampliﬁg locations listed in Table 6.1-7.
All samples will be analyzed by high resolution'Ge(Li) spectroscopy'with

the analytical sensitivities as shown in Table 6.1-15.

Strontiuﬁé89 and 90 analysis will be performed on each sample. Strontium
analysis in vegetation will employ the procedure described in sub-

section 6.1.5.4 with strontium-89 analysis done by the 'difference method"
described in subsection 6.2.1.2.4. AnalyticalnsensitiVity for strontium-89
and 90 in foodcrops is 150 and 30 pCi per kilogram of dry sample.

6.2.1.2.6 Milk Monitoring

Milk will be sampled from three Zone I and two Zone II dairies weekly during
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the time that animals producing milk for human consumption are on pasture.
These samples will be analyzed weekly for I-131 by radiochemical separation
and loQ background beta counting. During pasture season, a monthly composite .
of each monitoring location shall be analyzed for Sr-89 and Sr-90 and
quantitative gamma spectrum: When animals are fed stored feeds, milk will
be sampled and analyzed on a monthly basis for I-lSi, Sr-89 and 90, and
quantitative gamma spectrum. Sensitivities and analytical procedures are
as described in subsection 6.1.5.5. Analytical sensitivities for
strontium-89, analyzed as described in subsection 6.2.1.2.4, and Sr-90

are 5.0 and 1.0 pCi/1 respectively.
6.2.1.2.7 Soil Monitoring

During the operational program i§_§igg_quantitative gamma spectrometric
measurements of soil activity will be made at each air sampling station

and accessible TLD stations on a quarterly basis. Spectra will be collected
using high efficiency Ge(Li) solid state detectors. It is clear that

in situ measurements of soil activity are more sensitive and provide more
representative data on radionuclide activity in soil, and the exposure

rate from these radionuclides, than doses collection of soil samples and -
laboratory analysis. Field analysis of soil activity using an unshielded
downward looking detector 1 meter above the ground, detects gamma rays

from an area within about‘a 10 meter radius, thus averaging out any small

local variations in the soil.

Soil samples will be collected at the time field spectra are taken to

document the Sr-90 level for each loéation.

Concurrent with use of the field gamma spectrum system, high pressure
ionizatibn chamber readings will be made to determine the total dose rate
over the time period field spectra are collected. This total dose rate
will be apportioned among the various contributing radionuclides detected
in the gamma spectrum. Soil activity sampling locations are shown in

Tablg 6.1.5-13.
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6.2.1.2.8 Ground Water Monitoring

Operationally, well water will be collected from the five wells monitored -
during the preoperational program. Three wells in the immediate area of the
station and two distant wells will be grab sampled and analyzed on a quarterly
basis. The samples will be analyzed for gross beta, tritium, and gamma emit-
ters by high resolution Ge(Li)} spectroscopy. Analytical methods and sensi;
tivities are as discussed in subsection 6.1.5.3. Stontium-89 and 90 analysis
will be made on each sample. Analytical sensitivity for strontium-89

and 90 using the procedure outlined in sﬁbsection 6.2.1.2.4 is 5.0

and 1.0 pCi/1 respectively.
6.2.1.2.9 Surface Water Monitoring

Surface water will be grab sampled every other week from all surface water
monitoring sites except the discharge and intake area conduit and composited
for analysis on a monthly basis. Rather than attempt to grab sample the
discharge and intake areas, it was decided to set up a continuous proportional
sampler in the intake and discharge conduits. These continuous proportional
samplers will be set up at the pump house to take continuous proportional
samples from the intake and discharge tunnels. These composite samples will
then be shipped to the analytical contractor on the same schedule as the
balance of the surface water samples. Each composite sample will be analyzed
monthly for gamma emitters by Ge(Li) spectroscopy and tritium. Analytical
techniques, sensitivities, and sample location selection are discussed in

subsection 6.1.5.7.

6.2-7




June 1973

6.2.1.2.10 Marine Media Mohitoring

Operationally, marine media samples will be collected quarterly from the
monitoring areas descfibed in subsection 6.1.5.9. As described earlier,
seven locations have been chosen for sampling each of the following
marine media: fish, mollusks, crustacea, plankton and algae. Bottom
sediments and.beach sands will be sampled and analyzed éuarterly from
ten locations. In situ gamma spectrometry will be done at those beach
sand locations accessible to the vehicle carfying the field gamma system.
Otherwise, a one kilogram‘sample of sand will be collected and analyzed'
by the analytical contractor by high resolution Ge(Li) spectroscopy as
described in subsection 6.1.5.8. Sample locations are as shown in
Table 6.1-11 and 6.1-12, Strontium-89 and 90 analysis will be made on
each sample. The analytical sensitivites for strontium-89 and 90 are

25 and S pCi/kg respectively.
6.2.1.2.11 Quality Control Program

A quality control program will continue to operate during the operational

-‘program as described in subsection 6.1.5.11 for the preoperationai program.

This program is based upon standard samples supplied by the EPA's Analytical
Quality Control Service in Las Vegas, Nevada. Analysis of each batch of
TLD's at the station will include a number of dosimeters exposed to known
low level doses with calibrated sources. This procedure will help maintain
calibrated readout of the dosimeters from month to month. Accurate readings
are also maintained through the use of an internal light source in the

TLD reader which is chétked frequently and reset, if necessary, to ensure
drift-free‘readings. These. measures will maintain a small standard
deviation in TLD readings at a given ﬂose and thus allow differences in

location averages to be detected if they exist.

6.2.1.2.12 Environmental Radiological Monitbring-Reporting

During the operational period of the station, radiological environmental

surveillance reports will be prepared and submitted to appropriate agencies
. on a semiannual basis. The report will include, for each media sampled

| - . . |
i - during the period, the number and geographical location of sampling points, the
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total number of samples analyzed, identification of organization or person
collecting the sample, identification of organization which analyzed the
sample, time and date of sample collection (or duration of collection for
integrated samples), sample preparation (e.g. wet or dry analysis), type of
analysis performed, value and units for each.analysis and two sigma analytical

errors and any known events which may have affected the analytical results.

‘In addition, those locations at which activity levels were found to exhibit
statistically significant increases (at p = .0l level) above established

of concurrent backgrounds will be identified. For these stations and media,
an estimation of the individual or population dose above background will be

made.
6.2.2 Chemical Effluent Monitoring

For the purposes of this subsection, chemical effluent monitoring is defined-
as that monitoring of non-radioactive chemicals that may be discharged with
the condenser cooling water. The outlets of the discharge conduits, as
described in Sections 3.4 and 5.1 are submerged in excess of 35 feet of water
(MLW) and. extend seaward from a point 5000 feet from the shoreline of Hampton
Beach State Park. At the discharge points, chemical effluents due to plant
operation are at environmentally acceptable levels or concentrations as
prescribed by appropriate regulatory agencies. This is accomplished either

through pre-treatment or dilution by the circulating water flow.

Sections 5.4 and 5.5 delineate chemical, biocide and sanitary wastes that are
discharged into the circulating water system. The manner in which these wastes
arise, i.e. sanitary systems, chemical waste systems, process water systems,

biocide systems, etc. is described in Sections 3.3, 3.6 and 3.7.

Due to the distance of the outlet from shore, it is impractical to continuously
monitor chemical effluents atvthis'point. Further, most of the chemical
effluents would be diluted to a concentration below the minimum detectable
sensitivities of such monitoring equipment. It iS‘therefore necessary to

~ perform such monltorlng at the point of injection into the circulating water
‘conduit except for biocidal treatment, which is monitored at several points

along the circulating water system.
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Periodic Seawater Analyses

Periodic monitoring at the outlet is achieved by obtaihing near-simultaneous
seawater samples at this point and at the point of intake. These samples

are analyzed by wet chemical and spectrographic techniques for specific
constituents. The results are then compared and the differences related to
.chemical effluent discharges of a conservative nature which do not change
chemical form in the interim of time before analysis. Such sampling is a
continuation of the program described in subsection 6.1.1.1. The frequency

of sampling is at least seasonally to offset annual trends in the chemical
constituency of the ambient seawater. Such a sampling program will be
continued until it is ascertained that no detrimental effects are being caused

by the discharge.

Grab samples of seawater are obtained at the‘same'time as periodic thermal
profiling at these points as outlined in subsection 6.2.3. At the same

time, measurements of salinity and dissolved oxygen are made with equipment

of the sensitivity described in subsection 6.1.1.1. Salinity and temperature
data are used to calculate the stability of the water column while D.O.
measurements provide the degree of oxygen saturation. No significant increase
in D.0. can occur in the circulating water system because the observed ambient
D.0. levels are uéually at or just above the saturation level of the thermal
discharge. (See subsection 2.5.1.2.) This is to be verified by periodic

surveillance.
Biocidal System Chemical Effluent Monitoring

Biocidal control to prevent fouling is used in the intake conduits from the
intake structure to the plant and through the condenser. Active chlorine is
injected into the circulating water flow at the.intake structure. Both

free and combined residual chlorine are monitored during injection, at the
condenser and in the discharge conduit near the intake structure. As dis-
cussed in subsection 3.6.1 and 5.4.1 chlorination will be adjusted to yield

a calculated free chlorine residuél concentration of <0.1.
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Combined Station and Sanitary Wastes Chemical Effluent Monitoring

Subsections 3.6.2, 3.7.1, 5.4.2 and 5.5.1 state that all treated liquid
wastes from industrial processes and from the sanitary waste system are
combined in the monitoring and sampling station and then pumped into the
circulating water discharge pipe. The combined wastes are in compliance
with applicable effluent limitations, standards of performance and water
quality standards prior to ‘dilution in the circulating water discharge
system. At the monitoring and sampling station the combined liquid wastes
from water treatment, demineralizer regeneration, steam generator blowdown,
and the oil separator are monitored for pH, oil concentration, total suspended
solids and specific elements as required. Sanitary waste effluent from the
tertiary treatment tank is monitored for pH, total suspended solids, phos-

phates, B.0.D., D.0O., coliform count and free chlorine.

Monitoring techniques conform to accepted methods as given by Standard

Methods for the Examination of Water and Wastewater, APHA, 13th ed. 1971 or

by Methods for Chemical Analysis of Water and Wastes, Water Quality Office,

EPA, 1971 as appropriate.
Applicable Standards

The New Hampshire Water Supply and Pollution Control Commission standards
for water quality are applicable at this time to the liquid wastes discharged

from Seabrook Station.
6.2.3 Thermal Effluent Monitoring

The Applicant will assure that an approved thermal monitoring program will
be developed prior to operation.' The program williinglude the techniques
and procedures that permit assessment of the thermal effluent's compliance

to applicable rules and regulations.

Surveillance techniques will include in situ monitoring of temperature at
specified locations in the region of the discharge and at the intake structure.
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Additional temperature monitoring techniques can be used if required.

Monitoring will continue until compliance with regulatory criteria is satisfied.
6.2.4 Meteorological Monitoring

The on-site meteorological.data collection program described in subsection
6.1.3 above will be maintained throughout the life of the plant. The equip-
ment will be regularly calibrated and strip chart records of wind speed,
wind direction, temperature and dew point will be collected. Conversion of

these records to punched computer cards will be carried out as necessary.

Construction plans for Seabrook do not include the use of cooling towers or
open bodies of cooling water. As a result, fogging and icing due td'plant

operation are not expected.
6.2.5 Operational Ecological Monitoring

The operational ecological monitoring program will consist of a continua-

tion of the pre-operational studies (subsection 6.1.1.2). Some aspects of
these studies, pérticularly those dealing with monitoring of physical para-
meters will be modified. In particular, frequency of temperature, salinity,
and dissolved oxygen monitoring in the discharge area will be increased to
weekly measurements over a fuil tidal cycle so that plume behavior can be
documented. Turbidity will be monitored weekly during construction. Monitor-
ing of other physical parameters may be increased in frequency when it is

deemed necessary.

Biological monitoring of motile epifauna and finfish will be increased in
frequency in the area of the discharge and intake conduits:after the plant
is in operation. This increased monitoring will continue until the effect
of the structures and the heated plume on feeding behavior and migration

patterns is understood.
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Additionally, other biological sampling will be coordinated with plant
operating variables, e.g., more intensive sampling and observations will
‘also be conductéd during scheduled maintenance shutdowns to determine effects
on finfish and motile epifauna. Provisional monitoring will also be planned

if unpredicted effects are observed.

Physiological or behavioral effects on the biota not ascribed to the natural
variation documented in the pre-operational monitoring will be determined to
havé been caused by the operation or construction of the plant unless correlated
with other unusual natural phenomena. In instances where changes are plant-
related, studies will first be conducted to determine whether any measures

can be taken to alleviate these effects without suspending the plants' operation.
Assessment of plant-related changes will include an evaluation of whether the

change is temporary or permanent.
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TABLE 6.2-1

OPERATIONAL RADIOLOGICAL ENVIRONMENTAL'MONITORING PROGRAM

Number of
Sample Locations
Media " Type Analysis Performed (Frequency) Zone I  Zone II
Air Gross Beta (Weekly) - , 7
Particulates Gamma Scan of Location Composite (Monthly)
Sr-90 on Location Composite (Monthly)
Airborne Charcoal Cartridge - I-131 by 7
Iodine Gamma Spectrum (Weekly, see note 1)
High Pressure Gamma Dose Rate 1
Ionization Chamber (Dose Rate every 10 seconds)
TLD Dosimeters Integrated Gamma Dose (Monthly) 19
Food Crop and Gamma Specfrum (Twice during 6
Vegetation Growing Season)
Sr-89, 90 (Twice during growing season)
: . Milk Gamma Spectrum (Monthly) 3
Sr-89, 90 (monthly)
. I-131 (Radiochemical Separation
- Low Beta Count - #2)
" Ground Water Gross Beta. (Quarterly) 3
Gamma Spectrum (Quarterly)
Tritium (Quarterly)
Sr-89, 90 (Quarterly)
Surface Water Gamma SpeCtrum (Monthly) 7
Tritium (Monthly)
Precipitation Gross Beta (Monthly) 7
Tritium (Monthly) '
- Gamma Spectrum (Monthly)
Sr-89, 90 (Monthly)
Fish Gamma Spectrum (Qﬁarterly) 5
Sr-89, 90 (Quarterly)
Mollusks Gamma Spectrum (Quarterly) 5

1 Analyzed as a composite.

Sr-89, 90 (Quarterly)

level in a group, cartridges will be analyzed individually.

@

If any activity detected above minimum detectable

Milk will be collected and analeed for I-lSi weekly during pasture season.
Gamma spectrum and Sr-89, 90 analyses will be done monthly during this time

on composite sample from each location. Monthly sampling and analysis
during balance of year.




Media

Plankton
Crustaceans
Aigae

Bottom Sediments
(Including Beach
Sands)

Soil

TABLE 6.2-1 (Continued)

Type Analysis Performed (Frequency)

Gamma Spectrum (Quarterly)
Sr-89, 90 (Quarterly)

Gamma Spectrum (Quarterly)
Sr-89, 90 (Quarterly)

Gamma Spectrum (Quarterly)
Sr-89, 90 (Quarterly)

Gamma Spectrum (Quarterly #3)
Sr-89, 90 (Quarterly)

lg_situ'quantitative
Gamma Spectrum (Quarterly)
Sr-90 (Quarterly)

June 1973

Number off
Sample Locations
Zone 1 Zone I1I

5

13

3 Accessible beach sand locations will be analyzed by in situ quantitative
gamma spectroscopy as described in text.
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6.3 Related Environmental Measurement and Monitoring Programs
Environmental monitoring programs within the Hampton-Seabrook region other
than those being conducted or planned by the'applicant are varied. In
evaluating this subject a thorough canvas was made of those locél, state, and
federal agencies deemed likely to be involved in such efforts. In addition
nearby educational institutions were contacted and queried as to possible
scientific research projécts within the area of the site. In establishing
the applicability of related studies to those of the applicant, a determination
was made of comparable parameters and location. Below are discussed those
study programs which because of their subjects and sampling locations are

considered related to the environmental programs of the applicant.

Dr. Raymond Gilmore of Nasson College, Springvale, Maine, is. involved in a

study of the marine polychaete Ophelia denticulata. His project centers on

the validation of the species status of this relatively uncommon (for North
Ameriéan) annelid. The Ophelia population Dr. Gilmore is working with is
located within the Hampton Harbor adjacent to the Common Island clam flat.
His sampling program is sporadic. It is doubtful that his study findings
will relate directly to those of the applicant's environmental monitoring
program. .However, the applicant has agreed to keep Dr. Gilmore advised of
whatever specimens of Ophelia they collect and further to provide him with 4

those not needed for catalog voucher samples.

Mr. Thomas C. Shevenell, a research associate in the Department of Earth

Sciences at the University of New Hampshire, is involved in thesis research

which includes some sequential collection of physical data adjacent to the
proposéd discharge area. Mr. Shevenell's thesis deals with dispersal and
distribution of near-shore particulate matter. The sample data include

monthly determinations of temperature, salinity (conductivity), light trans-
mission and total suspended solids. In addition some data exist on local currents
(bottom drifters), nutrients and chlorophyll values. Only Mr. Shevenell's

most southerly stations extend into the applicant's study area. The applicant

is in contact with Mr. Shevenell and some exchange of data has occurred.
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-Jackson Estuarine Laboratory of the University of New Hampshire was contacted
relative to their research efforts within the Hampton-Seabrook area. The
applicant is assured‘by the laboratory Director, Dr. Arthur Mathieson, that
no one at this facility other than Mr. Shevenell, who utilizes the laboratory,

is preéently engaged in studies at Hampton-Seabrook.

The New Hampshire Public Health Department along with personnel at the
Departments of Zoology and Biochemistry at the University of New Hampshire
assisted by New Hampshire Fish and Game Department are presently engaged in a
'monitoring program involving toxic effects of red tide affected soft-shell
clams on laboratory mice. This program was initiated in the fall of 1972

- when a bloom of the dinoflagellate Gonyaulax tamarensis occurred. Clams are

sampled weekiy from flat number 1 (Common Island) and processed for bioassay.
It is expected that this monitoring effort will continue at least until clam
toxicity levels decrease to a point which indicates they have definitely .
purged themselves of the paralytic shellfish poisoning factor. The applicant
is in touch with Dr. Burdette Barrett, Supervisor of Marine Fisheries, New
Hampshire Fish and Game Department who is involved in this prbgram. During

the height of the red tide outbreak the applicant's staff and their bioenviron-
mental consultant, Normandeau Associates, Inc., assisted the Fish and Game

Department in the collection of offshore samples.

- The marine biologist of the New Hampshire Fish and Game Department, Mr. Edward
Spurr, has been engaged in lobster research since 1970. This study's main
objective is to provide the knowledge necessary for development of sound
management programs to aid the New Hampshire lobster fishery. .This involves
the gathering of catch statistics to determine gear efficiency, lobster
growth, maturity and fecundity, population size, rates of exploitation, and

to assess environmental influences on the rate of lobster harvest. Although
there is no actual overlap of lobster sampling area with that of the applicant's
stu&ies, the information gained by both New Hampshire Fish and Game Department
and the applicant is similar. Both express lobster abundance in terms of
catch per unit. effort. Actual exchange of catch records does not exist, how-
ever, both parties are aware of the other's program and have discussed

mutual interests.
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The New Hampshire Water Supply and Pollution Control Commission is involved

in a continuing program of water quality assessment for the coastal waters of
the state. The principle water quality parameters of interest are those which
relate to contamination from sanitary waste discharges (e.g. M. P. N. Coliforms,
dissolved oxygen, BOD). Other routine physico-chemical parameters monitored
are temperature, chlorides, color and pH. For the study period 1969-1970 over
3,500 surface water samples were taken in the coastal and Piscataqua River
wafershed area. Some of these samples were taken from stations located within
the Hampton—Seabrook study area and, therefore, are directly related to condi-

tions measured by. the applicant’'s environmental studies.

An édjunct portion of the Water Supply and Pollution Control Commission moni-
toring program is some limited sampling for radionuclide levels and mercury
concentration levels. Both of these parameters are measured in representative
plants and animals and for radionuclides only in ocean water. The seawater

and biological samples are being analyzed for radioactivity in order to .
establish background levels which may serve as a basis for future assessments.
The state agency specifically points out that such information is required in
view of the applicant's proposed nuclear generating facility. The mercury
analysis,fblldwed increasing concern by the Federal Food and Drug Administration

and was ordered by the Governor of New Hampshire.

