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Lake Anna Lake Level Task Force presentation to NRC on 10 May 08

(Presentation to U.S. Nuclear Regulatory Commission re Environmental Items to be
reviewed for the 3 rd Reactor at the North Anna Power Plant, Louisa, Va.)
Dear Nuclear Regulatory Commission,
1. Lake Anna Lake Level Task Force - The Lake Anna Lake Level Task Force consists of
representatives from three Lake Anna citizen organizations: (1) The Friends of Lake Anna (FOLA), (2)
Lake Anna Civic Association (LACA) and (3) Lake Anna Boating and Recreation Association
(LABARA). All three of these organizations have the common interest to protect the Lake Anna
environment (both main reservoir and cooling lagoons) and its surrounding landscape for the health,
safety and welfare of current residents/users and for future generations. None of the organizations are
anti-nuclear, nor do they have "not in my backyard" sentiments, but do support a wise and safe use of
nuclear energy. The common goal for all of the organizations is simply to protect Lake Anna for its
500,000 plus annual users and insure compliance with the law.
We applaud Dominion Resources for their past stewardship of Lake Anna and are not opposed to
the North Anna Project. We do support the addition of the 3 rd reactor at the North Anna plant, but want to
ensure that all environmental issues are taken care of prior to the issuance of a Combined Operating
License since the lake was constructed for both cooling of the North Anna Plant and also the enabling
legislation set forth very clearly that Lake Anna was also created as a recreational lake for the public to
enjoy. One use is no more important than the other.
We have several concerns, primarily with the cooling method proposed for the 3 reactor which
will use up to 24 million gallons a day of Lake Anna water and cause declining water levels. We will now
address each of our concerns which are a composite of all concerns from the three organizations (FOLA,
LA CA and LABARA) and aregenerally supported by 6,461 persons represented in attachmentC with
petitions, emails, together with lettersfrom property owner associationsand lake organizations.
2. Impacts of Declining Water Levels in Lake Anna. Dominion has acknowledged that the wet/dry
cooling method for the 3 rP reactor will use up to an additional 24 million gallons of Lake Anna water each
day in the Energy Conservation Mode and up to 16.6 million gallons per day in the Maximum Water
Conservation Mode. Both of these methods will cause Lake Anna to have declining water levels,
particularly during the summer months. The accumulative environmental issues as defined in subparagraphs (a) through (o) below caused by the projected annual low water levels in Lake Anna as a result
of the 3 rd reactor cooling method is LARGE and therefore mitigation efforts for alternative cooling
methods are required. The NRC should review each of these issues during the DEIS of the COL for
the 3rd rector.
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a. The Lake Anna Lake Level Task Force consisting of members from the Friends of
Lake Anna, Lake Anna Civic Association and the Lake Anna Boating and Recreation
Association have identified the following impacts that will be caused as a result of
declining lake water levels.

*

The creation of many safe boating hazards when previously submerged items (rocks, stumps, sandbars, etc.) are
exposed creating major safety hazards for recreational users when their boats hit these submerged items;

*

The water will get hotter faster in the summer months to unsafe water temperatures causing negative health impaci
to humans, fish, wildlife, aquatic life, clams and mussels;

" There will be major fire safety hazards for lake homes/communities by making the dry fire hydrants unusable due
to the lack of water at the lake intake caused by the decreasing lake water level.
*

There will be shoreline stabilization problems (the seawalls & rip rap are designed for a water level of 250 MSL)
and

*

There will be negative impacts on many lake businesses as people go elsewhere to recreate and live.
Please see attachmentA for a complete list of all the advantagesanddisadvantages that should also be evaluate(
during the COL DEISfor each of the six (6) types ofpeople that will be impacted as a result of decreasedLake
Anna water levels. The six types include: (1) Real Estate Sales/Rentals; (2) Construction; (3) Lake Recreation
Businesses; (4) Business Lake Services; (5) Homeowners; and (6) Day Users.
An example of one safety impact is: Recreational boaters will find more hazards throughout the lake, with stumps
rocks, sandbars, etc. causing lower units of boats to hit them which can cause severe injury to passengers and
necessitate major repairs or replacement of propellers, other engine components and boat hulls. When the lake
level is below 250 MSL and continues to decrease during drought cycles, these hazards will only increase. The
drought cycles will double if the wet/dry cooling method for unit 3 is selected. Businesses will suffer and users of
the lake will find other places to recreate which will decrease property values and reduce tax income to the local
counties.
Also note that when the lake level drops below 248MSL that over 50% of the homeowners cannot use their boats
piers due to low water levels.
b. The referenced IFIM study should be completed in draft only before any Draft
Environmental Impact Statement for the COL is issued by the NRC so all the results
of the IFIM study can be reviewed and commented on by the public. Otherwise the
results from this important study will cause much re-work later by the NRC, Virginia
and the public which will waste much time. Currently there is no public participation
in the study plan or results. DCR, VDEQ and DGIF, in conjunction with Dominion
Resources are currently conducting an In-stream Flow Incremental Methodology (IFIM)
study on Lake Anna and the North Anna River and Pamunkey Rivers downstream to
determine the effects of the reduced water flow on recreation, wildlife, aquatic life and fish
as part of the conditional certification for the 3 rd reactor Early Site Permit (ESP). This IFIM
study must also address all of the comments made by the VA. Dept. of Conservation and
Recreation (DCR) as to the total lake and recreation on the lake, as well as public review of
the study.
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c. The NRC in keeping with its charterto protectpublic health and safety should evaluate
in the DEISfor the Unit 3 COL all the relatedpublic health impacts that could result
from hotter water in Lake Anna as a result offurther lake level declines caused by the
evaporation of up to 24 million gallons per day.
We understandthat the Virginia Dept of Health is considering issuing a statement that if the
Lake Anna water is over 104 degrees F that it is unsafefor humans because of the water
temperature. The health dept is also consideringissuing a statement indicatingto avoid
swimming,jumping or diving into bodies of water when water temperaturesare high (above
95 degrees F), especially when the water levels are low. We further understandthat the
VirginiaState Park is planningto monitor Lake Anna water temperatures and recommend
that no one swims at the state park if the Lake Anna water temperaturesexceed 95 degrees
F.
The FOLA organizationis concernedabout the Virginia Commonwealth University (VCU)
conducted tests in 2007for the presence or absence of NaegleriaFowleri (NF)a human
brain eating amebae in Lake Anna. They tested 16 locations andfound that 9 of the 16
locations tested positivefor NF. VCU also indicatedthat heated water is a breeding
groundfor pathogenicNF amebae. Thermal enrichment of water can causeproliferationof
amebae especially at temperaturesof 86F to 111 F. Note that Lake Anna hadprevious
confirmed water temperatures exceeding 104F degrees F. We believe that the NRC should
requireDominion to have continued tests bi-annually throughout the cooling lagoons and
main reservoir to monitor the NF amebae and the results should be reportedto the public
bi-annually.
These new and significantactions by the Health Department and State Park which effect the
local economy with less people visiting the lake, loss of realestate values, etc. should be
fully evaluatedby the NRC during the DEIS.
(Pleasesee Attachment Bfor an example of the many potentialhuman health impactsfrom
hotter water).
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d. The NRC lake model for the COL DEIS should be updated to reflect the continuous
re-circulation of Lake Anna water and the cumulative effects of Units 1, 2 & 3
operating at the same time, with results being published in the COL DEIS. The
projected accumulative impacts of global warming should also be included in these
lake water temperature calculations.
The previous NRC Lake Model in the ESP EIS also provided no details on how the assessment
was made when it concluded that the lake water temperature would not rise any more than
0.1F with decreased water levels, and the addition of the proposed reactor 3 wet/dry cooling
method. It appears that the EIS lake model used averaging that may have masked temperature
maximums in the summer months and did not take into consideration that Lake Anna is unique
for providing cooling water for nuclear power plants. Most nuclear power plants receive
cooling water from robust fast flowing rivers or oceans with the heated water flowing
downstream and is quickly cooled. Lake Anna is unique in that 99% of the water is recirculated between the power plant and the dam, while only 1% of the water flows over the
dam and downstream. As a result, 99% of the re-circulated water gets hotter and hotter over
the summer months.
Note that with only Units I & 2 operating,water temperatureshave previously been recorded
at over 104F in the cooling lagoons and over 93F on the main reservoir. The hot water is
where humans recreate and wherefish, wildlife, clams/mussels, and aquaticlife share the
water in what appears to be unsafe conditions. We request an upper water temperaturelimit
in Fahrenheitdegrees on the dischargeof the water.
e. The NRC's lake model should also be updated to the current proposed unit 3 wet/dry
cooling method and use accurate results for the past 20 years, so all the high's &
low's are defined (not 20 year averages), including the most recent and current
drought levels. It also does not include all relevant data for the current proposed
wet/dry cooling method. The previous NRC Lake Model in the ESP EIS has compared
the once through cooling method (used by units 1 & 2) with total wet cooling only and also
used 20 year averages to compute modeling results. The model apparently does not take
into consideration the various times of the year, particularly the high water temperatures
(over 104F) during the hot summer months when the environmental impact is the greatest
for the public, fish and wildlife. The lake model should be updated to the current proposed
unit 3 wet/dry cooling method and use actual high temperatures in the summer and low
temperatures in the winter for the past 20 years, so all the high's & low's are defined,
including the most recent and current drought levels. VDEQ's Dept of Water Resources
has estimated that the lake levels will decline approximately 1.1 inches per month during a
drought, while others have estimated 1.4 inches. During the current drought that started in
May 2007, this would translate into an additional decreased water level of between 13 to
17 inches by April 08.

Page

4

Lake Anna Lake Level Task Force presentation to NRC on 10 May 08

The NRC's "Report on the North Anna Early Site Permit Water Budget Model (Lake
WBT) for Lake Anna by Cook Et al January 2005 is insufficient and significant new
information will come from an updated water budget model. This study was performed
before the change in cooling technique for unit 3 to a combination wet-dry hybrid system
and only looked at "once pass through" and "totally wet" cooling. This study should be
redone and include a hybrid and totally dry cooling systems. The old study indicated that
travel time for the water to circulate from the discharge back to the input of the plant was
not available. This is critical information and it should be collected at least in the
WHTF(cooling lagoons) so that accurate predictions can be made. The study does not
address water temperature. In response to a question by the NRC, Dominion stated "On a
long term basis the average temperature of the cooling lake due to the reduced lake level
from Unit 3 has been estimated to be less then 0.1 degrees F. The so call "long term" effect
is not where the problem exists. The hot summer months needs to be evaluated
separately for temperature change. No calculations were provided by Dominion. It was
only estimated. The calculations for the summer time periods should be performed by
Dominion and the NRC should also perform its own independent calculations to verify the
data. Units 1 and 2 will heat the "less water" caused by unit 3 evaporation much faster and
the return time for recycling will be shortened during the problematic hot summer months.
This heated water temperature needs to be investigated more carefully, as it is the root cause
for many of the public, fish and wildlife concerns. Annual averages do not give accurate
indicationsof summer lake level impacts and 20 year averages have not been consistent
with actual experience.
f

The NRC in its DEIS should examine the effects of the new and significant
information of Dominion requesting to put additional treated sewage effluent from
the requested expansion of the Dominion sewage treatment plant as needed for the
influx of new workers who will be hired to construct and/or operate the new reactor
at Lake Anna. The NRC must look at the accumulative affect of dumping sewage
effluent into the lake. This treated sewage effluent will then be discharged into the
cooling lagoons (WHTF) of Lake Anna water and heated up to 104 degrees during the
summer months. . While effluent may meet standards set for sewage discharge, nitrates in
the water can accumulate and cause runaway plant growth that clogs streams and impedes
navigation.

In addition, the sewage effluent being heated to high temperature (over 100 degrees F)
offers the opportunity for an increased proliferation of bacteria in the water where people swim
and recreate on a routine basis. This water is then re-circulated throughout the main reservoir
backup to the power plant with the current re-circulation flow where many other people recreate. Note that 99% of the lake water is currently re-circulated between the power plant and
the dam and only 1% runs over the dam.See Attachment B for Potential Human Health
Impacts.
We are opposed to any additional sewage effluent being discharged into Lake
Anna. Why can't the current treatment plant support the new unit 3? Is the current plant up to
capacity? Why can't innovative techniques be used to preclude putting the effluent into the
lake and not create potential serious health hazards and runaway aquatic plant growth?
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g. The NRC in its DEIS should evaluate the new significant information from other U.S.
states and governing bodies regarding national trends to reduce the water
temperatures and the use of water from power plants to protect humans, fish and
wildlife. West Virginia in 2008 issued a draft permit for Mt. Storm in the future (which is
similar to Lake Anna) that imposed different water temperature restrictions measured in
Fahrenheit degrees depending on the time of year. (In winter 1 Dec - 30 Apr - a
maximum discharge water temperature of 73 degrees F (with a 5 degree differential
between input and output, while in the summer (1 May -30 Nov) a maximum discharge
water temperature of 87 degrees F, with no more then a 5 degree temperature differential
between input and output. Likewise New York is permitting only dry cooling on any new
power plants on the Hudson River to insure that no additional heat is introduced to the
Hudson River. Arizona and California are also imposing very strict restrictions on the use
of water and adding heat to the water.
Since the 3rd unit at North Anna will be in existence for probably the next 40 to 50 years,
now is the time for Dominion to make the necessary changes in its cooling methods to
reduce water consumption to be in front of or in line with the national curve and negate any
additional heat being placed in Lake Anna to protect the Lake Anna environment for future
generations.
h. The NRC should evaluate including the system design alternative of imposing some
form of water saving measures and temperature reductions on the two nuclear
reactors that already exist on the site, as a form of offset to the impacts of the
proposed new reactors. Since there are significant surface water impacts that will be
caused by the proposed Unit 3 (cooling method using up to 24 million gallons per day), the
system design alternatives should include the alternative of imposing some form of water
saving measures and temperature reductions on the two nuclear reactors that already exist
on the site, as a form of offset to the impacts of the proposed new reactor. These unit 1 &
2 offsets are necessary under the National Environmental Policy Act (NEPA) where
the applicant and its affiliates seek to add a nuclear reactor at the same location of
existing nuclear operations. The unit I & 2 water conservation measures should mitigate
against the significant -and adverse incremental impacts that will be caused by the proposed
Unit 3 cooling method.
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In the ESP EIS, unit 3 was considered in a stand alone condition and no consideration
was made for the alternative of installing additional water conservation measure on the
existing nuclear power reactors Units 1 and 2 to compensate or mitigate against the
significant and adverse incremental impacts that will be caused by unit 3. Judge Karlin
(ALSBP) stated that some of the once-through cooling water from units 1 and 2 could be
diverted to the cooling tower used for unit 3. While this diversion would be small, it would
offset some of the impacts of unit 3. He rejected the NRC staff's position that such an
offset is per se unreasonable under NEPA. He stated "there is no dispute that the NEPA
alternative analysis (is the heart of the environmental impact statement)" When a company
operates an existing facility that emits pollution and/or has adverse environmental impacts,
it is common for a regulator to at least consider, and sometime impose, additional
environmental controls on the existing units as trade-off for obtaining approval to construct
additional units.
Judge Karlin stated "It seems to me that creative nuclear engineers and environmental
scientists, if properly motivated, might very well propose realistic offsets or mitigation
measure that could be applied to the pre-existing reactors on the same site". This is
significant new information that needs to be addressed.
i.

The NRC in its DEIS should examine what is the actual water flow into Lake Anna
from all feeder streams during times of drought. Apparently all lake level predictions
are based on computer models only and no one has ever taken actual water measurements
on water flow from all the feeder streams to Lake Anna during drought conditions. Since
Lake Anna is in a very small watershed and outflow over the dam is based on the Lake
water level (and the outflow fluctuates during a drought), it is extremely important to know
how much water is coming in the lake. The lake has experienced drought conditions
during 5 of the past 8 years, so the accurate measure should easily be achieved. It is
widely acknowledged that the water sources for Lake Anna are not nearly as substantial or
robust as was originally planned.
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The NRC should look at the impact to the public, fish, clams/mussels and wildlife as a
result of increased droughts caused by the proposed wet/dry cooling method
proposed. The Virginia Dept of Environmental Quality (VDEQ) Dept of Water
Resources and the Dept of Game & Inland Fisheries (DGIF) have previously indicated that
the North Anna watershed is too small to allow large water withdrawals. These could
adversely affect the beneficial users of the North Anna and Pamunkey River which
eventually flows into the Chesapeake Bay and the Atlantic Ocean. The DGIF &VDEQ
analyses and Dominion acknowledges that the 3d reactor would increase the drought cycle
and cause decreased water flows during March, April; May; June, July, August and
September (7 months) of each year. Dominion has stated that the drought cycle will
double with the addition of the 3 rd reactor wet/dry cooling method. The proposed cooling
method will cause the average drought period to increase from 21 to over 40 days per year
(most likely during the summer months). Note that lake levels have decreased below 248
MSL in five out of the last eight years. Dominion has stated that with the addition of
reactor 3 that a drought would only occur each 10 years. Our current drought started in
May 2007 when the lake level fell below 250 MSL and did not increase to 250 MSL for 1
year in April 2008. The DEIS should explore facts versus Dominion predictions with lake
levels decreasing below 250 MSL and related impacts to the public, fish, clams/mussels,
and wildlife.

k. The NRC in its DEIS should examine the source of Lake Anna PCB contamination
that has now caused the Virginia Dept of Health to issue a fish consumption advisory on
August 31, 2007. The VDH advisory cautions: Do not eat any Lake Anna gizzard shad
and do not eat more then two meals a month of carp, largemouth bass, striped bass, white
perch, white catfish, channel catfish or blue gill sunfish. The health advisory applies to the
total lake, both the main reservoir and cooling lagoons. The DEIS should further
investigate the spill and fire at the North Anna Power station of poly-chlorinated biphenyls
(PCB). transformer oil in 1981. It was reported at the time that some unknown quantity of
oil did reach the waters of Lake Anna. It has also been noted that Dominion has not
released the results of PCB samples that it recently took in the WHTF/Cooling Lagoons 1,
2 & 3. The complete Dominion disclosure of the remediation effort, including what
happened to the contaminated material from the ground site and precisely how the
PCB's were extracted from Lake Anna should be identified in the DEIS. This
disclosure should include what possible impact the ground excavation for the 3 rd
reactor (which is on the same site as the PCB spill) and its facility buildings will have
on Lake Anna. Core samples of the existing ground should be taken to insure it is
PCB free.
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1. The NRC in its DEIS should also examine the effects of increased undesirable aquatic
growth from the declining water levels which allows sunlight to permeate to lower
levels of the lake, that previously were darkened. Will this declining water level
caused by unit 3 create a reoccurrence of increased undesirable aquatic life
throughout the lake and the associated human safety concerns defined below? The
sun light penetration enhances the growth of aquatic weeds (hydrilla) and (skunk weed)
and possibly others. The skunk weed has increased dramatically during the recent drought
due to lower water levels causing unsafe swimming conditions for young children.
Approximately 11 years ago, hydrilla growth created many safety risks for the public and
created many boating hazards in Lake Anna. Humans could not swim in many parts of the
lake due to 10' long hydrilla patches throughout. Children would become entangled in the
hydrilla creating serious safety concerns. Boats would come to an abrupt stop when there
motors were choked out by hydrilla causing people to become thrown about in their boats.
Sterile Grass Carp were introduced to assist in controlling the hydrilla. The grass carp life
span was projected to be 15 years and that is just a few years away. Note that Lake Anna
was approvedfor two purposes by the Virginia legislature (1) cooling of nuclear reactors
and (2) residentialdevelopment aroundthe total 13,000 acre lake and a major recreation
areafor the Virginia Citizens (includinga major state park).
m. The NRC in its SDEIS should also include the results of a professionally conducted
total Clam/Mussel Survey of the entire Lake Anna as was previously requested by
Brian Watson, the DGIF Wildlife Diversity Biologist/Malacologist. Apparently this
study has never been completed. According to Brian Watson (Phone 434-525-7522) a
clam/mussel survey should be conducted by a Virginia State certified malacologist and
should be current within the last 2 year time period. Mr. Watson has identified that the
Asian clam (Corbicula fluminea), Eastern elliptio (Elliptio complanata), Paper pondshell
(Uterbackia imbecillis) and Easter Floater (Pyganodon cataracta) are resident in Lake
Anna. In addition, he is concerned about the potential impacts of elevated water
temperatures upon native freshwater mussels and that other freshwater rare species mussels
(Yellow lampmussel-lampsills cariosa), (eastern lampmussel - lampsills radiata, Eastern
pondmussel-liguimia nasuta) and the (Tidewater mucket-leptodea ochraces) which are rare
species may also be present. This study needs to be done and now is the time to do it
before irreparable harm is done.
n. The NRC in its DEIS should examine the impact of declining Lake Anna Water levels
on the wetlands and feeder streams throughout both the main reservoir and cooling
lagoons of the lake and the additional human health impact of mosquito's breeding in
the stagnant water in the wetlands. What will happen to the fish and wildlife that
currently depend on the wetlands for survival? The DEIS should look at how long it takes
to reestablish life forms at new water levels and the impact of increasing the range of
variation of levels on the wetland areas The ESP EIS previously identified that a cursory
check had been accomplished and concluded that changes in the lake level result in
creation of as much wildlife as is inundated or destroyed, hence low impact. It also
appears that no one previously investigated the human health impact of mosquito's
breeding in the stagnant water caused by declining water levels. A more comprehensive
survey must now be accomplished.
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o. The NRC in its DEIS should evaluate the effect of tritium being released into Lake
Anna together with its heated water from Units 1 and 2 and if the possibility exists
that Unit 3 proposed cooling method could also introduce additional tritium which
has a radioactive half-life of 12.3 years. Our understanding is that the current two units
routinely discharge not only tremendous amount of heat, because the reactors are only 33
percent thermally efficient. 67 percent of the fission generated heat is dumped into the
lake together with some radioactivity. According to NRC records, since 2000, the current
reactors have released more than 5,700 curies of radio active tritium water into the lake. It
is increasingly uncertain what constitutes a "permissible" radiation exposure. The NRC's
"protective" standard for radio active tritium in drinking water is 1 million picocuries per
liter. While the Environmental Protection Agency standard is 20,000 picocuries per liter,
Colorado and California have set theirs at 400 per liter. What will the impact of the 3 rd
unit have on additional radioactivity being released into the lake with the reduced water
levels?
3. The COL DEIS should fully analyze alternative cooling methods for the 3rd reactor which
do not create all the environmental impacts defined above. An alternative cooling method that does
not cause declining water levels would mitigate the LARGE declining water level impacts from the
proposed

3

rd

reactor wet/dry cooling method currently proposed.

a. One alternative discussed, but not proposed by Dominion for the 3 rd reactor's cooling
method is to exclusively use Dry Air Cooling for the 3 rd unit, which would then negate any further
water withdrawals from our small watershed and would also hopefully reduce major safety problems in
the event that the dam would break or be blown-up by a terrorist attack, causing sudden loss of water for
cooling any of the reactors. The North Anna Nuclear Power Plant (which supplies over 20% of Virginia's
power) could be offline for 3 years while we wait for the lake to refill. Our power would be purchased
from other sources and our bills would increase significantly. The dry-air cooling appears to be a feasible
option, since this is the same technology that Dominion has proposed for Unit 4 and is used by many
overseas countries that do not have a local water source. In addition, many of the recommendations
made by VDEQ analysis from almost all Virginia regulation authorities to the NRC, requests that the air
cooling mode be used with unit 3 for 7 months of the year to reduce lake water drawdown and reduce the
risk of a complete unit 3 shutdown.
In its response to the ESP DEIS, VDEQ's Division of Water Resources (DWR) expressed its
preference that the once-through cooling process proposed for Unit 3 be changed to a dry cooling tower
because the dry cooling tower would results in less consumptive use of water than the either the oncethrough cooling or the combination wet/dry cooling tower. Also in its comments on the DEIS, DWR
stated that it would have no concerns about this project if both the third and fourth reactors at North Anna
were air cooled.
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b. Another alternative cooling method to be considered is the small water supplemental cooling
method recommended by PIER Energy-Related Environmental Research. With the current proposed
wet/dry cooling this will only remove up to 1/3 of the heat of the entire system during the hot humid days.
The other 2/3 will be done be by the wet cooling with large evaporation (16.6 MGD). In contrast dry
cooling technology would consume only about 10% of that amount. Despite this enormous water savings,
most of the cooling for the proposed power plant would still use primarily wet cooling. This is because
on hot days, dry cooling can lead to increased turbine back pressure that prevents a plant from generating
at its full rated capacity. The problem is compounded because hot days are precisely when the electricity
demand is the highest. This hot-day performance problem with dry -cooled units can be alleviated by
using small water supplemental cooling. This supplemental cooling would introduce a small amount of
water spray into the cooling tower inlet air stream, where it evaporates and cools the air. Studies have
shown that reducing inlet air temperature by even a few degrees can maintain much of the plant's output
during hot hours. This is one of many dry cooling examples which are currently used in the USA and
worldwide. No such studies of dry cooling were performed in the EIS-ESP because the PPE did not
define a specific reactor design. This supplemental dry cooling needs to be studied more carefully before
a cooling method is selected.
c. Another alternative cooling method would be for Dominion to run water pipes from the James
River to the North Anna site to provide cooling for the Pr reactor without impacting the Lake Anna water
level and the related negative affects. This alternative would also provide additional water for the power
plant in the event that a dam leak occurred causing the shut down of units 1 and 2. "All eggs would not
be in the same basket" of using exclusively Lake Anna water and also gives the additional opportunity of
cooling unit 4 in the future. Louisa County is currently planning to pipe in water from the James River to
the Zion Crossroads in the county; possibly Dominion could participate in a joint venture with the county
to extend the water pipe to the power plant at Lake Anna.
4. The people who use the North Anna and Pamunkey Rivers should not benefit at the
expense of those people who live and work on Lake Anna, as well as the over 500,000 people who
travel to Lake Anna to enjoy its state park and many virtues on a year round basis. One set of the
North Anna River Users should not benefit at the expense of another set of users.
For example, the lake levels should not be raised greater then 3 inches, which could cause
property damage to lake owners in order unduly to quarantine more water so that it can be released later
to satisfy the downstream users at different times of the year.
Likewise the consumptive use of water and increased needs for water caused by population
growth by downstream users should not cause the lake levels to be dropped so more water flow could be
released to downstream users and then create mud flats throughout the lake during droughts.
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5. Revisions to the COL Draft Environmental Impact Statement (DEIS).
As part of the earlier ESP process, Dominion continued to make revisions to issues as they
were identified and analyzed. Hence our review of the DEIS became a moving target, without the
NRC extending the time for the public to respond. It is requested that each time that Dominion
makes a change to a previously submitted document that impacts the DEIS, that the NRC
automatically extends the public comment period and the COL schedule as well to give the
public sufficient time to review the changes and make comments. Hardcopies of the original
documents and changes should also be supplied to the persons who sign up to request them, as
trying to keep up with thousands of pages and changes on a home computer and ink-jet printer is
next to impossible. The home printing cost for thousands of pages is prohibitive for most of the
public and prevents them from participating in the public process. Also without having a hard
copy to find all the references that are made throughout the documents and requests for
information (ROI's) it also a very impossible task to participate in the "public" process.
6. Other related concerns:
To ensure that the proposed construction of a 3 reactor will minimize the adverse effects
on the quality of life for those who live and work on and around or use Lake Anna, we also ask that
you further evaluate the following concerns prior to your making a final decision on the ESP
(conditional certification requirements) and are included for evaluation in the COL DEIS.
a. The height of dry and wet cooling towers and facility buildings should not exceed the tree line
to protect the rural aesthetic landscape of the community as Dominion indicated in its Jan 2006
stakeholder meeting.
b. Why there is a discrepancy of the ESP defining of 5,000 - 7,000 new workers (construction,
periodic maintenance, and professional) employees for 5 years on local roads and schools and now
Dominion is saying there will only be 2,000 workers involved with the 3 rd reactor. In any case, the COL
DEIS should evaluate these new worker impacts on the need for new expanded and improved roads
before the project begins because of the heavy equipment, large number of workers and impact on earlier
analysis of the three newly approved Louisa County subdivisions for about 1800 new homes in close
proximity to the plant.
New schools and other county infrastructure (police, fire, rescue squads, etc.) will need to be
planned and built prior to any new tax dollars coming from Dominion. Louisa is now the 7 3rd fastest
growing county in the U.S. Louisa and Spotsylvania are centrally located between three major fast
growing metropolitan areas (Washington D.C, Richmond and Charlottesville, VA.). Since only one new
elementary school has been planned in Louisa County to take care of the existing population growth, the
NRC should review the impact on schools in the DEIS. Who is going to pay for all these new
requirements? Is the Federal Government (NRC & other departments) going to give grants to
Louisa and Spotsylvania Counties, similar to the 8 to 10 million dollar grant they gave to Dominion
for processing the Early Site Permit?
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c. Emergency evacuation on small 2 lane roads. Need for expanded road system to
accommodate new workers, heavy construction equipment and subdivisions. An emergency
evacuation plan needs to be developed with public participation, the three involved counties
and Dominion. The plan should describe how over 20,000 users of the lake (on a typical
summer weekend), plus over a thousand plant workers and 2,500 construction workers ,will
safely evacuate the area on a winding 2 lane road that has no traffic control in a panic
situation.
d. Spent nuclear fuel: Where and how the various types of nuclear waste are being stored. What
types are being shipped to other states and how is it being shipped? When will all the nuclear waste be
transferred to a national nuclear waste site? What is being done at the North Anna plant to protect this
waste from terrorist attack or accidental failure of the dam? What is the status of the Federal Repository?
The COL EIS needs to study the health and safety ramifications of what will be the permanent and longterm storage at North Anna for the spent nuclear fuel of all three reactors since the federal repository does
not appear to be a reality.
e. Impact of additional fog and icing from wet cooling towers on local roadways and surrounding
residential homes and communities.

