SERIAL NO.: 19-184

Enclosure 2

ATTACHMENTS FOR RAI MBH-1

Virginia Electric and Power Company
(Dominion Energy Virginia or Dominion)
Surry Power Station Units 1 and 2



From: Kenneth Roller (Services - 6)

Sent: Wednesday, March 27, 2019 12:55 PM

To: Degen, Marcia

Cc: Tony Banks (Generation - 6)

Subject: Dominion Energy's Surry Power Station: Request for VDH Response

Dear Dr. Degan:

Thank you for your time and guidance during our call March 26, 2019. As Tony Banks and |
discussed with you, Dominion Energy is seeking a response from VDH concerning the
potential existence and perceived health risks associated with thermophilic organisms that may
be present in the portion of the James River that receives the cooling water discharge from our
Surry Power Station (SPS). Information concerning the reason for this request and specific
microorganisms of concern is presented below. Additional supporting information is included
in the attachments to this email.

Reason for this Request and Microorganisms of Concern

On October 16, 2018, Virginia Electric and Power Company d/b/a Dominion Energy Virginia
(Dominion) filed an application with the U.S. Nuclear Regulatory Commission (NRC) to
renew the operating licenses for Surry Power Station Units 1 and 2 (SPS) for an additional 20
years. For SPS Unit 1, this requested renewal would extend the license expiration date from
May 25, 2032, to May 25, 2052. For SPS Unit 2, this requested renewal would extend the
license expiration date from January 29, 2033, to January 29, 2053.

The license renewal process requires that Dominion Energy develop an environmental report
(ER) that assesses the potential for environmental impacts from continued operation of the
facility for an additional 20 years. One area of potential environmental impact concerns
microorganisms that might be associated with the SPS once-through cooling water discharge
(see below). NRC has provided guidance (Reference) that Dominion Energy should consult
with VDH concerning potential health concerns associated with the following microorganisms
in the portion of the James River that receives the station’s cooling water discharge:

e The enteric pathogens Salmonella spp. and Shigella spp., as well as Pseudomonas
aeruginosa and thermophilic fungi.

e The bacteria Legionella spp., which causes Legionnaires’ disease, and

e Free-living amoebae of the genera Naegleria (Naegleria fowleri) and Acanthamoeba

Dominion Energy Conclusions

Given the size of the river, the saline and tidal influence of the estuary, the documented
reduction in water temperatures surrounding the effluent discharge point, positioning of the
cooling water intake and discharge to minimize thermal impacts to oyster grounds and
regulatory restrictions placed on public access to the waters adjacent to the discharge
structures, Dominion Energy does not anticipate the continued operation of SPS to adversely
affect the environment or public health as a result of microbiological hazards.



Dominion Energy Surry Power Station
Information to Support VDH Consultation on Thermophilic Microorganisms

This document provides information to support Dominion Energy’s request for a response from
VDH concerning the potential existence and perceived health risks associated with thermophilic
organisms that may be present in the portion of the James River that receives the cooling water
discharge from the Surry Power Station.

SPS Operation and Thermal Discharge

During the process of generating electricity at SPS, cooling water is withdrawn from the James
River on the east end of the site and, following use, is returned to the James River at a higher
temperature via VPDES-permitted Outfall 001 located on the west end of the site. Figures
depicting the station site and the vicinity within a 6-mile radius of the station and a thermal
modelling report, which evaluated temperature distribution in the James River Estuary as a result
of the operation of SPS, are attached to this document. A brief discussion of the station and its
operations during the extended period of operation is provided below.

SPS is an 840-acre facility located on Gravel Neck Peninsula in Surry County, Virginia, on the
south side of the James River, approximately 25 miles upstream of the point where the river
enters the Chesapeake Bay.

SPS uses a once-through cooling system designed to take water from the James River on the east
end of the site and discharge to the James River on the west end of the site. SPS discharges to
surface waters are regulated by and permissible under Virginia Pollutant Discharge Elimination
System (VPDES) Permit Number VA0004090. The permit has been in place for decades and has
been regularly renewed. The current permit was issued with an effective date of March 1, 2016.

In the vicinity of SPS, the James River is approximately 2.5 miles wide and is a tidally
influenced freshwater river upstream of the Gravel Neck peninsula and a saline estuary
downstream. Qutfall 001 is located approximately six miles upstream of the SPS low-level intake
canal. This design was implemented specifically to protect oyster beds, located downstream from
the low-level intake structure and in more saline water, from being affected by the thermal
plume.

The station discharges once-through cooling water (~2.3 billion gallons per day) through
permitted Outfall 001 to the James River. The station operates under a 316(a) thermal variance
that was approved in 1978 and has been carried forth since. There is a heat rejection limit on
Outfall 001 of 12.6 X 10° Btu/hour that effectively restricts the amount of heat that can be
discharged under the 316(a) variance. The station has never exceeded the heat rejection limit
and there are no plans to increase the amount of heat rejection during the extend license period.

Modeling of the thermal plume at a heat rejection rate of 12 x 10° was undertaken in 1967 and
documented in the attached report, Temperature Distribution in the James River Estuary which





will result from the Discharge of Waste heat from the Surry Nuclear Power Station. The report
concluded that only a small portion of the estuarine water in the tidal segment adjacent to the
plant site is subjected to excess temperatures which might have biological significance.
Averaged over a tidal cycle, the area having excess temperatures exceeding 5°C occupies less
than 7% of the width of the estuary.

In addition, Dominion conducted extensive pre- and post-operational studies on thermal effects
of SPS on the James River over a seven-year period, which included computer modeling, field
investigations of water quality and aquatic biota, field measurements of water temperatures, and
electronic measurements of water temperatures in the SPS intake and discharge canals.
Temperatures greater than 90°F at the discharge normally occur only in June, July, August, and
September when SPS is operating at or near full capacity. Once discharged into the estuary, the
thermal effluent dispersion rapidly reduces outfall temperatures to or near ambient levels.
Effluent temperatures immediately outside the discharge canal decrease 1-2° F with every 1,000
feet from the mouth of the discharge canal. Temperatures were rarely more than 5° F above
ambient river temperatures at a distance of 3,000 feet from the outfall.

The discharge outfall is surrounded by rock jetties projecting perpendicularly from the shoreline
1,100 feet into the James River estuary. Virginia Code 20-1060-10 ET SEQ §28.2-106.2
delineates a restricted access area encompassing the entire discharge canal from the jetties at its
discharge pipe outlet back to the plant canal. No one may enter this restricted area without prior
authorization from the marine police.

During the license renewal term, Dominion proposes to continue operating the units as currently
operated. Currently, Dominion anticipates no license renewal-related refurbishment for SPS.

Given the size of the river, the saline and tidal influence of the estuary, the documented reduction
in water temperatures surrounding the effluent discharge point, positioning of the cooling water
intake and discharge to minimize thermal impacts to oyster grounds and regulatory restrictions
placed on public access to the waters adjacent to the discharge structures, Dominion Energy does
not anticipate the continued operation of SPS to adversely affect the environment or public
health as a result of potential microbiological hazards.

We are seeking VDH concurrence with Dominion Energy’s conclusion that the continued
operation of SPS for the extended license term would not be expected to adversely affect the
environment or public health from exposure to thermophilic pathogens on the James River. We
appreciate your consideration of this request. Please contact me or Tony Banks should you have
any questions concerning this transmittal.

Attachments:

Figure SPS Site

Figure 6-mile Vicinity

Temperature Distribution in the James River Estuary which will result from the Discharge of
Waste heat from the Surry Nuclear Power Station, Dominion, 1967.





Figure SPS Site
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Figure 6-mile Vicinity
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'Tempe rature Distribution in the James River Estuary

Which Will Result From the D1scharge of Waste Heat

From the Surry Nuclear Power Statmn

A Report Prepared for

:_Virginia Electric and Power Company
Richmond, Virginia

- As Part of the
Surry Nuclear Power Station Site Study

Prepared by
Pritchard-Carpenter, Consultants
208 MacAlpine Road
Ellicott City, Maryland

B 'al.ck gr ound -_

:The Virgini'a,' Electric and Power Company is 'constructing a nuclear
power station on the James River estuary. The site of this station, called
the Surry Nuclear Power Station, is located approximately 30 miles above
the mouth of the James River at Old Point Comfort and 55 miles below
Richmond, Virgirﬁa This 85-mile stretch of the river is subgected to tidal.
motion, and hence is a tidal estuary. It is usual to demgna.te that part of
the tidal waterway between the mouth and the point of most upstream in-
trusmn of measurable ocean salt as the estuary proper, while the fresh
~ water segment above that point up to the head of tide is called the t1da.1 river,

Hog P01nt is the northernmost pomt of a peninsula formed by a large
bend in the James River estuary, as shown in Figure 1. The Surry Nuclear
Power Station site extends across the central portion of the peninsula, the
river forming both the eastern and western boundaries of the site. The
peninsula to the north of the site is a low lying area of tidal marshes, tidal
channels, and islands which serve as a wild fowl refuge, and termmates at
Hog P01nt '

The eastern boundary of the site, which borders the river along the
downstream side of the peninsula, is approximately opposite Deep Water
Shoals. The western boundary borders the river on the upstream side of
the peninsula at the northeastern end of Cobham Bay. In the following fre-
guent reference W_111 be made to Deep Water Shoals, or downstream, side,
and to Cobham Bay, or upstream, side of the site.
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The purpose of this report is to present the results of studies made
to determine the probable effect of the discharge of waste heat in the con-
denser cooling water from the Surry Nuclear Power Station on the distribu-
tion of temperature in the adjacent James River estuary. It will aid the
discussion of the results of the thermal studies, however, to first briefly
consider the pertinent features of the hydrography of the estuary.

Hog Point is in the region of transition between the fresh tidal river
and the estuary proper. -  Under conditions of very high river flow fresh
water extends downstream of Deep Water Shoals., During periods of
moderately high river flow, brackish water extends past Deep Water Shoals
to the vicinity of Hog Point, while the Cobham Bay side of the site remains
in the fresh water tidal river. Under flow conditions characteristic of
most of the year the upper boundary of the estuary proper is located
upstream from the Cobham Bay side of the site. '

Under all but the most extreme river flow conditions, the oscillatory
ebb and flood of the tide constitute the dominant motion in both estuary
proper and the tidal river. The net downstream flow required to discharge
the fresh water. seaward through any cross section represents but a small
fraction of the tidal flows.

The James River estuary has been classified in the literature as a
partially mixed estuary. In such an estuary the salinity decreases in a more
or less regular manner from the mouth toward the head. The salinity also
increases with depth at any location. There usually occurs a layer near
mid-depth in which the salinity increases more rapidly with depth than is
the case in the overlying fresher layer or in the deeper, more saline layer.
In spring and summer this intermediate layer is also a region of relatively
rapid decrease in temperature with depth.

The upper, less saline, layer has a net non-tidal motion directed
toward the mouth of the estuary, while the lower, more saline, layer has a
net non-tidal motion directed toward the head of the estuary. The boundary
between these layers is generally sloped across the estuary so that the
seaward moving surface layer extends to greater depths on the right side
of the estuary (looking seaward) than on the left. Under some conditions,
particularly in the wider sections of the estuary, the boundary between the
counter-flowing layers intercepts the surface, so that there is a net seaward
flow surface to bottom on the right side of the estuary (looking seaward) and
a net flow toward the head of the estuary on the left side of the estuary,.

This net non-tidal circulation pattern involves flow volumes large
compared to the river discharge, but still small compared to the oscillatory
tidal flow, For example, measurements made in July 1950, at a time when
the fresh water discharge at Hog Point was approximately 6000 cfs, showed
a net non-tidal, seaward directed flow in the surface layers at Deep Water
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Shoals of 18, 000 cfs, and a counter-flow in the deeper layers of approximately
12,000 cfs (note that the difference in non-tidal flow of the surface and deep
layers must equal the river discharge). By comparison, the average volume
rate of up-river directed flow during the flood-tide period, and of seaward
directed flow during the ebb-tide period amounted to some 130, 000 cfs
through the Deep Water Shoals section,

At the time of the above described flow measurements, the salinity
at the surface at Deep Water Shoals was about 4. 2%, and at the bottom about
6.1 %. At a point farther down the estuary, where the surface and bottom
salinities were, reapectlvely, about 11, 0% and 14. 5%, the net non-tidal
seaward-directed flow in the surface layers was observed to be about 24,000
cfs, or some 4 times the fresh water river discharge. 'In general, the
volume rate of flow of the net non-tidal circulation increases toward the
mouth of the estuary.

As the river flow decreases, the salinity distribution moves up the
estuary, so that at any location the salinity increases with decreasing river
flow. Also, in general, the higher the salinity, the larger the ratio of the
net non-tidal flow to the river flow. Thus, within the estuary proper, the
water available for dilution of an introduced waste material at a given
section does not decrease in direct proportion to the decrease in river flow.

A more detailed description of the hydrology of the estuary is con-
tained in the report "Hydrology of the James River Estuary with Emphasis
upon the Ten-Mile Segment Centered on Hog Point, Virginia'", previously
submitted to the Virginia Electric and Power Company.

Condenser Cooling Water System

In order to convert the thermal energy produced by the reactors into
electrical energy a certain amount of heat must be rejected at the condensers.
This waste heat, which for a nuclear power source at current practical
efficiencies amounts to approximately 6.8 x 106BTU .hr~! per MW produced
electric power, is carried away from the condensers in the condenser cooling
water. The volume rate of flow of the condenser cooling water is therefore
determined by the design temperature rise at the condensers and the number
of MW of electric power the plant is designed to produce.

The studies described in this report were designed to determine the
probable distribution of excess temperature in the James River estuary
" resulting from the discharge of 12.x 109 BTU +hr-! of waste heat (corres-
ponding to 1764 MW produced electric power, or two units at 882 MW each), -
and of 24 x 10 BTU. hr~! of waste heat (corresponding to 3528 MW produced
electric power, or four units at 882 MW each). A temperature rise at the
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condensers of l"5°F was used in these studies, and hence the volume rate
of flow of the condenser cooling water for two units is 3530 cfs and for
4 units 7060 cfs; i

The first unit now being constructed at the Surry Nuclear Power
Station site is actually sized at 850 MW electrical power, 'and the heat
rejected under full load for this unit will therefore be 5.2 x 109 BTU.
Some tests were conducted on the James River estuarine’ ‘hydraulic model
‘using this heat loading; however, since it is planned that‘a second unit,
perhaps somewhat 1arger than the first unit, will be added within a few
years, and since it may be desirable ultimately to develzop the site for 4
units, most of the results presented here are for the hlgher values of
‘rejected heat given ;n the previous paragraph,.

At the Surry Nuclear Power Station condenser j&:ooling water is to
be drawn from the esi;tuary from one side of the Hog Pbint peninsula and
. discharged from the %)ther side, thus the intake and discharge are separated
by something over a¥idal excursion. Tests were conducted both for the
_.intake on the downstrgam side of the plant site and the discharge on the
upstream side, and for the opposite arrangement. On the basis of these
ests, it was determined that any possible influence of the heated discharge
on the environment would be minimized if the condenser cooling water were
withdrawn from the downstream, or Deep Water Shoals, side of the plant
site and discharged from the upstream, or Cobham Bay, side. The major
portion of the data presented here is therefore for this arrangement of
intake and discharge.

Description of Thermal Studies

The distribution of excess temperature which will result from the
discharge of waste heat from the Surry Nuclear Power Station as presented
in the later sections of this report is based on studies conducted on the
hydraulic model of the James River estuary located at the U. S. Army
Corps of Engineers Waterways Experiment Station, Vicksburg, Mississippi.
This model covers the entire tidal waterway from Richmond to the mouth,
and also part of the lower Chesapeake Bay. The model has a horizontal
scale of 1:1000, and a vertical scale of 1:100, The approximately 90 nautical
miles of the estuary are therefore represented by a model about 550 feet
long. The time scale of this model is 1:100; hence one day in the prototype
occurs in about 143 minutes in the model.

All pertinent features of tide, current, river inflow and mixing of
sea water and fresh water (and hence the distribution of salinity) are properly
scaled in the model. Density; temperature and salinity are all scaled 1:1 in
this model, and it has been shown that for models of this relative size, the
thermal exchange processes at the water surface are also properly scaled.
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A model thermal plant was constructed which consisted of a pump,
a flow control system, an accurate volume rate of flow gage, electric
heaters to simulate the condensers, a temperature sensing and control
system to maintain a constant temperature rise of 15°F between intake and
discharge. This model plant was set up on the hydraulic model of the
James River estuary at the location corresponding to the Surry Nuclear
Power Station site.

Tests were conducted during two different periods. The first set
of tests were made during the period 29 July through 1 August 1966, and
the second series during the period 19 October through 23 October 1966,
During the July-August studies, the model was run for a total of 475 tidal
cycles, corresponding to approximately 246 days of prototype time. The
river inflow at Richmond was maintained throughout this series at a simu-
lated 2000 cfs. One of the main purposes of this first series of tests was
. to determine the degree of mixing produced by discharging the condenser

‘cooling water as a jet having an initial velocity equal to or larger than the
tidal velocity in the estuary, Tests were run with the velocity of the con-
denser cqoling water, at the point of discharge into the waterway, of
2 ft-sec” 7, 4 ft. se'c"i, 4.56 ft- sec'l, 6 ft- sec™! and 9.15 ft. sec™!, On-
the basis of these studies, it was determined that a discharge velocity of
6 feet per second would be most suitable for design of the condenser dis-
charge structure.

Tests were conducted during this July- August series with a simu-
lated heat rejection at the condensers of 5.2 x 109BTU-hr"l, correspond-
ing to a single 850 MW unit, and at 12 x lOgBTU-hr"l, corresponding to .
a total of 1764 MW electrical power production. Temperatures in the model
were measured using a rapid response thermistor bead mounted on a motor
driven trolley structure which ran across the model on a 16-foot long
aluminum beam. A single run consisted of setting the beam across the
‘model at a designated cross-section, and running the thermistor sensor
across the model to obtain a plot of temperature vs lateral distance made
on a strip chart recorder, At each location runs were made each 13 hours
throughout a tidal cycle. During the July- August test series a total of 496
such temperature runs was made. :

For the October series improverments were made in the temperature
measuring system, so that two thermistor bead sensors were towed across
the model on each run. The sensors were placed 18 inches apart, repre-
senting a prototype distance of 1500 feet. Thus near the discharge structure
one run provided data for two adjacent temperature cross sections. Farther
away from the discharge, where the horizontal temperature gradients were
small, the two simultaneous sections provided a check on the consistency of
the data. During the October studies the model was run for a total of 784
tidal cycles, corresponding to about 379 days of prototype time. Some 489
termperature runs were made, each consisting of at least one and in many cases
two records of surface ternperature across a section o the estuary., The loca-
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tions of the sections at which temperature runs were made are shown in
Figure 2. Again, as in the earlier series of tests, runs were repeated at
each section for each 14 hours of the tidal cycle, for each set of test
conditions, :

Tests were conducted for river inflows at Richmond of 2000 cfs and
6000 cfs, and for heat rejected at the condensers of 12 x 109BTU-hr-1,
corresponding to two 882 MW units, and of 24 x 109 BTU - hr'l, corres-
ponding to 4 such units. Most of the tests were run with the intake on the
Deep Water Shoals side of the plant site, and the d1scharge on the Cobham
Bay side, as marked in Figure 2. One set of tests were, however, run
with the intake and dlscharge reversed. :

During the Ot;tober studies a special test was made to determine the
surface heat exchange coefficient for the model. For this test Cobham Bay
was blocked off from the rest of the model using a long rubber dam. Motor
driven paddle wheels were mounted in the enclosed area to circulate the
water at a speed corresponding to the mean tidal current. Thermistor bead
temperature sensors were placed at several locations in the enclosed water
area. Water from this area was circulated through the heaters until the
temperature in the enclosed area was 20°F above the ambient water tem-
perature in the adjacent model. A temperature-time record was then made
as the water in the enclosed basin cooled. The rate of cooling provided a
measure of the surface heat exchange coefflclent

With the tests in the model running over several days during each
series, the base or ambient temperature of the water in the model varied
during the tests. It was therefore necessary to monitor the water tempera-
ture in the model in areas which were sufficiently removed from the plant
site so that the temperature of these areas represented the ambient water
temperature. During both series of tests, fixed thermistOr bead tempera-
ture sensors were therefore placed in the model at positions well upstream
and well downstream from the plant site,

Treatment of Temperature Data;
Some Theoretical and Empirical Relationships

In the following the term excess temperature is used to designate
the incremental increase in temperature of the water at a given point in the
estuary over that which would occur if there were no discharge of waste
heat to the estuary. Thus, if T represents the temperature of the water
at a given position in the estuary under conditions of waste heat discharge,
and T, represents the temperature which would occur under natural condi-
tions, then

(1) ©=Tp-T,

defines the excess ternperature, ©.






-7 -

Designating Q}, as the rate of introduction of waste heat into the
condenser cooling water, Q. as the volume rate of flow of the condenser
cooling water, and 6, as the temperature rise at the condensers, then

(2} Qh = ?CPGOQC

where p is the density of the water and C_ is the specific heat at constant
pressure. Further, if H,, designates the heat content per unit volume of

a water parcel under natural conditions, and Hy, designates the heat content
per unit volume of that water parcel under conditions of dlscharge of waste
heat to the waterwavy, then

(3) h=Hy- H_
defines the excess heat content, h, Also,
(4) h = ¢ CP S .

Consider a small parcel of water at the surface, having a vertical
thickness Dy, . This parcel will gain or lose heat through the sides and
bottom due to exchange of water with adjacent parcels of different heat
content (i.e., the processes of advection and turbulent diffusion). The
parcel will also gain and lose heat across the water surface due to radia-
tion processes and to exchange processes with the atmosphere. Under
steady state conditions, all these gains and losses must be in balance,
Hence, for natural conditions, the heat budget of the parcel can be written

(5) (Qq), - (@) +(Q) - Qb)_ - (Qel_ - Q)+ (@Qy)_+Qq)_=0

n

incident solar radiation on the water surface

where: Qg

reflected solar radiation at the water surface

D
n
1

long wave atmospheric radiation adsorbed by the water

O
)
1

Qp, = long wave radiation emitted by the water surface
Q¢ = heat carried away from the surface by evaporation
Q¢ = heat loss from water surface to atmosphere by conduction

Qy = heat gained by advective processes

O
o
|

= heat gained by processes of turbulent diffusion

A similar expression can be written for the case of introduction of waste
heat to the waterway. Thus:

(6) (Qs)h - (Qr)h + (Qa)h - (Qb)][1 - (Qe)h - (Qt)h + (Qv)h + (Qd)h =
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Now the incoming solar radiation, the reflected radiation and the
radiation from the atmosphere will be the same for both cases; that is

(Qs)n = (Qs)h

and -(Qa)n = {Qy)
Hence, When.i: equation (5) is subtracted from equation (6}, we have

(7) av tdad -ab - qe - qt =0
where :

B
Qv = (Qv)h - (Qv)ﬁ;1 etc.

Equation (7) can be considered to express the budget for the excess heat,
Note that this budget is independent of solar and atmospheric radiation.

o :,1 The last three terms in (7) represent the exchange of excess heat
f:gom the water to the atmosphere, The long wave radiation emitted by the
Surface of a parcel of water is proportional to the fourth power of the
é.%asolute temperature of the parcel. Because the difference in absolute
'@mperature between the heated and natural conditions is rela.tlvely small,

it can be shown that

(8) qp,=F;.©
where Iy is a slowly varying function of the ambient temperature, T,.

The amount of heat lost by evaporation from a parcel of water is
given by :

=pL (a+DbW) (eg - ¢e,)
where L is the latent heat of vaporization, W is the Wlnd speed, eg the

«saturated vapor pressure, and e, the vapor pressure of the air over the
water (which in turn is given by R . e, where R is the relative humidity).

‘Now, since

de = Qe), - (@)
then

(9 qe=pL(a+bw) {(es)h - ,‘es)n}
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since e, will be the same for both natural and heated conditions. Thus the
rate of excess heat loss by evaporation is dependent on the wind speed, and
on the difference between the saturated vapor pressure for the heated and
natural conditions, It is not dependent on the relative humidity. Now the
saturated vapor pressure over a water surface is dependent only on the
temperature of the water surface, and it can therefore be shown that

(10) (eg), - (eg) =F;©

where F» is a slowly varying function of the ambient temperature, Ty, and
to a lesser degree, of the excess temperature, &.

The sensible heat loss term is related to the eiraporative heat loss .
through the Bowen ratio., It can therefore be shown that

(11) g =F3(a+bW): 6
where F3 is a slowly varying function of the ambient temperature, Ty, and
to a lesser degree of the excess temperature, ©,.

Combining these expressions, we have
(12) qp+qe+ g =pCp¥e

where ¥, the suriace heat exchange coefficient, is primarily a function of
wind velocity, but also varies somewhat with the ambient temperature T,
and only slightly with the excess temperature, @, The various constants
which enter the terms comprising ¥ have been determined. Table 1 is an
abbreviated table of ¥ as a function of wind velocity, ambient temperature,
and excess temperature, to show the primary dependence on wind velocity,
the secondary dependence on ambient temperature, and the slight dependence
on the excess temperature,

Table 1

The surface heat exchange coefficient, ¥, as a function of
the wind velocity W (miles per hour), the ambient temper-
ature, T _(°F), and the excess temperature, e(°F)

N For ©@=10°F For @ = 2°F

wa o 400 60° 80° 40° 60° 80°
0 0.017  0.020  0.022 0.014 0,016 0,017
5 0.040  0.052 0,074 0.034 . 0,045  0.064

10 0.062 0.085 0.125 0.055 0.075 0.111
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Returning to equation (7}, it is seen that the excess heat budget can
be written

(13) qy+taq+ pCpfe =0

Now the advective and diffusive terms in this budget (the q,, and qg4)
depend on the velocity field, the intensity of turbulence, and on the spatial
gradients of the excess temperature, ©, The hydraulic model is designed
to reproduce the prototype velocity field and the intensity of turbulence.

The relative pattern of the distribution of excess heat, as shown by the
excess temperature isolines as observed in the model, should be applicable
to the prototype. However, the model is subject to a different heat exchange
coefficient than will prevail in the natural environment. It is therefore
necessary to adjust the excess temperature distributions, as observed in
the model, to take into account the difference in surface exchange coefficient
between model conditions and prototype conditions. The correction proce-
dure is based on the expression:

(14) (Ag) -fu{t—l——' 9%
@2/(A@)I - }._ TZ ! ;

where (Ae}l is the area inside the isoline of excess temperature © for a
surface exchange coefficient "15"1; and (A@)Z is the area inside the isoline of
excess temperature @ for a surface exchange coefficient\fz. In the region
near the discharge, where the highest values of & are found, cooling has had
little time to act. Hence the areas are to a first approximation independent
of ¥, and the ratio given in (14} is close to unity, For regions removed
from the source, the area within an isotherm is inversely proportional to
the surface exchange coefficient. However, since the total heat lost to the
atmosphere must in all cases equal the heat rejected at the condensers, the
ratio of the areas for the two cases of surface cooling must be, for small e,
slightly less than the inverse ratio of the surface exchange coefficients.
Therefore:

1 for © large

(15) (Ag)ys . 21
2/(A9)1 n X%Z for @ small, where n is a number slightly

less than unity

On the basis of available data, we have used the following relation-
ships in converting the temperature data observed in the model to the
conditions expected in the prototype

((ag) =1 f > 0.5
e (R
/
] ¢
L (Ag) - 2m <
13/(A'e)m = O'g“ﬂ‘p for ©<% 0.15 ©4

. and a linear variation in the ratio for intermediate temperatures,
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The procedure in developing the expected distribution of excess
temperature for the James River estuary from the data obtained in the
model involved the use of the isothermal patterns as observed in the model,
with an adjustment to the areas contained within the isotherms in accordance
with equation (16).

The Results of the Thermal Studies

The results presented here are based primarily on the data collected
during the October test series., A comparison of the results of the two
series showed somewhat lower excess temperatures in the August tests, as
compared to the October tests, than could be accounted for by the difference
in ambient temperature in the two cases.,  During the August tests the large
doors to the building containing the model were generally kept opened, and
circulating fans were operating-over various areas in the building (although
not directly on the test area). The surface exchange coelfficient increases
rapidly with wind speed at wind speeds near zero. It is likely that the
surface exchange coefficient applicable to the August tests corresponded to
a finite but unmeasured wind speed. Further, there was an appreciable
temperature gradient along the length of the model, and with time during
the August series of tests not related to the introduction of waste heat.
Hence the precise establishment of a base temperature was difficult for
this series.

During the October series, the building was kept closed. Direct
measurements of the surface exchange coefficient gave values appropriate
for zero wind speeds. The ambient temperature variation in space and time
was much less in this series than in the August studies, and the base
temperature could be established with considerable confidence,

While the results of the August tests show somewhat better conditions
(lower excess temperatures) than the results of the October series, the
differences are not of large magnitude. It was felt most appropriate to
restrict the presentation here to the data collected under conditions for
which the greatest confidence could be placed in the results,

Figure 2 shows the locations of the sections along which temperature
data were obtained. The actual observed temperature for each of the
sections occupied during the October test series, expressed in terms of
excess temperature, ©, is given in the appendix.

Figures 3 through 34 present the excess temperature distribution as
determined for the James River estuary, under conditions of an ambient
temperature of 80°F and a wind velocity of 5 mph. The distribution is given
as isolines of constant excess temperature, expressed in °C. These figures
show the expected excess temperature distribution for the condenser cooling

water discharge on the Cobham Bay side of the plant site, and the intake on
the Deep Water Shoals side,
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For each combination of river discharge and rejected heat, the
excess temperature distribution is given for each 13 hours over a tidal
cycle., The conditions of river flow and rate of héat rejection for each set
of figures are as follows:

Figure No.'s River Flow, cfs Rate of Heat Rejection {(Power Production)

3 through 10 2000 12 x 109BTU-hr-! (1765 MW)
11 through 18 6000 12 x 109BTU-hr~* (1765 MW)
19 through 26 2000 24 x 10’BTU-hr-! (3530 MW)
27 through 34 6000 24 x 109BTU-hr™ ! (3530 MW)

As stated earlier in this report, tests were also conducted with the
intake located on the upstream side of the plant site and the discharge on the
downstream side. The distributions of excess temperature for this intake-
discharge arrangement, and for a river flow of A000 cfs and a rate of heat
" 'rejection of 12 x 109BTU . hr-! are given for each 1% tidal hours in Figures

35 through 42. Commercial oyster leases occur just downstream of the
discharge on the west side of the river, and also just across the river from
the discharge. It is evident that these oyster bars would be subject to con-
siderably higher excess temperatures with the discharge on the downstream
side than for the case of the discharge on the upstream side., Discharge of
the condenser cooling water to the upstream, or Cobham Bay, side of the
plant site has been shown by these studies to provide less possibility of
~harm to the environment, and further discussion is therefore limited to

this discharge arrangement.

A comparison of Figures 3 through 10, which are for a river flow of
2000 c¢fs, and with Figures 1! through 18, which are for a river flow of 6000
cfs, shows that there is very little difference in the distribution of excess
temperature under different river flows. The following factors contribute
to this lack of significant dependence on river discharge:

{2) The initial mechanical mixing produced by the jet discharge, which
provides for a rapid decrease in the maximum excess temperatures,
. functions independent of river flow.

(b} Mixing provided by the oscillatory ebb and flood of the tide, which
on a single flood tide passes an average of 190, 000 cfs past the
plant site, is not significantly influenced by river discharge except
for very high river flows. '

(¢c) The net new water made available to the tidal segment adjacent to
the plant site, as a result of tidal mixing, is relatively constant
over a wide range of river discharges. The net flow of new water
to the tidal segment is related to the vertical salinity distribution
by the following relationship:
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i
Sy :
(17) Q. =R [1 b ‘

where Q; is the volume rate of inflow of net new water, R is the
volume rate of inflow of fresh water (the river diséharge), Sy is
the mean salinity in the upper layers of the estuary and Sy is the
mean salinity of the lower layers of the estuary. Salinity data
taken in the model during these thermal studies showed that at the
Deep Water Shoals section, for a river discharge of 2000 cfs,

Sy = 11.60% and S}Z, = 12.52%. Hence:

11,60
0.92

Qi = 2000 + 2000 x = 2000 + 25, 220 = 27, 220 cfis

For the river discharge of 6000 cfs, the salinity data at Deep Water
Shoals gave Sy = 5.02%0 and Sy = 6.46%0. Hence for this river flow

5.02
1.44

Q; = 6000 + 6000 x = 6000 + 20, 940 = 26, 940 efs .
Thus it is clear that the water available for dilution is relatively
independent of river flow except perhaps at high river discharges,

An inspection of Figures 3 through 18, which are for a rate of heat
rejection of 12 x 109BTU- hr’l, reveals that the area of the estuary having
excess temperatures greater than 5°C is quite small compared to the area
of the tidal segmént into which the discharge is being made. The size of
this area of warmest water is largest at tidal hour 4% for a river flow of -
2000 cfs (Figure 6), when it comprises a plume 3500 yards long with an
average width of less than 300 yards. On the average over the tidal cycle,
water having surface excess temperatures of 2°C or greater occupies less
than one-third of the width of the estuary,.

The warmest water is confined primarily to the upper 10 feet of the
water column. Only when the excess temperatures are less than 2°C is
there likely to be penetration of excess heat to greater depths.

Inspection of Figures 19 through 34, which are for a rate of heat
rejection of 24 x lOgBTU, corresponding to 3530 MW produced electric
power, reveals that while the areas within given isolines of excess tempera-
ture are greater for this heat loading than in the case of a rate of heat
rejection of 12 x lOgBTU, the area of the estuary subjected to warm water
is still not excessive., Averaged over the tidal cycle, the area having
excess temperatures greater than 5°C occupies less than 14% of the width
of the estuary, while the area having excess temperatures greater than
2°C occupies less than half of the width of the estuary.