The applicant is in touch with the Water Supply and Pollution Control Commission
staff on the matter of radiation assessment and is in hopes of developing

a cooperative program of radiological monitoring.

A meteorological monitoring station exists at the Hampton town garage about

2.4 miles northeast of the Seabrook site. This station is maintained By

the Air Force Cambridge Research Laboratory and is a part of the mesonet .system
which is. designed to gather information useful in documentation of ground
fogging conditions. Wind speed and direction are monitored here and comparisons
have been made between the mesonet station data and that of the Seabrook Station

meteorolog1ca1 monitoring station.
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A proposed maintenance dredging project of the Hampton-Seabrook harbor inlet
by the Department of the Army New Engiand Division, Corps of Engineers is
planned. Preparatory to this dredging sediment samples were taken in the

work area for chemical analysis. Chemical analysis is required for dredge
spoils to assure coﬁpliance with Environmental Protection Agency (EPA)
criteria regarding the concentration levels of such potentially harmful
ingredients as volatile solids, chemical oxygen demand, kjeldahl nitrogen,

0il and grease, mercury, lead, zinc, and copper. . The reéults of this analysis
show all chemical parameters tested to be below EPA maximum allowable values.
Although this brief test procedure does not strictly qualify as an environmental
* monitoring program, the information gained may serve as a basis for future
comparisons of similar sediment components. There are presently no further
plans for pre-dredge environmental assessment but it is possible that some
more comprehensive program of monitoring may be undertaken. The applicant

is in touch with the New England Division, Corps of Engineers and, therefore,
is aware of its Hampton-Seabrook plans. Information on local soft-shell clam
reproductive cycle was requeéted and has been forwarded to the Corps of

Engineers by the applicant to assist them in their dredging plans.

Although there is no actual overlap of sampling area, the applicant is aware

of and in contact with personnel involved in the New England Offshore Mining
EValuation Study (NOMES). Project NOMES has been designed by the National
Oceanic and Atmospheric Administration (NOAA) to evaluate the biological,
chemical, and physical effects of dredging sand and gravel from marine deposits.
The NOMES study area lies considerably south of Hampton-Seabrook offshore from
Boston Harbor. | '

Another National Oceanic .and Atmospheric Administration project is an
ichthyoplankton investigation associated with MARMAP cruises. The immediate
program objectives are: (1) receive, catalog, process, store and disseminate
ichthyoplankton samples and data; (2) sort, identify, measure and enumerate
fish eggs ‘and larvae and determine zooplankton biomass; (3) conduct studies

-of the systematics of previously undescribed Northwest Altantic larval fishes;
(4) develop neQ techniqués to more effectively and efficiently sort, measure,
and enumerate fish eggs and larvae; and (5) prepare and publish tabular,

graphic, and descriptive summaries of the distribution, taxonomy and early
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life history'stages of fish eggs and larvaé. " Sample stations extend through-
out the coastal waters of the Gulf of Maine with several located offshore

of the Hampton-Seabrook harbor in water currently under study by the applicant.
Contacts have been made between MARMAP personnel and the applicant. The

results of such discussions are modifications of the applicant's ichthyoplankton
sampling such that results are directly comparable with MARMAP data. It has
been suggested by Dr. Joseph J. Graham of NOAA, National Marine Fisheries
Service Biological Laboratorx, West Bodthbay Harbor, Maine, that it would be
mutually profitable to exchange plankton information. The applicant is

prepared to cooperate fully in the exchange of such data.

A joint project funded by the Atomic Energy Commission, New England Electric
System and the Middlesex - Essex Power Pool seeks to develop a computer model
for prediction of nuclear power plant effects on near-shore coastal waters.
The work is being done by EG&G of Bedford, Massachusetts. From the analysis
of data on ocean curreﬁts, temperature, salinity, wind direction and velocity,
etc. as well as a review of the extensive literature on ocean environments,
the study hopes to construct a model which willipredict both thermal and
radiological effects. The area under study is generally off the Massachusetts
coast.> However, the northern most EG§G sample stations overlap the southerly
stations of the applicant's environmental study program. The applicant has’
been approached by EGEG seeking our participation in this program but at this

writing there is no formalized agreement for cooperation.
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7.0 ENVIRONMENTAL EFFECTS OF ACCIDENTS

7.1 Plant Accidents

A series of postulated éccidents has been evaluated. The accidents selected
for review correspond to those outlined in the AEC's "Guide to the Prepara-
ticn of Envirenmcontal Reports for Nuclear Peower Plants' dated August, 1972
That document classifies accidents in eight major categories. Individual
accidents have been defined within each of the broad categeries. The
applicant has adopted those assumptions outlined in the guide for the
individual accidents except in cases where the assumptions are not appro-
priate to the specific design of the Seabrook Station- or where other Qalues
are considered to be more suitable. In those cases where there are devia-
tions from the recommended bases, such deviations are noted and justification

is provided.

One chénge from the recommended assumptions is the selection of specific
meteorological dispersion parameters. Rather than using 1/10 the values of
Safety Guide 4, the on-site data.has been used to establish dispersion
paramefers for distances out to 50 miles. Subsection 6.1.3.2 of this report
discusses the methods used to calculate dispersion parameters and Table 2.6-4

lists the values used in the environmental impact evaluation.

Another difference from the suggested values is the fraction of fuel failures
assumed to be present in the reactor. Based on the experience gained in the
operation of Westinghouse Zircaloy élad fuél, a clad failure fraction of

0.2 percent is cénsidered to be more suitable than the AEC‘svsuggested value
of 0.5 perﬁent. This selection is based on operation of more than 160,000
Zircaloy clad rods in Westinghouse fuel assemblies installed in seven
operating power reactors. Peak burn-ups have been up to approxima;ely
38,000 MWD/MTU. The maximum level of leakage which has been observed was

0.7 percent in Beznau Unit 1, which was a single, isolated case. All other
plants have experiénced considerably lower leakages. Furthermbre, fuel
element design imprdvements have been introduced since the 0.7 percent

leakage was observed in Beznau Unit 1.
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Another minor departure from the standard assumptioné is the steam generator
blowdown rate. Because of more stringent requirements on steam generator
water solids concentration for the Seabrook Station than had been fequired
in the past (125 ppm vs. 600 ppm), the blowdown rate used is 50 gpm rather

than 10 gpm included in the list of standard assumptions.

Environmental impact from plant accidents is quantified in terms of ''man-
fem" since human radiation exposure is the significant environmental
effect. The term 'man-rem'" is conceptually straightforward. its determin-
ation involves the calculation of radiation exposures at various distances
from the Seabrook site resulting from the predicted releases of radio-
activity and its dispersion in all directions. The calculated exposures,
in rem, at a given distance are multiplied by the number of people residing
at that distance in the applicable sector to derive the population dose.
For purposes of these calculations, a distance of 50 miles from the
Seabrook site has been selected as the radius to which such determinations
are made. The mathematical description of the concept is contained in

Supplement 7.1, appended to this section.

The radiation doses calculated for the various events assume that all
individuals within the 50-mile radius of Seabrook remain out-of-doors
during the entire period of the transport of the radioactivity. This
heglects the shielding effects of structures in which the. individuals might
be located. As a result of this assumption, the population doses reported

are overestimated.

Another factor which should be noted is that values reported for whole body
‘doses include the skin dose from beta radiation as well as the whole body
component firom gamma radiation. Since beta particles would not penetrate
the body to the depth of the blood forming organs, about 5 centimeters,

they do not contribute to the ''whole body" dose, but strictly speaking would.
result in a '"'skin dosé”. However, as stated above, the beta contribution is
included in the whole body dose values, which results in an overstatement.

of the whole body exposures.
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In assessing the significance of the consequences of the various classes
of accidents, it is useful to compare the derived population doses with
some meaningful benchmark. The population dose from natural background
radiation is considered to represent a base from which comparisons can be. -
made. Actual background measurements have been made in the vicinity of
Seabrook and the values range from 54 to 98 mrem/year. Using a .value of
75 mrem/year as an average and adding to this the 25 mrem/year from food
and water intake, results in a total background dose to individuals living
around Seabrook of approximately 100 mrem/year. This individual exposure
results in a population dose to those in a 50-mile radius of Seabrook of

5.7 x 10S man-rem, based on a population projection for the year 2000.
ACCIDENT 1.0 - Trivial Incidents

Included in the evaluation of routine r?leases (Section 5.3).
ACCIDENT 2.0 - Small Releases Outside Containment

Included in the evaluation of routine releases (Section 5.3).

ACCIDENT 3.0 - Radwaste System Failure

The radioactive liquid and gaseous waste processing systems installed at
Seabrook will consist of pumps, valves, processing equipment,‘collection

and storage vessels, and process and control instrumentation. Some functions
of the éystems are performed automatically, with monitoring aﬁd control .
afforded by the instrumentation provided, while other functions require
manual action on the part of an operator. Automatic functions are limited

to those characterized by strictly mechanical actions necessary within a
particular system such as level controlling a tank, maintaining an

evaporator, operating properly, etc. Any action leading to transfer of.
a radioactive fluid from a system to the environment requires positive

operator action along with his control and monitoring.

Prior to releasing radioactive liquids or gases to'the environment, they are
collected or delayed in tanks (carbon delay tanks for gases and waste test '

tanks for liquids) from which the operator obtains samples for radioactivity
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analysis in the laboratory. With the results of the radioactivity analysis,

the operator can determine whether the release to the environment can be

made in cohpliance with the terms of the operating license. With an affirm-
ative determination,:the operator opens the discharge valve and the radioactiveA
fluid is released to the environment through a process radiation montior
interlocked with the discharge valve suéh that a high radiation alarm will

close the discharge valve and thereby terminate the relcase.

All of the operator actions required are performed in strict accordance with
detailed written radwaste system operating procedures which include instructions,
checklists, and release permit forms. The release is made only after the
release permit has been completed and has been reviewed and authorized by

the cognizant staff department.

This combination of automatic and operator control on the operation of the rad-
waste systems signifies that for functions involving collecting or processing

a radioactive fluid wifhin a system, 6perator action and, therefore, the
possibility of operator error are minimized, and for actions leading to release
to the environment, the feature of positivé operator action and control is
maximized. The operating procedﬁral requirements signify that the positive,
sequential operator action necessary to release a radioactive fluid to the
environment is fully reviewed and documented. The release permits are
permanently filed to offer a written record of radioactivity releases to the
environment.

Radwaste system cpmponents are designed and fabricated in accordance with various
safety and quality standards. Specific safety classification varies from Non-
Nuclear Safety (ANS Safety Class) for components and equipment offering little
or no potential for radioactivity release to the environment upon failure, to
Safety Class 3 for those with a specified release potentiai. Pressure vessels,
piping, pumps, valves, and storage tanks in those portions of the systems
classified as Safety Class 3 are designed, fabricated,; and installed in accor-
dance with ASME Boiler and Pressure Vessel Code, Section III, Nuclear PoWer

Plant Components - Class 3.
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discussion points out that considerations for the accidental release

of radioactivity from the Seabrook radwaste systems have been taken into ac-

count through minimization of the probability of operator error or component

failure.

Nonetheless, analyses are performed that consider radwaste system

operator error and component failure for assessment of the off-site radio-

logical impact of the released radiocactivity. These analyses are presented

below.

3.1 Release of 25 percent of the inventory of a primary drain tank.

General -

Each of the two Seabrook units has a primary drain tank'fhat accepts
reactor coolant letdown and leakage, that is recyclable after pro-
cessing by the boron recycle system. These tanks are located in
the primary auxiliary building and have an 8600 gallon capacity.
The liquid contained in these tanks is hydrogenated and, for pur-
poses of this calculation; is assumed to be equivalent to reactor
coolant,

The liquid from these tanks is processed by a degasifier, which
removes-essentially all of the noble gases,and is then stored in

a boron recovery storage tank. The liquid is then processed by

the boron recovery evaporator and stored in test tanks. The liquid
is sampled in the test tanks and either returned to the reactor
makeup system or discharged.

Because the majority of this liquid is fecycled and that when
released it is necessary to transfer between systems, it is con-
cluded that operator error would not result in the inadvertent

release of this liquid to the environment.

.This event, then, is postulated to involve a tank puncture or

- piping rupture such that 25 percent of the 8600 gallon contents

is accidentally spilled on the floor of the primary auxiliary
building. This event would result in a radioactivit& release
to the atmosphefe through gas evolution from the spilled 1iquid.
There would be no liquid release to the environment since the
building would contain the spilled liquid (which would be col-

lected by the building sump system.)
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Assumptions -

Results

1. The normal primary drain tank inventories and the quantities

released to the environment as a result of this incident are
shown below. These are based on 0.2% failed fuel and a loss
of 25% of the tank's contents. A partition factor of 10-%

was assumed for the halogens in the liquid released.

Primary Drain Tank Environmental

Isotope Inventory, Ci Release, Ci
Kr-83m 2.8 + 0 7.0 - 1
Kr-85m 1.1 + 1 2.8+ 0
Kr-85 8.4 -1 2.1 -1
Kr-87 8.4 + 0 2.1 +0
Kr-88 2.2+ 1 5.5 + 0
Xe-131m 4.4 -1 1.1 -1
Xe-133m 3.6 + 0 9.0 -1
Xe-133 1.6 +2 4.0 + 1
Xe-135m 5.4 + 0 1.4 + 0
Xe-135 2.0 + 1 5.0 + 0
Xe-137 1.1 +1 2.8 +0
Xe-138 4.6 + 0 1.2 + 0
I-131 1.6 + 1 4.0 - 4
I-132 6.0 + 0 1.5 - 4
1-133 2.6 + 1 6.5 - 4
I-134 3.8 + 0 9.5 - 5
I1-135 1.4 + 1 3.5 - 4

2. The two hour X/Q values are appropriate for the dose analysis

~of this release.

The two hour whole body and thyroid doses at the site boundary
are 0.00052 Rem and 0.000025 Rem respectively. Population doses -

are as shown in Table 7.1-1.
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3.2 Release of 100 percent of the normal rad10act1V1ty inventory of a
. prlmary drain tank.

General - This event is postulated to arise as a result of the rupture of
a primary drain tank. As for the tank puncture event, this acci-
dent would result in a radioactivity release to the atmosphere
through gas evolution from the spilled liquid. The liquid itself
would be contained within the building and handled by the building

sump system.

Assumptions -
1. The normal noble gas and halogen inventories within a full
primary drain tank correspond to 0.2 percent fuel clad defects

as listed above for accident 3.1.

2. All of the noble gas content and 10_'4 of the halogen content

of the spilled liquid is released to the environment.

. ' 3. The two hour x/Q values are appropriate for the dose analysie

of this releage.

Results - The two hour whole body and thyroid doses at the site boundary are
0.0021 Rem and 0.0001 Rem, respectively. Population doses are as
shown in Table 7.1-1. '

3.3 Ruptufe of a waste gas decay tank.

General - The radloactlve Gaseous Waste System (Section 3. S) is designed to
remove fission product gases from the reactor coolant. The system
includes 5 low pressure (0-2 psig) carbon delay tanks where the /._
gases are allowed to decay before being returned to the coolant or
released to the atmosphere. Each tank is designed to provide 17 . -
hours of Kr delay and 12 days of Xe delay which results in-a total

system delay of 85 hours for Kr and 60 days for Xe.
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. " The normal expected inventory in the carbon tanks is shown below.
. This inventory is based on gas stripping from 160 gpm (80 gpm
from each unit) of reactor coolant for an indefinite period of
time. The 160 gpm represents full capacity *or the 2 letdown

Fl

degassifiers.

The radicactive Gaseous Waste System is designed to Safety Class 3
criteria and to withstand a hydrogen detonation. In addition, the
carbon tanks are designed to withstand the safe shutdown earthquake.
In the event of a pipe or carbon tank failure, noble gases would be
released from the carbon. The quantity of radioactivity released
would depend on the failure location but would in all cases be a

small fraction of the total system inventory.

Assumptions - . _
1. It is assumed that a failure occurs upstream of the first carbon
tank. This results in a depressurization of the tanks and the
" ‘ ‘ releasebof a fraction of the noble gas inventory in the carbon.
. The isotopic release fractions are calculated as described by
Underhill (Nuclear Safety 13(6) 1972). The activity released
shown below is based on the inventory with 0.2 percent failed

fuel and a maximum carbon tank pressure of 17 psia.

-Tanks Inventory Fraction Curies

Isotope Ci Released Released
Kr-85m 7.2+1 0.0084 6.0 - 1
Kr-85 1.0 + 2 0.0025 2.5 - 1
Kr-87 1.7 + 1 0.027 4.6 - 1
Kr-88 9.6 + 1 0.013 1.2 + 0
Xe-131m 2.0+ 2 0.00022 4.4 - 2
Xe-133m 3.2 + 2 0.00072 2.3 - 1
Xe-133 3.4 + 4 0.00034 1.2 + |
Xe-135m 2.2+ 0 0.14 3.1 -1
Xe-135 2.8 + 2 0.0042 1.2 +.0

2.0 + 0 0.13 2.6 - 1

.' ' Xe-138
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2. The two hour x/Q values are appropriate for the dose analysis

of this release.

Results - The two hours whole body dose at the site boundary is 0.0001 Rem.

Population doses are as shown in Table 7.1-1.
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. ACCIDENT 4.0 - Fission Products to Primary Sysfem (BWR)

Not applicable to pressurized water reactors.
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ACCIDENT 5.0 - Fission Preducts to Primary and Secondary Systems (Pressurized
Water Reactor) : ‘

5.1 Fuel cladding defects and steam generator leak - Included in the evaluation
of routine releases (Section 5.3)

5.2 Off-design transients that induce fuel failures above those expected

and steam generator leak

General - Aé the title of this accident implies, events of this nature are not
anticipated and cannot be described with any degree of accuracy.
Rather, this evaluation might be viewed as encompassing a class of
events whose occurrence is unforeseen and cannot be quantified to a
substantial degree. The results of such events should be mitigated

through the action of the reactor protection system.
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Assumptions -
1.

4.

Results - 1.

0.02 percent of the core inventory of noble gases and 0.02 percent
of the core inventory of iodines are released to the reactor

coolant and mix uniformly.

The average inventory in the reactor coolant prior to the accident

is based on 0.2 percent fuel clad defects.

A release path to the environment exists through a leak in the steam
generator(s). The leak rate is 20 gallons per day and persists for
eight hours at which time the reactor coolant system pressure is
reduced éﬁd the leakage is terminated. )

All the noble gases and 10 percent of the iodines in the water which
leaks through the steam generators are carried with the steam to the
main condenser. These noble gases and 0.1 percent of the iodines

in the steam are released from the air ejector through a charcoal .
filtér, which has a 99 percent iodine removal efficiency, to the

environment.
The eight hour x/Q values are apprqpriafe for the analysis.

The -activity released to the environment as a result of this accident

is shown in the following table.

Isotope Activity Released (curies)
I-131 1.83-6
1-132 2.76-6
-I-133 4.09-6
1-134 4.78-6
I-135 3.70-6
Kr-85m 8.27-1
Kr-85 2.13-2
Kr-87 1.58+0
Kr-88 2.25+0
Xe-131m 3.00-2
Xe-133m 1.15-1
Xe-133 - 4.,62+0
Xe-135m 1.13+0
Xe-135 1.18+0
Xe-138 3.69+0
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2.

The eight hour whole body dose at the site boundary is 1.4 x 1074
rem and the eight hour thyroid dose is 3.5 x 10-8 rem. Population

doses. are shown in Table 7.1-1.

5.3 Steam Generator Tube Rupture

General - This accident is defined as the complete severance of a steam generator

tube while the reactor is operating at full power. In view of the

fact that steam generator tubes are constructed of Iconel 600, a ductile

material, it is considered that a sudden, complete severance is unlikely.

The more likely mode of failure would be randomly distributed leaking

tubes. Leakage from defective tubes increases gradually with time and

is then terminated by plugging the leaking tubes. Tubes are typically

plugged when leakage increases to 500 to 1000 gallons per day. Leaks

are detected by daily water inventories, steam generator sampling,

blowdown radiation monitors, and air ejector discharge radiation monitors.

Since this accident does not cause fuel failure, the source term is the.

activity contained in the coolant prior to the accident.