.

f. Noise concerns/decibel levels emitted from 180/230 foot buildings that will travel long
distances without having tree barriers to break the sound from giant fans.
7. Summary
We thank Dominion Resources for being good stewards of Lake Anna during the past 30 plus
years. It is also important to remember that Lake Anna was not just built just for Dominion to use for
cooling its power plant. The enabling legislation set forth very clearly that Lake Anna was also created as
a 13,000 acre recreational lake for the public to enjoy. One use is no more important than the other. And
one use, e.g. cooling of the reactors cannot be allowed to destroy the lake's recreational use. It is
important to bear in mind that when Lake Anna was created, neither Dominion nor any governmental
body, whether federal, state or local, discouraged the public from purchasing land and building homes
around the lake. Therefore it is both the local, state and federal government's responsibility to those
homeowners and other recreational users of the lake, including fish, clams/mussels and wildlife to protect
them from any potential adverse impacts of the North Anna power station.
We also believe that the North Anna project for the 3 rP Reactor as currently proposed which will
use up to an additional 24 million gallons per day of Lake Anna water, needs to have the safety, human
health, erosion, ecosystems, etc. items described above in sub-paragraphs 2 (a) through (o) be fully
evaluated as part of the COL Environmental Impact Statement phase. The accumulative environmental
impacts caused by the projected annual low water levels in Lake Anna as a result of the 3 reactor cooling
method is LARGE and therefore mitigation efforts for alternative cooling methods are required. In
addition, all of the other related environmental issues: height of the towers; large influx of thousands of
construction workers and their families to schools, roads, police, emergency fire and rescue persons;
emergency evacuation on a small 2 lane road; storage of nuclear waste on-site; impact of additional fog &
icing and noise from the cooling tower fans must all be satisfactorily resolved prior to issuing a
Construction and Operating License.
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Lake Anna was originally planned for both residential development and recreation around the total 13,000
W acre lake in addition to providing cooling water for reactors. Other alternative cooling methods that do
not cause the lake level to decline or require further mitigation-for water levels impacts will preserve this
beautiful lake resource for future generations.
We look forward to your response to each of the items that we requested be evaluated during the
environmental impact statement for the proposed 3da unit at North Anna. Also please advise how we can
help to provide additional elaboration on any item, if necessary. Thank you for your time and
consideration of the above. Please do not hesitate to call or write for any additional information on any of
the above items.
••

HaryRuth

Friends of Lake Anna
230 Heather Drive, Bumpass, Va. 23024
Phone 540-872-3632

Sincerely,

ugS

Lake Ann Civic Asoc.
4147 Chalk Leve d, Louisa, VA
Phone 540-894-9094

Dale Jones

Lake Anna Boating and Recreation
2561 Peach Grove Rd, Louisa, Va.
Phone 540-967-9523

Attachments:
(A) Advantages/Disadvantages of Lake Anna Lake Level Declines by User Category. (a)
Business Real Estates Sales/Rentals (b) Business Construction (c) Business Lake
Recreation (e) Business Lake Services (f) Homeowners (g) Day Users - total 6 pages
(B) Potential Human Health Impacts from hotter water in Lake Anna - total 6pages

(C).

Signature & Email Petitions & Supporting Letters for those 6,461 persons who
have concerns with the Lake Anna declining lake levels and associated impacts as a
result of the proposed 3 rd reactor cooling methods.

(D) Data presented to NRC Staff on 10 May during discussions:
1. 1970 North Anna Brochure produced by VEPCO disclosing that Lake Anna will be
built for two purposes (1) cooling reactors & (2) Residential development &
recreation
2. Map depicting circular water flow (99% of water circulates while only 1% flows over the
dam which causes the entire lake to heat up and get hotter and hotter during the summer.
3. 2 Pictures showing stranded boats and dried up shoreline during Jan 2002 drought
4. SPX Indirect Dry Cooling Brochure for power plants that has No Water consumption.
5. Comparison of Cost & Water Usafe for Lake Anna Unit #3 - (K. Remmers) - May 8, 2008
6. USGS Bar Charts -Water discharged over, Lake Anna Dam (May -2002 - 2008)
7. Dominion Lake Anna Water Discharge Temperatures - May 9, 2008
8. Mt. Storm, W. Va - NPDES Water Discharge Permit (6291) - April 14, 2008
9. Va. VDEQ Conditional Federal Consistency Certification Letter to Dominion -Nov 21,
2006 that NRC approved requiring Instream Flow Incremental Methodology Study (part is
to evaluate recreational impacts on total Lake Anna, which is not being done.
10. North Anna IFIM Study Plan does not have public participation as required by.NEPA
l1. Handout Booksy. (1) Lake Anna Guide - (2008) & Lake Anna Connections (2008)
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Attachment A - Advantages/Disadvantages of Lake Anna Lake Level
Declines by User Category
a. Business Real Estates Sales/Rentals (B3R)
i.

Advantage:

None

ii.

Disadvantages 1. Lower lake level discourages any potential buyers or renters - minimal
sales
2. Current depressed real estate market will further decline
.3. Real Values and Assessments will decrease
4. Sales /rental commissions will decrease
5. Taxes to local communities will decrease
6. Insurance rates may increase due to lack of water at dry fire hydrants
7. Shoreline instability problems may create many related impacts.
8. Fewer sales will mean less need for loans from banks/mortgage lenders
9. Fewer sales will means less need for future land development
10. Fewer sales will mean less need for title agencies

b. Business Construction (BC)
i. Advantages:
None
ii.

Disadvantages
1. With fewer real estate sales/rentals there will be less need for future
construction
2. This will directly reduce need for building designers, building
contractors, building materials, cabinetry & countertops, clearing
services, concrete, construction of decks, decorative concrete, docks and
boathouses, drywall contractors, excavating, hauling, heating & air
conditioning, home improvement, home staging, interior design, kitchen
& bath, landscape design, landscape lighting, lumber, remodeling, soil
consultants, surveyor, underground sprinkler systems and water
treatments
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c. Business Lake Recreation (BL)
i. Advantages:
use lake

Boating major repairs will increase for the few boaters that

ii. Disadvantages
1. With less water in the lake, fewer people will want to use the lake or
visit the lake
2. Less water will cause the existing water to get hotter faster in the
summer and increase the possibility of adverse impacts to humans
through the increased health risks of human immersion in heated water,
together with the potential for dangerous growth of bacteria
(microorganisms) or algae blooms.

3. Fish, aquatic life, clams, mussels and wildlife may be adversely
impacted with less lake water which is also hotter in the summer
months..
4. This will directly reduce the business for boat rentals, boat repairs for
many boaters who would have previously used the lake, boat
RV/PWC/storage, boat sales, campgrounds and marinas

5. Recreational boaters will find more hazardsthroughout the lake, with
stumps, rocks, sandbars, etc. causinglower units to hit them which in
turn could necessitate major repairsor replacement ofpropellers,other
engine components and boat hulls. In addition,the safety of all aboard
the boats is severely jeopardized when the boats run into these newly
emergent and changing boating hazards when the lake level is below
250 MSL and continues to decrease during drought cycles. Note: Per
Dominion and the NRC, these drought cycles will be doubled with the
proposed type of 3 rd reactor wet/dry cooling method. These increased
droughts will result in many human safety risks increasing dramatically.
6. Boat slip rental business and lake waterfront owners will encounter
major difficulties in getting boats off boat lifts, possibly having mudflats in front of their property making the lake unusable for swimming
or using their boats.
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7. Lower and hotter water levels could encourage the hydrilla and other
aquatic life to proliferate, thereby making it less desirable to swim and
recreate on the lake. Previous high levels of hydrilla caused major
difficulties in launching boats, caused the weeds to become entangled in
boat propellers and choked off the engine. In addition, young children
when swimming previously became entangled in the hydrilla creating a
very serious safety issue.
8. Marinas, Campgrounds and lake front owners may have to extend their
boat ramps & docks so they can launch and retrieve their boats.
9. Any substantial change to the lake water level will cause further
erosion, as current bulkheads and rip rap and are installed for protecting
the shoreline at the 250 MSL lake level. These installed shoreline
stabilization techniques coupled with the natural shoreline weeds and
tree roots have created the current shoreline stabilization throughout the
13,000 acre lake. If the lake level decreases, then the wave action will
cause erosion to occur at a different water level. This increased erosion
may create muddy water and the current shoreline stabilization
techniques may need to be changed.

d.

Business Lake Services (BS)
i. Advantages:

None

ii. Disadvantages
1. If fewer people come to the lake because of declining lake levels, then
the need for other lake services will also decline.
2. Fewer real estate sales & rentals and less construction will mean fewer
people.will live on or visit the lake, thereby decreasing the business for
accounting, advertising, automotive, attorneys, awards, bed and bath,
blinds & shades, business services, catering services, cleaning services,
computer services, county stores, physicians, dentists, dining, event
location, fitness centers, investment securities, lawn care, newspapers,
retailers, self storage, shipping services, skin care, beauty shops,
television services, travel & leisure, wineries, etc.
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Homeowners (H)
1. Advantage:

Potential for lower taxes due to decreasing value of property.

2. Disadvantages: a. Lower lake level discourages any potential buyers or rentals
b. Real estate values and assessments could decrease
c. Less water will-cause the existing water to get hotter faster and increase the
human health risks for immersion in heated water, together with the potential
for adverse effects of increased bacteria (microorganisms) or algae blooms..
d. Fish, aquatic life, clams, mussels and wildlife may be adversely impacted
with less water and therefore hotter water because units 1 & 2 cooling will still
generate the same heat-as today, but will have less water to cool it and the result
will be hotter water.
e. Waterfront owners will encounter major difficulties in getting boats off boat
lifts, possibly having mud-flats in front of their property making the lake
unusable for swimming & boating.
f. Lower and hotter water levels could encourage the hydrilla and other
dangerous aquatic life to proliferate, thereby making it less desirable to swim
and recreate on the lake. Previous high levels of hydrilla caused major
difficulties in launching boats caused the weeds to become entangled in boat
propellers and choke off the engine. In addition, young children when
swimming previously became entangled in the hydrilla creating a very serious
safety issue.
g. Some owners and/or Property Owner Associations may have to extend their
boat ramps so they can launch and retrieve their boats.
h. When boating,the lake users willfind more hazards throughoutthe lake,
with stumps, rocks, sandbars,etc. causinglower units to hit them which in turn
could necessitatemajor repairsor replacement ofpropellers,other engine
components and boat hulls. In addition, the safety of all aboardthe boats is
severely jeopardized when the boats run into these newly emergent and
changing boating hazards when the lake level is below 250 MSL and continues
to decrease during drought cycles. Note: Dominion and the NRC state these
drought cycles will be doubled with the proposed type of 3rd reactor wet/dry
cooling method. The doubling of the drought cycle will increase the human
safety risks dramatically.
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i. Any substantial change to the lake water level will cause further erosion, as
current bulkheads and rip rap and are installed for protecting the shoreline at the
250 MSL lake level. These installed shoreline stabilization techniques coupled
with the natural shoreline weeds and tree roots have created the current
shoreline stabilization throughout the 13,000 acre lake. If the lake level
decreases, then the wave action will cause erosion to occur at a different water
level. This increased erosion may create muddy water and the current shoreline
stabilization techniques may need to be changed, which will increase the cost to
the homeowner to modify their existing stabilization technique.
J. Homeowner Insurance rates may increase due to lack of water at dry fire
hydrants

k. If fewer people come to the lake because of declining lake levels, then it is
quite possible that many of the current lake services (restaurants, retail, etc.)
will be unable to grow or stay in business due to lack of customers.

f. Day User (DU) Does not own Lake Anna property and uses Lake Anna for
recreation (e.g. campground, marina, state park, etc.) for day and then goes to
home, motel or cabin.
1. Advantage:

None.

2. Disadvantages:
a. Less water will cause the existing water to get hotter faster and increase the
human health risks for immersion in heated water, together with the potential for
health risks of increased bacteria (microorganisms) or algae blooms. Hotter water
makes the lake less desirable in summer time and day users may try to. find other
cooler waters to recreate in.
b. Fish, aquatic life, clams, mussels and wildlife may be adversely impacted with
less water and the water temperatures rising could cause lethal effects to various
water related wildlife.
c. Lower and hotter water levels could encourage the hydrilla and other aquatic life
to proliferate, thereby making it less desirable, as well as unhealthy to swim and
recreate on the lake. Previous high levels of hydrilla caused major difficulties in
launching boats, caused the weeds to become entangled in boat propellers and choke
the engine. In addition, young children when swimming previously became
entangled in the hydrilla creating a very serious safety issue.
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d When boating,the lake users willfind more hazards throughoutthe lake, with
stumps, rocks, sandbars,etc. causing lower units to hit them which in turn could
necessitate major repairsor replacementofpropellers,other engine components
and boat hulls. In addition, the safety of all aboardthe boats is severely
jeopardized when the boats run into these newly emergent and changing boating
hazards when the lake level is below 250 MSL and continues to decrease during
drought cycles. Note: Dominion and the NRC state these drought cycles will be
doubled with the proposed type of 3 rd reactor wet/dry cooling method. The doubling
of the drought cycle will increase the human safety risks dramatically.
e. If fewer people come to the lake because of declining lake levels, then it is quite
possible that many of the current lake services (restaurants, retail, etc.) will be
unable to grow or stay in business due to lack of customers and will be unavailable
to the day user when they visit.
f. Fewer people will visit the Lake Anna State Park because of the increased risks
at the lake.
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Attachment B POTENTIAL HUMAN HEALTH IMPACTS FROM HOTTER WATER IN LAKE ANNA
What do we know that is identified in official government, university, or government
sanctioned studies/documents about the potential health risks to humans from hot water in Lake
Anna from the current 2 nuclear reactors? Will the Lake water temperatures get hotter from the
What are the health risks to
proposed 3 rd Unit cooling method and decreased water levels?
humans from hot water???
Note:
(1) We are very concerned that that the declining water levels caused by natural
drought cycles, global warming and water release rates to downstream users will be exasperated by
the addition of a 3 rd nuclear reactor With wet/dry cooling towers that will cause an additional
evaporation rate of up to 28 million gallons per day and doubling of the drought cycle that will
cause the water to decline further and the water to get hotter faster.
(2) We are also concerned that these declining water levels will cause the water to get hotter
faster in the summer months to unsafe water temperatures causing negative impacts to humans,
recreation, fish, wildlife, aquatic life, clams and mussels.
(3) The U.S. Clean Water Act appears to have more safeguards for fish, wildlife, aquatic
life, clams and mussels then for the protection of humans and recreation. VDEQ assumes that if the
fish are o.k. - then everything else must be o.k.
(4) There are currently no water temperature limits in Fahrenheit imposed in the current
Water Discharge permit and its 316A Variance for the North Anna plant for the current 2 reactors
that can be measured by the public. Dominion can currently heat the entire lake to any
temperature it desires with no penalties.

What do we know specifically about the human health issues and hot water?
I.

Water level decrease. - According to the Nuclear Regulatory Commission Environmental
Report (See Page 5.12) says: Because the Unit 3 Cooling tower would consume water (up to
28 Million Gallons per day - see section 3.2), the volume of water in Lake Anna would be
reduced (compared to operation of only Units I and 2 alone) when the lake level elevation is
below 250 ft MSL. Assuming the heat rejection rate from operations of Units 1 and 2 remains
constant, the reduced volume of water in the lake caused by Unit 3 operations would
result in a fasier increase of lake water temperature (See Page 5.12).
Note: The Va. Dept of Water Resources estimated that with the 3 rd unit operating, the
lake would decline at an additional rate of approximately 1.1 inches per month and the
current drought started in May 2007. When the lake was recently down about 30 inches,
with.the 3""reactor wet/dry cooling method operating it would have been down about
another 12" for a total of about a 42" drop in water level. Dominion states that when the
lake is down to 242 ft., the reactors must be shut down. If the 3'd reactor as proposed
with wet/dry cooling towers is operational, one wonders whether Lake Anna can sustain
three reactors running simultaneously, with the possibility of an 8' dropin water levels.
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2. Previous water temps. - LACA/VDEQ water teams in 2006 and 2007 have confirmed in
various tests that the Water Temperatures have risen to 104.6F on the warm side of the
lake and 93F on the cool side of the lake. Dominion's data reported to VDEQ and NRC is
very close to this.
3. How water temps affect Prolongedhuman immersion and changes in concentrationsof
micro-orranisms. The Virginia State Health Commissioner in a Sep 15, 2005 letter to the
Virginia Department of Environmental Quality state when evaluating the potential health
effects of any such new nuclear reactors from (1) Direct effects of heat from immersion in
ambient waters by recreational bathers, and (2) the potential adverse effects of any changes in
the concentrations of microorganisms in those waters said in part:
a. Naegleria Fowleri (amoebas] which have been found at variouslocations in Lake
Anna) species organismbegins to proliferate at temperatures around 86F and
thrives especially well (compared to its competitors) at temperatures of 95 to
113F. Primary Amoebic Meningoencephalatis (PAM) is a rare but nearly always fatal
infection caused by Naegleria fowleri.
b. Persons with heart disease, children, parents and guardians of young children, the
elderly, pregnant women and persons with spinal cord or peripheral nerve
disorders should be cautious of prolonged immersion in waters that are warmer
than body temperature. Bodies of water that have a temperature exceeding 104F
should be considered unsafe for recreational activity for all persons due to the effects of
heat alone.
c. Common sense suggests that to reduce the risk of PAM, swimmers might wish to
avoid swimming in freshwater venues when water temperatures are high, (e.g.
when surface water temperatures are greater than or equal to 95F.
4. How elevated water temps affects prolongeedhuman immersion. The U.S. Consumer Safety
Commission indicates that no one should go into a Hot Tub if the water temperature
exceeds 104F because of possible fatal consequences.
5. Various newspapers articles during the summer of 2007 identified that 6 deaths occurred
in 3 different states in the U.S. during the summer of 2007 due to PAM. This is a major
increase from previous statistics where the Centers for Disease Control said there were
only 24 deaths between 1989 and 2000.

Both amoeba and ameba are acceptable spellings as well as the plurals -bas and bae and all are used throughout this
document by various authorities
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6. The Virginia Commonwealth University conducted tests for Lake Anna Civic
Association (LACA) the summer of 2007 to identify the presence or absence of Naegleria
Fowleri (NF) in Lake Anna. See report dated Dec 2007 that identified 16 locations were
tested and that 9 of the 16 locations tested positive for NF. 5 on the warm side of the lake
and 4 on the cold side of the lake. Some of the locations on the cold side are in the upper
part of the lake above the 208 bridge. (See the full report at
www.LakeAn naVirginia.ora)
a. On Page 4 of the VCU Related research about NFAmebae states "In studies of
fresh water lakes associated with power plants, N. fowleri was routinely isolated.
The heated water is a breeding ground for pathogenic NF amebae" Thermal
enrichment of water can cause proliferation of amebae especially at temperatures
of 86F to l11F.
b. On Page 5 Recommendations to reduce the risk of infection. The report says "Since it
has been shown that N. fowleri is present in Lake Anna, the public should be warned to
wear nose plugs while diving, swimming or engaging in water activities in which the
head is submerged when temperatures of Lake Anna reach 84F or higher.
c. On Page 13 - In Conclusion the report says Quote Lake Anna Civic Association
studies indicate that Lake Anna is unique in that 99% of the water between the power
plant and the dam is re-circulated by the North Anna Power Station cooling pumps.
During the summer months water temperatures are in excess of 100 degrees F at some
locations. Thus, recirculation of the water could account for sites being positive on one
sampling date and negative at another sampling date. This study indicates that
increased temperatures at sites on the lake are associated with the presence of
Naegleria fowleri. These sites should be monitored during the summer months when
there are increased water activities to'determine the abundance of amebae, in order to
prevent primary amebic meningoencephalitis. There is a large body of literatures that
demonstrates that as water temperatures rise, the amebae proliferate. This increased
proliferation is consistent with a possible increased risk of human infection. Unquote.
d. On Page 13 - In summary the report says that identifying the risk of contracting
Primary Amebic Meningoencephalitis infection when N. fowleri amebae are present in
the water is a very complex issue and there are no U.S. Standards. When
concentrations of amebae are high there is a greater chance of becoming infected, but
we do not know what all of the risk factors are and what the actual risk of infection is.
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7.,

In October 2007, the Virginia Department of Environmental Quality (VDEQ) has granted a
water discharge permit to Dominion that has imposed no water temperature limits in
Fahrenheit that can be measured by the public at the North Anna plant for the current
two operating nuclear units. In addition, VDEQ has granted Dominion a 316A Variance
from the U.S. Clean Water Act which allows them legally to heat the entire lake to any
temperature that they desire without any penalties.

8.

Microcystis Algae Bloom Fact's - Note that Algae Blooms occur in Lake Anna every
summer when the lake water gets hot.

Frequently Asked Questions Concerning Health Impacts of Algae Blooms
-a.

What is microcystis?
Microcystis is a cyanobacteria algae that grows naturally on the surface of many waterbodies.

Under

certain conditions (such as warm weather and an abundance of nutrients in the water) the algae may
undergo an explosive type of growth that results in dense, floating mats of algae. This is commonly
referred to as an "algae bloom."
b.

Can exposure to microcystis cause health problems?
Yes. Microcystis is different from most other types of algae because it secretes a toxin into the water.
During an algae bloom, the amount of toxin in the water can become elevated and exposure can be
potentially harmful to people and: animals.

c.

What types of health concerns are associated with exposure to toxins from microcystis?
Health concerns vary depending on the type of exposure (contact or ingestion) and the concentrations of
microcystis and its toxin, microcystin. Contact with high levels of the cyanobacteria algae has been found
to contribute to eye, ear, and skin irritation. More serious health effects (e.g. muscle cramps, twitching)
can also occur. If elevated levels of the algal toxin, microcystin, are also present in the water, serious
liver damage can result.

d.

How can I reduce my risk of health problems associated with exposure to microcystis?
Do not come into contact with water near the algae bloom. This also applies to pets.

e.

How long is the bloom expected to last?
Since algae benefit from warm, sunny weather, as the days get shorter and cooler, the algae are likely to
dissipate. Any toxins that are in the water will decline as the algae die off. In addition, any rainfall will
help to circulate the water and break-up the bloom.
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If I have had contact with this water or the algae bloom, what should I do?

For questions related to health concerns, contact your health care provider, local board of health, or the
Massachusetts Department of Public Health, Center for Environmental Health at (617) 624-5757.

This information is provided by the Environmental Toxicology Program within the Department of Public Health.

Summary: Lake Anna has currently experienced water temperatures exceeding 104
degrees F in some areas in the cooling lagoons and over 93F on the main reservoir with just two
nuclear reactors operating. The NRC says (1) With the addition of the proposed 3 rd reactor
cooling method (a combination air and water cooling system), that the lake water will evaporate
at a rate of up to 24 millions gallons per day and (2) the water temperature will get hotter faster as
the water level declines. The VDEQ Water Resources Dept says the water level will decline at an additional rate of about 1.1 inches per month when the 3d unit is operating and the water level
is below 250 MSL.
The Va. State Health Commissioner says that as water temperatures rise there is an
increased risk to the public for immersion in the hot water and also that amoebae proliferates
faster in water temperatures above 85F. . LACANDEQ teams have recorded water temperatures
of 104.6F on the warm side and 93F on the cold side.
The Va State Health commissioner says that persons with heart disease, children, parents
and guardians of young children, the elderly, pregnant women and persons with spinal cord or
peripheral nerve disorders should be cautious of prolonged immersion in waters that are warmer
than body temperature (98.6F).
The U.S. Safety Commission says that it could be fatal if you go into a hot tub with
temperatures greater then 104F. Various newspapers confirmed the deaths of 6 young people in 3
states due to PAM during the summer of 2007.
Virginia Commonwealth University (VCU) studies during the summer of 2007 confirmed
the presence of Naegleria Fowleri (NF) on both sides of Lake Anna. The VCU studies further
states that as water temperatures increase above 86F and the NF proliferate, the risk of getting
PAM in Lake Anna increases. The study also says there is a large body of literatures that
demonstrates that as water temperatures rise, the amebae proliferate. This increased proliferation
is consistent with a possible increased human infection.
VDEQ has granted water discharges permits for the current 2 units to Dominion to heat up
the entirety of Lake Anna to any water temperature it desires without any penalties. We have
previously had water temperatures over 104F in some parts of the lake and in the high 90's in
many parts of the lake. We also know that 99% of the water re-circulates between the power
plant and the dam and what amoebas are at one location today could be at another tomorrow.
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There is much scientific evidence that there is increased risk of an algae bloom (with
heated water and an abundance of nutrients in the water) which in turn creates various health
concerns with the type of water exposure (contact or ingestion). The health risks to human from
algae blooms have found to contribute to eye, ear, and skin irritation. More serious health effects
(e.g. muscle cramps twitching) can also occur.
Question? -- Can we take the chance that one of our loved ones will get sick or die
because the water temperatures in Lake Anna which are currently at high levels in the summer
months and will be increased further because of the up to 24 million gallons a day additional
evaporation from the 3 rd reactor cooling method than what they currently are from the existing
two reactors?? Why? Because the water level will decline and there will be less water to cool the
heat from the two current reactors causing the water to get hotter starting earlier in the summer
and increasing temriperatures throughout the summer and extending further into the fall.
-

A simple analogy for the heating of water faster can be made with the fact that heating a V2
cup of coffee will occur much faster then for heating a whole cup of coffee.

If Dominion changed its proposed 3 rd reactor cooling method to dry cooling (which they
proposed for unit 4 and is currently used in many places throughout the world), then the 3 dreactor
cooling method would not further impact the hot water temperatures during the summer months in
Lake Anna.
How will we feel if we sit back and do nothing about it now while we still can??
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LAKE ANNA (VIRGINIA) LAKE LEVEL TASK FORCE
10 May 2008
Attachment C to: Lake Anna (Virginia) Lake Level Task Force letter to:
Nuclear Regulatory Commission
Attention:

Ms. Alicia Williamson
Mr. Michael Masnik
Mr. Christopher Cook
Mr. Francis (Chip) Cameron

1. The attachments identify those that have concerns with the North Anna Plant expansion as
currently proposed by Dominion Resources using Lake Anna water are organized as follows:
-

NAME

TOTAL REPRESENTED

Tab 1A - Homeowner or Day Users Signature Petitions
TablB - Businesses Signature Petitions
Tab 2 - Email Petitions

191
26
9

Tab 3 - Supporting Letters
Property Owner Assoc & Lake Assoc.
GRAND TOTAL

6,235
6,461

2. The above data was collected during the past 1 2months by the Lake Anna (Virginia) Lake
Level Task Force. The letters are from individuals, businesses, homeowner and lake associations who
represented their association members.
3. Approximately 6,461 persons generally support the concerns identified in the Lake Anna
Lake Level Task Force Petition (March/April 2008) addressed to the Nuclear Regulatory Commission and
others.
4. The Lake Anna Lake Level Task Force appreciates your interest in meeting with us to find out
first hand about our various concerns and looks forward to working with you in the future to address the
various issues identified in our more detailed letter to you dated 10 May 08 concerning the proposed 3 rd
reactor at the North Anna plant.
Sincerely,

Harry Ruth
Friends of Lake Anna
230 Heather Drive, Bumpass, Va. 23024
Phone 540-872-3632

Doug Smith
Lake Anna Civic Assoc.
4147 Chalk Level Rd, Louisa, Va..
Phone 540-894-9094

Dale Jones
Lake Anna Boating and Recreation
2561 Peach Grove Rd, Louisa, Va.
Phone 540-967-9523

LAKE ANNA (VIRGINIA) LAKE LEVEL TASK FORCE
I

10 May 2008

Tab IA

SIGNATURE
PETITIONS
HOMEOWNERS AND DAY USERS

]

Date - - • •J
To:

of-

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept ofConservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

SUBJECT:

Concerns re declining lake levels at Lake Anna, Virginia

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own-or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, inctreased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create many boating hazards with previously submerged items (rocks, sandbars, etc.),and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is.
requested that you Use all available means at yourdisposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):.__
NAME

(Print)

SIGNATURE

ADDRESS (St., City, State)

44
e Anna Lake Level Task Frce__
Type =

BR -Business (Real Estate) H = Homeowner

BC (Business
DU = Day User

nstruction)

BL (Business Lake Recreation)

BS - (Business Service)
(Fill In one under Type)

Type

Date
To:

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland F

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

e

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all formsof recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):__
NAME

A)r~

(Print)

ADDRESS (St., CitSae

SIGNATURE

iL

Type

\7~
~i~Cre1M.