As discussed earlier in this report, the distribution of excess tem-
perature in the estuary results from a combination of mixing and cooling,
The mixing produced by the jet discharge and by the tidal flow is very
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important in reducing to a minimum the area having excess temperatures
"which might be of biclogical significance. Surface cooling alone could not
accomplish this rapid reduction in excess temperatures. To see this
consider the data given in Table 2. Here the area having excess tempera-
tures greater than a given value, ©, as determined for the James River
estuary for a rate of heat rejection at the condensers of 12 x 109BTU-hr"l,
is compared to the area of a flow through cooling pond reqguired to reduce
the excess temperatures to the given value, ©, by surface cooling alone.
The cooling pond areas are based on the relationship

QC @O
(18) Ag = — ,?n&*-é-

where Ag is the area of the cooling pond required to reduce the excess
temperature of the condenser cocling water from ©,, the temperature

rise at the condensers, to the value ©; Q. is the volume rate of flow of the
condenser cooling water; and % is the surface heat exchange coefficient.
For this comparison, the value of ¥ has been taken for an ambient water
temperature of 80°F and a wind velocity of 5 mph, which are the conditions
taken for the estuary. 90 in both cases is 15°F (8.33°C).

Table 2

Area (Ag) having excess temperatures greater than
the given value of ©, as determined for the James
River Estuary and for a Flow Through Cooling Pond,
for a Rate of Heat Rejection of 12 x 109BTU-hr-1,
an Ambient Temperature of 80°F (26,7°C), a Wind
Speed of 5 mph, and a Temperature Rise at the
Condensers of 15°F (8.33°C)

Area, Ag (ftz) For

-2°C James River Cooling Pond
5 0.29 x 107 0.93 x 108
4 1.63x 107 1,33 x 108
3 2.04x 107 1.86x 108
2 4,91 x 107 2.59 x 108
1 1.55x 108 3.86 x 10°

This table shows that the area having excess temperatures greater
than 5°C would be over 30 times as large for the case of surface cooling
alone as for the case of the James River estuary where mixing and cooling
are important, The area in the James River having excess temperatures
for this rate of heat rejection of 2°C or greater is only about one-half of

the area of a cooling pond required to reduce the excess temperatures to
5°C.
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Conclusions

1. The results of the thermal studies in the James River estuarine
model for a rate of heat rejection of 12 x lOgBTU-hr"l, corresponding to
1765 MW electric power production, (Figures 3 through 18) show that only
a small portion of the estuarine water in the tidal segment adjacent to the
plant site is subjected to excess temperatures which might have biclogical
significance. Averaged over a tidal cycle, the area having excess tempera-
tures exceeding 5°C occupies less than 7% of the width of the estuary. Over
2/3 of the width of the estuary in the tidal segment adjacent to the discharge
would have excess temperatures less than 2°C. The highest excess tem-
perature which completely closes a cross-section would be 0. 80°C which
occurs on only one of the eight distributions over the tidal cycle. The
average closing excess temperature over the tidal period is 0.66°C..

2. The excess temperature distribution in the James River estuary
adjacent to the Surry Nuclear Power Plant site, as determined for a rate
of heat rejection of 24 x lOgBTU, reveals that even for this loading there
is not an unreasonable use of the estuarine environment as a heat sink,
Averaged over a tidal cycle, the area having excess temperatures exceeding
5°C occupies less than 14% of the width of the estuary. Approximately one-
half of the width of the estuary in the tidal segment adjacent to the discharge
would have excess temperatures less than 2°C. The highest excess tem-
perature which completely closes a cross-section would be 1.09°C, and
this occurs on only one of the eight distributions over the tidal cycle. The
average closing excess temperature over the tidal cycle is 0, 82°C,

3. A condenser cooling water circulating system with the intake on the
downstream side of the site and the discharge on the upstream side is more
~desirable from the standpoint of the estuarine environment, than the opposite

arrangement,

4, The magnitude of the river discharge has little effect on the excess -
temperature distribution, except perhaps at very high discharges.

5. The mechanical mixing produced by a jet discharge, and the turbu-
lent mixing resulting from the tidal currents, contribute significantly to
reducing the area occupied by the warmest water, Cooling alone would not
be sufficiently effective in restricting the area subjected to the warm water
to acceptable size.

The attached appendix contains the observed temperature data, as read
from the strip chart records, expressed as the difference between the observed
temperature in °F and the base, or ambient temperature for the time of each
temperature section. These observed excess temperatures are entered along
a line representing the section on which the measurements were taken, ata
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position on the line representing the corresponding position on the section,
The section locations are shown in Figure 2. :

' D. W. Pritchard
JAugust 30, 1967 ' Consultant
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WATER TEMPERATURE OF 26.6°C/8C°F AND A 5 MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= i2X 102BTU- HR)

(INTERPOLATED FROM OBSERVED DISTRIBUTION
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/C0°F ANDA 5 MPH WIND

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT =

(INTERFOILATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}
RIVER FLOW - 2000 CFS AT RICHMOND
TIDAL HOUR-3
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH_ WIND

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT =
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 XI09BTU: HR™)

(INTERPOLATED FROM GBSERVED DISTRIBUTION :
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
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TIDAL HOUR -7V






w 22 o

' o ' 2 taatct it

Ll ° Ll a 3 taiy

Al L

EXCESS TEMPERATURE DI%-TRlBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 X109 BTU- HR*!}
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
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EXCESS TEMPERATURE dESTRiBUTION, °C, FOR AN AMBIENT
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(INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -8000 CFS AT RICHMOND
TiDAL HOUR-3
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WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS {TOTAL REJECTED HEAT = 24 X 0% BTU- HR))

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}

RIVER FLOW - 6000 CFS AT RICHMOND
TIDAL HOUR - 7Y%
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FCR 4 UNITS {TOTAL REJECTED HEAT = 24XI0%8TU HR‘_')

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 6000 CFS AT RICHMOND

TIDAL HOUR-9

EXCESS TEMPERATURE BISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS {TOTAL REJECTED HEAT = 24 X I09BTU- HR1}

(INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW - 8000 GFS AT RICHMOND
TIDAL HOUR - 10V,
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE®OF 15.6°C/60°F AND A © MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = [2Xi09BTU- HR)

(INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRCNMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CFS AT RICHMOND

" TIDAL HOUR -0 NOTE : DISCHARGE ANDINTAKE REVERSED
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 XI09BTU- HR™}

(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}
RIVER FLOW -2000 CFS AT RICHMOND

TIDAL HOUR - IV NOTE : DISCHARGE ANDINTAKE REVERSED






Figure 37
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E£XCESS TEMPERATURE DISTRISUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF |5.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 12 XI0®BTU- HR"')

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS AT RICHMOND %

TIDAL HOUR-3 NOTE : DISCHARGE ANDINTAKE REVERSED

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECT1ED HEAT = [2XI02?BTU- HR™"}

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -2000 CFS AT RICHMOND
TIDAL HOUR -4V  NOTE : DISCHARGE ANDINTAKE REVERSED .
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF i5.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12X109BTU- HR™}

(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -2000 CFS AT RICHMOND
TIDAL HOUR-6 NOTE : DISCHARGE ANDINTAKE REVERSED
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Figure 40
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F ANDA O MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 12 X10%BTU- HR™1}

{INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW ~ 2000 CFS AT RICHMOND

TIDAL HOUR - TV2  NOTE: DISCHARGE ANDINTAKE REVERSED






EXCESS TEMPERATURE BISTRIBUTION, °C, FOR AN AMBIENT

WATER TEMPERATURE OF I5.6°C/60°F AND A O MPH WIND
VELOGITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 X109 BTU- HR™))

(iNTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CFS AT RICHMOND

TIDAL HOUR-% NOTE : DISCHARGE ANDINTAKE REVERSED

Figure 42
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF [5.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12X109BTU- HR™)

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS$ AT RICHMOND

TIDAL HOUR -10V2 NOTE: DISCHARGE ANDINTAKE REVERSED






APPENDIX

To The Report

Temperature Distribution in the James River Estuary
Which Will Result From the Discharge of Waste Heat

From the Surry Nuclear Power Station

Observed Excess Temperatures
from the
October 1966 Tests Carried Qut in

The James River Estuary Model
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We are seeking VDH concurrence with Dominion Energy’s conclusion that the continued
operation of SPS for the extended license term would not be expected to adversely affect the
environment or public health from exposure to thermophilic pathogens in the James River.
We appreciate your consideration of this request, and look forward to a response preferably
within a couple weeks, if possible. Please contact me or Tony Banks (see contact information
below) should you have any questions concerning this transmittal.

Sincerely,

Ken Roller

Manager, Environmental
Kenneth.roller@dominionenergy.com
804-273-3494

804-592-7825

Tony Banks, MPH

Generation Project Manager, Nuclear
Tony.banks@dominionenergy.com
804-273-2170

804-201-3965

Reference: NRC Regulatory Guide 4.1, Supplement 1, Revision 1, 2013
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Dominion Energy Surry Power Station
Information to Support VDH Consultation on Thermophilic Microorganisms

This document provides information to support Dominion Energy’s request for a response from
VDH concerning the potential existence and perceived health risks associated with thermophilic
organisms that may be present in the portion of the James River that receives the cooling water
discharge from the Surry Power Station.

SPS Operation and Thermal Discharge

During the process of generating electricity at SPS, cooling water is withdrawn from the James
River on the east end of the site and, following use, is returned to the James River at a higher
temperature via VPDES-permitted Outfall 001 located on the west end of the site. Figures
depicting the station site and the vicinity within a 6-mile radius of the station and a thermal
modelling report, which evaluated temperature distribution in the James River Estuary as a result
of the operation of SPS, are attached to this document. A brief discussion of the station and its
operations during the extended period of operation is provided below.

SPS is an 840-acre facility located on Gravel Neck Peninsula in Surry County, Virginia, on the
south side of the James River, approximately 25 miles upstream of the point where the river
enters the Chesapeake Bay.

SPS uses a once-through cooling system designed to take water from the James River on the east
end of the site and discharge to the James River on the west end of the site. SPS discharges to
surface waters are regulated by and permissible under Virginia Pollutant Discharge Elimination
System (VPDES) Permit Number VA0004090. The permit has been in place for decades and has
been regularly renewed. The current permit was issued with an effective date of March 1, 2016.

In the vicinity of SPS, the James River is approximately 2.5 miles wide and is a tidally
influenced freshwater river upstream of the Gravel Neck peninsula and a saline estuary
downstream. Qutfall 001 is located approximately six miles upstream of the SPS low-level intake
canal. This design was implemented specifically to protect oyster beds, located downstream from
the low-level intake structure and in more saline water, from being affected by the thermal
plume.

The station discharges once-through cooling water (~2.3 billion gallons per day) through
permitted Outfall 001 to the James River. The station operates under a 316(a) thermal variance
that was approved in 1978 and has been carried forth since. There is a heat rejection limit on
Outfall 001 of 12.6 X 10° Btu/hour that effectively restricts the amount of heat that can be
discharged under the 316(a) variance. The station has never exceeded the heat rejection limit
and there are no plans to increase the amount of heat rejection during the extend license period.

Modeling of the thermal plume at a heat rejection rate of 12 x 10° was undertaken in 1967 and
documented in the attached report, Temperature Distribution in the James River Estuary which



will result from the Discharge of Waste heat from the Surry Nuclear Power Station. The report
concluded that only a small portion of the estuarine water in the tidal segment adjacent to the
plant site is subjected to excess temperatures which might have biological significance.
Averaged over a tidal cycle, the area having excess temperatures exceeding 5°C occupies less
than 7% of the width of the estuary.

In addition, Dominion conducted extensive pre- and post-operational studies on thermal effects
of SPS on the James River over a seven-year period, which included computer modeling, field
investigations of water quality and aquatic biota, field measurements of water temperatures, and
electronic measurements of water temperatures in the SPS intake and discharge canals.
Temperatures greater than 90°F at the discharge normally occur only in June, July, August, and
September when SPS is operating at or near full capacity. Once discharged into the estuary, the
thermal effluent dispersion rapidly reduces outfall temperatures to or near ambient levels.
Effluent temperatures immediately outside the discharge canal decrease 1-2° F with every 1,000
feet from the mouth of the discharge canal. Temperatures were rarely more than 5° F above
ambient river temperatures at a distance of 3,000 feet from the outfall.

The discharge outfall is surrounded by rock jetties projecting perpendicularly from the shoreline
1,100 feet into the James River estuary. Virginia Code 20-1060-10 ET SEQ §28.2-106.2
delineates a restricted access area encompassing the entire discharge canal from the jetties at its
discharge pipe outlet back to the plant canal. No one may enter this restricted area without prior
authorization from the marine police.

During the license renewal term, Dominion proposes to continue operating the units as currently
operated. Currently, Dominion anticipates no license renewal-related refurbishment for SPS.

Given the size of the river, the saline and tidal influence of the estuary, the documented reduction
in water temperatures surrounding the effluent discharge point, positioning of the cooling water
intake and discharge to minimize thermal impacts to oyster grounds and regulatory restrictions
placed on public access to the waters adjacent to the discharge structures, Dominion Energy does
not anticipate the continued operation of SPS to adversely affect the environment or public
health as a result of potential microbiological hazards.

We are seeking VDH concurrence with Dominion Energy’s conclusion that the continued
operation of SPS for the extended license term would not be expected to adversely affect the
environment or public health from exposure to thermophilic pathogens on the James River. We
appreciate your consideration of this request. Please contact me or Tony Banks should you have
any questions concerning this transmittal.

Attachments:

Figure SPS Site

Figure 6-mile Vicinity

Temperature Distribution in the James River Estuary which will result from the Discharge of
Waste heat from the Surry Nuclear Power Station, Dominion, 1967.



Figure SPS Site
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Figure 6-mile Vicinity
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'Tempe rature Distribution in the James River Estuary

Which Will Result From the Dlscharge of Waste Heat

From the Surry Nuclear Power Statlon

A Report Prepared for

Virginia Electric and Power Company
Richmond, Virginia

- As Part of the

Surry Nuclear Power Station Site Study

Prepared by
Pritchard-Carpenter, Consultants - -
208 MacAlpine Road
Ellicott City, Maryland

Béckgroﬁﬁd

The Virginia Electric and Power Company is constructing a nuclear
power station on the James River estuary, The site of this station, called
the Surry Nuclear Power Station, is located approximately 30 miles above
the mouth of the James River at Old Point Comfort and 55 miles below
Richmond, Virginia. This 85-mile stretch of the river is SubJeCted to tidal.
motion, and hence is a tidal estuary. It is usual to demgnate that part of
the tidal wate rway between the mouth and the point of most upstream in-
trusm_nn of measurable. ocean salt as the estuary proper, while the fresh
_ Wa.t'e_r'seg'rhent' above that point up to the head of tide is called the tidal river,

Hog Point is the northernmost point of a peninsula formed by a large
bend in the James River estuary, as shown in Figure 1. The Surry Nuclear
Power Station sife extends across the central portion of the peninsula, the
river forming both the eastern and western boundaries of the site. The
peninsula to the north of the site is a low lying area of tidal marshes, tidal
channels, and 1slands which serve as a wild fowl refuge, and terminates at
Hog Pomt

The eastern boundary of the site, which borders the river along the
downstream side of the peninsula, is approximately opposite Deep Water
Shoals. The western boundary borders the river on the upstream side of
the peninsula at the northeastern end of Cobham Bay. In the following fre-
quent reference will be made to Deép Water Shoals, or downstream, side,
and to Cobham Bay, or upstream, side of the site. : '
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The purpose of this report is to present the results of studies made
to determine the probable effect of the discharge of waste heat in the con-
denser cooling water from the Surry Nuclear Power Station on the distribu-
tion of temperature in the adjacent James River estuary, It will aid the
discussion of the results of the thermal studies, however, fo first briefly
consider the pertinent features of the hydrography of the estuary,

Hog Point is in the region of transition between the fresh tidal river
and the estuary proper. - Under conditions of very high river flow fresh
water extends downstream of Deep Water Shoals. During periods of
moderately high river flow, brackish water extends past Deep Water Shoals
to the vicinity of Hog Point, while the Cobham Bay side of the site remains
in the fresh water tidal river. Under flow conditions characteristic of
most of the year the upper boundary of the estuary proper is located
upstream from the Cobham Bay side of the site.

Under all but the most extreme river flow conditions, the oscillatory
ebb and flood of the tide constitute the dominant motion in both estuary
proper and the tidal river. The net downstream flow required to discharge
the fresh water. seaward through any cross section represents but a small
fraction of the tidal flows.

The James River estuary has been classified in the literature as a
partially mixed estuary, In such an estuary the salinity decreases in a more
or less regular manner from the mouth toward the head. The salinity also
in¢reases with depth at any location. There usually occurs a layer near
mid-depth in which the salinity increases more rapidly with depth than is
the case in the overlying fresher layer or in the deeper, more saline layer, -
In spring and sumimier this intermediate layer is also a region of relatively
rapid decrease in temperature with depth,

The upper, less saline, layer has a net non-tidal motion directed
toward the mouth of the estuary, while the lower, more saline, layer has a
net non-tidal motion directed toward the head of the estuary. The boundary
between these layers is generally sloped across the estuary so that the
seaward moving surface layer extends to greater depths on the right side
of the estuary (looking seaward) than on the left. Under some conditions,
particularly in the wider sections of the estuary, the boundary between the
counter-flowing layers intercepts the surface, so that there is a net seaward
flow surface to bottom on the right side of the estuary (looking seaward) and
a net flow toward the head of the estuary on the left side of the estuary.

This net non-tidal circulation pattern involves flow volumes large
compared to the river discharge, but still small compared to the oscillatory
tidal flow, For example, measurements made in July 1950, at a time when
the fresh water discharge at Hog Point was approximately 6000 cfs, showed
- a net non-tidal, seaward directed flow in the surface layers at Deep Water
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Shoals of 18, 000 cfs, and a counter-flow in the deeper layers of approximately
12,000 cfs (note that the difference in non-tidal flow of the surface and deep
layers must equal the river discharge), By comparison, the average volume
rate of up-river directed flow during the flood-tide period, and of seaward '
directed flow during the ebb-tide period amounted to some 130, 000 cfs
through the Deep Water Shoals section, '

At the time of the above described flow measurements, the salinity
at the surface at Deep Water Shoals was about 4. 2%, and at the bottom about
6.1 %. At a point farther down the estuary, where the s;ilrface and bottom
salinities were, respectively, about l1.0%0 and 14. 5%, the net non-tidal
seaward-directed flow in the surface layers was observed to be about 24, 000
cfs, or some 4 times the fresh water river discharge, 'In general, the
volume rate of flow of the net non-tidal circulation increases toward the
mouth of the estuary.

As the river flow decreases, the salinity distribution moves up the
estuary, so that at any location the salinity increases with decreasing river
flow. Also, in general, the higher the salinity, the larger the ratio of the
net non-tidal flow to the river flow. Thus, within the estuary proper, the
water available for dilution of an introduced waste material at a given
section does not decrease in direct proportion to the decrease in river flow.

A more detailed description of the hydrology of the estuary is con-
tained in the report "Hydrology of the James River Estuary with Emphasis
upon the Ten-Mile Segment Centered on Hog Point, Virginia', previously
submitted to the Virginia Electric and Power Company.

Condenser Cooling Water System

In order to convert the thermal energy produced by the reactors into
electrical energy a certain amount of heat must be rejected at the condensers.
This waste heat, which for a nuclear power source at current practical
efficiencies amounts to approximately 6, 8 x 106BTU -hr~! per MW produced
electric power, is carried away from the condensers in the condenser cooling
water. The volume rate of flow of the condenser cooling water is therefore
determined by the design temperature rise at the condensers and the number
of MW of electric power the plant is designed to produce.

The studies described in this report were designed to determine the
probable distribution of excess temperature in the J'ames River estuary
resulting from the discharge of 12.x 109 BTU -hr-! of waste heat (corres-
ponding to 1764 MW produced electric power, or two units at 882 MW each), -
and of 24 x 107 BTU. hr™ ! of waste heat (corresponding to 3528 MW produced
electric power, or four units at 882 MW each). A temperature rise at the
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condensers of 15°F was used in these studies, and hence the volume rate
of flow of the condenser cooling water for two units is 3530 ¢fs and for
4 units 7060 cfs.

The first unit now being constructed at the Surry Nuclear Power
Station site is actually sized at 850 MW electrical power, ‘and the heat
rejected under full load for this unit will therefore be 5.2 x 109 BTU.
Some tests were conducted on the James River estuarine hydraulic model
using this heat loading; however, since it is planned that a second unit,
perhaps somewhat‘_larger than the first unit, will be added within a few
years, and since it may be desirable ultimately to develop the site for 4
units, most of the results presented here are for the hlgher values of
rejected heat given jn the previous paragraph.

At the Surry Nuclear Power Station condenser ;&:ooling water is to
be drawn from the esl:t_uary‘ from one side of the Hog Pbint peninsula and
. discharged from the dther side, thus the intake and discharge are separated
- by something over a.;?;%ida.l excursion, Tests were conducted both for the
intake on the downstréam side of the plant site and the discharge on the
upstream side, and for the opposite arrangement. On the basis of these
tests, it was determined that any possible influence of the heated discharge
on the environment would be minimized if the condenser cooling water were
withdrawn from the downstream, or Deep Water Shoals, side of the plant
site and discharged from the upstream, or Cobham Bay, side. The major
portion of the data presented here is therefore for this arrangement of
intake and discharge.

Description of Thermal Studies

"The distribution of excess temperature which will result from the
discharge of waste heat from the Surry Nuclear Power Station as presented
in the later sections of this report is based on studies conducted on the
hydraulic model of the James River cstuary located at the U. S. Army
Corps of Engineers Waterways Experiment Station, Vicksburg, Mississippi.
This model covers the entire tidal waterway from Richmond to the mouth,
and alsc part of the lower Chesapeake Bay. The model has a horizontal
scale of 1:1000, and a vertical scale of 1:100, The approximately 90 nautical
miles of the estuary are therefore represented by a model about 550 feet
long. The time scale of this model is 1:100; hence one day in the prototype
occurs in about 144 minutes in the model.

All pertinent features of tide, current, river inflow and mixing of
sea water and fresh water (and hence the distribution of salinity) are properly
scaled in the model. Density; temperature and salinity are all scaled 1:1 in
this model, and it has been shown that for models of this relative size, the
thermal exchange processes at the water surface are also properly scaled.
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A model thermal plant was constructed which consisted of a pump,
a flow control system, an accurate volume rate of flow gage, electric
heaters to simulate the condensers, a temperature sensing and control
sy stem to maintain a constant temperature rise of 15°F between intake and
discharge. This model plant was set up on the hydraulic model of the
James River estuary at the location corresponding to the Surry Nuclear
Power Station site.

Tests were conducted during two different periods. The first set
of tests were made during the period 29 July through 1 August 1966, and
the second series during the period 19 October through 23 October 1966, .
During the July-August studies, the model was run for a total of 475 tidal
cycles, corresponding to approximately 246 days of prototype time. The
river inflow at Richmond was maintained throughout this series at a simu-
lated 2000 cfs. One of the main purposes of this first series of tests was
- to determine the degree of mixing produced by discharging the condenser

‘cooling water as a jet having an initial velocity equal to or larger than the
tidal velocity in the estuary. Tests were run with the velocity of the con-
denser cooling water, at the point of discharge into the waterway, of
2 ftesec”™ 7, 4 ft- sec'l, 4. 56 ft- sec'l, 6 ftesec™! and 9.15 ft- sec"l. On
the basis of these studies, it was determined that a discharge velocity of
6 feet per second would be most suitable for design of the condenser dis-
charge structure.

Tests were conducted during this July- August series with a simu-
lated heat rejection at the condensers of 5.2 x 109BTU -hr-1, correspond-
ing to a single 850 MW unit, and at 12 x lOgBTU-hr'l, corresponding to
a total of 1764 MW electrical power production., Temperatures in the model
were measured using a rapid response thermistor bead mounted on a motor
driven trolley structure which ran across the model on a 16-foot long
aluminum beam. A single run consisted of setting the beam across the
model at a designated cross-section, and running the thermistor sensor
across the model to obtain a plot of temperature vs lateral distance made
on a strip chart recorder. At each location runs were made each 13 hours
‘throughout a tidal cycle, During the July- August test series a total of 496
such temperature runs was made. :

For the October series improvements were made in the temperature
measuring system, so that two thermistor bead sensors were towed across
the model on each run, The sensors were placed 18 inches apart, repre-
senting a prototype distance of 1500 fcet. Thus near the discharge structure
one run provided data for two adjacent temperature cross sections. Farther
away from the discharge, where the horizontal temperature gradients were
small, the two simultaneous sections provided a check on the consistency of
the data. During the October studies the model was run for a total of 784
tidal cycles, corresponding to about 379 days of prototype time. Some 489
temperature runs were made, each consisting of at least one and in many cases
two records of surface temperature across a section o the estuary, The loca-
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tions of the sections at which temperature runs were made are shown in
Figure 2, Again, as in the earlier series of tests, runs were repeated at
each section for each 1% hours of the tidal cycle, for each set of test
conditions, :

Tests were conducted for river inflows at Richmond of 2000 cfs and
6000 cfs, and for heat rejected at the condensers of 12 x 109BTU- hr"l,
corresponding to two 882 MW units, and of 24 x 107 BTU -hr-1, corres-
ponding to 4 such units. Most of the tests were run with the intake on the
Deep Water Shoals side of the plant site, and the discharge on the Cobham
Bay side, as marked in Figure 2. One set of tests were, however, run
with the intake and discharge reversed. '

During the Ogtober studies a special test was made to determine the
surface heat exchange coefficient for the model. For this test Cobham Bay
was blocked off from the rest of the model using a long rubber dam. Motor
driven paddle wheels were mounted in the enclosed area to circulate the
water at a speed corresponding to the mean tidal current, Thermistor bead
temperature sensors were placed at several locations in the enclosed water
area, Water from this area was circulated through the heaters until the
temperature in the enclosed area was 20°F above the ambient water tem-
perature in the adjacent model. A temperature-time record was then made
as the water in the enclosed basin cooled., The rate of cooling provided a
measure of the surface heat exchange coefficient. '

With the tests in the model running over several days during each
series, the base or ambient temperature of the water in the model varied
during the tests. It was therefore necessary toc monitor the water tempera-
ture in the model in areas which were sufficiently removed from the plant
site so that the temperature of these areas represented the ambient water
temperature. During both series of tests, fixed thermistor bead tempera-
ture sensors were therefore placed in the model at positions well upstream
and well downstream from the plant site,

Treatment of Temperature Data;
Some Theoretical and Empirical Relationships

In the following the term excess temperature is uscd to designate
the incremental increase in temperature of the water at a given point in the
estuary over that which would occur if there were no discharge of waste
heat to the estuary. Thus, if Ty répresents the temperature of the water
at a given position in the estuary under conditions of waste heat discharge,
and T, represents the temperature which would occur under natural condi-
tions, then

(1) ©=Ty,-T,

defines the excess temperature, ©.
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Designating Qp as the rate of introduction of waste heat into the
condenser cooling water, Q. as the volume rate of flow of the condenser
cooling water, and 6, as the temperature rise at the condensers, then

(2) Qp =080,

where p is the density of the water and C_ is the specific heat at constant
pressure, Further, if H;, designates the heat content per unit volume of

a water parcel under natural conditions, and Hy, designates the heat content
per unit volume of that water parcel under conditions of dzscharge of waste
heat to the waterway, then '

(3) h=Hy-H/
defines the excess heat content, h. Also,
(4) h = 9 C]:J S .

Consider a small parcel of water at the surface, having a vertical
thickness Dh' This parcel will gain or lose heat through the sides and
bottom due to exchange of water with adjacent parcels of different heat
content (i,e,, the processes of advection and turbulent diffusion), The
parcel will also gain and lose heat across the water surface due to radia-
tion processes and to exchange processes with the atmosphere., Under
steady state conditions, all these gains and losses must be in balance.
Hence, for natural conditions, the heat budget of the parcel can be written

(5) (Qs), - Q) +(Q,) ~ (Qb)_ - (Qe) - Q)+ Q)+ (Qa)_ =

where: Qs incident solar radiation on the water surface

Q; = reflected solar radiation at the water surface

Q, = long wave atmospheric radiation adsorbed by the water
Qi = long wave radiation emitted by the water surface

Qo = heat carried away from the surface by evaporation

Q¢ = heat loss from water surface to atmosphere by conduction
Q. = heat gained by advective processes

Qg = hecat gained by processes of turbulent diffusion

A similar expression can be written for the case of introduction of waste
heat to the waterway. Thus:

(6) (Qg)y - @), + Qa)y - @), - (Qe)y - Q) + Q) + (Qq), =
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Now the incoming solar radiation, the reflected radiation and the
radiation from the atmosphere will be the same for both cases; that is

Hence, When-'-: equation (5) is subtracted from equation (6), we have

(7) av +4d -gb - ge -qt =0

where -.
I = @)y - @), ete.

Equation {7) can be considered to express the budget for the excess heat.
Note that this budget is independent of solar and atmospheric radiation,

' { The last three terms in (7) represent the exchange of excess heat
gz\'om the water to the atmosphere. The long wave radiation emitted by the
}aurface of a parcel of water is proportional to the fourth power of the
ébsolute temperature of the parcel. Because the difference in absolute
@mpe rature between the heated and natural conditions is relatlvely small,
it can be shown that

(8) aqp = F|.®
where '} is a slowly varying function of the ambient temperature, T,.

The amount of heat lost by evaporation from a parcel of water is
given by

Qe =pL (a + bW) (eS - ey)

where L is the latent heat of vaporization, W is the W1nd speed, eg the
saturated vapor pressure, and e, the vapor pressure of the air over the
water {which in turn is given by R - eg where R is the relative humidity).

Now, since

qe = (Qe}h - (Qe)n
then

) ae=pLla+bW) {leg), - (e), ]
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since e, will be the same for both natural and heated conditions, Thus the
rate of excess heat loss by evaporation is dependent on the wind speed, and
on the difference between the saturated vapor pressure for the heated and
natural conditions, I is not dependent on the relative humidity, Now the
saturated vapor pressure over a water surface is dependent only on the
temperature of the water surface, and it can therefore be shown that

(10) (egly, - feg) =Fz®

where I'» is a slowly varying function of the ambicnt temperature, Ty, and
tc a lesser degree, of the excess temperature, 9.

The sensible heat loss term is related to the evaporative heat loss .
through the Bowen ratio., It can therefore be shown that

(11) gy = Fsla+bW) . &

where F3 is a slowly varying function of the ambient {emperature, T,, and
to a lesser degree of the excess temperature, 8.

Combining these expressions, we have
(12) qnp +q. +q= ?CP“S‘G'

where ¥, the surface heat exchange coefficient, is primarily a function of
wind velocity, but also varies somewhat with the ambient temperature Ty,
and only slightly with the excess temperature, 6., The various constants
which enter the terms comprising ¥ have been determined, Table 1l is an
abbreviated table of X" as a function of wind velocity, ambient temperature,
and excess temperature, to show the primary dependence on wind velocity,
the secondary dependence on ambient temperature, and the slight dependence
on the excess temperature.

Table 1

The surface heat exchange coefficient, ¥, as a function of
the wind velocity W (miles per hour), the ambient temper-
ature, T_(°F), and the excess temperature, &(°F)

~r For &= 10°F For ® = 2°F

WS 40° 60° 80° 40° 60° 80°
0 0.017 0,020 0,022 0.014 0,016  0.017
5 0.040  0.052  0.074 0.034  0.045 0,064

10 0,062 0.085 0.125 0.055 0.075 0,111
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Returning to equation (7}, it is seen that the excess heat budget can
be written

(13) qy +qq+ pCpf@ =0

Now the advective and diffusive terms in this budget {the q, and q4}
depend on the velocity field, the intensity of turbulence, and on the spatial
gradients of the excess temperature, ©. The hydraulic model is designed
to reproduce the prototype velocity field and the intensity of turbulence.

The relative pattern of the distribution of excess heat, as shown by the
cxcess temperature isclines as observed in the model, should be applicable
to the prototype. However, the maodel is subject to a different heat exchange
coefficient than will prevail in the natural environment. It is thercfore
necessary to adjust the excess temperature distributions, as observed in
the model, to take into account the difference in surface exchange ccefficient
between model conditions and prototype conditions. The correction proce-
dure is based on the expression:

(14) (Ag) S &
@ 2/(A@)1 - \::_ T z ? s

where (Ag)] is the arca inside the isoline of excess temperature © for a
surface exchange coefficient ‘ﬁbl; and (Ag) is the area inside the isoline of
excess temperature © for a surface exchange coefficient‘fz. In the region
near the discharge, where the highest values of & are found, cooling has had
little time to act. Hence the areas are to a first approximation independent
of ", and the ratio given in {14) is close to unity, F¥or regions removed
from the source, the area within an isotherm is inversely proportional to
the surface exchange coefficient. However, since the total heat lost to the
atrnosphere must in all cases equal the heat rejected at the condensers, the
ratio of the areas for the two cases of surface cooling must be, for small ©,

slightly less than the inverse ratio of the surface exchange coefficients.
Therefore:

!l for © large

(15) (Ag) +
Z/(A@)l nx %5‘2 for @ small, where n is a number slightly
less than unity

On the basis of available data, we have used the following relation-
ships in converting the temperature data observed in the model to the
conditions expected in the prototype

{(Ag)
(m)) G%A@m

]

/ ~

L {A : m. -
pS @)p/(A ) = 0.9 < for e‘é .15 90
SR P

1. for & 2 0.5 6,

and a linear variation in the ratio for intermediate temperatures,
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The procedurec in developing the expected distribution of excess
temperature for the James River estuary from the data obfained in the
model involved the use of the isothermal patterns as observed in the meodel,
with an adjustment to the arcas contained within the isotherms in accordance
with equation (16),

The Resulls of the Thermal Studies

The results presented here are based primarily on the data collected
during the October test series. A comparison of the results of the two
series showed somewhat lower excess temperatures in the August tests, as
compared to the October tests, than could be accounted for by the difference
in ambient temperature in the two cases.  During the August tests the large
doors to the building containing the model were generally kept opened, and
circulating fans were operating-over various areas in the building {(although
not directly on the test area). The surface exchange coefficient increases
rapidly with wind specd at wind speeds necar zero. It is likely that the
surface exchange coefficient applicable to the August tests corresponded to
a finite but unmeasured wind speed. Further, there was an appreciable
temperature gradient along the length of the model, and with time during
the August scrics of tests not related to the introduction of waste heat,
Hence the precise establishment of a base temperature was difficult fer
this series.