Assumptions -
1.

The quantity of reactor coolant which leaks through the broken tube
before the steam generator is isolated is 125,000 pounds. This
represents about 22 percent of the reactor coolant mass, a larger

fraction than the standard AEC assumption of 15 percent.

Reactor coolant fission product concentrations correspond to operation

with 0.2 percent failed fuel.
Noble gases and iodines which leak through the broken tube behave in
the same manner as described previously for off-design‘transients

{accident category 5{2).

The one hour x/Q values are appropriate for the analysis.
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Results - 1. The activity released to the environment as a result of this éccident

is shown in the following table.

- Isotope Activity Released (curies)
I-131 2.95-5
~1-132 1.02-5
I-133 4.42-5
I1-134 6.24-6
I-135 2.49-5
Kr-85m 2.50-1
Kr-85 1.59+0
Kr-87 1.36+1
Kr-88 4.31+1
Xe-131m 3.63+1
Xe-133m 1.93+1 .
Xe-133 9.76+2
Xe-135m 2.04+0
Xe-135 6.81+1
Xe-138 7.72+0

2. The whole body dose at the site boundary is 7.0 x 10_3 rem and
the thyroid dose is 1.1 x 10-6 Tem. .Population doses -are shown’
in Table 7.1-1.

ACCIDENT 6.0 Refueling Accidents
6.1 Fuel bundle drop

General - The possibility of damage to a fuel assembly as a consequence of
mishandling is minimized by thorough training, detailed procedures,
and equipment design. Inadvertent disengagement of a fuel assembly from
the fuel handling machine is prevented by positive grappling design
features. The maximum elevation to which the fuel assemblies can be
raised is limited by the design of the fuel handling hoists and
manipulators. A mechanical stop prevents the hoist from raising fuel
above the point where adequate wafer for shielding is available. At no
time during the transfer from the reactor core to the spent fuel stdrage

rack is a fuel assembly removed from the water.

’

7.1-13




interlocks are incorporated in fuel handling equipment to prevent move-
ment into the walls. All motors are equipped with mechanical brakes or
self-locking gears to prevent movement in case of a loss of power;

however, all motor functions have manual backup capacity.

During withdrawal or insertion of a fuel assembly, the load on the hoist
‘cable is monitored at the control console to ensure that movement is not
being restricted. A piston-operated spreader device is provided which

spreads adjacent fuel assemblies within the core to provide unrestricted
removal and insertion. The spreader is part of the mass assembly and is

operated prior to grappling of the fuel assembly.

Although the failure of one row of fuel rods upon dropping a fuel

assembly has been assumed, it is expected that no fuel rods would fail.
The failure of one row of fuel rods assumed the point of impact was at

the most effective location for fuel rod damage; i.e., the center of
percussion. Due to the length of the fuel assembly, it is highly probable
that it would strike the pool wall or other high objects as it rotates,
.thus breaking its fall and reducing the effects of impéct. Contrary

to the unlikely occurrence of a line load and a direct angle of strike
necessary to obtain one row of fuel rod failures, a glancing angle

of strike and a non-line load, either of which will reduce or preclude

fuel damage, is more probable.

Reliability of the fuel handling equipment, including the bridge and
trolley, the lifting mechanism, the tilting machines and the transfer
carriage, and all associated instrumentation and controls, are ensured

through the adoption of pre-operational check-out tests and routines.

In over 73 reactor years of PWR operating experience in the United States,
there has not been a single fuel handling accident in which either a new -

or spent fuel rod has sustained clad rupture.
Assumptions -

1. The accident occurs one week after shutdown from operation at full

power.
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2. The noble gases and iodines in the gaps of one row (15) of fuel

rods are released to the water.

3. The decontamination factor for iodine is 760. This value is based
on testing conducted by Westinghouse and reported in WCAP-7828,
"Radiological Consequences of a Fuel Handling Accident", December

1971. No removal of noble gases occurs.

4. Local radiation monitors would detect the radioactivity released
from the pool and isolate the containment ventilation exhaust
system. This action prevents the release of radioactivity at

that time.

'S. The containment is isolated for 24 hours during which time the
containment cleanup filter, rated at 4000 cfm, is operated. This
filter has a 99 percent iodine removal efficiency and no effect

on noble gases.

6. At the end of the 24 hours, the containment is purged for 16 hours.
The purge path contains a charcoal filter for iodine removal (99
percent efficiency). The purging operation releases all remaining

containment airborne activity to the environment.
7. The 8 to 24 hour x/Q values are appropriate for the analysis.

Results - 1. The activity released to the environment as a result of this accident

“is shown in the following table.

Isotope Activity Released (curies)
14131 . 5.47-4
I-133 1.45-6
Kr-85 9.93+1
Xe-131m 5.54+0
Xe-133m 2.60+0
. Xe-133 4.65+2
Xe-135 3.53-4
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Results - 1. The activity released to the environment as a result of this

2. The sixteen hour whole body dose is 2.8 x 10-4 rem and the
sixteen hour thyroid dose is 2.1 x 107® rem at the site

boundary. Population doses are shown on Table 7.1-1.

Heavy object drop onto fuel in core

General - The heaviest object routinely lifted over the reactor vessel is

the reactor vessel head. The head would not be likely to damage
fuel even if dropped, since it cannot physically fit inside the

vessel.

The upper core supﬁort assembly is also removed at each refueling.
This structure fits inside the reactor vessel and if dropped could
impose a load on the fuel. However, this would require that the
slots in the core plate line up exactly with the pins in.the core
barrel. If this alignment did not occur; the core support assembly

would be prevented from falling all the way into the reactor vessel.

Other heavy objects handled over the reactor vessel are the spent
fuel assemblies. The discussion under accident 6.1 describes
provisions made in design and handling operations to reduce the

possibility of dropping a fuel bundle.

Prior to every refueling, all handling equipment is checked by non-
destructive test methods to assure its integrity. In addition, load

tests are conducted to verify safe handling capabilities.

Assumptions -

1. The accident occurs 100 hours after shutdown from operation at full
power. V

2. The noble gases and iodines in the gaps of the fuel rods in one
average fuel assembly are released to the water. '

3. Assumptioné‘S. through 6. of accident 6.1, Fuel bundle drop, apply

to this situation.
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accident is shown in the following table.

Isotope Activity Released (curies)
I-131 9.49-3
I-133 . 1.86-4
Kr-85m ‘ 1.35+3
- Xe~-131m 8.01+1
Xe-133m 8.21+1
Xe-133 9.13+3
Xe-135m 6.35-2
Xe-135 8.39-1

The ‘sixteen hour whole body dose is 5.3 x 10"” rem and the

sixteen hour thyroid dose is 3.7 x 10_5 rem at the site boundary.

" Population doses are shown in Table 7.1-1.

ACCIDENT 7.0

Spent Fuel Handling Accidents

7.1 . Fuel assembly drop in fuel storage pool‘

General - This accident ié essentially the same as 6.1, Fuel bundle drop,

except for the location in the fuel storage building as contrasted

with the containment.

Assumptions -
1.

The accident occurs one week after shutdown from operation at

full power.

The noble gases and iodines in the gaps of one row (15) of

fuel rods are released to the water.

. vThe decontamination factor for iodine is 760. This value is

based on testing conducted by Westinghouse and reported in
WCAP-7828, '"Radiological Consequences of a Fuel Handling

Accident”, December, 1971. No removal of noble gases occurs.
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4. Local radiation monitors would detect the radioactivity
released from the pool, provide an alarm, and shift the ventila-
tion flow from the normal path to one containing charcoal filter

assemblies.

5. The airborne activity is released to the environment over a two

hour period.

6. Iodine removal efficiency of the charcoal filter assemblies is

99 percent. No removal of noble gases occurs.

" Results - 1. The activity released to the environment as a result of this

accident is shown in the following table.

Isotope Activity Released (curies)
1-131 T 4.64-3
I-133 o 2.49-5

Kr-85 9.93+1

Xe-131m 5.56+0

Xe-133m .3.50+0

Xe-133 5.30+2

Xe-135m 1.35-5

Xe-135 2.19-3

2. The two hour whole body dose is 1.5 x 10—3 rem and the two hour
. thyroid dose is 8.8 x 10_5 rem at the site boundary. Population

doses are shown on-Table 7.1-1.
7.2 Heavy object drop onto fuel rack
General - The largest item handled in the fuel storage building is the spent
fuel shipping cask. However, the crane and building arrangements
for the Seabrook Station are such that it is impossible for the cask

to be carried over the fuel storage racks.

The spent fuel pit bridge hoist which spans to storage pool serves

as the fuel handling platform. This. motor driven walkway is designed
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to preclude it from tipping over and to safely withstand the

forces associated with earthquakes.

The fuel storage building itself is of reinforced concrete
construction and is designed for earthquake loads and the forces
and missiles which could result from a tornado. Consequently,
heavy objects which could fall onto the storage racks from the

building itself are not very likely.
Assumptions -
1. The accident occurs 30 days after shutdown from operation at

full power.

2. The noble gases and iodines in the gaps of the fuel rods in

one average fuel assembly are released to the water.

3. Assumptioéns 3. through 7. of accident 7.1, Fuel assembly drop

in fuel storage pool, apply to this situation.

Results - 1. The activity released to the environment is shown in the

following table.

[sotope Activity Released (curies).

1-131 - 8.69-3
Kr-85 . 1.35+3
Xe-131m - 3.24+1
Xe-133m 4,.58-2

Xe-133 3.60+2
2. The two hour whole body dose is 4.7 x 10-3 rem and the two hour
thyroid dose is 1.6 x 10_4 rem at the site boundary. Population
doses are shown in Table 7.1-1.
7.3 Fuel cask drop

General - Spent fuel shipping casks are rugged pieces of equipment which must
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be designed to withstand a free fall of 30 feet onto an unyielding
surface. Since the cask used to transfer spent fuel from the
Seabrook Station will meet this requirement, only if the cask
is lifted more than 30 feet is there a. reasonable expectation

of failure.

The only time a loaded cask is lifted more than 30! feet while

on the site is when the cask is being removed from the underwater
fuel cask loading area in the fuel storage building. After
removal from the pool, the cask would be transferred to a rail
car. However, this transfer to the rail car involves a vertical

movement of only a few feet.

Assumptions -
1. The accident occurs in the spent fuel storage building 120 days

after shutdown from operation at full power.

2. The noble gases in the gaps of ten fuel assemblies are released

to the building atmosphere.

3. The airborne activity is released to the environment over a

two hour period.

Results - 1. The activity released to the environment as a result of this

accident is shown -in the following table.

Isotope Activity Released (curies)
I-131 . 3.73-5

Kr-85 1.32+4

Xe-13lm 2.51+0

Xe-133 2.84-2

2. The two hour whole body dose is 3.8 x 10"% rem and the two

hour thyroid dose is 7.1 x 10-7 rem at the site boundary.
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Population doses are shown in Table 7.1-1.

. ACCIDENT 8.0 Accident Initiation Events Considered in Design Basis
Evaluation in the Safety Analysis Report :

8.1 Loss-of-coolant accidents

General - Evaluations of these events typically begin with the assumption
that there is a sudden rupture in a reactor coolant system pipe.
This event results in rapid discharge of reactor coolant from the
broken pipe into the containment. Any fission products contained
in the coolant or released to the coolant as a result of fuel clad

failures would be transported to the containment atmosphere.

Engineered safety features are provided to isolate the containment,
provide coolant water to the core, and reduce iodine concentration
in the containment atmosphere. Because of the pressure increase

resulting from the energy addition to the containment, leakage of

fission products could occur.

Any fission products released from the primary containment would leak
into the enclosure building where they would be passed through filters
for iodine removal before release to the atmosphere. The noble gases

are unaffected by the fission product removal systems. .
8.1.1 Small Pipe Break
Assumptions -
' 1. For the small break no additional fuel failures occur and the

source term is the radioactivity in the coolant corresponding to

operation with 0.2 percent fuel defects. -

2. All the noble gases and 50 percent of the iodines in the coolant

are released to the containment atmosphere.

3. Half of the iodine released to the containment atmosphere is removed

. by natural effects including condensation, deposition, and settling.
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Results - 1.

ISotoEe

I-131
I-133
1-135

Kr-85m
Kr-85
Kr-88

Xe-131m
Xe-133m
Xe-133 .
Xe-135m
Xe-135

The containment spray system does not operate.

The values for containment leakage, enclosure building ventilation
system effectiveness and atmospheric dispersion are stated in

Supplement 7.1.

The activity released to the environment as a result of this

accident is shown in the foliowing'table.

Activity Released (curies)

0 - 8 hrs. 8 - 24 hrs. 1 - 4 days 4 - 30 days
3.02-5 9.88-5 2.09-4 5.95-4
3.92-5 9.32-5 7.13-5 6.47-5
1.60-5 1.87-5 3.03-6 1.41-9
5.00-3 3.56-3 2:26-4 1.87-9
6.62-4 2.26-3 5.53-3 4.52-2
5.97-3 2.00-3 3.10-5 3.6-13
1.50-2 4.96-2 1.10-1 4.29-1
7.58-3 2.2622 3.44-2 2.18-2
3.92-1 1.26 - 2.49 4.75
4.23-3 1.65-2 9.88-3 1.41-5
2.16-2 3.94-2 1.34-2 5.46-2

The thirty day whole body dose at the site boundary is 4.3 x 10—6
rem and the thyroid dose is 3.4 x 10_6 rem. Population doses are
shown in Table 7.1-1.

8.1.2 Large Pipe Break

Assumptions -
1.

As a result of the accident the noble gas and iodine activity in

the fuel clad gaps is released to the reactor vessel.

All the noble gases and 50 percent of the iodines become airborne
in the containment. Of this activity available for leakage,
5 percent of the iodine is in a form not removed by the contaih—

ment spray system.

7.1-22




3. Iodine removal of the remaining 95 percent of the airborne

iodine (elemental iodine) by the spray system occurs with a removal
-1 s

constant of 18 hr. based on characteristics of the spray system,

containment volume, and iodine behavior with sodium hydroxide.

4., No further removal of elemental iodine occurs after the contain-
ment elemental concentration reaches 0.1 percent of its initial
level. This represents typical behavior observed at experimental
facilities. This level is reached approximately 25 minutes after
spray system actuation. The values for containment leakage,
enclosure building ventilation system effectiveness, and A

atmospheric dispersion are stated in Supplement 7.1.

Results - 1. The activity released to the environment as a result of this

accident is -shown in the following table.

Activity (curies)

Isotope 0 - 8 hrs. 8 - 24 hrs. 1 - 4 days  4 - 30 daxé
1-131 4.95-2 1.33-1 2.79-1 7.95-1
I1-133 3.24-2 6.28-2 4.74-2 4.30-3
1-135 1.25-2 1.17-2 1.86-3 8.65-7

Kr-85m 5.32 3.78 .241 1.99-6

Kr-85 24.6 83.8 206. 1680

Kr-87 1.49 6.19-2 1.13-5 1.4-22

Kr-88 8.01 2.69 4.16-2 4.9-10

Xe-131Im 1.47 4.95 11.6 56.7

Xe-133m 475 1410 2100 1320

Xe-133 307 1080 2650 7060

Xe-135m 4.31 11.7 6.39 8.86-3

Xe-135 20.6 48.7 20.6 1.02-1

2. The thirty day whole body dose at the site boundary is
9.0 x 10-3 rem and the thyroid dose is 4.5 x 10-3Vrem. Popula-
tion doses are shown in Table 7.1-1.

8.2 Rod Ejection Accident

General - This accident is defined as the mechanical failure of a control

rod mechanism pressure housing resulting in the ejection of a
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rod cluster control assembly and drive shaft. The consequence of
this mechanical failure is a rapid reactivity insertion together
with an adverse core power distribution, possibly leading to

localized fuel rod damage.

An analysis has been performed which concludes that an upper limit
of fuel rods entering departure from nucleate boiling (DNB) is
10.percent. Thus, 10 percént represents an upper limit of cladding
failures as a result of this accident. This analysis is reported
in WCAP-7588, Revision 1, December 1971, "An Evaluation of the

Rod Ejection Accident in Westinghouse Pressurized Water Reactors

Using Spatial Kinetics Methods'.

Certain features in Westinghouse reactors are intended to preclude

the possibility of a rod ejection accident,'dr to limit the consequences
if the accident were to occur. These include a sound, conservative '
mechanical design of the rod housings; together wifh a thorough

quality control program during assembly. In addition, the nuclear
design lessens the potential ejection worth of rod cluster control
assemblies and minimized the number of assemblies inserted at

high power levels.

Assumptions -

1. Initial coolant activity corresponds to 0.2 percent fuel defects.

2. The activity in the gaps of 10 percent of the fuel rods is

released to the reactor coolant.

3. All the noble gas activity and ten percent of the iodine activity
are released to the containment atmosphere. Half of the iodine
released to the containment is removed by natural effects

including plateout and settling.
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4. Leakage from the primary containment mixes uniformly with
50 percent of the secondary containment volume. The secondary
containment is exhausted through particulate and charcoal filters
before release. None of the noble gases and 99 percent of the

jodines are removed by the filters.
5. Since leakage from the containment could continue for an extended
period of time, the x/Q values for the various time periods up

to 30 days are used.

Results - 1. The activity released to the environment as a result of this

accident is shown below for various time periods.

Activity Released (curies)

Isotope 0 - 8 hours 8 - 24 hours . 1 - 4 days 4 - 30 days
1-131 3.73-3 ' 1.90-2 5.79-2 1.54-1
I-132 1.61-4 5.18-5 neg. neg.
1-133 2.41-3 8.85-3 1.01-2 8.44-4
I-134 3.81-5 . _ neg** neg. neg.
I-135 8.88-4 1.57-3 3.94-4 neg.

Kr-85m - 2.45-1 2.59-1 2.59-2 neg.

Kr-85 1.09+0 6.23+0 2.19+1 1.68+2

Kr-87 6.12-2 3.75-3 1.09-6 neg.

Kr-88 3.61-1 1.78-1 4.35-3 neg.

Xe-131m 7.65-2 3.95-1 1.27+0 4.84+0

Xe-133m 2.30-1 1.06+0 2.34+0 1.37+0

Xe-133 1.39+1 6.97+1 1.99+2 3.53+2

Xe-135m 2.10-1 1.15+0 19.23-1 1.58-3

Xe-135 7.95-1 2.02+0 9.43-1 3.11-3

Xe-138 3.80-3 neg. neg. neg.

**negligible (<1076)

2. The thirty day whole body dose at the site boundary is

4.7 x 10_4 rem and the thirty day thyroid dose is 8.7 x 10-4 Tem.

- Population doses are-shown on Table 7.1-1.
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8.3 Steam Line Break Outside Containment

General - The AEC's environmental report guide lists two steam line breaks

for consideration. However, due to the nature of the assumptions,
which are discussed below, the results would be identical for both

events. Consequently, one steam line break accident is evaluated. -

This accident is defined as the instantaneous rupture of a main steam
line outside the containment. From an environmental effects view-
point, this location is more limiting than inside since any
radioactivity contained in the flashing mixture would be released

to the environment without treatment. If the break occurred inside
the containment, the combination of gradual leakage and treatment

by the secondary.containment filtration system would reduce the
radioactivity release to a value far _below that for the situation

assumed here.

A slight deviation from the AEC assumptions is employed. Instead
of applying a halogen reduction factor of 0.5 after the blowdown,
a value of 0.1 is used. This value is based on experimental work
performed at Battelle-Northwest Laboratories which indicated that

approximately 9 percent of the iodine in a boric acid solution was

“‘released by evaporation when the liquid was boiled. This work is

reported in BNP-100, "Todine Removal from Containment Atmospheres

by Boric Acid Spray', dated July 1970.

Assumptions -

1. JIodine activity in each steam generator is based on 0.2 percent

fuel failures and 20 gallons per day primary to secondary leakage.

2. Ten percent of the iodine in the steam generator connected to the
broken steam line is released to the environment. Because the

blowdown occurs rapidly, the 0 - 1 hour x/Q value is used.

3. Leakage céntinués at the rate of 5 gallons per minute through

each of the four stéam generators for a period of 8 hours. All
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the noble gases from the four steam generators and 10 percent
of the iodine from the affected steam generator are released
during this 8 hour period. The 0 - 8 hour x/Q values are

used for this portion of the accident.