TBo u s

Type

OR-Business (RealI Estate)
H = Homeowner

-

st(s

UA

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

BS- (Business Service)

(Fill In one under Type)

S

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms Of recreation in/on Lake Anna' We are also concerned that these declining
water levels will:
(a) create. many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe. water iemperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4t reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME

SIGNATURE

(Print)

I

ADDRESS (St., City, State)

I/
A.

.6'

-

Ct,

/~

/

Type =

A6"ii

Lake Anna Lake Level Task Force

BR -Business (Real Estate) - . BC (Business Construction)
H = Homeowner

H

i/~n7~e&~,VA

aF

.

DU = Day User

Type

BL (Business Lake Recreation)

BS - (Business Service)
(Fill In one under Type)

DateDmi
To:

Boards of Supervisors (Louisa, Spotsylvanta and Orange Counties)

Roc

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fishe@

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create. many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe. water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
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(e) negatively impact many lake businesses with loss of customers.

Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4kh reactor) would not impact the lake level. it is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME

(Print)

ADDRESS (St., City, State)

SIGNATURE

AL$ EAf

Leke Anno Lake

________________________________Lake
Type =

BR -Business (Real Estate) H = Homeowner

Anna Lake Level Task Force

BC (Business Construction)
DU = Day User

Level Task Force

BL (Business Lake Recreation)

BS - (Business Service)
mFill In one under Tvye)

Type

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent tc
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms'of recreation in/on Lake Anna' We are also concerned that these declining
water levels will:
(a) create. many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe. water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval

process. BUSINESS NAME (if applicable):___
NAME

(Print)

SIIGNATURE

&7LW.
,{c-,

ADDRESS (St., City, State)

4I',/

_______

7

Ark2

Lake Anna Lake Level Task Force

.

Type =

BR --Business (Real Estate) H = Homeowner

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

BS- (Business Service)
(Fill In one under Type)

Type

Date
Boards of Supervisors (Louisa, Spotsyivanla and Orange Counties)

To:

,

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fishe@

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associatedimpacts to all forms of tecreation In/on Lake Anna. We are also concerned that these declining
water levels will:
(a) createjnany boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
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(e) negatively impact many lake businesses with loss of customers.

Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h' reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted-as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval

process. BUSINESS NAME (ifapplicable):.__
NAME

gli i§

(Print)

Yw

ADDRESS (St., City, State)

Type

DLJ

' YGýIATURE

Tk)

________________________________oke
Type =

BR -Business (Real Estate) H = Homeowner

Arnna Lake Leivel Task Force

BC (Business Construction)
DU - Day User

BL (Business Lake Recreation)

BS - (Business Service)

(Fill in one under Tvpe)

Date
To:

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)

,

Y
Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on thei13,000 acre Lake Anna Virginia and/or own property adjacent tc
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperaturesduring the summer
months and associated impacts to all forms of recreation in/on Lake Anna' We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the

3

rd

nuclear reactor, will cause up to an additional 24 million gallons per day to

be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME

(Print)

SIG

ADDRESS (St., City, State)

ITURE

Type

,11

________________________________Lake
Type =

BR -Business (Real Estate) -

H - Homeowner

Anna Lake Level Task Force

BC (Business Construction)

DU - Day User

BL (Business Lake Recreation)

BS - (Business Service)
(Fill In one under Type)

Lake Anna Lake Level Task Force Petition . (March/April 2008)
Date3•//
To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
VA Dept of Health
Orange Counties)
U.S. National Oceanic & Atmospheric Agency
Dominion Resources
U.S. Federal Nuclear Regulatory Commission
VA Dept of Environmental Quality
U.S. Environmental Protection Agency
Board
Water
Control
VA State
U.S. & Virginia State Legislators
VA Dept of Game & Inland Fisheries
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main' reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
" create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
" negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4h reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type/relationship with Lake Anna
BA - Business/Real Estate

BS - Business/Services
NAME (Print)

BC - Business/Construction

BL - Business Lake Recreation

DU - Day User
H - Homeowner
ADDRESS (St., City, State)
SIGNATURE

__

*Type

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheri

SUBJECT:

Concerns re declining lake levels at Lake Anna, Virginia

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t,
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms'of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safet'
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day tc
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann;
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):_
ATURE

61old

ADDRESS (St., City, State)

6cm/(A"~(~4

~1

"V49
VZ
Level Task Force
Lake AJmo Lake

______________________________Lake
Type =

BR -Business (Real Estate) H = Homeowner

Anna Lake Level Task Force.

BC (Business Constructipn)
DU = Day User

BL (Business Lake Recreation)

BS - (Business Service)

IFill In one under Type)

Type

Z

I3jrg

Date
Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties) ....

To:

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fo

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheri

es

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t,
the main reservoir and/or cooing lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated Impacts to all formsbf recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safetr
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
0

(e) negatively impact many lake businesses with loss of customers.

Dominion states the addition of the 3Fd nuclear reactor, will cause up to an additional 24 million gallons per day t(
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4`h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME

(Print)

:SIGNATURE

ADDRESS (St., City, State)

•aix

I~,~
1 o(~ an,(

Lake Anna Lake Level Task Force
Type =

BR -Business (Real Estate) H - Homeowner

BC (Business Construction)
DU - Day User

BL (Business Lake Recreation)

BS - (Business Service)

(Fill In one under Tyve)

Type

Date
Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t(
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated Impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water leVels will:
(a) crekte many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safetY
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day t(
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME

<AI
ex")

(Print)

SIG, ATURE

ADDRESS (St., City, State)

Z,-)V

kA/
/A~

....

•

......

: ,-

_______________________________akeAnna
Type =

BR -Business (Real Estate) H = Homeowner

Lake Level Task Force

BC (Business Construction)
DU - Day User

BL (Business Lake Recreation)

BS - (Business Service)

(Fill Inone under Tvpe)

Type

Date
To:

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

3 31 lee
Dominion Resources

,

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & inland *es

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheri,

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t,
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all formsof recreation in/on Lake Anna• We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3r nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prgposed for the 4"' reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann2
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME
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ADDRESS (St., City, State)
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Lake Anna Lake Level Task Fa*rce
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BR -Business (Real Estate) -

H - Homeowner
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BC (Business Construction)

DU - Day User

BL (Business Lake Recreation)
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(Business Service)

(Fill In one under Tvoe)

Date
To:

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)
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Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheril

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the'13,000 acre Lake Anna Virginia and/or own property adjacent tc
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated Impacts to all forms of recreation in/on Lake Anna: We are also concerned that these declining
water levels will:
(a) creatp-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses.with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion pr9posed for the 40 reactor) would not impact the lake level. it is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):
NAME

(Print)
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Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fist@

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

-

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the'13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated Impacts to all forms of recreation in/on Lake Anna*. We are also concerned that these declining
water levels will:
(a) create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe~water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses.with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of thr drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 40 reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
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Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheri,

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the*13,000 acre Lake Anna Virginia and/or own property adjacent t(
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated Impacts to all forms ofrecreatlon In/on Lake Anna' We are also concerned that these declining
water levels will:
(a) creat.p many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
Impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses with loss of customers.
Dominion states the addition of the 34 nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prQposed for the 4t reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We a iso
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):
NAME
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BC (Business Construction)
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BL (Business Lake Recreation)

BS - (Business Service)
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To:

Boards of Supervisors (Louisa, SpotsYlvanla and Orange Counties) ' -..

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland 0

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospher
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Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the'13,000 acre Lake Anna Virginia and/or own property adjacent i
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affec-tec
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated Impacts to all forms of recreation In/on Lake Anna'. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safer
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe. water temperatures causing negative
Impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake busineses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will. cause up to an additional 24 million gallons per day t
be evaporated from the lake causing a doubling oftthe drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion pr9posed for the 4' reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We a so
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):
NAME
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ADDRESS (St., City, State)
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Lake Anna Lake Level Tosk Force
Lake Level Task Force
BC (Business Construction)
DU - Day User

Type

BL (Business Lake Recreation)

BS -(Business Service)
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties) ......

To:

D3m

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & inland Fisherie

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospher

Concerns re declining lake levels at Lake Anna, Vrginla

SUBJECT:

We the undersigned persons who recreate on the'13,000 acre Lake Anna Virginia and/or own property adjacent
the main reservoir and/or co.ling lagoons of the lake or nearby areas and/or own or manage businesses that are affectec
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation In/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safer
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses with loss of customers.
Dominion states the addition of the 3r nuclear reactor, will. cause up to an additional 24 million gallons per day
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other aternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 4' reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We aiso
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):
NAME
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Lake Anna Lake Level Task Force

.

Type =

BR -Business (Real Estate) H - Homeowner

BC (Business Construction)
DU a Day User

BL (Business Lake Recreation)

BS - (Business Service)
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To:

Boards of Supervisors (Louisa, SpotsVivania and Orange Counties)

Dominion Resources

Oes

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheri

Concerns re declining lake levels at Lake Anna, Vi.rginla

SUBJECT:

We the undersigned persons who recreate on t1el3,000-acre Lake Anna Vlrginia and/or own property adjacent tr
the main reservoir and/or co.ojing lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated impacts to all formsdf recreation in/on Lake Anna; We are also concerned that these declining
water levels will:
(a) create_ many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster In the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses. with loss of customers.
Dominion states the addition of the 3P nuclear reactor, will cause up to an additional 24 million gallons per day tc
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 40 reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake AnnZ
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME
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BR -Business (Real Estate) H a Homeowner

BC (Business Construction)
DU a Day User

Bl (Business Lake Recreation)
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BS -(Business
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(Fill in one under Troe)
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Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties) '....
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Vrginla

SUBJECT:

We the undersigned persons who recreate on thel13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affeeted
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated Impacts to all forms 6f recreation In/on Lake Anna: We are also concerned that these declining
water levels will:
(a) creaMt ,many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe.water temperatures causing negative
Impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) Increase shoreline stabilization problems and
(e) negatively impact many lake businesses.with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4t reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concems. We also
request public participation In each step/review of theInstream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (Ifapplicable):
ADDRESS (St., City, State)
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BR -Business (Real Estate) H a Homeowner

BC (Business Construction)
DU w Day User

BL (Business Lake Recreation)

BS-(Business Service)
(F1ll In one under Type)

Type

Date
Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fis*

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. &VirginIa State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the:13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water, temperatures during the summer
months and associated Impacts to all forms of recreation in/on Lake Anna: We are also concerned that these declining
water levels will:
(a) creatM.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe. water temperatures causing negative
Impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses. with loss of customers.
Dominion states the addition of the 3P' nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 40 reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):
NAME
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Lake Anna Lake Level Task Force
Type =

BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU x Day User

BL (Business Lake Recreation)

Ad1hk

BS -(Business
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Inone under Type)

V

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisherie,

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospher;

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affectec
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safet,
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3r nuclear reactor, will cause up to an additional 24 million gallons per day tC
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann.
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME
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Lake Annodlfke Level Task Force
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BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU --Day User

BL (Business Lake Recreation)

BS - (Business Service)
HFill In one under Type)

Type
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Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fees

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospherii

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t(
the main reservoir and/or cool*ing lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4"h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anni
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):__
NAME
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VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisherie,

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm,

U.S. Environmental Protection AgencT.

U.S. National Oceanic & Atmospheri

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent t,
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms-of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customerr

,

Dominion states the addition of the 3r nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4wh reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):_
NAME
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Anna Lake Lev~el Task Force

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)
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Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fish@

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm

U.S. Environmental Protection Agency.

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME
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Lake Anna Lake Level Task Force

Type =

Type

BS- (Business Service)
(FillIn one underTVoe)

0

Date

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)

To:

Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the,13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated Impacts to all forms of recreation In/on Lake Anna' We are also concerned that these declining
water levels will:
(a) creae. many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3r nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit.(ESP) approval
process. BUSINESS NAME (if applicable):
NAME
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Anna Lake Level Task Force

BC (Business construction)
DU - Day User

BL (Business Lake Recreation)

BS-(Business Service)
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & inland FisO

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the"13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation In/on Lake Anna We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses. with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME
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Lake Anna Lake Level Task Fore
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=

BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU a Day User

BL (Business Lake Recreation)

Adlbk

BS - (Business Service)

(Fill In one under Type)

w

Date 3 - ---.
To:

9

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent tc
the main reservoir and/or cooJing lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) creat .many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of tire drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prqposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find 'the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval

process. BUSINESS NAME (if applicable):
NAME
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BC (Business Construction)
DU - Day User

BL (Business Lake Recreation)

BS - (Business Service)
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

or1

(;

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fis*

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent.to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated Impacts to all forms of recreation In/on Lake Anna' We are also concerned that these declining
water levels will:
(a) create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster In the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion pr9posed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):___
NAME
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'

5

k~l

6z&eiv &

4da,6L
J

i

4

Lt
,'i5L A4-

on
kI Y~f+
4F EC4

xi4R)P/
7/.

ti7AW
Z7c~

I

Lke Anna Lake Level Task Force
Type =

BR -Business (Real Estate) H - Homeowner

BC (Business Construction)
OU a Day User

BL (Business Lake Recreation)

Type

BS-(Business Service)

oFill in one under Type)

Date

3 11t,•i

To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding- declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anfia. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
* create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4t" reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BL - Business-Lake R"
BR -'Business/Real Estate
BC - Business/C onstruction
DU - Day User
BS - Business/Services
H - Homeowner
ADDRESS (St., City, State)
NAME (Print)
SIGNATURE

ation
*Type

Date
To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
Quality
of
Environmental
VA Dept
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators'
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4t 1 reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BC - Business/Construction
BR - Business/Real Estate
NAME (Print)
ýe4 ;CL,Vt
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BL - Business Lake Recreation
DU - Day User

H - Homeowner

BS - Business/Services
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ADDRESS (St., City, State)
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To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
ýadjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
" create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
" negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4"' reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)

*Indicate type/relationship with Lake Anna
BR - Business/Real Estate
BC - Business/Construction
BS - Business/Services
H - Homeowner

NAME (Print)
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BL - Business Lake Recreation
DU - Day User

ADDRESS (St., City, State)
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To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Arna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
e cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
• create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
• increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause, up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4 t reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BL -.Business Lake Recreation
BC - Business/Construction
BR - Business/Real Estate
DU - Day User
( 2 flomeowner
BS - Business/Services
*Ty~~e
ADDRESS (St., City, State)
SIGNATURE
NAME (Print)
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Date

04/04/2008

To:.

Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
• create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 40 reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and-the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BR - Business/Real Estate
BC - Business/Construction
BL - Business Lake Recreation
BS - Business/Services
H - Homeowner
DU - Day User
NAME (Print)
SIGNATURE
ADDRESS (St., City, State)
*Type

Dona Breen

,P .

Michael Breen____

4

J...

131 Carter Lane, Louisa, VA 23093
131 Carter Lane, Louisa, VA 23093

Date#'a

ij-:e

To:
Boards of Supervisors (Louisa, Spotsylvania and U.S. National Oceanic & Atmospheric
Agency
Orange Counties)
U.S. Federal Nuclear Regulatory Commission
Dominion Resources
VA Dept of Environmental Quality
U.S. Environmental Protection Agency
VA State Water Control Board
U.S. & Virginia State Legislators
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation
VA Dept of Health
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own
property adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or
own or manage businesses that are affected by Lake Anna are very concerned about the declining
water levels, increased water temperatures during the summer months and associated impacts to
all forms of recreation in/on Lake Anna. We are also concerned that these declining water levels
will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
* create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
•
negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 'dnuclear reactor, will cause up to an additional 24 million' gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4' reactor)
would not impact the lake level. It is requested that you use all available means "atyour disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BR - Business/Real Estate
BC - Business/Construction
BL - Business Lake Recreation
BS - Business/Services
H - Homeowner
DU - Day User
NAME (Print)
SIGN
ADDRESS (St., City, State)
*Type
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Date
To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation.
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators

SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
0 create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
" increase shoreline stabilization problems and
" negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4" reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BR - Business/Real Estate
BC - Business/Construction
BL - Business Lake Recreation
BS - Business/Services
H - Homeowner
DU - Day User
NAME (Print)
SIGNATURE
ADDRESS (St., City, State)
*Type

Date

oL"

;rAp,x

To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
VA Dept of Health
Orange Counties)
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators
VA Dept of Game & Inland Fisheries
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
busimesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
" negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3r nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4kh reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BL - Business Lake Recreeation
BC - Business/Construction
BR - Business/Real Estate
DU - Day User
H - Homeowner
BS - Business/Services
*Type
ADDRESS (St., City, State)
SIGNATURE
NAME (Print)
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Date
To:

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on theZ13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or coooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna: We are also concerned that these. declining
water levels will:
(a) createmany boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) Increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3' nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prQposed for the 4 " reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Pernrit (ESP) approval
process. BUSINESS NAME (if applicable):
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Loke Anna Lake Level Task Force
Sype

=

BR -Business (Real Estate) -

H a Homeowner

BC (Business Construction)

DU a Day User

BL (Business Lake Recreation)

BS - (Business Service)
(Fill In one under Type)

Date

"3 La
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To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
VA Dept of Health
Orange Counties)
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
U.S. Federal Nuclear Regulatory Commission
VA Dept of Environmental Quality
VA State Water Control Board
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators
VA Dept of Game & Inland Fisheries
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about. the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
• negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i~e. dry cooling that Dominion proposed for the 4 th reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type/relationship with Lake Anna
BC - Business/Construction
BR - Business/Real Estate
BL - Business Lake Recreation
"6wne
BS - Business/Services
DU - Day User
,,A-3DRESS (St., City,
NAME RrPint) ()
*Type
Staft)

24'76

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

we the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;

(a)

(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
I

(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the

3 rd

nuclear reactor, will cause up to an additional 24 million gallons per day to

be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 40"reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESSNAME (if applicable):___

NAME (Print)
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Lake Anna Lake Level Task Force
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Type =

BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

BS- (Business Service)

(FillIn one under Type)

Type

/

e

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fis

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

s

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h"reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
r__
NAME
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ADDRESS (St., City, State)
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nna Lake Level Task Force

BC (Business Construction)
DU = Day User

Type

BL (Business Lake Recreation)

BS- (Business Service)
(FillIn one under Type)

S

Date
Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. &Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4 th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):__
__
NAME

(Print)
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ADDRESS (St., City, State)
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BL (Business Lake Recreation)

BS - (Business Service)
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fil&

s

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4kh reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
___
___
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lake Anna Lake Level Task Force
Type =

BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

BS - (Business Service)

H(Fill It one under Typel

P

Date
To:

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor; will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):__
NAME

(Print)

SIGNATURE

ADDRESS (St., City, State)
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BC (Business Construction)
DU = Day User

Type

BL (Business Lake Recreation)

BS - (Business Service)
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Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fishlf

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. &Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):_____
ADDRESS (St., City, State)
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Lake Anna Lake Level Task Fcirce
Type =

BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

BS - (Business Service)
(FillIn one underType)

S

Date
To:

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d)' increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the Yd
nuclear reactor, will cause up to an additional 24 million gallons per day to
3
be evaporated from the lake causing a doubling of thedrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):___
NAME
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Lake Anna Lake Level Task Force
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BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

Type

BS- (Business Service)
oaIFl in one underTvpe)
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Date

To:
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fishy

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3T nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 40 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):___________
NAME
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ADDRESS (St., City, State)
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H = Homeowner

BC (Business Construction)
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VA Dept of Environmental Quality

VA State Water Control Board
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Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4w" reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):___
NAME
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VA Dept of Health
Orange Counties)
U.S. National Oceanic & Atmospheric Agency
Dominion Resources
Quality
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Environmental
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SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
• increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4 th reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
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Lake Anna Lake Level Task Force Petition (March/April 2008)
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U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
" create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
* create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
" negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4h' reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
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*Indicate type/relationship with Lake Anna
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Lake Anna Lake Level Task Force Petition (March/April 2008)

Date
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TO:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
* create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
* create a major fire safety hazard for lake homes/commnimities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
o negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4"' reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
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Lake Anna Lake Level Task Force Petition (March/April 2008)
I
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To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
o create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
° increase shoreline stabilization problems and
o negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4e reactor).
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type/relationship with Lake Anna
BR - Business/Real Estate
BC - Business/Construction
BL - Business Lake Recreation
BS - Business/Services
H - Homeowner
DU - Day User
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a)

create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;

(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 40 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
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Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the" 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons per day to
,be evaporated from the lake causing a doubling of therdrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (a appicable):
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Dominion Resources

Boards of Supervisors (Louisa, Spotsylvanra and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fish•ries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospherc

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these dedining
water levels will:
(a) creaternany boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster In the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by malkng the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses wt loss of customers.
Dominion states the addition of the 3P nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubflg of tOwedrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4V" reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
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U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency
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Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,00 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated Impacts to all forms of 'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-nany boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake busnessesiwith loss of customers.
Dominion states the addition of the 3P nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level deiNneS. Other alternative
cooling methods (ie. dry cooling that Dominion proposed for the 4" reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as partpfVqinia and the U.S. North Anna Early Site Penpit (ESP) approval
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SUBJECT:

Concerns re declining lake levels at Lake Anna, Virginia

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of 'recreation in/on Lake Anna.' We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the-drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4!h reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
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VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

SUBJECT:

Concerns re declining lake levels at Lake Anna, Virginia

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3Y nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4k" reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
Permit (ESP) approval
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early
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VA Dept of Environmental Quality
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VA. Dept of Game & Inland Fisheries
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VA Dept of Health

U.S. & Virginia State Legislators
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U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna' We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 40 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (ifapplicable):
.
C/C•CA
MA- t-A1-.- 1.d C-

NAME

(Print)

SIGNATURE

ADDRESS (St., City, State)

STURGEON CREEK MARINA

.

Type =

LaCe Anna, Virgi ia
Five Ramps - Boat kentals. Fuel &,Accessories. Licenses
isaing "'kickl . lIve Bait . loal S'iragc-. Water Slips
AuthorizedSal. And •ervie
,.

BR -Business (Real Es

".M

H = Homeown(
=

hlon•On,
Flvinrucl ()niihoardanl
b
dilHonda 0l1)ibo•g'd•,
uiser Slt'rndrives - C lPliodns
i
t,
"'riloons.A
1 j M er
5107 Courthouse Road Spotsylvania VA 22553

540 895-5095 - Fax 540 895-5818
www.sturgeoncreekmarina com

5ion)

BS-

(Business Service)

(Fill in one under Type)

Type

Date

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fish@

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
•) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U;S. ýIqrth Anna Early Site Permit (ESP) approval
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process. BUSINESS NAME (ifapplicable):
NAME

&4ic

(Print)

SIGNATURE

1/
ADDRESS (St., City, State)

/~

-

/

Eric. J. Heidig
Owner
5621 Courthouse Rd.
Spotsylvania, VA 22553
Type =

BR-Business (Real Esta
H = Homeowner

Winery Phone: 540.895.5085
Winery Fax: 540.895.9749
Cell: 540.845.9805
e-mail: eric@lawinery.com

1)

BS- (Business Service)
IFill In one under Type)

Type

Date
To:

'2
Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
YA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. &Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the'13,000 acre Lake Anna Virginia and/or own property adjacent. to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of'recreation in/on Lake Anna.' We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe.water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, -clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and

S(e)negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of therdrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Vir inia !pd the U.S. North Anna Early Site Permit (ESP) approval

0V71%_)w

process. BUSINESS NAME (if applicable):
NAME

ADDRESS (St., City, State)

SIGNATURE

(Print)

5

( 4Ci) 895-5624
(540) 891-2248
(540) 786-4194 FAX

Opportunity Homes Inc.
OHI CONSTRUCTION

*

Type =

BR -Business (Real Estate

H =.Homeowner

REMODELINGBASDITIONSNEW HOMES-COMMERCIAL
BOX 1419

RON McCORMICK

.PO.

Pfesident

SPOTSYLVANIA. VIRGINIA 22553

55 - (Business Service)

Inone under Type)
IF111

Type

Date
To:

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

?'

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fiss

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the'13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of'recreation in/on Lake Anna: We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of thedrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4"h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME
NAME

(if applicable):

(Print)

•xA-

_
SIGNATURE

ADDRESS (St., City, State)

Type

vxcj C)~

_______________________________Lake
Type =

BR -Business (Real Estate) H = Homeowner

Anna Lake Level Task Force

BC (Business Construction)

DU = Day User

BL (Business Lake Recreation)

A

BS- (Business Service)

(Fill In one under Tvpel

W

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4t" reactor) would not impact the lake level. It is
requested that you use,all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
.S. North Anna Early Site Permit (ESP-) approval
inia at
and the North Anna River being conducted as p of
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process. BUSINESS NAME (if applicable):

(Y*

NAME

ADDRESS (St., City, State)

(Print)

RICHARD WOLF

ANDY LOHR

ype=

BR -Business (Real Estate)-

895-9771
(540)
..
--. ,----l--AIA

BCj
t

H = Homeowner

Du

VA 22551

(Business Service)

Type

It)-

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fish

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 40 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval

process. BUSINESS NAME (ifapplicable):
NAME

(Print)

L r•i• 6ca

m• •

•

SIGNATURE

ADDRESS (St., City, State)

F31; 5,'3-5ýv.rrý ý

_;ýNA-

Lake Anna Lake Level Task Force
Type =

BR -Business (Real Estate) -

H = Homeowner

BC (Business Construction)
DU = Day User

BL (Business Lake Recreation)

BS- (Business Service)
[Fillto one under &Rpe)

Type

$

Date2,
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the dedining water levels, Increased water temperatures during the summer
months and associated impacts to all forms of 'recreation In/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster In the summer months to unsafewater temperatures causing negative
Impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of ther drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted !s)artof Virginnand the U.S. North Anna E~prly Site Permit (ESP) approval
7";
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process. BUSINESS NAME (ifapplicable): ,• /
NAME

(Print)

ADDRESS (St., Mty, State)

K~ ~
II

T J .

III I

II

jake Anna Lake Le••l Task For•e.

*ype-

BR -Business (Real Estate) H = Homeowner

BC (Business Construction)
DU =: Day User

BL (Business Lake Recreation)

BS - (Business Service)
U111 in one under -Twe)

Type

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland FishO

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of'recreation in/on Lake Anna; We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and

0

(e) negatively impact many lake businesses with loss of customers.

Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval

process. BUSINESS NAME (if applicable):
NAME

PCM

>Ae

-

-

(Print)

ADDRESS (St., City, State)

T

Zo ,' 4

"

CRYSTAL S. CARTER

iREALTOR@

Type =

BR -Business (Real Estat
H = Homeowner

REAL-TY SPECIALISTS
402 West Main Street, P 0. Box 602
Louisa, Virginia 23093
Mobile: (540) 223-0103
Office: (540) 967-1042
Fax: (540) 967-5570
BLU24TAZ@AOL.COM
2 EachOlice iccepereencyOwnedanoOcere,,n

BS - (Business Service)
IFiL1 in one under Type)

O

?

Date
To:

Boards of Supervisors (Louisa, SpotsyIvanla and Orange Counties) , t

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. &Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospherk

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent tc
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of'recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) Increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3d nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the, drought cycle and further lake level declines. Other alternative
cooling methods (i e. dry cooling that Dominion proposed for the 4 !hreactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of V'rginia and the U.S. North Anna Early Site Permit (ESP) approval
c,
1 /0 10
):
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process. BUSINESS NAME (ifappauc
NAME

(Print)

SIGNATURE

ADDRESS (St., City, State)

0,'

A3053 _S

LOUISA AUTO PARTS, INC.

.