During the October serics, the building was kept closed. Direct
measurements of the surface exchange coefficient gave values appropriate
for zerc wind speeds. The ambient temperature variation in space and time
was much less in this series than in the August studies, and the base
temperature could be established with considerable confidence.

While the results of the August tests show somewhat better conditions
(lower excess temperatures) than the results of the October series, the
differences are not of large magnitude. It was felt most appropriate to
restrict the presentation here to the data collected under conditions for
which the greatest confidence could be placed in the results.

Figure 2 shows the locations of the sections along which temperature
data were obtained. The actual observed temperature for each of the
sections occupied during the October test series, expressed in terms of
excess temperature, ©, is given in the appendix,

Figures 3 through 34 present the excess temperature distribution as
determined for the James River estuary, under conditions of an ambient
temperaturc of 80°F and a wind velocity of 5 mph. The distribution is given
as isolines of constant excess temperature, expressed in °C, These figures
show the expected excess temperature distribution for the condenser cooling
water discharge on the Cobham Bay side of the plant site, and the intake on
the Decep Water Shoals side,
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For each combination of river discharge and rejected heat, the
excess temperature distribution is given for each 1} hours over a tidal
cycle. The conditionsg of river flow and rate of heat rejection for each set
of figures are as follows:

Figure No,'s River I'low, c¢fs Rate of Heat Rejection (Power Production)

3 through 10 2000 12 x 109BTU-hr-! (1765 MW)
11through 18 6000 12 x 109BTU-hr- ! (1765 MW)
19 through 26 2000 24 x 107BTU-hr-1 (3530 MW)
27 through 34 6000 24 x 109BTU-hr~} (3530 MW)

As stated earlier in this report, tests were also conducted with the
intake located on the upstrecam side of the plant site and the discharge on the
downstream side. The distributions of excess temperature for this intake-
discharge arrangement, and for a river flow of B000 ¢fs and a rate of heat
‘Tejection of 14 x 109BTU-hr~! are given for each 13 tidal hours in Figures
35 through 42. Commercial oyster leascs occur just downstrecam of the
discharge on the west side of the river, and alsc just across the river firom
Lthe discharge. It is evident that these oyster bars would be subject to con-
siderably highcer excess temperatures with the discharge on the downstream
side than for the case of the discharge on the upstream side. Discharge of
the condenser cooling water to the upstream, or Cobham Bay, side of the
plant site has been shown by these studies to provide less possibility of
~harm to the environment, and further discussion is therefore limited to
this discharge arrangement.

A comparison of Figures 3 through 10, which are for a river flow of
2000 cfs, and with Figures 11 through 18, which are for a river flow of 6000
cfs, shows that there is very little difference in the distribution of excess
temperature under different river flows, The following factors contribute
to this lack of significant dependence on river discharge:

{a} The initial mechanical mixing produced by the jet discharge, which
provides for a rapid decrease in the maximum excess temperatures,
. functions independent of river flow,.

{b} Mixing provided by the oscillatory ebb and flood of the tide, which
on a single flood tide passes an average of 130, 000 cfs past the
plant site, is not significantly influenced by river discharge except
for very high river flows,

(¢) The net ncw water made available to the tidal segment adjacent to
the plant site, as a result of tidal mixing, is relatively constant
over a wide range of river discharges. The net flow of new water
to the tidal segment is related to the vertical salinity distribution
by the following relationship:
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(17} Q; =Rl ﬁ .
where QQ; is the volume rate of inflow of net new wéif;ér, R is the
volume rate of inflow of fresh water (the river discharge), S, is
the mean salinity in thc upper layers of the estuary and Sy is the
mean salinity of the lower layers of the estuary. Salinity data
taken in the model during these thermal studies showed that at the
Deep Water Shoals section, for a river discharge of 2000 cfs,

Sy = 11.60% and SJQ. =12, 52%., Hence:

11,60
0.92

Q; = 2000 + 2000 x = 2000 + 25, 220 = 27, 220 cfs

For the river discharge of 6000 cfs, the salinity data at Deep Water
Shoals gave Sy = 5,02% and Sg’ = 6,46%., Hence for this river flow

5.02
1.44

Q: = 6000 + 6000 x = 6000 + 20, 940 = 26, 940 cfs .
Thus it is clear that the water available for dilution is rclatively
independent of river flow except perhaps at high river discharges.

An inspection of Figures 3 through 18, which are for a rate of heat
rejection of 12 = 1098 TU- hr‘l, reveals that the arca of the cstuary having
excess temperatures grealer than 5°C is quite small compared to the area
of the tidal segment into which the discharge is being made. The size of
this area of warmest water is largest at tidal hour 4+ for a river flow of
2000 cfs (Figure 6), when it comprises a plume 3500 yards long with an
average width of less than 300 yards. On the average over the tidal cycle,
waler having surface excess temperatures of 2°C or greater occupies less
than onc-third of the width of the estuary.

The warmest water is confined primarily to the upper 10 feet of the
water column. Only when the excess temperatures are less than 2°C is
there likely to be penetration of excess heat to greater depths.

Inspection of Figures 19 through 34, which are for a rate of heat
rejection of 24 x 109BTU, corrcsponding to 3530 MW produced electric
power, reveals that while the areas within given isclines of excess tempera-
ture are greater for this heat loading than in the case of a rate of heat
rejection of 12 x lOgBTU, the arca of the estuary subjected to warm water
is still not excessive., Averaged over the tidal cycle, the area having
excess temperatures greater than 5°C occupies less than 14% of the width
of the estuary, while the area having excess temperatures greater than
2°C oceupics less than half of the width of the estuary.

As discussed earlier in this report, the distribution of excess tem-
perature in the estuary results from a combination of mixing and cooling,
The mixing produced by the jet discharge and by the tidal flow is very
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important in reducing to a minimum the area having excess temperatures
"which might be of biclogical significance., Surface cooling alone could not
accomplish this rapid reduction in excess temperatures. To see this
consider the data given in Tablc 2. Herc the area having excess tempera-
tures greater than a given value, ©, as determined for the James River
estuary for a rate of heat rejection at the condensers of 12 x IOQBTU-hr“l,
is compared to the area of a flow through cooling pond required to reduce
the excess temperatures to the given value, ©, by surface cooling alone,
The cooling pond areas are based on the relationship

Q¢ jﬁﬂ'@O
18) Ag == dmg
where Ag is the area of the cooling pond required to reduce the excess
temperature of the condenser cooling water from 85, the temperature
rise at the condensers, to the value ©; Q, is the volume rate of flow of the
condenser cooling water; and ¥ is the surface heat exchange coefficient.
For this comparison, the value of ¥ has been taken for an ambient water
temperature of 80°F and a wind velocily of 5 mph, which are the conditions
taken for the estuary. &, in both cases is 15°F (8.33°C).

Table 2

Area (Ag) having excess temperatures greater than
the given value of ©, as determined for the James
River Estuary and for a Flow Through Cooling Pond,
for a Rate of Heat Rejection of 12 x 109BTU.hr" !,
an Ambient Temperature of 80°F (26.7°C}), a Wind
Speed of 5 mph, and a Temperature Rise at the
Condensers of 15°F (8, 33°C)

Area, Ag (ftz} For

- e°C James River Cooling Pond
5 0.29 x 107 0.93 x 108
4 1.63 x 107 1.33 x 108
3 2.04 x 107 1,86 x 10°
2 4.91 x 107 2.59 x 108
1 1.55 % 108 3.86 % 108

This table shows that the area having excess temperatures greater
than 5°C would be over 30 times as large for the case of surface cooling
alone as for the case of the James River esfiuary where mixing and cooling
are important. The area in the James River having excess temperatures
for this rate of heat rejection of 2°C or greater is only about one-half of

the arca of a cooling pond required to reduce the excess temperatures to
5°C.
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Conclusions

1. The resulls of the thermal studies in the James River estuarine
model for a rate of heat rejection of 12 x lOgBTU'hr"l, corresponding to
1765 MW electric power production, (Figures 3 through 18) show that only
a small portion of the estuarine water in the tidal segment adjacent to the
plant site is subjected to excess temperaturcs which might have biological
significancce. Averaped over a lidal cycle, the area having excess tempera-
tures exceeding 5°C occupies less than 7% of the width of the estuary. Over
2/3 of the width of the estuary in the tidal segment adjacent to the discharge
would have excess temperatures less than 2°C. The highest excess tem-
perature which completely closes a cross-~section would be 0. 80°C which
occurs on only one of the cight distributions over the tidal cycle. The
average closing excess temperature over the tidal period is 0,66°C.

2. The excess temperature distribution in the James River estuary
adjacent to the Surry Nuclear Power Plant site, as determined for a rate
of heat rejection of 24 x 107BTU, reveals that even for this loading therec
is not an unrcasonable use of the estuarine enviromment as a heat sink,
Averaged over a tidal cycle, the arca having excess temperatures exceeding
5°C occupies less than 14% of the width of the estuary. Approximately one-
half of the width of the estuary in the tidal segment adjacent to the discharge
would have excess temperatures less than 2°C. The highest excess tem-
perature which completely closes a ¢cross-section would be 1.09°C, and
this occurs on only one of the eight distributions over the tidal cycle. The
average closing excess temperature over the tidal cycle is 0, 82°C.

3. A condenser cooling water circulating system with the intake on the
downstream side of the site and the discharge on the upstream side is more
desirable from the standpeoint of the estuarine environment, than the opposite
arrangement,

4, The magnitude of the river discharge has little effect on the excess -
temperature distribution, except perhaps at very high discharges. '

5. Thec mechanical mixing produced by a jet discharge, and the turbu-
lent mixing resulting from the tidal currents, contribute significantly to
reducing the area occupied by the warmest water, Cooling alone would not
be sufficiently effective in restricting the arca subjected to the warm water
to acceptable size.

The attached appendix contains the observed temperature data, as read
irem the strip chart records, expressed as the difference between the observed
temperature in °F and the base, or ambient temperaturc for the time of each
temperature section, These observed excess temperatures are entered along
a line representing the section on which the measurements were taken, ata
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position on the line representing the corresponding pesition on the section,
The section locations are shown in Figure 2.

: D, W. Pritchard
August 30, 1967 Consultant
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT

WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT= X ID®BTU. HRT)

{INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONGITIONS)
RIVER FLOW - 2000 CFS AT RICHMOND

TiIDAL HOUR -0

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND
VELOCITY, FOR 2 UNITS [TOTAL REJECTED HEAF = 12 XI09BTU- HR-!)

{INTERPOLATED FROM OBSERVED DESTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CFS AT RICHMOND

TIDAL HOUR - It
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EXCESS TEMPERATURE DISTRIBUTICN, *C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.G°C/00°T AND A 5 MPH WIND
VELCCITY, FOR 2 UNITS [TOTAL REJEC IED HEAT = 12 X109 BTY- 1Y)

(NTERFOILATED FROM OBSERVED BISTRIBUTION

CORRECTLD TQENVIROMMENTAL SUIKFACE HEAT EXCHANGE CONCITIONS}
RIVER FLOW - 2000 CFS AT RICHMOND '

TIDAL HOUR -3

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE GF 26.6°C/B0°F AND A& 5 MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 12 XI0®8TU- HR™)

{NTERPOLATED FROM OBSERVED DISTRIGUTION
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS AT RICHMOND

TIDAL HOUR -4 V2
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.8°C/B0°F ANMDA 5 MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED ! IEAT = 2XI0%BTU- Hit'h

UNTERPOLATED FROM OBSERVED DISTRIGUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW ~ 2000 CFS AT RICHMON
TIDAL HOUR -6 :

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT

WATER TEMPERATURE OF 26.6°C/B0°F AND A S MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 12 X I09BTU- HR1)

{INTERPOLATEDC FROM OBSERVED DISTRIBUTION .
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW - 2000 CFS AT RICHMOND
TIDAL HOUR -7V2
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Figure 9
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EXCESS TEMPERATURE Di%TRIBU'ﬂON, °C, FOR AN AMBIENT
WATER TCMPERATURE COF 5_5.6°C/80°F AND A § MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 XI0PBTU- HR™1)

{INTERFOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}
RIVER FLOW - 2000 CFS AT RICHMOND

TIDAL HOUR -9

Figure 10
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 5
WATER TEMPERATURE OF 26.6°C/80°F AND A § MFH WIND -'=_
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 XI0? BTU- HRH) 3

{(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) | i
RIVER FLOW-2000 CFS AT RICHMOND p
TIDAL HOUR - 10, ' 7




Figure 11
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/B0°F AND A S MPH WIND
VELOGITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 12 X109 BTU. HR*I)

{INTERPOLATED FROM OBSERVED DiSTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -6000 CFS AT RICHMOND .
TIDAL HOUR-Q

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 XKOPBTU- HR™)

{ITERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}
RIVER FLOW -6000 CFS AT RICHMOND
TIDAL HOUR - 1
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EXCESS TEMPERATURE D‘jSTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WiND
VELOCITY, FOR 2 UNITS [TOTAL REJECTED HEAT = 2 X102 BTU- HR)

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -8000 CFS AT RICHMOND
TIDAL HOUR -3

EXCESS TJEMPERATURE DISTRIBUVION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/BC°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 X109 BTU- HR)

{INTERPCLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -6000 CFS AT RICHMOND

TIDAL HOUR -4ir2
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EXCESS TEMPERATUREJ ISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE: Q@ 26.8°C/BO°F AND A 5 MPH WIND
VELOCITY, FOR 2 UNITé {TOTAL REJECTED HEAT= 12 X10%BTU- HRT}

{INTERPOLATED FROM QBSERVED DISTRIBUTION

CORRECTED TO ENVIROMMENTAL, SURFACE HEAT EXCHANGE  CONDITIONS)
RIVER FLOW -B8000 CFS AT RICHMOND

TIDAL HOUR-©

EXCESS TEMPERATURE DISTRIBUTVION, °C, FOR AN AMBIEMT

WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS [TOTAL REJECTED HEAT = 12 XI0PBTU: HR

{NTERPOLATED FROM DBSERVED DISTRIBUTION
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONBITIONS)
RIVER FLOW - 6000 CFS AT RICHMOND

TIDAL HOUR - 7l




EXCESS TEMPERATURE DISTRIBUTION, *G, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT + 12 XK02BTU- HR)

{INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -8000 CF3 AT RICHMOND

TIDAL HOUR-~9

Figure 18
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = i2 X10BTY HR™)

(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 8000 CFS AT RICHMOND

TIDAL HOUR - 04
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EXCESS TEMPERATURE?@iSTRIEUTION. °C, FOR AN AMBIENT
WATER TEMPERATURE @F 26.6°C/80°F AND A S MPH WIND
VELCCITY, FOR 4 UNITS {TOTAL REJECTED HEAT = 24 X102 BTU- HR)

{INTERPOL ATED FROM OBSERVED DISTRIBUTION .
CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS AT RICHMOND

TIDAL HOUR =0

EXCESS TEMPERATURE STRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL MEJECTED HEAT = 24 X102 BTU- HR}

ONTERPOLATED FROM OBSERYED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW - 2000 CFS AT RICHMOND
TIDAL HOUR - 1\




1
EXCESS TEMPERATURE QISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF; 26.6°C/80°F ANDA 5 MPH WIND

VELOCITY, FOR 4 UN|T§ ![TOTAL REJECTED HEAT = 24 X10%8TU- HR} L \\\\ ' .,
3 - % A

(INTERPOLATED £*ROM OBSERVED DISTRIBUTION \

CORRECTED TOENVIRONMENTAL SUAFACE HEAT EXCHANGE CONDITIONS) E \\

RIVER FLOW -2000 CFS$ AT RICHMOND 'Y

TIDAL HOQUR-3 ; ’ hN

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA S MPH WIND
VELOCITY, FGR 4 UNITS {TOTAL REJECTED HEAT =24 X028TU- HR™H)

UNTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TQENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CFS AT RICHMOND

FIDAL HOUR - 4)/p
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EXCESS TEMPERATURE‘.QESTR|BUT10N,°c, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT =24 X 0% BTU- HR™)

{NTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIROMMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -2000 CFS AT RICHWMOND
TIDAL HOUR -6

EXCESS TEMPERAFURE DISTRICUTION, °C, FOR AN AMBIENT
WATER TEMPCRATURE OF 26.6°C/00°F ANDA & MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL BEJECITD 1IEAT 2 24 X0 BTY-1R)

{INTERPOLATED FROM ORSIZRVED DISTRIDL FION

CORRECTED TO ENVIRONMENTAL SURFACL 1I2AT EXCHANGE CONDITIONS}
RIVER FLOW - 2000 CFS AT RICIIMOND

TIDAL HOUR - Tl»




EXCFSS TEMPERATURE DISTRISUTION, °C, FOft AN AMBIENT
WATER TEMPERATURE OF 2G.6°C/00°F ANO A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOVAL REMCTED |IEAT = 24 X 0% aTy- 1171}

UNTERPOLATED I-ROM QDSERVED DISTRIGUTION

CORRECTED YO ENVIRONMENTAL SURFACE | IEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CF5 AT RICHMOND

TIDAL HOUR ~9

Figure 26
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AM AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HE&T= 24 X109 BTU- HR™1}

(INTERPOLATED FROM GBSERVED DISTRIBUTION

CORRECTED TOENYIROMMENTAL SURFACE HEAT £XCHANGE CONDITIONS}
RIVER FLOW - 2000 CFS AT RICHMOND

TiDAL HOUR - 1012
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EXCESS TEMPEHATURE.- EISTRIBUTEGN, °C, FOR AN AMBIENT

WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS{TOTAL REJECTFD HEAT = 24 X10?BTU- HRF)

[INTERPOI.ATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMEMTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 6000 GFS AT RICHMOND

TIDAL HOUR -0

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND
VELUCITY, FOR 4 UNITS (TOTAL REJECTED HEAT =24 X 07BTLH HRH

{INTERFOLATED FROM OBRSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 6000 CFS AT RICHMOND

TIDAL HOUR -~ i¥2




EXCESS TEMPERATURE DISTRIBUTION, °G, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 4 UNITS {TOTAL REJECTED HEAT = 24 X109 BTU- HR)

{INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW =6000 GFS AT RICHMOND '
TIDAL HOUR- 3 '

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (FOTAL REJECTED HEAT = 24 X 09 BTU- HR-)

(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 6000 CFS AT RICHMOND

TIDAL HOUR - 41/




EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS {TOTAL REJECTED HEAT = 24 X109 BTU- HRT)

{INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 8000 CFS AT RICHMOND

TIDAL HOUR -6

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL REJECTED MEAT=24 X10®8TU- HR™}

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}

RIVER FLOW - B000CFS AT RICHMOND
TIDAL HOUR - 7 ¥

b




EXCESS TEMPERATURE DISTRIBUTION, “C, FOR AN AMBIENT

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT = 24X10%8TY: HR"1)

(INTERPOLATED FROM GBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFAGE HEAT EXCHANGE CONDITICNS)
RIVER FLOW - 6000 CFS AT RICHMOND

TIDAL HQUR-9 )

EXCESS TEMPERATURE CISTRIBUTION, °C, FOR AM AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT = 24 X107 8TU- HR™}

{NTERPCLATED FROM OBSERVED DiSTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW - 6000 CFS AT RICHMOND
TIDAL HOUR - 104,




Figure 35;
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EXCESS TEMF'EFH\TURE}‘D!STRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE'OF |5.6°C/60°F AND A O MPH WIND -
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 2 X10°BTU. HR*)

{UNTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CFS AT RICHMOND

TIDAL HOUR-0O NOTE - DISCHARGE ANDINTAKE REVERSED

Figure 36
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HCAT = 12 XI0% BT HR)

(INTERPGLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS}
RIVER FLOW - 2000 GFS AT RICHMOND

TIDAL HOUR -~ 1V2  NOTE : DISCHARGE ANDINTAKE REVERSED




EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 XI0®BTY- HR™)

(NTERPCLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS AT RICHMONG -

TIDAL HOUR-3 NOTE : DISCHARGE ANDINTAKE REVERSED

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/80°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECT1ED HEAT= I2XIDZBTU- R

{INTERPOLATED FROM GBSERVED DISTRIBUTION

CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS AT RICHMOND

TIDAL HOUR - 4V NOTE : DISCHARGE ANDINTAKE REVERSED )




EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F AND A C MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 12XI0%BTU- HR™'}

{INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TOENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FL.OW -2000 CF5 AT RICHMOND

TDAL HOUR-6 NOTE s DISCHARGE ANDINTAKE REVERSED

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF [15.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12 X10%BTU- HR™'}

{INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED 70 ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONSH

RIVER FLOW - 2000 CFS AT RICHMOND
TIDAL HOUR-TV2  NOTE : DISCHARGE ANDINTAKE REVERSED
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EXCESS TEMPERATURE DISTRIBUTION, *C, FOR AN AMBIENT

WATER TEMPERATURE OF I15.6°C/60°F AND A O MPH WIND
VELOCITY, FOR 2 UNITS {TOTAL REJECTED HEAT = 2 X107 BTU HR™}

(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED TO ENVIRCNMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW - 2000 CF5 AT RICHMOND

TIDAL HOUR -9 NOTE : DISGHARGE ANDINTARE REVERSED

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 15.6°C/60°F AMD A Q MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT = 12X I07BTU- HR™1)

(INTERPOLATED FROM OBSERVED DISTRIBUTION

CORRECTED FO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)
RIVER FLOW -2000 CFS AT RICHMOND

TIDAL HOUR-10V2 NOTE: DISCHARGE ANDIVIAKE REVERSED




APPENDIX

To The Report

Temperature Distribution in the James River Estuary.
Which Will Result From the Discharge of Waste Heat

From the Surry Nuclear Power Station

Observed Excess Temperatures
from the
October 1966 Tests Carried Qut in
The James River Estuary Model
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RE: Request for Virginia Department of Health (VDH) Input
Dominion Energy Surry Power Station Units 1 and 2
Extension of Operating License from Nuclear Regulatory Commission (NRC)

Date of Request from Dominion Energy: March 27, 2019
Request from: Ken Roller, Manager, Environmental and Tony Banks, MPH, Generation
Project Manager, Nuclear

FROM: Marcia Degen, Ph.D., PE
Technical Services Manager
VDH - Office of Environmental Health Services

TO: Ken Roller, Manager, Environmental
Dominion Energy

DATE: May 6, 2019

CC: Tony Banks, Dominion Energy, Generation Manager, Nuclear
Toinette Waldron, VDH, Crater Health District, Environmental Health Manager
Margaret Smigo, VDH, Waterborne Hazards Program Coordinator
Arlene Warren, VDH, Office of Drinking Water
Keith Skiles, VDH, Shellfish Safety, Division Director

Discussion: Dominion Energy is seeking renewal of its NRC operating permit for Surry Power
Station Units 1 and 2 for an additional 20 years. As part of the renewal process, Dominion Energy is
developing an environmental report to assess the potential environmental impacts from the once
through cooling water discharge with continued operation of the facility. NRC has provided
guidance that Dominion should consult with VDH concerning potential health concerns from specific
organisms:

e The enteric pathogens Salmonella spp. and Shigella spp., as well as Pseudomonas aeruginosa

and thermophilic fungi,
e The bacteria Legionella spp., which causes Legionnaires’ disease, and
e Free-living amoebae of the genera Naegleria (Naegleria fowleri) and Acanthamoeba.

Dominion Energy provided a document entitled “Information to Support VDH Consultation on
Thermophilic Microorganisms” which provides a description and analysis of the thermal discharge
and its effect on the river and its environment. A 1967 temperature distribution study was attached
as supporting documentation.

Conclusion: After review, VDH has the following comments.

Currently any risk is perceived (not known) and not likely given the long-term existence of this
discharge and lack of any known issues resulting in exposure for that area. While VDH does not
suspect the waste heat discharge exacerbates waterborne pathogen growth, and public health risk is
likely very low as a result, the agency opts to withhold a formal statement in this regard until
additional modeling is conducted during the upcoming VPDES permit re-issuance. It will coordinate
with the company and DEQ to ensure the modeling scenarios incorporate the critical conditions
when public risk and temperatures are highest.



VDH - Office of Drinking Water has reviewed the above project. Below are our comments as
they relate to proximity to public drinking water sources (groundwater wells, springs and
surface water intakes). Potential impacts to public water distribution systems or sanitary sewage
collection systems must be verified by the local utility.

The following public groundwater wells are located within a 1 mile radius of the project site:

PWS ID
Number | City/County | System Name Facility Name
VA POWER CONSTRUCTION

3181802 | SURRY SITE WELL 1

3181800 | SURRY SURRY POWER STATION WELL B INSIDE GATE
WELL E WAREHOUSE

3181800 | SURRY SURRY POWER STATION ROAD W
WELL C HIGH LEVEL

3181800 | SURRY SURRY POWER STATION ROAD EAST

There are no surface water intakes located within a 5-mile radius of the project site.
The project is not within the watershed of any public surface water intakes.

Best Management Practices should be employed, including Erosion & Sedimentation Controls
and Spill Prevention Controls & Countermeasures on the project site.
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Virginia Electric and Power Company
(Dominion Energy Virginia or Dominion)
Surry Power Station Units 1 and 2



Appendix B

Water Well Completion Report for Well E (7 pages)

Geophysical Logs and Well Design for Well J (4 pages)
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Féu,:. oh2 COMMONWEALTH OF VIRGINI 5
2777 10,000 STATE WATER CONTROL BOAR OD
" P. 0. Box 11143, 2111 North Hamilton StreGE‘__ =N 1}

REFERENCE

Richmond, Virginia 23230

t:o‘.“ ‘n'
. " : - Phone (804) 770-1411 %: . )I\JLY
WATER WELL COMPLETION REPORT
PERMIT NUMBER (Certification of Completion) DATE REC'D8/30/1978
BWCM WELL NO. _E Well Drill-- --- - TRUCK TAG NO. 23
LOCATION OWNER
COUNTY: Surry NAME : Vepco
- STREET:  P.0.Box 26660
WELL IS LOCATED APPROX. 160 feet/miles CITY: _ Richmond
iouth  (direction) of intake canal and STATE: Va.  ZIP: 23261
320 feet/miles eagt (direction) of
e western end of canal . ' WATER WELL USER
WELL 1S NEWLY CONSTRUCTED / OR IS AN NAME: Surry Power Plant
ALTERATION, REHABILITATION, OR EXTENSION STREET? Rt. 650 Off Hwy. 10
OF AN EXISTING WELL . NUMBER OF CITY: Sufry
CERTIFICATE OF GROUNDWATEw RIGHT OF EXIST- | STATE: Va.  ZIP: 23883
ING WELL, IF APPLICABLE . .CONTRAHC-T-OH “‘“‘“‘"‘"‘
FOR OFFICE USE: SIGNATURE : 72
NAME (type): Service
VA. PLANE COORDINATES: N _E STREET: 16l JOITLIT m
' SERE o CITY:
& TOPOGRAPH 1C MAP NUMBER: STATE: V&.  ZIp: _ 23321
" BASIC DATA

DATE STARTEDAugust 8,1978 DATE COMPLETED: Aughst 30,1978  pepTH DRILLED: 420
DEPTH OF COMPLETED WELL: 420,'  stATIC WATER LEVEL: '00 feet below land surface.

\
YIELD TESTPumP Method; Drawdown 28 feet; Yield 220 gpm; duration 8 hours.

WAS THE WELL LOGGED?(Yes/No; if Yes, BY WHoM? Leyme Atlantig rypp op | og(s) Blectric
Failing 1,500

WAS THE WATER ANALYZED? Ye&-f’NO' if Yes, BY WHOM? . TYPE OF RIG!

WELL TO SUPPLY: Home/Farm/Municipality/School ﬁguﬂtrDSubdlwsnon/Other Yepao
(circle which) _ L_/ '

WERE WELL DRILLINGS SAVED?(Yes/No (Well cuttings should be collected at 10-foot inter=
vals and shipped express collect to this office in a shipping container. Sample bags
are furnished free of charge upon request). '

PUMP DATA CONSTRUCTION DATA

BRAND NAME: Reda Pump Co. HOLE SIZE: 12 inches from __ to 5. feet
TYPE: QN 63/8 | " inches from ___to __feet
MODEL NUMBER: 7560-8 " inches from __ to __ feet
RATED CAPACITY: 2(.!] "~ gpm at - -

"‘ feet of head. CASE SIZE: g inches from _g to)20 feet
DEPTH OF INTAKE: ]h?ﬁ. inches from to feet
RATED HORSEPOWER: 0H,P. —__inches from ___to __feet

_ GROUTING? Yes/No; from surface to
— o . ; - i . ; _*O__- feet. 50




FOR RL?:“{ FNCE
SCREEN DATA 5
DOES THE WELL HAVE SCREENSo; OR
DOES THE_:JELL’ HAVE SLOTTED OR PERFORATED PIPET Yes/No
LOCATION OF SCREENS: Give the diameter and depth of all screens or sections of slotted
or perforated pipe.

oy

6 inches from 400 to 420 feet - inches from to fept s
inches from to feet inches from to feet
__ _lnches from to feet inches from to ° feet <

QUALITY DATA

[

DID ANY STRATUM CONTAIN WATER WHICH WAS UNUSUABLEﬂ'Yes. TYPE OF WATER __ ‘

DEPTH OF STRATUM: from380 tol20 feet; from to feet., WATER TEMPERATURE: °F

_ DR ILLER'S LOG

DEPTH (feet) TYPE OF ROCK OR SOIL PENETRATED REMARKS €
(gravel, clay, etc.; hardness, (water, caving, shot,
From | To color, etc.) screen, samples, etc.)

See attached sheets,

=)
.




U LOE\CUT'ly fuwel iicliey
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"(vell#D) ~

10 Clay
20 Cley
R
W Yellow Sand

-Yellow Send
-&0-0ray Send
-?O-Gr‘ay Sendillay E ;‘f"':'gj e
-80-0rgy fand&llay O? Px:,_:“ i RtNCE
-90-C1 NP DI
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3-110-Fine Gray Sand .
)-12C-Fine Send

)-130-Cley

3-140-Fine Cray Sandlley

)-150-Clay \
5-160-Clay

3-170-Clay

2-180-Fine Gray SendCley

7-190-Fine Gray SenddLlay

0-200-Fine Crey SandCley

0-210-Fine Gray SendCley

0-220-Clay

C-230-Clay

0-240-Cley

0-250-Clay & Yellow Sand

0-260-Cley & Yellow Send

0-270-Clay & Yellow Send
%280-01&3‘ & Yellow Send
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$-300-Black Sand
C-31C-Black Ssnd
G-320-Hlack Send
C~-330-Bkack Sand
10-340-Beack fand
\C-350-Mud & Black Sand
0-360-Bleck Send
0-370-Clesr Bleck Sand

TILLMAN WELL SERVICE

'G-380-Clear Black Sand
30-350-Clear Fine Send
10-100-%nd Is Medium & Course
0-410-%8nd Is Fedium & Course
0-1420-%end 1s FHedium & Course
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CHESAPEAKE, VIRGINIA 23321
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B GW-9 800 é‘, *. BWCM NO.

irch, 1974

STATE WATER CONTROL BOARD
BUREAU OF WATER CONTROL MANAGEMENT
BOX 11143, RICHMOND, VA.

PUMPING TEST

WELL DATA
PUMPING WELL
OBSERVATION WELL
Aug. 24, 1978

General Location Surry Power Station Start Date of Test

Data Recorded by Tillman Well Service Completion Date of Test Aug. 26, 1978
Test Duration (in hours) 48

Owner of Well Vepco Well No. E

Address of Owner P. O, Box 26666, Richmond, VA 23261 .