Results - 1. The activity released to the environment as a result of this

accident is shown in the following table:

Activity Released (curies)

From Steam Generator Blowdown From Primary to Secondary Leakage
1-131 6.17-4 2.33-4
I1-132 3.92-5 3.07-5
I-133 6.17-4 3.11-4
I-134 1.01-5 7.87-6
I-135 2.07-4 1.36-4
Kr-85m Not Applicable 4.52-3
Kr-85 5.09-4
Kr-87 1.01-3
Kr-88 6.00-3
Xe-131m 1.15-2
Xe-133m 5.91-3
Xe-133 3.03-1
Xe-135m 1.51-2
Xe-135 1.88-2
Xe-138 v 1.29-4

2. The eight hour whole body dose at the site boundary is
7.1 x 10”7 rem and the eight hour thyroid dose is 2.4 x 107°

rem. Population doses are shown on Table 7.1-1.
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SUPPLEMENT 7.1

MODELS AND DATA FOR EVALUATING
RADIOLOGICAL IMPACT OF ACCIDENTS

1. Introduction

The evaluation of the radiological impact of accidents involves assumptions
and application of data. Many of these assumptions are stated in the AEC's
"Guide for the Preparation of Environmental Reports' dated August, 1972.
Other assumptions are specified in the discussions of the individual
accidents. Although the accidents are in many ways dissimilar, many of

the models and much of the data is commonly used in the evaluations, It is
the purpose of this supplement to provide the general information used for
accident evaluations. Because off-site doses can be caused only by radiq-
nuclides with a high degree of mobility, the isotopic data presented is

limited to the noble gases and iodines.
Il Data and Assumptions -

A. Radioactive source data

1. Power level
3654 mwt is used based on the guaranteed core thermal output of
3411 mwt plus a 5 percent allowance for possible increased capability
and a 2 percent uncertainty for calorimetric measurements.

2. Fission product inventory
Total core inventories and gap activities are shown below for the
isotopes ofviﬁterest based on core operation at 3654 mwt for
650 days.

7.1-28




Activities in Curies

. Isotope Core Inventory. Gap Activity
I-131 9.02+7 1.69+
1-132 1.37+8 2.90+5
I1-133 2.02+8 1.27+6
[-134 2.37+8 3.09+5
I-135 1.83+8 6.59+5

Kr-85m 4.05+7 1.17+5
Kr-85 1.02+6 2.61+5
Kr-87 7.78+7 1.22+5
Kr-88 "1.11+8 2.56+5
Xe-131m 6.87+5 1.56+4
Xe-133m 5.29+6 5.35+4
Xe-133 2.08+8 3.19+6
Xe-135m 5.60+7 3.98+4
Xe-135 5.69+7 2.40+5
Xe-138 1.83+8 1.36+5

3. Reactor codlant activity before the accident
Corresponds to operation with defects in 0.2 percent of
the fuel rods. (See Table G-1 Appendix G).

. 4. Secondary coolant activity before the accident
‘ Corresponds to the level which would be present with 0.2 percent
fuel defects and 20 gpd primary to secondary leakage. (See
Table G-2 of Appendix G). '

B.  Data and assumptions used to estimate activity released
1. Primary containment leak rate i
0.05 percent contained volume per day for first 24 hours and

0.025 percent of .contained volume per day thereafter.

2. Secondary containment air removal rate
2,000 cfm

3. Secondary containment mixing
Leakage from the primary containment is assumed to mix with

. . 50 percent of the secondary containment system volume.
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C.

D.

4. Adsorption and filtration efficiencies

Charcoal filter efficiency is 99 percent for iodine.

5. Containment spray parameters
-1 .
Xg = 18 hr. _

6. Containment volumes :
6 ft3
Secondary containment - 1.0 X 106 ft3

Primary containment - 2.8 x 10

Dispersion Data

1. Boundary and LPZ distances
Boundary - 3000 feet (914 meters)
LPZ - 1.5 miles (2414 meters)

2. x/Q values .
Based on 50 percent frequency values for one data and

summarized in Table 2.6-4.
Dose Data

1. Method of dose calculation
Whole body dose -
The whole body dose is calculated assuming that the recéptor is
{mmersed in a semi-infinite plume of uniform concentration.

Specific equations for the evaluations are the following:

DR = 0.23 - x/Q

Dy = 0.25 + x/Q

where:
‘ DB is the whole body beta dose (rem)
Dy is the whole body gamma dose (rem)
x/Q is the atmospheric dispersion parameter (sec/ms)

Q is the quantity of isotope i released during the interval of
interest (curies) ‘
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Ei is the decay energy from isotope i (Mev/disintegration)

Thyroid inhalation dose is calculated.by the following expression

during each period of interest.

- ) > . .
D, = x/Q - B - ;Q * DCF,

where:

Dt is the thyroid inhalation dose

x/Q is the atmospheric dispérsion parameter (sec/ms)
. . 3

B is the breathing rate (m"/sec)

Qi is the quantity of iodine isotope i released during the

interval (curies)

DCFi is the dose conversion factor for iodine isotope i

(rem/curie inhaled)
Population Dose -

Population doses are determined as follows:

50 miles 16
Populatidn dose = L _ . 8 -1 [Dose (r)] x [Pop (r, 8)] x [F (8)]

where:
Dose (r) is the dose at a given distance, r

Pop (r, ) is the number of people living at distance r in

sector 8 (year 2000 population projection)

F () is the fraction of time the wind blows toward sector ©
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2. Dose conversion data

Physical pata for Isotopes

: Decay* -1 Gamma* Beta* Dose. Conversion

Isotope Constant (hr ) Energy (Mev/Dis) Energy Mev/Dis Factor** (Rem/Curie)
1-131  3.59 x 1073 0.391 0.183 1.48 x 105
1-132 3.01 x 10_2 2.130 0.485 5.35 x 105
I-133 3.30 x 10_1 0.565 0.493 4.00 x 104
1-134 7.92 x 10_1 2.614 0.580 2.50 x 10S
1-135 1.03 x 10 1.771 0.316 1.24 x 10

Kr-85m 1.58 x 1o:é 0.157 0.252 -

Kr-85 7.45 x lO_1 0.004 0.221 -

Kr-87 5.33 x 10_l 1.586° 1.341 -

Kr-88 2.48 x 10 1.915 0.372 -

Xe-131m 2.40 x 10:; 0.001 0.055 -

Xe-133m 1.26 x 10_3 0.026 0.207 .-

Xe-133 5.44 x 100 0.027 0.155 -

Xe-135m . 2.67 x 10_, 0.416 0.104 -

Xe-135 7.63 x 10O 0.261 0.304 -

Xe-138 2.45 x 10 1.280 0.579 -

*J. F. Perkins, '"Decay of U-235 Fission Products', Report No. RR-TR-63-11,
July 25, .1963.

**J. J. DiNunno et. al., '"Calculation at Distance Factors for Power and Test
Reactor Sites" TID-14844, March 23, 1962.

Breathing Rate

20 m3/day (from ICRP Publication 2 "Report of Committee II on Permissible

Dose for Internal Radiation')
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ACCTDENT

pos)

6.1

6.2

7.1
1.2
7.3

3.1 -
8.1
8.2

3.3

Hote: 1.2-3 = 1.2 x 1073 = 0.0012

DESCRIPT ION

Primary Drain Tank Puncture
Primary Drain Tank Rupture

Gas Decay Tank Rupture

0if-Design Transient

Staan Tenerzbor Tube Rupture

Fuel Bundle Irop

Object Drop onto Miel in (ore

Fuel Assembly Drop in Storage Pool

Objsct.Drop onto Fuel Rack

ruel Cask Drop

LOCA, Small Fipe Break

LOCA, Large Pipe Break

Rod Zjection

Steam Line Break Outside Contaimment

Background Radiation

SATLARY OF

FOPINL T IO
FURL YARIOUS DISTLHOES AROUND SEABROOK STATION
THYROID DOSE (MAN-REM)

D=5 0-10  0-20 D=30 0=40 0=t
wiles miles miles miles miles miles
0.0072 0.010 0.017 0.029 0.042 0.056
0.029 0.040 0.068 0.13  0.17 0.22
o) 0 0 ) ) 0
1.0-5 1.4-5 2.4-5 }4.0-5 5.9-5 7.9-5
3.4-h L.6=h 7.6=l 1.3=3 1.9=3 2.5-3
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7.2 Transportation Accidents

As for the radiological assessment for normal conditions of radiocactive
material trénsportation from the Seabrook Station (section 5.3.L.2 of this
repprt), reference is made to the Commissionfs report on the subject
("Envirormental Survey of Transportation of Radioactive Materials to and
from.Nuclear Power Plahts") for an analysis of the radiological impact to
transport workers and to the general public arising'through transportation
accidents involving radioactive materials shipments from a typical light
water reactor. Since the analyses of the spectrum of transportation
accidents.presented therein are applicable to the Seabrook shipménts, no

separate analysis is required here.
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7.3 Other Accidents

. No other accidents were considered.
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CONSTRUCTION AND OPERATION
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8 ECONOMIC AND SOCIAL EFFECTS OF PLANT
- CONSTRUCTION AND OPERATION

8.1 Value of Qutput

The price of electricity is the basis here used for determining'its economic
value to society since it reflects the value that users place on it. It

must be emphasized, however, that this market price provides only the minimum
value of the output, since many consumers would be prepared to pay more for

electricity than they are actually being charged.

In calculating the value of the output at the Seabrook facilities we make

the following assumptions:.

1. The plant's output will be distributed among the various users as is

the system's entire output. For 1982, these are projected by the Company

as follows:
| Residential 33.5 percent
Commercial (General) 8.7 percent
‘Industrial 26.5 percent
Other . 25.7 percent
Losse§ (Reference 1) 5.6 percent
2. The average price per kilowatt-hour used in the valuation is based on

actual 1972 prices. Given these prices, and the 1982 projected share for
each class of users, we obtain an average price of 1.93 cents per kilowatt-
hour. Note, that the use of 1972 rates yields a conservative estimate of

the value of output, since in the present inflationary environment it seems

. ¢lear that further rate increases are likely and can be expected to raise

‘the average price by 1982. However, in the absence of a firm basis for

projecting the magnitude of price increases the more conservative under-
statement of price was selected as the basis for determining the- value

of the electricity to be produced by the Seabrook plant.

3. The physical output of the plant is calculated on the following assumptions:
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a. 2000 MW capacity
b. 7000 hours operation per year

c. 5.6 percent energy loss rate (1971 actual)
Total kilowatt-hour sales for the plant is thus: 13,216,000,000.

The value of the output in its first year of operation is therefore no less

than: $255,068,800.

The aggregate value is based on the value of sales to all users: residential,
commercial and induétrial. It would be impractical to enumerate the specific
uses of electricity éhd to evaluate how these contribute to a rising quality
of life in the home and in the place of work. One illustration which may be
worth noting in this context is the use of household appliances. Company
projections show that between 1970 and 1980 the saturation ratio (number of
appliances as a precent of total residential customers) of space heating

will rise from 3.5 percent to 10.7 percent; water heating from 24.5 percent
to 36.3 percent; ranges from 62.9 percent to 69.1 percent. Clearly, many

families which presently do not make use of these and other appliances can '

‘be expected to acquire them as they seek to improve their living standards.
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8.2 and 8.3 Income and Employment

These Sections, which are treated together, call for estimates of the effects
of the plant's construction, and ultimate operation, on the region's income

and employment.

The total effect on the region's economy is expected to be some mﬁltiple of
the first round of income gain. This is because some portion 'of the income
- received by employees and material suppliers will be respent on local goods

and services thereby resulting in a further gain in the region's income.

The regional multiplier can be calculated either from a regional input-output
table or from a two-sector regional income model. In order to prepare an
input-output table one would require detailed information on the sales of
each industry to every other industry. Furthermore, it would be necessary to
distinguish between shipments within the region and outside the region. For
~ these reasons; the compilation of an input-output table, where it has been
attempted, has proved to Be an extremely complex, time-consuming, and expensive
undertaking. The other approach to the estimation of regional multipliers

is far simpler in concept and requires less data. It derives from a model
which conceives of all industries as being either export or service-oriented.
The functional relationship of income or employment between the two sectors

forms the basis for calculating the likely increase in income.

The coefficient which describes the total increase in employment/income per
unit increase in the activity of a basic industry is termed the multiplier.

It can be calculated as follows:

Let Es =a + alET -
and ET = Es + Ex
Where: Es = Employment in service industries

' E = Employment in export industries

Total employment

e
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After substitution and rearrangement of terms we obtain:

The multiplier is thus i
_al

A similar formulation is used in Reference 1.

Although the export-service income model is conceptually simple and can be
‘easily estimated, the predictive accuracy of the multiplier depends upon
a number of crucial assumptions (Reference 2). Some of the difficulties

encountered are illustrated in the present case.

The .electric service territory of the Company is virtually conincident with
the State of New Hampshire. Yet, we can expect some fraction of the
construction labor force to reside in Massachusetts, whose border is about
two miles away from Seabrook. No reliable multiplier can therefore be
calculated for the Company's service'ferritory without a careful estimate
of thé\number of employees who will live outside this area, yet there is

no reliable method for making this estimate.

The predictive accuracy of the multiplier is also dependent upon the proper
assignment of each industry into the export or service sector. Yet, such
determination cannot be based on general considerations. It must derive
from careful analysis of the industry structure in the particular region.
For example, the Finance, Insurance and Real Estate sector can be purely-
service-oriented in some regions, and have an export component in other

regions.

Even if all industries could be properly classified into one or the other of
the two mutually exclusive sectors, the resulting multiplier may still be
unreliable. The muitiblier reflects the felationship which prevails at

the time the data are gathered. However, the impact which we seek to
predict will depend upon the service-export relationship prevailing some

time in the future.
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The above discussion suggests that the multiplier estimates would be subject
to a large margin of error. We therefore propose to discount all income
expahsion beyond the first round. That is, in order to offer conservative
estimates of the benefits of the plant, we assume that the addition to

income will be limited to the direct expenditures on employment and materials
and the first round of expenditures on local services generated by the direct
- income gains; we will not take into account additional and successively
smaller rounds of expenditures. The direct income gain will be further
édjusted downwards to reflect leakages due to federal taxes and savings. 1In
making these adjustments, we continue to be conservative since a significant
share of federal taxes will in fact be respent in the area; similarly, some

of the savings will find their way into new local investment.

Another source of local and regional income gain is the purchase of materials
from local suppliers. The Company estimates that during the period of
construction from 1975 through 1981-$6-7 million will be spent on local
purchases in the Portsmouth area and a total of $25 million in the New England
area,  The ratio of value added to sales in maﬁufacturing in New Hampshire

was 0.538 (Reference 3). Based on this value we would estimate the income
impact in- the Portsmouth area at about $3,500,000 and in New England at

about $13,500,000.

Income and employment are, of course, two sides of the same coin. Nonetheless,
for.some purposes it would be worthwhile to have estimates of the employment
effects associated with a given income change. 1In order to project the
increase in employment in the service sector associated with the regional
income gain we would need to know the following:

1. The share of income expended on services;

2. The ratio of employment to sales in the service sector;

3. The leakagé of income outside the region.

While we do not have reliable predictors for the above, we obtain rough

estimates of the employment gain on the basislof the following assumptions:
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1. 42.4 percent of personal consumption expenditures will go to the purchase

of services (Reference 4);

2. For every million dollars of sales in the service sector, employment

will rise by 69.6 (Reference 5);
-3. All services will be provided regionally.

Based on these assumptions, service employment will be increased by the

following amounts:

1975 148
1976 . 472
1977 590
1978 620
1979 620
1980 443

1981 118

Column (3) in Table 8.2-1 presents our income estimates of gains resulting
from the construction payroll of the plant. Note that over the 1975-1981
period $102,000,000 in additional income will be generated directly by the

construction of the plant.

Finally, note that our calculations do not include the income impact of the
operating staff of the plaht once construction is completed. The permanent
operating staff of the plant is estimated to be 125 full time employees.

It is difficult to project the level of wages and salaries so far ahead,
but on the basié of present wage and salary levels in the Company's power
plants the income of theée employees would be over $2,000,000 annually
exclusive of fringe benefits such as health insurance.and retirement

-

benefits.
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TABLE 8.2-1

INCOME EFFECTS OF THE CONSTRUCTION OF

1975
1976
1977
1978
1979
1980
1981
Total

THE SEABROOK FACILITY
Regional
Construction Payroll ° Income
Employees Expense -~ _Impact
--------- ($000,000) ---~-----
ey (2) (3)
550 $§ 6 $ S
1,650 19 16
2,200 24 20
2,200 25 21
2,300 26 21
1,750 18 15
600 5 4
$ 123 $ 102

Source: Cols. (1) § (2):

Col. (3):

Data provided by the Company.

Col. (2) adjusted to reflect a 5.9 percent
saving rate reported in Table 3 of the
Economic Report of the President, 1973, and
a 12.0 percent federal tax rate based on
Table 1 in the Preliminary Statistics of
Income 1970, Individual Income Tax Returns,

- U.S. Internal Revenue Service, for incomes

ranging from $10,000 to $15,000.
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8 3 Employment

' ‘ . Section 8.3 is combined with Section 8.2 in this report.
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8.4 Taxes

The construction of Seabrook Station will affect the tax revenues received
locally and within the state. At this time the state has neither a sales tax
nor a state income tax. Municipalities raise the majority of their revenues -
through real estate taxation. With each passing year this becomes more and
more difficult and the pressuré becomes greater to institute other forms of

taxation.
Capital Stock

There is a state tax levied which is based on the par value of new capital
stock authorized. To judge the local effect of this form of taxation,'it is
assumed that all funds invested in Seabrook by Public Service Company of

New Hampshire are provided by incremental permanent capital and include neither
retained earnings nor depreciation funds. On this basis, the PSNH invested

capital might be apportioned as follows:

Debt : $ 313,500,000
Preferred Stock 85,500,000
" Common Equity : 171,000,000

Total 570,000,000

The current taxation level on newly authorized stock is $100 per $100,000 of

par value. On this basis the capital stock tax would be computed as follows:

_ ~ Par Value . Tax
Preferred 855,000 shares @ $100 par = 85,500,000 '$ 85,500
Common 6,840,000 shares @ §5 par = 32,200,000 $ 32,200

The total capital stock tax which the State of New Hampshire would levy on
the financing for Seabrook by Public Service Company of New Hampshire would
be $117,700.
Real Estate

Real estate taxes on utility plant are levied by the municipality in which »
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the property is located. There are bills before the current session of the
state legislature to tax generating facilities by the state. The success

or failure of these’bills will have a substantial effect upon the taxes
which must be earned and paid by the Seabrook facility. To illustrate this,
an estimated tai is computed for the plant using eéch method for the

year '1982.

On a municipal basis, éssume the assessed valuation for the town exclusive
of the plant grows from the 1972 amount of $33,148,000 to $53,998,000 in
1982. This would occur if the town had a 5 percent growth rate. Also
assume the town had a budget increase from $1,042,000 in 1972 to $2,050,000
in 1982 which could be expected with a 7 percent annual growth in municipal
expenses. Taking these two growth rates into account the tax rate per
$1000 of evaluation would increase from $31.45 in 1972 to $37.96 in 1982.
Inclusion of the Seabrook Station value in the tax base would reduce’thé
rate to $1.72 per $1000 evaluation and find the plant taxes amounting to
$1,960,000. ' ‘

Howevef, if we assume that taxes will be assessed by the State at the average
proportionality and average tax rate then property taxes on the plant would
be:

Investment x Proportionality factor x Ave tax rate = 1982 tax
$1,140,000,000 x .75 x $40 34,200,000

This amount could also be reduced if present efforts to shift the property

tax burden to another source are successful.
Earnings

Public Service must also pay a franchise tax to the State amounting to nine
percent of net earnings after all taxes including the franchise tax. Assuming
that net income will approximate five peréent of net plant the franchise tax
will be: $570,000,000 x .05 x .09 = $2,565,000 per year. This tax will
decline in each subsequent>year as the earnings requirements will be less

as net plant decreases.
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Personal Taxes

As we point out in Section 8.5 below, it would be extremely difficult to
measure fhe burdens placed on local government jurisdictions by the employees
of the plant. We, therefore, propose that tax payments by these employees
not be considered as part of the benefits of the plant, but rather as an
offset to local and state services extended to them. For the same reason

we do not propose to estimate the property tax payments of tHe employees

in their respective communities.
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8.5 Externalities

Industry Attraction

Electric power is an indispensable input to industrial activity in a modern
society. Undoubtedly, the availability of electric power at low cost has
contributed to the industrial development of the country. However, variations
in electric power rates probably have had little influence on inter-regional
growth differences. The explanation for this apparent contradiction is to

be found inuthe wide availability of power throughout the United States and

in the relatively low portion of total production costs expended on purchases

of electricity.