Type =

BR -Business (Real
H = Homeov

DIXON

221 East Main S1,reet
Louisa, VA 2309,
(540) 967-0331
(540) 967-0835 F

ELLIS,

~

eation)

Type

BS- (Business Service)
iII In one underTyne)

Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Conservation & Recreation

VA Dept of Health

VA. Dept of Game & Inland Fie
U.S. &Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME (if applicable):
NAME

SIGNATURE

(Print)

ADDRESS (St., City, State)

ASHLEY WALTON KENNY

'VP
Type =

BR -Business (Real Estate) -

H = Homeowner

SC

DE

REALTOR®

REALTY SPECIALISTs
402 West Main Streel, P 0 Box 602
Louisa, Virginia 23093
Mobile: (540) 834-7840
Office: (540) 967-1042
Fax: (540) 967-5570
ashley kenny@yahoo.com
I Each OfficenependenIly Owne anu Operatea
1ý

S- (Business Service)
one under Type)

Type

-2_ 7 --(5

Date
To:

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)

Dominion Resources

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nudear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic &Atmospheric

SUBJECT:

Concerns re declining lake levels at Lake Anna, Virginia

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated impacts to all forms of recreation in/on Lake Anna.' We are also concerned that these declining
water levels will:
(a) create-many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged items;
(b) cause the water to get hotter faster in the summer months to unsafe-water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses with loss of customers.
Dominion states the addition of the 3Y nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4 reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
.
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process. BUSINESS NAME (if appulcae):
NAME (Wit)
&1e~eA'

Lee'i

PM
7v`1??200m 1? 5? 31'4
Stole

.

ADDRESS (St., aty, state)

SIGMTURE

Sales Recelpl # 33832

I

carterfields sporting supplies
103

Type=-

BR -Business (Real Estate) H = Homeowner

louisa va.

I
C

I

5.•0-9637-220/

(7

i

R) SS- (Business Service)

Type

Lake Anna Lake Level Task Force Petition (March/April 2008)
Date
To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation &.Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
• create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
• cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
• negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4e reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.
BUSINESS NAME (if applicable)

*Indicate type/relationship with Lake Anna
BR - Business/Real Estate
BC - Business/Construction
BL - Business Lake Recreation
BS - Business/Services
H - Homeowner
DU - Day User
NAME (Print)
SIGNATURE
ADDRESS (St., City, State)
*Type

G/

0esources

Date
To:

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)

Dominion Resources

,

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheri

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the'*13,000 acre Lake Anna Virginia and/or own property adjacent t,
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, Increased water temperatures during the summer
months and associated Impacts to all forms of recreation in/on Lake Anna: We are also concerned that these declining
water levels will:
(a) createtmany boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe.water temperatures causing negative
Impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) Increase shoreline stabilization problems and
(e) negatively Impact many lake businesses with loss of customers.
Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day tc
be evaporated from the lake causing a doubling of -thedrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion prQposed for the 4w reactor) would not Impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We a Iso
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Ann.
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
1:
7'',•"
:
//,'4<
•
process. BUSINESS NAME (if applkcable): .
NAME

(Print)

SIGNATU

ADDRESS (St., City, State)

d'

T

%

4s'76~toA

,

pf

Lake Anna Lake Level Task Force
0

Type =

BR -Business (Real Estate) -

H a Homeowner

BC (Business Construction)

DU - Day User

BL (Business Lake Recreation)

BS - (Business Service)

MH(Fi
n one under Type)

_

Date A L/o
Dominion Resources

Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)

To:

VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fish*

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

Concerns re declining lake levels at Lake Anna, Virginia

SUBJECT:

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms ofrecreation in/on Lake Anna' We are also concerned that these declining
water levels will:
(a) createinany boating hazards with previously submerged items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafe water temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, clams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and

6

(e) negatively impact many lake businesses with loss of customers.

Dominion states the addition of the 3rd nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of thedrought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4th reactor) would not impact the lake level. It is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted-as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval

process. BUSINESS NAME (ifapplicable):___
NAME

IvI

ADDRESS (St., City, State)

(Print)

JAM YI"~

DL/

*S"ATURE
~g{s

F

tc o4•L

Task Force
Lake A•no Lake Level

________________________________Lake
Type =

BR -Business (Real Estate) -

H = Homeowner

Anna Lake Level Task Force

, BC (Business Construction)
DU - Day User

Type

SL (Business Lake Recreation)

BS - (Business Service)

(Fill In one under Tvoe)
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Date
To:

Dominion Resources

Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
VA Dept of Environmental Quality

VA State Water Control Board

VA. Dept of Game & Inland Fisheries

VA. Dept of Conservation & Recreation

VA Dept of Health

U.S. & Virginia State Legislators

U.S. Federal Nuclear Regulatory Comm.

U.S. Environmental Protection Agency

U.S. National Oceanic & Atmospheric

SUBJECT:

Concerns re declining lake levels at Lake Anna, Virginia

We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property adjacent to
the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage businesses that are affected
by Lake Anna are very concerned about the declining water levels, increased water temperatures during the summer
months and associated impacts to all forms of recreation In/on Lake Anna. We are also concerned that these declining
water levels will:
(a) create.many boating hazards with previously submerged Items (rocks, sandbars, etc.) and create major safety
hazards for recreational users when their boats hit these submerged Items;
(b) cause the water to get hotter faster In the summer months to unsafewater temperatures causing negative
impacts to humans, fish, wildlife, aquatic life, dams and mussels;
(c) create a major fire safety hazard for lake homes/communities by making the dry fire hydrants unusable;
(d) increase shoreline stabilization problems and
(e) negatively Impact many lake businesses-with loss of customers.
Dominion states the addition of the 3P nuclear reactor, will cause up to an additional 24 million gallons per day to
be evaporated from the lake causing a doubling of the' drought cycle and further lake level declines. Other alternative
cooling methods (i.e. dry cooling that Dominion proposed for the 4h reactor) would not impact the lake level. It Is
requested that you use all available means at your disposal to find the methods to negate each of our concerns. We also
request public participation In each step/review of the Instream Flow incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted a part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval
process. BUSINESS NAME.I(It appliable): MV
0 'Se
•i
1---(f

O

D<2K/
NAME

(Print)

ti-r5 P,-i ToL
SIGNATURE

:;ý3O-S

__J

ADDRESS (St., City State)

Type

z- 4 v34jd'H

Type• =

Type DR

4-resS (P•
Busiess(Re

540) 967-0104

.reation)

Fax (540) 832-5763

BS- (Business Service)
OIwlIn one under T&Me)

H Home

JENKINS RENTALS, INC.
WE RENT ALL HOUSEHOLD ITEMS
MONTHLY & WEEKLY RENTALS

EARLENE PERRY
Store Manager

TRIANGLE PLAZASHOPPING CTR
P.O BOX 1580
Louisa , VA 23093
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i

Page 1 of 1
George Heinojr
From:

"Cheryl Modesto" <cmodesto@vafp.org>

To:
Sent:

"'George Heinojr" <gmrheino@earthlink. net>
Wednesday, April 02, 2008 11:32 AM

Subject:

RE: Lake Anna Lake Level Task Force

agree with this petition.
Cheryl Modesto
10103 Idlebrook Drive
Richmond, VA 23238
Type: DU
From: George Heinojr [mailto:gmheino@earthlink.net]

Sent: Wednesday, April 02, 2008 11:24 AM
To: George Heinojr; Anthony Sablehaus; Dee and RUSS Nicosia; Helen McCotter; MICHAEL KIDWELL; David
Failacci; Ingrid Dupree; dana; cmodesto@vafp.org; Buck Albritton; accobra69@earthlink.net
Subject: Re: Lake Anna Lake Level Task Force
Sorry forgot the attachments tOriginal Message ----From: George Heinojr
To: Anthony Sablehaus; Dee and RUSS Nicosia; Helen McCotter ; MICHAEL KIDWELL; David Failacci;
Ingrid Dupree; dana ; cmodesto@vafp.org ; Buck Albritton ; accobra69@earthlink.net

Sent: Wednesday, April 02, 2008 11:10 AM
Subject: Lake Anna Lake Level Task Force
Looking for signatures or email response. Please read the attached. If you agree .. Either print a copy of the
petition and get it to me or send an email response to this Email stating you agree with the petition. Please
include your names and addresses Thanks. Also send this to your family and friends who use the lake

No virus found in this incoming message.
Checked by AVG.
Version: 7.5.519 / Virus Database: 269.22.4/1355 - Release Date: 4/1/2008 5:37 PM

No virus found in this outgoing message.
Checked by AVG.
Version: 7.5.519 / Virus Database: 269.22.4/1355 - Release Date: 4/1/2008 5:37 PM

4/2/2008
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George Heinojr
From:
To:
Sent:
Subject:

'The Kidwell Family" <migskidwell@verizon. net>
"George Heinojr" <gm heino@earthlink. net>
Wednesday, April 02, 2008 12:16 PM
Fw: Lake Anna Lake Level Task Force

I agree with the petition
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
Gina Kidwell
18723 Summer Oak Court
Germantown, MD 20874
Recreational user of the lake
Forwarded
----- Message ---From: The Kidwell Family <rmigskidwell@verizon.net>
To: alicia white <cafewhite@verizon.net>; Alisa A. Strosser <AAS@mikecollins.com>; Alison Melley
<melleypaals@verizon. net>; Amanda Karst <amandakarst@gmail.com>; Andy Zamora
<andy@zamorasfrederick.com>; Angeline Massaro <angeline_massaro@yahoo.com>;
beelakes@aol.com; beelakes@aol.com; Billy Nucci <3nuccis@verizon. net>; Brad Benna
<BBenna@championhomes.net>; Brenda Benna <bsbenna@aol.com>; Bridget Kramer
<kramers5@hotmail.com>; Bruce Kidwell <BKidwell@tpvlp.com>; Burgess Pilch
<burgesspilch@verizon. net>; Carmen Meyers <carmenameyers@hotmail.com>; Chad Kidwell
<chadkidwell@gmail.com>; Chris Korkalo <kork@cox.net>; Christina Mack
<TJMBulldog@aol.com>; Cindy Florian <4florians@verizon.net>; Deb Perry
<deborahperry@comcast. net>; Donald McCourt <dmccourt@ebg.com>; Donate
<musikerin@yahoo.com>; Eileen Stevens <stevenseileen@hotmail.com>; Failacci Dan
<dan.failacci@lmco.com>; Gina and Steve Oliver <sogp227@comcast. net>; Glenn Edwards
<GlennEdwards@draeger.com>; Grupe Steve <steve.grupe@lmco.com>; Hilary Kidwell
<hilary341 @aim.com>; Holly Crawford <mysaml@hotmail.com>; Jackie.Bradford@nbcuni.com;
Jackie.Bradford@nbcuni.. com; Jacqueline Zeranski <vze2p9c3@verizon.net>; James J Richardson
<cjjrichardson@raytheon. corn>; j ames.koutsos@worldnet. att. net; james.koutsos@worldnet. att.net;
Jeanette Staton <jeanettestaton@verizon. net>; Jeanne McCourt <jeanne.mccourt@marriott.com>; Jena
Kidwell <kidwl 124@comcast. net>; Jennifer Koutsos <jpkjlk@yahoo.com>; Jennifer Powell
<jennifer.powell@trueserver.com>; Jenny Garvey <mjgarvey@comcast. net>; Jesse Reing
<Jreing@mac.com>; jim mcgonigle <jmcgonigle@broadsoft.com>; John McQuilkin
<jkmcq82@adelphia..net>; Kathy and John McQuiklin <jkmcq82@adelphia.net>; Kathy McQuilkin
<krncquilkin@delcortech.com>; Ken Kramer <kramerk2@nhlbi.nih.gov>; Kim McKean
<cvillernh@juno.com>; Kim/Tom McKean <ktmckean@juno.com>; KKarst@hpm.com;
KKarst@hpm.com; Kristen and Mike Neese <nyvahokies@comcast.net>; lisa brenner
<lbrenner9 l@gmail.com>; Lynn McGonigle <lynnmcg@gmail.com>; Mary McAndrews
<marypmcandrews@msn.com>; Mary Stefanelli <marystefanelli@comcast. net>; Michael Ann Browne
<mbrowne@nps-dc. org>; Monique Libby <jmlibby@clceast. org>; Nicole Wells
<n.wells@hubertco.com>; Niles Chura <NChura@hcmlp.com>; Page Browning
<pagebrowning@yahoo.com>; Pam Rhode <pam.rhode@myvesta.org.uk>; Ray Long
<hrlong76@yahoo.com>; Schmitt Todd <TDSCHMITT@mactec.com>; Steve Rhode
<Steve@SteveRhode.com>; Theresa Kidwell <tkidwellm@verizon.net>
Cc: George Heinojr <gmheino@earthlink.net>
Sent: Wednesday, April 2, 2008 12:14:58 PM
Subject: Fw: Lake Anna Lake Level Task Force

As many of you know and have visited., my parents have retired to Lake Anna in
VA. The lake was created by Dominion power to help sustain 2 nuclear reactors
which create energy for VA and the nation. Dominion is going to build two
4/2/2008
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George Heinojr
From:
To:
Sent:
Subject:

<cvillermh@juno.com>
<gmheino@earthlink.net>
Wednesday, April 02, 2008 1:00 PM
Fw: Lake Anna Lake Level Task Force

I agree with the petition "SUBJECT: Concerns regarding declining lake levels at Lake
Anna, Virginia".
Kim McKean
1725 Bending Branch Rd

Charlottesville, VA 22901
Day user of the lake

Forwarded
----- Message ---From: George Heinojr <gmheino@earthlink.net>
To: Anthony Sablehaus <asabelhaus@aol.com>; Dee and RUSS Nicosia <thenicosias@aol.com>;
Helen McCotter <hcmccotter@earthlink.net>; MICHAEL KIDWELL <migskidwell@verizon.net>;
David Failacci <failacci@earthlink. net>; Ingrid Dupree <tomingrid2@onehop.com>; dana
<prncess805@comcast.net>; cmodesto@vafp.org; Buck Albritton <AGBuck55@aol.com>;
accobra69@earthlink.net
Sent: Wednesday, April 2, 2008 11:10:50 AM
Subject: Lake Anna Lake Level Task Force
Looking for signatures or email response. Please read the attached. Ifyou agree. Either print a copy of the
petition and get it to me or send an email response to this Email stating you agree with the petition. Please
include your names and addresses Thanks. Also send this to your family and friends who use the lake

THE LAKE ANNA WATER LEVEL TASK FORCE NEEDS YOUR HELP

1.

2.

The lake water level is currently down about 1 foot.
Within recent months, the lake was down a total of 3 feet
The current drought started in May 2007 (11 months ago) when the lake level went below
250 MSL (which is the normal lake level).
A Lake Level Task Force consisting of representatives from:
a. Lake Anna Civic Association
b. Lake Anna Boating and Recreation Association
c. Friends of Lake Anna

was formed to see what could be done about future lake water level declines. The task force
identified many disadvantages and only 2 advantages if the lake water level continues to decline.
A few examples of the disadvantages are,:
a.

Many people during the current drought have run into rocks and other submerged
items causing major damage to their boats and motors and causing injury to the
occupants of the boats.
b. Many people canot get their boats off their boat lifts.
c. Homeowner Insurance rates may increase due to lack of water at the dry fire
4/2/2008
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George Heinoir
From:

"Bridget's Hotmail" <kramers5@hotmail.corn>

To:
Sent:
Subject:

<gmheino@earthlink.net>
Wednesday, April 02, 2008 2:15 PM
lake anna

Dear George and Gerry Heino,

I agree with the petition "SUB3ECT: Concerns regarding declining lake levels at Lake
Anna, Virginia".
Peace,
Bridget Kramer, day user of the lake
14410 Myer Ter
Rockville, MD 20853

4/2/2008
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George Heinojr
From:
To:
Sent:
Subject:

"David Failacci" <failacci@earthlink. net>
"George Heinojr" <gmheino@earthlink.net>
Wednesday, April 02, 2008 1:50 PM
Re: Lake Anna Lake Level Task Force

Hi George; I added my name to the attachment but I am not sure that it was added. But in case not. Add my and
Millie's Name to the list
David D Failacci, 159 Longway Drive, Bumpass Va. Type H
Mildred C Failacci 159 Longway Drive, Bumpass Va Type H
Dave
---- Original Message
From: George Heinojr
To: George Heinojr ; Anthony Sablehaus; Dee and RUSS Nicosia; Helen McCotter; MICHAEL KIDWELL;
David Failacci ; Ingrid Dupree ; dana ; cmodesto@vafp.org ; Buck Albritton ; accobra69@earthlink.net
Sent: Wednesday, April 02, 2008 11:24 AM
Subject: Re: Lake Anna Lake Level Task Force
Sorry forgot the attachments tOniginal Message ----From: George Heinojr
To: Anthony.Sablehaus; Dee and RUSS Nicosia; Helen McCotter; MICHAEL KIDWELL; David Failacci;
Ingrid Dupree; dana; cmodestoQvab.prg; Buck Albritton; accobra69@earthlink.net
Sent: Wednesday, April 02, 2008 11:10 AM
Subject: Lake Anna Lake Level Task Force
Looking for signatures or email response. Please read the attached. If you agree. Either print a copy of the
petition and get it to me or send an email response to this Email stating you agree with the petition. Please
include your names and addresses Thanks. Also send this to your family and friends who use the lake

4/2/2008
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George Heino'r
From:
To:
Sent:
Subject:

"Carmen Meyers" <carmenameyers@hotmail.com>
<gmheino@earthlink.net>
Thursday, April 03, 2008 12:12 PM
Lake Anna Lake Level Task Force...

I agree with the petition "SUBJECT: Concerns regarding declining lake levels at Lake
Anna, Virginia". Signed,
Carmen Meyers
12001 Pineapple Grove Drive
North Potomac, MD 20878
Day User of the Lake
Pack up or back up-use SkyDrive to transfer files or keep extra copies. Learn how.

4/3/2008
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To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the. 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
" create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
* cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
" create a major fire safety hazard for lake homes/conmnunities by making the dry fire hydrants
unusable;
" increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3 rd nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4b' reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instreamn Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit.(ESP) approval process.
BUSINESS NAME (if applicable)
*Indicate type of user of service provider:
BL - Business Lake Recreation
BR - Business/Real Estate
BC - Business/Construction
H - Homeowner
BS - Business/Services
DU - Day User
*Type
NAME (Print)
SIGNATURE
ADDRESS (St., City, State)
_____

_____

Z/44012L
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lakeluvers@earthlink.net Mail Account
From:

Bob & Diane [Diandrjg@myactv.net]

Wednesday, April 09, 2008 1:38 PM
Sent;
ROBERT RICHARDS
To:
Subject: PETITION

BOB ...... PLEASE ADD OUR NAMES TO THE PETITION. WE DO AGREE WITH THE MEDIATION.
ROBERT J. GRUDEN
DIANE M. GRUDEN
610 TRAFALGAR DRIVE
HAGERSTOWN,MD. 21742

4/9/2008
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George Heinojr
From:
To:
Cc:

Sent:
Subject:

"J. D. and Pat Edwards" <j.dedwards@yahoo.com>
"George Heinojr' <gm heino@earthlink. net>; <maureen.kenny@noaa.gov>;
<capassut@comcast. net>
<edenstrom @shoneysofrichmond.com>; <lzemke@firstva.com>;
<bryanmcclure@peoplepc.com>; <dgoehl@aol.com>; <toadrana@earthlink. net>;
<bobs@web2one.com>; <LkAnna@aol.com>; <jimlakea@aol.com>; <mjlake@earthlink. net>
Tuesday, April 22, 2008 4:18 PM
Re: Lake Anna Lake Level Task Force

Mr. Heinojr - I am the president of the Sunrise Bay Property Owners Association.
There are 88 lots in our development, 28 homes constructed 2 under construction.

Our Board of Directors had voted to support your Task Force. Also, our association has a Navigation
-and Water Quality Committee which the board recommends work with your task force on this issue.
Original
-----Message ----

From: George Heinojr <gmheino@earthlink.net>
To: edenstrom@shoneysofrichmond.com; lzemke@firstva.com; bryanmcclure@peoplepc.com;
dgoehl@aol.com; toadrana@earthlink.net; bobs@web2one.com; LkAnna@aol.com; jimlakea@aol.com;
mjlake@earthlink.net; j.dedwards@yahoo.com
Sent: Friday, April 11, 2008 1:27:33 PM
Subject: Fw: Lake Anna Lake Level Task Force
Subject: Lake Anna Lake Level Task Force
We are contacting Home Owner Associations to get support for the concerns on the lake levels, Please read the
attached and if you agree please reply with an email. filling in the information below. Please estimate the total
number in your HOA ,(note their is an average of 4 persons per household) If you are no longer the president
please pass this on to the new president. Thanks for your help.
TO; Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
Dominion Resources

VA Dept of Environmental Quality
VA State Water Control Board
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation

VA Dept of Health
U.S. National Oceanic & Atmospheric Agency

U.S. Federal Nuclear Regulatory Commission
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
On behalf of the 200 persons represented by the Sunrise Bay Property Owners Association, I support the
concerns and related points expressed in the Lake Anna Lake Level Task Force Petition (March/April 2008). We
request.that all addressees use all available means at your disposal to find methods to negate each of our
concerns identified in the referenced petition. We also request public participation in each step/review of the
Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River being conducted
as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.

Patricia S. Edwards
President of Sunrise Bay Property Owners Association

4/23/2008
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George Heinoir
From:
To:
Sent:
Subject:

"Bob Schmonsees" <bobs@web2one.com>
"'George Heinojr" <gmheino@earthlink.net>
Saturday, April 12, 2008 8:20 AM
RE: Lake Anna Lake Level Task Force

Bob Schmonsees
www.web2one.com
258 Tyler View
Lake Anna, VA 23024
0-540-872-5379
H-5.40-872-431 8
From: George Heinojr [mailto:gmheino@earthlink.net]
Sent: Friday, April 11, 2008 1:28 PM
To: edenstrom@shoneysofrichmond.com; Izemke@firstva.com; bryanmcclure@peoplepc.com; dgoehl@aol.com;
toadrana@earthlink.net; bobs@web2one.com; LkAnna@aol.com; jimlakea@aol.com; mjlake@earthlink.net;
j.dedwards@yahoo.com
Subject: Fw: Lake Anna Lake Level Task Force

Subject: Lake Anna Lake Level Task Force
We are contacting Home Owner Associations to get support for the concerns on the lake levels, Please read the
attached and if you agree please reply with an email. filling in the information below. Please estimate the total
number in your HOA ,(note their is an average of 4 persons per household) If you are no longer the president
please pass this on to the new president. Thanks for your help.
TO; Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
Dominion Resources

VA Dept of Environmental Quality
VA State Water Control Board
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation

VA Dept of Health
U.S. National Oceanic & Atmospheric Agency

U.S. Federal Nuclear Regulatory Commission
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
On behalf of the.36+- persons represented by the Tyler View Property Owners Association, I support the
concerns and related points expressed in the Lake Anna Lake Level Task Force Petition (March/April 2008). We
request that all addressees use all available means at your disposal to find methods to negate each of our
concerns identified in the referenced petition. We also request public participation in each step/review of the
Instream Flow Incremental Methodology (IFIM) study for Lake Anna and the North Anna River being conducted
as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process.

Robert Schmonsees, President of The Tyler View Property Owners Association

4/12/2008
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George Heinojr

.

From:
To:
Sent:
Subject:

<dgoehl@aol.com>
<gmheino@earthlink.net>
Saturday, April 12, 2008 11:14 AM
Re: Lake Anna Lake Level Task Force

George,

See below. Let me know if you need anything else.
Regards,

David Goehl
President
Waters Edge Property Owners Association

http://www.watersedge.la
----- Original Message -----

.

From: George Heinojr <grnheino@earthlink.net>
To: edenstrom@shoneysofrichmond.com; lzemke@firstva.com; bryamncclure@peoplepc.com;
dgoehl@aol.corn; toadrana@earthlink.net; bobs@web2one.com; LkAnna@aol.com; jimlakea@aol.com;
mjlake@earthlink.net; j.dedwards@yahoo.com
Sent: Fri, 11 Apr 2008 1:27 pm
Subject: Fw: Lake Anna Lake Level Task Force
Subject: Lake Anna Lake Level Task Force
We are contacting Home Owner Associations to get support for the concerns on the lake levels, Please read the
attached and ifyou agree please reply with an email. filling in the information below. Please. estimate the total
number in your HOA ,(note their is an average of 4 persons per household) Ifyou are no longer the president
please pass this on to the new president. Thanks for your help.
TO; Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
Dominion Resources
VA Dept of Environmental Quality
VA State Water Control Board
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation

VA Dept of Health
U.S. National Oceanic & Atmospheric Agency
U.S. Federal Nuclear Regulatory Commission
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators

SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia

.

On behalf of the
35
persons represented by the Waters Edge
Property Owners Association, I
support the concerns and related points expressed in the Lake Anna Lake Level Task Force Petition (March/April .
We request that all addressees use all available means at your disposal to find methods to negate each of our con
identified in the referenced petition. We also request public participation in each step/review of the Instream Flow
Incremental Methodology (IFIM) study for Lake Anna and the North Anna River being conducted as part of VirginiE
the U.S. North Anna Early Site Permit (ESP) approval process.

4/12/2008
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George Heinoir
From:
To:
Cc:
Sent:
Subject:

"jandtschneider" <jandtschneider@netzero.net>
"George Heinojr' <gmheino@earthlink. net>
"Dan Penn" <jamesp@firstva.com>
Wednesday, April 16, 2008 1:02 PM
Re: Lake Anna Lake Level Task Force

Hi - Dan Penn, President of Pine Harbour POA asked me to take care of this for him. If you need anything else, please let us
know.
Thanks,
Mrs. Terry Schneider
VP, Pine Harbour POA

--- Original Message
From: George Heinojr
To: rclayton49@comcast.net; marcar@louisa.net; margaret.hugginOlouisa.net; vnPFischerbaol.com ;
m.mader nexet.net ; bullisg@_nsg.emlink.com; found I@earthlink. net; gore0l @comcast.net;
Jimh.j.rocketmail.com- pdef;baughearthlink.net; skilpat@nexet.net; gdunbar823@aol.com
Sent: Friday, April 11, 2008 1:26 PM
Subject: Fw: Lake Anna Lake Level Task Force
Subject: Lake Anna Lake Level Task Force
We are contacting Home Owner Associations to get support for the concerns on the lake levels, Please read
the attached and ifyou agree please reply with an email. filling in the information below. Please estimate the
total number in your HOA ,(note their is an average of 4 persons per household) Ifyou are no longer the
president please pass this on to the new president. Thanks for your help.
TO; Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
Dominion Resources

VA Dept of Environmental Quality
VA State Water Control Board
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation

VA Dept of Health
U.S. National Oceanic & Atmospheric Agency

U.S. Federal Nuclear Regulatory Commission
U.S. Environmental Protection Agency

U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia

On behalf of the 650 persons represented by the Pine Harbour Property Owners Association, I support the
concerns and related points expressed in the Lake Anna Lake Level Task Force Petition (March/April 2008). WE
request that all addressees use all available means at your disposal to find methods to negate each of our concE
identified in the referenced petition. We also request public participation in each step/review of the Instream Flo,
Incremental Methodology (IFIM) study for Lake Anna and the North Anna River being conducted as part of Virgir
the U.S. North Anna Early Site Permit (ESP) approval process.

_James (Dan) Penn

President of Pine Harbour Property Owners Association

4/16/2008
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George Heinojr
From:
To:
Cc:

Sent:
Attach:
Subject:

"Bill Malthouse" <wmalthouse@gmrail. comr>
"'George Heinojr" <gmheino@earthlink. net>
"'Burroughs Army (E-mail)"' <armyburroughs@netzero.com>; "'Jenkins Steve (E-mail)"'
<scjenk@netzero.com>; "'Madigan Joe (E-mail)"' <joem5r01@firstva.com>; "'Malthouse Bill (Email)"' <bill. malthouse@cox. net>; "'Malthouse Nancy (E-mail)"' <nmalthouse@cox. net>; "'Nyman
Tom (E-mail)"' <nyman@mitre.org>; .'Townes Chris (E-mail)"' <christina.townes@fcps.edu>
Friday, April 11, 2008 3:08 PM
ATT00017.eml
RE: Lake Anna Lake Level Task Force

I see no problem with signing this, and have forwarded the details to our full Board of Directors for Information
Purposes.

540-894-4988 Lake Anna Home
703-830-4189 Fairfax Home
703-887-2052 Cellular
BilI.Malthouse@cox. net
Ideas, Enthusiasm, Actiont lEA The Toastmaster's Way

From: George Heinojr [mailto:gmheino@earthlink.net]
SSent:
Friday, April 11, 2008 1:24 PM
To: shermfrye@juno.com; pdom@pkdom.com; w.suter@verizon.net; keithandsusie@venzon.net;
rclakeanna@msn.com; forrestfamily@hotmail.com; zainals@peoplepc.com; richkunz@hughes.net;
bill. malthouse@cox.net; meermans@comcast.net; sraileanu@yahoo.com; lakeluvers@earchlink.net
Subject: Fw: Lake Anna Lake Level Task Force

Subject: Lake Anna Lake Level Task Force
We are contacting Home Owner Associations to get support for the concerns on the lake levels, Please read the
attached and if you agree please reply with an email. filling in the information below. Please estimate the total
number in your HOA ,(note their is an average of 4 persons per household) Ifyou are no longer the president
please pass this on to the new president. Thanks for your help.

.