Well Depth 420' Casing Dia., 6 Screen Depths [/’400-420 Ft-)

/,

Pump Type Reda Pump Co. — QN 63/8

Pumped Well Static W, L. Obs. Well Static W. L,
W. L. Measuring Device Measuring Pt. of Obs. Well
TEST DATA

(Start time of pump 10:00a.m./p.m. Stop time of pump 10:00 a.m./p-rwr)

Time Elapsed Depth Discharge Meter Drawdown
hrs., Time to water rate Reading or Remarks
mins. (in feet) (gpm) Recovery

' 1(in feet)

See | attached shee |ts FOR R;{FERENCE
ONLY




( Pump m:'or 2 rovier riaiuy -

a)A.M. (Gellons Per Minmute) (Draw Down) ( Level)  (Staticky,
o) 220 28 12 100- _
] 220 28 108 @ sesiees
5] 220 28 128
0 220 27 128
K0 220 27 127
0 P.M. 220 27 127
0 . 220 27 127
0 . €20 27
X0 220 27 ey -
20 220 27 FORQ;? §~ 3‘3 ﬁ\,
20 220 27 127 CE
20 220 26 o 20N L Y
co 220 28 i 128
0 220 28 128
o0 220 28 128
cQ . 220, 28 128
o 220 28 128
100 220 <8 128 I
100 220 <8 128 TR
120 220 A 28 128 ‘;’ ool
30 220 28 128 e d‘ <
.20 220 28 128 wi &t
160 220 28 128 = 47
.0 220 28 128 i
20 220 28 128 BE ok
20 220 28 128 Z =X
® 220 28 128 235
B 220 28 128 2%
-:C0 2200 28 128 = g
:0CA M. 220 28 128 5
3100 220 z8 128
$2CO 220 . 28 128
1100 220 28 128
100 220 28 128
10 220 28 128
00 220 28 12
00 220 28 128
50 220 28 128
D0 2e0 28 128
.00 220 28 128
.20 220 28 128
50PN, 220 28 128
50 220 28 128
:C0 220 28 128
130 \ 220 28 128
120 220 _ 28 128
: 50 220 ' 28 128
10 220 28 128
te'o} 220 28 128

:CO 20 28 128
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A.C. SCHULTES OF DELAWAI WEM: =
P.O. BOX 188 BRIDGEVILLE, DEL DeEv ®\q0-10

water Well Contractors

i
e

v e ———— e e

—
— e — — ——

CUSTOMER VIRGINIA POWER

I
I

Jos 1583
ADDRESS _ INNSBROOK TECHNICAL CENTER, GLEN ALLEN, VA 23060 DATE  5/08/97
LOCATION__GRAVEL. NECK COMBUSTION TURBINE: FACILITY

——— FEET-";&‘: — = e —— e e e e
SURFACE WELL LOG
W e
GROUND 2' 0 -9 YELLOW & WHITE CLAY . o
¢ T iy,
| 20 = &0 ] SAND
40 - 62 FINE TAN SAND W/GRAVEL & SHELL
397' |82=1T4 E_TALS -
74 ~ 94 "REEN._CTAY W/SEFIL
| 94 =212 _ bRFEN CIAY W/ STONES

g 1212 = 234 meum
é“"" | 234 = 237 OCE _TAYFR

-

2

B

L2372 = 207 CRAY_SAND W/SHFLY,
297 = 310 __ERAY SAND W/PFPPER SAMD
MCASNO® 910 -~ 315 " "REEN. CLAY
315 =335 RLACK SAND
- Y

1375 = 3872 - ; TAN SAND & %

420 - FOARSE TO MED SARD

‘we na__ 1 DIAMETER OF WELL_6" | DEPT. OF wWelL_417"

HRS. PUMPED _24 SLOT SIZE .020 (SCREEN) TYPE OF CASINCCERTA-LOC PVC
CAPACITY GP.M__42 DRILLING MACHINE NO._D-5__ | LENGTH OF CASING 397"

STATIC LEVEL__106,5" ' DRILLERS .WILLEY/J,ZITTINGER |DISTANCE TOTOP OF SCREEBS7'
PUMPING LEVEL 155,5" GRAVEL#1

TYPE SCREENJOHNSON STAINLESS
SR

SPECIFIC CAPACITY .86 _ BAGS OF CLAY_10

PUMPED WITHSUEMERSTBLE PUMP | DATE WELL COMPLETED 5/10/97

OEPTH OXXXAF GROUTO =50 |poREpOLE DIAMETER 14"
DEPTH GRAVEL PACKED 325' =417

SIZE OF SCREEN_6"

DRILLER: SHAWN WILLEY
HELPER: R. JUSTICE, C.KFLL

i

CASING OD 6.9"
DEPTH OF PEA GRAVEL 50 - 325" CASING WALL THICKNFSS .405




AT Schultes — VA Power Co, — TEST WELL 1 - 5/8/

o ZPOUHTANEQUE POTENTIAL -

CPS

7/ — REF. GND
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SINGLE POINT REESISTANCE
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SERIAL NO.: 19-184

Enclosure 4

ATTACHMENTS FOR WR-4

Virginia Electric and Power Company
(Dominion Energy Virginia or Dominion)
Surry Power Station Units 1 and 2



Annual Water Withdrawal Report Summary Page 1 of 7

Annual Water Withdrawal Report Summary

DEPARTMENT OF ENVIRONMENTAL
QUALITY (DEQ)
ﬁ ANNUAL REPORT OF WATER

VIRGINIA DEPARTMENT Of WITHDRAWALS
NVIRONMENTAL QUAL '” For the Period: January 1, 2018 to December
31,2018

Organization/Owner: Virginia Electric & Power Company
Facility: Surry Power Station

Facility UserID: 1339

Facility Status: active

Use Type: nuclearpower

Locality: Surry

Report Status: submitted

Type # of MPs Total (MGY)
Surface Water Intake 1 662,922 .96
Well 7 137.1323

Source Name: JAMES RIVER
MPID: 371018077422301

Source Status: active

Source Type: Surface Water Intake

Source Name: JAMES RIVER
Source Name Date Withdrawal (MGM)

JAMES RIVER Jan/2018 53,086.8
JAMES RIVER Feb/2018 51,095.76
JAMES RIVER Mar/2018 53,496

JAMES RIVER Apr/2018 45,573.48
JAMES RIVER May/2018 41,288.16
JAMES RIVER Jun/2018 66,761.28

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224 1/28/2019



Annual Water Withdrawal Report Summary

Source Name Date

JAMES RIVER
JAMES RIVER
JAMES RIVER
JAMES RIVER
JAMES RIVER
JAMES RIVER

Jul/2018

Aug/2018
Sep/2018
Oct/2018
Nov/2018
Dec/2018

Withdrawal (MGM)
71,256.96

70,536

65,167.44
57,863.52
35,019.84
51,777.72

Source Name: Old Well D - Abandoned
MPID: 370928076405900

Source Status: abandoned

Source Type: Well

Source Name: Well A
MPID: 370918076401501
Source Status: active
Source Type: Well

Source Name: Well A
Source Name Date

Well A
Well A
Well A
Well A
Well A
Well A
Well A
Well A
Well A
Well A
Well A
Well A

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224

Jan/2018
Feb/2018
Mar/2018
Apr/2018
May/2018
Jun/2018
Jul/2018
Aug/2018
Sep/2018
Oct/2018
Nov/2018
Dec/2018

Withdrawal (MGM)
0.0034

0.0078
0.0055
0.0573
0.1667
0.1875
0.1926
0.1581
0.1

0.0873
0.0139
0.0099

Page 2 of 7

1/28/2019



Annual Water Withdrawal Report Summary

Source Name: Well B
MPID: 370955076420001
Source Status: active
Source Type: Well

Source Name Date

Well B
Well B
Well B
Well B
Well B
Well B
Well B
Well B
Well B
Well B
Well B
Well B

Jan/2018
Feb/2018
Mar/2018
Apr/2018
May/2018
Jun/2018
Jul/2018
Aug/2018
Sep/2018
Oct/2018
Nov/2018
Dec/2018

Source Name: Well C
MPID: 370950076414801
Source Status: active
Source Type: Well

Source Name Date

Well C
Well C
Well C
Well C
Well C
Well C
Well C
Well C

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224

Jan/2018
Feb/2018
Mar/2018
Apr/2018
May/2018
Jun/2018
Jul/2018
Aug/2018

Source Name: Well B

Withdrawal (MGM)
9.0623

7.5437
7.4286
8.2272
7.6433
7.6809
8.4468
7.8814
7.2694
9.3018
7.6649
8.3942

Source Name: Well C

Withdrawal (MGM)
2.3956

0.5365
0.9462
2.294

0.7263
2.056

0.6853
3.0619

Page 3 of 7

1/28/2019



Annual Water Withdrawal Report Summary Page 4 of 7

Source Name Date Withdrawal (MGM)
Well C Sep/2018 0.2042
Well C Oct/2018 2.3043
Well C Nov/2018 0.6292
Well C Dec/2018 3.3288

Source Name: Well CS
MPID: 370958076414201
Source Status: active
Source Type: Well

Source Name: Well CS

Source Name Date Withdrawal (MGM)
Well CS Jan/2018 0.1918
Well CS Feb/2018 0.1659
Well CS Mar/2018 0.171
Well CS Apr/2018 0.2845
Well CS May/2018 0.2635
Well CS Jun/2018 0.1901
Well CS Jul/2018 0.2106
Well CS Aug/2018 0.1933
Well CS Sep/2018 0.12
Well CS Oct/2018 0.2137
Well CS Nov/2018 0.1898
Well CS Dec/2018 0.0975

Source Name: Well D - Abandoned
MPID: 371006076414801

Source Status: abandoned
Source Type: Well

Source Name: Well E - Abandoned
MPID: 370925076414501

Source Status: abandoned
Source Type: Well

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224 1/28/2019
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Source Name: Well ER
MPID:

Source Status: active
Source Type: Well

Source Name: Well ER

Source Name Date Withdrawal (MGM)
Well ER Jan/2018 0.5534
Well ER Feb/2018 1.958
Well ER Mar/2018 0.7395
Well ER Apr/2018 0.5553
Well ER May/2018 1.8095
Well ER Jun/2018 0.5114
Well ER Jul/2018  1.698
Well ER Aug/2018 0.4677
Well ER Sep/2018 2.4529
Well ER Oct/2018 1.2678
Well ER Nov/2018 1.0424
Well ER Dec/2018 0.094

Source Name: Well F - Abandoned
MPID: 371009076414801

Source Status: abandoned
Source Type: Well

Source Name: Well G - Abandoned
MPID: 370939076413701

Source Status: abandoned
Source Type: Well

Source Name: Well H
MPID: 370930076413001
Source Status: active
Source Type: Well

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224 1/28/2019



Annual Water Withdrawal Report Summary

Source Name: Well H

Source Name Date Withdrawal (MGM)
Well H Jan/2018 0.003
Well H Feb/2018 0.002
Well H Mar/2018 0.0046
Well H Apr/2018 0.0151
Well H May/2018 0.0015
Well H Jun/2018 0.0015
Well H Jul/2018  0.0015
Well H Aug/2018 0.0019
Well H Sep/2018 0.0016
Well H Oct/2018 0.0156
Well H Nov/2018 0.0016
Well H Dec/2018 0.0014

Source Name: Well J - Abandoned
MPID: 370940076413501

Source Status: abandoned
Source Type: Well

Source Name: Well JR
MPID: 370940076413501
Source Status: active
Source Type: Well

Source Name: Well JR

Source Name Date Withdrawal (MGM)
Well JR Jan/2018 1.0093

Well JR Feb/2018 0.7443

Well JR Mar/2018 0

Well JR Apr/2018 0.3726

Well JR May/2018 0.7818

Well JR Jun/2018 0.4258

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224

Page 6 of 7

1/28/2019



Annual Water Withdrawal Report Summary Page 7 of 7

Source Name Date Withdrawal (MGM)
Well JR Jul/2018  0.5451

Well JR Aug/2018 0

Well JR Sep/2018 0.2501

Well JR Oct/2018 0.5264

Well JR Nov/2018 0.2812

Well JR Dec/2018 0

http://deql.bse.vt.edu/d.dh/print/vwuds-online-printable-summary/67224 1/28/2019
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Enclosure 5

ATTACHMENTS FOR RAI WR-5

Virginia Electric and Power Company
(Dominion Energy Virginia or Dominion)
Surry Power Station Units 1 and 2



DEPARTMENT OF THE ARMY
US ARMY CORPS OF ENGINEERS
NORFOLK DISTRICT
FORT NORFOLK
803 FRONT STREET
NORFOLK VA 23510-1011

April 17, 2017

Eastern Virginia Regulatory Section
NAO-2018-00103 / VMRC#18-V0069 (James River)

Virginia Power and Electric Company
ATTN: Mr. Fred Mladen

5000 Dominion Boulevard

Glen Allen, Virginia 23060

Dear Mr. Mladen:

This is in regard to your Department of the Army permit application number NAO-
2018-00103 (VMRC #18-V0069) you have submitted for as-needed maintenance work
at the cooling water intake structure at the Surry Nuclear Power Station in Surry County,
Virginia. The proposed work involves the removal of submerged logs and similar debris
from a concrete apron and the bottom of the James River immediately outboard of the
cooling water intake structure. The work zone for the debris removal will not extend
more than 200 feet outboard of the intake structure. All debris will be temporarily
stockpiled and transported to an appropriate facility. A project vicinity map and drawing
of the intake structure are enclosed.

Your proposed work as outlined above satisfies the criteria contained in the Corps
Nationwide Permit (3), attached. The Corps Nationwide Permits were published in the
January 6, 2017, Federal Register notice (82 FR 1860) and the regulations governing
their use can be found in 33 CFR 330 published in Volume 56, Number 226 of the
Federal Register dated November 22, 1991.

This nationwide permit verification is contingent upon the following project specific
conditions:

Special Conditions:

1. Time of Year Restrictions: This permit does not authorize in-water work between
February 15 and June 30, of any year, in order to minimize impacts on
anadromous fish and federally managed species.

2. The permittee understands and agrees that, if future operations by the United
States require the removal, relocation, or other alteration, of the structure or work
herein authorized, or if, in the opinion of the Secretary of the Army or his
authorized representative, said structure or work shall cause unreasonable
obstruction to the free navigation of the navigable waters, the permittee will be
required, upon due notice from the Corps of Engineers, to remove, relocate, or



alter the structural work or obstructions caused thereby, without expense to the
United States. No claim shall be made against the United States on account of
any such removal or alteration.

3. Incidents where any individuals of sea turtles or Atlantic sturgeon listed by NOAA
Fisheries under the Endangered Species Act appear to be injured or killed as a
result of discharges of dredged or fill material into waters of the United States or
structures or work in navigable waters of the United States authorized by this
NWP shall be reported to NOAA Fisheries, Office of Protected Resources at
(301) 713-1401 and the Regulatory Office of the Norfolk District of the U.S. Army
Corps of Engineers at 757-201-7652. The finder should leave the animal alone,
make note of any circumstances likely causing the death or injury, note the
location and number of individuals involved and, if possible, take photographs.
Adult animals should not be disturbed unless circumstances arise where they are
obviously injured or killed by discharge exposure, or some unnatural cause. The
finder may be asked to carry out instructions provided by NOAA Fisheries, Office
of Protected Resources, to collect specimens or take other measures to ensure
that evidence intrinsic to the specimen is preserved.

4. Enclosed is a "compliance certification" form, which must be signed and returned
within 30 days of completion of the project. Your signature on this form certifies
that you have completed the work in accordance with the regional permit terms
and conditions.

Please note that you should either obtain a U.S. Fish and Wildlife Service (FWS)
bald eagle take permit or a letter of concurrence from FWS indicating that a permit is
not necessary prior to initiating construction activities. You should contact Scott Frickey
concerning this matter at 413-253-8577 or Scott_frickey@fws.gov.

Provided the project specific conditions (above) and the Nationwide Permit General
Conditions (enclosed) are met, an individual Department of the Army Permit will not be
required. In addition, the Virginia Department of Environmental Quality has provided an
conditional 8401 Water Quality Certification for Nationwide Permit Number 3. A permit
may be required from the Virginia Marine Resources Commission and/or your local
wetlands board, and this verification is not valid until you obtain their approval, if
necessary. This authorization does not relieve your responsibility to comply with local
requirements pursuant to the Chesapeake Bay Preservation Act (CBPA), nor does it
supersede local government authority and responsibilities pursuant to the Act. You
should contact your local government before you begin work to find out how the CBPA
applies to your project.

This verification is valid until the NWP is modified, reissued, or revoked. All of the
existing NWPs are scheduled to be modified, reissued, or revoked prior to March 18,



2022. Itis incumbent upon you to remain informed of changes to the NWPs. We will
issue a public notice when the NWPs are reissued. Furthermore, if you commence or
are under contract to commence this activity before the date that the relevant
nationwide permit is modified or revoked, you will have twelve (12) months from the
date of the modification or revocation of the NWP to complete the activity under the
present terms and conditions of this nationwide permit unless discretionary authority
has been exercised on a case-by-case basis to modify, suspend, or revoke the
authorization in accordance with 33 CFR 330.4(e) and 33 CFR 330.5 (c) or (d). Project
specific conditions listed in this letter continue to remain in effect after the NWP
verification expires, unless the district engineer removes those conditions. Activities
completed under the authorization of an NWP which was in effect at the time the activity
was completed continue to be authorized by that NWP.

In granting an authorization pursuant to this permit, the Norfolk District has relied on
the information and data provided by the permittee. If, subsequent to notification by the
Corps that a project qualifies for this permit, such information and data prove to be
materially false or materially incomplete, the authorization may be suspended or
revoked, in whole or in part, and/or the Government may institute appropriate legal
proceedings.

If you have any questions and/or concerns about this permit authorization, please
contact Audrey Cotnoir at 757-549-8819 or audrey.l.cotnoir@usace.army.mil.

Sincerely,

d

for Peter R. Kube
Chief, Eastern Virginia Regulatory Section

Enclosures

Project Drawings
Compliance Certification
NWP-#3

Cc: Virginia Electric and Power Company, ATTN: Oula Shehab-Dandan
Virginia Marine Resources Commission, ATTN: Mark Eversole
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U.S. Army Corps
m Of Engineers
Norfolk District

CERTIFICATE OF COMPLIANCE
WITH
ARMY CORPS OF ENGINEERS PERMIT

Permit Number: NAO-2018-00103
VMRC Number: 18-V0069
Corps Contact: Audrey Cotnoir

Name of Permittee: Virginia Power and Electric Company (Surry Nuclear Power Station-
cooling water intake structure)

Date of Issuance: April 17, 2018
Permit Type: NWP #3
Within 30 days of completion of the activity authorized by this permit and any

mitigation required by the permit, sign this certification and return it to the following
address:

Norfolk District, Corps of Engineers
ATTN: Ms. Audrey Cotnoir

Great Bridge Reservation

2509 Reservation Road
Chesapeake, Virginia 23322-5217

Or scan and send via email to audrey.l.cotnoir@usace.army.mil

Please note that your permitted activity is subject to a compliance inspection by a U.S. Army
Corps of Engineers representative. If you fail to comply with this permit you are subject to
permit suspension, modification or revocation.

| hereby certify that the work authorized by the above referenced permit has been completed
in accordance with the terms and conditions of the said permit, and required mitigation has
been completed in accordance with the permit conditions.

Signature of Permittee Date


mailto:audrey.l.cotnoir@usace.army.mil

Nationwide Permit (3) Maintenance
Effective 3/19/2017
Expires 3/18/2022

(a) The repair, rehabilitation, or replacement of any previously authorized,
currently serviceable structure or fill, or of any currently serviceable structure
or fill authorized by 33 CFR 330.3, provided that the structure or fill is not to be
put to uses differing from those uses specified or contemplated for it in the
original permit or the most recently authorized modification. Minor deviations in
the structure's configuration or filled area, including those due to changes in
materials, construction techniques, requirements of other regulatory agencies,
or current construction codes or safety standards that are necessary to make
the repair, rehabilitation, or replacement are authorized. This NWP also
authorizes the removal of previously authorized structures or fills. Any stream
channel modification is limited to the minimum necessary for the repair,
rehabilitation, or replacement of the structure or fill; such modifications,
including the removal of material from the stream channel, must be immediately
adjacent to the project. This NWP also authorizes the removal of accumulated
sediment and debris within, and in the immediate vicinity of, the structure or fill.
This NWP also authorizes the repair, rehabilitation, or replacement of those
structures or fills destroyed or damaged by storms, floods, fire or other discrete
events, provided the repair, rehabilitation, or replacement is commenced, or is
under contract to commence, within two years of the date of their destruction or
damage. In cases of catastrophic events, such as hurricanes or tornadoes, this
two-year limit may be waived by the district engineer, provided the permittee
can demonstrate funding, contract, or other similar delays.

(b) This NWP also authorizes the removal of accumulated sediments and debris
outside the immediate vicinity of existing structures (e.g., bridges, culverted
road crossings, water intake structures, etc.). The removal of sediment is limited
to the minimum necessary to restore the waterway in the vicinity of the
structure to the approximate dimensions that existed when the structure was
built, but cannot extend farther than 200 feet in any direction from the structure.
This 200 foot limit does not apply to maintenance dredging to remove
accumulated sediments blocking or restricting outfall and intake structures or
to maintenance dredging to remove accumulated sediments from canals
associated with outfall and intake structures. All dredged or excavated materials
must be deposited and retained in an area that has no waters of the United
States unless otherwise specifically approved by the district engineer under
separate authorization.

(c) This NWP also authorizes temporary structures, fills, and work, including the
use of temporary mats, necessary to conduct the maintenance activity.
Appropriate measures must be taken to maintain normal downstream flows and
minimize flooding to the maximum extent practicable, when temporary
structures, work, and discharges, including cofferdams, are necessary for
construction activities, access fills, or dewatering of construction sites.
Temporary fills must consist of materials, and be placed in a manner, that will
not be eroded by expected high flows. After conducting the maintenance
activity, temporary fills must be removed in their entirety and the affected areas

returned to pre-construction elevations. The areas affected by temporary fills
must be revegetated, as appropriate.

(d) This NWP does not authorize maintenance dredging for the primary purpose
of navigation. This NWP does not authorize beach restoration. This NWP does
not authorize new stream channelization or stream relocation projects.

Notification: For activities authorized by paragraph (b) of this NWP, the
permittee must submit a pre-construction notification to the district engineer
prior to commencing the activity (see general condition 32). The pre-
construction notification must include information regarding the original design
capacities and configurations of the outfalls, intakes, small impoundments, and
canals.

Note: This NWP authorizes the repair, rehabilitation, or replacement of any
previously authorized structure or fill that does not qualify for the Clean Water
Act section 404(f) exemption for maintenance.

Authority: Section 10 of the Rivers and Harbors Act of 1899 and section 404 of
the Clean Water Act (Sections 10 and 404)

REGIONAL CONDITIONS:

1. Conditions for Waters Containing Submerged Aquatic Vegetation (SAV)
Beds: This condition applies to: NWPs 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 22, 23, 25, 27, 28, 29, 31, 32, 33, 35, 36, 37, 38, 39, 44,
45, 48, 52, 53 and 54. A pre-construction notification (PCN) is required if work
will occur in areas that contain submerged aquatic vegetation (SAV). Information
about SAV habitat can be found at the Virginia Institute of Marine Science’s
website http://web.vims.edu/bio/sav/. Additional avoidance and minimization
measures, such as relocating a structure or time-of-year restrictions (TOYR),
may be required to reduce impacts to SAV habitat.

2. Conditions for Anadromous Fish Use Areas: To ensure that activities
authorized by any NWP do not impact documented spawning habitat or a
migratory pathway for anadromous fish, a check for anadromous fish use areas
must be conducted via the Norfolk District's Regulatory GIS (for reporting
permits) and/or the Virginia Department of Game and Inland Fisheries (VDGIF)
Information System (by applicant for non-reporting permits) at
http://vafwis.org/fwis/ . For any proposed NWP, if the project is located in an
area documented as an anadromous fish use area (confirmed or potential), a
time-of-year restriction (TOYR) prohibiting all in-water work will be required from
February 15 to June 30 of any given year or any TOYR specified by VDGIF
and/or Virginia Marine Resources Commission (VMRC). For permits requiring a
PCN, if the Norfolk District determines that the work is minimal and the TOYR is
unnecessary, informal consultation will be conducted with NOAA Fisheries
Service (NOAA) to obtain concurrence that the TOYR would not be required for
the proposed activity. For dredging in the Elizabeth River upstream of the Mid-
Town Tunnel on the mainstem and the West Norfolk Bridge (Route 164, Western
Freeway) on the Western Branch of the Elizabeth River, a TOYR is not required.



http://web.vims.edu/bio/sav/
http://vafwis.org/fwis/

Conditions for Designated Critical Resource Waters, which include
National Estuarine Research Reserves: Notification is required for work under
NWPs 3, 8, 10, 13, 15, 18, 19, 22, 23, 25, 27, 28, 30, 33, 34, 36, 37, 38 and 54 in
the Chesapeake Bay National Estuarine Research Reserve in Virginia. This
multi-site system along a salinity gradient of the York River includes Sweet Hall
Marsh, Taskinas Creek, Catlett Islands, and Goodwin Islands. More information
can be found at: http://www.vims.edu/cbnerr/. NWPs 7, 12, 14, 16, 17, 21, 29,
31, 35, 39, 40, 42, 43, 44, 49, 50, 51, and 52 cannot be used to authorize the
discharge of dredged or fill material in the Chesapeake Bay National Estuarine
Research Reserve in Virginia.

Conditions for Federally Listed Species and Designated Critical Habitat: For
ALL NWPs, natification is required for any project that may affect a federally
listed threatened or endangered species or designated critical habitat. The U.S.
Fish and Wildlife Service (Service) has developed an online system that allows
users to find information about sensitive resources that may occur within the
vicinity of a proposed project. This system is named “Information, Planning and
Conservation System,” (IPaC), and is located at: http://ecos.fws.gov/ipac/ . The
applicant may use IPaC to determine if any federally listed species or designated
critical habitat may be affected by their proposed project. If your Official Species
List from IPaC identifies any federally listed endangered or threatened species,
you are required to submit a PCN for the proposed activity, unless the project
clearly does not impact a listed species or suitable habitat for the listed species.
If you are unsure about whether your project will impact listed species, please
submit a PCN, so the Norfolk District may review the action. Further information
about the Virginia Field Office “Project Review Process” may be found at:
http://mww.fws.gov/northeast/virginiafield/endangered/projectreviews.html.
Additional consultation may also be required with National Marine Fisheries
Service for species or critical habitat under their jurisdiction, including sea turtles,
marine mammals, shortnose sturgeon, and Atlantic sturgeon. For additional
information about their jurisdiction in Virginia, please see
https://www.greateratlantic.fisheries.noaa.qgov/protected/index.html . Additional
resources to assist in determining compliance with this condition can be found on
our webpage: http://www.nao.usace.army.mil/Missions/Regulatory/USFWS.aspx

Conditions for Waters with Federally Listed Endangered or Threatened
Species, Waters Federally Designated as Critical Habitat, and One-mile
Upstream (including tributaries) of Any Such Waters: Any work proposed in
critical habitat, as designated in regional condition 4, requires a PCN.

Conditions for Designated Trout Waters: Notification is required for work in
the areas listed below for NWPs 3, 4, 5, 6, 7, 12, 13, 14, 16, 17, 18, 19, 21, 23,
25, 29, 30, 31, 32, 33, 34, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 49, 50, 51,
52, 53, and 54. This condition applies to activities occurring in two categories of
waters; Class V (Put and Take Trout Waters) and Class VI (Natural Trout
Waters), as defined by the Virginia State Water Control Board Regulations,
Water Quality Standards (VR-680-21-00), dated January 1, 1991, or the most
recently updated publication. The Virginia Department of Game and Inland
Fisheries (VDGIF) designated these same trout streams into six classes.

Classes I-IV are considered wild trout streams. Classes V and VI are considered
stockable trout streams. Information on designated trout streams can be
obtained via their Virginia Fish and Wildlife Information Service's (VAFWIS's)
Cold Water Stream Survey database. Basic access to the VAFWIS is available
via http://vafwis.org/fwis/.
The waters, occurring specifically within the mountains of Virginia, are within the
following river basins:

1) Potomac-Shenandoah River Basins

2) James River Basin

3) Roanoke River Basin

4) New River Basin

5) Tennessee and Big Sandy River Basins

6) Rappahannock River Basin
VDGIF recommends the following time-of-year restrictions (TOYRSs) for any in-
stream work within streams identified as wild trout waters in its Cold Water
Stream Survey database. The recommended TOYRs for trout species are:

e Brook Trout: October 1 through March 31

e Brown Trout: October 1 through March 31

e Rainbow Trout: March 15 through May 15
This condition applies to the following counties and cities: Albemarle, Allegheny,
Ambherst, Augusta, Bath, Bedford, Bland, Botetourt, Bristol, Buchanan, Buena
Vista, Carroll, Clarke, Covington, Craig, Dickenson, Floyd, Franklin, Frederick,
Giles, Grayson, Greene, Henry, Highland, Lee, Loudoun, Madison, Montgomery,
Nelson, Page, Patrick, Pulaski, Rappahannock, Roanoke City, Roanoke Co.,
Rockbridge, Rockingham, Russell, Scott, Shenandoah, Smyth, Staunton,
Tazewell, Warren, Washington, Waynesbhoro, Wise, and Wythe. Any discharge
of dredged and/or fill material authorized by the NWPs listed above, which would
occur in the designated waterways or adjacent wetlands of the specified
counties, requires notification to the appropriate Corps of Engineers field office,
and written approval from that office prior to performing the work. The Norfolk
District recommends that prospective permittees first contact the applicable
Norfolk District Field Office, found at this web link:
http://www.nao.usace.army.mil/Missions/Regulatory/Contacts.aspx, to determine
if the PCN procedures would apply. The notification must be in writing and
include the following information (the standard Joint Permit Application may also
be used):
Name, address, and telephone number of the prospective permittee.
Name, address, email, and telephone number of the property owner.
Location of the proposed project.
Vicinity map and project drawings on 8.5-inch by 11-inch paper (plan
view, profile, & cross-sectional view).

e  Brief description of the proposed project and the project purpose.

e  Where required by the terms of the nationwide permit, a delineation of

affected special aquatic sites, including wetlands.

When all required information is received by the appropriate field office, the
Corps will notify the prospective permittee within 45 days whether the project can
proceed under the NWP or whether an individual permit is required. If, after
reviewing the PCN, the District Commander determines that the proposed activity
would have more than minimal individual or cumulative adverse impacts on the
aquatic environment or otherwise may be contrary to the public interest, then



http://www.vims.edu/cbnerr/
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he/she will either condition the nationwide permit authorization to reduce or
eliminate the adverse impacts, or notify the prospective permittee that the activity
is not authorized by the NWP and provide instructions on how to seek
authorization under an individual permit. If the prospective permittee is not
notified otherwise within the 45-day period, the prospective permittee may
assume that the project can proceed under the NWP.

Conditions Regarding Invasive Species: Plant species listed by the most
current Virginia Department of Conservation and Recreation’s Invasive Alien
Plant List shall not be used for re-vegetation for activities authorized by any
NWP. The list of invasive plants in Virginia may be found at:
http://www.dcr.virginia.gov/natural-heritage/invsppdflist. DCR recommends the
use of regional native species for re-vegetation as identified in the DCR Native
Plants for Conservation, Restoration and Landscaping brochures for the coastal,
piedmont and mountain regions http://www.dcr.virginia.gov/natural-
heritage/nativeplants#brochure .

Conditions Pertaining to Countersinking of Pipes and Culverts: This
condition applies to: NWPs 3, 7, 12, 14, 17, 18, 21, 23, 25, 27, 29, 32, 33, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 49, 50, 51, and 52. NOTE: COUNTERSINKING IS
NOT REQUIRED IN TIDAL WATERS. However, replacement pipes/culverts in
tidal waters must be installed with invert elevations no higher than the existing
pipe/culvert invert elevation, and a new pipe/culvert must be installed with the
invert no higher than the stream bottom elevation. For Nontidal Waters: Following
consultation with the Virginia Department of Game and Inland Fisheries (VDGIF),
the Norfolk District has determined that fish and other aquatic organisms are
most likely present in any stream being crossed, in the absence of site-specific
evidence to the contrary. Although prospective permittees have the option of
providing such evidence, extensive efforts to collect such information is not
encouraged, since countersinking will in most cases be required except as
outlined in the conditions below. The following conditions will apply in nontidal
waters:

a. All pipes: All pipes and culverts placed in streams will be countersunk at both
the inlet and outlet ends, unless indicated otherwise by the Norfolk District on
a case-by-case basis (see below). Pipes that are 24" or less in diameter shall
be countersunk 3” below the natural stream bottom. Pipes that are greater
than 24” in diameter shall be countersunk 6” below the natural stream
bottom. The countersinking requirement does not apply to bottomless
pipes/culverts or pipe arches. All single pipes or culverts (with bottoms) shall
be depressed (countersunk) below the natural streambed at both the inlet
and outlet of the structure. In sets of multiple pipes or culverts (with bottoms)
at least one pipe or culvert shall be depressed (countersunk) at both the inlet
and outlet to convey low flows.

b. When countersinking culverts, permittees must ensure reestablishment of a
surface water channel (within 15 days post construction) that allows for the
movement of aquatic organisms and maintains the same hydrologic regime
that was present pre-construction (i.e. the depth of surface water through the
permit area should match the upstream and downstream depths). This may
require the addition of finer materials to choke the larger stone and/or
placement of riprap to allow for a low flow channel.

. Exemption for extensions and certain maintenance: The requirement to

countersink does not apply to extensions of existing pipes or culverts that are
not countersunk, or to maintenance to pipes/culverts that does not involve
replacing the pipe/culvert (such as repairing cracks, adding material to
prevent/correct scour, etc.).

. Floodplain pipes: The requirement to countersink does not apply to pipes or

culverts that are being placed above ordinary high water, such as those
placed to allow for floodplain flows. The placement of pipes above ordinary
high water is not jurisdictional (provided no fill is discharged into wetlands).

. Hydraulic opening: Pipes should be adequately sized to allow for the passage

of ordinary high water with the countersinking and invert restrictions taken
into account.