The factor that electric supply has been widely available throughout the
country may account for its slight impact on the locational choicés of firms.
This point of view is reflected in prevailing regional projéction methods,

for example, the widely-known regional projections prepared by the Office

of Business.Economics, Regional Economics Division, United States Départment
of Commerce for the North Atlantic Regional Water Resources Study Coordinating

Committee.

Electric power constitues only a small fraction of value added in manu-
facturing industries as shown in Table 8.5-1. It is, therefore, not
sufprising that variations in electric¢ supply prices generally have not
exerted an important locational pull (aluminum and a few electrochemical
and electrometallurgical plants, which are of little consequence in this
region, are exceptions). Locational decisions are more likely to reflect
labor supply conditions as well as proximity to final markets and to raw

material sources.

New Hampshire has experienced a very rapid rate of ‘increase in its population;
from 1960 to 1970 the population increased by 21.5 percent. This rate was
far higher than New England's 12.7 percent, or the nation's average increase

of 13.3 percent (Reference 1).
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The continuing industrial development of this area is particularly important
if New Hampshire is to close its incdme gap relative to the United States
average. The per capita income of New Hampshire relative to the United States
was 0.88 in 1950, and 0.93 in 1969. It is projected to rise to 0.95 of

the United States averégé in 1990 and to 0.97 in the year 2000 (Reference 2).

While electric power has not in our opinion proved to be an important
locational factor, it is obvious that optimal economic growth and adequate -

‘employment opportunities presuppose uncurtailed electric supply.
Service Burdens

The direct service requirements of the plant are considered in Chapter 3.
We show there that provisions have been made for the plant's requirements
for water, sewage, etc., and that no additional service burdens will be
placed on any municipality. The services which will be- received by the
construction employees and ultimately By the operating staff of the plant
are most difficult to predict. These will depend on the extant invest-
ment in social overhead facilities in the communities where the employees

reside, on their marital status, and on the number and age of their children.

If the labor force will draw on local residents there will be no increase,
at least in the short run, in the service burden placed upon local govern-
ments since the employees already live in the area and are recipients of

whatever public services they are entitled to.

More fundamentally, the costs of state and local public services——education;
police, etc.--are covered substantially by state and local tax revenues.

Reference (3) reports the following for the state of New Hampshire:

1963/4 1964/5 1965/6 1966/7
General Revenues,
. Per Capita: ($) 300.46 '321.11 344.89 379.23
General Expenditures, , .
Per Capita: ($) 328.16 339.58 377.10 422.10 .
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Tax payments and benefits are not, of course, equal for every household but
this is a result of government income redistributional policies. At any rate,
one can expeét that the tax payments of the employees in the construction

and operation of the planf will not fall short of the cost of public services

which they receive.

In Reference (4), Gillespie has examined the level of state and local taxes .
as well as state and local government expenditures by income class. His
conclusion is: "The federal pattern of fiscal incidence generally favors.
low incohes, burdens high incomes, and is mainly neutral over a wide

middle income range. The state and local pattern also favors low incomes,

but it is essentially neutral over both the middle and upper income ranges."

In éummary, it would be very difficult to measure the incremental burden on
public services attributable to the construction and operation of the plaﬁt
without detailed information on the family status and residential pattern
‘of the labor force. One could, of course, estimate average state and local
per capita expenditures. But, per capita local and state tax receipts are
approximately equal to per capita expenditures on average. We propose,
therefore, that local service burdens not be counted on the cost side,

and symmetrically with it, that employee-generated local tax revenues,

that is, real estate taxes on employees' homes, be excluded from the
calculated benefits of the plant.
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TABLE 8.5-1

COST OF ELECTRIC ENERGY PURCHASED AS A PERCENTAGE OF
VALUE ADDED BY TWO-DIGIT MANUFACTURING INDUSTRIES

1967
Electric
Energy
Purchased
Electric Value as a
Energy Added by Percent of
Manufacturing Industry Purchased Manufacture Value Added
------ ($000,000) - -~-----= (1) =+ 2y
(1) . (2) (3)
Food and Kindred Products § 316.2 $ 26,620.9 1.19%
-Tobacco 7.9 2,032.0 0.39
.Textiles 178.6 8,153.2 2.19
Apparel 67.0 10,064.4 0.67
Lumber and Wood _ 89..2 4,973.4 1.79
Furniture : 37.2 4,169.5 0.89
Paper : 209.6 9,756.3 2.15
Printing : 88.1 14,355.1 0.61
Chemicals 582.8 .23,550.1 2.47
Petroleum . 134.5 5,425.8 2.48
Rubber and Plastics 117.3 6,799.5 1.73
Leather 20.6 2,626.5 0.78
Stone, Glass and Clay 200.3 8,333.4 2.40
Primary Metals 693.5 19,978.2 3.47
Fabricated Metal : 207.3 18,042.6 1.15
Nonelectrical Machinery 217.2 27,836.4 0.78
Electrical Machinery 199.9 24,487 .3 0.82
Transportation Equipment 238.2 28,173.9 0.85
Instruments - 34.1 6,418.4 0.53
Misc., Manufacturing 77.3 10,187.2 0.76
8 - $261,984.1 1.42%

All Industries Total $3,716.

Source: Col. (1): 1967 Census of Manufactures-Summary Statistics,
Fuels and Electric Energy Consumed, p. 10-13.
Col. (2): 1967 Census of Manufacturers-General Summary,
p- 28.
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8.6 ther Effects

There do not appear to be any significant further social or economic
effects to the region beyond those discussed earlier in this chapter.

The applicant does plan to provide certain facilities for education and
recreation as discussed in Section 3.1. However, these facilities will
not generate any dollar benefits or require any additional services or
resources beyond those discussed for the total plant. The recreational
facilities proposed are for the use of Seabrook residents. The education
center will serve transients in the summer and offer a program of science
and ecological information to school children and residents during the

winter season.
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9 ALTERNATIVE ENERGY SOURCES AND SITES

The need for additional base load units in New Hampshire and New England
was demonstrated in Section 1 of this report. The selection of the energy
source to satisfy this base load requiremqpt has been nuc¢lear for all
cases where time permitted the installation of nuclear units. The reason
for the nuclgar decision is twofpld: first, the nuclear alternative has

a considerable cost advantage over fossil and second, environmental con-

siderations favor the nuclear alternative.

Table 9.1-1 shows a comparison of costs of the various alternatives consid-
ered to supply 1100 mw of base load generation for New Hampshire. It is
obvious that there is considerable saving in building two 1100 mw units

and sharing the cost of the units with other parties. New Hampshire findings
appear to be born out by other companies- in New England in view of the
unanimous selection of nuclear generation where enough lead time is available

for licensing and construction.

The selection of éites for the generation additions in New Ehgiand was

done as follows. First, each company was asked to supply a list of

generation sites in its territory, the‘type of generation each site would
accommodate and the earliest date that generation could be brought on

line at each site. New England was divided into afeas as shown in Figure 9.242
and the balance between load and generation in each‘area was examined. A
review of the availabie sites and area load and generation by the NEPOOL
Planning Committee resulted in the following proposal for generation additions
from 1978 through 1982: '

1978 Pilgrim No. 2

1979 Millstone No. 3

1979 Seabrook No. 1

1980 Pilgrim No. 3

1980 Rome Point No. 1

1981 Northeast Utilities Unit
1981 Seabrook No. 2

1982 Rome Point No. 2
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These additions do as good a job as possible in>baléncing area load and

generation and result in a minimum of transmission expansion.
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9:1 Alternatives Not Requiring the Creation of New Generating Capacity

Postponed Retirement

Public Service Company of New Hampshire's load is projected to increase from
975 mw in 1973 to 2110 mw in 1981. This shows an increése of 1035 mw for
this time interval. Table 1.1-8 shows retirements of 20 mw of generation
durihg the 1973-1981 time span. Postponing the retirements will have no

effect on Public Service Company being able to meet its commitments.

Similarly, the load growth in New England is projected to be 11800 mw during
the 1973-1981 period. Table 1.1-4 shows retirements of 192 mw so that
delaying these retirements will have no practical effect on New England's

ability to meet the projected loads in 1981.

Import Power

The New England utilities have investigated possible sources of power outside
of the New England States. The New York utilities do not planlqn surplus

power that_could be imported by New England on a long term basis.

Joint planning studies have been underway for a period of time between the -

New York systems, New England systems and the Hydro-Electric Power Commission
of Quebec. These studies are directed toward the possible purchase of up to
2400 mw of capacity for both New England and New York. The New England share
of any such purchase could represent 1,200 mw starting in the early 1980's

and could permit a one year délay of one nuclear generating unit in New England.
It appears unlikely'that this purchase could be made prior to 1981 or 1982

and New England's share of this purchase would only delay one nuclear unit

for one year. Public Service Company of New Hampshire's share of this

purchase would only amount to about 80 mw which is a small percentage of

our total requirement.

The New England utilities have also been engaged in planning studies to
determine the feasibility of making capacity purchases from the New Brunswick

~
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Electric Power Commission. An agreement has already been reached for the
purchase of 400 mw of capacity starting in 1976. This figure is included
in the ‘capacity tabulations in Section 1 of this environmental report.
There is a possibility of negotiating a purchase of 800 mw of nuclear
generating capacity part of which could be available by 1980. If such a
purchase were undertaken, it might defer for a year the need for one of

the eight planned New England nuclear generating units. The transmission
cost associated with an additional purchasé of capacity from New Brunswick
would also be very high due to the long distances involved. Public Service
Company of New Hampshire's share of the 1976 import from New Brunswick is
30 mw and is included in our capability calculations. The 1980 purchase
should yield approximately 55 mw for New Hampshire which does not go very
far in supplying the requirements. In addition, there is a reluctance on
the part of the New England systems to become unduly dependent on imported '
power because of the revocable nature of the export permits issued by the

Canadian government.

Do Not Construct Proposed Generation

Lengthy delays in construction of the Seabrook units. will reduce New England
reserves below those required to meet the reliability criteria and leave
Public Service Company of New Hampshire with negétive reserves or unable to

meet its load requirements without allowance for reserves.
Lengthy delays in construction of all the nuclear units proposed will leave
New England with negative reserves. Tables 1.1-13 and 1.1-14 show the

‘effect of these long delays.

Other

There is no capacity which could be reactivated in New England. Some rerating
of the existing nuclear generating capacity is included in the load and |
capacity report to reflect anticipated increases in plant rating. Otherwise,
there is very little likelihood 6f upgrading any of the plants within New
Englaﬁd; In fact, air and water quality control requirements will probably

result in the. forced derating of some of the older generating stations.
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The consequences of operating the older fossil fuel plants as an alternative
to nuclear base load plants has serious environmental implications, and the
operation of existing‘peaking generating capacity to supply base load power
requirements would in no way meet the capacity deficiencies outlined in

this report.
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TABLE 9.1-1

. : COMPARISON OF VARIOUS ALTERNATIVES FOR SUPPLYING

1100 MW OF BASE LOAD GENERATION FOR NEW HAMPSHIRE

PLAN

ANNUAL
SAVING TO N. H. RATE

- PAYERS IN FAVOR OF

THE SEABROOK PROPOSAL

1 Seabrook 1 and 2 vs.

2 Seabrook 1 and 2 vs.
3 Seabrook 1 and 2 vs.
4 Seabrook 1 and 2 VS.

2-1100 mw fossil
2-550 mw nuclear

1-1100 mw nuclear

11-100 mw fossil

$ 19,000,000.00
$ 13,000,000.00
'$ 5,000,000.00
$

40,000,000.00

Note (1) 2-550 mw nuclears produce an annual savings of $11,000,000.00
over 2-550 mw fossils.

Note (2)A In each plan Public Service Company of New Hampshire's share of

Seabrook 1 and 2 is a total of 1100 mw.

Public Service Company

of New Hampshire's share of the alternates is also 1100 mw.
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9.2 Alternatives Requiring the Creation of New Generating Capacity

The conclusions reached in the Interconnected New England Generation Study,
Report No. 4, dated May 1971 were that nuclear generating capacity should -
be added to provide the base load power requirements of the New England
systems, and that this nuclear capacity should be expanded to at least

52 percent of the total New England generating cepacity as soon as the

load growth will permit. This study represented an in-depth investigation
of the economics and reliability of various generation expansion alternatives

to provide for the future power requirements of New England.

The study pointed out that the planned nuclear capacity in New.England for
1978 will be far below the recommended guidelines and that the planned inter-
mediate fossil capacity will be more than that required. Therefore, there

is an obvious need for nuclear base load capacity additions.

The following discussion of ''generation mix'" is presented to show the role
played by each type‘of generating capacity and to clarify the need in New
England'to expand nuclear base load generating cepacity. Generating facil-
ities have a useful life ranging from thirty to'fifty years, and the system
at any one point in time will have an inventory of existing units that differ
markedly in technology, size, age, efficiency, cost per kilowatt-hour

of output, and environmental impact. The planning of new capacity requires
a‘blending of new facilities into this inventory. The three major categories
of generating capacity are base lead, intermediate, and peaking. The peaking
category is in turn divided into hydroelectric and internal combustion sub-

categories.
‘Base Load Units

Base ioad generating units are designed for continuous operation, being

shut down only for scheduled maintenance or nuclear refueling. Such units
supply the 'base' portion of the total load that continues both night and day.
Since these_units operate for long hours, it is very important that they

have low energy cost and a relatively low impact. upon the environment.
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Both fossil-fuel and nuclear units are used for this purpose. The 4th

generation report shows that future base load units should be nuclear.
Intermediate Units

Intermediate generating units are normally used through the working hours
of'each day to help meet the next segment of total system loads in excess of
base load. These units are either (1) older less efficient fossil unit
originally used for ''base load" service and now used on a "cycling' basis,
or (2) newer specially designed cycling units added specifically to serve
these intermediate loads.

Peaking Units

Peaking units are used to supply peak loads occurring during a few hours of
the day. For this reason they~shou1d be capablé of a rapid startup and
‘shutdown. Peaking units are broadly classified as hydroelectric or internal

combustion.

Hydroelectric units meet the requirements of rapid startup and shutdown.
Although a small amount of hydroelectric capacity has been used to supply

base load requiremenfs, most of the hydroelectric capacity in New England -

has traditionally been used for peaking. Many of the existing hydroelectric
installations are located on rivers and have limited water storage capability.
These units run during the péak hours and are shut down the rest of the time

to pond water for the next day's operafion. In recent years, the anticipated
availability of nuclear power during light load periods has made it economically
desirable to install "pumped storage'" hydroelectric units. In this application,
low-cost "off-peak" nighftime or weekend generation is used to pump water into

a storage reservoir at a high elevation. At times of peak demand, power is
produced by'releasing the stored water to flow back through turbine-generators

to a lower reservoir,
Internal combustion generators provide the final increment of peaking power,
and are either gas turbine or diesel units. Since these units can be installed

for the lowest capital cost of all forms of generation, they are ideally suited
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to provide system reserve, and since the units are capable of rapid startup
and shutdown, they are valuable in meeting>system emergencies. Because of
their extremeiy high operating and maintenance costs, the system should be

‘planned and designed for minimal operation of this type of capacity.

In nearly all cases, peaking units are not capable of supplying base load
power. 'In the case of hy&ro-electric units used for peaking, there is seldom
enough water to operate these as base load. The internal combustion units
have high maintenance and fuel costs that make them very undesirable base
load units.

General

Figure 9.2-1 illustrates the manner in which each of the basic categories

of generation is utilized to meet typical winter and summer weekday loads.

Base load units provide the greatest proportion of the energy requirements
throughout the twénty-four hours, including the pumping energy associated
with thevpumpgd-stbrage hydro units. Intermediate fossil units are shown
operating from twelve to fifteen hours a day, followed by pumped-storage
hydroelectric units. Internal combustion and conventional hydroelectric
units are operated mostly over the peak hours to supply the remainder of the
load.

9.2.1 Selection of Candidate Regions

The New England (later NEPOOL) Generation Task Force, authors of '"Inter-
connected New England Generation Study - Report No. 4'' have recommended the
generation mix for New England which is principally a nuclear expansion for
the period 1978-1982. In the studies to determine general locations for
those nuclear units, New England was divided into eight load and capacity
sub-areas. These areas closely followed state boundaries except for
Massachusetts which was divided into three areas. Figure 9.2-2 shows the
geographical location of these areas. The percentage of the 1971 load

located within each area is as follows:
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Area Percent 1971 Load Description

1 7.9 Maine

2 6.8 New Hampshire

3 5.5 Vermont

4N 23.7 N. E. Massachusetts

4S 11.2 8. E. Massachusetts

5 7.3 West. Massachusetts

6 9.6 R. I. and Bordering Mass.
7 27.9 Connecticut

The growth rate in New Hampshire has been higher than most other areas in
New England and this may result in a greater precentage of the New England

load being in New Hampshire by 1981 than shown above.

The principal reason for splitting New England into these eight areas
was an effort to match load with generation in the areas, realizing that this
matching of area load with generation minimizes the number and length of

transmission lines, the amount of right-of-way required, transmission losses

and environmental impact, and at the same time maximizes the reliability of

the resulting power supply system. It is also realized that a perfect balance

between load and required génerating capacity cannot be economically main-

tained at all times in each area. The economies achieved by building large
units and by building back-to-back unité would dictate that at one time an

area would have a surplus of generation while at another time this surplus

would become a deficit and an adjacent area would have the surplus. Sites,
in or adjacent to deficient areas, were selected if they were available and
deemed obtainable within the time frame required for these generation

installations.
Preferred Sites

After review of available sites in each area, the following were selected

as the preferred sites for that area:

Area 2 - The Seabrook site is located in the southeastern part of New
Hampshire, just north of the Massachusetts border. By 1979
New Hampshire will have a deficit of about 700 mw and by 1982
this figure will be about 1430 mw. Area 2 is adjacent to areas
3 and 4N both of which are also deficient in generation in
this time period. |
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Area 45 - The Pilgrim site is located in Massachusetts approximately
30 miles south of Metropolitan Boston and is adjaceﬂt to

area 4N and is suitable for 1180 mw units in 1978-1980.

Area 6 - The Rome Point éite in Rhode Island is suitable for 900 mw
units in 1980 and 1982. This area will be deficient by the
time the site is developed. This site is located halfway
between the two largest load areas in New England, i.e. Con-

necticut (érea 7) and the Metropolitan Boston area (area 4N).

Area 7 - The Millstone Point site located in Connecticut is suitable
for an 1150 mw unit in 1979. The Northeast Utilities 1981

unit site is undetermined at this time.

Table 9.2-1 showing the load and capacity by‘areas for the period 1971
through 1982 is attached to illustrate this scheduling of generation as it
relates to the forecasted loads. For convenience, external purchases are
included in the capacity of the area where the purchase enters New England.
Uncommitted generation or purchases have been excluded from the table.
Undoubtedly additional generation will be committed within the time span
covered by the table but this will be of the peaking or cycling type which

does not require the lead time of a nuclear plant.
Power Network Considerations °

Two - 1100 mw units must be connected to a strong transmission grid. The
115 KV grid in northern New England is not strong enough to handle 1100 mw
units, therefore, the 345 KV system is the system that these large units

must bé connected to.

To determine the location of two - 1100 mw units the major concern is cooling
water. The best source of cooling water that could be found in New Hampshire
is the Atlantic Ocean. Limited amounts of cooling water are available in.

the Merrimack and Connecticut Rivers but these are not as good as the Atlantic
Ocean. A coastal site also allows barge deliveries of heavy equipment

rather than field fabrication.
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Table 9.2-1 shows that, without additional generation, both New Hampshire
and No}theastern Massachusetts will be deficient in generation.by the late
1970's. .To stay within or near the generation deficient areas and obtain
the econoﬁic and environmental benefits of a coastal site the areas which
were given a preliminary inspection were: 1) Southern Maine, 2) South-

eastern New Hampshire, and 3) Northeastern Massachusetts.