TO; Boards of Supervisors (Louisa, Spotsylvania and Orange Counties)
Dominion Resources
VA Dept of Environmental Quality
VA State Water Control Board
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation
VA Dept of Health
U.S. National Oceanic & Atmospheric Agency
U.S. Federal Nuclear Regulatory Commission
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
On behalf of the-210 persons represented by the Countryside on Lake Anna Property Owners Association, I SL
4/11/2008

Page 2 of 2
the concerns and related points expressed in the Lake Anna Lake Level Task Force Petition (March/April 2008). V
request that all addressees use all available means at your disposal to find methods to negate each of our concerr
identified in the referenced petition. We also request public participation in each step/review of the Instream Flow
Incremental Methodology (IFIM) study for Lake Anna and the North Anna River being conducted as part of Virginiz
the U.S. North Anna Early Site Permit (ESP) approval process.

William B. Malthouse

President of Countryside on Lake Anna Property Owners Association

4/11/2008
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George Heinojr
From:
To:
Sent:
Subject:

<GDunbar823@aol.com>
<gmheino@earthlink. net>
Monday, April 21, 2008 5:34 PM
Re: Fw: Lake Anna Lake Level Task Force

In a message dated 4/11/2008 1:26:48 P.M. Eastern Daylight Time, gmheino@earthlink..net writes:
Subject: Lake Anna Lake Level Task Force
We are contacting Home Owner Associations to get support for the concerns on the lake levels,
Please read the attached and if you agree please reply with an email. filling in the information below.
Please estimate the total number in your HOA ,(note their is an average of 4 persons per household) If
you are no longer the president please pass this on to the new president. Thanks for your help.

TO; Boards of Supervisors (Louisa, Spotsylvanla and Orange Counties)
Dominion Resources
VA Dept of Environmental Quality
VA State Water Control Board
VA Dept of Game & Inland Fisheries
VA Dept of Conservation & Recreation
VA Dept of Health
U.S. National Oceanic & Atmospheric Agency
U.S. Federal Nuclear Regulatory Commission
U.S. Environmental Protection Agency
U.S. & Virginia State Legislators
SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
Property Owners
persons represented by the
Morgan
On behalf of the _960
Association, I support the concerns and related points expressed in the Lake Anna Lake Level Task Force
Petition (MarchlApril 2008). We request that all addressees use all available means at your disposal to find
methods to negate each of our concerns identified in the referenced petition. We also request public
participation in each step/review of the Instream Flow Incremental Methodology (IFIM) study for Lake Anna
and the North Anna River being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP)
approval process.

_Jerry Dunbar
Association

President of

Morgan Associationrs

Need a new ride? Check out the largest site for U.S. used car listings at AOL Autos.

4/=222008
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To:
Boards of Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators

SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoons of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna arc very concerned about the doclining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
0 create many boating hazards with previously submerged items (rocks, sandbars, etc) and create
major safety hazards for recreational users when their boats hit these submerged items:
* cause the water to get hoter faster in the summer months to unsafe wate temperanrcs causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
a create a major fire safety hazard for lake homes/communities by making the dry fire hydranits
unusable;
* increase shoreline stabilization problems and
- negatively impact many lake businesses with loss of customers.
Dominion'states the addition of the 3r nuclear reactor, will cause up to an additional 24 million gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and further lake level
declines. Other alternative oooling methods (iL. dry cooling that Dominion proposed for the 4'e reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/review of
the Instream Flow Incremental Methodology (MIM) study for Lake Anna and the North Anna River
bei conducted as part of Virgin'= and the U.S. North Anna Eardy Site Permit (ESP) approval process.

m~NAME (if applicable)
LAW9

______________

dicat• type/relatoxship with Lake Anna
DR - Bushoess/Real Estate
DC - augiaesConstraction
BS - awaness/Servics
H - Donneowner
NAME (Priat)

SIGNATURE

BL - Businew Lake Recratiom
DU - Day User
ADDRESS (St., City, State)
*Type

To:
Boards uf Supervisors (Louisa, Spotsylvania and VA Dept of Conservation & Recreation
Orange Counties)
VA Dept of Health
Dominion Resources
U.S. National Oceanic & Atmospheric Agency
VA Dept of Environmental Quality
U.S. Federal Nuclear Regulatory Commission
VA State Water Control Board
U.S. Environmental Protection Agency
VA Dept of Game & Inland Fisheries
U.S. & Virginia State Legislators

SUBJECT: Concerns regarding declining lake levels at Lake Anna, Virginia
We the undersigned persons who recreate on the 13,000 acre Lake Anna Virginia and/or own property
adjacent to the main reservoir and/or cooling lagoont of the lake or nearby areas and/or own or manage
businesses that are affected by Lake Anna are very concerned about the declining water levels, increased
water temperatures during the summer months and associated impacts to all forms of recreation in/on
Lake Anna. We are also concerned that these declining water levels will:
0 create many boating hazards with previously submerged items (rocks, sandbars, etc.) and create
major safety hazards for recreational users when their boats hit these submerged items;
*a
cause the water to get hotter faster in the summer months to unsafe water temperatures causing
negative impacts to humans, fish, wildlife, aquatic life, clams and mussels;
* create a major fire safety hazard for lake homes/communities by making the dry fire hydrants
unusable;
* increase shoreline stabilization problems and
* negatively impact many lake businesses with loss of customers.
Dominion states the addition of the 3P nuclear reactor, will cause up to an additional 24 miLlion gallons
per day to be evaporated from the lake causing a doubling of the drought cycle and fvthcr lake level
declines. Other alternative cooling methods (i.e. dry cooling that Dominion proposed for the 4'" reactor)
would not impact the lake level. It is requested that you use all available means at your disposal to find
the methods to negate each of our concerns. We also request public participation in each step/reviow of
thc Instream Flow Incremental.Methodology (IFiM study for Lake Anna and the North Anna River
being conducted as part of Virginia and the U.S. North Anna Early Site Permit (ESP) approval process,
BUSINESS NAMM (if applicable),

4A

qIndicate rype/rexationrhip with Lake Anna
BR - Easiness/Real Estate
BC - Business/Construction
ES - Business/Services
H - Homeowner
NAME (Print)

SIGNATURE

(•_ Business Lake Recreation
Day User

ADDRESS (St., City, State)

*Type
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16 Apr 2008
To Whom it may concern:
I am Vice President of the Lake Anna Civic Association and Chair of their Lake Level
Committee. The purposr of LACA i3 to preserve Lake Anna and its watershed aq a safe,
clean, and beautiful resource. We promote water safety, monitor water quality, and advocate
the interests of residents and users of Lake Anna. I[ACA has over 850 member familics. At
3 family members per household we estimate wc represent over 2500 persons.
LACA supports the proposed third unit at Lake Anna. . We applaud the NRC in its review
of the environmental impacts as part of the Early Site Permit process. However, we have
concerns about the impact of the construction and operation of the third unit that we would
like NRC to iocus on in their development of'a new Environmental Impact Statcmcnt flor the
Combined Operating License.
I. Treated efliuctt is proposed to he dumped into the discharge canal. We are
concerned about cumulative impact of dumping sewage effluent into Lake Anna. We would
like for Dominion to consider an alternative method and include the existing sewage
treatment Rhcility effluent so that no cffluent is dumped into the lake at all.

2. The third unit will evaporate 1.4 inches of lake level each month. Low water
levels on Lake Anna expose safety hazards to the thousands of recreational users of the Lake,
create increased erosion along the entire shoreline, and damage wetlands and other aquatic
life. Every effort to mitigate these impacts should be carefully considered. We would like
the NRC to .rocus its attention in the COL Environmental Impact Statement on the impact of
low water levels on the LTake, its users, and its ecosystems.
3. We are concerned about calculations and models used to estimate impact in the
Early Site Permit EIS. We ask the NRC to review the water level modeling done in the PSP
EIS to incorporate actual data collected in the IFIM study and do further analysis of
deviations from averages. For example, an average temperature increase is estimated at less
than 0.1 degree firenheit based on averages that include cool winter months. The estimate is
worthless in deciding impact in the hot summer months that count. Annual averages do not
give accurate indications of summer lake level impacts and 20 year averages have not been

consistent with actual experience.
4. Inflow assumptions have not been field verified and should be reviewed. Actual
inflow measures should be taken to ensure accurate water level estimates.
5. Dominion has developed new data including actual surveys of a portion of the
wetlands on the Lake. We ask the NRC to carefully review and use this new data to
determine if it alters its earlier impact assessments. Additional steps can and should be
taken to mitigate low water level impact on safety, erosion and ecosystems on the Lake.
£uncerely,
IAug

Lake Anna Lake Level Task Force presentation to

NRC on 10 May 08

-

Attachment D (Data presented to NRC Staff on 10 May 08 during discussions):

1. 1970 North Anna Brochure produced by VEPCO disclosing that Lake Anna will be
built for two purposes (1) cooling reactors & (2) Residential development &
recreation
2. Map depicting circular water flow (99% of water circulates while only 1%flows over the
dam which causes the entire lake to heat up and get hotter and hotter during the summer.

3. Two (2) Pictures showing stranded boats and dried up shoreline during Jan 2002 drought
4. SPX Indirect Dry Cooling Brochure for power plants that has No Water consumption.
5. Comparison of Cost & Water Usafe for Lake Anna Unit #3 - (K. Remmers) - May 8, 2008
6. USGS Bar Charts -Water discharged over Lake Anna Dam (May -2002 - 2008)
7. Dominion Lake Anna Water Discharge Temperatures - May 9, 2008
8. Mt. Storm, W. Va -NPDES Water Discharge Permit (6291) - April 14, 2008
9. Va. VDEQ Conditional Federal Consistency Certification Letter to Dominion -Nov 21,
2006 that NRC approved requiring Instream Flow Incremental Methodology Study (part is
to evaluate recreational impacts on total Lake Anna, which is not being done.
*

10. North Anna IFIM Study Plan does not have public participation asrequired by NEPA
11. Handout books (Free)- (1) Lake Anna Guide (2008) & Lake Anna Connections (2008)
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The Station
The North Anna Power Station
now under construction byl Virginia Electric and Power Company in Louisa County will sit
at the edge of a reservoir which
will extend into Spotsylania
i
and Orange Counties.
s on
progres
in
now
Work is
two nuclear units scheduleJ for
completion in 1974 and 1975.
Plans have also been annou'Inced
for the construction of two additional units, for service in 1977

and 1978.

*

The cooling lagoons and reservoir will be able to accommodate up to. four million kilo'watts
of generating capability. The net
capability of the four units is
3,744,000 kilowatts. Total cost of
the power station and reservoir
is projected in excess of one bilI
lion dollars.
The initial loading of nuclear
fuel for the first two units is expected to cost $49 million.
A peak construction force on
the project will be more than
2,000 with a present payroll of
$400 thousand a week. It will
take 75 to 100 employees to
operate the station, with a, payroll projected at about $750,000
annually.

The reactors for the first two
units are being supplied by Westinghouse Electric Corporation. The
third and fourth reactors will be
supplied by Babcock and Wilcox. Stone and Webster Engineering Corporation is the architectengineer-constructor for the first
two units.

The Lake
Early in 1972, construction
crews will put the finishing
touches on a dam across the
North Anna River in Louisa County. Slowly, over a period of many
months, the water level will begin to rise higher and higher
until a 13,000 acre lake is
formed.
The new, man-made lake is
being created primarily .to provide cooling water for the fourunit nuclear power station now
under construction there. But the
lake holds great potential for far
more than just that.
When Vepco's 17-mile long
lake with more than 200 miles
of shoreline is complete, experts
believe the lake can be developed into a major recreational
attraction.
The Virginia Division of Parks
is considering plans for the de-

velopment of a '2,000-plus-acre
state park on the north shore of
the lake in about 1976. Current
plans call for both day-use and
overnight facilities, including a
beach for swimming, a boat
launching area and a marina.
Vepco is cooperating with the
Virginia Commission on Outdoor
Recreation in the preparation of
a detailed development plan for
recreational use of the lake.
Theodore J. Wirth and Associates,
a nationally recognized recreational consultant, has been retained to study the region and
recommend a plan for development.*
A preliminary report by the
firm indicates the potential use
of the lake could be in excess of
two million visitors annually by
the year 2000. The area, according to Wirth, is capable of supporting not only a state park but
two regional parks and a halfdozen public access areas. More
than 1,500 boats could be accommodated on the main body
of the lake, the firm said.
Some of the boats could be
handled by the recommended
public boat ramps on the lake,
according to the report, 'and the
remainder by private development of the lakeshore property.

The Fishing

Beaches capable of accommodating 4,000 swimmers are suggested, along with picknicking
facilities for more than 5,000 and
about 2,500 campsites.

The /reservoir at North Anna
has the potential to be one of
the finest fishing spots on the
East, Coast.
A number of species are expected to carry-over from the
existing river and stream system
into the lake, including pumpkinseed sunfish, spotted bass, gizzard shad and several types of
catfish.
In addition the lake can be
stocked with popular gamefish:
Largemouth Bass, Muskellunge,
Crappie, Bream, Brown Trout,
White Bass, Coontail Perch, Coho
Salmon and Striped Bass.

Sportsmen can anticipate reasonable catches' within two years
after the.reservoir has filled. As
the fish become established, and
effective stocking-management
programs are worked out, the
fishing should become excellent.

Building Today
For Tomorrow's
Generation

Vepco
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Products >>Indirect Dry Cooling

sPx.

*COOLING

Page 1 of 1

TECHNOLOGIES

Indirect Dry Cooling

Overview
Xn indirect dry natural draft condensing system, in the example above, couples a dry cooling tower with a steam surface
condenser. Such a condensing system is particularly suited for large power plants. The concept can also be applied with
mechanical draft dry towers over a wide range of plant sizes.

Ftures
Turbine exhaust steam condenses in the surface condenser, which utilizes a secondary cooling water loop to reject the
heat from the cooling water to the ambient air via the Natural Draft Cooling Towers fim tube bundles. The condensed
steam is returned to the boiler circuit.
The cooling bundles are horizontally inclined within the tower shell or vertically arranged at the tower circumference.
The bundles consist of high quality fin tubes such as elliptically shaped with wound steel fins that are hot dip galvanized.
Benefits

"
"
"
"
"
"
"

No effect on environment.
No water consumption water treatment represents and provides a safety barrier for nuclear power applications.
No visible plume compact simplified design with greater degree of prefabrication in workshop.
No fan power consumption small power consumption in water loop circulation pump.
Negligable noise generation
Outstanding corrosion protection
A separated loop for steam and cooling water avoid contamination or high water treatment requirements

http://spxcooling.com/en/products/print/indirect-dry-cooling/

4/15/2008
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COOLING METHOD S
A Comparison of Cost and Water
Usage for Lake Anna Unit #3
By
Ken Remmers
May 8, 2008

Cooling Requirements
& Once Through Cooling: 1,000gpm per
megawatt hour (MWh)e
* Wet Cooling: 1 lgpm per megawatt hour
(MWh)e

* Wet/ Dry Cooling 33% efficient: 7.7gpm
per megawatt hour (MWh) e
* Dry Cooling: Ogpm per megawatt hour
(MWh) e

0
'C

Cost Comparisons
2008 USD for Unit 3
l Wet Cooling : $27.9M-$42.3M Dollars
* Wet/ Dry Cooling: $200M dollars (From
Dominion)??? Seems high
* Dry Cooling: $162M - $423M Dollars

0
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Waste Heat Treatment Facility

HAVE YOU SEEN.Dl
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Waste Heat Treatment Facility

Discharge Water Temperature

North Anna Power Station

By design, the temperature of the discharge water is
typically 14 degrees warmer than the intake water.
Intake temperatures can fluctuate with seasons or
weather conditions. View the current temperature of the
discharge water below as it initially leaves the station.

Cooling Lagoons
North Anna Power Station uses water from Lake Anna to
condense steam back to water inside the station. The
water is returned to the lake slightly warmer than when it
was taken. The discharged water cools in a series of
private cooling lagoons, known as the Waste Heat
Treatment Facility (WHTF). When North Anna is in full
operation, approximately 2,000,000 gallons of water pass
through the station per minute.

("Refresh" your browser for the latest reading.)

Water Temperature - Station Discharge

Reservoir and WHTF Background
Lake Anna
was

developed
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Date

Time

Degrees F

May 9

500

86.9

May 9

445

87

May 9

430

87

May 9

415

87.1

May 9

400

87.1

May 9

345

87.1

May 9

330

87.2

Anna.

It was originally timberland and some farmland. When
construction of North Anna began, the area that would
become the lake bottom was completely cleared in 1968
before filling with water.
In 1972, the North Anna River was impounded, forming
Lake Anna and the adjacent Waste Heat Treatment
Facility.
Lake Anna is 17 miles long, 1 1/2 miles wide, and offers
200 miles of shoreline. There are 9,600 acres in Lake
Anna and 3,400 acres in the private WHTF. In 1972, the
Commonwealth of Virginia stocked the lake with 5 1/2
million fish, and it is restocked periodically. Some 33
species of fish thrive in the lake, including largemouth
bass, striped bass and catfish.
North Anna Information
North Anna Home Page
i•

North Anna Information Center
North Anna Emergency Plan
Contact Us for more information.

Cooling System
The process of generating electricity at North Anna
begins with the fission, or splitting, of uranium atoms in
the reactor vessel. The vessel is filled with water (not
from the lake), which controls, or moderates, the fission
process, and removes heat from the reactor core. This
water is kept under very high pressure, which prevents it
from boiling although it is heated to three times the
normal boiling temperature.
This hot, pressurized water is pumped to nearby steel
containers called steam generators. In the steam
generators, the water passes through thousands of small
U-shaped tubes - about the diameter of your little finger
- transferring its heat to a second, slightly cooler water
system. This secondary water becomes steam, which
travels through large pipes to spin the turbines in the
adjoining building.
Spinning at 1,800 RPM, the turbines drive a generator
that produces electricity. The steam then is condensed
back to a liquid by a third cooling system before it
returns to the steam generator to start the process
again. The third cooling system's water comes from Lake
Anna, and flows through the private WHTF before
returning to the lake.

http://www.dom.com/about/stations/nuclear/northanna/whtf.jsp

5/9/2008
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USGS 01670400 NORTH ANNA RIVER NEAR PARTLOW, VA
6080
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---- Provisional Data Subject to Revision ---A Median daily statistic (18 years).

-

Discharge

http://waterdata.usgs.gov/va/nwis/uv/?ddcd=O 1_00060&format=imgdefault&siteno=O 1... 5/10/2008
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west virginia department of environmental protection
Division of Water and Waste Management
601 57* Sawet SE
Charleston, WV 25304-2345
Telephone Number (304) 926-0495
Fax Number: (304) 926-0463

Joe Manchin 1I1, Governor
Stephanie R. Timmmayer, Cabinet Secretary
www.wvdcp.org

ORDER
ISSUED UNDER THE
WATER POLLUTION CONTROL ACT
WEST VIRGINIA CODE, CHAPTER 22, ARTICLE 11
TO:

Virginia Electric & Power Co.
Mount Storm Plant
5000 Dominion Blvd.
Glen Allen, VA 23060

ORDER NO.: 6291
DATE: April 14, 2008

The following findings are made and Order issued to Virginia Electric & Power Co.
pursuant to the authority vested in the Director of the Division of Water and Waste Management
under Chapter 22, Article 11, Section 1 et seq. of the Code of West Virginia.
FINDINGS OF FACT
1.

Virginia Electric & Power Co. (VEPCO) owns and operates the Mt. Storm Power Plant
located in Grant County. This facility is permitted (WV/NPDES Permit No. WV0005525
issued the 14th day of April 2008) to discharge treated process wastewater, cooling water,
sewage, and storm water runoff via Outlet 001 (discharge from Mt Storm Lake) into Stony
River of the North Branch of the Potomac River.

2.

The reissued permit contains final summer and Winter temperature effluent limitations and
temperature difference stream limitations at Outlet 00 1. The temperature limitations in the
current permit are in accordance with water quality criteria; however, VEPCO cannot
currently achieve these effluent limitations.

3.

VEPCO applied for a 316(a) thermal variance, but a 316(a) thermal variance has not been
granted.

4.

VEPCO has been working with the West Virginia Department of Environmental Protection
(WVDEP) and the United States Environmental Protection Agency (USEPA) to determine
what is needed to meet the requirements for a 316(a) thermal variance.

5.

In order to qualify for a 316(a) thermal variance, VEPCO must demonstrate that any
thermal effluent limitations less stringent than those necessary to be protective of West
Virginia Water Quality Standards as identified in 47 CSR 2 will assure the protection and
propagation of a balanced, indigenous population of shellfish, fish, and wildlife in and on
the body of water into which the discharge is made.

6.

At present, the thermal discharge from Outlet 001 does not assure the protection and
propagation of a balanced, indigenous population of shellfish, fish, and wildlife in and on
the Stony River.
Promoting a healthy environment.
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7.

VEPCO submitted a plan of action (compliance schedule) on May 3,2007 to minimize the

thermal impacts of the discharge from Outlet 001. The plan consists of the installation of a
weir and flow and temperature measurement instrumentation at the base of the dam and
spillway gates, installation of a discharge control system, and installation of a new cooling
tower system.
8.

In order to ensure the protection of water quality standards and/or the protection and
propagation of a balanced, indigenous population of shellfish, fish, and wildlife, and ensure

compliance with water quality standards the temperature of the discharge from Outlet 00 1
into the Stony River must be reduced and rapid temperature fluctuations must be minimized
year round.

ORDER FOR COMPLIANCE

And now, therefore, in accordance with Chapter 22, Article 11, Section 1 et. Seq. of the
WV Code, VEPCO is hereby ORDERED to do the following:
I

VEPCO shall implement lake management controls to minimize, to the maximum extent
practicable, the thermal discharges and thermal variations in the discharges from the lake at
all times. Further, these controls shall be designed to preclude any discharge over the
spillway up to and including a 24-hour, 25-year storm event. A 24-hour, 25-year storm
event is defined as 3.81 inches of rain over a 24-hour period at normal operating pool.

2.

VEPCO shall install a weir at the discharge from the stilling basin. VEPCO shall provide
for continuous monitoring for temperature and flow at the weir with the ability to obtain
data on a year round basis. VEPCO shall also install a discharge control system capable of
controlling the release of water at the spillway.

3.

VEPCO shall install a cooling system capable of assuring temperatures below the spillway
necessary for the protection of water quality standards and/or the protection and propagation
of a balanced, indigenous population of shellfish, fish, and wildlife in the lower Stony
River. However, it should be noted that a successful 316(a) demonstration will ultimately
depend upon the requirements in Item No. 6 below. As such, subsequent temperature
reductions may be necessary to ensure said requirements are demonstrated. The cooling
tower system shall be designed to discharge to the lake and the overflow from the spillway.

4.

VEPCO shall develop an Operational Plan for the discharge weir, spillway gate, discharge
control system, and cooling tower system. This Operational Plan shall be developed in a
manner to minimize, to the maximum extent practicable, the thermal discharges and thermal
variations in the discharges from the lake.

5.

VEPCO shall adhere to the compliance schedule found in Attachment A of this Order.

9

VEPCO
AO N6291
Page 3 of 4

6.

Expected stocking of fish from the Balanced Indigenous Population (BIP) list (see
Attachment B) shall be coordinated with the WVDNR and commence in the Stony River
following the completion of the construction of the spillway gate modifications (November
2010). The elimination of predator species shall be done only with the consultation and
approval of WVDNR. Success for a 316(a) demonstration will be measured by the presence
of a sustaining BIP, including evidence of reproduction. Success shall also be determined
by the biological integrity of Stony River by collection and identification of benthic
macroinvertebrates in accordance with the West Virginia Stream Condition Index (WVSCI)
protocol. The WVDEP recognizes that impoundments influence filter feeder abundance and
that the benthic community in Stony River may not achieve as high a WVSCL score as an
otherwise similar, but unimpounded stream.

7.

In order to qualify for a 316(a) variance, VEPCO shall have attained a sustaining BIP in the
Stony River between the Mt. Storm Lake Dam and the confluence with Four-Mile Run.

8.

Final summer (May I - November 30) temperature effluent limit means an instantaneous
maximum effluent temperature limitation of 870 Fahrenheit (F).
Final winter (December 1 - April 30) temperature effluent limit means an instantaneous
maximum effluent temperature limitation of 730 F.
Final temperature difference stream limit means an instantaneous maximum stream
difference temperature limitation of 50 F.
Interim summer (May 1 - November 30) temperature effluent limit means an instantaneous
maximum effluent temperature limitation of 950 F until July 1, 2014.
Interim winter (December I - April 30) temperature effluent limit means an instantaneous
maximum effluent temperature limitation of 750 F until July 1, 2014.
Interim temperature difference stream limit means monitor only until July 1, 2014.
VEPCO shall comply with the final summer and winter temperature effluent limitations and
the final temperature difference stream limitation or the resultant limitations from a granted
316(a) variance at Outlet 001 as soon as possible but no later than July 1, 2014. Until that
time, the permittee shall comply with the interim summer and winter temperature effluent
limitations and the interim temperature difference stream limitation at Outfall 001.

VEPCO
AO # 6291
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OTHER PROVISIONS
1.

Compliance with the terms and conditions of this Order shall not in any way be construed as
relieving VEPCO of the obligation to comply with any applicable law, permit, other order,
or any other requirement otherwise applicable. Violations of the terms and conditions of
this Order may subject VEPCO to additional enforcement action in accordance with the
applicable law.

2.

The provisions of this Order are severable and should a court or board of competent
jurisdiction declare any provisions to be invalid or unenforceable, all other provisions shall
remain in full force and effect.

3.

This Order is binding on VEPCO, its successors and assigns.

4.

This Order shall terminate upon VEPCO's notification of full compliance with the "Order
for Compliance" and verification of this notification by WVDEP.

RIGHT OF APPEAL
Notice is hereby given of your right to appeal the terms and conditions of this Order
which you are aggrieved to the Environmental Quality Board by filing a NOTICE of APPEAL
on the form prescribed by such Board, in accordance with the provisions of Section 21, Article
11, Chapter 22 of the Code of West Virginia within thirty (30) days after receipt of this Order.
This Order shall become effective upon receipt.

g',Director
Division of Water and Waste Mianag mtt
LAMv/ws
cc w/attachments:
Env. Inspector
Env. Insp. Supervisor
EPA Region III

.
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ATTACHMENT A

ORDER No. 6291
Compliance Schedule

I.

Oct. 01, 2008

Submit Spillway Gate Design to DEP.

2.

Oct. 01, 2008

Submit Measurement Weir Design to DEP.

3.

Oct. 01, 2008

Submit Discharge Control System Design to DEP.

4.

Mar. 01, 2009

Submit Annual Progress Report for 2008 Activities to DEP.

5.

Apr. 01, 2009

Submit Cooling System Design to DEP.

6.

Nov. 01, 2009

Complete Discharge Control System Installation.

7.

Nov. 01, 2009

Complete Measurement Weir Installation.

8.

Mar. 01, 2010

Submit Annual Progress Report for 2009 Activities to DEP.

9.

Nov. 01, 2010

Complete Spillway Gate Modification.

10.

Mar. 01,2011

Submit Annual Progress Report for 2010 Activities to DEP.

11.

Jul. 01,2011

Complete Cooling System Installation and Commence Operation.

12.

Jan 31, 2012

Submit Operation Plan for Minimizing Thermal Impacts.

13.

Mar. 01, 20t2

Submit Annual Progress Report for 2011 Activities to DEP.

14.

Mar. 01, 2013

Submit Annual Progress Report for 2012 Activities to DEP.

15.

Jul. 01, 2014

Comply with Final Temperature Limitations and/or Obtain an Approved
316(a) Variance.

V

ATTACHMENT B
ORDER No. 6291
Balanced Indigenous Population List
1. Central Stoneroller
2. Spotfin Shiner
3. Blacknose Dace
4. White Sucker
5. Creek Chub
6. Fantail Darter
7. Greenside Darter
8. Northern Hogsucker
9. Channel Catfish
10. Bluegill
i1. Green Sunfish
12. Smallmouth Bass
13. Largemouth Bass
14. Native Crayfish

ATTACHMENT A - ORDER NO. 6291
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A.O01 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:
Order Umitations
Such discharges shall be limited and monitored by the peri rittee as specified below:
D~aan
imiations
Charamnadd,,

Units

N/A
N/A
N/A
Temp. Diff. Up/Down Stream (F)
(Year Round) (ML-2)
Difference between discharge and upstream of Mount Storm Lake.

Rpt Only

Rpt Only

haLMl

Avg.MM*t

NIA

Rpt Only

N/A
Temperature, F
(Summer May 1-Nov 30) (ML-1)
Discharge temperature from May I thru Nov 30.

N/A

NIA
Temperature, F
(Winter Dec 1-Apr30) (ML-1)
Discharge temperature from Dec 1 thru Apr 30.