. Pipes on bedrock or above existing utility lines: Different procedures will be

followed for pipes or culverts to be placed on bedrock or above existing
buried utility lines where it is not practicable to relocate the lines, depending
on whether the work is for replacement of an existing pipe/culvert or a new
pipe/culvert:

i.Replacement of an existing pipe/culvert: Countersinking is not required

provided the elevations of the inlet and outlet ends of the replacement
pipe/culvert are no higher above the stream bottom than those of the
existing pipe/culvert. Documentation (photographic or other evidence) must
be maintained in the permittee’s records showing the bedrock condition and
the existing inlet and outlet elevations. That documentation will be available
to the Norfolk District upon request, but notification or coordination with the
Norfolk District is not otherwise required.

ii.A pipe/culvert is being placed in a new location: If the prospective permittee

determines that bedrock or an existing buried utility line that is not
practicable to relocate prevents countersinking, he/she should evaluate the
use of a bottomless pipe/culvert, bottomless utility vault, span (bridge) or
other bottomless structure to cross the waterway, and also evaluate
alternative locations for the new pipe/culvert that will allow for
countersinking. If the prospective permittee determines that neither a
bottomless structure nor an alternative location is practicable, then he/she
must submit a pre-construction notification (PCN) to the Norfolk District in
accordance with General Condition 32 of the NWPs. In addition to the
information required by General Condition 32, the prospective permittee
must provide documentation of measures evaluated to minimize disruption
of the movement of aquatic life as well as documentation of the cost,
engineering factors, and site conditions that prohibit countersinking the
pipe/culvert. Options that must be considered include partial countersinking
(such as less than 3” of countersinking, or countersinking of one end of the
pipe), and constructing stone step pools, low rock weirs downstream, or
other measures to provide for the movement of aquatic organisms. The
PCN must also include photographs documenting site conditions. The
prospective permittee may find it helpful to contact the regional fishery
biologist for the VDGIF, for recommendations about the measures to be
taken to allow for fish movements. When seeking advice from VDGIF, the
prospective permittee should provide the VDGIF biologist with all available
information such as location, flow rates, stream bottom features, description
of proposed pipe(s), slopes, etc. Any recommendations from VDGIF should
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be included in the PCN. The Norfolk District will notify the prospective
permittee whether the proposed work qualifies for the nationwide permit
within 45 days of receipt of a complete PCN. NOTE: Blasting of stream
bottoms through the use of explosives is not acceptable as a means of
providing for countersinking of pipes on bedrock.
Pipes on steep terrain: Pipes being placed on steep terrain (slope of 5%
or greater) must be countersunk in accordance with the conditions above
and will in most cases be non-reporting. It is recommended that on
slopes greater than 5%, a larger pipe than required be installed to allow
for the passage of ordinary high water in order to increase the likelihood
that natural velocities can be maintained. There may be situations where
countersinking both the inlet and outlet may result in a slope in the pipe
that results in flow velocities that cause excessive scour at the outlet
and/or prohibit some fish movement. This type of situation could occur on
the side of a mountain where falls and drop pools occur along a stream.
Should this be the case, or should the prospective permittee not want to
countersink the pipe/culvert for other reasons, he/she must submit a PCN
to the Norfolk District in accordance with General Condition 32 of the
Nationwide Permits. In addition to the information required by General
Condition 32, the prospective permittee must provide documentation of
measures evaluated to minimize disruption of the movement of aquatic
life as well as documentation of the cost, engineering factors, and site
conditions that prohibit countersinking the pipe/culvert. The prospective
permittee should design the pipe to be placed at a slope as steep as
stream characteristics allow, countersink the inlet 3-6”, and implement
measures to minimize any disruption of fish movement. These measures
can include constructing a stone step/pool structure, preferably using
river rock/native stone rather than riprap, constructing low rock weirs to
create a pool or pools, or other structures to allow for fish movements in
both directions. Stone structures should be designed with sufficient-sized
stone to prevent erosion or washout and should include keying-in as
appropriate. These structures should be designed both to allow for fish
passage and to minimize scour at the outlet. The quantities of fill
discharged below ordinary high water necessary to comply with these
requirements (i.e., the cubic yards of stone, riprap or other fill placed
below the plane of ordinary high water) must be included in project totals.
The prospective permittee may find it helpful to contact the regional
fishery biologist for the VDGIF for recommendations about the measures

to be taken to allow for fish movements. When seeking advice from DGIF,

the prospective permittee should provide the DGIF biologist with all
available information such as location, flow rates, stream bottom features,
description of proposed pipe(s), slopes, etc. Any recommendations from
DGIF should be included in the PCN. The Norfolk District will notify the
prospective permittee whether the proposed work qualifies for the
nationwide permit within 45 days of receipt of a complete PCN.
Problems encountered during construction: When a pipe/culvert is being
replaced, and the design calls for countersinking at both ends of the
pipe/culvert, and during construction it is found that the streambed/banks
are on bedrock, a utility line, or other documentable obstacle, then the
permittee must stop work and contact the Norfolk District (contact by

telephone and/or email is acceptable). The permittee must provide the
Norfolk District with specific information concerning site conditions and
limitations on countersinking. The Norfolk District will work with the
permittee to determine an acceptable plan, taking into consideration the
information provided by the permittee, but the permittee should recognize
that the Norfolk District could determine that the work will not qualify for a
nationwide permit.

i Emergency pipe replacements: In the case of an emergency situation,
such as when a pipe/culvert washes out during a flood, a permittee is
encouraged to countersink the replacement pipe at the time of
replacement, in accordance with the conditions above. However, if
conditions or timeframes do not allow for countersinking, then the pipe
can be replaced as it was before the washout, but the permittee will have
to come back and replace the pipe/culvert and countersink it in
accordance with the guidance above. In other words, the replacement of
the washed out pipe is viewed as a temporary repair, and a countersunk
replacement should be made at the earliest possible date. The Norfolk
District must be notified of all pipes/culverts that are replaced without
countersinking at the time that it occurs, even if it is an otherwise non-
reporting activity, and must provide the permittee's planned schedule for
installing a countersunk replacement (it is acceptable to submit such
notification by email). The permittee should anticipate whether bedrock or
steep terrain will limit countersinking, and if so, should follow the
procedures outlined in (g) and/or (h) above.

Conditions for the Repair of Pipes: This condition applies to: NWPs 3, 7, 12,
14, 17, 18, 21, 23, 25, 27, 29, 32, 33, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 49,
50, 51, and 52.
NOTE: COUNTERSINKING IS NOT REQUIRED IN TIDAL WATERS. However,
replacement pipes/culverts in tidal waters must be installed with invert elevations
no higher than the existing pipe/culvert invert elevation, and a new pipe/culvert
must be installed with the invert no higher than the stream bottom elevation. For
Nontidal Waters: If any discharge of fill material will occur in conjunction with pipe
maintenance, such as concrete being pumped over rebar into an existing
deteriorated pipe for stabilization, then the following conditions apply:
a. If the existing pipe or multi-barrel array of pipes are NOT currently
countersunk:

i. As long as the inlet and outlet invert elevations of at least one pipe located
in the low flow channel are not being altered, and provided that no concrete
apron is being constructed, then the work may proceed under the NWP for
the other pipes, provided it complies with all other NWP General Conditions,
including Condition 9 for Management of Water Flows. In such cases,
notification to the Norfolk District Commander is not required, unless
specified in the NWP Conditions for other reasons, and the permittee may
proceed with the work.

ii. Otherwise, the prospective permittee must submit a pre-construction
notification (PCN) to the Norfolk District Commander prior to commencing
the activity. For all such projects, the following information should be
provided:

1) Photographs of the existing inlet and outlet;
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2) A measurement of the degree to which the work will raise the invert
elevations of both the inlet and outlet of the existing pipe;

3) The reasons why other methods of pipe maintenance are not
practicable (such as metal sleeves or a countersunk pipe
replacement);

4) A vicinity map showing the pipe locations.

Depending on the specific case, the Norfolk District may discuss
potential fish usage of the waterway with the Virginia Department of
Game and Inland Fisheries.

The Norfolk District will assess all such pipe repair proposals in
accordance with guidelines that can be found under “Pipe Repair
Guidelines” at:
http://www.nao.usace.army.mil/Missions/Regulatory/GuidanceDocume
nts.aspx

iii. If the Norfolk District determines that the work qualifies for the NWP,
additional conditions will be placed on the verification. Those conditions can
be found at the web link above (in item ii).

iv. If the Norfolk District determines that the work does NOT qualify for the
NWP, the applicant will be directed to apply for either Regional Permit 01
(applicable only for Virginia Department of Transportation projects) or an
Individual Perm

v. it. However, it is anticipated that the applicant will still be required to perform
the work such that the waterway is not blocked or restricted to a greater
degree than its current conditions.

b. If the existing pipe or at least one pipe in the multi-barrel array of pipes IS
countersunk and at least one pipe located in the low flow channel will
continue to be countersunk, and no concrete aprons are proposed: No
PCN to the Norfolk District is required, unless specified in the NWP
Conditions for other reasons, and the permittee may proceed with the
work.

c. If the existing pipe or at least one pipe in the multi-barrel array of pipes IS
countersunk and no pipe will continue to be countersunk in the low flow
channel: This work cannot be performed under the NWPs. The
prospective permittee must apply for either a Regional Permit 01
(applicable only for VDOT projects) or an Individual Permit. However, it is
anticipated that the prospective permittee will still be required to perform
the work such that the waterway is not blocked or restricted more so than
its current conditions.

d. In emergency situations, if conditions or timeframes do not allow for
compliance with the procedure outlined herein, then the pipe can be
temporarily repaired to the condition before the washout. If the temporary
repair would require a PCN by the above procedures, the permittee must
submit the PCN at the earliest practicable date, but no longer than 15
days after the temporary repair.

Condition for Impacts Requiring a Mitigation Plan: When a PCN is required,
a mitigation plan needs to be submitted when the permanent loss of wetlands
exceeds 1/10 acre and/or 300 linear feet of waters of the U.S., unless otherwise
stated in the Regional Conditions (see Regional Condition 12).

11. Condition for Temporary Impacts: All temporarily disturbed waters and
wetlands must be restored to their pre-construction contours within 12 months of
commencing the temporary impacts’ construction. Impacts that will not be
restored within 12 months (calculated from the start of the temporary impacts’
construction) will be considered permanent, unless otherwise approved by the
Corps, and mitigation may be required. Once restored to their natural contours,
soil in these areas must be mechanically loosened to a depth of 12 inches and
wetland areas must be seeded or sprigged with appropriate native vegetation
(see Regional Condition 7 regarding revegetation).

12. Condition for Transportation Projects Funded in Part or in Total by Local,
State or Federal Funds: For all impacts associated with transportation projects
funded in part or in total by local, state or federal funds and requiring a PCN,
compensatory mitigation will generally be required for all permanent wetland
impacts (including impacts less than 1/10 acre). Therefore, the PCN must
include a mitigation plan addressing the proposed compensatory mitigation.

13. Condition for Projects Requiring Coordination Under Section 408: General
Condition 31 of the NWPs requires that prospective permittees submit a pre-
construction notification (PCN) if an NWP activity also requires permission from
the Corps pursuant to 33 U.S.C. 408 because it will alter or temporarily or
permanently occupy or use a US Army Corps of Engineers (USACE) federally
authorized civil works project. For information on the location of Norfolk District
projects, prospective permittees are directed to the maps showing the locations
of Norfolk District projects located at:
http://www.nao.usace.army.mil/Portals/31/docs/requlatory/RPSPdocs/RP-

17 Corps Project Maps.pdf. If the prospective permittee is uncertain whether
the proposed activity might alter or temporarily or permanently occupy or use a
Norfolk District federally authorized civil works project, the prospective permittee
shall submit a PCN.

GENERAL CONDITIONS:

Note: To qualify for NWP authorization, the prospective permittee must comply with
the following general conditions, as applicable, in addition to any regional or case-
specific conditions imposed by the division engineer or district engineer. Prospective
permittees should contact the appropriate Corps district office to determine if regional
conditions have been imposed on an NWP. Prospective permittees should also
contact the appropriate Corps district office to determine the status of Clean Water Act
Section 401 water quality certification and/or Coastal authorization under one or more
NWPs, or who is currently relying on an existing or prior permit authorization under
one or more NWPs, has been and is on notice that all of the provisions of 33 CFR 88
330.1 through 330.6 apply to every NWP authorization. Note especially 33 CFR §
330.5 relating to the modification, suspension, or revocation of any NWP
authorization.

1. Navigation.
(a) No activity may cause more than a minimal adverse effect on navigation.


http://www.nao.usace.army.mil/Missions/Regulatory/GuidanceDocuments.aspx
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(b) Any safety lights and signals prescribed by the U.S. Coast Guard, through
regulations or otherwise, must be installed and maintained at the permittee's expense
on authorized facilities in navigable waters of the United States.

(c) The permittee understands and agrees that, if future operations by the United
States require the removal, relocation, or other alteration, of the structure or work
herein authorized, or if, in the opinion of the Secretary of the Army or his authorized
representative, said structure or work shall cause unreasonable obstruction to the free
navigation of the navigable waters, the permittee will be required, upon due notice
from the Corps of Engineers, to remove, relocate, or alter the structural work or
obstructions caused thereby, without expense to the United States. No claim shall be
made against the United States on account of any such removal or alteration.

2. Aquatic Life Movements. No activity may substantially disrupt the necessary life
cycle movements of those species of aquatic life indigenous to the waterbody,
including those species that normally migrate through the area, unless the activity's
primary purpose is to impound water. All permanent and temporary crossings of
waterbodies shall be suitably culverted, bridged, or otherwise designed and
constructed to maintain low flows to sustain the movement of those aquatic species. If
a bottomless culvert cannot be used, then the crossing should be designed and
constructed to minimize adverse effects to aquatic life movements.

3. Spawning Areas. Activities in spawning areas during spawning seasons must be
avoided to the maximum extent practicable. Activities that result in the physical
destruction (e.g., through excavation, fill, or downstream smothering by substantial
turbidity) of an important spawning area are not authorized.

4. Migratory Bird Breeding Areas. Activities in waters of the United States that serve
as breeding areas for migratory birds must be avoided to the maximum extent
practicable.

5. Shellfish Beds. No activity may occur in areas of concentrated shellfish populations,
unless the activity is directly related to a shellfish harvesting activity authorized by
NWPs 4 and 48, or is a shellfish seeding or habitat restoration activity authorized by
NWP 27.

6. Suitable Material. No activity may use unsuitable material (e.g., trash, debris, car
bodies, asphalt, etc.). Material used for construction or discharged must be free from
toxic pollutants in toxic amounts (see section 307 of the Clean Water Act).

7. Water Supply Intakes. No activity may occur in the proximity of a public water
supply intake, except where the activity is for the repair or improvement of public water
supply intake structures or adjacent bank stabilization.

8. Adverse Effects from Impoundments. If the activity creates an impoundment of
water, adverse effects to the aquatic system due to accelerating the passage of water,
and/or restricting its flow must be minimized to the maximum extent practicable.

9. Management of Water Flows. To the maximum extent practicable, the pre-
construction course, condition, capacity, and location of open waters must be
maintained for each activity, including stream channelization, storm water

management activities, and temporary and permanent road crossings, except as
provided below. The activity must be constructed to withstand expected high flows.
The activity must not restrict or impede the passage of normal or high flows, unless
the primary purpose of the activity is to impound water or manage high flows. The
activity may alter the pre-construction course, condition, capacity, and location of open
waters if it benefits the aquatic environment (e.g., stream restoration or relocation
activities).

10. Fills Within 100-Year Floodplains. The activity must comply with applicable FEMA-
approved state or local floodplain management requirements.

11. Equipment. Heavy equipment working in wetlands or mudflats must be placed on
mats, or other measures must be taken to minimize soil disturbance.

12. Soil Erosion and Sediment Controls. Appropriate soil erosion and sediment
controls must be used and maintained in effective operating condition during
construction, and all exposed soil and other fills, as well as any work below the
ordinary high water mark or high tide line, must be permanently stabilized at the
earliest practicable date. Permittees are encouraged to perform work within waters of
the United States during periods of low-flow or no-flow, or during low tides.

13. Removal of Temporary Fills. Temporary fills must be removed in their entirety and
the affected areas returned to pre-construction elevations. The affected areas must be
revegetated, as appropriate.

14. Proper Maintenance. Any authorized structure or fill shall be properly maintained,
including maintenance to ensure public safety and compliance with applicable NWP
general conditions, as well as any activity-specific conditions added by the district
engineer to an NWP authorization.

15. Single and Complete Project. The activity must be a single and complete project.
The same NWP cannot be used more than once for the same single and complete
project.

16. Wild and Scenic Rivers.

(a) No NWP activity may occur in a component of the National Wild and Scenic
River System, or in a river officially designated by Congress as a “study river” for
possible inclusion in the system while the river is in an official study status, unless the
appropriate Federal agency with direct management responsibility for such river, has
determined in writing that the proposed activity will not adversely affect the Wild and
Scenic River designation or study status.

(b) If a proposed NWP activity will occur in a component of the National Wild and
Scenic River System, or in a river officially designated by Congress as a “study river”
for possible inclusion in the system while the river is in an official study status, the
permittee must submit a pre-construction notification (see general condition 32). The
district engineer will coordinate the PCN with the Federal agency with direct
management responsibility for that river. The permittee shall not begin the NWP
activity until notified by the district engineer that the Federal agency with direct
management responsibility for that river has determined in writing that the proposed




NWP activity will not adversely affect the Wild and Scenic River designation or study
status.

(c) Information on Wild and Scenic Rivers may be obtained from the appropriate
Federal land management agency responsible for the designated Wild and Scenic
River or study river (e.g., National Park Service, U.S. Forest Service, Bureau of Land
Management, U.S. Fish and Wildlife Service). Information on these rivers is also
available at: http://www.rivers.gov/.

17. Tribal Rights. No NWP activity may cause more than minimal adverse effects on
tribal rights (including treaty rights), protected tribal resources, or tribal lands.

18. Endangered Species.

(a) No activity is authorized under any NWP which is likely to directly or indirectly
jeopardize the continued existence of a threatened or endangered species or a
species proposed for such designation, as identified under the Federal Endangered
Species Act (ESA), or which will directly or indirectly destroy or adversely modify the
critical habitat of such species. No activity is authorized under any NWP which “may
affect” a listed species or critical habitat, unless ESA section 7 consultation addressing
the effects of the proposed activity has been completed. Direct effects are the
immediate effects on listed species and critical habitat caused by the NWP activity.
Indirect effects are those effects on listed species and critical habitat that are caused
by the NWP activity and are later in time, but still are reasonably certain to occur.

(b) Federal agencies should follow their own procedures for complying with the
requirements of the ESA. If pre-construction notification is required for the proposed
activity, the Federal permittee must provide the district engineer with the appropriate
documentation to demonstrate compliance with those requirements. The district
engineer will verify that the appropriate documentation has been submitted. If the
appropriate documentation has not been submitted, additional ESA section 7
consultation may be necessary for the activity and the respective federal agency
would be responsible for fulfilling its obligation under section 7 of the ESA.

(c) Non-federal permittees must submit a pre-construction notification to the
district engineer if any listed species or designated critical habitat might be affected or
is in the vicinity of the activity, or if the activity is located in designated critical habitat,
and shall not begin work on the activity until notified by the district engineer that the
requirements of the ESA have been satisfied and that the activity is authorized. For
activities that might affect Federally-listed endangered or threatened species or
designated critical habitat, the pre-construction notification must include the name(s)
of the endangered or threatened species that might be affected by the proposed
activity or that utilize the designated critical habitat that might be affected by the
proposed activity. The district engineer will determine whether the proposed activity
“may affect” or will have “no effect” to listed species and designated critical habitat and
will notify the non-Federal applicant of the Corps’ determination within 45 days of
receipt of a complete pre-construction notification. In cases where the non-Federal
applicant has identified listed species or critical habitat that might be affected or is in
the vicinity of the activity, and has so notified the Corps, the applicant shall not begin
work until the Corps has provided notification that the proposed activity will have “no
effect” on listed species or critical habitat, or until ESA section 7 consultation has been
completed. If the non-Federal applicant has not heard back from the Corps within 45
days, the applicant must still wait for notification from the Corps.

(d) As a result of formal or informal consultation with the FWS or NMFS the district
engineer may add species-specific permit conditions to the NWPs.

(e) Authorization of an activity by an NWP does not authorize the “take” of a
threatened or endangered species as defined under the ESA. In the absence of
separate authorization (e.g., an ESA Section 10 Permit, a Biological Opinion with
“incidental take” provisions, etc.) from the FWS or the NMFS, the Endangered Species
Act prohibits any person subject to the jurisdiction of the United States to take a listed
species, where "take" means to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct. The word “harm” in
the definition of “take" means an act which actually kills or injures wildlife. Such an act
may include significant habitat modification or degradation where it actually kills or
injures wildlife by significantly impairing essential behavioral patterns, including
breeding, feeding or sheltering.

(f) If the non-federal permittee has a valid ESA section 10(a)(1)(B) incidental take
permit with an approved Habitat Conservation Plan for a project or a group of projects
that includes the proposed NWP activity, the non-federal applicant should provide a
copy of that ESA section 10(a)(1)(B) permit with the PCN required by paragraph (c) of
this general condition. The district engineer will coordinate with the agency that
issued the ESA section 10(a)(1)(B) permit to determine whether the proposed NWP
activity and the associated incidental take were considered in the internal ESA section
7 consultation conducted for the ESA section 10(a)(1)(B) permit. If that coordination
results in concurrence from the agency that the proposed NWP activity and the
associated incidental take were considered in the internal ESA section 7 consultation
for the ESA section 10(a)(1)(B) permit, the district engineer does not need to conduct
a separate ESA section 7 consultation for the proposed NWP activity. The district
engineer will notify the non-federal applicant within 45 days of receipt of a complete
pre-construction notification whether the ESA section 10(a)(1)(B) permit covers the
proposed NWP activity or whether additional ESA section 7 consultation is required.

(9) Information on the location of threatened and endangered species and their
critical habitat can be obtained directly from the offices of the FWS and NMFS or their
World Wide Web pages at http://www.fws.gov/ or http://www.fws.gov/ipac and
http://www.nmfs.noaa.gov/pr/species/esal respectively.

19. Migratory Birds and Bald and Golden Eagles. The permittee is responsible for
ensuring their action complies with the Migratory Bird Treaty Act and the Bald and
Golden Eagle Protection Act. The permittee is responsible for contacting appropriate
local office of the U.S. Fish and Wildlife Service to determine applicable measures to
reduce impacts to migratory birds or eagles, including whether “incidental take”
permits are necessary and available under the Migratory Bird Treaty Act or Bald and
Golden Eagle Protection Act for a particular activity.

20. Historic Properties.

(a) In cases where the district engineer determines that the activity may have the
potential to cause effects to properties listed, or eligible for listing, in the National
Register of Historic Places, the activity is not authorized, until the requirements of
Section 106 of the National Historic Preservation Act (NHPA) have been satisfied.

(b) Federal permittees should follow their own procedures for complying with the
requirements of section 106 of the National Historic Preservation Act. If pre-
construction notification is required for the proposed NWP activity, the Federal
permittee must provide the district engineer with the appropriate documentation to



demonstrate compliance with those requirements. The district engineer will verify that
the appropriate documentation has been submitted. If the appropriate documentation
is not submitted, then additional consultation under section 106 may be necessary.
The respective federal agency is responsible for fulfilling its obligation to comply with
section 106.

(c) Non-federal permittees must submit a pre-construction notification to the
district engineer if the NWP activity might have the potential to cause effects to any
historic properties listed on, determined to be eligible for listing on, or potentially
eligible for listing on the National Register of Historic Places, including previously
unidentified properties. For such activities, the pre-construction notification must state
which historic properties might have the potential to be affected by the proposed NWP
activity or include a vicinity map indicating the location of the historic properties or the
potential for the presence of historic properties. Assistance regarding information on
the location of, or potential for, the presence of historic properties can be sought from
the State Historic Preservation Officer, Tribal Historic Preservation Officer, or
designated tribal representative, as appropriate, and the National Register of Historic
Places (see 33 CFR 330.4(g)). When reviewing pre-construction notifications, district
engineers will comply with the current procedures for addressing the requirements of
section 106 of the National Historic Preservation Act. The district engineer shall make
a reasonable and good faith effort to carry out appropriate identification efforts, which
may include background research, consultation, oral history interviews, sample field
investigation, and field survey. Based on the information submitted in the PCN and
these identification efforts, the district engineer shall determine whether the proposed
NWP activity has the potential to cause effects on the historic properties. Section 106
consultation is not required when the district engineer determines that the activity does
not have the potential to cause effects on historic properties (see 36 CFR 800.3(a)).
Section 106 consultation is required when the district engineer determines that the
activity has the potential to cause effects on historic properties. The district engineer
will conduct consultation with consulting parties identified under 36 CFR 800.2(c)
when he or she makes any of the following effect determinations for the purposes of
section 106 of the NHPA: no historic properties affected, no adverse effect, or adverse
effect. Where the non-Federal applicant has identified historic properties on which the
activity might have the potential to cause effects and so notified the Corps, the non-
Federal applicant shall not begin the activity until notified by the district engineer either
that the activity has no potential to cause effects to historic properties or that NHPA
section 106 consultation has been completed.

(d) For non-federal permittees, the district engineer will notify the prospective
permittee within 45 days of receipt of a complete pre-construction notification whether
NHPA section 106 consultation is required. If NHPA section 106 consultation is
required, the district engineer will notify the non-Federal applicant that he or she
cannot begin the activity until section 106 consultation is completed. If the non-Federal
applicant has not heard back from the Corps within 45 days, the applicant must still
wait for notification from the Corps.

(e) Prospective permittees should be aware that section 110k of the NHPA (54
U.S.C. 306113) prevents the Corps from granting a permit or other assistance to an
applicant who, with intent to avoid the requirements of section 106 of the NHPA, has
intentionally significantly adversely affected a historic property to which the permit
would relate, or having legal power to prevent it, allowed such significant adverse
effect to occur, unless the Corps, after consultation with the Advisory Council on
Historic Preservation (ACHP), determines that circumstances justify granting such

assistance despite the adverse effect created or permitted by the applicant. If
circumstances justify granting the assistance, the Corps is required to notify the ACHP
and provide documentation specifying the circumstances, the degree of damage to the
integrity of any historic properties affected, and proposed mitigation. This
documentation must include any views obtained from the applicant, SHPO/THPO,
appropriate Indian tribes if the undertaking occurs on or affects historic properties on
tribal lands or affects properties of interest to those tribes, and other parties known to
have a legitimate interest in the impacts to the permitted activity on historic properties.

21. Discovery of Previously Unknown Remains and Artifacts. If you discover any
previously unknown historic, cultural or archeological remains and artifacts while
accomplishing the activity authorized by this permit, you must immediately notify the
district engineer of what you have found, and to the maximum extent practicable,
avoid construction activities that may affect the remains and artifacts until the required
coordination has been completed. The district engineer will initiate the Federal, Tribal,
and state coordination required to determine if the items or remains warrant a
recovery effort or if the site is eligible for listing in the National Register of Historic
Places.

22. Designated Critical Resource Waters. Critical resource waters include, NOAA-
managed marine sanctuaries and marine monuments, and National Estuarine
Research Reserves. The district engineer may designate, after notice and opportunity
for public comment, additional waters officially designated by a state as having
particular environmental or ecological significance, such as outstanding national
resource waters or state natural heritage sites. The district engineer may also
designate additional critical resource waters after notice and opportunity for public
comment.

(a) Discharges of dredged or fill material into waters of the United States are not
authorized by NWPs 7, 12, 14, 16, 17, 21, 29, 31, 35, 39, 40, 42, 43, 44, 49, 50, 51,
and 52 for any activity within, or directly affecting, critical resource waters, including
wetlands adjacent to such waters.

(b) For NWPs 3, 8, 10, 13, 15, 18, 19, 22, 23, 25, 27, 28, 30, 33, 34, 36, 37, 38,
and 54, notification is required in accordance with general condition 32, for any activity
proposed in the designated critical resource waters including wetlands adjacent to
those waters. The district engineer may authorize activities under these NWPs only
after it is determined that the impacts to the critical resource waters will be no more
than minimal.

23. Mitigation. The district engineer will consider the following factors when
determining appropriate and practicable mitigation necessary to ensure that the
individual and cumulative adverse environmental effects are no more than minimal:

(a) The activity must be designed and constructed to avoid and minimize adverse
effects, both temporary and permanent, to waters of the United States to the
maximum extent practicable at the project site (i.e., on site).

(b) Mitigation in all its forms (avoiding, minimizing, rectifying, reducing, or
compensating for resource losses) will be required to the extent necessary to ensure
that the individual and cumulative adverse environmental effects are no more than
minimal.

(c) Compensatory mitigation at a minimum one-for-one ratio will be required for all
wetland losses that exceed 1/10-acre and require pre-construction notification, unless



the district engineer determines in writing that either some other form of mitigation
would be more environmentally appropriate or the adverse environmental effects of
the proposed activity are no more than minimal, and provides an activity-specific
waiver of this requirement. For wetland losses of 1/10-acre or less that require pre-
construction notification, the district engineer may determine on a case-by-case basis
that compensatory mitigation is required to ensure that the activity results in only
minimal adverse environmental effects.

(d) For losses of streams or other open waters that require pre-construction
notification, the district engineer may require compensatory mitigation to ensure that
the activity results in no more than minimal adverse environmental effects.
Compensatory mitigation for losses of streams should be provided, if practicable,
through stream rehabilitation, enhancement, or preservation, since streams are
difficult-to-replace resources (see 33 CFR 332.3(€)(3)).

(e) Compensatory mitigation plans for NWP activities in or near streams or other
open waters will normally include a requirement for the restoration or enhancement,
maintenance, and legal protection (e.g., conservation easements) of riparian areas
next to open waters. In some cases, the restoration or maintenance/protection of
riparian areas may be the only compensatory mitigation required. Restored riparian
areas should consist of native species. The width of the required riparian area will
address documented water quality or aquatic habitat loss concerns. Normally, the
riparian area will be 25 to 50 feet wide on each side of the stream, but the district
engineer may require slightly wider riparian areas to address documented water
quality or habitat loss concerns. If it is not possible to restore or maintain/protect a
riparian area on both sides of a stream, or if the waterbody is a lake or coastal waters,
then restoring or maintaining/protecting a riparian area along a single bank or
shoreline may be sufficient. Where both wetlands and open waters exist on the project
site, the district engineer will determine the appropriate compensatory mitigation (e.g.,
riparian areas and/or wetlands compensation) based on what is best for the aquatic
environment on a watershed basis. In cases where riparian areas are determined to
be the most appropriate form of minimization or compensatory mitigation, the district
engineer may waive or reduce the requirement to provide wetland compensatory
mitigation for wetland losses.

(f) Compensatory mitigation projects provided to offset losses of aquatic resources
must comply with the applicable provisions of 33 CFR part 332.

(1) The prospective permittee is responsible for proposing an appropriate
compensatory mitigation option if compensatory mitigation is necessary to ensure that
the activity results in no more than minimal adverse environmental effects. For the
NWPs, the preferred mechanism for providing compensatory mitigation is mitigation
bank credits or in-lieu fee program credits (see 33 CFR 332.3(b)(2) and (3)). However,
if an appropriate number and type of mitigation bank or in-lieu credits are not available
at the time the PCN is submitted to the district engineer, the district engineer may
approve the use of permittee-responsible mitigation.

(2) The amount of compensatory mitigation required by the district engineer
must be sufficient to ensure that the authorized activity results in no more than
minimal individual and cumulative adverse environmental effects (see 33 CFR
330.1(e)(3)). (See also 33 CFR 332.3(f)).

(3) Since the likelihood of success is greater and the impacts to potentially
valuable uplands are reduced, aquatic resource restoration should be the first
compensatory mitigation option considered for permittee-responsible mitigation.

(4) If permittee-responsible mitigation is the proposed option, the prospective
permittee is responsible for submitting a mitigation plan. A conceptual or detailed
mitigation plan may be used by the district engineer to make the decision on the NWP
verification request, but a final mitigation plan that addresses the applicable
requirements of 33 CFR 332.4(c)(2) through (14) must be approved by the district
engineer before the permittee begins work in waters of the United States, unless the
district engineer determines that prior approval of the final mitigation plan is not
practicable or not necessary to ensure timely completion of the required compensatory
mitigation (see 33 CFR 332.3(k)(3)).

(5) If mitigation bank or in-lieu fee program credits are the proposed option, the
mitigation plan only needs to address the baseline conditions at the impact site and
the number of credits to be provided.

(6) Compensatory mitigation requirements (e.g., resource type and amount to
be provided as compensatory mitigation, site protection, ecological performance
standards, monitoring requirements) may be addressed through conditions added to
the NWP authorization, instead of components of a compensatory mitigation plan (see
33 CFR 332.4(c)(1)(ii))-

(9) Compensatory mitigation will not be used to increase the acreage losses
allowed by the acreage limits of the NWPs. For example, if an NWP has an acreage
limit of 1/2-acre, it cannot be used to authorize any NWP activity resulting in the loss
of greater than 1/2-acre of waters of the United States, even if compensatory
mitigation is provided that replaces or restores some of the lost waters. However,
compensatory mitigation can and should be used, as necessary, to ensure that an
NWP activity already meeting the established acreage limits also satisfies the no more
than minimal impact requirement for the NWPs.

(h) Permittees may propose the use of mitigation banks, in-lieu fee programs, or
permittee-responsible mitigation. When developing a compensatory mitigation
proposal, the permittee must consider appropriate and practicable options consistent
with the framework at 33 CFR 332.3(b). For activities resulting in the loss of marine or
estuarine resources, permittee-responsible mitigation may be environmentally
preferable if there are no mitigation banks or in-lieu fee programs in the area that have
marine or estuarine credits available for sale or transfer to the permittee. For
permittee-responsible mitigation, the special conditions of the NWP verification must
clearly indicate the party or parties responsible for the implementation and
performance of the compensatory mitigation project, and, if required, its long-term
management.

(i) Where certain functions and services of waters of the United States are
permanently adversely affected by a regulated activity, such as discharges of dredged
or fill material into waters of the United States that will convert a forested or scrub-
shrub wetland to a herbaceous wetland in a permanently maintained utility line right-
of-way, mitigation may be required to reduce the adverse environmental effects of the
activity to the no more than minimal level.

24. Safety of Impoundment Structures. To ensure that all impoundment structures are
safely designed, the district engineer may require non-Federal applicants to
demonstrate that the structures comply with established state dam safety criteria or
have been designed by qualified persons. The district engineer may also require
documentation that the design has been independently reviewed by similarly qualified
persons, and appropriate modifications made to ensure safety.




25. Water Quality. Where States and authorized Tribes, or EPA where applicable,
have not previously certified compliance of an NWP with CWA section 401, individual
401 Water Quality Certification must be obtained or waived (see 33 CFR 330.4(c)).
The district engineer or State or Tribe may require additional water quality
management measures to ensure that the authorized activity does not result in more
than minimal degradation of water quality.

26. Coastal Zone Management. In coastal states where an NWP has not previously
received a state coastal zone management consistency concurrence, an individual
state coastal zone management consistency concurrence must be obtained, or a
presumption of concurrence must occur (see 33 CFR 330.4(d)). The district engineer
or a State may require additional measures to ensure that the authorized activity is
consistent with state coastal zone management requirements.

27. Regional and Case-By-Case Conditions. The activity must comply with any
regional conditions that may have been added by the Division Engineer (see 33 CFR
330.4(e)) and with any case specific conditions added by the Corps or by the state,
Indian Tribe, or U.S. EPA in its section 401 Water Quality Certification, or by the state
in its Coastal Zone Management Act consistency determination.

28. Use of Multiple Nationwide Permits. The use of more than one NWP for a single
and complete project is prohibited, except when the acreage loss of waters of the
United States authorized by the NWPs does not exceed the acreage limit of the NWP
with the highest specified acreage limit. For example, if a road crossing over tidal
waters is constructed under NWP 14, with associated bank stabilization authorized by
NWP 13, the maximum acreage loss of waters of the United States for the total project
cannot exceed 1/3-acre.

29. Transfer of Nationwide Permit Verifications. If the permittee sells the property
associated with a nationwide permit verification, the permittee may transfer the
nationwide permit verification to the new owner by submitting a letter to the
appropriate Corps district office to validate the transfer. A copy of the nationwide
permit verification must be attached to the letter, and the letter must contain the
following statement and signature:

“When the structures or work authorized by this nationwide permit are still in existence
at the time the property is transferred, the terms and conditions of this nationwide
permit, including any special conditions, will continue to be binding on the new
owner(s) of the property. To validate the transfer of this nationwide permit and the
associated liabilities associated with compliance with its terms and conditions, have
the transferee sign and date below.”