Transmission requirements from a plant of 2200 mw located on the coast of
Southeastern New Hampshire or Northeastern Massachusetts to the 345 KV back-

. bone transmission system are very similar and the transmission additions
would not influence the location of the plant to any extent. Transmission
required from southern Maine will be longer than those from the other two
areas and since Maine is not a generation deficient area, site conditions
would have to be much better than those in New Hampshire and Massachusetts -
to warrant consideration; Siting problems on the coast of New Hampshire and
Northeastern Massachusetts are very similar and since Public Service Company
of New Hahpshire has no franchise rights in Massachusetts it was decided that.

we should build the plant in New Hampshire.

Figure 9.2-3 shows the New England transmission grid as it is expected to be

in 1976. The transmission additions required-for Seabrook are also shown.
Figure 9.2-4 is a topographic survey map showing the 345 KV transmission
network in southern New Hampshire and northern Massachusetts. The transmission
additions for Seabrook are also shown. -

Figure 9.2-5 is the same topographic survey map showing major dedicated land
use areas in the State of New Hampshire. Table 9.2-2 describes the areas

noted in the figure.

Figure 9.2-6 is-a map of New Hampshire showing the franchised service areas.

Figure 9.2-7 is .a map of New Hampshire showing the transmission system, the

location of major substations and generating plants.
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Energy Type and Source Considerations

Fuels available in New Hampshire include oil, coal and nuclear. The natural

gas supply is too limited to consider using it for major electric generation.

0il is the preferred fuel for coastal plant locations because it can be
delivered by tanker. Coal or oil can be used at inland locations. The use
of oil for an inland location would require a pipe line from the coast and

tanker delivery to the coastal terminal of this pipe line.

The considerable economic advantage of nuclear fuel over fossil fuel noted

in Section 5.2 in conjunction with the additional air pollution caused by
fossil fuel plants plus the exposure to pii spills if oil wefe used as fuel
caused us to propose the nuclear plant. Present shortages of oil and the
great difficulty in obtaining low sulphur coal are other incentives to propose'

nuclear generation.
9.2.2 Selection of Plant Alternatives

Siting Criteria

In identifying potential electric generating sites the Compaﬁy has adopted
various criteria to assist in the evaluation of different land afeas.

These criteria have been continually updated to reflect changes in the require-
ments for environmental protection. In the end a balance of favorable vs.
unfavorable factors determines an overall evaluation of each site.' Discussed

below are these various criteria:

1. Adequate land must be available for the generating station, its switch—
yard, and cooling facilities. For a nuclear plant additional land is
required for exclusion purposes. This means approximately 700 acres are
needed to provide the 3,000 foot eaclusion radius the Company considers

desirable to exercise control over.

2. The site should be appropriate for a power plant and be compatible with

the use of the surrounding land.

)

3. Geological, hydrological, meterological, and seismological conditions

must be favorable for the construction and operation of the facility.
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4. An adequate source of cooling water must be available for either a once
through cooling system, or for make up water for a supplemental cooling
water system. This source of water must be large enough or have a flowage
rate adequate to absorb the plant cischarge heat without an adverse environ-

mental effect upon the water.

5. Various sites may be limited to only one fuel type due to location or
‘accessability. A site which can accommodate more than one fuel source allows

a greater flexibility in selecting the proper site.

6. The requirements of transmission facilities for a given site must be
integrated with the existing transmission system and cannot adversely

affect the overall system planning and reliability of the New England System.

7. The last major criterion is the suitability of the site for construction
itself. Construction access must be reasonable, and satisfactory means
of transporting the multitude of pieces of equipment and supplies must

be available.
Fuel Choices

The Company considers that at the time the Seabrook Plant is to be on line
the 6n1y viable alternative fuel source will be residual fuel oil. The
other sources of fuel which are currently available are not projected to be
a dependable supply in the early 1980'5. The projected availability and

economics of other possible fuels are discussed below. -
1. Coal

Low sulfur coal which is expected to be required in all new plants due to
the air pollution control laws, is even today in short supply and available
only at a high cost. By the 1980's this situation is expected to become

- worse. Coal also requires a large amount of land for storage and handling,
and would have to be shipped-by rail to any practical New Hampshire site.
This would require for each unit five 100-car trains per week from as far
as West Virginia. Existing pollutioh abatement equipmenf is‘probably just

adequate to comply with today's air quality standards and may never be
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satisfactory for location of a coal burning plant into a non-industrial area.

Coal is at this time not considered to be an alternative fuel for this plant.
2. Natural Gas

In the New England area the supply of natural gas is‘very limited, and the
Company does not feel that in the next 10 years an adequate supply either
from existing sources, or from new sources such as LNG or off-shore gas

can be counted upon to supply this plant dependably.
3. Hydroelectric

The area's hydroelectric sources have been utilized to the degree that
there are'inadequate resources remaining that could be considered as a

source for base load power.
4. Residual Fuel 0il

There are existing today adequate resources of residual fuel oil with a
low content of sulfur that could fuel this power station, but almost all
of the supply exists subject to-availability and costs determined by
foreign governménts. Present United States quota restrictions have limited
the .amount of fuel oil that can be imported into New England and have in
recent years produced shortages of various types of fuel oil. This
situation is not expected to improved in the near future. If an inland
sité were utilized for this plant, an oil pipeline would logically be
constructed from the seacoast to the plant site to supply the vast
duantities of o0il needed. This pipeline would have an environmental
affect very similar to an underground transmission line. A similar right-
of-Way would be required which could not be over planted and would have

to be accessable for heavy duty vehicles. Present pollution abatement
equipment can handle today's air quality standards but in years to come
may not satisfactorily do the job. Although not a good alternative, oil
can be considered the only alternative in the New Hampshire area to

nuclear fuel.
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9.2.3 Candidate Sites
9.2.3.1 Site Selection History

The following comments describe in general the efforts expended by.Public
Service and its consultants to determine potential power plant sites taking
into consideration all factors, including but not limited to environmental
effects, esthetics, load centers, economics, interconnections, and reliabil-

ity of power supply.

Following the completion of Merrimack Station Unit No. 1 in Bow, New Hamp-
shire, located on the Merrimack River which was placed in service in 1960,
studies were undertaken to evaluate potential sources for power devélopment
throughout the State. It was recognized at that time, and the conclusions
_drawn then are still valid, that the following methods are basically the
only possible ones available to the State of New Hampshire as sources of

electric power:

1. Conventional Hydro. The last station constructed in New Hampshire was

the Smith Hydro Station in Berlin in 1948. Although some small capacity’
sites may possibly exist, there are no potential economic sites left in

New Hampshire for conventional hydro develdpment of any size.

2. Peaking Hydro. Peaking hydro requires a substantial storage of water .

and therefore the creation of new large bodies of stored water. The Company
carefully studied the site that it considered to have the best potential -
namely, Pontook on the‘AndroscogginIRiver. "After spending spbstantial funds
for studies, including core drilling, it was concluded that this sitevwas _
not competitive with other methods‘of producing peaking power, and in the
process it.would have-destroyed a natural resource, the 13-mile Woods
section of the Androscoggin River, and therefore should not be constructed.
There'may be other-locdtions in the State where such a large reservoir

may be created, but the economics and effects on the environment will

be such to discourage or forbid their development.
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3. Pumﬁgd Hydro. This form of power generation pumps water from a

reservoir at one elevation to a reservoir at a higher elevation during
periods of off-peak power demands, ﬁtilizing lower-cost energy for pumping.
The water in the upper reservoir then is released to the lower reservoir
during periods of peak power demands, thereby offering a form of power
generation which may very well fit into the environment of New Hampshire
and meet the power demands during peak periods. The entire State has

been studied for pumped-hydro sites. Four of the more promising sites
were studied in more detail léading to the conclusion that two of them

. were suitable for further study.

Pumped hydro is a form of generation which must fit the load curve to be
economical and can best be used in connection with a nuclear station since
the power for pumping should be as low-cost as possible. Therefore; a
system combinihg nuclear and pumped hydro stations is an excellent solution.
There is no réquirement that they be located near each other since high
voltage transmission can Bring the power from the nuclear station to the

pumped-hydro site.

4. Purchase Power From Outside the State. This concept'has been studied

many times. The basic conclusion arrived at each time is that the demand
for electric power is growing at such a rate that all possible sites for
generation will have to be developed. There are definite disadvantages
from obtaining power generated outside of New Hampshire such as reliabil-
ity and economics. Some power can be purchased from outside the State

as discussed in Section 9.1 and Appendix L.

5. Thermal Plants.

~

A. Fossil fuel-fired units. Most of the power generated in New Hampshire

is generated by fossil fuel-fired units. The factors in determining their
location are availability of cooling water, facilities.for transportation

of fuel, load centers, and air and water environmental considerations.
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B. Nuclear units. Large quantities of cooling water are required which

are most available at tidewater. A tidewater site is also preferable
because of the very large components which are used and have to be shipped
by barge. Inland sites can be used, either by field-erecting the major
components at substantial premiums, or moving the components overland by
shoring up bridges and roads to the site, again at a premium. Seismic
loadings are more of a concern than with fossil plants, and a site with
good rock for foundations is desirable. Nuclear plants have little or no
effect upon the air and therefore have a distinct advantage over fossil

plants from this point of view.

C. Internal combustion engines. This form of generation is being used

extensively for peaking service. The units can be located almost anywhere
and meet environmental considerations. However, since they are less

efficient, only small blocks of power can be generated by this method.

D, During 1962 Public Service employed a consultant to assist it in the.
study and analysis of sites for thermal plants. At that time nuclear

power was just becoming a factor as a possible use in central generating
stations (Yankee-Rowe started generating in 1960). Sites on the Piscataqua,
Merrimack, and Connecticut Rivers were studied. Because units up to this
time had been small, not as much emphasis had been given to possible effects
of releasing heat to rivers from condensers or possible effects upon the
environment from releases from stacks from coal or oil fired units. At
ébout this time the benefits from building units of larger size and cost:

sharing were also being considered.

The conclusions of this siting étudy completed in February, 1963, were that
two sites on the Piscataqua River and two sites on the Merrimack River,
including the sifé used by Merrimack Unit No. 1, were the preferred sites.
During this study, the Company considered nuclear units and concluded that

a site on the Merrimack River was an excellent site for nuclear development.'
(This site has since been removed from the list due to changing requirements
to meet water quality criteria.) This siting report concluded that the next

unit to be built on the Public Service system should be an addition to
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Merrimack Station. This was done and the unit placed in service in
May, 1968.

E. Realizing that the unit constructed at Merrimack Station in Bow would
meet needs only through 1971, Public Service again reviewed and updated

its siting studles and evaluations with a completely new study started

in September 1966, almost two years before the unit then under construction
would be placed in service. The same consultant was retained to maintain

a continuity in the studies. By this time, two major changes had taken
place; namely, nuclear power was much more proven as a method for pro-
ducing low-cost power, and the effects of power plant siting upon the
environment were much more realized thereby playing a significant role

in determining the feasibility of a site.

During these studies, every possible site for a nuclear or fossil unit in
New Hampshire was evaluated. One site in Maine was also considered. In
New Hampshiré, these included sites on the Piscataqua River, three sites
directly on the Atlantic Océan (Seabrook being one), the Androscoggin,
Merrimatk,'aﬁd Connecticut Rivers, and one on a large inland reservoir not'
on a major river. At this time, economics indicated that a nuclear plant
should be constructed. The question of siting then became an evaluation
of all factors for a nuclear plant. The studies showed that the Newington
site on the Piscataqua River was the number one site, with the Seabrook
site being a second choice. Public Service decided on the Newington site
in 1967 for an in-service date of 1975. It believed this time schedule
provided an ample opportunity to fully explore all factors and allow
sufficient time to construct the plant to be in service in 1975. The
Company started to acquire property and make associated studies involving
seismology, hydrology, geology, and meteorology. Discussions were held
with local, State, and Federal officials as to the site's acceptability.
An extensive core drilling program to ascertain the rock conditions to
support such a plant was started which carried through to November‘l,,1968.
When it was decided that the Newington site would not be licensable because
of the proximity to Pease Air Force Base a decision was made to move to

Seabrook where similar site studies were undertaken.
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9.2.3.2 Inland Sites For Base Load Stations

The report of the previously described 1967 site identification study
conducted by Jackson & Moreland for Public Service is incorporated in
this report as Appendix M. In addition to the sites reported in the

Jackson § Moreland report the qualities of two other inland sites have

been reviewed.

Each of the inland sites whether located on the Connecticut, the
Androscoggin, the Merrimack or a lake will require the use of supple-
méhtal cooling equipment to Satisfy water quality regulations. It is
appropriate to discuss in a general sense the long-term fresh water
development for tﬁe watersheds involved.' These factors may apply to

more than one site.

A. Merrimack River Sites. On the Merrimack River watershed, Public Service

has investigated sites at Hillsborough, Concord and Litchfield. The
Merrimack has been studied by Federal and State agencieé-which_in-turn
have issued reports on its present condition and future.

The most descriptive report was prepared by the U. S. Army Corps of Engineers
in conjunction with the Environmental Protection Agency, the New England |
River Basins Commission, the Commonwealth of Massachusetts and the State
of New Hampshire. This report titled, "The Merrimack: Designs for a
Clean River" was issued in seven volumes in 1971 (Referencé 1).‘ This

. report also contains an expanded bibliography of reports on the river. A
second report of equal interest was prepafed in February 1972 by the

New Hampshire Water Supply and Pollution Control‘Commission entitled,
"Merrimack River Basin Pian, Staff Report No. 56" (Reference 2). A
perspective of the river basin follows which is a synopsis of data from

Reference 1.

The Merrimack River Basin lies in central New England and extends from the
White Mountain region of New Hampshire southward into the east central
part of Massachusetts. It is bounded by the Connecticut River Basin on

the west and northwest; and the Saco and Piscataqua River Basins on the
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northeast and east; New Hampshire and.Massachusetts Coastal Streams on

the east and southeast; and the Blackstone River Basin, and the

~Narragansett Bay Drainage Basins on the south. This basin, -the fourth

largest of those lying wholly in New England, has a maximum length

in a north-south direction of approximately 134 miles and a maximum

width in an east-west direction of 68 miles. It has an area of 5,010
square miles of which 3,800 are in New Hampshire and 1,210 square miles

are in Massachusetts.

The main Merrimack River is formed by the confluence of the Pemigewasset
and Winnipesaukee Rivers at Franklin, New Hampshire. It follows a
southerly course to Lowell, Massachusetts, where it turns abruptly and
flows in a general northeasterly direction to tidewater above Haverhill,

Massachusetts and then to the Atlantic Ocean near Newburyport. It has

-a total length of 116 miles of which the lower 22 miles are tidal. The

mean range of tide at the mouth is 7.9 feet, and at Haverhill, 5.1 feet.
The extreme ranges, due to the combined effect of wind and other causes,
are 11.7 feet at the mouth and 8.0'feet at Haverhill. 1In the 94 miles
of its length above tidewater, the river descends a total of 254 feet

at a fairly uniform siope. A map of the river basin is shown in

Figure 9.2-8.

The U. S. Geological Survey has published-records of streamflow at numerous
locations on the mainstream and tributaries of the Merrimack River for
various times since 1948. The average annual run-off in the Merrimack
River Basin varies from less than 18 inches (1.3 cubic feet per second

per square mile) in the lower part of the basin to over 30 inches

(2.2 c.s.m.) in the .area above Plymouth, New Hampshiré, and to an
extremé{of over 40 inches (3.0 ¢.s.m.) in the headwaters of the.
Pemigewasset River. The average annual run-off for the watershed as a
whole is 21 inches (1.5 c.é;m.) or approximately one-half of the average
annual precipitation. About 50 percent of the annual run-off occurs in
the spring months of March, April énd May, with the remainder being rather
uniformly distributed throughout the rest of the year. The extremes of
recorded flow'at Plymouth, New.Hampshire have ranged from a maximum
instantaneous flow of 65,400 c.f.s. (105 c.s;m.) on March 19, 1936,
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to a minimum instantaneous fiow of 39 c.f.s. (less than 0.1 c.s.m.) on
October 3, 1948. A minimum monthly fldw of 107 c.f.s. (0.2 c.s.m.)Awas
experienced in September 1923.. The extremes at Lowell, Massachusetts

have ranged from an instantaneous peak of 173,000 c.f.s. (37 ¢.s.m.) on
March 20, 1936 to a minimum daily flow of 199 c.f.s. (less than 0.l'c.s.m.)
on September 23, 1923, A minimum monthly flow of 1,249 c.f.s. (0.3 c.s.m.j

was recorded in September 1942,

The following flow data has been recorded in the vicinity of the three

" potential plant sites in the Merrimack Basin (References 1 and 3):

FLOW (C.F.S.)

RIVER MILE SITE NEAREST DRAINAGE DAILY AVE 7-DAY DAILY DAILY

GAGE ARER  AWGAL LW MAX  HIN
93.0 Garvins Falls 2384 4176 (E) 620 127,000(E) 188(E)
69.04 Litchfield 3092 5102 663 150,000 198
Contoocook  Jackman | 427 610 .- 5,260 15

River

_(E) = Estimated

The Merrimack River Basin is underlain by unconsolidated deposits formed
primarily during and partly after rather recent continental glaciation and
by bedrock formed during much earlier periods of geologic time. Most v
bedrock is hard and dense, having been metamorphosed (altered) from earlier
sedimentary, igneous, and volcanic rocks. Some of the’ybunger igneous

rocks have not been metamorphosed.

During the Ice Age the Basin was covered by at least two glaciers that

moved in:a southeasterly direction, commbnly.smoothing the northwestern
slopes of hills, but leaving the leeward slopes rough and irregular.
Preglacial valleys were partly filled with material carried and deposited

by the glaciers (till) and meltwater streams and lakes (stratified deposits).
Now the Merrimack and its larger tributaries flow over these deposits except

where erosion has exposed bedrock. Rock basins scoured by the glaciers are
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now occupied by lakes,vsuch 1s Lake Winnipesaukee. When the climate
finally warmed and the ice withdrew from the southeastern part of the
Basin, part of that area was flooded by the sea and marine sediments

were deposited over the earlier glacial deposits.

Northeast trending hills and valleys are commonly bedrock controlled, whereas
northwesterly trends of the landscape commonly reflect the effects of
glaciation. |

The Merfimack River Basin can be divided into three classes of aquatic
communities based on water temperature and using fish species as indicators.
The basin above Penacook, New Hampshire is classified as a cold water |

community and is characterized by the presence of the Eastern Brook Trout

(Salvelinus frontinalis), which cannot tolerate temperatures greater than -
68°F. '

The aquatic community from Penacook to Manchester, New Hampshire is considered
intermediate in temperature based on the presence of small mouth base-

(Micropterus dolomieui) and walleye (Stizostedion vitreum), which have a

maximum temperature tolerance of 75°F.

The southern portion of the Basin, including the Nashua River is considered
a warm water community. The predominant fish species include chain pickerel

{Esox niger), yellow perch (Perca flavescens) and pumpkinseed (Lepomis

gibbosus). These species are not adversely affected until the water

temperature reaches a point greater than 80°F.

A river can also be classified according to its distribution of benthic
organisms. Portions of the Merrimack River have been classifed as having
a bottom fauna consisting of organisms highly tolerant to pollution and
those bottom fauna intermediately tolerant to pollution. ‘No reaches of
the Merrimack that have been studied contain predominantly benthic
organisms sensitive to pollution. Although benthic organisms are usually
distributed according to their temperature tolerances, the response-in

the Merrimack River is masked by the high degree of pollution at
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specific points. On the main stem of the Merrimack River, intermediate
tolerance ofganisms predominated from slightly below Franklin to Penacook,
New Hampshire, from Hooksett to Manchester, New Hampshire, and in three
short segments below Haverhill, Massachusetts. Highly tolerant organisms
predominated in a short reach below Franklin, New Hampshire, from north
of Concord to Hooksett, Néw Hampshire, and the entire reach of River

from Manchester, New Hampshire to below Haverhill, Massachusetts.

Many planning and regulatory agencies have recognized the extension of the
river's historical role into the future. Projections, surveys and plans
have all called for a restoration of the scenic, healthful and'useful
qualities of the stream. In "The Merrimack: Designs for a Clean River"
(Reference 1), pollution abatement and water reclamation facilities are
proposed. One of the requirements placed upon the river is that sufficient

flow be present to satisfactorily dilute and carry off waste products.