WA

hiaL km

NIA

uis

Other Units

~

Monitoun. Recuirements
Measuremen
Samne
TL=
F-reauev

Rpt Only
Wt MVAL

DEG.F

1/week

Calculated

Rpt Only

95

DEG.F

Continuous

measured

Avg Mm5r

but M=.

DEG.F

Continuous

measured

Rpt Only

Rpt Only

but Mn.

Avg. Mouidy

75
MuMma.

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spDway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47, Series 2, Section 3, of the West Virginia Legislative Rules issued pursuant to Chapter 22B, Article 3.
Permit No.: WV0005525

Interim Order Limitations
Summer May 1-Nov 30
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FACILITY NAME: (MOUNT STORM POWER STATION VIRGINIA ELECTRIC & POW

CERTIFIED LABORATORY NAME:

LOCATION OF FACIUTY: MOUNT STORM; Grant County
PERMIT NO.: WV0005525
OUTLET NO.: 001
WASTELOAD FOR THE MONTH OF:
Quantity

CERTIFIED LABORATORY ADDRESS:

Units

Parameter
00530 (ML-1) RF-A
Tob SusAend Sold
Yew Round

Reped

00400 (ML-1) RF-A
PH
Year Round

Repotedd

00300 (ML-1) RF-A
Ds*dlOxygen
Year Round

Repoted

00600 (ML-1)

Reported

RF-A

NWA

N.E.

Rpt Ony

N/A

00865 (ML-1) RF-A
Ph.osplu, Total
Year Round

Reported

71900 (ML-1) RF-B
Mencny. ToW (as Hg)

Reputed

Year Round

Penlt Limis

01104 (ML-1) RF-.
ANvhm, To• Reworebe
Year Round

Reported
Perm Urnt

00980 (ML-1) RF-B

Repodted

mgfl

Sample

Frequency

Type

24 hr

2/month

Grab

N/A

S.U.

2/month

N/A

mgfl

2/month

Grab

Rpt Only
Max.

N/A

mg/l

Iimonth

24 hr
Composite

0.5
Aevit
A&.

Rpt Only
0

NIA

mg/I

Ilmonth

24 hr
Composite

Rpt Ony
AVo.M

Rpt Only
Um D

N/A

ugo

1/quarter

Grab

WA

Rpt Only
Avg. Mwf

Rpt Only
M o*

N/A

mg/

1/quarter

24 hr
Composite

NA

Rpt Only
A,. M,

Rpt Only
oDei
Mox.

WA

monA

1/quarter

N/A

9
In.
MetLB.

N/A

N/A

N/A

ItOy
m.

RptOnly
Avg-. Mwo

Rpt Only
RptOnly
bu*M

N/A

N/A

A

5
,. MwvD

N/A

N/A

A

N/A

N/A

A

N/A

N/A

N/WA

NA

Limts

Permit

N/A

Measurement
N.E.

Composite

N/A

Permit Umis

Permit Umlts

Rpt Only

Units

M=.
ua
AM.m="

Pernit imbts

Ye Round

-

CEL*

Permit Umlb

Nhege% TOtW (asN)

hm TotW Removnarbe
Year Round

N/A

INDIVIDUAL PERFORMING ANALYSIS:
Other Units

,

_

__

_

s

I__
241h
Composite

*CEL = Compliance Evatuation Level
Name of Principal Executive Officer

Title of Officer

I
V

ander
Iu

certify under penalty of law that this document and all attachments were prepared
my direction or supervision in accordance with a system designed to assure that
lified personnel properly gather and evaluate the Information submitted. Based on
ny inquiry of the person or persons who manage the system, or those persons directly

Date Completed
Signature of Principal Executive Officer or

ponsible for gathering the information, the Information submitted is, to the best of my
"nowledge and belief, true, accurate, and complete. I am aware that there are significant
nettles for submitting false information including the possibility of a fine and
mpnsonment for knowing violations.

L_-

w

.

0

IMOUNT STORM POWER STATION) VIRGINIA ELECTRIC A POW
FACIULTY NAME:
LOCATION OF FACILITY: MOUNT STORM; Grant County
OUTLET NO.: 001
PERMIT NO.: WV0005525
WASTELOAD FOR THE MONTH OF:
Units

Parameter
Reported
00981 (ML-1) RF-B
WA
aOeWReovWabb
e TM
UmA
r
it
e
Yer Ro d
00011 (ML-1) RF-A

TemreraU

F

Yeard
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N

/A

'a

CERTIFIED LABORATORY NAME:
CERTIFIED LABORATORY ADDRESS:
INDIVIDUAL PERFORMING ANALYSIS:
•Quantity
Other Units
CEL

N.E.

Units

N.E.

Measurement

Sample

Frequency

Type

WA

Rpt Only
esMx "

Rpt Only
L D

N/A

mg/l

I/quarter

24hr
Com posite

Rpt Only

Rpt Only

95

N/A

DEG.F

Continuous

measured

N/A

DEG.F

I/week

Calculated

Reported
N/A

N/A

OrderftUreas
limi

AVg.III

b0L MW.

Rpt Only
Avg. MW"

Rpt Only
batf.L

03772 (ML-2) RF-A

Reported
Temp. DIff. U#Don Steem (F)
Order Umls
Yo RoW

N/A

N/A

Rpt Only
bmin.

N/A

N/A

N/A

N/A

*CEL *Compflance Evaluafton Level
Name of Principal Executive Officer

Title of Officer

______________________________
certify under penalty of law that this document and all attachments were prepared
theInformation
system, or those
persons
on
Based
submitted.
directly
uallfied personnel properly gather and evaluate the

in accordance with a system designed to assure that
or supervision
direction
nder
ny
inquirymy
of the person
or persons
who manage

_

________________

Date Completed

"_

Signature of Pncipa Executive Officer or

onsible for gathering the information, the Information submitted Is, to the best of my Authorized Agent
•nowledge and belief, true. accurate, and complete. I am aware that there are significant
enalties for submitting false information Including the possibility of a fine and
mpnsonment for knowing violations.

CERTIFIED LABORATORY NAME:
CERTIFIED LABORATORY ADDRESS:

FACILITY NAME: (MOUNT STORM POWER STATION) VIRGINIA ELECTRIC&POW
LOCATION OF FACILITY: MOUNT STORM; Grant County
OUTLET NO.: 001
PERMIT NO.: VWV0005525
WASTELOAD FOR THE MONTH OF:
Quantity

Parameter

N/A

Year Rawnd

Permit Umb

00400 (ML-1) RF-A
pH

Reported

CEL'

N.E.I
A

N/A
_

N/A
e

00300 (ML-I) RF-A
Omyqmn
Disa
00600 (ML-1) RF-A
ToWs (as N)
enbo,
YeaoRound

Frequency

Type

Rpt Only

Avg. Mefl•ft

W

N/A

mg/I

24 hr

2/month

Composite

NI/A

9

N/A

S.U.

2/month

N/A

mg/I

2/month

Grab

N/A

mg/I

1month

24 hr

Grab

M.
L

bot Mw.

Only

Rpt Only

Rpt Only

Ml

Avg. Mot

b M,.

5

Rpt Only

Avg. Mw"

MLm0

0.5

Rpt Only
VAX
D

N/A

Uc
Avg.
Rpt Only

Rpt Ony

N/A

ug/I

1/quarter

Grab

Avg. Moti

mo.O*

Rpt Only
Avg.

Rpt Only

N/A

mg/I

Iiquarter

24 hr
Composite

Rpt Orly

Rpt Only

. N/A

mg/I

1/quarter

24hr

Av.m.i•d1

Mi Omil

......

N/A

W/A

eported

N/A

NA

NA

Perift UmbtS

71900 (ML-1) RF-B
Memcuy. TOal (a Hg)

Reported

N/A

A

N/A

h
Permit Liits
_

N/IA

N/A

i

01104 (ML-1) RF-B
Aluminum. ToW Roemabta
Ye Rermt

Reported
f
t
Limb

00980 (ML-1) RF-B
Iron. ToalRse.eraht

Reported

Year Round

N/A

N/A

N/A

N/A

Composite

mig

1month

24 hr

Composite

___ii_,,_,,

_

A

Yew Round
A

/A

M=• DW

Composite

Level

Name of Principal Executive Officer

L

RPt Only

Reported

Reported

Title of Officer

N.E.

Sample

l

N/A

Limits

00165 (ML-1) RF-A
Phosp•ns. Towl
Yer Round

SCEL = Complance Ev•luai

Units

Measurement

i_

eNMI Umits

Year Round

.....

Other Units

Reported

Toal Suspendd Sokds

YewaRound

INDMDUAL PERFORMING ANALYSIS:

-

Units

00830 (ML-1) RF-A

Interim Order Limitations
Winter Dec 1-Apr 30
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document and all attachments were prepard
certify under penalty of law that this
my direction or supervision In accordance with a system designed to assure that
mnder

Date Completed

ualifled personnel property gather and evaluate the information submitted. Based on
inquiry of the person or persons who manage the system, or those persons directly
ponsible for gathering the information, the Information submitted Is, to the best of my

S

Signature of Principal Executive Officer or
Authorized Agent

e nalties for submitting false Information including the possibility of a fine and
Ask
mprsonment for knowing violations.

F_

owledge and belief, true, accurate, and complete. I am aware that there are significant

a

o

_

w

L-W

0

FACILITY NAME: (MOUNT STORM POWER STATION) VIRGINIA ELECTRIC & POW
LOCATION OF FACILITY: MOUNT STORM; Grant County
OUTLET NO.: 001
PERMIT NO.: WV0005525
WASTELOAD FOR THE MONTH OF:
Quantity
Pa r
Units

Parameter

N/A

Sewnum, Tota RecoverdWa
Year Round

00011 (ML-5) RF-A
nTmuiuaere, F

CERTIFIED LABORATORY NAME:
CERTIFIED LABORATORY ADDRESS:
INDIVIDUAL PERFORMING ANALYSIS:
r Units
Othe,
CEL

N.E.

WA

Rpt Only

Rpt Only

Avg Mufet

A=t 0*

Rpt Only

Rpt Only

Rpt Only

ha.mi,.

Avg. M-t

NIA

ennit Umif,
Repolted .
Lmits
Reported

Tempeture. F

N/A

mgI

.E.

Sample

Frequency

Type

1/quarter

24 hr
Composite

N/A

DEG.F

1/week

Insdu

NWA

DEG.F

Continuous

measured

WA

DEG.F

Mu.

___________

WNA

NIA

WhWbim'Dee iApr 30

03772 (ML-2) RF-A
Reported
Upftm Strem (F)
TeM. OMf.
Order Limits
Year Round

WA

Units

Measurement

.........

WPemit
NIA

L.

Yew"RoLud

00011 (ML-1) RF.A
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-

N/A

NWA

-

ot Only

Rpt Only

75

10ll~t
M.i

Avg. Mwiftd

13" Mo.--

t Only

Rpt Only

Rpt Only

*Q. MM"

b Mo.

l/week

Calculated

WA

N/A

W/A

WA

EL uCompliance Evaluation Lead
Name of Principal Executive Officer

Title of Officer

certify under penalty of law that this document and all attachments were p
nrder my direction or supervision in accordance with a system designed to assure that
personnel properly gather and evaluate the Information submitted. Based on
Inquiry of the person or persons who manage the system, or those persons directly
sponsible for gathering the Information, the information submitted Is, to the best of my
ceowledge and belief, true, accurate, and complete: I am aware that there are significant
enalties for submitting false information including the possibility of a fine and

Iuallfled
_mprsonment

for knowing violations.

Date Completed
Signature of Principal Executive Officer or
SAtureo Ann
Authorized Agent

CERTIFIED LABORATORY NAME:
CERTIFIED LABORATORY ADDRESS:

FACILITY NAME. JMOUNT STORM POWER STATION) VIRGINIA ELECTRIC & POW
LOCATION OF FACILITY: MOUNT STORM; Grant County
OUTLET NO.: 001
PERMIT NO.: WV0005525
WASTELOAD FOR THE MONTH OF:
Quantity
Units

Parameter
50050 (ML-1) RF.A
FboinCondutor•rupbtnt
Yea Round

Reported

00530 (ML-1) RF-A
TA v
SOS&
Yew Roud

Reported

00400 (ML-1) RF-A

Reported

PH
Yew Round

Permit Limb

00600 (ML-1) RF-A

Reported
PRpt

Phosomus, ToWl
RowJund
Yeaw
71900 (ML-1) RF-B
Metury, Totw (as Hg)
Year Round
01104 (ML-1) RF-B
ahunt Tolal Recoveros
YewRound
"CEL

NA

NIA

NIA

WA

A

Repeated
Limits
Pemhm

Frequency

Type

N/A

mgd

Continuous

measured

Rpt Only

Rpt Only
V
v02

N/A

mg/I

2/month

24 hr
Composite

W/A

9
&a MOX.

WA

S.U.

2/month

Grab

t Only
.Mk

Rpt Only
Avg. Mm"

Rpt Only
ha MD.

N/A

mg/i

2/month

Grab

"t W

__

N/A

Rpt Only
Dop

Lbs/Day

A

6
Agw

Rpt only
max

N/A

mg/I

1/month

24 hr
Composite

Rpt Only
Mwcy
AU.L

Rpt Only

Lbs/Day

WA

0.5
Avg. Mo"

Rpt Only
MUX Dow

N/A

mg/I

I/month

24 hr
Composite

N/A

N/A

/IA

Rpt Only
Avi.
DgmMu

Rpt Only
Mx. OaLU0

N/A

ugs

I/quarter

Grab

WN/A

NIA

A

Rpt Only

Rpt Only

N/A

mg/I

1/quarter

24 hr
Composite

Only
,.MaX.
II

_iii

Reported
Permit
Reported
Avg. Mm"~

Permit Umits

Name of Principal Executive Officer

W

N.E.

Sample

Rpt Only
Mm•.

.o
.

Compliance Evaluation Level

T'itle of Officer

Units

Measurement

Rpt Only
Avg. MUwif

/A

Permit Limits

Umits

-

CEL

N.E.

Permit Umlts

Reported
PA

00665 (ML-1) RF-A

W/A

INDIVIDUAL PERFORMING ANALYSIS:
Other Units

PellLimb

00300 (ML-1) RF-A
ODiaolved Oxrn
Yew Round
Nlugmn Tot(us N)
Yew RoundPermit

Final Order Limitations
Summer May 1-Nov 30
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...

Date Completed
I certify under penalty of law that this document and all attachments were prepared that
_.J, ...
nder my direction or supervision In accordance with a system designed to assure
of Principal Executive Officer or
qualified personnel properly gather and evaluate the information submitted. Based on
Sgnaturize Agent
my inquiry of the person or persons who manage the system, or those persons directly
responsible for gathering the Information, the Information submitted Is, to the best of my
.owledge
and belief, true, accurate, and complete. I am aware that there are significant
enalties for submitting false Information including the possibility of a fine and
mprisonment for knowing violations.
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Final Order Limitations
Summer May 1-Nov 30

STATE OF WEST VIRGINIA
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM
DISCHARGE MONITORING REPORT

WRR-82

FACILITY NAME: IMOUNT STORM POWER STATION) VIRGINIA ELECTRIC-& POW

CERTIFIED LABORATORY NAME:

LOCATION OF FACIUTY: MOUNT STORM; Grant County
PERMIT NO.: WV0005525
OUTLET NO.: 001

CERTIFIED LABORATORY ADDRESS:

INDIVIDUAL PERFORMING ANALYSIS:

WASTELOAD FOR THE MONTH OF:
-Quantity

Units

Parameter
0080 (ML-1) RF-8
Im ToW Recoveramle
Yeaw Round

Reeted

00081 (ML-1) RF-B

Reported

00011 (ML-5) RF-A

Repoled

N/A

Rpt Only

N/A

N/A

N/A

Rpt Only

N/A
Order Umits

03772 (ML-2) RF-A

Repotted

Sample

Frequency

Type

Rpt Only

mg/

N/A

I/quarter

24 hr

Composite
mg/I

N/A

RptOnly

I/quarter

24 hr
Composite

_

N/A

tOnly

RptOnly

Rpt Only

Min.

AgMS

big. Mx.

Only

Rpt Only

95

L•

Aq. Me

bam=.

Rpt Only

Rpt Only

R"=d..

Summer May 1-Nov 30

Measurement

u=V

enit Ulits

Teomperabr, F

N.E.

"

N/A

Tenenature, F

Units

MM a
N/A

Permit Limb

00011 (L.L-)RF-A

CEL"

PenMot

Year Rou•d

Year Round

aier U'nits .
01

N.E.

_"

N/A

Selenm, Toal Recowrabl

/A
P

W/A
Temp. Off.UpIDow Strew (F)
Orde L r UniIs
Year Round

N/A

Only
M

in.

A M". wU"v

M
h

N/A

DEG.F

1/week

Insitu

N/A

DEGF

Continuous

measured

DEG F

lIweek

Calculated

N/A
&x

Nf.

N/A

N/A

N/A
GEL =zComdariace Evalaton Ladl

____________________________

Name of Principal Executive Officer

Title of Officer

0

l'

Date Completed
all attachments were prepared
cetf under penalty of law that this document and
-nrdermy direction or supervision In accordance with a system designed to assure that
p.
gauo
uualified personnel properly gather and evaluate the information submitted. Based on
Princil Execut
Inquiry of the person or persons who manage the system, or those persons directly
orized Agent
submitted is. to the best of my
sponsible for gathering the Information, the Information
9twedge
and belief, true, accurate, and complete. I am aware that there are significant
alties for submitting false information including the possibility of a fine and

mpdsonment for knowing violations.

Officer or
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Final Order Limitations
Winter Dec 1-Apr 30

FACILITY NAME: (MOUNT STORM POWER STATION) VIRGINIA ELECTRIC & POW

CERTIFIED LABORATORY NAME:

LOCATION OF FACILITY: MOUNT STORM; Grant County

CERTIFIED LABORATORY ADDRESS:

PERMIT NO.: WV0005525

OUTLET NO.: 001

WASTELOAD FOR THE MONTH OF:

INDIVIDUAL PERFORMING ANALYSIS:

Quant
Parameter
50050 (ML-1) RF-A
Flawjn conduit or m pleat
Year Round
00530 (ML-1) RF-A
Total Suspended Soids
Ye Round

CELO

NIA

A

NIA

Permit Limits

Rpt Only

Units

.E.

Sample

Frequency

Type

N/A

WA

Permit Limits

00300 (ML-1) RF-A

Reported

A

WA

Olaselved
Ormen

N/A
Reported

00665 (ML-1) RF-A

Reported

Puhois.o ToW
Yew Round

Pernit Umits

Pemit Lim

71900 (ML-I) RF-B
Ma•ury. ToW (as Mg)
Year Round

Reported

01104 (ML-I) RF-B
Akm•nuni Tow Recovenaib
Year Round

Reported

N/A

Rpt Only

Rpt Only

Avg. Lim"

Mia.

Rpt Only

N/A

9

Rpt Only

Lbs/Day

Lbsay

WA

N/WA

NI

M

mgd

Continuous

measured

N/A

mg/I

2/month

24 hr
Composite

N/A

S.U.

2/month

Grab

WNA

mg/I

2/month

Grab

N/A

mg/I

1/month

24 hr

..

In* Ma.

Rpt Only

Rpt Only

L

Avg. MM

m

WA

A

WA

mit lllib

A

Permit hUns

I____________________

Rpt Only

tOnl

Avg M
Ni/A

CEL = Compliance Evahuation Level
Name of Principal Executive Officer

Rpt Only
Ag.

min

ermitUm

00800 (ML-1) RF-A
Nflgn, To (as N)
Yea Round

NWA

_

NIA

Permt Limtits.

Rpt Only

AV. M" 11

Reportedl

You Poud

'qW

N.E.

Measurement

Repoted

Relprted

Title of Officer

Other Units

-

Units

00400 (ML-1) RF-A
PH

Year Round

1)

s

Rpl Only

Ar
v. Mw"

m

0.5

Rpt Only

Avg.
Mu"

M.J
u

Rpt Only

Rpt Only

Avg.M-Mly

Mm. D

Rpt Only
An. rj@f
1g

Rpt Only
m wly

certify under penalty of law that this document and all attachments were prepared

nder my direction or supervision in accordance with a system designed to assure that

Composite

NIA

mg/i

24 hr
Composite

N/A

ug/l

1/quarter

Grab

NWA

mg/I

I/quarter

24 hr
Composite

Date Completed

ilifed personnel

property gather and evaluate the Information submitted. Based on
of the person or persons who manage the system, or those persons directly
AtuhofEf
sponsible for gathering the Information, the Information submitted is, to the best of my Authorized Agent
.owledge and belief, true, accurate, and complete. I am aware that there ae significant
)enalties for submitting false information including the possibility of a fine and
1 mprisonment for knowing violations.
AWny Inquiry

I

111111F

1/month

WARD 2A-82

Units

Parameter

00980 (ML-1) RF-B

NA

Yer Rou•d
00981 (ML-t) RF-B

N.E.

NA

/A

Rpt Only

CEL

I Units

N/A

mg9I

N.E.

Measurement

Sample

Frequency

Type

RptOnly

I/quarter

24 hr
Composite

LUX DOW

Perit Umits

Repo;ed
NIA

Seenin ToW Recovarebs
Year RouAnMlUr

NIA

pt Only
Max D

N/A

A"g. Mn

Rpt Ony

Npt Only

NIA

DEG.F

1/week

Insitu

Avg. M~olI

•m.

Rpt Only

Rpt Only

75

N/A

DEG.F

Continuous

measured

nmin.

Avg. MAbf

InLMu

Rpt Only

Rpt Only

N/A

DEG.

1/week

Calculated

IA

Rpt Only

lquarter

rngAI

24 hr

Composite

Reported

NWA

F

Yewr Round
00011 (ML-1) RF-A
Temlnyta,. F
Wbn•e Dec -A"30

INDIVIDUAL PERFORMING ANALYSIS:
Units

Reported

b=%Tab2 Recoversbie

Twnperglur.

Final Order Limitations
Winter Dec 1-Apr 30

CERTIFIED LABORATORY NAME:
CERTIFIED LABORATORY ADDRESS:

FACILITY NAME: (MOUNT STORM POWER STATIONM VIRGINIA ELECTRIC & POW
LOCATION OF FACILITY: MOUNT STORM; Grant County
OUTLET NO.: 001
PERMIT NO.: WV0005525
WASTELOAD FOR THE MONTH OF:
-Other
Quantity

00011 (ML-5) RF-A

90

0

STATE OF WEST VIRGINIA
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM
DISCHARGE MONITORING REPORT

N/A

tOny

Permit Umibs
Reported
NIA

NIA

Order iumits

Reported
03772 (ML-2) RF-A
i
Temp. M•.UplOvv Stream (F):O
&
ILiits
rder
Year Round

A

W/AN/t

Orly
Min.

Mll.m
m

Mu.

N/A

N/A

N/A

*GEL = Compl•nce

Evauluan Level

__,

certify under penalty of law that this document and all attachments were prepared
rnder my direction or supervision In accordance with a system designed to assure that
uallfied personnel properly gather and evaluate the information submitted. Based on

Name of Pfinnpal Executive Officer
....

Title of Officer

_

_I

ynquiry of the person or persons who manage the system, or those persons directly

Date Completed
Signature of Principal Executive Officer or
Authorized Agent

sponsible for gathering the Information, the Information submitted Is, to the best of my A
nowledge and belief, true, accurate, and complete. I am aware that there are significant
[enalties for submitting false Information Including the possibility of a fine and
mprisonment for knowing violations.
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RIGHT OF APPEAL

Notice is hereby given of your right to appeal the terms and conditions
of this order which you are aggrieved by to the Environmental Quality Board
by filing a NOTICE OF APPEAL on the form prescribed by such Board for
this purpose, with the Board, in accordance with the provisions of Section 21,
Article 11, Chapter 22 of the Code of West Virginia within thirty (30) days
after the date of receipt of such order.

0

d~p
west virginia department of environmental protection
Division of Water and WVaste Management
601 57th Street SE
Charleston, West Virginia 25304-23,15
Phone: 304-926-0495
lfax: 304-926-0496

Joe Manchin ll, Governor
Stephanie R. T"rincrmeyer, Cabinet Secretary
www.wvdcp.org

April 14, 2008
J. DAVID.RIVES, P.E., V-P F&H-I
VIRGINIA ELECTRIC & POWER CO
5000 DOMINION BLVD.
GLEN ALLEN, VA 23060
CERTIFIED RETURN RECEIPT REQUESTED
Dear Permittec:
Enclosed.please find WV/NPDES Permit Number WV0005525 dated April 14, 2008.
The following responses are to your comment letter dated February 15, 2008, on both the draft permit and
associated Order No. 629 1.
Comment No. .1:The draft permit contains new requirements for 24-hr composite sampling at Outlet 001.
Dominion proposes to conduct the required composite sampling at Outlet 001 for one year and during the
sample period, collect an independent grab sample. The results of the grab sample will be compared with the
results of the composite and presented to DEP for appropriate assessment.
DEP has no objections to a comparison study.
Comment No. 2 : The pennittee'recommends including the upstream monitoring effort in the Order with
alignment of this effort with the schedule for installation of a weir in the Stony River downstream of the dam
and deletion of the reference to an upstream/downstream temperature difference calculation. We request that
the DMR be revised to reflect continous monitoring and semi-annual reporting with a footnote to clarify how
the data should be reported for the upstream monitoring data.
EI.ffluent limitations for temperature are prescribed in the permit to ensure protection of water quality
standards. Appropriate monitoring and reporting frequencies must also be implemented to ensure
compliance with the terms and conditions of the permit. The agency believes that a reporting frequency of
monthly is necessary at this time. If a 316(a) variance is obtained in the future, permit conditions may be
re-evaluated at that time.
Comment No. 3 : New requirements have been added to Outlets 002, 003, and 004, which are stormwater
discharges to unnamed tributaries of the Stony River from the coal yard haul road and surrounding areas.
Dominion has placed into service a new stormwater treatment system on Outlets 004 and 003. Following
installation of each new system, water quality from the respective outlets markedly improved. Dominion
requests deletion of the effluent limitations for Al, Fe, and Zn and use of Section C.15 as the regulatory
protocol for these outlets.
The Agency commends Dominion for the installation of the new storm water treatment systems. However.

Promoting a healthy environment.
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there is not enough data at this time to remove the limits from the permit. If the systems continue to work, no
problem should exist with meeting the limitations. The Agency shall require that each individual outlet be
monitored until enough data exists to show consistent compliance. Once the agency has been satisfied that
consistent compliance has been obtained, it may re-evaluate the requirements.
Comment No. 4 : Outlets 501 and 601 are internal stormwater discharges from the plant entrance area that
routes runoff into Mt. Storm Lake. Dominion requests that individual monitoring at Outlet 501 (and by
representativeness, Outlet 60 1) be deleted from the permit.
Potential impacts from the discharges from Internal Outlets 501 and 601 should be addressed through best
management practices by the facility's Storm Water Pollution Prevention Plan (SWPPP). This will minimize
the ultimate pollutant loading to Mount Storm Lake and ultimately the discharge from Outlet 001 to the
Stony River. In order to ensure that the storm water areas have approporiate controls in place, the permitting
and monitoring of Outlets 501 and 601 are necessary.
Comment No. 5 : Section C. 17 contains new language with an absolute prohibition of discharge of
polychlorinated biphenyl compounds (PCBs) through any outfall. Dominion requests replacement of the
PCB prohibition language as provided in the permit with "There shall be no discharge of polychlorinated
biphenyl compounds attributable to the plant from this source in amounts equal to or greater than detectable
by EPA test methods specified in Federal Register 40 CFR Part 136 Guidelines Establishing Test Procedures
for the Analysis of Pollutants."
This is default language found in many of our industrial permits. The agency sees no reason to adjust the
language.
Comment No. 6: Section C.22 specifies EPA test method 200.9 for all selenium monitoring. Dominion
requests the addition of the phrase "or any method from 40 CFR Part 136 which will achieve a Quantification
Level (QL) that is less than or equal to EPA Method 200.9" prior to the phrase "for all selenium monitoring."
The agency does not recognize QLs. The agency will, however, revise the statement as follows: "or any
method from 40 CFR Part 136 which will achieve a Method Detection Level (MDL) that is less than or equal
to EPA method 200.9".
Comment No. 7 : Section D.2 correctly provides that Dominion has plans to install a flow measurement
device and weir but states that these improvements will be located "at the bottom of the dam." Dominion
requests replacement of the phrase "at the bottom of the dam" with the phrase "at an approved location in the
Stony River downstream of the stilling basin" and confirmation that all non-temperature and flow samples
will be collected in the lake near the spillway both prior to and following weir installation.
The language has been revised.
Comment No. 8 : The permittee requests deletion of Sections El thru E.5 and a rewrite of Sections E.6.
Previous Items 1-5 have been revised and combined into new Item 1. Item 6.d.ii) has been been revised to
state a minimum of four samples. Item 6.e. has been revised to require submittal following review and data
verification, but no later than the first of December of each calendar year.
Comment No.9 : Comments on Administrative Order No. 6291.
Comments were received from both the permittee and EPA and the agency made the necessary revisions to
the order. The agency believes it has worked with the permittee and EPA to develop an appropriate order to

J. DAVID RIVES, P.E., V-P F&H
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address the temperature issues with the discharge. In general, the content of the order was restructured to
require final compliance with the permitted effluent limitations or the resultant limitations from a granted
316(a) variance. The agency would like to specfically address the following permittee comments.
Item No. I of the Order has been revised to include the requested language of "be designed to".
The January 31, 2012 date listed in Attachment A of the Order was listed out of sequence and has been
corrected. The date remains unchanged.
Force majeure language has not been added to the Order. The agency only uses this language in Consent
Orders and not in Unilateral Orders. AO 6291 is being issued as a Unilateral Order. DEP suggests that the
permittee contact the agency if such a problem arises in order to determine an appropriate resolution.
The winter temperature order limitation of 75 degrees Fahrenheit shall remain unchanged. The agency
reviewed historical data for the last six years and this value should be attainable. The additional historical
data submitted by the permittee further supports that this limitation has been achievable for the past
twenty-three years.
Please note that a Discharge Monitoring Report (DMR) is to be completed and submitted to this Division

each month. It is suggested that several copies of the enclosed DMR forms be made for your future use, as
this Division does not supply permittees with DMR forms.
Special Condition: Previously, the permittee was moving forward with a 316(b) demonstration and

'implementation plan. However, due to the court ruling on 316(b), the permittee has ceased movng forward
with its 316(b) demonstration. The agency encourages the permittee to continue moving forward with its
316(b) demonstration and implementation plan.
Finally note that copies of all future correspondence regarding the permit including copies of DMRs must be
forwarded to the Field Inspector and Field Supervisor at the following address:
Department of Environmental Protection
Environmental Enforcement
HC 63 Box 2545
Romney, WV 26757
Also, please note the attachment to this permit which describes the annual permit fee requirement.