(Transferee)

(Date)

30. Compliance Certification. Each permittee who receives an NWP verification letter
from the Corps must provide a signed certification documenting completion of the
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authorized activity and implementation of any required compensatory mitigation. The
success of any required permittee-responsible mitigation, including the achievement of
ecological performance standards, will be addressed separately by the district
engineer. The Corps will provide the permittee the certification document with the
NWP verification letter. The certification document will include:

(a) A statement that the authorized activity was done in accordance with the NWP
authorization, including any general, regional, or activity-specific conditions;

(b) A statement that the implementation of any required compensatory mitigation
was completed in accordance with the permit conditions. If credits from a mitigation
bank or in-lieu fee program are used to satisfy the compensatory mitigation
requirements, the certification must include the documentation required by 33 CFR
332.3(1)(3) to confirm that the permittee secured the appropriate number and resource
type of credits; and

(c) The signature of the permittee certifying the completion of the activity and
mitigation.

The completed certification document must be submitted to the district engineer
within 30 days of completion of the authorized activity or the implementation of any
required compensatory mitigation, whichever occurs later.

31. Activities Affecting Structures or Works Built by the United States. If an NWP
activity also requires permission from the Corps pursuant to 33 U.S.C. 408 because it
will alter or temporarily or permanently occupy or use a U.S. Army Corps of Engineers
(USACE) federally authorized Civil Works project (a “USACE project”), the prospective
permittee must submit a pre-construction notification. See paragraph (b)(10) of
general condition 32. An activity that requires section 408 permission is not
authorized by NWP until the appropriate Corps office issues the section 408
permission to alter, occupy, or use the USACE project, and the district engineer issues
a written NWP verification.

32. Pre-Construction Notification.

(a) Timing. Where required by the terms of the NWP, the prospective permittee
must notify the district engineer by submitting a pre-construction notification (PCN) as
early as possible. The district engineer must determine if the PCN is complete within
30 calendar days of the date of receipt and, if the PCN is determined to be incomplete,
notify the prospective permittee within that 30 day period to request the additional
information necessary to make the PCN complete. The request must specify the
information needed to make the PCN complete. As a general rule, district engineers
will request additional information necessary to make the PCN complete only once.
However, if the prospective permittee does not provide all of the requested
information, then the district engineer will notify the prospective permittee that the
PCN is still incomplete and the PCN review process will not commence until all of the
requested information has been received by the district engineer. The prospective
permittee shall not begin the activity until either:

(1) He or she is notified in writing by the district engineer that the activity may
proceed under the NWP with any special conditions imposed by the district or
division engineer; or

(2) 45 calendar days have passed from the district engineer’s receipt of the
complete PCN and the prospective permittee has not received written notice
from the district or division engineer. However, if the permittee was required to
notify the Corps pursuant to general condition 18 that listed species or critical




habitat might be affected or are in the vicinity of the activity, or to notify the
Corps pursuant to general condition 20 that the activity might have the
potential to cause effects to historic properties, the permittee cannot begin the
activity until receiving written notification from the Corps that there is “no
effect” on listed species or “no potential to cause effects” on historic properties,
or that any consultation required under Section 7 of the Endangered Species
Act (see 33 CFR 330.4(f)) and/or section 106 of the National Historic
Preservation Act (see 33 CFR 330.4(g)) has been completed. Also, work
cannot begin under NWPs 21, 49, or 50 until the permittee has received
written approval from the Corps. If the proposed activity requires a written
waiver to exceed specified limits of an NWP, the permittee may not begin the
activity until the district engineer issues the waiver. If the district or division
engineer notifies the permittee in writing that an individual permit is required
within 45 calendar days of receipt of a complete PCN, the permittee cannot
begin the activity until an individual permit has been obtained. Subsequently,
the permittee’s right to proceed under the NWP may be modified, suspended,
or revoked only in accordance with the procedure set forth in 33 CFR
330.5(d)(2).

(b) Contents of Pre-Construction Notification: The PCN must be in writing and

include the following information:

(1) Name, address and telephone numbers of the prospective permittee;

(2) Location of the proposed activity;

(3) Identify the specific NWP or NWP(s) the prospective permittee wants to
use to authorize the proposed activity;

(4) A description of the proposed activity; the activity’s purpose; direct and
indirect adverse environmental effects the activity would cause, including the
anticipated amount of loss of wetlands, other special aquatic sites, and other
waters expected to result from the NWP activity, in acres, linear feet, or other
appropriate unit of measure; a description of any proposed mitigation
measures intended to reduce the adverse environmental effects caused by the
proposed activity; and any other NWP(s), regional general permit(s), or
individual permit(s) used or intended to be used to authorize any part of the
proposed project or any related activity, including other separate and distant
crossings for linear projects that require Department of the Army authorization
but do not require pre-construction notification. The description of the
proposed activity and any proposed mitigation measures should be sufficiently
detailed to allow the district engineer to determine that the adverse
environmental effects of the activity will be no more than minimal and to
determine the need for compensatory mitigation or other mitigation measures.
For single and complete linear projects, the PCN must include the quantity of
anticipated losses of wetlands, other special aquatic sites, and other waters for
each single and complete crossing of those wetlands, other special aquatic
sites, and other waters. Sketches should be provided when necessary to show
that the activity complies with the terms of the NWP. (Sketches usually clarify
the activity and when provided results in a quicker decision. Sketches should
contain sufficient detail to provide an illustrative description of the proposed
activity (e.g., a conceptual plan), but do not need to be detailed engineering
plans);

(5) The PCN must include a delineation of wetlands, other special aquatic
sites, and other waters, such as lakes and ponds, and perennial, intermittent,
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and ephemeral streams, on the project site. Wetland delineations must be
prepared in accordance with the current method required by the Corps. The
permittee may ask the Corps to delineate the special aquatic sites and other
waters on the project site, but there may be a delay if the Corps does the
delineation, especially if the project site is large or contains many wetlands,
other special aquatic sites, and other waters. Furthermore, the 45 day period
will not start until the delineation has been submitted to or completed by the
Corps, as appropriate;
(6) If the proposed activity will result in the loss of greater than 1/10-acre of
wetlands and a PCN is required, the prospective permittee must submit a
statement describing how the mitigation requirement will be satisfied, or
explaining why the adverse environmental effects are no more than minimal
and why compensatory mitigation should not be required. As an alternative,
the prospective permittee may submit a conceptual or detailed mitigation plan.
(7) For non-Federal permittees, if any listed species or designated critical
habitat might be affected or is in the vicinity of the activity, or if the activity is
located in designated critical habitat, the PCN must include the name(s) of
those endangered or threatened species that might be affected by the
proposed activity or utilize the designated critical habitat that might be affected
by the proposed activity. For NWP activities that require pre-construction
notification, Federal permittees must provide documentation demonstrating
compliance with the Endangered Species Act;
(8) For non-Federal permittees, if the NWP activity might have the potential to
cause effects to a historic property listed on, determined to be eligible for
listing on, or potentially eligible for listing on, the National Register of Historic
Places, the PCN must state which historic property might have the potential to
be affected by the proposed activity or include a vicinity map indicating the
location of the historic property. For NWP activities that require pre-
construction notification, Federal permittees must provide documentation
demonstrating compliance with section 106 of the National Historic
Preservation Act;
(9) For an activity that will occur in a component of the National Wild and
Scenic River System, or in a river officially designated by Congress as a “study
river” for possible inclusion in the system while the river is in an official study
status, the PCN must identify the Wild and Scenic River or the “study river”
(see general condition 16); and
(10) For an activity that requires permission from the Corps pursuant to 33
U.S.C. 408 because it will alter or temporarily or permanently occupy or use a
U.S. Army Corps of Engineers federally authorized civil works project, the pre-
construction notification must include a statement confirming that the project
proponent has submitted a written request for section 408 permission from the
Corps office having jurisdiction over that USACE project.
(c) Form of Pre-Construction Notification: The standard individual permit
application form (Form ENG 4345) may be used, but the completed application
form must clearly indicate that it is an NWP PCN and must include all of the
applicable information required in paragraphs (b)(1) through (10) of this general
condition. A letter containing the required information may also be used.
Applicants may provide electronic files of PCNs and supporting materials if the
district engineer has established tools and procedures for electronic submittals.
(d) Agency Coordination:




(1) The district engineer will consider any comments from Federal and state
agencies concerning the proposed activity’s compliance with the terms and
conditions of the NWPs and the need for mitigation to reduce the activity’s
adverse environmental effects so that they are no more than minimal.

(2) Agency coordination is required for: (i) all NWP activities that require pre-
construction notification and result in the loss of greater than 1/2-acre of
waters of the United States; (i) NWP 21, 29, 39, 40, 42, 43, 44, 50, 51, and 52
activities that require pre-construction notification and will result in the loss of
greater than 300 linear feet of stream bed,; (iii) NWP 13 activities in excess of
500 linear feet, fills greater than one cubic yard per running foot, or involve
discharges of dredged or fill material into special aquatic sites; and (iv) NWP
54 activities in excess of 500 linear feet, or that extend into the waterbody
more than 30 feet from the mean low water line in tidal waters or the ordinary
high water mark in the Great Lakes.

(3) When agency coordination is required, the district engineer will immediately
provide (e.g., via e-mail, facsimile transmission, overnight mail, or other
expeditious manner) a copy of the complete PCN to the appropriate Federal or
state offices (FWS, state natural resource or water quality agency, EPA, and, if
appropriate, the NMFS). With the exception of NWP 37, these agencies will
have 10 calendar days from the date the material is transmitted to notify the
district engineer via telephone, facsimile transmission, or e-mail that they
intend to provide substantive, site-specific comments. The comments must
explain why the agency believes the adverse environmental effects will be
more than minimal. If so contacted by an agency, the district engineer will wait
an additional 15 calendar days before making a decision on the pre-
construction notification. The district engineer will fully consider agency
comments received within the specified time frame concerning the proposed
activity’s compliance with the terms and conditions of the NWPs, including the
need for mitigation to ensure the net adverse environmental effects of the
proposed activity are no more than minimal. The district engineer will provide
no response to the resource agency, except as provided below. The district
engineer will indicate in the administrative record associated with each pre-
construction notification that the resource agencies’ concerns were
considered. For NWP 37, the emergency watershed protection and
rehabilitation activity may proceed immediately in cases where there is an
unacceptable hazard to life or a significant loss of property or economic
hardship will occur. The district engineer will consider any comments received
to decide whether the NWP 37 authorization should be modified, suspended,
or revoked in accordance with the procedures at 33 CFR 330.5.

(4) In cases of where the prospective permittee is not a Federal agency, the
district engineer will provide a response to NMFS within 30 calendar days of
receipt of any Essential Fish Habitat conservation recommendations, as
required by section 305(b)(4)(B) of the Magnuson-Stevens Fishery
Conservation and Management Act.

(5) Applicants are encouraged to provide the Corps with either electronic files
or multiple copies of pre-construction notifications to expedite agency
coordination.

DISTRICT ENGINEER'S DECISION:
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1. In reviewing the PCN for the proposed activity, the district engineer will determine
whether the activity authorized by the NWP will result in more than minimal individual
or cumulative adverse environmental effects or may be contrary to the public interest.
If a project proponent requests authorization by a specific NWP, the district engineer
should issue the NWP verification for that activity if it meets the terms and conditions
of that NWP, unless he or she determines, after considering mitigation, that the
proposed activity will result in more than minimal individual and cumulative adverse
effects on the aquatic environment and other aspects of the public interest and
exercises discretionary authority to require an individual permit for the proposed
activity. For a linear project, this determination will include an evaluation of the
individual crossings of waters of the United States to determine whether they
individually satisfy the terms and conditions of the NWP(s), as well as the cumulative
effects caused by all of the crossings authorized by NWP. If an applicant requests a
waiver of the 300 linear foot limit on impacts to streams or of an otherwise applicable
limit, as provided for in NWPs 13, 21, 29, 36, 39, 40, 42, 43, 44, 50, 51, 52, or 54, the
district engineer will only grant the waiver upon a written determination that the NWP
activity will result in only minimal individual and cumulative adverse environmental
effects. For those NWPs that have a waivable 300 linear foot limit for losses of
intermittent and ephemeral stream bed and a 1/2-acre limit (i.e., NWPs 21, 29, 39, 40,
42, 43, 44, 50, 51, and 52), the loss of intermittent and ephemeral stream bed, plus
any other losses of jurisdictional waters and wetlands, cannot exceed 1/2-acre.

2. When making minimal adverse environmental effects determinations the district
engineer will consider the direct and indirect effects caused by the NWP activity. He
or she will also consider the cumulative adverse environmental effects caused by
activities authorized by NWP and whether those cumulative adverse environmental
effects are no more than minimal. The district engineer will also consider site specific
factors, such as the environmental setting in the vicinity of the NWP activity, the type
of resource that will be affected by the NWP activity, the functions provided by the
aquatic resources that will be affected by the NWP activity, the degree or magnitude to
which the aquatic resources perform those functions, the extent that aquatic resource
functions will be lost as a result of the NWP activity (e.g., partial or complete loss), the
duration of the adverse effects (temporary or permanent), the importance of the
aquatic resource functions to the region (e.g., watershed or ecoregion), and mitigation
required by the district engineer. If an appropriate functional or condition assessment
method is available and practicable to use, that assessment method may be used by
the district engineer to assist in the minimal adverse environmental effects
determination. The district engineer may add case-specific special conditions to the
NWP authorization to address site-specific environmental concerns.

3. If the proposed activity requires a PCN and will result in a loss of greater than 1/10-
acre of wetlands, the prospective permittee should submit a mitigation proposal with
the PCN. Applicants may also propose compensatory mitigation for NWP activities
with smaller impacts, or for impacts to other types of waters (e.g., streams). The
district engineer will consider any proposed compensatory mitigation or other
mitigation measures the applicant has included in the proposal in determining whether
the net adverse environmental effects of the proposed activity are no more than
minimal. The compensatory mitigation proposal may be either conceptual or detailed.
If the district engineer determines that the activity complies with the terms and
conditions of the NWP and that the adverse environmental effects are no more than
minimal, after considering mitigation, the district engineer will notify the permittee and



include any activity-specific conditions in the NWP verification the district engineer
deems necessary. Conditions for compensatory mitigation requirements must comply
with the appropriate provisions at 33 CFR 332.3(k). The district engineer must
approve the final mitigation plan before the permittee commences work in waters of
the United States, unless the district engineer determines that prior approval of the
final mitigation plan is not practicable or not necessary to ensure timely completion of
the required compensatory mitigation. If the prospective permittee elects to submit a
compensatory mitigation plan with the PCN, the district engineer will expeditiously
review the proposed compensatory mitigation plan. The district engineer must review
the proposed compensatory mitigation plan within 45 calendar days of receiving a
complete PCN and determine whether the proposed mitigation would ensure the NWP
activity results in no more than minimal adverse environmental effects. If the net
adverse environmental effects of the NWP activity (after consideration of the mitigation
proposal) are determined by the district engineer to be no more than minimal, the
district engineer will provide a timely written response to the applicant. The response
will state that the NWP activity can proceed under the terms and conditions of the
NWP, including any activity-specific conditions added to the NWP authorization by the
district engineer.

4. If the district engineer determines that the adverse environmental effects of the
proposed activity are more than minimal, then the district engineer will notify the
applicant either: (a) that the activity does not qualify for authorization under the NWP
and instruct the applicant on the procedures to seek authorization under an individual
permit; (b) that the activity is authorized under the NWP subject to the applicant’s
submission of a mitigation plan that would reduce the adverse environmental effects
so that they are no more than minimal; or (c) that the activity is authorized under the
NWP with specific modifications or conditions. Where the district engineer determines
that mitigation is required to ensure no more than minimal adverse environmental
effects, the activity will be authorized within the 45-day PCN period (unless additional
time is required to comply with general conditions 18, 20, and/or 31, or to evaluate
PCNs for activities authorized by NWPs 21, 49, and 50), with activity-specific
conditions that state the mitigation requirements. The authorization will include the
necessary conceptual or detailed mitigation plan or a requirement that the applicant
submit a mitigation plan that would reduce the adverse environmental effects so that
they are no more than minimal. When compensatory mitigation is required, no work in
waters of the United States may occur until the district engineer has approved a
specific mitigation plan or has determined that prior approval of a final mitigation plan
is not practicable or not necessary to ensure timely completion of the required
compensatory mitigation.

Further Information:

1. District Engineers have authority to determine if an activity complies with the terms
and conditions of an NWP.

2. NWPs do not obviate the need to obtain other federal, state, or local permits,
approvals, or authorizations required by law.

3. NWPs do not grant any property rights or exclusive privileges.

4. NWPs do not authorize any injury to the property or rights of others.

5. NWPs do not authorize interference with any existing or proposed Federal project
(see general condition 31).
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SECTION 401 WATER QUALITY CERTIFICATION (4/7/17):

The State Water Control Board issued conditional 8401 Water Quality Certification for
NWP 3 as meeting the requirements of the Virginia Water Protection Permit
Regulation, which serves as the Commonwealth’s 8401 Water Quality Certification,
provided that: (1) the deviations from the original configuration or filled area do not
change the character, scope, or size of the original design or approved alternative
design; (2) the discharge: a) would not increase the capacity of an impoundment, or b)
would not reduce instream flows; (3) any compensatory mitigation meets the
requirements in the Code of Virginia, Section 62. 1-44.15:23 A through C, except in
the absence of same river watershed alternatives in Hydrologic Unit Codes (HUC)
02040303 and 02040304, single family dwellings or locality projects may use
compensatory mitigation in HUC 02080102, 02080108, 02080110, or 02080111 in
Virginia; (4) the Corps of Engineers shall provide DEQ an annual report of projects
authorized by this Nationwide Permit that includes detailed information on physical
changes to water withdrawal structures, such as the maintenance of an intake, dam,
weir, or water diversion structure that are deviations from the original configuration, or
are a change in the character, scope, or size of the original design, or where those
deviations would otherwise reduce instream flows.

COASTAL ZONE MANAGEMENT ACT CONSISTENCY DETERMINATION (4/5/17):

Based on the comments submitted by the agencies administering the enforceable
policies of the Virginia CZM Program, DEQ concurs that the 2017 NWPs and Virginia
Regional Conditions as proposed, are consistent with the Virginia CZM Program
provided the following conditions, discussed below, are satisfied:

1) Prior to construction, applicants shall obtain all required permits and approvals for
activities to be performed that are applicable to the Virginia CZM Program's
enforceable policies, and that applicants adhere to all the conditions contained therein.

The Virginia Marine Resources Commission's (VMRC) concurrence of consistency
with regard to the fisheries management, subaqueous lands management, wetlands
management, and dunes management enforceable policies is based on the
recognition that prospective permittees may be required to obtain additional state
and/or local approvals from the VMRC and/or the local wetlands board prior to
commencement of work in both tidal and nontidal waters under the agency's
jurisdiction. Such approvals must precede implementation of the projects.

2) The DEQ Office of Wetlands and Stream Protection (OWSP) has provided 8401
Clean Water Act (CWA) Water Quality Certification for the 2017 NWPs and Regional
Conditions, applicable to the wetlands management and point source pollution control
enforceable policies of the Virginia CZM Program. The activities that qualify for the
NWPs must meet the requirements of DEQ's Virginia Water Protection Permit
Regulation (9 VAC 25-210-130) and the permittee must abide by the conditions of the
NWP. DEQ-OWSP has identified specific NWP exceptions. DEQ will process an
individual application for a permit or a certificate or otherwise take action pursuant to 9
VAC 25-210-80 et seq. for those activities covered by an NWPs that have not received
blanket 8401 CWA Water Quality Certification.



The Corps should forward pre-construction notifications to DEQ for applicants that do
not comply with or cannot meet the conditions of the 8401 CWA Water Quality
Certification. Further, the Commonwealth reserves its right to require an individual
application for a permit or a certificate or otherwise take action on any specific project
that could otherwise be covered under any of the NWPs when it determines on a
case-by-case basis that concerns for water quality and the aquatic environment so
indicate.

In accordance with the Federal Consistency Regulations at 15 CFR Part 930, section
930. 4, this conditional concurrence is based on the applicants demonstrating to the
Corps that they have obtained, or will obtain, all necessary authorizations prior to
implementing a project which qualifies for a NWP. If the requirements of section 930.
4, sub-paragraphs (a)(1) through (a)(3) are not met, this conditional concurrence
becomes an objection under 15 CFR Part 930, section 940.43.
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Enclosure 6

ATTACHMENTS FOR RAI VAR-1

Virginia Electric and Power Company
(Dominion Energy Virginia or Dominion)
Surry Power Station Units 1 and 2



Domunion Energy Sameces, nc
5000 Domumon Boulevard, Glon Allen, VA 23060
DonumonErergy com

Dominion
Energy

|\

BY U.S MAIL
RETURN RECEIPT REQUESTED

January 23,2019

Mr. Joseph Bryan

Department of Environmental Quality
Piedmont Regional Office

4949-A Cox Road

Glen Allen, VA 23060

RE: Dominion Energy-Surry Power Station VPDES Permit No. VA0004090
CWIS- 2018 Annual Certification and Effectiveness of Control Measures

Dear Mr. Bryan:

In accordance with Part I.E.5 of the subject permit, Dominion Energy is hereby certifying that no
substantial changes have occurred in the operations of any unit at the Surry Power Station that impacts
cooling water withdrawals or operation of any cooling water intake structure (CWIS).

In accordance with Part 1.E.6, Dominion is providing the following information:

a. The station maintained interim Best Technology Available (BTA) measures to minimize adverse
impacts. Each operating cooling water intake structure utilized a modified traveling screen, low-
pressure screen wash system, and a fish return system.

b. During 2018 no Federally-listed threatened or endangered species were observed or collected
during station activities around the intake, such as removal of debris from the intake trash racks.
Also, no impingement or entrainment samples were collected in 2018.

Should you require additional information, please contact Oula Shehab-Dandan at (804) 273-2697 or via
email oula.k.shehab-dandan@dominionenergy.com.

I certify under penally of law that this document and all attachments were prepared under my direction or
supervision in accordance with a system designed to assure that qualified personnel properly gather and
evaluate the information submitted. Based on my inquiry of the person or persons who manage the
system, or those persons directly responsible for gathering the information, the information submitted is,
to the best of my knowledge and belief, true, accurate, and complete. 1 am aware that there are
significant penalties for submitting false information, including the possibility of fine and imprisonment
for knowing violations.

Sincerely,

L Ll

Jason E. Williams
Director, Environmental



Dominion Surry Power Station
VA0004090
Ebc page | of 1

Please send electronic copy to:
Amanda Tornabene
Jason Williams
Barry Garber
Phyllis Wells
Ken Roller
Bob Graham
Karen Canody
Oula Shehab-Dandan
Beverly Wood
Jason Ericson

Documentum/Water-NPDESVCompliance Documentation /Surry/SU VA0004090 Cooling Water
Intake Structures-2018 Annual Certification



VIRGINIA POWER

CORRESPONDENCE REVIEW AND APPROVAL FORM

DOCUMENT | RESPONSE DUE TO THE DEQ (FIRM DUEin | PLANNED DOCUMENT
SERIAL DEQ'’s hands) 1/10/2019 APPROVAL (NOT FIRM
NUMBER DUE)
*Review due tfo Corporate EES by 12/31/2018 N/A

for signature and submittal to DEQ

5-DAY (OR 3-DAY) RULE FOR STATION PLANNED STATION
APPROVAL APPROVAL
12/27/18

DOCUMENT | Surry Power Station —SPS Cooling Water Intake Structure 2018 Annual
TITLE Certification Report — Management Approval for Submittal

ACTION PLAN ATTACHED YES NO[* | REASON:N/A

VOA ATTACHED YES NO [ x | REASON: NJA

COGNIZANT LICENSING ENGINEER: Phyllis G. Wells x2377

COMMENTS: There were no deviations or issues found during 2018 for the SPS Cooling Water Intake
Structure, 316b Weekly Inspections, and that no Impingement or Entrainment Sampling had been
completed during 2018.

The Annual Report is required by the VPDES Permit to be submitted annually to document our compliance
with the 316b Intake Structure management regulations.

Need Management Approval for submittal of the 2018 316b Annual Certification Report,

The letter and required certification will be signed by the Director of Environmental Services at
Corporate on January 2, 2018. Corporate Environmental had wanted us to obtain Station Management
Review and Approval prior to my retirement on December 31, to ensure that the report will be able to be
submitted to the VA DEQ on time.

DATE
REVIEWERS INITIAL RECEIVED INITIALED
x | LICENSING LEAD —Senior Environmental w }
Compliance Coordinator (\M&IIS) Q 4 ]&] ]OJ,% J&\I]Ol N

DIRECTOR — SITE ENGINEERING

MANAGER - MAINTENANCE

MANAGER - OPERATIONS

MANAGER — RAD PROTECTION/CHEMISTRY

MANAGER - OUTAGE & PLANNING

MANAGER - NUCLEAR SITE SERVICES

MANAGER - TRAINING

x | MANAGER — LICENSING CGarber) WA 12fofry | s2/nf1 &

x | DIRECTOR - SAFETY & LICENSING (aawer\ NG ' iz.013/18
PLANT MANAGER — NUCLEAR = &=

x_| SITE VICE PRESIDENT ( Gowutr for e L, 12188

Mladen )




Dominion Energy Sarwces. no ’ HS Y1

5000 Domanen Boulevard, Glar Allen, VA 23060 , Domlnlon

DotmirnonEnesay com g Energy
BY U.S MAIL

RETURN RECEIPT REQUESTED

January 29, 2018

Ms. Emilee Adamson

Department of Environmental Quality
Piedmont Regional Office

4949-A Cox Road

Glen Allen, VA 23060

RE: Dominion Energy-Surry Power Station VPDES Permit No. VA0004090
CWIS- 2017 Annual Certification and Effectiveness of Control Measures

Dear Ms. Emilee Adamson:

In accordance with Part L.LE.5 of the subject permit, Dominion Energy is hereby certifying that no
substantial changes have occurred in the operations of any unit at the Surry Power Station that
impacts cooling water withdrawals or operation of any cooling water intake structure (CWIS).

In accordance with Part 1.E.6, Dominion is providing the following information:

a. The station maintained interim Best Technology Available (BTA) measures to minimize
adverse impacts. Each operating cooling water intake structure utilized a modified
traveling screen, low-pressure screen wash system, and a fish return system.

b. During 2017 no Federally-listed threatened or endangered species were collected while
sampling for the 316(b) biological studies.

Entrainment samples were generally collected from the Unit 1B intake bay twice a month
from January through July 2017. Samples consisted of approximately 100 m’ of water
pumped from the near-surface, mid-water, and near-bottom and filtered through 330 um
plankton nets approximately every 6 hours over a 24-hour period. Taxa identifications
were made in the laboratory. A total of 168 entrainment samples were collected in 2017.
No impingement samples were collected in 2017.

c. During 2017 no Federally-listed threatened or endangered species were observed or
collected during station activities around the intake, such as removal of debris from the
intake trash racks; therefore no Federally-listed threatened or endangered species were
impacted by injury or death.



VPDES Permit No. VA0004090
CWIS-2017 Annual Certification and
Effectiveness of Control Measures

Should you require additional information, please contact Oula Shehab-Dandan at (804) 273-
2697 or via email oula.k.shehab-dandan(@dominionenergy.com.

[ certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.

Sincerely,
P
_~"Tason E Williams

Director, Environmental



VPDES Permit No. VA0004090
CWIS-2017 Annual Certification and
Effectiveness of Control Measures
Ebc page 1 of |

Please send electronic copy to:
Pamela Faggert
Jason Williams
Fred Mladen
Barry Garber
Phyllis Wells
Ken Roller
Bob Graham
Karen Canody
Oula Shehab-Dandan
Amelia Boschen

Documentum/Water-NPDESVCompliance Documentation /Surry/SU VA0004090 Cooling
Water Intake Structures-2017 Annual Certification
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2/7118

DOCUMENT | Surry Power Station —SPS Cooling Water Intake Structure 2017 Annual
TITLE Certification Report — Management Approval for Submittal
ACTION PLAN ATTACHED YES NO|® |REASON:N/A
VOA ATTACHED YES NO|x |REASON:N/A

COGNIZANT LICENSING ENGINEER:

Phyllis G. Wells x2377

COMMENTS: There were no deviations or issues found during 2017 for the SPS Cooling Water Intake
Structure, 316b Weekly Inspections or the Entrainment Sampling.
The Annual Report is required by the VPDES Permit to be submitted to document our compliance with the

316b Intake Structure management regulations.

Need Management Approval for submittal of the 316b Annual Certification Report.

The cover letter and required certification will be signed by the Director of Environmental Services at
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Pamela I. Faggert
Viue President and Chief Environmental Officer

e o &
Dominion

Dominion Resources Services, Inc.
© 5000 Dominion Boulevard, Glen Allen, VA 23060 .
Phone: 804-273-3467

Certified Mail

Return Receipt Requested

December 29, 2008

Mr. Ray Jenkins

Virginia Department of Environmental Quality
Piedmont Regional Office

4949-A Cox Road

Gilen Allen, VA 23060

RE:  Surry Power Station VPDES Permit VA0004090
Section 316(b) Phase Il Requirement
Entrainment Characterization Report

Dear Mr. Jenkins:

Please find enclosed the Entrainment Characterization Report submittal for the Surry Power
Station as required by the VPDES permit VA0004090, Part 1.C.17,

I certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluatc the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, o the best of my knowledge and belief, true, accurate
and complete. I am aware that there are significant penalties for submitting false information,
including the possibility of fire, and imprisonment for knowing violations.

If you have any questions, please contact Ms. Oula Shehab-Dandan at (804) 273-2697.
Si

Yoot P

Pamela F. Faggert

Enclosure
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1.0 INTRODUCTION

Surry Power Station is located on Gravel Neck peninsula on the James River,
approximately 30 miles upstream of the confluence with the Chesapeake Bay (Figurel).

The Proposal for Information Collection (PIC) Surry Power Station (Dominion 2005) was
submitted to the Virginia Department of Environmental Quality (VDEQ) in March 2005
and subsequently approved by VDEQ.

An entrainment characterization study for the Surry Power Station was initiated in June

- 2005 in accordance with the approved PIC and completed in May 2006 and is the subject
of this report. Impingement studies were not required in the PIC because the Ristroph
screens at Surry Power Station are deemed to be Best Technology Available for reduction
of impingement mortality (Dominion 2003).

This rcport represents the results of the Entrainment Characterization Study for Surry
Power Station based on field collections made between June 2005 and May 2006.




2.0 GENERATING STATION DESCRIPTION
- 2.1 SITE DESCRIPTION

Surry Power Station is located in southeastern Virginia on Gravel Neck Peninsula on the
James River in Surry County (Figure 1). The site is approximately 30 miles upstream of
the confluence of the James River with the Chesapcake Bay, and 44 miles to the
southcast of Richmond, Virginia.

22  STATION DESCRIPTION

Surry Power Station began commercial operation in 1972. The station comprises two
generating units with a combined electrical output of 1,710.8 MW. The station uses once-
through cooling with a shoreline intake structure and a discharge canal. The intake is
located on the downstream side of the Gravel Neck peninsula (Figure 1), and is oriented
parallel to the river flow (Dominion 2005; White and Brehmer 1976). Cooling water for
both units is withdrawn through a common low-level intake structure. This intake is
protected first by trash racks, then by eight Ristroph traveling water screens, cach 15-feet wide
and constructed of 1/8 by 1/2-inch mesh screening. The screens are designed to operate
continuously. Downstream of the Ristroph screens there are eight circulating-water
pumps that convey the screened intake water to a common high level intake canal that
serves both units. At full operation, the total station pump capacity is 6,662 M>/minute.
Cooling water in the high level intake canal enters a second screen house with
conventional traveling screens, 1s routed to the condensers and is ultimately

discharged back to the river on the upstrcam side of the peninsula.

The Ristroph screens in the low-level intake are considered state-of-the-art for protection
of impinged fish and other aquatic organisms. Installed in 1974, they are designed for
continuous operation to minimize contact (impingement) time of organisms. Other
protective features include low pressure screen-wash systems, troughs on the screens to
hold fish in water as the screens rotatc, and a fish return system to route impinged
organisms back to the river. The Ristroph screens originally had 3/8-inch mesh
screening, but were subsequently retrofitted with 1/8 by 1/2-inch rectangular mesh.




2.3  HABITAT AND BIOLOGICAL COMMUNITY

The James River at Surry Power Station is approximately 3.7 miles wide with main
channel depths ranging from 21 to 90 feet (Dominion 2005). There are extensive shallow
areas (< 6 feet) on both the upstream and downstrcam sides of the peninsula, The river is
tidal and cstuarine in nature, with an oligohaline salinity regime (typically 0.5-3 parts per
thousand). The area is a transitional zone between freshwater and seawater and thus
freshwater, cstuarine, and marine organisms may all be found there at certain times.
Bottom substrates vary from mud, clay, sand, pcbbles, and oyster beds.

A diverse assemblage of fishes has been recorded from the area, with 80 species
downstrcam of the station in brackish water, and 40 freshwater specics upstream
(Dominion 2005). Common estuarine and marine species include bay anchovy, striped
bass, white perch, weakfish, spot, American eel, and Atlantic menhaden. Typical
freshwater species include blue catfish, channel catfish, and commeon carp.

Numecrous aquatic invertebrate species are also found in the area, including zooplankton
(primarily copepods), amphipods (c.g., Gammarus), and benthic organisms such as
polychaeie worms and shellfish. The latter include soft-shell clams (Rangia), American
oyster, blue crab, spider crab, several specics of shrimp, and other forms.




3.0 ENTRAINMENT STUDY AT SURRY POWER STATION
31 METHODS
3.1.1 Entrainment Sampling and Laboratory Processing

Entrainment sampling was carried out at Surry Power Station twice a month (cxcept for
sampling events misscd duc to weather or mechanical problems) from June 2003 through
May 2006. Samples were collected from a boat positioned in front of the cooling-water
intake. During each sampling event, duplicate 10-minute samples were collected from
near bottom, mid-depth, and near surface locations four times during the 24-hour period,
centered around: 1000, 1600, 2200, and 0400 hours. Samples were collected with 0.5-m
diameter mouth plankton nets constructed of S05-pm netting, cach afiixcd in a double-net
bongo frame. A General Oceanics 2030R or 2030R6 (low flow) mechanical flowmeter
was suspended in the mouth of each net. Flowmeter calibration was periodically checked
with a Gencral Oceanics Model 2030CF Flowmeter Calibration Frame.