The information below indicates the dilution effects (Ratio of waste-

water to the 7;day, 10-year low flow) for the projected year 1990.

Dilution Effects (Ratio of Wastewater/7 Day-10 Year Low Flow)

1990 Ratio of

Wastewater (M§I) Streamflow - Cumulative

Flow (MGD)*** (7 day-10 yr. 1low)MGD Wastewater

to

Cumulative 7 Day-10 Yr.

Flow Flow Low Flow
Merrimack River

Franklin* 11.72 MGD 11.72 MGD 390 MGD (589 cfs) 3.0%
Concord - 13,61 25.33 415 ** (620 cfs) 6.2%
Manchester* 34.10 59.43 440 (663 cfs) 13.5%
Nashua 28.90 88.33 580 ** (870 cfs) 15.2%
Lowell* 31.00 . -119.33 650 (980 cfs) 18.3%
Lawrence 43,00 162.33 670 ** (1000 cfs) 24.2%
Haverhill 21.61 183.94 690 (1020 cfs) 26.5%

* = Gaging Station

Estimated _
Excludes contribution on Pemigewasset River above Franklin.:

* K

o

* % %

The above wastewater figures do not include stormwater quantities but do

include infiltration into the sewer system.
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Propdsed treatment facilities may, if conétructed, reduce the requirements
for downstream dilution in the twenty-first century. In the meantimeé the
- Federal Water Pollution Control Administration has established the follow-
ing monthly minimum flow requirements for pollution control on the Merrimack

'Riveriat Lowell, Massachusetts (Drainage Area = 4,635 square miles):

Min. Monthly

Period of Year Flow Requirements (cfs)
October - May : 800
June . 1,000
July 1,500
August ' 1,500
September ' " 1,000

-~

These requirements should be compared with the flow data for the Lowell

gaging station given earlier in this section.

The New Hampshire Water Supply and Pollution Control Commission has also .
developed a plan for the portion of the river basin in New Hampshire
(Reference 2). This plan enéompasses projects already implemented and
those required for the year 2020 and concludes that the Merrimack River

will eventually be a major source of domestic water supply.’

The diversion requirements projected by the Water Supply and Pollution

Control Commission are summarized below:
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REGIONAL WATER SUPPLY SYSTEMS AND DIVERSION REQUIREMENTS

Population Projected Diversion
Served to Requirements
No. of by (1000's) Year 2020
Point of Communities _
Diversion Service Area Supplied Present Year 2020 MGD CFS
Merrimack River  Seacoast Region' 35 115 608 106 164
at Hooksett
Contoocook River Concord Area 16 " 59 232 36 56
at Concord
Merrimack River Manchester Area 8 109 318 55 85.
at Hooksett ’
Merrimack River Nashua Area 17 99 519 87 135
at Merrimack
TOTALS 76 382 1,677 284 - 440

These projected requirements should be compared with historic flow data

given earlier in this section.

In conjunction with the discussion which follows on specific Merrimack Basin

sites reference should be made to Appendix M.

B. Litchfield Site. The site considered on the Merrimack River in Litchfield

is shown on Figure 9.2-9. At this location, Public Service owns 152 acres of
flood-plain farm land. Site studies have considered plants using either
foésil or nuclear fuel. This sife was studied since it is available and has
the outward appearance of suitability. Specific discussion of the points of

interest follows.

Seismic investigations were made on the site by Weston Geophysical Research.
Figures 9.2-10 and 9.2-11 show the plan and profiles which were obtained.
The seismic velocity of the surface overburden material was uniformly

1,000 ft./sec.; indicative of a very loose material which can be easily
excavated. The correlation borings and the many auger holes drilled for V
seismic shot holes showed this material to be fine sand and silt which was

quite uniform throughout the site area to the depth of the water table.

9.2-20




June 1973

The higher overburden veloci.y of 5,000 ft./sec. is indicative of a water-
saturated dvérburden material shown by the borings to be similar to the
overburden materials above the water table. The borings also show that
this overburden material becomes a silt below an approximate elevation of
85 to 90 feet. Some coarser materials, sands and gravels were encountered
at a depth of Boring 1. The sample from Boring 4 has the appearance of a
dense sand and gravel or a reworked till; no indication of higher seismic

overburden velocities were noted in this area.

- Sample 5 from Boring 1 and Sample 6 from Boring 2 were identical and con-
sisted of ground up and fragmented pieces of bedrock, indicating that the

top few feet of the bedrock surface may be weathered.
The log for boring number one is shown in Figure 9.2-12.

The seismicity of the site has not been investigated in the local area ..
specifically for this site. However, Weston Geophysical Research has been
consulted and from their knowledge of the region they have advised

Public Service that there should be no unusual seismic conditions at the

site,

An investigation was conducted to compare the foundation costs for a two-
unit plant at Litchfield versus a site at which bedrock was already at

grade or foundation level. ft is felt that.in 1972 dollars foundation

costs would be $15 million greater at Litchfield than at Seabrook or. another

bedrock site.

The primary hydrological feature of the site is the Merrimack River itself.
The elevation of the presently owned property is about 120 feet MSL.
Reference to Corps of Engineers Plan and Profile Sheet No. 6 for the
Merrimack River shows the natural flood préfile in this area during the
1936 flood was 133.0 feet MSL. The extrapolation of the current standard
project flood to the site shows a natural flood profile of 140.2 feet MSL.
To site a nuclear plant under these conditions would require acquisition
of additional high land bordering a State Forest or extensive earth works.
The latter approach could prove undesireable if it caused a choking effect
in the valley. |
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The Litchfield site is located between the cities of Manchester (1970,
population 87,754) and Nashua (1970, population 55,820). Thé distance
from the site to the nearest bbundary of Manchester is 2.8 miles. Based
on 1970 statistics the following population versus distance data is

estimated:

DISTANCE POPULATION
1 mile 700
5 miles 16,900
10 miles 156,700

The probable exclusion radius would be 1,500 feet.

Railroad access to the site is not currently present but can be obtained by
constructing either a 3-mile spur or a river crossing. Even with a rail-
road spur to the site, heavy NSSS components would still have to be

transhipped from the coast at a cost estimated at $3 million dollars.

The cooling water system for the plant would utilize spray modules or wet
cooling towers. Dry cooling towers are not sufficiently developed and
proven to consider them technically feasible for a plant to be in operation
in 1979. For a plant with a 2400 mwe nameplate the evaporative losses

and drift were calculated to be 73 CFS fdr a power spray module system

and 59 CFS if natural draft cooling towers were used. The 7-day in 10 year
low flow in this reach of the river is given by the USGS as 663 CFS. The

minimum recorded flow was 198 CFS (Reference 1).

The aquatic habitat at Litchfield has been described in general earlier

in this section. It is similar in detail td the conditions at the Garvins
Falls site described later. Aside from fhe reduction in flow due to
evaporative consumption by the cooling system the plant should have no

significant effect on the aquatlc ecology

Two airfields lie within six miles of the site. In Nashua, Boire Field is
capable of handling small jet aircraft.. The end of the runway at this

field is 5.75 miles from the reactor site. The range to the site is perpen-
dicular to the runway centerline. This field is not equipped with instrument

approach facilities and, in 1972, had no control tower or FAA control zone.
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The airport closest to the site is Grenier Field in Manchester. The end
of the nearest runway is 4.95 miles from the reactor site. The site lies
in neither of the approach paths of either major runway; The nearest
point of the approach fan to runway 624 lies 1.2 miles northwest of the
site. This runway is only for VFR traffic. The nearest point of runway
1735 approach fan lies 3.4 miles east of the reactor site. This runway
has ILS capability. Beside domestic airline flights, both military and

private jet craft use this field.

Transmission line access to the site is feasible. Since the distance to
Scobie Pond Substation is less than from Seabrook, transmission costs could
be somewhat less than for the proposed site. Detailed studies would be
required to verify that, however. It is felt that certification of a

plant at this location would be difficult.to obtain at best considering

the plant's evaporative consumption of cooling water in the light of

State plans for the River's improvement and useage.

In summary, the Litchfield site is one which will bear continued review
in the future. However, it is not the prime site available to the Company'
today when technology,ﬂcosts, environmental effects and the regulatory

climate are considered.

" C. Garvins Falls Site. The Garvins Falls site located at mile 87 on the

Merrimack River in the City of Concord, New Hampshire is shown in Figure
9.2-13. This site has been devoted to energy conversion since 1813 when
the first dam was placed acréss the river at this location. Through a
series of purchases and mergers,'PubliC‘Service Company hés come to own
the site which now comprises approximétely 600 acres. A dam and small

hydro-electric plant are currently functioning at the Falls.

The -application for relicénsing the Garvins Falls Hydroelectric Plant was
filed with the Federal Power Commission December 15, 1972, as Project No.
2140. That application discusses in detail historical, hydrological and
recreational features of the site. A summary on the effect of the project

on fish and wildlife is also included.
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The site is wooded and the New Hampshire Highway Department has preliminary
plans to use part of the area for an enlarged interchange between Inter-
state-89 and the F. E. Everett Turnpike. Figure 9.2-15 shows the site

area as it might be developed for recreation, power generation and trans-
portation. .

* The geological and seismological features of the site should be favorable
for nuclear development. Bedrock is present on the surface and no unusual

seismic history for the area is known.

The hydrology of the site is dominated by the Merrimack and Soucook Rivers.
. The maximum recorded flow in the Merrimack occurred in March 1936 when
122,000 cubic feet per second passed the site: - During that period 13.9
feet of water flowed over the existing dam. The Corps of Engineers 4
standard project flood predicts a flow of 155,000 cfs at the site &ith a
depth over the crest of the dam of 16.8 feet. Sufficient land exists above
this elevation to permit plant siting.

The 7-day in 10 year low flow at Garvins is given by the USGS as 620 cfs.
The minimum recorded flow is 188 cfs.  The flow duration curve for the

Amoskeag dam in Manchester 20 miles downstream is given in Figure 9.2-16.

The site is located within the corporate boundary of the'City of Concord
which had a population in 1970 of 30,022. The requirements of 10 CFR. 100
for a population center distance appear to make it fruitless to consider

this site for a nuclear plant in today's regulatory climate.

Highway access to the site is good. An old railroad bed remains on the
east side of the river but the bridge no longer exists. Rail service
could be restored. vDelivery from the coast of the large NSSS components
has not been reviewed. If it were possible, the penalty should be approx-
imately the same as reported previously for the Litchfield site. If shop-
fabricated components could not be brought over land to the site, field

fabrication would be required at a cost penalty of several million dollars.

Condenser cooling will require the use of cooling towers apd make up of

evaporative losses from the river. The requirements description given
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earlier in connection with the Litchfield site is application to a system
installed at this site. The only difference is that the river is a little

drier.

The reaches of the Merrimack above and below the dam are both classed as
intermediate water streams in regards to temperature classification.
Studies have been conducted by the New Hampshire Fish and Game Department
(Reference 4) and by Normandeau Associates, Inc. (References 5 and 6) on
the river below. Garvins Falls. In general, the information obtained is

applicable to the pond above the falls.

The tabulation below shows the common and scientific names of fish species

encountered during the population studies on the Merrimack River and its

tributaries.

COMMON NAME SCIENTIFIC NAME
Walleye . : Stizostedium vitreum
Largemouth bass Microptefus salmoides .
Smallmouth bass Micropterus dolomieui
Chain pickerel Esox niger
Yellow perch - ' Perca flavescens
Yellow bullhead Ictalurus natalis
White perch Morone americana
Brown bullhead . Ictalurus nebulosus
Pumpkinseed Lepomis gibbosus
'Fallfish Semotilus corporalis
White sucker ' .Catostomus commersoni
Golden shiner - Notemigonus crysoleucas
American eel Anquilla rostrata
Blacknose dace Rhinichthys atratulus
Longnose dace ‘ Rhinichthys cataractae
Eastern madtom Notorus sp.

Burbot (cusk) Lota lota
Landlocked salmon Salmo salar

- Redfin shiner Notropis umbfatilis
Redbreast sunfish Lepomis -auritus
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The sport fishefy of this area presently centers around the Bass, Pickerel,
Perch, Walleye, and Bullhead species with the Trout and Sunfish fished to a
lesser degree. Bass fishing is considered to be the principal sporting
utilization of these waters. They are taken from shore and by boat using a
wide variety of angling techniques; however, their worth as a food fish is
probably subordinate to their sporting value. In terms of total numbers
caught, the Yellow Perch probably far exceeds all others. They are heavily
fished, especially in the spring when the meat is firmer, free of pérasites,
and considered tastier. The most important food fish in this region of the
river may in fact be the Bullhead which is abundant andlhighly prized by
many as.a food fish. Trout and Walleyes are not caught in large numbers
compared with others discussed, but they are considered excellent eating.
Sunfish and Pickerel are abundant and caught in relatively large numbers,
but not often kept for human consumption. Many fishermen will not keep
their catches for family consumption, regardless of the species, because

of the obvious presence of domestic waste in these waters.

The Technical Committee for Fisheries Management of the Merrimack River‘Basin,
a group composed of representatives from the States of New Hampshire and
Massachusetts plus two Federal agencies, the National Marine Fisheries

Service and United States Bureau of Sport Fisheries and Wildlife, has

classified the Merrimack River asVSalmonid waters.

The Anadromous- Fish Restoration Program being carried out by the State Fish
and Game Departments of Massachusetts and New Hampshire and the Bureau of
Sport Fisheries and Wildlife and the National Marine Fisheries Service will
“enhance the recreational value of the Merrimack considerably. This program
is intended to re—eétablish American Shad and Atlantic Salmon in the
Merrimack and its headwaters which will require the construction of fish
ladders at dams from the Atlantic to at least as far north as Franklin,

New Hampshire, for the Shad and to the headwaters for complete restoration
of Salmon; Another phase of this program which is already underway involves
stocking of Shad eggs in the Merrimack. It is believed that this area

could sﬁpport approximately a million Shad and 11,000 Salmon.

Historically, Salmon ran up the Merrimack to the Pemigewasset River where

their spawning grounds were located. Shad runs were reported up to the
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Winnipesaukee River and thence into the lake; however, Shad spawning
in Lake Winnipesaukee is not considered factual by many. A decline

. in Salmon and Shad numbers precipitated the formation of the New
Hampshiie Fish and Game Department 104 years ago, whose prime
objective is the restoration of this fishery. Its early efforts at
restbration of this fishery were generally unsuccessful, being hindered
byAinadequate fish passage facilities and lack of control of indiscriminate
netting by Massachusetts fishermen. After these efforts were discontinued,
the fishery was further damaged by the construction of a paper mill on
the prime Salmon spawning stream. Recently there has been a renewal of
interest supported by more effective pollution abatement laws, federally
supported fisheries research and development acts and the increased

awareness of environmental preservation and improvement.

The fishery resource, then, can be viewed in two distinct perspectives, the
presently established warm water populations around which the current
recreational utilization centers and the planned future cold water species

which foreseeably would provide a potential sports fishery believed

. preferable by many.

The wildlife present in addition to the fish of this area include a sizable

waterfowl resource. Nesting ducks of this area include:

Black Duck Common Merganser
Wood Duck Hooded Merganser

Numerous Mallards have been introduced into these waters by riparian residents
and, no doubt, some have become feral. In addition to nesting birds. there
are numerous migratory ducks which utilize these open waters during seasonal

flights. Migratory inhabitants would include:

Green-winged Teal Scaup
Blue-winged Teal - Bufflehead
Golden Eye Pintail
Ringneck Canada Geese
Widgeon . Snow Geese
. The Concord Municipal Airport is located approximately 12,000 feet north of

the site. The airport logged 16,921 operations in 1972.
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The projected recreational use for the area is described in the previously

referenced FPC filing for Project No. 2140.

Transmission rights-of-way exist through the site which would have to be
expanded or paralleled if a large plant were built here. Costs for such
an expansion would be comparable to the cost forecast for Seabrook trans-

mission.

When consideration is given to the proximity to Concord and the developing
Anadromous Fish Program for the river it is very doubtful that State’
certification could be obtained for this site as long as salt water sites

are available.
To summarize, the Garvins Falls location is considered inferior to the
Seabrook site in ‘today's regulatory climate and with today's condenser

cooling technology.

D. Jackman Reservoir. Jackman Reservoir (Lake Franklin Pierce) is located

in Hillsboro and Antrim, New Hampshire. 1Its location near the Franklin
Pierce birthplace is shown in Figure 9.2-17. The man-made reservoir with.
a surface area of 500 acres was formed by constructing a concrete dam |
across the North Branch of the Contoocook River. The drainage area up-
stream.of the pond is 66.5 square miles. The area around Jackman Reservoir
has developed for recreational housing over the years, a fact that would

cause any power facility to have an unpopular impact on man.

The site was included among. those investigated by Public Service since the
- Company does have control over the flowage. Whether the stored water andv
the flow of the river éould be used legally for evaporative cooling either
as a pond or in towers is a real question..'Jackson & Moreland calculated
that for only a 1600 mw installation evaporation onldlexceed the river

flow in summer and raise the pond temperature to 110°F (Appendix M).

Access to the site for construction and transmission rights-of-way are

poorer than for the other sites in the Merrimack Basin. It is very
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improbable that certification could be obtained for the site since all
that has been said previously about water requirements for the down stream

sites is more true for Jackman.

E. Connecticut River - Moore Pond Site. The locatibn of the Moore Pond

Site in Littleton, New Hampshire is shown in Figure 9.2-18. The latest
USGS map for the area (Littleton, Vermont, New Hampshire) published in
1932 does not show the Moore dam or pond. The approximate location of

these has been marked in on Figure 9.2-19.

The Moore hydroelectric project; completéd in 1956, is located at river
mile 288 above the mouth and is the largest of the plants on the river,
both in its capability of 200,000 kw and its reservoir, whose usable
capacity is over 114,000 acre;ft. The surface area of the pond is 3,500

acres and its length is 12 miles.

‘This potential site was considered in the search for potential nuclear
sites as a result of the stored water behind Moore dam and since it is a

location already devoted to power production.

The geology of the region was studied and-feported by Billings in 1935 in
""Geology of the Littleton and Moosilauke Quandrangles' published by the
New Hampshire State Planning and Development Commission. Several local
studies were conducted around the site area in 1928, 1932, 1952 and 1954
preparatory to éonstruction of the Moore dam. The geology and seismicity

of the potential site are suitable for nuclear plant siting.

The hydrology of the potential site is dominated by the Connecticut River.
The drainage area at the head of the pond below Gilman is 1,514 square
miles. The maximum fecord flow at Gilman was 48,300 cfs on March 20, 1936.
The minimﬁm recorded flow of 115 cfs occurred in October 1937. The

éverage discharge is 2,843 cfs (Referénce 3).

~ Operation of the Moore station results in short-period pond level change
of about 8 feet. Seasonal variations as great as 40 feet occur. Any
thermal generating station located on this pond would have to be designed

to accomodate these fluctuations.
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Littleton originally was settled as an agricultural community with a
village center supplying mill work and a trading center. The available
water power of the Ammonoosuc River was then the source of industrial
power. Further outgrowth of industry developed from the established

locations.

In addition, resulting growth has been contained naturally by the hilly
terrain, which has meant dense development along a narrow valley. The
amount of undeveloped land presents opportunities for continued growth,

but existing land characteristics will have to be considered.

Six percent of the land area in Littleton is currently devoted to resi-
dential, commercial and community service activities. Of the remaining
area, approximately 2550 acres are water area, 3700 acres are farmed and
27,500 acres are classed as undeveloped land. The 1970 population of
Littleton was 5,290. Nearby St. Johnsbury, Vermont had a population in
1970 of 8,409.

New Hampshire depends heavily upon recreation as an important part of its
economy. Within a 45-50 minute drive of the potential site are found a
number of major recreational areas. Included in these areas are: Cannon
Moﬁntain, Mittersill and Loon Mountain (ski areas); Bethlehem Municipal
Country Club, Maplewood Country Club, Profile Club, and Tree Top Lodge
(golf courses); Franstead Campsite, Lafayette Campground, Forest Lake
State Park, Franconia Notch State Park, The Flume, The Basin, The 0ld Man
of the Mountains, and the Aerial Tramway; many of which are located in

the White Mountain National Forest or State Parks.