Reissuance of your permit does not change the annual fee billing cycle.
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Also, enclosed find Administrative Order No. 6291 for Permit No. WV0005525 requiring you to upgrade
your treatment to meet the requirements of this Permit.
If you have any questions, please contact William Sentman of this Division at (304) 926-0495.

Li A. McClung
Director
LAM:ws
Enclosures

0

Permit Number: WV0005525
Permittee: VIRGINIA ELECTRIC & POWER CO
cc: Env. Insp. Supv.
Env. Inp.
US EPA

dep
STATE OF WEST VIRGINIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION
DMSION OF WATER AND WASTE MANAGEMENT
601 57TH STREET SE
CHARLESTON, WV 25304-2345
NATIONAL POLLUTANT DISCHARGE EUMINATION SYSTEM
WATER POLLUTION CONTROL PERMIT
NPDES PERMIT NO.: WV0005525
ISSUE DATE: April 14, 2008
SUBJECT: Industrial Waste
EFFECTIVE DATE : May 14. 2008
EXPIRATION DATE:Apdi 13.2013
SUPERSEDES: Permit No. WV0005525
dated November 09, 2001
LOCATION: MOUNT STORM
(City)

Grant

N. Potomac River

(County)

(Drainage Basin)

Sao the next page for a list of Outlets.
TO WHOM IT MAY CONCERN:
This is to certify that: VIRGINIA ELECTRIC & POWER CO
5000 DOMINION BLVD.
GLEN ALLEN, VA 23060

is hereby granted a West Virginia NPDES Water Pollution Control Permit to:
Operate and maintain a disposal system for the direct discharge of treated industrial waste (process wastewater,
sanitary wastewater, cooling water, and storm water runoff) from Outlet 001 (discharge from Mt. Storm Lake)
into Stony River, a tributary of the North Branch of the Potomac River. Also to operate and maintain disposal
systems for the direct discharge of untreated storm water runoff into an unnamed tributary of Stony River via
Outlets 002, 003, and 004.
This permit is subject to the following terms and conditions:
The information submitted on and with Permit Application No. WV0005525 dated the 30th day of January, 2006
is hereby made terms and conditions of this Permit with like effect as if all such permit application information
were set forth herein and other conditions set forth in Sections A, B, C, D, E and Appendix A.
The validity of this permit is contingent upon the payment of the applicable annual permit fee, as
required by Chapter 22, Article 11, Section 10 of the Code of West Virginia.
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Milepost
Dist. to Stream:
Mouth(in MUle)l

001

39012'28"

79015'54"

STONY RV

10.4

N/A

002

39012'26"

79o16'05"

Unnamed Tributary Of STONY RV

N/A

N/A

003
004

39012'28"
39o1230"

790151241p
7915'10"

Unnamed Tributary Of STONY RV
Unnamed Tributary Of STONY RV

N/A
N/A

N/A
N/A

101

39W1211"

79015'44"

N/A

201

39011'57"

79015'43"

N/A

N/A
N/A

N/A
N/A

301

39°11'55`'

79015'47r

N/A

N/A

N/A

401

39°11'52"

79°15'48'

NIA

N/A

NIA

411
421

39°12'01"

NIA

N/A

N/A

39011'59"

79016'02"
79°15'41"

N/A

N/A

N/A

501
601

39°12'28'
39°1228"

79°16554"
79015'54"

N/A

N/A
NIA

N/A

N/A

N/A

A.001 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Interim Umitations

Summer May 1-Nov 30
During the period beginning May 14, 2008 and lasting through midnight October 31.2009 the permittee Is authorized to discharge
(Sanitary. Cooling Water, Storm Water Runoff, Process Water)

Monitoring Reauiremeflts

Such discharges shall be limited and monitored by the permittee as specified below:

Disechame Limitations

Effluent

Characteristic

Total Suspended Solids

!

Quantity
N/A

N/A

N/A

N/A

pH

N/A

N/A

(Year Round) (ML-1)

N/A

6

Rpt Only

Rpt Only

Avg. MNY

Max. Daiy

WA

•LsLMK,

Dissolved Oxygen
(Year Round) (ML-1)

N/A

Nitrogen, Total (as N)
(Year Round) (ML-1)

N/A

Phosphorus, Total
(Year Round) (ML-1)

N/A

Mercury, Total (as Hg)
(Year Round) (ML-i)

N/A

Aluminum, Total Recoverable
(Year Round) (ML-1)

N/A

Iron, Total Recoverable
(Year Round) (ML-1)

N/A

Selenium. Total Recoverable

N/A

N/A

WA

N/A

N/A

N/A

N/A

N/A

Rpt Only

Rpt Only

Rpt Only

bh"L
MiA

Avg. Mar"ts

but
, Max

5

Rpt Only

N/A

NWA

NWA

N/A

N/A

N/A

N/A

N/A

N/A

9

N/A

(Year Round) (ML-1)

Unit
mg/

Freuency

2/month

24 hr Composite

S.U.

2/month

Grab

mg/i

2/month

Grab

mg/I

I/month

24 hr Composite

mg/I

1/month

24 hr Composite

ugn

1/quarter

Grab

mg/I

1/quarter

24 hr Composite

mg/I

I/quarter

24 hr Composite

mg/i

Ilquarter

24 hr Composite

IL Max.

Avg. Mm"

N/A

Measureomnt

Other Units

(Year Round) (ML-1)

from Outlet Number(s) 001

0.5

MaX Daily

Rpt Only

Avg. Mwmmy

Max 094y

Rpt Only

Rpt Only

Avg. Mamr

Max Daiy

Rpt Only

Rpt Only

Av MW"

Max oak

Rpt Only

Rpt Only

Avg. MWO

Mac Day

Rpt Only

Rpt Only

Avg. MWn*y

Max Daily

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following locatIon(s):
In Mount Storm Lake prior to the spillway gate. except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Tite 47, Series 2, Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 228, Article 3.
Page No.: 3 of 27
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A.001 DISCHARGE uMIrATIONS AND MONITORING REQUIREMENTS:

Interim Umitations
Summer May I-Nov 30
During the period beginning May 14, 2008 and lasting through midnight October 31, 2009 the permittee is authorized to discharge from Outlet Number(s) 001

(Sanitary, Cooling Water. Storm Water Runoff, Process Water)
Such discharges shall be limited and monitored by the permittee as specified below:
Dischame Umitatians
other Units
units
auhll!
Characteristic
WA

NIA
N/A
Temperature. F
(Year Round) (ML-5)
Temperature of Stony River upstream of Mount Storm Lake.
N/A
N/A
NfA
Temperature, F
(Summer May 1-Nov 30) (ML-1)
Discharge temperature from May 1 thru Nov 30.
WA
NIA
WA
Temp. Diff. Up/Down Stream (F)
(Year Round) (ML-2)
Difference between discharge and upstream of Mount Storm Lake.

Vni=1

Rpt Only

Rpt Only

Rpt Only

Inbt Mia

Avg Man"Ny

bunMat

Rpt Only

Rpt Only

87

but Mah

Avt Mm"U

bMaM"

Rpt Only

Rpt Only

but LMu

An. MWnf

5

Monitodna Reaulrements
Samole
Measurement
TVDe
Freauencv

DEG.F

l/week

Insitu

DEG.F

Continuous

measured

DEG.F

Ilweek

Calculated

but Ma

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spillway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47, Series 2. Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 22B, Article 3.
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A.O01 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Interim Limitations
Winter Dec 1-Apr 30
During the period beginning May 14. 2008 and lasting through midnight October 31, 2009 the permiutee is authorized to discharge
(Sanitary, Cooling Water, Storm Water Runoff. Process Water)
Such discharges shall be limited and monitored by the permittee as specified below:

Emusm

Total Suspended Solids

NIA

WA

WA

N/A

NIA

N/A

N/A

6

NIA

WA

NWA

RptOnly
Ita Mhit

WA

WA

WA

WA

(Year Round) (ML-1)
Phosphorus. Total
(Year Round) (ML-1)

NWA

Mercury, Total (as Hg)
(Year Round) (ML-1)

WA

Aluminum, Total Recoverable
(Year Round) (ML-1)

N/A

Iron, Total Recoverable

NIA

WA

WA

WA

WA

WA

WA

WA

WA

WA

WA

IVA

WA

(Year Round) (ML-I)
Selenium. Total Recoverable
(Year Round) (ML-1)

-1

WA

bL MWW

(Year Round) (ML-1)

Nitrogen, Total (as N)

Rpt Only
Avg.

(Year Round) (ML-1)

Dissolved Oxygen

Measurement

Other Units

ausafth

(Year Round) (ML-1)

pH

Monltodrna Reaulrements

Dischame ULmitatlons

Characteristic

N/A

WA

N/A

NIA

from Outlet Number(s) 001

Rpt Only

Sample

Unlte
mg/

Freeunac

TvWe

2/month

24 hr Composite

S.U.

2/month

Grab

mg/I

2/month

Grab

mg/i

I/month

24 hr Composite

mg/I

I/month

24 hr Composite

ug/l

I/quarter

Grab

mg/i

I/quarter

24 hr Composite

mg/

I/quarter

24 hr Composite

Ilquarter

24 hr Composite

Max Oaily

9
UtsMax

Rpt Only

Rpt Only

Avg. mk•

bha max

5

Rpt Only

AV%
Mm"y

Mi Oay

0.5

Rpt Only

AvM.
Mm" y

MDaOly

Rpt Only

Rpt Only

A4 MWt

max BaOD

Rpt Only

Rpt Only

Avg.Mm"td

max ODay

Rpt Only

Rpt Only

AvS. U

Max. Daily

Rpt Only

Rpt Only

Av%MM"

max 004

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spillway gate, except for temperature and flow which shall be measured at the base of the spillway.

This discharge shall not cause violation of Title 47, Series 2. Section 3. of the West Virginia Legislative Rules Issued pursuant to Chapter 22B, Article 3.
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A&001 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Interim Limitations
Winter Dec I -Apr 30
During the period beginning May 14, 2008 and lasting through midnight October 31, 2009 the permittee Is authorized to discharge from Outlet Number(s) 001

(Sanitary, Cooling Water, Storm Water Runoff, Process Water)

Such discharges shall be limited and monitored by the permittee as specified below:
Discharae Umitations
Chracnt
Charect eristic

Units

NIA
Temperature, F
N/A
N/A
(Year Round) (ML-5)
Temperature of Stony River upstream of Mount Storm Lake.
N/A
N/A
N/A
Temperature, F
(Winter Dec I-Apr 30) (ML-1)
Discharge temperature from Dec 1 thru Apr 30.
N/A
N/A
NWA
Temp. Diff. Up/Down Stream (F)
(Year Round) (ML-2)
Difference between discharge and upstream of Mount Storm Lake.

Monitorina Reaulrements
Samp
Measurement

u~nit

Fruencs s'v

Rpt Only
Inst M"x

DEG.F

1/week

Insitu

73
uLn.
u

DEG.F

Continuous

measured

5

DEG.F

1/week

Calculated

Other Units
Rpt Only
Int Mh

Rpt Only
Avg. MmW"

Rpt Only
ut. M.

Rpt Only
Avg. Mm•ft/

Rpt Only
bvt Mh

Rpt Only
AVg.MoUW2v

Ibt VtA.

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spillway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47, Series 2, Section 3, of the West Virginia Legislative Rules issued pursuant to Chapter 223, Article 3.
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A.001 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Final Umitations
Summer May 1-Nov 30
During the period beginning November 1. 2009 and lasting through midnight April 13, 2013 the permittee Is authorized to discharge from Outlet Number(s) 001
(Sanitary. Cooling Water, Storm Water Runoff, Process Water)
Such discharges shall be limited and monitored by the permittee as specified below.
DIschame Limitations
Effluen
Characteristic
Ouantity
Flowin Conduit or thru plant
(Year Round) (ML-1)

NWA

Total Suspended Solids
(Year Round) (ML-1)

N/A

pH
(Year Round) (ML-1)

WA

Dissolved Oxygen
(Year Round) (ML.1)

NIA

NWA

N/A

N/A

WA

N/A

NWA

WA
WA

NIA

6

Monltorlna ReGulmments

Rpt Only

Rpt Only

Avg. M41101l0

Max. Dail

Rpt Only

Rpt Only

Avg. Mar"hl

Maxi.Daily

WA

bUL Mt

WA

Nitrogen, Total (as N)
(Year Round) (ML-1)

Rpt Only

Rpt Only

Avg MOT"

MaxDaly

Phosphorus, Total
(Year Round) (ML-1)

Rpt Only

Rpt Only

Avg.

aN* .

Mercury, Total (as Hg)
(Year Round) (ML-1)

NIA

Aluminum, Total Recoverable
(Year Round) (ML-1)

N/A

Iron, Total Recoverable
(Year Round) (ML-1)

WA

NIA

Lbs/Day

Rpt Only

bhutW

Avg. M••ly

WA

N/A

N/A

5
Avg MaW"hl

Lbs/Day

N/A

MaxDaly

N/A

WA

WA

WA

W/A

NZA

Frsauencv

Sample
Tr=2

Continuous

measured

2/month

24 hr Composite

S.U.

2/month

Grab

mg/I

2/month

Grab

1/month

24 hr Composite

1/month

24 hr Composite

I/quarter

Grab

I/quarter

24 hr Composite

I/quarter

24 hr Composite

mgd

bIuLMax

Rpt Only

N/A

9

Measurement

Rpt Only
t Max

Rpt Only
Mmatn

0.5

Rpt Only

Avg MV"ild

Max Daly

Rpt Only

Rpt Only

A4gMW"l~

MAt Daily

Rpt Only

Rpt Only

Avg. MW"l~l

MAt Daily

Rpt Only

Rpt Only

Avg. Ma"

Max Daly

mg/I

mg/I

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spillway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47, Series 2, Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 228, Article 3.
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X081 IStsc
ARGE UMITATIONS AND MONITORING REQUIREMENTS:0
Final Umitations
Summer May I-Nov 30
During the period beginning November 1.2009 and lasting through midnight April 13, 2013 the permittee Is authorized to discharge from Outlet Number(s) 001
(Sanitary. Cooling Water, Storm Water Runoff, Process Water)
Such discharges shall be limited and monitored by the permittee as specified below:
Effluent

Cheact s•sc

Selenium. Total Recoverable
(Year Round) (ML.1)

Monitodna Regulrsments

Discharue Umitations

Units

Quantity
NIA

NIA

Temperature. F
N/A
NIA
(Year Round) (ML-5)
Temperature of Stony River upstream of Mount Storm Lake.
N/A
Temperature, F
(Summer May I-Nov 30) (ML-1)
Discharge temperature from May I thru Nov 30.

N/A

Temp. Diff. Up/Down Stream (F)
N/A
N/A
(Year Round) (ML-2)
Difference between discharge and upstream of Mount Storm Lake.

N/A

Sample

mgA

I/quarter

24 hr Composite

units
N/A

N/A

Rpt Only

NZA

Rpt Only
bUL Uh

NZA

Measurement
,Fnmuency

Tv0e

Rpt Only

Rpt Only

ft. monmy

&UxDny

Rpt Only

Rpt Only

DEG.F

1/week

Insitu

87

DEG.F

Continuous

measured

DEG.F

1/week

Calculated

Rpt Only
A4 V-"

RPt Only

Rpt Only

bwI KMh

Amig
Mw"ht

but max

but MW

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following locationls):
in Mount Stonn Lake prior to the spiliway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47. Series 2, Section 3. of the West Virginia Legislative Rules Issued pursuant to Chapter 220. Article 3.
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A.001 DISCHARGE LIMITATIONS AND MONITORING REQUIREMENTS:

Final Umitationsa
Winter Dec 1-Apr 30
During the period beginning November 1, 2009 and lasting through midnight April 13. 2013 the permittee is authorized to discharge from Outlet Number(s) 001
(Sanitary, Cooling Water, Storm Water Runoff, Process Water)
Such discharges shall be limited and monitored by the permnttee as specified below.
Dnwanz
lchamr Umftatons

Quantity
Flow,in Conduit or thru plant

N/A

Uft
N/A

NIA

Other Units

NIA

(Year Round) (ML-1)

Total Suspended Solids

N/A

N/A

N/A

WA

(Year Round) (ML-1)

pH

N/A

N/A

WA

(Year Round) (ML-1)

Dissolved Oxygen

6

N/A

N/A

Rpt Only

(Year Round) (ML-1)

Nitrogen. Total (as N)

Rpt Only

(Year Round) (ML-1)

Avg. MW"

Phosphorus, Total

Rpt Only

(Year Round) (ML-I)

Avg. bVnny

Mercury. Total (as Hg)

Rpt Only

Lbs/Day

N/A

Rpt Only

Lbs/Day

N/A

NfA

N/A

N/A

N/A

WA

N/A

N/A

N/A

(Year Round) (ML-i)

Iron, Total Recoverable
(Year Round) (ML-I)

Rpl Only
hux. 004

Rpt Only

Rpt Only

AS Mar"hi

Max Davly

N/A

N/A

N/A

N/A

N/A

9

mgd

Continuous

measured

mg/I

2/month

24 hr Composite

S.U.

2/month

Grab

mgnI

2/month

Grab

mg/I

1/month

24 hr Composite

mg/I

1/month

24 hr Composite

inut max.

Rpt Only

Rpt Only

Avg. MMW

bnL tMa.

5

Rpt Only

Avq Mini"v

(Year Round) (ML-I)

Aluminum, Total Recoverable

Rot Only
Avg. Mw"l~I

bIL Mn

N/A

Monltoarna Reaulrements
Measurement
Sample
F•requency
TIM

MM

aL08

0.5

Rpt Only

Avg- MW"d

Mr OcL00

Rpt Only
Av. Maw"

Rpt Only
Max. Daily

ugh

I/quarter

Grab

mg/I

1/quarter

24 hr Composite

mg/

1/quarter

24 hr Composite

Rpt Only

Rpt Only

Avg. m"t

Mw. Daily

Rpt Only

Apt Only

Avg. Ww"l

Max. Daily

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spillway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47, Series 2, Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 225, Article 3.
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A.OIDISC1'ARGE UMITATIONS AND MONITORING REQUIREMENTS:

Final Umitations
Winter Dec 1-Apr 30
During the period beginning November 1, 2009 and lasting through midnight April 13, 2013 the permittee is authorized to discharge from Outlet Number(s) 001
(Sanitary, Cooling Water. Storm Water Runoff, Process Water)
Such discharges shall be limited and monitored by the permittee as specified below:

Effluent

Quam

Characteristic

Selenium, Total Recoverable
(Year Round) (ML-1)

N/A

Monitarina Reguirements
Sample
Measurement

Unis
N/A

NIA

N/A
Temperature, F
N/A
N/A
(Year Round) (ML-5)
Temperature of Stony River upstream of Mount Storm Lake.
N/A
N/A
N/A
Temperature, F
(WMnter Dec I-Apr 30) (ML-1)
Discharge temperature from Dec 1 thru Apr 30.
N/A
N/A
Temp. Diff. Up/Down Stream (F)
NIA
(Year Round) (ML.2)
Difference between discharge and upstream of Mount Storm Lake.

Rpt Only

Rpt Only

AM~Mw"i~

Mum.
OaiI

Rpt Only

Rpt Only

Rpt Only

rest Ur

An Mont

but ma•

NIA

Rpt Only

Rpt Only

73

bRtOL

AVG.
MwR

but Max.

Rpt Only

Rpt Only

5

Mns
MK

Avg Mm"N

&W max

unUit

Frmuecy

TIe

mgil

1/quarter

24 hr Composite

DEG.F

1/week

Insitu

OEG.F

Continuous

measured

DEG.F

1/week

Calculated

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
In Mount Storm Lake prior to the spillway gate, except for temperature and flow which shall be measured at the base of the spillway.
This discharge shall not cause violation of Title 47, Series 2, Section 3. of the West Virginia Legislative Rules Issued pursuant to Chapter 228, Article 3.
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A.002 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Final Umitations
Year Round
During the period beginning May 14. 2008 and lasting through midnight April 13, 2013 the permittee is authorized to discharge from Outlet Number(s) 002 (Storm
Water Runoff)
Such discharges shall be limited and monitored by the permittee as specified below:

Monitorina Re.uirements

Dischame Limitations

Characteristc

gjh

Quantity

Flowin Conduit or thru plant
(Year Round) (ML-1)

N/A

Total Suspended Solids
(Year Round) (MLt1)

N/A

pH

WA

N/A

N/A

N/A

N/A

NIA

N/A

(Year Round) (ML-1)

Zinc, Total Recoverable

Measurmnt

N/A

N/A

Rpt Only

Rpt Only

Rpt Only

Av4 MW*

MWt Daly

Rpt Only

Rpt Only

Av. ML"y

MhU.
Dnily

N/A

Rpt Only

N/A

N/A

N/A

N/A

Mercury. Total (as Hg)
(Yea Round) (ML-1)

WA

Aluminum. Total Recoverable
(Year Round) (ML-1)

N/A

Iron, Total Recoverable
(Year Round) (ML-i)

NWA

Selenium, Total Recoverable
(Year Round) (ML-1)

N/A

N/A

NIA

N/A

N/A

N/A

N/A

Rpt Only

N/A

NIA

N/A

N/A

N/A

0.108

Avq4 o

MaL 0•l

Rpt Only

Rpt Only

Avg. Monmt

MAt Daiy

Rpt Only
Av%
Mor"t

N/A

F

uen

Sample

LM

mgd

1/8 months

Estimated

mg/I

1/6 months

Grab

S.U.

1/6 months

Grab

mg/l

1/6 months

Grab

ugfl

1/6 months

Grab

mg/I

1/6 months

Grab

mg/I

1/6 months

Grab

mg/I

1/6 months

Grab

bvt. Ma

ua. ln

(Year Round) (ML-1)

UnitsM

Rpt Only

0.75
imt D0ai

1.5

AMs
Mw"

Mat o•y

Rpt Only

Rpt Only

Avg. Ma"

MaL Dal

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Outlet 002, at the discharge to an unnamed tributary of Stony River.
This discharge shall not cause violation of Title 47, Series Z Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 22B. Article 3.
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A.9

DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Final Umitations
Year Round
During the period beginning May 14, 2008 and lasting through midnight April 13. 2013 the permittee is authorized to discharge from Outlet Number(s) 003 (Storm Water Runoff)

Eiumt

Montorinn ftaulrents
Measurement
Sample

Such discharges shall be limited and monitored by the permlttee as specified below:
Dischame Urmitatlons
Unit
Other Units

Freatuenc

Timt

mgd

1/8 months

Estimated

_

Flow,in Conduit or thru plant

WA

WA

N/A

N/A

(Year Round) (ML-1)
Total Suspended Solids
(Year Round) (MW-1)

N/A

pH
(Year Round) (ML-1)

N/A
WA

Zinc, Total Recoverable

WA

N/A

WA

Rpt Only

Rpt Only

Av9. MwuV

Ma Oayil

N/A

N/A

Rpt Only
Avg MoW"

Rpt Only
Ma Daily

mgni

1/8 months

Grab

N/A

Rpt Only
but L&"

N/A

Rpt Only
bWM"

S.U.

1/8 months

Grab

WA

N/A

0.106

mg/I

1/8 months

Grab

(Year Round) (ML-1)

Rpt Only
Mo=y

mm Dwy

Rpt Only
Avg. MW"

Rpt Only
r
uax Dly

ug/

1/8 months

Grab

Rpt Only

0.75
M Dady

mg91

116 months

Grab

Aft Mir"

Av

Mercury, Total (as Hg)
(Year Round) (ML-1)

WA

N/A

WA

IVA

Aluminum, Total Recoverable
(Year Round) gL--1)

WA

N/A

WA

N/A

Iron, Total Recoverable
(Year Round) (ML.1)

N/A

N/A

N/A

N/A

Rpt Only
Avg. MM"i

1.5
MM. 0ny

mg/I

1/6 months

Grab

Selenium, Total Recoverable
(Year Round) (ML-1)

N/A

NIA

N/A

N/A

Rpt Only
AM Mw"

Rpt Only
Max 0W

mg/I

1/6 months

Grab

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Outlet 003. at the discharge to an unnamed tributary of Stony River.
This discharge shall not cause violation of Title 47, Series 2, Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 22B, Article 3.
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A.004 DISCHARGE LIMITATIONS AND MONITORING REQUIREMENTS:

Final Umitations

Year Round
During the period beginning May 14, 2008 and lasting through midnight April 13, 2013 the permittee is authorized to discharge from Outlet Number(s) 004 (Storm
Water Runoff)
Such discharges shall be limited and monitored by the permittee as specified below:
DeDiahamq LUmMons
Chamnhistic
unk
OtMer Units
Flow,in Conduit or thru plant
(Year Round) (ML-1)

W/A

Total Suspended Solids

N/A

N/A

N/A

N/A

NA

N/A

N/A

(Year Round) (ML.1)

Rpt Only

Rpt Only

Av.

MaL Daily

Mnily

Rpt Only
AM. Mm

pH
(Year Round) (ML-1)

N/A

Zinc, Total Recoverable
(Year Round) (ML-1)

N/A

Mercury, Total (as Hg)
(Year Round) (ML-1)

N/A

Aluminum, Total Recoverable
(Year Round) (ML-1)

N/A

Iron, Total Recoverable
(Year Round) (ML-1)

N/A

Selenium, Total Recoverable

N/A

N/A

NIA

Rpt Only

n121

N/A

mgd

1/8 months

Estimated

Rpt Only
MaxDoDy

mg/I

116 months

Grab

Rpt Only

S.U.

116 months

Grab

mgl

1/6 months

Grab

ug9I

1/6 months

Grab

mgf1

1/6 months

Grab

mgfl

116 months

Grab

mg/a

1/6 months

Grab

ttib

NIA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Max

Rpt Only

0.106

Ag Mar"v

Max 0y

Rpt Only

Rpt Only

Avg Mcnoy

Max.DUDy

Rpt Only
AM. Mn"y

N/A

N/A

WA

N/A

N/A

N/A

(Year Round) (ML-1)

Monitodrna Reaulrmensa
MmIm o
Smpnler
1

Rpt Only

0.75
Max Dealy

1.5

Avg. Mer"

MAXDaily

Rpt Only

Rpt Only

A,. M
s

00,

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Outlet 004. at the discharge to an unnamed Iftrutary of Stony River.
This discharge shall not cause violation of Title 47, Series 2, Section 3, of the West Virginia Legislative Rules Issued pursuant to Chapter 228, Aretile 3.
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A 9 OISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Final Umitatlons
Year Round
During the period beginning May 14,2008 and lasting through midnight April 13, 2013 the pernittee Is authorized to discharge from Outlet Number(s) 101
(Noncontact Cooling Water)
Such discharges shall be limited and monitored by the permittee as specified below.