Samples were preserved in 5 percent buffered formalin containing Rose Bengal dye and
transported to the laboratory for processing. Samples were sorted with the aid of lighted
magnifying rings 1o separate organisms from debris. Extremely abundant samples were
split with a Folsom plankton splitter to obtain manageable portions for sorting.
Subscquent to sorting, some samples containing large numbers of a single organism were
subsampled with a Henson-Stempel pipette. All fish eggs, larvac, and commercially
important shcllfish were stored in fabeled vials for subsequent identification.

Entrained organisms were identified under magnification. Taxonomic resources included
Fuiman et al. (1983), USFWS (1978), Wang and Kernehan (1979), Bullard (2003), and
Gosner (1971). For each sample, up to 20 fish larvae of each taxon were measured to the
nearest 0.1 mm with an ocular micrometer,

3.1.2 Ambient Ichthyoplankton Sampling

In conjunction with each entrainment sample, saraples were also collected from the
James River upstrcam, downstream, and adjacent to the intake centered around 1000,
1600, 2200 and 0400 hours. These samples were collected with a singlc 0.5-meter
diameter plankton nct consisting of 505-um netting, and with a General Oceanic 2030R
flowmeter affixed in the net mouth. Tows were made at mid-depth for 4.5 minutes




against the prevailing tide. Sampling locations are illustrated in Figure 2. Sample
processing and dala handling were as described for entrainment.

3.1.3 Ambient Juvenile and Adult Fish Sampling

Dominion Rescurces personnel conducted quarterly sampling of juvenile and adult fish in
the vicinity of Surry Power Station. Three stations were sampled by otter traw] and
beach haul seines, one station upstream, one downstream, and one near the intakes. At
each station, 30.5 meters of shoreline were seined and one otter trawl tow was conducted
for a ten minute period. Larger fish were identified, measured, weighed and released in
the field, and smaller fish were preserved and subsequently processed in the laboratory.

3.1.4 Waier Quality

Water quality measurements werc madc with a YSI Model 556 watcr quality analyzer
that was calibrated prior to each sampling event. All water quality parameters (water
temperature, dissolved oxygen, pH, and salinity) were measured at mid-depth in front of
the intake in association with each of the 4 entrainment samples during the 2-hour
sampling event. During ambient ichthyoplankton sampling in the river, watcr qualily was
measured at the mid-point of each sampling transect at surface, mid-depth, and bottom.

3.1.5 Data Analysis

All data were entered into an SQL Server database using an Access-based, “front-end”
data-entry template. Reports were then printed out and proofed against the original data
sheets, and electronic corrections made as necessary. All data manipulations,
calculations, and summaries included in this report were performed within the database.

An example of the entrainment calculation sequence is provided in Figurc 3 using actual
data from one of the sampling events at Surry Power Station. The density of Atlantic
silverside larvae in each individual samplc (24 per 24-hour event) is displayed by depth
and sampling time. Densities were averaged over the four sampling times, and then
averaged again to produce an average density for the 24-hour sampling period. This
24-hour average density was then multiplied by the maximum station cooling-water flow
in cubic meters, and then divided by 100 to calculate the total number of bay anchovy
larvae entrained during the 24-hour period. This value was then multiplied by the
number of calendar days represented by the 4/12-13/2006 sampling event to project the




total number of larvae entrained during that period. This value was then added to the
analogous values from the other 22 extrapolation periods during the study year to
estimate the total number of Atlantic silverside larvae entrained during the study vear,
under maximum cooling-water flow conditions. Additional calculation details are
provided in Appendix A.

3.2 RESULTS
3.2.1 Composition and Abundance

During the 2005-2006 study, 46 different taxa and life stages were identified from
cntrainment samples (Tables 1 — 3). Not unexpectedly, young life stages of invertebrates
composed the majority of organisms, nearly 97 percent, based on average annual density
{Table 2). Considering only young life stages of fish, gobies and bay anchovy were most
abundant; together they composed nearly 85 percent of all ichthyoplankton cntrained on
an annual average basis (Table 3). As indicated above, young life stages of bay anchovy
and naked goby were also most abundant in entrainment samples in the 1976-1978 study.

On a monthly basis, common species of ichthyoplankton and macroinvertcbrates
cxhibited typical density patterns (Table 4 and Appendix B). Atlantic croaker are fall
spawners (USFWS 1978) and consequently peak densities were in December (larvae) and
January (juveniles). The peak density of Atlantic silverside in April is consistent with the
species’ known spawning period. The blue crab, bay anchovy, and goby specics arc all
latc spring-¢arly summer spawners and this is reflected in Table 4.

Overall, cntrainment densities were much greater during the nighttime. This was driven
largely by the abundant taxa entrained (Figure 4). . Early momming (0400 hrs) dcnsitics
were trom 2 to 5 times greater than daytime densities for the most abundant taxa. For
larvae this may represent swim-up activity at night. The day-night pattern for bay
anchovy cggs is consistent with their documented spawning habits. Typically, spawning
occurs during the early evening hours (USFWS 1978), thus higher densitics may be
expected in late cvening and early morning. '

3.2.2 Length Frequency

Length-frequency distributions for several common species are displayed in Tables 5 —7.
All life stages of bay anchovy were captured during entrainment sampling. Post-yolk sac




larvae were evident from less than 4.9 mm to approximately 25 mm. Juveniles were in
the 25 — 40 mm range, and all larger individuals were likely adults. The growth progress
of the 2005-year class of bay anchovy can clearly be seen progressing from the upper left
in Table 5 (early season smaller individuals) to the lower right (larger individuals caught
during winter/spring). The length-frequency distribution for Atlantic croaker (Table 6) is
consistent with their offshore (oceanic) spawning location. Nearly all specimens
collected (10 — 55 mm) were juveniles that had metamorphosed from the larval form by
the time they had drifted into the site vicinity. No pattern is evident in the length
distribution of naked gobies (Table 7). This may be a result of their protracted spawning

habit, i.e., similar size larvae are available throughout the summer.

Water quality measurements during the study exhibited typical seasonal patterns
(Table 8). As water temperalure decreased into the winter period, dissolved oxygen
increased. Salinity was higher during the fall when there was less freshwater inflow.

3.2.3 Monthly and Annual Estimates of Total Entrainment

Entrainment density data were used in conjunction with station cooling-water flow data
to estimate the total number of cach fish and invertebrate taxon entrained, both on a
monthly and an annual basis (Table 9). The temporal distribution mirrors that discussed
above on a density basis. An estimated 53 billion organisms were entrained during the
study year. The largest total numbers of fish entrained were young life stages of bay
anchovy and naked goby. For all life stages combined, a total of 656.25 X 106 bay
anchovy and 390.15 X 10° naked goby were entrained during the survey year. Goby sp.
were among the highest numbers entrained at 440.16 X 108 for the year. Many of these
were likely naked goby also, but could not be confidently assigned to a specific species.
Young life stages of Atlantic silverside (60.94 X 105) and Atlantic croaker (111.98 X 106)
were also entrained in relatively high numbers.

Invertebrate species are typically much more abundant in the estuarine environment than
fish, and this is reflected in Table 9. Young life stages of bivalves (2,927.1 X 106 .
shrimp (35,690.5 X 10°), and crabs (13,337.1 X 10°) were the most abundant organisms
entrained. These are largely small forage species such as mud crabs and mysid shrimp.
As Lippson and Lippson (1984} pointed out, the opossum shrimp Neomysis americana
“occur in dense populations throughout the” Bay. Only the blue crab forms (73.18 X 10
for the year) represent a commercially important species.




3.2.4 Comparison of Entraininent and Ambient (River) Ichthyoplankton and
Shellfish Densitics

Mean densities for key ichthyoplankton and invertebrates collected in both entrainment
and ambient samples from the James River are displayed in Tables 10 and 11,
respectively. The data in the tables are means of all entrainment samples and river
ambient samples during each sampling event. (Appendix C contains monthly ambient
river densitics for all taxa.) Notwithstanding the fact the entrainment and river samples
were collected at the same time and in the near vicinity of each other, there are some
clear differences between the two programs. For one, the difference in bay anchovy eggs
early in the study stands out. The data in Tables 10 and 11 were plotted to provide a
simpler comparison of densitics in the two programs (Figures 5 — 10). With the
exception of bay anchovy eggs, there is a consistent pattern of higher densities in the
cntrainment samples. The reason for this is not readily apparent from the data. Tt conld
simply be a reflection of the natural “patchiness” that has been documented for plankton
populations. It is also possible that the shallow channel leading into, and the deeper
depression in front of the intake, concentrate larvae, in contrast to the shallow shelf over
which the ambicnt samples were collected (Figure 2). Also likely, mysid shrip and mud crabs
are near-shoreline inhabitors and therefore would not be present at the off-shore ambient
sampling stations. These organisms represenied the bulk of the entrainment collection.

Mcan watcr quality mcasurcments associated with ambient ichthyoplankton sampling are
displayed in Table 12.

3.2.5 Comparison of Entrainment Data and Ambient Juvenile and Adult Data

Dominion biologists collected quarterly sampling of juvenile and adult fish and also some
shellfish at three locations in the James River near Surry Power Station. Otter trawls and beach
seines were used in the program. The results of these surveys are displayed in Table 13.
Twenty-four specics of finfish and blue crab were collected during the survey, with Atlantic
silverside, bay anchovy, blue catfish, hogchoker, and spot being the most common. Although
relatively few in number in the ambient program (Table 13), Atlantic croaker were more
abundant during winter and this i1s also reflected in the entrainment data (Table 10).

Atlantic sifverside were abundant in the area, as reflected in the early season densities of




larvae (Table 10) and Septcmber abundance of juveniles and adults (Table 13). Eggs and
larvae of bay anchovy were common early in the season, and throughout much of the
study year as juveniles and adults (Tables 10 and 13). Several species common as
juveniles and adults—Dblue catfish, hogchoker, and spot—were present in low densities or
absent as young lifc stages (Appendices B and C). Conversely, naked goby were quite
commonly entrained during summer (Table 10) but were not collected in the
juvenile/adult program (Table 13).

The abundance of a species as young life stages and scarcity as juvenile/adults, and the
converse, cannot always be explained, but several observations are possible in the present
study. Blue catfish—first stocked in the James River in 1975 (Jenkins and Burkhead
1993)-—spawn on nests and provide parental protection, possibly in less saline water
upstream of Surry Power Station, and thus the young life stages would not likely be
entrained. Hogchokers can spawn at any salinity up to 24 parts per thousand (ppt), bul
prefer 10 — 16 ppt, which is generally higher than that found at Surry Power Station. Itis
not uncommon for naked goby larvae and juveniles to be common in cotrainment
sammples, but juveniles and adults are absent from ambient sampling programs because the
adults prefer oyster bars as habitat.

3.2.6 Historical Studies

Entrainment sampling was conducted at Surry Power Station during 1976-1978 (Vepco
1980). Samples were collected from the intake forebay and in the discharge canal using
paired, 0.5-meter plankton nets with S05pm mesh. Discrete samples were collected from
near bottom, mid-depth, and near surface locations. A total of 1,080 entrainment samples
were collected during this study period.

Although 39 taxa of fish larvae and/or eggs were documented during this study,
abundance was overwhelmingly dominated by bay anchovy eggs and larvae, and naked
goby larvae (91.1 percent of all organisms collected). Maximum concentrations of the
larvae of these forms occurred during early to mid-summer. Bay anchovy egg
concentrations peaked in mid-spring. The average maximum concentrations measurcd
over the three study years were:

bay anchovy eggs  62.6/M°
bay anchovy larvae 7.0/ M°
naked goby larvae  25.7/ M°




Although in much lower densities than bay anchovy or naked goby, other

ichthyoplankton that were regularly collected were larval and juvenile Atlantic croaker

and spot; larval and jﬁvenile Atlantic menhaden; all lifc stages of Atlantic, inland, and rough
silverside; and eggs and larvae of white perch. Shellfish were not required to be evaluated
in the earlier studies, therefore the historical and current studics are not directly comparable.

Bay anchovy eggs and goby larvae also dominated the 2005-2006 entrainment samples.
3.2.7 Summary

. An entrainment and ambient (river) ichthyoplankton study was carried out at Surry
Power Station from Junc 2005 through May 2006. Sampling was scheduled twice
per month and included four sample periods in 24-hours, each consisting of two
samples each from surface, mid-depth, and bottom in front of the intakes for entrainment,
and a single, mid-depth tow at each of three locations in the river ambient program.

. Forty-six different taxa and life stages of fish and invertebrates were entrained
during the study. Young lifc stages of invertebrates (e.g., crabs, shrimp)
accounted for the bulk of the samples, nearly 97 percent. Considering only fish,
the eggs, larvac, and juveniles of gobies and bay anchovy were most abundant,
accounting for 835 percent of the remaining 3 percent.

. Temporal abundance in both entrainment and river samples reflected the unique
reproductive strategics of the species. Early life stages of Atlantic silverside, bay
anchovy, and gobies were most abundant in spring and/or early summer. In
contrast, juveniles of the fall-spawning Atlantic croaker were most abundant in
winter, with a peak in January.

) Entrainment densities were markedly higher during nighttime.

) Based on maximum cooling-water flow at Surry Power Station, an estimated
53 billion organisms werc cntrained during the study year, the vast majority of
which were small invertebrates, primarily mysid shrimp. Annual estimates for
common ichthyoplankton ranged from 94 miilion Atlantic croaker juveniles to
448 miltion bay anchovy eggs.

) Measurements of dissolved oxygen, pH, salinity, and water femperaturc were
typical for the region and gave no indication of environmental stress.

10




Comparison of densities of common fish taxa and blue crab megalopac between
entrainment and ambient river collections indicated a tendency for greater
densities in entrainment, with the exception of bay anchovy eggs. This
phenomenon is unexplained, but may be related to “patchiness™ of plankton
distributions.

Many of the same taxa of ichthyoplankton entrained were recorded in Dominion's
juvenile and adult river sampling program.

The fish and shellfish collected in all of the studies in 2005-2006 were considered
representative for that year.

11
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SURRY POWER
STATION

Figure 1. Location of the Surry Power Station near Hog Island
on the James River, Virginia, (from White and Brehmer 1976).
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Figure 2
Location of Ambient Ichthyoplankton Tow Tracks at Surry Power Station

Tow tracks shown as red lines with red diamonds marking either end
Endpoints designated as:

SUUSI (Upstream)
SUUS2 (Upstream)
SUAJ1 (Adjacent)
SUAIJZ (Adjacent)
SUDSI (Downstream}
SUDS2 (Downstrcam)
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Number Entrained per 100 Cubic Meters

Sample Set: Average
Atlantic silverside larvae by
4/12-13/2006 Surface Middle Bottom Sampling
Left Right Left Right Left Right Period
10am 5 0 0 0 0 0 0.8
4PM 0 0 0 0 0 0 0.0
10PM 6 0 11 15 12 0 7.3
4AM 9 3 9 33 13 0 1.2
24-HOUR AVERAGE= 4.8

Maximum plant flow in
24 hours = 9,160,999 M*

Total larvae entrained
in the 24-hour period= 9,160,999 M3 X 4.8/100 M = 439,728 larvae

Calendar days represented
by the 4/12-13/2006
sample set = 18 days

Total larvae entrained
during the 18-day period
represented by the

4/12-13/2006 sample set = 18 days X 439,728 larvae = 7,915,104 larvae

Total larvae entrained 7,915,104 larvae entrained in 4/12-13/2006 18-day extrapolation period
fduring the study year =

PLUS
50,304,896 larvae entrained during remaining 22 extrapolation periods

= 58,220,000 larvae entrained during the study year

Figure 3 Entrainment Calculation Schematic: Extrapolation of Atlantic Silverside Larvae
Numbers from a Single Sampling Event to the Annual total, Surry Power Station




Mean Number per 100M*

Figure 4 Annual Average Density of Common Species Entrained at Surry Power
Station During Different Diel Periods
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Average Number per 100 Cubic Meters

Figure 5 Comparison of Entrainment and Ambient Ichthyoplankton Densities of Atlantic
Croaker Juveniles, Surry Power Station
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Average Number per 100 Cubic Meters

Figure 6 Comparison of Entrainment and Ambient Ichthyoplankton Densities of Atlantic
Silverside Larvae, Juveniles, and Adults, Surry Power Station
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Average Number per 100 Cubic Meters

400.00

Figure 7 Comparison of Entrainment and Ambient Ichthyoplankton Densities of Bay Anchovy
Eggs, Surry Power Station
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Figure 8 Comparison of Entrainment and Ambient Ichthyoplankton Densities of Bay Anchovy
Larvae, Juveniles, and Adults, Surry Power Station
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Average Number per 100 Cubic Meters

Figure 9 Comparison of Entrainment and Ambient Ichthyoplankton Densities of Naked Goby
Larvae and Juveniles, Surry Power Station
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Average Number per 100 Cubic Meters

Figure 10 Comparison of Entrainment and Ambient Plankton Densities of Blue Crab
Megalopae, Surry Power Station
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TABLE 1 LIST OF COMMON AND SCIENTIFIC NAMES OF FISH AND SHELLFISH
MENTIONED IN THIS REPORT

Family Common Name Scientific name
guillidae Freshwater eels American eel Anguilla rostrata
Engraulidac Anchovies Bay anchovy Anchoa mitchilli
lupeidae Herrings Alewife Alosa pseudoharengus
Blueback herring Alosa aestivalis
Hickory shad Alosa mediocris
Gizzard shad Dorosoma cepedianum
Atlantic menhaden Brevoortia tyrannus
yprinidae Carps and minnows Common carp Cyprinus carpio
ctaluridae North American catfishes Blue catfish Ietalurus furcatus
Channel catfish Letalurus punctatus
White catfish Ameiurus catus
ugilidae Mullets ‘White mullet Mugi cephalus
therinopsidae New World sitversides Rough silverside Membras martinica
Inland silverside Menidia beryllina
Atlantic silverside Menidia menidia
elonidae Needlefishes Atlantic needlefish Strengylura marina
Syngpathidae Pipefishes Northern pipefish Sygnathus fuscus
oronidae Temperate basses White perch Morone americana
Striped bass Morone saxatilis
entrarchidae Sunfishes Bluespotted sunfish Enneacanthus gloriosus
omatomidae Bluefishes Bluefish Pomatomus saltitrix
Scizenidae Drumns and croakers Silver perch Bairdiella chrysoura
Weakfish Cymoscion regalis
Spot Leiostomus xanthurus
Atlantic croaker Micrapogonias undulatus
lenniidae Combtooth blenntes Feather blenny Hypsoblennius hentz
obiidae Gobies Naked goby Gobiosoma bosc
Green goby Micregobius thalassinus
obiesocidae Clingfishes Skilletfish Gobiesox strumosus
Stromateidae Butterfishes karvestfish Peprilus paru




TABLE 1 (Continued)

(l Family Common Name Scientific name

[IParalichthyidae Sand loumders Summer flounder Paralichthys dentatys
chiridae American soles Hogchoker Trnecles maculalus
ynoglossidae Tonguefishes Blackcheek tonguefish Symphurus plagiusa
anthidae Mud crabs Depressed mud crab Eurypanopcus depressus
ortunidae Swimming crabs Blue crab Callinectes sapidus

Note: Common and scientific names of finfish follow Nelson et al. (2004); shellfish names based on Gosner (1971)




TABLE 2 AVERAGE DENSITY OF ICHTHYOPLANKTON AND

MACROINVERTEBRATES ENTRAINED AT SURRY POWER STATION,

JUNE 2005 -- MAY 2006

|| Cumulative
Species/Taxon No./100M® Percent Percent
[[shrimp 1004.78 85.77 85.77
[iother crab zoea 376.68 24.66 90.43
liBivatve young 83.26 5.45 95.88
lloby sp. 1atvae 12.22 0.80 96.68
llother crab megalopae 11.12 0.73 97.41
llBay anchovy egg 11.12 0.73 98.14
lInaked goby tarvae 8.67 Q.57 98.70
llBay anchovy juvenile/aduit 4.44 0.29 98.99
lInaked goby juvenite 4.13 0.27 09,26
[latantic croaker juvenile 2.72 0.18 99.44
llatiantic silverside larvae 1.81 0.12 99.56
llray anchovy farvae 1.67 0.11 99.67
[Blue Crab megalopae 1.37 0.09 99.76
IiBle Crab juvenile 0.58 Q.04 99.80
[latiantic croaker iarvae 0.49 0.03 99.83
IIFl'sh 8gg: undeterminad/damaged 0.48 0.03 99.86
liporsoma sp. egg 0.45 0.03 99.89
Illnveriebrale - undetermined 0.24 0.02 99.91
[lRough silverside larvae 0.20 .01 99.92
liniand silverside larvae 0.12 G.01 99.93
lFeather blenny larvae 0.13 .01 99.94
[isitver parch juvenite 0.12 0.01 99.95
[latiantic menhaden juvenile 0.12 0.01 99.98
[IFish larvae: undetermined/damaged 0.1 0.01 99.96
Spot juvenile 0.09 0.01 99.97
[lAnchoa sp. juvenile 0.07 <0.0% 99.97
lloepressed mud crab juvenite 0.06 <0.01 99.98
llcizzard shad larvae 0.05 <0.01 99.98
Anchoa sp. larvae 0.04 <0.01 99.98
[vhite perch juvenile/adul: 0.04 <0.01 99.99
IAtherinopsidae sp. egg 0.03 <0.01 99.99
[[Hogehoker tarvas 0.03 <0.M 99.99
Atlantic siiverside juyenile 0.02 <. 99.99
Atlantic menhaden egg 0.02 <0.01 99.99
HSiver perch larvae 0.01 <0.01 99.99
HClupeidae sp. juvenile/adult 0.01 <0.01 99.99
Atherinopsidae sp. larvae (.01 <0.01 99.99
[IClupeidae sp. larvae 0.01 <0.01 100.00
[INcrinern pipefish juvenile 0.01 <(}.01 100.00
[lamerican eel juventte (.01 <(0.01 100.00
[[B1ackeheek tonguefish juvenile 0.01 <0.01 100.00
spot larvae 0.01 <0.01 100.00
[[scizenidae sp. egg 0.01 <0.01 100.00
[[B1uespotted sunfish juvenile (.01 <0.01 100.00
[lasantic menhaden larvae 0.01 <0.01 100.00

* Primnanly mysid shrimp




TABLE 3 AVERAGE DENSITY AND PERCENT COMPOSITION OF
ICHTHYOPLANKTON ENTRAINED AT SURRY POWER STATION,
JUNE 2005 - MAY 2006

Cumulative
Species/Taxon No.1100M° Percent Percent
Goby sp. farvae 12.22 24.85 2485
|(Bay anchovy eqg 1%1.12 22.44 47.08
lINaked gaby iarvae 8.67 17.49 64.58
liBay anchovy juvenilefadult 4.44 8.96 73.53
|INaked aaby juvenils 413 8.33 81.86
[iatiantic croaker juvenite 2.72 5.50 87.36
latiantic silverside larvae 1.81 3.65 91.01
lBay anchovy larvas 1.67 3.37 94.38
[iatiantic croaker larvae 0.49 0.99 95.37
[Fish egg: undeterminedidamaged 0.48 0.96 96.33
[[Dorsoma sp. egg 0.45 0.90 97.23
[[Rough silverside iarvae 0.20 0.41 a7.64
lintand siiversids larvae 0.19 0.39 98.03
[lFeather blenny larvae 0.13 0.26 98.29
Silver perch juvenile 0.12 0.24 98.53
Atiantic menhaden juvenile 0.12 0.24 98.78
lIFish larvas: undeterminedidamaged .11 0.23 99.00
HSpot juvenile 0.08 0.18 99.18
Anchoa sp. juvenile 0.07 .14 99.32
|Gizzard shad larvae 0.05 0.09 99.41
Anchoa sp. larvae 0.04 0.08 99.49
[white perch juvenilefadult 0.04 0.07 99.56
Atherinopsidae sp. egy 0.03 0.06 99.62
{IHogchoker larvae 0.03 0.05 99.68
[latiantic siverside juvenile 0.02 0.04 99.72
[lattantic menhaden egg 0.02 0.04 99.76
Ilsitver perch larvae 0.01 0.03 99.78
llciupeidae sp. juvenile/adult 0.01 0.03 89.81
Ihtherinops[daa sp. larvae 0.01 0.03 99.84
"CIupeidae sp. larvae 0.01 0.03 99 87
[iNorihem pipefish juvenile 0.01 0.02 89.89
[lAmerican eel juvenile 0.01 0.02 89.91
Blackcheek tonguefish juvenils 0.1 0.02 99.94
Spot larvae 0.01 0.02 09.96
|[Sciaenidae sp. egg 0.01 0.02 99.97
[Biusspotted sunfish juvenile 0.01 0.01 99,99
llatiantic menhaden tarvae 0.01 0.01 100.00




TABLE 4 AVERAGE MONTHLY DENSITY (NO./100M>) OF COMMON SPECIES OF ICHTHYOPLANKTON AND
SHELLFISH ENTRAINED AT SURRY POWER STATION, 2005 -- 2006

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Species/Taxon 2005 2005 2005 2005 2005 2005 2005 2006 2006 2006 2006 2006

|Bay anchovy juvenile/adult 8.80 8.10 3.968 6.78 1.58 0.43 1.26 10.21 3.32 4.31 251 0.00
||Bay anchovy egg 89.18 7.19 7.80 0,53 1.38 0.00 0.00 0.00 0.00 0.00 0.00 2767
|Bay anchovy larvas 4.32 2.61 10.30 (.68 0.00 0.00 012 0.58 0.19 0.00 0.00 0.53
[Atlantic silverside juvenile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00
[Aflantic silverside larvae 0.96 0.00 Q.00 0.00 (.00 0.00 0.00 .00 0.00 0.00 15.16 6.35
|Naked goby juvenile 21.05 25.31 3.84 .00 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00
[Nakad goby larvae .75 57.14 8.50 .00 0.00 0.00 0.00 2.00 0.00 .00 Q.00 Q.00
IAtlantic croaker juvenile 0.00 0.00 0.00 0.35 1.04 342 4.73 21.27 1.50 0.27 0.12 0.00
1Atlantic croaker larvae 0.00 0.00 0.1 0.77 2.16 .00 2.77 0.00 0.08 0.00 (.00 .00
||Goby sp. larvae 37.50 31.54 13.58 0.00 0.00 0.00 0.00 .00 0.00 0.00 .50 63.95
Blue Crab juvenile 0.00 0.00 1.85 1.79 2.78 0.56 0.00 0.00 .00 0.00 0.00 0.00
|.Blué Crab megalopae 0.00 0.00 2.22 9,45 0.1 0.00 a.00 0.00 (.00 0.00 0.00 0.00




TABLE 5 LENGTH-FREQUENCY DISTRIBUTION OF BAY ANCHOVY LARVAE, JUVENILES, ANb ADULTS

Mean 10to | 15tc | 20to | 2510 | 30to | 3560 | d40to. | 45t0 | SCto | S5l | 60to | B5lo W
Length . 0t049|5t09.5] 149 18.9 249 | 209 349 | 399 | 449 | 499 549 | 59.9 649 | 69.8 749
Date {mm) N mm mm mm mm mm mm mm mm mm mm mem mm mm mm mm
06/23/05 138 22 5 10 4 3
(6/29/05 18.3 23 5 5 5 8 2
07113105 13.7 14 2 5 6 1
07128105 1.3 .22 1 5 14 1 1
08M10/05 10.3 34 2 15 16 1
0B6/24/05 111 34 1 17 9 4 2 1
0914405 111 39 8 Kl
08/28/05 18.9 22 i 5 14 4 1
10/12/05 18.4 i1 . 3 2
10/26/05 12.8 3 1 2
11/29/05 30.0 2 1 1
12/12/05 372 ¥ 1 ) 2 2 1 1
12427105 34.3 4 1 1
01/11/06 40.3 3 2 1
01/25/06 44,4 121 2 4 26 45 20 10 8 3 2
02/13/06 46.7 13 1 1 1 1 2 S 2
02/27/06 463 M ¥ 11 4 8 1 1 1
03/08/06 41.8 12 1 3 4 3 1
03/22/06 47.5 32 1 5 8 7 4 3 3 1
D4/12/08 46.4 38 4 i5 1 4 1 1 2
04/26/06 wemnn 0
05/10/06 4.8 1 1
05/24{06 5.0 2 2
Totals: 430 5 60 99 33 26 g 11 49 38 49 31 13 9 § 1




TABLE 8 LENGTH-FREQUENCY DISTRIBUTION OF ATLANTIC CROAKER LARVAE AND JUVENILES

Mean
Length Qtod9 5t098 |10t014.3] 151019.2| 200249 251025.9| 3010 34.9( 3510 39.9 | 4010449 | 4510 49,9 | 50 to 54.9
Date {mmy) N mm mm mm mm mm mini mm mm mm mm mim

06/23/05 ——— 0
06/29/05 e 0
07113105 ———— 0
07/28105 — 0
08/10/05 2.20 1 i
08/24/05 annan 0
09/14/05 10.30 1 1
09/28/05 11.86 ] 5 1 1 i
1012/05 11.55 13 4 7 2
10/26/05 10.02 16 a 8
11/20/05 16.22 20 6 11 3
12/12/05 16.29 43 21 18 2 1 3
12{27105 14.66 25 15 9 1 1
01/11/06 14.99 9 4 4 1
01/25/06 16.82 151 76 48 14 4 2 2 1 3 1
02/13/06 22.98 11 1 5 1 1 1 i 1
02/27/06 26.43 9 A 2 1 2 2 1
03/08/06 29.40 2 1 1
03/22106 25.50 1 1
04/12/06 31.60 1 1
04/28/08 ennne 0
05/10/06 — 0
05/24106 ——— 0

Totals: 312 1 18 145 94 24 9 10 3 2 4 2




TABLE 7 LENGTH-FREQUENCY DISTRIBUTION OF NAKED GOBY LARVAE AND JUVENILES

Date

Mean
Length
(mm)

3tods

5t0 6.9

Tto 8.9
mm

9to0 10.9
mm

11te12.9
mm

13to 14.9
mm

15t 16.9
mm

17t 18.9
mm

19 to 20.9
mm

06/23/05

8.75

65

10

36

06/29/05

8.56

115

33

18

45

07/13/05

9.02

70

15

39

07/28/05

8.22

201

43

93

57

08M10/05

8.41

=
L

el A LM RN

10

26

41

08/24/05

12.00

1

Wl | >

09/14/05

09/28/05

10M12/05

10/26/05

11/28/05

1212/05

12/27/05

01/11/06

01/25/06

02/13/06

02/27/06

03/08/06

03/22/06

04/12/06

04/26/06

05/10/06

05/24/06

Qijo|laojojojo|o|o|oio o | oo oo |a i,

539

12

111

153

219

41




TABLE 8 MEAN WATER QUALITY VALUES ASSOCIATED WITH
ENTRAINMENT SAMPLING, SURRY POWER STATION

Samnling Do pH Salinity Temperature
Event {mg/L) {pH units) (ppt) (Degrees C)
6/23/2005 75 7.7 8.5 27.0
6/29/2005 57 7.6 6.3 26.8
7113/2005 6.5 7.8 74 29.0
7/28/2005 7.0 7.9 5.9 314
§/10/2005 5.9 7.7 8.2 30.1
812412005 5.6 7.6 10.3 292
91412005 8.3 8.2 10.7 265
9282005 8.6 8.2 9.8 25,56
10/12/2005 9.7 7.6 9.6 220
10/26/2005 8.2 7.4 9.0 154
11/29/2005 10.0 7.8 12.3 12.6
12{12/2005 12.4 7.8 4.4 7.5
122712005 12.9 7.7 3.7 6.8
111/2006 11.9 7.6 3.4 8.2
1125/2006 11.4 7.6 3.5 8.1
2/13/2006 12.6 7.7 57 6.5
212712006 12.6 8.1 55 6.8
3/8/2006 ND 8.7 6.3 8.5
312212006 12.3 8.5 9.6 104
4/12f2006 9.6 7.7 9.2 16.2
- 44262006 7.3 7.2 7.1 19.1
5/10/2006 6.7 7.5 7.2 19.7
512412006 8.3 7.5 6.8 209