In a 1958 report entitled '"NEW ENGLAND HERITAGE (The Connecticut River
National Recreation Area Study)'" the (Federal) Bureau of Outdoor Recreation
proposed the establishment of an Interstate Park along the backwaters of

the Moore-Comerford Reservoirs on the Connecticut River.

Presently, the New England Power Company owns approximately 6,000 acres

at the subject location. The power company has developed several day-use
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public picnic areas and allows public use of the backwater area of the
Moore Dam. The recreational development of this area is presently
hindered by the existing polluted state of this portion of the river which
results from municipal and industrial wastes. Boating and fishing are
presently allowable activities, but swimming is not. The Bureau's report
urged the States of New Hampshire and Vermont to "...undertake a joint
program with the New England Power Company to develop the Moore and
Comerford Reservoirs into a major Interstate Park. This report recommends
that the States and the Power Company increase the development of company-
owned lands, and that the States acquire 9,400 acres in fee and less-than-
fee to round out the Company's present 6,000 acre holdings into a 15,400
acre Moore-Comerford Interstate Park." '...Both New Hampshire and Vermont
have recognized that great undeveloped potential of the area, and each has
noted recommended actions in its statewide outdoor recreation plan which

would realize this potential."

In June of 1970, as a result of a six-year study, the Connecticut River
Basin's Coordinating Committee published a ten-volume report. entitled
"Comprehensive Water and Related Land Resources Investigation - CONNECTICUT
RIVER BASIN'" (Reference 7). This report covers the Connecticut River in -
its entirety from Canada to Long Island Sound and presents a proposed plan
for the preservation, development, and management of the water and related
land resources of the Connecticut River Basin. The report standsAsubject
to review by interested Federal agencies, by the Governors of the affected
States, and other State and Regional agencies prior to its transmittal - ~

to the Congress for its action on those Federal items in the plan.

In May 1972, the New Hampshire Department of Public Works and Highways
submitted its Draft Environmental Statement for Interstate 93 Littleton,
N.H.-Waterford, Vt. (Reference 8). This report discusses more details of
the region and the impact of heavy construction in the area of the potenfial

site.
Littleton is served by Interstate highways and the Boston and Maine Rail-
road. Rail service does not exist to the proposed site. Field-fabricated

NSSS components would be a necessity.
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The condenser cooling system would have to be based upon evaporative
cooling equipment. The requirements for such a system were discussed

previously in connection with the discussion of the Litchfield site.

The River Basin Plan {Reference 7) calls for a minimum release of 0.2 cfs
per square mile from main stream dams below McIndoes with a recommendation
that furthér study be given to a minimum release from all dams in the
basin of 0.2 cfsm. If this were required from Moore, the minimum release
would be 30 cfs. The make-up for evaporative cooling equipment would be
over twice the proposed minimum discharge. Taken together, they would

neérly equal the historical low flow.

The aquatic life of the Moore Pond was studied in 1969 by the Vermont
Department of Water Resources (Reference 9). The findings are summarized

below.

Benthos studies were made in the Moore and Comerford Reservoirs during
July and November 1969. This type of life found in the sediments of the

reservoirs consisted of diptera larvae (Chironomus) and Oligochaetes.

The results of the summer and fall plankton study from the Moore and
Comerford Reservoirs indicated a water quality in the reservoirs which was
sufficient to maintain a diversity of genera. Most of the phytoplankton
in the reservoirs in July 1969 were either Chrysophyta or Chlorophyta and
there was a noticeable lack of the ofteﬁ troublesome Chyanophyta usually

associated with domestic pollution.

The aquatic life found in the littoral zone of a storage reservoir may

be limited by the drawdowns. If drawdowns occur frequently and cause
substantial raising and lowering of the water level, life in the littoral
zone may.tire of having to migrate in accord with the fluctuations. Both
the Moore and Comerford Reservoirs may have short term fluctuations as
great as six to nine feet and the Moore Reservoir has seasonal fluctuations
as great as forty feet. Therefore, if the life in the littoral zone is
found to be sparse, industrial pollution may not be the sole cause. There °

was little work done of the littoral aquatic life during this study.
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The dissolved oxygen concentrations are severely diminished at the con-
fluence of the Upper Ammonoosuc River and the Connecticut River and down-
stream. During the river's 25 mile flow to the Moore Reservoir the
dissolved oxygen levels improve somewhat. The biochemical oxygen demand
values varied inversely to the dissolved oxygen concentrations. The

Moore and Comerford Reservoirs detain the flow of the river and the quality
of the water within these impoundments is severely degraded. Throughout
the reservoirs there were dissolved oxygen deficiencies and certain areas

within the Moore Reservoir were devoid of oxygen.

Because of the oxygen deficiency, very little fish life and almost no
game fish inhabited the Moore Reservoir in 1956. Based on the results of
this survey, this is probably still true today (1969). This diminishes

the recreational potential of the reservoir (Reference 9).

Obtaining state licenses for this potential site could be difficult when

river improvement and recreational development programs are considered.

Preliminary load-flow studies indicate that two 765-kv transmission lines
would have to be constructed from the potential site to Tewksbury, Mass-
achusetts to reliably tie the plants into the transmission grid. This
would entail 134 miles of double-circuit right-of-way covering 7000 acres
of land. Cost of this line is estimated to be approximately $250,000 pér
circuit mile ‘or approximately $70 million; over five times the cost of

Seabrook-related transmission facilities.

The comparative remoteness of the potential site would cause a definite

labor cost perialty to be ascribed to this location.
After consideration'of environmental effects and construction and trans-

mission penalties, the site study concluded that this site was less

favorable than one located on salt water.
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9.2.3.3 Salt-Water Sites

In the 1967 site study (Appendix M) several sites were investigated which
would utilize estuarine or ocean waters for condenser cooling. These
included: Fox Point and Durham Point on Little Bay; Rollins Farm on the
Piscataqua River; Odiornes Point and Gerrish Island on the ocean at the
outlet of the Piscataqua River, and the preferred site at Seabrook. The
1967 study concluded that the preferable site would be Rollins Farm.

With the exception of Seabrook these locations are shown in Figure 9.2-20.

The criteria for licensing a nuclear plant in the vicinity of an airport
became more stringent with the processing of the Three Mile Island
application in 1968 and 1969. As a result, several sites within the
influence of Pease Air Force Base including the Rollins Farm site could

not be licensed either at all or without the additional investment of tens
of millions of dcllars. As the Applicant understands the existing licensing
criteria with respect to airports, the Rollins Farm, Fox Point and Dover
Point sites would not be acceptable. Therefore, they will not be discussed
further herein. The Odiornes Point and Gerrish Island locations are out-
side the area encompassed by the criteria but still much more under the

influence of Pease Air Force Base than Seabrook.

A. Gerrish Island. The Gerrish Island location in Maine was investigated

in some detail prior to the selection of the Wiscasset, Maine site for

the Maine Yankee Atomic Power Station. The comparison of alternative
sites. including Gerrish Island for Maine Yankee was described in the Maine
~ Yankee Environmental Report (Docket 50-309). A summary of the site

features is given below.

The Gerrish Island site is underlain with competent bedrock of different
formatidns. Thé seismicity of the area‘is comparable to that described
for the Seabrook area. Wave run-up calculations, when performed, could »
show that extensive super elevation or diking of the site would be necessary

to license the site for the maximum horendous storm.
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Access to the site by road would require two miles of new or extensively
rebuilt roads and bridges. Railroad access would require over six miles

of new track and several major bridges to be constructed.

The potential site is located in Kittery, Maine which had a population
of 11,028 in 1970. The closest corporate boundary of Portsmouth, New
Hampshire is 14,000 feet. Portsmouth had a population in 1970 of 25,717.

Pease Air Force Base is approximately six miles distant.

The cooling water supply would be the Atlantic Ocean. The ecological
features of the site have not been studied in detail. However the waters
in the area of the potential site are generally familiar as a result of
the Seabrook and Piscataqua River Studies. There does not appear to be
any significant difference in the aquatic species present around Gerrish
Island from that of Hampton Beach. In the design of the circulating
water system the effects of flow to and from the Piscataqua estuary opening
near this site would ha?e to be considered. The net daily flushing rate
upstream at Rollins Farm was calculated to be 9,100 cfs based on dye

release studies. ' -

The portion of the Island shown as Fort Foster is now a Town Park of scenic,

historic and recreational merit.

Transmission access to the site wuld be difficult and possibly require
underground lines if sufficient right-of-way width for overhead lines could

not be purchased.

Consideration of Gerrish Island and other sites outside the State of New
Hampshire by Public Services raises the question of availability. It is
easy to point out a spot on the map and inquire if it has been considered
and even to suggest that it is quite possibly preferable to the proposed
site. Reéulatory Guide 4.2 seems to recognize the realisms of availability
when it seeks the basis for the applicant's choice from "available alter-

native sites'". Among other things, the ability of the\appliqaﬁt to obtain

9.2-35




June 1973

clear title to the site property for financial and control purposes is
inherent in the concept of availability. Title to.a property can be
obtained as a result of agreements reached by a willing buyer and a willing
seller or through condemnation. In the case of the former, if the present
owner does not wish to sell or discuss a sale that évenue is closed. In

the latter, if the utility does not have the right to condemn land for a
power generating facility the potential site can only be considered unavail-

able at the time.

Gerrish- Island, while a potential site, is not an available site since the
present owner of the major parcel is not interested in selling his land.
Acquisition through éondemnation is not possible, even if desirable, the
eminent domain powers which utilities have under Maine law presently

extend only to takings of land for transmission and distribution lines

and their appurtenances. Dwellings may not be condemned for any reason

and land may not be condemned for a power plant. Furthermore, the powers
of eminent domain given to utilities under present Maine law are given only
to utilities which are corporations organized under the laws of Maine

(35 M.R.S.A. §2306). .Since Public Service Company of New Hampshire is

a New Hampshire and not a Maine corporation it has no eminent domain powers

under the Maine statute.

'B. Odiornes Point. The description of the Odiornes Point location is

very similar to the one given above for Gerrish Island with slight changes
in distances. The geology and seismicity of the site appear to be suitable
for licensing and construction. A substantial amount of fill would be
required to elevate the plant above the maximum wave runup. It is quite
probable that some salt marsh, known as Fairhill Swamp, would have to be
filled for the plant and highway relocation. Railroad access, if con-
structed, would entail four miles of trackage, a portién of which would

be laid across marsh land.

The cooling water and ecological features of this site are very similar to

those described for Gerrish Island. Odiornes Point is approXiﬁately 8,000
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feet from the Portsmouth City Boundary, and has become a state park since
the 1967 site survey was conducted. Pease Air Force Base is four miles

distant from the Point.

Public Service concludes that this site is less favorable than the Seabrook

' Site from a land use and licensing point of view.
9.2.3.4 Island and Floating Sites

The use of the Isle of Shoals or a barge-mounted plant have been éonsidered
as alternatives to the proposed site. The use of the Isle of Shoals was
ruled out due to the technical uncertainties inherent today in deep-sea,
345 KV transmission. The paucity of land for construction and plant
facilities make it very improbable that a plant could be economically
constructed on the Isles. The major island and the only one that con-
ceivably has sufficient land area for a plant is in Maine as shown in
Figure 9.2-21. 1In addition, the historic, religious and ecological
qualities of the Isles make it improbable that licenses,from Maine and

New Hampshire could be obtained.

The need for power discussed earlier in this report showed that the pro-
pdsed units were required to be in service in 1979 and 1981. Public

Service was advised that the manufacturer could not supply the initial

' unit for service in that time frame. For the additional reasons of licensing,
economics, and transmission feasibility Public Service concludes that the

Seabrook Site is preferable to an offshore plant.

The applican; knows of no other sites available to it for the proposed plaﬁtu
9.2.3.5 Site Reviews by Other Agencies

Subséquent to the site reviews conducted by Jackson & Moréland for Public.

Service in 1967 and by the Applicant in 1969 two other agencies reviewed

sites available to Public Service for a large nuclear plant.
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The New England Regional Commission published "A Study of the Electric
Power Situation in New England 1970-1990" in September 1970. This report
stated in regard to siting'a nuclear plant in New Hampshire that:

"Possible sites for large thermal electric generating stations
on the New Hampshire coast are limited -and extreme care must be
exercised in site selection. Nevertheless, two or more such
sites should be available. One of these could be the Seabrook
site for which the planned construction of an 860 MW plant has
been postponed."

and in regard to lake sites:

"The larger lakes are in northern New Hampshire and Maine and the
cost of transmission to the large southern locad centers tends to
make them economically unattractive but they should not be ruled
out as possible future sites."

The consultants who prepared this report for the New England Regional
Commission appear to have concluded that there musf be another site some-
where if one looks again. But they apparently did not look closely
themselves. The preceding discussion shows that-there are other potential
salt-water sites that have been reviewed by the applicant and his consul-
tants and which as a result have been found less acceptable than the

proposed site.

The large lake in New Hampshire which the report suggests as a future site
seems to be Lake Winnipesaukee. This is a highly protected, Class B water
body devoted to recreational purposes. . Existing regulations and land use

rule this out as a potential site area.

In January 1971 the New England River Basins Commission issued its
"Environmental Evaluation of Seabrook, New Hampshire Nuclear Power Plant"

(Reference 10). This report was prepared by the professional staff of

'the NERBC working with staff members of the AEC, USPHS, FPC, USGS, USFWA,

USDA, USBSF, NHF&GD and the NHWSEPCC. As a result, it is based on a
careful review of the concerns now embodied in NEPA. Of interest here
is the conclusion related to site selection;

"There appears to be no better alternate site for a nuclear
power plant avallable to the Public Service Company of New
Hampshire."
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' The report has provided guidance to the applicant in the present plant

in the area of environmental studies and circulating water system design.
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TABLE 9, 2-1
LOAD AND CAPABILITY BY NEW ENGLAND LOAD AREAS

jLoéd Responsibility = Load Plus Reserve) (Showing Committed or Planned Units Only)
MW 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
Area 1 (Maine) '
' Capacity 1239 1775 1769 1914 1755 2184 2786 2786 2786 2786 2786 2786
and & Reserve 1201 1332 1413 1537 1652 1749 1880 2034 2238 2416 2611 2795
Difference 38 443 356 377 103 435 906 752 548 370 175 -9 .
“Area II (N.H.) | ’ _ . ‘
Capacity 1082 1081 1059 1459 1459 1458 1458 1458 2608 2608 3759 3759
Load & Reserve 957 - 1086 1184 1321 1448 1571 1729 1917 2159 . 2388 2638 2894
Difference 125 -5 -125 138 11 =113 -271 =459 449 220 1121 865
Area III (Vt.) ‘ : . .
Capacity 577 1143 1143 1170 1170 1170 1443 1443 1443 1443 1443 . 1443
Load & Reserve 769 948 1044 1174 1298 1412 1560 1733 1960 2177 2413 2657
Difference -192 195 .99 =4 -128 -242 -117 = =290 -517 -734 -970 -1214
Area IVN (NE Mass.) :
Capacity . 2252 2693 2655 2665 3244 3244 4138 4138 4138 . 4138 4138 4138
Load & Reserve 3508 3848 4101 - 4462 4744 5004 5349 5751 6273 6736 7196 7560
Difference -1256 ~-1155 -1446 =1797 -1500 . -1760 -1211  -1613 -2135 -2598 -3058 -3422
-Area IVS (SE Mass.) ' :
‘Capacity 1294 1913 1896 1896 2491 2494 . 2494 3678 3678 4827 4827 4827
Load & Reserve' 1619 1801 1892 2029 2137 2224 2347 2491 2691 2853 3018 3164
Difference -325 112 4 =-133 354 270 147 1187 987 1974 1809 1663
Area V (W. Mass.)
Capacity 1036 1286 2020 2645 . 2645 2645 2645 2645 2645 2645 2645 2645
Load & Reserve 1021 1196 1279 1398 1500 1591 1714 1856 2046 2217 2394 2567
Difference 15 90 741 1247 1145 1054 - 931 - 789 599 428 251 .78
Area VI (R.I1I.4) ' . v
Capacity ~ 1969 1969 2040 2504 2467 2467 2467 2467 2467 3367 3367 4267
Load & Reserve 1342 1572 1664 1809 1921 2017 2148 2302 2523 2704 2903 3115
Difference 627 397 376 695 " 546 450 319 165 -56 663 464 1152
Area VII (Conn.) :
Capacity 5078 5031 5431 6261 6706 6706 6706 6706 7856 7856 9005 9005,
Load & Reserve 3902 . 4593 4941 5417 = 5844 6235 6750 7351 8142 8863 9626 10408
Difference 1176 . 438 490 : 844 862 471 -44 -645 -286 -1007 -621 . -1403
Total New En 1and' - . . ;
Capacit 8 14527 16891 18013 20514 21937 22368 24137 25321 27621 . 29670 31970 32820
Load & Keserve 14319 16376 17518 19147 20544 21803 23477 - 25435 28032 30354 32799 35160
Difference 208 515 495 1367 - 1393 565 660 -114 ~-411 ~-684 ~-829 ~2290




TABLE 9.2-2

Description of Areas Identified In Figure 9.2-5

Airports
1. Claremont, Municipal
2. Concord, Municipal
3. Deering, Private
4. Hampton, Private
5. Hooksett, Private
6. Jaffrey, Municipal
7. Keene, Municipal
8. Laconia, Municipal
9. Lebanon, Regional
10. Manchester, Municipal"’
11. Nashua, Municipal
12. Newport, Municipal
13. Rochester, State of New Hampshire
14. Salem, Private '
15. Wolfeboro, Private
16. Portsmouth-Newington Pease A.F.B.,
17. Brookline
18. Gilmanton
. ' 19. Kensington
, 20. New Boston
21, North Sutton
.22, Tilton

Scenic and/or Natural Areas

23.
24.
25.
26.

Rock Rimmon State Forest, Kingston
Cedar Swamp, Kingston
Great Bog, Portsmouth

Fort Dearborn, Rye (Owned by State of New Hampshire)

Natural Area

27.
28.
29.
30.
31.

32.
33.
34.

®

Cedar Swamp, New Durham

Mast Yard State Forest, Hopkington~
Black Water River Basin, Salisbury (From U. S. Corp

Military

. of Eng. Dam)

Knox Mt. Pemigewasset Flood Control Area, Sanborton (Federal)

State Forest, Litchfield

Dublin Stafe Forest, Dublin
Bingham Hill State Forest, Gilsum
Honey Brook State Forest, Marlow

Table Rock State Forest Charlestown




Natural Area (continued)

36.
37.

Croydon Park, Croydon
Shadow Hill State Forest, Sutton

State ParkS

38.
39.
40.
41.
42,

43.
44,
45,
46.
47.

48,

49.
50.
51.
52.

53.
54.
55.
56.
57.

58.
59.
60.
61.
62.

63.

Bear Brook State Park, Allenstown:
Cardigan State Park, Orange
Clough State Park, Weare

Ellacoya State Beach, Gilford

Elm Brook State Park, Hopkington

Greenfield State Park, Greenfield
Hampton Beach State Park, Hampton
Kingston State Park, Kingston
Miller State Park, Peterborough
Monadnock State Park, Jaffrey

Mt. Sunapee State Park, Newbury
Otter Brook State Park, Keene
Pawtuckaway State Park, Nottingham
Pillsbury State Park, Washington
Rhododendron State Park, Fitzwilliam

Rollins State Park, Warner

Rye Harbor State Park, Rye

Silver Lake State Park, Hollis
Wadleigh State Park, North Sutton
Wallis Sands State Park, Rye

Wentworth State Park, Wolfeboro

Winslow State Park, Wilmot

Annett State Forest

Fox State Forest, Hillsborough
Gunstock, (Belknap County Area) Gilford

Hilton Park, Dover (N.H. Highway Dept.)

Historic Sites

64.
65.
66.
67.
68.

69.
70.
71.
72.

" Fort William and Mary, Newcastle

Strawberry Bank, Portsmouth

Odiornes Point, Rye - First N.H. Settlement
Boundry Rock, Seabrook

Indian Mounds, Route 9 Barrington

Town Pound, Durham, Oldest Pound in Existence, 1709
Mary Baker Eddy Birthplace, Bow

Daniel Webster Home, Franklin

Franklin Pierce Birthplace, Hillsboro
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FIGURE 9.2-3
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