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, ©.
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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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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 2 UNITS (TOTAL REJECTED HEAT = 12 XI09BTU: HR™)

(INTERPOLATED FROM GBSERVED DISTRIBUTION :
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
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EXCESS TEMPERATURE dESTRiBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X10°BTU- HR)

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

RIVER FLOW -8000 CFS AT RICHMOND
TiDAL HOUR-3
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(INTERPOLATED FROM OBSERVED DISTRIBUTION
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW - 2000 CFS AT RICHMOND
TIDAL HOUR - 415






Figure 23

v [3 t ' B Nanliral Mes AT

oo () o K ey

e

EXCESS TEMPERATUREO_JSTRIBUTION, G, FOﬁ AN AMBIENT
WATER TEMPERATURE OF 26.6°C/80°F ANDA 5 MPH WIND

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT =24 X102 BTU- HR™)

{(INTERPOLATED FROM OBSERVED DiSTRIBUTION

CORRECTED TG ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS)

RIVER FLOW -2000 CFS AT RICHMOND
TIDAL HOUR-6

Figure 24

‘ o ] Taipticw s R

oo 5 noe IO 3000 veeds

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT
WATER TEMPERATURE OF 26.6°C/30°F ANDA S MPH WIND
VELOCITY, FOR 4 UNEIS {TOTAL REJECTED {IFAT =24 X2 BrU- 1R}

(INTERPOLATED FROM ODBSERVED MSTRIBUTION

CORRECTED TO ENVIRONMENTAL SURFACL TIEAT EXCHANGE CONDITIONS)
RIVER FLCW - 2000 CFS AT RICIIMOND

TIDAL HOUR - 72






Figure 25

' o ' T vl mi

o030 2 o x 20 vards

1
EXCESS TEMPERATURE DISTRIiBUTION, °C, FOR AN AMBIENT
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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,




- 11 -

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.



SERIAL NO.: 19-184

Enclosure 3

ATTACHMENTS FOR RAI WR-1

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. 