ND=no data due to instrument malfunction




TABLE 9 MONTHLY AND ANNUAL ENTRAINMENT ESTIMATES (X 10°) FOR SURRY POWER STATION

Annual
Taxon-Life Stage 6-2005 | 7-2005 | 8-2005 | 9-2005 | 10-2005] 11-2005 12-2005] 1-2006 | 2-2006 | 3-2006 | 4-2006 | 5-2006 | 6-2006 | Total
|American eel-juvenile B 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3
i[Bay anchovy-adult 0.0 0.0 0.0 0.0 00 | o0 | 221 | 27 5.6 1.8 0.0 0.0 00 | 221
|[Bay anchovy-fertilized egg 2068 | 2t9 | 212 | 42 | 37 14 | 0.0 0.0 | co 0.0 | 0o | 714 | 278 | 4485
[lBay anchovy-juvenile 211 | 227 | 118 | 238 | 55 16 | 43 [ 07 | 68 | 114 ] 83 | 6o [ oo [ 1170
I'Bay anchovy-larvae 114 | 75 | 278 8.9 0.1 0.0 1.5 0.3 0.6 0.1 0.0 15 0.3 57.8
Anchoa sp.-juvenile 0.0 | 20 00 | oo [ oo [ oo | 00 | oo 6.0 | oo 00 [ 0o | oo | 20
lAnchoa sp.- larvae 00 | o8 | o8 | 01 00 [ 0o { 0o | o0 [ o0 | oo 0.0 [ 00 { 00 1.4
jlAtiantic menhaden-fertilized egg 00 } 00 | 00 | 00 | 0o [ oo | o0 | 00 | oo | 0o | oo | o6 | oo | oe
[Atiantic menhacen-juvenile 00 | 60 | oo | oo | oo [ oo | oo oc | 00 1.8 18 | 02 [ 0o | 36
[latiantic menhaden-iarvae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2
[[sizzard shad-larvee 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9
[[Dorsoma sp fertilized egg 44 | 98 0o | 00 00 | oo [ 0o | oo | oo ] 0o [ oo 0.0 | 0o | 142
[lciupeidae sp.-adult 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2
[lCiupeidae sp.-juvenils 00 | o0 | 00 0.0 | o0 0.0 { 02 [ 00 | 0o | o0 00 | 0o | co | oa
ICiupeidas sp.-larvae 00 | o0 | 00 [ oo | vo | oo | o4 0o | o1 00 | 00 | oo | ¢o | o5
Atiantic silverside-juvenile 00 | 00 | 00 [ 00 [ co | 0o [ o0 | 0o | oo 00 | 05 | o1 0.0 [ 06
Atlantic silverside-undetermined life stage 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21 .o 21
Atlantic silverside-larvae 34 | 00 ot | 00 00 | 00 | o0 oo | oo | oo [ 27 [ 197 | 14 | 582
[riand siversida-larvas 4.7 1.0 | 07 | o1 0.0 co | oo 0o | oo | oo 00 | 06 | co | 72
[IRough silverside-larvae 1.1 5.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 8.2
[lrtherinapsidae sp.-fertilized egg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 4 1.3
[[atherinopsidae sptarvae 0.0 | 0o [ 04 | 01 00 | 00 | 00 | 00 | oo | oo | o0 | 00 [ co [ o5
[[Northern pipefish-juvenile 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.3
[hite perch-adult 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 ¢.0 0.3
{[White perch-juvenile 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.8
[{Bluespotied sunfish-juverile 66 | oo | oo | oo | 00 00 | 02 00 | 00 | oo | co | oo | o0 | o3
[lsiver perch-juvanile 00 | 35 | oo [ oo | oo | 00 [ 00 [ oo | oo 0.0 | 0o | oo 0.0 3.5
fiSilver perch-larvae 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4
Spot-juvenile 0.0 | oo 00 | 0o [ oo F o0 | 0o { a0 [ o7 15 | 09 [ oo 0.0 [ 34
Spot-larvae 0.0 | co 00 | 00 [ 00 | 00 | o0 | 00 | a0 | oo 04 | 00 | 00 | o4
|Atiantic croaksr-juvenila 00 | oo | o0 08 { 28 [ 66 | 551 | 138 | 1a7 | 10 04 [ 00 | 00 | saz
Atlantic croaker-larvae 0.0 0.0 0.3 1.1 56 27 0.8 6.5 0.2 0.0 0.0 0.0 0.0 17.3
[sciaenidae sp-fertilized egg 00 | 60 | a0 | 02 | o 00 | 00 00 | o0 0.0 | 00 | co [ oo 0.2
[[Feather blenny-larvae 53 | 00 | oo | o6 | oo | o0 [ oo [ 00 | oo 60 | 60 | oo [ oo 5.3
[[Naked goby-juvenile 26.1 | 773 | 154 | o1 00 | oo [ co | oo | oo | 00 0.0 0o | 0o | 1189
[[Naked goby-larvae 887 | 1497 | 523 [ 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 | 271.2




TABLE 9 {Continued)

Taxon-Life Stage 6-2005 | 7-2005 | 8-2005 | 9-2005 | 10-2005] 11-2005) 12-2005] 1-2006 | 2-2006 | 3-2006 | 4-2006 | 5-2006 | 6-2006 | Total
[INaked goby-undetermined/damaged 0.1 01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
[[Gony sp.arvae 62.5 { 995 | 428 | 1. 0.0 0.0 0.0 0.0 0.0 0.0 11 | 1840 | 628 | 4398
[lGoby sp.-undetermined/damaged 0.0 0.0 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
[[Hogchoker-larvae 0c | 00 08 | 01 00 { 00 [ 0o | 0o | 0o | 00 [ 0o | .00 | 0o | oo
[[Blackeheek tonguefish-juvenile 0.0 | oo | oo | oo | oo [ o0 [ oo | 0o | oo | ao [ oo | o3 [ oo [ o3
[Fish eggs: undetermined 114 | 46 0.3 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o | 178
[Fish 1arvassiuvenies: undetermined 0.0 1.4 19 | 03 | oo | oo [ 0o | 00 | 00 6o | oo | oo [ 0o | 37
[Bue Crab-juvenile 0.0 0.0 4.7 6.4 75 3.2 0.0 0.3 0.0 0.0 0.0 0.0 00 | 222
[Biue Crab-megalop 0.0 0.0 57 | a50 | 03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o | s1.0
I[Other crab-megalopas 0.0 129 | 2805 | 75.0 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 383.3
[[cther crab-zoese 528.6 | 7146 [ 99489 | 13236 | 379 | 08 0.0 0.2 0.0 00 | 397 | 2664 | 275 [12877.3
[Ipepressed mud crab - juvenile 0.0 0.0 0.0 0.0 0.4 0.7 0.0 2.1 0.0 0.0 0.0 0.0 0.0 3.3
[[zivaives 1.7 22 | 123 | 104 | 215 | 829 | 130.8 | 1951 [ 1650 | 2153 | 1920.0| 1547 | 63 | 20274
[shrimp 849.2 { 1145 [ 1064.3 | 524.8 | 9405 { 8e4.2 | 97.3 {11500 ] 321.5 | 7873.8 [ 10623.5] 10216.6] 1220.4 | 35690.5
Total=| 1699.0 | 1251.2 [ 11503.6] 2024.6 | 10322 | 994.1 [ 313.1 | 13716 [ 516.2- | 8106.5 | 12639.5] 10888.2] 1353.0 [ 53691.9

Note: June 2005 and 2008 are each partial months




TABLE 10 DENSITY (#/100 M®) OF ICHTHYOPLANKTON AND BLUE
CRAB LARVAE ENTRAINED AT SURRY POWER STATION
JUNE 2005 -- MAY 2006

Bay
_ Atlantic anchovy | Naked
Atlantic | silverside Bay larvae/ goby Blue
Sample | croaker | larvae/ | anchovy | juvenile/ | larvael crab
date juvenile | juvenile 2gg adult juvenile | megalopae

6/23/05 0.0 1.9 167.9 16.0 36.3 0.0
B/29/05 0.0 0.9 10.5 10.3 69.0 0.0
7/13/05 0.0 0.0 7.1 10.7 45.7 0.0
7/28/05 0.0 0.0 7.3 10.8 131.4 0.0
8/10/05 0.0 0.0 2.3 11.0 22.5 1.1
8/24/05 0.0 0.0 12.7 17.5 22 3.4
9/14/05 0.3 0.0 0.0 14.1 0.0 28.3
0/28/05 0.4 0.0 0.8 4.1 0.0 0.0
10/12/05 1.4 0.0 1.4 2.3 0.0 0.2
10/26/05 0.7 0.0 1.4 0.8 0.0 0.0
11/29/05 34 0.0 0.0 0.4 0.0 0.0
12M12/05 7.4 0.0 0.0 2.1 0.0 0.0
12/27/05 2.0 0.0 0.0 0.7 0.0 0.0
1/11/08 2.0 G.0 0.0 0.6 0.0 0.0
1/25/06 40.6 0.0 0.0 21.0 0.0 0.0
2/13/06 1.6 G.0 0.0 2.5 0.0 0.0
2/27/06 1.4 0.0 0.0 4.6 0.0 0.0
3/8/06 04 G.0 0.4 2.5 0.0 0.0
3122106 0.2 C.0 0.0 6.1 0.0 0.0
4/12/06 0.2 4.9 0.0 5.0 0.0 0.0
4/26/06 0.0 259 0.0 0.0 0.0 0.0
5/10/06 0.0 8.5 4.7 0.5 0.0 0.0
5/24/06 0.0 2.6 50.8 0.6 0.0 0.0




TABLE 11 DENSITY {#/100 M*) OF ICHTHYOPLANKTON AND BLUE CRAB
LARVAE IN THE AMBIENT JAMES RIVER SAMPLES NEAR SURRY POWER STATION,
JUNE 2005 -- MAY 2006

Atlantic Bay
silverside anchavy Naked
Aflantic larvae/ Bay larvas/ goby Blue
Sample croaker juvenile/ anchovy juvenile/ larvae/ crab
date juvenile adult egg adult juvenile megalopae
[ 6/23/05 0.0 15 3417 29 16.8 00 |

6/29/05 0.0 0.2 150.2 3.8 28.0 0.0
7{13/05 0.0 0.0 0.4 1.1 12.0 0.0
7{28/05 0.0 0.0 0.0 2.4 10.3 0.0
8/10/05 0.0 0.0 3.2 5.0 7.1 0.5
8/24/05 0.0 0.0 3.8 5.9 0.9 1.4
9/14/05 0.0 0.0 0.9 0.8 0.0 35
9/28/05 14 0.0 0.1 2.8 0.0 0.0
10/12/05 0.5 0.0 1.2 1.3 0.0 0.1
10/26/05 1.2 0.2 0.0 0.1 0.0 0.1
11/28/05 8.5 0.0 0.0 0.5 0.0 0.0
12/12{05 2.3 0.0 0.0 0.5 0.0 0.0
12/27/05 0.6 0.0 0.0 10.3 0.0 0.0
1/11/06 0.3 0.0 0.0 9.1 0.0 0.0
1/25/06 7.8 0.0 0.0 1.0 0.0 0.0
2/13/06 0.7 0.4 0.0 23 0.0 0.0
2{27/06 0.0 0.0 0.0 0.5 0.0 0.0
3/8/06 0.0 0.0 0.0 0.5 0.0 0.0
3/22/06 0.0 0.1 0.0 0.9 0.0 0.0
4{12/06 0.0 38 0.0 29 0.0 0.0
4/26/06 0.0 4.0 0.5 3.6 0.0 0.0
5/10/06 0.0 7.1 1.3 0.5 0.0 0.0
5/24/06 u.0 1.9 b4.6 0.3 5.8 0.0




TABLE 12. MEAN WATER QUALITY VALUES ASSOCIATED WITH AMBIENT

ICHTHYOPLANKTON SAMPLING, SURRY POWER STATION

Sampling DO pH Salinity | Temperature
Sampling Event Station (mgll) - {pH units) {ppt) (Degrees C)
Middle Middle Middle Middle
ADJACENT 7.4 7.7 8.5 26.2
06/23/05 DOWNSTREAM 6.9 75 9.0 5.9
UPSTREAM 6.9 7.6 8.0 26.0
ADJACENT 5.7 7.6 6.2 26.7
06/29/05 DOWNSTREAM 5.5 7.5 6.5 26.9
UPSTREAM 5.6 7.6 6.2 26.9
ADJACENT 5.8 7.6 7.7 29.2
07/18/05 DOWNSTREAM 6.2 7.7 7.7 29.0
UPSTREAM 5.9 7.7 7.7 29.1
ADJACENT 7.3 7.9 6.0 31.8
07/28/05 DOWNSTREAM 7.5 7.8 5.9 32.0
UPSTREAM 7.2 7.9 6.0 318
ADJACENT 5.4 7.6 8.5 29.5
08/10/05 DOWNSTREAM 5.4 7.6 8.7 29.4
UPSTREAM 5.2 7.6 8.4 296
ADJACENT 5.5 7.6 10.3 29.3
08/24/05 DOWNSTREAM 5.3 7.6 10.4 29.1
UPSTREAM 5.6 7.6 9.9 29.3
ADJACENT 8.4 8.3 10.4 26.7
09/14/05 DOWNSTREAM 8.7 8.3 11.0 26.6
UPSTREAM 8.1 8.2 10.2 266
ADJACENT 8.8 8.3 9.8 25.6
09/28/05 DOWNSTREAM 8.3 8.1 8.9 25.5
UPSTREAM 8.6 8.3 9.5 256
ADJACENT 10.4 7.6 9.6 22.2
10/12/05 DOWNSTREAM 10.6 7.6 10.1 222
UPSTREAM 10.7 7.6 8.2 22.3
ADJACENT 8.8 7.5 8.8 16.1
10/26/05 BOWNSTREAM 8.8 78 Q.1 16.4
UPSTREAM 8.9 7.5 8.6 16.1
ADJACENT 10.1 7.9 12.2 12.1
11/29/05 DOWNSTREAM 10.4 7.8 12.6 12.2
UPSTREAM 10.1 7.9 12.2 12.4
ADJACENT 12.5 7.8 4.2 7.7
12/12/05 DOWNSTREAM 12.6 7.8 4.6 7.5
UPSTREAM 124 739 37 3.3




TABLE 12 (Continued)

Sampling DO pH Salinity | Temperature
Sampling Event Station {mglL) (pH units) (ppt) {Degreas C)
Middle Middle Middle Middle

ADJACENT 12.9 7.8 3.6 6.8
12/27/05 DOWNSTREAM 13.1 7.6 3.8 6.9
UPSTREAM 12.9 7.7 35 6.8
ADJACENT 11.6 7.6 3.3 8.1
01/11/06 DOWNSTREAM 12.0 7.6 4.1 8.0
UPSTREAM 10.2 7.6 2.6 8.6
ADJACENT 11.4 7.7 3.0 8.4
01/25/06 DOWNSTREAM 11.5 7.6 4.0 8.0
UPSTREAM 11.3 7.7 2.3 8.0
ADJACENT 12.1 7.5 6.2 6.6
02/13/06 DOWNSTREAM 12.4 7.6 6.0 6.6
UPSTREAM 12.0 7.6 5.2 6.6
ADJACENT 12.5 8.1 5.7 6.9
02/27/06 DOWNSTREAM 12.4 8.1 6.1 7.0
UPSTREAM 12.4 8.1 55 7.0
ADJACENT 14.8 8.6 6.4 8.4
03/08/06 DOWNSTREAM 14.8 8.5 6.5 8.4
UPSTREAM 14.5 8.6 6.5 8.7
ADJACENT 11.8 8.4 9.7 10.6
03/22/06 DOWNSTREAM 11.9 8.4 10.6 10.5
UPSTREAM 11.6 8.3 9.3 10.8
ADJACENT 9.5 7.6 2.3 16.1
04/02/06 DOWNSTREAM 9.3 7.6 9.3 16.0
UPSTREAM 9.4 7.6 9.3 16.3
ADLACENT 7.6 7.3 6.9 19.3
04/26/06 DOWNSTREAM 7.6 7.3 7.2 19.3
UPSTREAM 7.6 7.3 6.9 19.4
. ADJACENT 7.1 7.5 7.4 19.5
05/10/06 DOWNSTREAM 7.1 7.4 7.6 19.5
UPSTREAM 7.0 7.5 7.4 19.6
ADJACENT 8.8 7.5 6.8 20.9
05/24/08 DOWNSTREAM 8.0 7.5 7.3 20.8
UPSTREAM 8.2 1.5 0.5 21.0)




TABLE 13 RESULTS OF DOMINION RESOURCES' QUARTERLY
SAMPLING OF JUVENILE AND ADULT FISH AND SHELLFISH IN THE

VICINITY OF SURRY POWER STATION, 2005 - 2006

|| Species September | November| January June
(1 survey) | (1 survey) ] {t survey) | (1 survey)

[fAmerican eel 1

[Bay anchovy 127 46 59 47

lAlewife 6

(IBlueback herring 3 2

[[Hickery shad 1

[[Gizzard shad 7 2

[lAtlantic menhaden 2 13 3

[[Common carp 3 4 2 1

([Blue catfish 160 110 30 140

[[Channel catfish 1

[(White catfish 8 1 1

[W hite mullet 2

latlantic silverside 211 5 31

[inland silverside 135

[lAtlantic needlefish 2

[ hite perch 24 31 69 10

[IStriped bass 3 3 5 2

[Bluefish 1 1

lAtlantic croaker 2 1 14 49

[ISitver perch 17 5

[Spet 75 109 15

[l eakfish 1 3

[[Harvestfish 3

lmgchoker 30 14 126 9

Blue Crab 4 2

|Tota| Organisms 663 351 366 418




APPENDIX A

Entrainment and Ambient Ichthyoplankton Calculation Procedures




A.1l. INTRODUCTION

The Dominion Resources 316b database stores plant operating conditions, water quality data, and
organism data collected for three main types of sampling events: entrainment, impingement, and
ambient ichthyoplankton (“ich”) sampling. Data for quarterly juvenile/adult sampling events, which
occur al off-sitc sampling locations, arc also stored in the database. One of the main project
objectives is to generate estimates of monthly and annual organism estimates, based on the collected
organism data. This appendix describes the entrainment and ambient ichthyoplankton calculation
procedures for Surry Power Station.

A.2. SAMPLING SCHEDULE AND EXTRAPOLATION RANGE

The sampling schedule consisted of two parent sampling events per month. Each parent event was
considered a 24-hour sampling period.

Each Parent Event date has an assigned “date range” wherc cach date in the range was assigned the
same organism estimate that was measured during the parent event date. The date range is
established by counting halfway back to the prior parent event, and halfway forward to the
subscquent parent event. A small example for three parent dates is presented below:

Parent Date Range Start Range End Day Count
6/23/2005 6/7/2005 6/25/2005 19
6/29/2005 6/26/2005 7/5/2005 10
7/13/2005 7/6/2005 7/20/2005 15

A.3. ENTRAINMENT DATA
A3.1 Overview

The entrainment samples were collected in front of an operating unit at the plant intake. The sample
volume, water quality data, and organism collection occurred at each of the 12 entrainment events,
each consisting of a pair of plankton samples at a specific depth. Usually three entrainment events (a
sample pair at cach of threc depths) occurred in a designated “sampling hour.” The 12 entrainment
events, numbered 1 to 12, grouped three to an hour, typically occurred at the following times for a
24-hour parent event:

Hour Group A: events 1-3 in the 10a.m. hour (10:00)
Hour Group B: cvents 4-6 in the 4 p.m. hour (16:00)
Hour Group C: events 7-9 in the 10 p.m. hour (22:00)
Hour Group D: events 10-12 in the 4a.m. hour (04:00 — the following day)

Each entrainment event typically had two organism samples and corresponding sample volume
measurements collccted at a given depth (bottom, middle, or surface) in each of the left and right
sampling nets. So for each Hour Group, consisting of three entrainment events, there were usually six
samples/volume measurements taken. Below is an example sample listing for events 1,2,3 (Hour
Group A):

A-1




Example of Entrainment Hourly Group A (3 events, 2 samples each):

Parent . .
Site ];',;:tr;t ]E::tte ’I]‘:J::e N]::‘:::!r Depth Rg%:!tﬂ FlowMeter SampleName lg::::ﬂ?
. Sumy 110262005 [ 10262005 | 1106 | 1 | Bottom | L [GO2030R6 LoFlow| S-1026-01-LB | 1676
sy |10i2/2005 [ 10272005 | 1106 | 1 | Botom | R [GO2030R6 LoFlow| S-1026-01-RB [ 1620
 Surry 1042672005 | 104/26/2005 1121 2 Middle L GQ__ZQ3QR6_L0FI_owf 8-1026-01-LM 1999
Surry 10/26/2005 | 104262005 12 2 Middle R | GO 2030R6 LoFlow] S-1026-01-RM 1933
Surry | 10¥26/2005 { 10/26/2005 1135 3 Surface L [GO2030R6 LoFlow | 5-102601-LS § 2030
Sumry 102612005 | 10/26/2005 1135 3 Surface R | GO 2050R6 LoFlow | S-1026-01-R3 1 1998

Thercfore, there were typically six samples collected in each of four hourly sampling groups,
resulting in 24 total entrainment samples collected in a 24-hour parent event period.

A.3.2 Organism Data:

In cach samplc collected, the organisms were identified by species or lowest practicable taxonomic
level and life stage (egg, larvae, juvenile, etc). For individual fish larvae, the length (0.1 mm) was
recorded for 20 specimens of each taxon. If large numbers of a particular organism/life stage were
collected, the organisms in excess of the 20 measured organisms werc combined as a “batch count.”
Thus a given samplc could have individual and batch organism counts associated with it.

A.3.3 Entrainment Sample-Volume Calculations

Each sample collected had a corresponding sample volume mcasurement. The sample flow through
the nct was measured with onc of two flow meters. For each flow measurement the flow meter
initial, [inal, and net “counts” were recorded. The net count was used in a formula, specific to each
meter, to calculate the water sample volume (in cubic meters) associated with a sample. The flow
meters and volume formulas are as follows:

Mefer Name Formula Factor1 | Factor2
GO 2030R NetCount/9480.774 * 50 = cubic meters | 9,480.77 50.0C
GO 2030R6 LoFlow | NetCount/4426.282 * 50 = cubic meters | 4,426.28 50.00

Using the flow meter ID, formula, and net counts recorded, the final sample volume in cubic meters
(M*) was calculated for each sample, as: (net count / factor1) * factor 2.

A.3.4 Impact of Low Net Flow Counts on Calculations

Occasionally during sampling, one or both flow meters recorded noticeably low counts for the 10-
minute sample. Whereas typical tlow meter counts could be as high as 3 or 4 thousand, some counts
were recorded well below 500. Once all the data were collected and assembled, the low flow counts
were investigated by running a series of simulations with diffcrent flow meter counts and raw
organism counts. These test showced that at counts below 100, organism densities were overestimated
by al least 20 percent. For Surry Station, 14 of 534 samples, or 2.6 percent, had flow meter counts
below 100. To address this at Surry, all net counts below 300 were identified, and totaled 30, or 4.7
percent of the total. Typically, one net count of a pair wounld be below 300 and the other above 300.
In these cases, the low net count was set equal to the higher count. On a few occasions, both net
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counts of a pair were less than 300, and these were set cqual to the average of all net counts that were
greater than 300 during the sampling event. '

A.3.5 Entrainment Parent 24-hour Average Organism Densities

For each spccics/ life stage of organism, the objective was to calculate a 24-hour average organism
density (#/100 M? sample volume). This would be considered the final organism density for the 24-
hour parent event.

The 24-hour final density for each parcnt cvent was calculated in steps as follows:

1. Adjust each organism/life stage count in each sample to the standard “100 M>” sample
density.

2. The standard densities of the four “Hour Groups” ( A, B, C, D) were averaged.
3. The four averages were averaged to yield a final “24-hour” average density.

An example calculation for bay anchovy cggs from the Surry 6/23/05 parent date is presented in the
Tablc A-1. '

A.3.6 Calculation of Entrainment Final (Annual) Organism Estimates

Twenty-four parent sampling events were scheduled (2 per month), however, one was missed at
Surry duc to severe weather. Therefore, there were 23 parent events at Surry over the year cycle.
Each parent event is assigned a date range, to each date of which the 24-hour final organism estimate
for the parent date is applied. The date range for a parent event may span across two different
months. Below is a tabulation of parent date ranges for Surry Station:

Surry Parent Event dates and Applied Ranges:

Parent Date Range Start Range End Day Count
6/23/2005 6/7/2005 6/25/2005 19
6/29/2005 6/26/2005 7/5/2005 10
7/13/2005 7/6/20035 7/20/2005 15
7/28/2005 7/21/2005 8/3/2005 14
8/10/2005 8/4/2005 8/17/2005 14
8/24/2005 &/18/2005 9/3/2003 17
9/14/2005 9/4/2005 9/20/2005 17
972872005 9/21/2005 10/4/2005 14
10/12/2005 10/5/2005 10/19/2005 15
10/26/2065 10/20/2005 11/11/2005 23
11/29/2005 11/12/2005 12/5/2005 24
12/12/2005 12/6/2005 12/19/200)3 14
12/27/2005 12/20/2003 1/3/2006 15
1/11/2006 1/4/2006 1/17/2006 14
1/25/2006 1/18/2006 2/3/2006 17
2/13/2006 /412006 2/20/2006 17
2/27/2006 2/21/2006 3/3/2006 11

3/8/2006 3/4/2006 3/14/2006 11
3/22/2006 3/15/2006 4/1/2006 18
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4/12/2006 4/2/2006 4/19/2006 18
4/26/2006 4/20/2006 5/2/2006 13
5/10/2006 5/3/2006 5/17/2006 15
5/24/2006 5/18/2006 6/6/2006 20

An annual organism estimate at maximum flow operation was calculated in threc steps:

1. The final 24-hour organism density (#/100 M?) for each parent event was used with the

maximum daily circulating-water flow to calculate the estimated number of organisms
entrained during the 24-hour parent event. For example, the maximum 24-hour flow at Surry
is 9,160,999 M°. The bay anchovy egg density for the Surry 6/23/2005 parcnt cvent was
167.9/100 M? (Tablc A-1). The 24-hour cstimate adjusted for the maximum flow volume is
15,381,317 ([9,160,999/100]*167.9) total eggs entrained.

. The final 24-hour organism estimate at maximum flow volume was applicd to cach day in the
parent date range. For example, the bay anchovy egg 24-hour cstimate [or the Surry 6/23/05
parcnt cvent was 15,381,317 at maximum {low. The 6/23/05 parent date range was 6/7/05 to
6/25/05 (19 days), therefore the 24-hour maximum flow estimate for the parent event would
be multiplied by 19 to get the final maximum estimated number entrained for that date range.

. The sums of 24-hour organism cstimatcs (at maximum flow volume) for each date range were
then summed to yield the final annual enfrained organism estimate, for maximum flow
conditions,

A.3.7 Monthly Organism Estimates

For monthly cstimates, the parent-event estimate data are still used to assign the fish estimates to each
day in the month. For example, the monthly estimate for June 2003 required the use of three parent

events as shown below:

Parent date Start date End Date
6/09/05 05/27/05 06/12/05
6/15/05 06/13/05 06/25/05
07/0505 06/26/05 07/11/05

The 6/09/05 event spans 12 days in June, the 6/15/05 event spans 13 days in June, and the 7/05/05

event spans 5 days in June. Therefore the June 2005 monthly total for an organism would be
calculated as the sum of*

06/09/05 parent 24-hour organism estimate * 12 days
06/15/05 parent 24-hour organism estimate * 13 days
07/05/05 parent 24-hour organism estimate * 5 days.

The yearly totals are simply the sum of all the parent, or monthly, total estimates.

Note that the date ranges assigned to each parent event span exactly 365 days for the year.
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A4, AMBIENT ICHTHYOPLANKTON DATA
A.4.1 Overview

The ambient ichthyoplankton (“amb ich”) samples were collected at designated locations upstream,
downstream, and adjacent to the plant intake. During each parent event there were usually 12
samples collected. The 12 sample events, numbered 1 to 12, grouped three to an hour, typically
occurred at the following times for a 24-hour parent cvent, in concert with in-plant entrainment
samplcs:

Hour Group A: events 1-3 in the 10a.m. hour (10:00)
Hour Group B: events 4-6 in the 4 p.m. hour (16:00)
Hour Group C: cvents 7-9 in the 10 p.m. hour (22:00)
Hour Group D: events 10-12 in the 4a.m. hour (04:00 — the following day)

The samples consisted of mid-depth tows at each of three locations. Sample volume calculations
were based on counts from flow meters affixed in the mouth of cach net, '

Example of 12 Ambient Ich Sample Events

. Event [ ™| Samp | Evat Samp o mpEnd| Flow- | Net
Site Lot Inumber Date | Time | SameName | Depth Start T | Metor oy
Sury |Downsteam| 1 | A |7/20/2005] 1051 | $-0720-01-0S | NA | 1051 | 1057 | GO 2030R | 13081

_Sumy | Adjacent | 2 | A |7/20/2005]| 1115 | S-0720-01-AJ | N/A { 115 | . 1121  |GO2030R| 13141
Sury | Upstream 3 | A {7202005) 1140 | S-0720-01-US | N/A | 1140 | 1146 |GO2030R| 13050
Sury | Upstream 4 8 7i20/2005{ 1653 | S-0720-02-U8 | N/A | 1653 1659 GO 2030R | 5199
Sury | Adjacent | & B |7/20/2005] 1717 | S.072000A) | NiA | 1717 | 1723 ]GO 2030R | 12789
Surry  |Downstream] 6 B |7/20/2005 | 1736 | 5-0700-02D8 | NA | 1738 | 1744 |GO2030R| 12378
Sury _[Downstream{ 7 | G [7/202005] 2240 | S0720.03DS | NA | 2240 | 2246 |GO2030R] 1308
Sury | Adjecent | 8 | € |7/20/2005] 2310 | S072003A) | NA | 2310 | 2316 |GO2030R] 14073
“Sumy | Upstresm | 9 C  |7/20/2005 | 2332 | S-0720-03-US | NA | 2332 | 2338 | GO 2030R | 11297
Sunry  |Downstream| 10 D ]7/21/2005| 0454 | 5.0721-04DS | NA | 0454 | 0500 |GO 2030R| 11291
Sury | Adscent | 11 | D _|7212005] 0514 | S075r0dAl | WA | 0514 | 0520 |G02030R| o6l
Surry | Upstream | 12 D |7/21/2005 | 0529 | S072104US | N/A | 0529 | 0535 |GOZ2030R| 11244

A.4.2 Organism Data

In each sample collected, the organisms were identified by species and life stage (egg, larvae,
juvenile, etc). For individual fish larvae, the length (0.1 mm) was recorded. If large numbers of a
particular organism/life stage were collected, the organisms were combined as a “batch count.” Thus
a gtven sample could have individual and batch organism counts associated with it.

A.4.3 Ambient Ich Sample-Volume Calculations

Each sample collected had a corresponding water flow (volume) measurement. The flow was
measured with a General Qceanics (GO) mechanical flow meter. For each flow mcasurcment the
flow mcter initial, final, and net “counts” were recorded. The net count was used in a formula to
calculate the water sample volume (in cubic meters) associated with a sample. The flow meter and
volume formula is as follows:
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Meter Name Formula Factor1 | Factor2

GO 2030R NetCount/9480.774 * 50 = cubic meters | 8,480.77 50.00

Using the flow meter ID, formula, and net counts recorded, the final sample volume in cubic meters
(M>) was caiculated for each sampie, as: (uet count / factorl) * factor 2.

A.4.4 Final Organism Density Calculations

Unlike the entrainment data, the ambient ich data were not processed into final “yearly cstimates.”
The organism counts for each organismylife stage were presented as average organism densities in a
standard 100 M® sample volume for each 24-hour parent event.

The time duration of the sample is not a tactor in the calculations. The 4.5-minute tow time was
established, based on experience, to generate a sample volume of roughly 40-60 cubic meters of
water. So it is only the flow meter net count (and associated formula) that figures in the calculations,

The process for obtaining the average density was as follows. For each parent event, usually
consisting of 12 samples, the raw organism counts were adjusted to account for a 100 M? standard
sample volume. Most actual sample volumes were 40-60 M? volume. For example, for a sample
volume of 46.7 M®, and a raw count of 85 bay anchovy larvae, the sample density of bay anchovy
larvae is calculated as ([100/46.7]*85= 182 bay anchovy larvae per 100 M®. When averaged with the
remaining 11 samples from the parent event, the result is the organism density representing the entire
24-hour period.




TABLE A-1 CALCULATION SEQUENCE FOR 24-HOUR ENTRAINMENT DENSITY

ESTIMATE FOR BAY ANCHOVY EGGS, 6/23/05 PARENT EVENT

Dominion Power - Entrainment Organism Density {24 Hour)

Site Data Organism
Surry 1] 6/2312005 | | Bay anchovy - fertilized egg ol
Event Group: . ]
. Count in Density
Event#  popth LefiRight Sample VoIM3  gample Indiv or Batch (#/100 M3)
1 Surface L 7.811 0 0.000
1 Surface R 7.811 11 IND IND 12,803
2 Middie L 11,507 6| IND iND 52,140
2 Middle R 3.296 11 IND IND 30.338
3 Bottom L 14,287 2| IND IND 13.959
3 Bottom R 14.245 7| WD IND 49,141
Event Group Average: 26.404
Event Group: ) .
: X Count in Density
Event#  pepth LefRight  Sample VoIM3  gample Indiv or Batch (#1100 M3)
4 Surface L 7.905 1% IND IND 126.495
4 Surface R 2.162 2l IND IND 92.495
5 Middle L 17514 11 IND IND 5710
5 Middle R 8.925 0 0.000
6 Botiom L 13775 6| IND IND 43 556
6 Bottom R 10.880 4 IND IND 36.765
Event Group Average: 50.837
Event Group: . Count in Density
Event#  peptn LefRight Sample VoIM3  gample Indiv or Batch (#/100 M3)
7 Bottom L 6.935 31| BATCH IND 447,002
7 Bottom R 4688 ) IND 341.265
8 Middlz L 8.132 4l IND IND 49.187
8 Middle R 4.209 19 IND IND 451,465
9 Surface L 8.132 7/ IND IND 86.077
9 Surface R 8.132 6 IND IND 73.780
Event Group Average: 241.463
Event Group: )
Event#  pepth LeftRight  Sample Vol M3 %2:2:::2 Inciv or Batch (:51e o0 IF|\3|,3)
10 Bottomn L 18.427 82 BATCH IND 445,005
10 Boltorn R 16.444 84l BATCH | IND 510.831
1 Middle L 12.821 31| BATCH IND 241797 |
1 Middle R 11.001 16 IND IND 145.439
12 Surface L 4177 19 IND IND 454.886 |
12 Suiface R 5632 18] " IND IND 319.577
Event Group Average: 4520922
Bay anchovy - fertilized egg Average 24-hour Density at Max Flow in 100 Ma: 167.906

Print Date; 11812007

12:08:18 PM

Page 1 of 1




APPENDIX B

Monthly Entrainment Densities




TABLE B+ AVERAGE DEMSITIES ($/PER 1006% OF ICHTHYORLANKTOM AND MACROINVERTEBRATES ENTRAMED AT SURRY POWER STATION, JURE 2005-MAY 2006

2005 2008
[ #FJun [ 260G | 18-Jul [ 28-Jul | 40-Au Z4-Au 1450 2850 12-0ct | 26.0ci | s0Wov | J3bes ar] Z2-Mar]
3 (XN 70 St Y T o o ol i
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Monthly Ambient River Densities




TABLE C-1 AVERAGE DEMSITIES (#100M% OF KZHTHYOPLAN TN AKD MACROWVERTEE RATES COLLECTED DURING AME|ENT TOWS AT SLIRRY POWER STATION, JUNE 2005 - MAT 2006
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