Monitorina Roguirements
Measurement
aRe

Dlachame Umitations
odor,
N/A
Flow.in Conduit or thru plant
(Year Roound) (ML-I)
Based on pump curves and hours of operation.
Thermal Discharge MBTUlper hr.
N/A
(Year Round) (ML-1)

wntlunitsOther
N/A

N/A

EmaunyL-

Units
N/A

N/A

N/A

N/A

Rpt Only
Avg Mm"y

Rpt Only

Rpt Only

Rpt Only

Avg. Mm"

ma DcOaily

mgd

Continuous

Calculated

MBTU11hr

Continuous

Calculated

MaL Daily

Based on unit load and pumping capacity.

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Internal Outlet 101, "Calculated'.
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A.201 DISCHARGE LIMITATIONS AND MONITORING REQUIREMENTS:

Final Umitations
Year Round
During the period beginning May 14, 2008 and lasting through midnight April 13,2013 the permittee Isauthorized to discharge from Outlet Number(s) 201
(Noncontact Cooling Water)
Such discharges shall be limited and monitored by the permittee as specified below:

FRowin Conduit or thru plant
(Year Round) (ML-1)

Monitormnn Reuirmments
Measurement
Sample
Freguenmv

Dischame Limitations

Efflluent
,Characteristic

Quanity
NZA

Based on pump curves and hours of operation.
NIA
Thermal Discharge MBTU/per hr.
(Year Round) (ML-I)
Based on unit load and pumping capacity.

NIA

N/A

WA

N/A

I=

Other Units

91nis
N/A

N/A

Rpt Only

Rpt Only

Ave. MW"

Mm. Oay

Rpt Only

Rpt Only

Avg. W"

Mm.OaII

mod

Continuous

Calculated

MB3TU/hr

Continuous

Calculated

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Internal Outlet 201. "Calculated".
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A.301 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:
Final Umitaetons
Year Round
During the period beginning May 14. 2008 and lasting through midnight April 13. 2013 the permittee is authorized to discharge from Outlet Number(s) 301
(Noncontact Cooling Water)

Effluent
Charad

Such discharges shall be limited and monitored by the permittee as specified below:
Dischame Limitations
rsti

Quantity

N/A
Flow,ln Conduit or thru plant
(Year R4ound) (ML-1)
Based on pump curves and hours of operation.
N/A
Thermal Discharge MBTU/per hr.
(Year Round) (ML-1)
Based on unit load and pumping capacity.

y

NIA

NWA

N/A

N/A

Monitorina Reaulrements
Sample
Measunrement
Fr ency
im

Other Units

N/A

N/A

Rapt Only

Apt Only

AS Mwfty

maxoat

RApt Only

Rapt Only

An. Mw"

Max oDy

mgd

Continuous

Calculated

MBTU/hr

Continuous

Calculated

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Internal Outlet 301. "Calculated".

Page No.: 16 of 27
Permit No.: WV0005525

A.401 DISCHARGE LIMITATIONS AND MONITORING REQUIREMENTS:

Final ULmitations
Year Round
During the period beginning May 14. 2008 and lasting through midnight April 13. 2013 the permittee is authorized to discharge from Outlet Number(s) 401
(Process Water)
Such discharges shall be limited and monitored by the permittee as specified below:.
Effluetd

Dlschame Umltations

Cha2ulrsdic
Flow
(Year Round) (ML.1)
Total Suspended Solids
(Year Round) (ML-1)
pH

N/A

N/A

Rpt Only

Rpt Only

Avg. MOly

M0a. Dol

N/A

N/A

N/A

L.bs/Day

N/A

(Year Round) (ML-1)

Ammonia Nitrogen

Other Units

Unita

N/A

N/A

6

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

(Year Round) (ML-1)

Chloride (as CQ)
(Year Round) (ML-1)

Rpt Only

Rpt Only

Avg, Mmorly

RU ODaly

30

100

Avg. m"

Max Daily

mgd

1imonth

measured

mg/l

1/month

Grab

N/A

N/A

S.U.

1/month

Grab

mgAI

1/6 months

Grab

ug/

lIquarter

Grab

mg/I

Once/Discharge

Grab

mg/I

I/quarter

Grab

M•

(Year Round) (ML.1)

Mercury, Total (as Hg)

Unf

Monlitogin Reauirmments
Measurement
Samale
Freouencv
TBM

N/A

N/A

Oil and Grease, Hexane EXTR.

Rpt Only

Rpt Only

(Year Round) (M.-1)

Avg. Mmofly

max Daily

N/A

LbslDay

N/A

N/A

Rpt Only

Rpt Only

Avg. Morhl

Max Daly

Rpt Only

Rpt Only

Av% Mw"

Max Doi

Rpt Only

Rpt Only

AmgMm"

MWi04

15

20

Avg. Mwohly

VwL Daily

Samples taken in compliance with the monitoring requirements specified above shall be taken at the following locatlon(s):
Internal Outlet 401. at the discharge to Mount Storm Lake from the concrete discharge structure through the parshall flume.

Page No.: 17 of 27
Permit No.: WV0005525

0

S

A.

9

t

DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:

Final UmItatlons
Year Round
During the period beginning May 14. 2008 and lasting through midnight April 13,2013 the permittee is authorized to discharge from Outlet Number(s) 411
(Process Water)

Such discharges shall be limited and monitored by the permittae as specified below:
Discharue LimItatlons
Units
Other Units

EffluMet

CbamCteas,€l

Flow,in Conduit or thru plant

ouanmnUi

NIA

NIA

N/A

NIA

(Year Round) (ML-1)
WA
MIA
WA
Copper, Total (as Cu)
(Year Round) (ML-1)
At least three (3) samples shall be taken of the basin prior to discharge.
NIA
NIA
NWA
Iron, Total (As Fe)
(Year Round) (ML-1)
At least three (3) samples shall be taken of the basin prior to discharge.

N/A

Rpt Only

RptOnly
Mar. Daily

I

N/A

mg/i

Once/Discharge

Grab

mgfl

Once/Discharge

Grab

units

Avg. V-"~1

Avg Mar

mgd

Monitodna Reauirments
Samnia
Measurement
FreOuency
Tvme
Estimated
Once/Discharge

1
Max Daily

I

1

A4 Mat"'d

M=rnDaily

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Internal Outlet 411, at the metal cleaning basin prior to discharge to the low volume treatment system.
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A.421 DISCHARGE UMITATIONS AND MONITORING REQUIREMENTS:
Final Limitations
Year Round
During the period beginning May 14, 2008 and lasting through midnight April 13, 2013 the permittee is authorized to discharge from Outlet Number(s) 421

(Sanitary)
Monitorino Reaulf aments

Such discharges shall be limited and monitored by the permittee as specified below:

Menuramen
Characteristic
Flow.in Conduit or thru plant
(Year Round) (ML-1)

N/A

N/A

N/A

N/A

5.63

11.26

Avg. M-nMy

Ux Daily

Total Suspended Solids
(Year Round) (ML-1)

5.63

11.26

Avg. Mavftly

mi Daily

N/A

N/A

Lbs/Day

N/A

N/A

N/A

30
AVg.MWAiih

IUbs/ay

N/A

N/A

N/A

(Year Round) (ML-1)
pH
(Year Round) (ML-1)

N/A

0.0225

Sample

im

mgd

lquarter

measured

mg/I

11quarter

Grab

mgfl

1/quarter

Grab

Cnts/100mi

lquarter

Grab

S.U.

1/quarter

Grab

MaxDaily

BOD, 5-Day 20 Deg.C
(Year Round) (ML-1)

Coliform, Focal

Freguency

UV.f

N/A

6
buL min.

6o
MAXDaily

30

60

Avg. MMY

Max. Daily

200

400

Mo. Gao. Mean

Max Daily

N/A

9
nt Ma

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
All effluent samples shall be collected at. or as near as possible to, the point of discharge. Effluent BOD5 samples shall be property labeled and then reseeded, In accordance with approved
procedures, prior to analysis.
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A.501 DSCHARGE LUMITATIONS AND MONITORING REQUIREMENTS*

Final Umitatlons
Year Round
During the period beginning May 14, 2008 and lasting through midnight April 13. 2013 the permittee is authorized to discharge from Outlet Number(s) 501 (Storm
Water Runoff)
Monitotna Reaulements

Such discharges shall be limited and monitored by the permittee as specified below:

Measurement

UnImltaons

EfletDischarne

ChsamctdstiQc

Qauity

f
N/A

N/A

OtherUni
N/A

Flow.in Conduit or thru plant
(Year Round) (ML-1)

N/A

Total Suspended Solids
(Year Round) (ML-1)

N/A

pH
(Year Round) (ML-1)

N/A

N/A

N/A

Rpt Only
b Mh

Zinc, Total Recoverable
(Year Round) (ML-1)

N/A

N/A

N/A

N/A

Mercury, Total (as Hg)
(Year Round) (ML-1)

N/A

Aluminum, Total Recoverable
(Year Round) (ML-1)

N/A

Iron, Total Recoverable
(Year Round) (ML-1)

N/A

Selenium, Total Recoverable
(Year Round) (ML-1)

WA

N/A

N/A

N/A

Rpt Only

Rpt Only

Avg. MW"

max Da0

Rpt Only

Rpt Only

M.t

N/A

NIA

N/A

N/A

N/A

N/A

y

N/A

N/A

N/A

N/A

N/A

units

Fregue.,c'y

L12

mgd

1/6 months

Estimated

mg/I

1/6 months

Grab

VAX oany

N/A

Rpt Only
bM

S.U.

1/6 months

Grab

mg/

1/6 months

Grab

ug/I

1/6 months

Grab

mg/i

1/6 months

Grab

mg/I

1/6 months

Grab

mg/i

1/6 months

Grab

Rpt Only

Rpt Only

Avg. Mm=hy

Max. Day

Rpt Only

Rpt Only

,v, M-"7

M Daly

Rpt Only

Rpt Only

Avg.Mar"

N/A

sample

wd Day

Rpt Only

Rpt Only

AS.MN"

VA. Oaly

Rpt Only

Rpt Only

Avg. M-y

Ma- Osly

Samples taken In compliance with the monitoring requirements specified above shall be taken at the following location(s):
Internal Outlet 501. at a point prior to discharging into Mount Storm Lake.
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B. SCHEDULE OF COMPLIANCE
1. The permitee shall achieve compliance with the provisions for waste treatment and the monitoring
requirements specified In the permit in accordance with the following schedule:
Effective date of permit.
2. Reports of compliance or non-compliance with, and progress reports on Interim and final requirements contained In
the above compliance schedule, If any, shall be postmarked no later than 14 days following each schedule date.

0

0
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Section C - Other Requirements
1. The permittee shall practice good housekeeping including maintaining the facility grounds. There shall be no
scattered parts, equipment, debris, etc. Any and all drums shall be either stored in a covered area or kept upon
pallets and properly sealed.
2. The issuance of this permit shall not relieve the permittee of the obligation to comply with any other federal, state
or local laws. Compliance with this permit does not relieve the permittee from the obligation of Section 311 of the
Clean Water Act. This permit does not authorize spills of hazardous substances/wastes from any permitted outlet
into waters of the State. Such incidents are to be reported in accordance with Sections IV.1 and IV2.of Appendix
A of this permit.
3. Upon review of information submitted under terms and conditions of this permit, the permit may be modified to
require additional effluent limitations/monitoring requirements andlor improved best management practices.
4. The permittee shall notify the Division of Water and Waste Management immediately when it becomes aware of
any migration of any pollutant from any unpermitted source (such as contaminated groundwater and/or storm water)
into surface waters of the State.
5. Without prior approval from the agency, the permittee shall not accept and treat wastewater from any other facility.
6. The permittee shall submit each month according to the enclosed format, a Discharge Monitoring Report (DMR)
indicating in terms of concentration and/or quantities the values of the constituents listed in Section A analytically
determined to be in the plant effluent(s). Additional information pertaining to effluent monitoring and reporting can
be found in Section Ill of Appendix A.
7. The required DMRs should be received no later than 20 days following the end of the reporting period and be
addressed to:
Director
Division of Water and Waste Mtanagement
Permitting and Engineering Branch
601 S7th Street BE
charleston, West Virginia 25304

U. 9. Environmental Protection Agency
Region Z11, Water Protection Division
HPD13S Enforcement Branch (311P42)
1650 Arch Street
Philadelphia, PA 19103

8. For any noncompliance reports to be submitted in writing by this permit, a copy shall also be forwarded to the EPA
at the location specified under Condition C.7 of this permit.
9. Any "not detected (ND)" results by the permittee must be "ND" at the method detection limit (MDL) for the test
method used for that parameter and must be reported as less than the MDL used. The permittee may not report the
result as zero, '7ND", or report the result as less than a minimum level (ML), reporting limit (RL), or practical
quantitation limit (PQL).
When averaging values of analytical results for DMR reporting purposes for monthly averages, the pennittee should
use actual analytical results when these results are greater than or equal to the MDL and should use zero (0) when
these results are less than the MDL. If all analytical results are non-detect at the MDL (<MDL), then the permittee
should use the actual MDL in the calculation for averaging and report the result as less than the average calculation.
10. In incidences where a specific test method is not defined, the permittee shall utilize an EPA approved method with a
method detection limit (MDL) sensitive enough to confirm compliance with the permit effluent limit for that
parameter. If a MDL is not sensitive enough to confirm compliance, the most sensitive approved method must be
used. If a more sensitive EPA approved method becomes available, that method shall be used. Should the current
and/or new method not be sensitive enough to confirm compliance with the permitted effluent limit, analytical
results reported as "not detected" at the MDL of the most sensitive method available will be deemed compliant for
purposes of permit compliance. Results shall be reported on the Discharge Monitoring Reports as a numeric value
less than the MDL.
!1. The permittee shall not use alternate DMRs without prior approval from this Agency.
12. The Groundwater Protection Plan (GPP) shall be maintained at the plant site and shall be available for inspection
by the Division of Water and Waste Management personnel.
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Section C - Other Requirements
13. The permittee shall revise and implement, within ninety (90) days from the issue date of this permit, the storm water
pollution prevention plan (SWPPP) for the site. The SWPPP shall be prepared in accordance with good
engineering practices. The SWPPP shall identify potential sources of pollution, specifically but not limited to those
in Section C. 15.c., which may reasonably be expected to affect the quality of storm water discharges associated
with the industrial activity. In addition, the plan shall describe and ensure the implementation of practices which
are to be used to reduce the pollutants in storm water discharges associated with the industrial activity at the facility
and to assure compliance with the terms and conditions of this permit. A copy of this document shall be retained at

the site for review upon request.
14. The following outlet(s) have been designated by the Agency as "Representative Outlet(s)" based on the
consideration of industrial activity, significant materials, DMR effluent data, and management practices and
activities within the area drained by the below "Monitored Outlet(s)." As such, monitoring for the listed
"Representative Outlet(s)" are not required:
Monitored Outlet

Representative Outlets (no monitoring required)
601

50o

15. The following storm water requirements apply to Outlet(s) 002, 003, and 501:
a. Samples shall be collected from the discharge resulting from a storm event that is greater than 0.1 inches in
magnitude and that occurs at least 72 hours from the previously measurable (greater than 0.1 inch rainfall)
storm event Samples shall be taken during the fist thirty (30) minutes, or as soon thereafter as practicable, of
the storm event
b. Each outlet shall be monitored separately.
c.

Pollutant
Total Suspended Solids
Total Recoverable Aluminum

Benchmark Value
100.0 mg/l
0.75 mg/i

Total Recoverable Iron

1.0 mg/l

Total Recoverable Zinc

0.117 ag/l

pH
Total. ercury
Total Recoverable Selenium

6.0 - 9.0 s.u.
0.0024 ag/i
0.2385 mg/i

When the average concentration of a pollutant calculated from all monitoring data, minimum of four
consecutive samples, is less than the corresponding benchmark value for the pollutant, additional monitoring
for the pollutant is not required (all pH values of the samples must be within the range 6.0 to 9.0 S.U.). The
facility shall submit, each year, to the Division of Water and Waste Management, in lieu of the monitoring
data, a certification (form will be provided upon request) that there has not been a significant change in the
industrial activity or the pollution prevention measures in the area of the facility that drains to the outlet for
which sampling is to be waived. If the average concentration of a pollutant exceeds the corresponding
benchmark concentration or pH values of all the samples are not within the range of 6.0 to 9.0 S.U.,
monitoring shall be continued and storm water pollution prevention practices shall be revised and
implemented. A letter stating the revised and implemented storm water pollution prevention practices shall be

submitted to the Division of Water and Waste Management at the address listed in Section C.7.
16. If there is evidence indicating potential or realized impacts on water quality due to any storm water discharge
associated with industrial activity covered by this permit, the permit may be promptly modified and/or reissued to
include effluent limitations and/or other requirements to control such storm water discharges.
17. Discharge of polychlorinated biphenyl compounds (PCBs) through any outfall is prohibited.
18. There shall be no discharge of chlorine or other biocides from the condenser cooling water discharges without prior
approval from the Director.
19. The following requirements pertain to the plant's sewage facilities (Outlet 42 1):
a. The permittee shall connect to a municipal or public service discharge sewage collection system when one
becomes available, however, prior to this connection, the permittee shall obtain written permission from the
municipal or public service district sewage system authority which will receive the waste and submit a request
along with one (I) copy of the written permission to the Division of Water and Waste Management for
approval.
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Section C - Other Requirements
19. b.
c.

This permit is issued contingent upon the operator of this plant possessing at least a class I-S certificate for
Wastewater Treatment Plant Operators, issued by the State of West Virginia.
The here-in described treatment works, structures, electrical and mechanical equipment shall be protected from
physical damage by the maximum expected twenty-five (25) year flood level and operability be maintained
during the ten (10) year flood level.

20. The permittee shall monitor Internal Outlet 401 once per month for Chlorides, if there is a discharge from the Phase
A Landfill leachate pond to the low volume waste water treatment system. Results shall be attached to the next
DMRs submitted by the permittee.
21. The permittee shall use either EPA Method 1631 or EPA Method 245.7 for all mercury monitoring.
22. The permittee shall use EPA Method 200.9 for all selenium monitoring. The permittee may also use any 40 CFR
136 Test Method which will achieve a Method Detection Level (MDL) that is less than or equal to the MIDL
prescribed by EPA Method 200.9.
23. The temperature difference, as required in Section A.001, shall be calculated by taking the difference of concurrent
temperature readings upstream of Mount Storm Lake and from Outlet 001.
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Section D - Nutrient Requirements (Outlet 001)
I. As a headwater partner in the Chesapeake Bay Program, West Virginia, along with the other Bay States, has
developed a Tributary Strategy to reduce the amount of nutrients (nitrogen and phosphorous) flowing into the
Chesapeake Bay. The permittee is an existing facility that discharges through Outlet 001 to the Stony River, which
is a tributary to the Potomac River Basin. The permittee adjusts the level of nutrients in the lake to maintain a
healthy environment for aquatic life (see Section E2) and, as a result, has levels of nutrients in its discharge.
2. The permittee's point of discharge for Outlet 001 is the overflow from Mount Storm Lake. This discharge flow is
not currently measured, but plans are in place to install a flow measurement device and weir which will be located
at an approved location in the Stony River downstream of the stilling basin.
The pernittee shall collect 24-hour composite samples for total phosphorous and for each constituent of total
nitrogen. All sampling shall be collected concurrently and shall be representative of normal operations. Until
completion of the weir, the permittee shall obtain eight-hour composite samples for nutrients by collection and
combination of at least four (4) equal volume aliquots near the mouth of the dam over the course of eight hours.
3. West Virginia's Tributary Strategy prescribes annual total load limitations for total nitrogen and total phosphorous.
These load limitations are typically calculated from an average design flow and concentrations of 5 mg/I and 0.5
mg/i for nitrogen and phosphorous respectively. The permittee has indicated that it can achieve these
concentrations. Since loads are difficult to quantify and the permittee has indicated it can achieve these
concentrations, the Director is imposing average monthly effluent limitations of 5 mg/I and 0.5 mgI for nitrogen
and phosphorous respectively in lieu of annual total load limitations.
4. The Division recognizes there is not an EPA approved method to directly test for Total Nitrogen. The Total
Nitrogen value to be reported on the permittee's Discharge Monitoring Reports (DMRs) shall be the sum of the
following parameters; Total Kjeldahl Nitrogen, Nitrate, and Nitrite.
a. If all three constituents of total nitrogen are not detected at its method detection limit (MDL), the permittee
shall sum the actual MDLs for each constituent and report the result as less than the calculation.
b. When calculating the sum of the constituents for total nitrogen, the permittee shall use actual analytical results
when these results are greater than or equal to the MDL for a particular constituent and should use zero (0) for
a constituent if one or two of the constituents are less than the MDL.
5. Effluent monitoring for the following pollutants shall be conducted using the most sensitive methods and detection
levels commercially available and economically feasible. The following methods and detection levels are
recommended to be used unless the permittee desires to use an EPA Approved Method with a lower detection level:
Parameter

EPA Method No.

Method Detection Limit (ag/1)

Total Kjeldahl Nitrogen

351.4

0.03

Nitrate Nitrogen
Nitrite Nitrogen

300.0
300.0

0.002

Total Phosphoroua

365.4

0.01

0.004

Any "not detected (ND)" results by the permittee must be "ND" at the method detection limit (MDL) for the test
method used for that parameter and must be reported as less than the MDL used (See Section D.4 for total
nitrogen). The permittee may not report the result as zero, "ND", or report the result as less than a minimum level
(ML), reporting limit (RL), or practical quantitation limit (PQL).
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Section E - Lake and Stony River Requirements
I. The permittee shall host annual lake management meetings to review monitoring data from prior year(s) and to plan
future management programs. This meeting shall be held in the second calendar quarter of each year.
Representatives from the DEP and DNR shall be invited to attend. Meeting minutes shall be provided to DEP and
DNR with a schedule of activities for the upcoming year. Pursuant to ecological and resource management needs,
the permittee shall continue the historic lake monitoring programs; restockings; and water quality enhancement
programs including the lake fertilization program, Outlet 401 alkaline treatment program, and revisions to these
programs as determined in the annual meeting.
2. Starting in 2010, annual sampling of fish and benthos shall be completed in August at two locations in the Stony
River, one below the weir (at MSR-SROA) and another above Laurel Run Mine's Outfal 001 (MSR-SRI).
a.

Sampling shall include electrofishing surveys for adults in accordance with the permittee's "Standard Operating
Procedures for the Stony River Watershed Assessment - Water Quality and Biological Monitoring rev.
9/4/02."

b.

Sampling shall also include ichthyoplankton surveys for larvae to verify reproduction.
Crayfish population shall be evaluated by use of baited minnow traps set out overnight in several locations in
Stony River below the weir (at MSR-SROA) and above Laurel Run Mine's Outfall 001 (MSR-SRI).

c.

d. The permittee shall also annually evaluate the biological integrity of the Stony River by collection and
identification of benthic macroinvertebrates in accordance with the following protocol.
i) Samples shall be identified to the genus level, using appropriate genus level keys.

e.

ii) A sample shall be a minimum of a composite of four samples using a 500 urn, rectangular dip net
("Surber-on-a-stick') - sampling 1/4 mA2 each.
Separate copies of the sampling results shall be submitted to the addresses listed below in a timely manner
following review and verification, but no later than the first of December of each calendar year.
Division of Water and Waste Management
Permitting Branch
601 57th Street SE
Charleston, West Virginia 25304
and
Division of Water and Waste Management
Watershed Assessment Branch
601 57th Street, SE
Charleston, WV 25304
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The herein-described activity is to be extended, modified, added to, made, enlarged, acquired, constructed or
installed, and operated, used and maintained strictly in accordance with the terms and conditions of this permit, with
the plans and specifications submitted with Permit Application No. WV0005525; with the plan of maintenance and
method of operation thereof submitted with such application(s); and with any applicable rules and regulations
promulgated by the Environmental Quality Board and the Secretary of the Department of Environmental Protection.
Failure to comply with the terms and conditions of this permit, with the plans and specifications submitted with
Permit Application No. WV0005525; and with the plan of maintenance and method of operation thereof submitted
with such application(s) shall constitute grounds for the revocation or suspension of this permit and the invocation of
all the enforcement procedures set forth in Chapter 22, Article 11, or 15 of the Code of West Virginia.
This permit is issued in accordance with the provisions of Chapter 22, Article 11 and 12 and/or 15 of the Code of
West Virginia and is transferable under the terms of Section 11 of Article 11.
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FACILITY NAME: (MOUNT STORM POWER STATION) VIRGINIA ELECTRIC & POWE
LOCATION OF FACILITY: MOUNT STORM; Grant County
OUTLET NO.: 001
PERMIT NO.: WV0005525
WASTELOAD FOR THE MONTH OF:
Quantity

____

CERTIFIED LABORATORY NAME:
CERTIFIED LABORATORY ADDRESS:
INDIVIDUAL PERFORMING ANALYSIS:

00530 (ML-1)

RF-A
Total Suspended Solds

Repodw

Yew Round

Permit Limits

00400 (ML-1) RF-A

Reported

D4aoNe Oxygen
Year Round
00600 (ML-1) RF-A
Nitgen. Total (as N)

Reported

Rpt Only

An MUw"

VAX Dal

N/A

9

N/A

Rpt Only

N/A

N
AI/A

N/A

71900 (ML-1) RF-B

Reported

A

N/A

N/A

Mercuy. Tolal (as H9)

A

N/A

N/A

Pernit UmIts

Ums

YearRound

Pe

01104 (ML-1) RF-B

Repotel
WA

Alumiun. Total Reouveraile

W/A

N/A

Rpt Only
Mw

Rpt Only

N/A

S.U.

2/month

Grab

N/A

mg/I

2/month

Grab

N/A

mg/I

1/month

24 hr

Int Max.

N/A

A

MW Da

0.5

Rpt Only

AV%, "

ma a"-

Rpt Only

Rpt Only

Mix
AUVg

max. Daily

Rpt Only

Rpt Only

Rpt Only
Ag. &bm"

Permit Limits

Composite

N/A

24 hr
Composite

N/A

ugf

1lquarter
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N/A
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24 hr
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N/A
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5

SMi
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CEL a Compliance Evaluation Level

M__
24hr
Composite
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YearRound

rqec

bust MM.
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Permit Limits

Reported

E

2/month

mg/I

Sample,
Type.

-Measurement

_

WA

Pploszs, TotaO

Nane-of Inip0Exc

Unt

E'

Rpt Only

Ing Mh

ermIt Limits

00665 (ML.1) RF-A

oo980 (ML.-1) RF•-

6

N/A

N/A

•rmit Limits

Iron. Total Reooverable
Yea Round

A

NI

N/A

Year Round

Yeaw Round

Unit-

Of___

______aL.DII....
-.

NE

Parameter.Uis

00300 (ML.1) RF-A

_

___

___

-

pH
Year Round

Interim Limitations
Summer May 1-Nov 30

STATE OF WEST VIRGINIA
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM
DISCHARGE MONITORING REPORT

WROA-82

pn

WRD 2A-82

Interim Umitations
Summer May 1-Nov 30

STATE OF WEST VIRGINIA
NATIONAL POLLUTAN4T DISCHARGE ELIMINATION SYSTEM
DISCHARGE MONITORING REPORT

FACIL17Y NAME: (MOUNT STORM POWER STATION) VIRGINIA ELECTRIC & POWE
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NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM
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Appendix A
1. MANAGEMENT CONDITIONS:
1. Duty to Comply
a)
The penalttes must comply with all conditions of this permit. Permit noncompliance constitntcs a violation of the CWA and State Act and is
grounds for enforcement action; for permit modification, revocation and reissuance, suspension or revocation; or for denial ofa permit renewal

application.
b)

The perminee shall comply with all effluent standards or piohibitions established under Section 307(a) ofthe CWA for toxic pollutants withi
the time provided in the regulations that establish these standards or prohibitions, even if the pennit has not yet been modified to incorporate

the requirement.
2. Duty to Reapply
If dhe perininee wise to continue an activity regulatcd by this permit after the expiration date of this permit the permittee must apply for a new permit at
least 80 days prior toepiratn of the permiL
3. Duty to Mitigate
The permitnee shal take all reasonable steps to minimize or prevent any discharge in violation of this permit, which has a remsonable likelihood of
adversely affecting hunna health or the environment
4. Permit Actions
This permit may be modifted, revoed andmreissued, suspended, or revoked for cause. The fing of a request by the pemnittee for permit modification,
revocation and reissuance or revocation. or a notification of planned changes or anticipated noncompliance, does not stay any permit condition.

5. Property Rights
This permit does not convey any property rights of any sort or any exclusive privilege.
6. Signatory Requirements
All applications repor, or Information submitted to the Director shall be siped and certified as required in Tide 47, Series 10, Section 4.6 of the West

Virginia Legislative Rules.
7. Transfers
This petmit is not transferable to any peron except after notice to the Director. The Director may require modification or revocation and reissuanee of the

permit to change the -amcof the permittee and incorporate such other requirements as may be necessay.
8. Duty to Provide Information
The pemittee shall furnish to the Director, within a reasonable specified time, any information which the Director may request to determine whether cause
exists for modilnn& revoking and reissuing, suspending, or revoking this pemit. or to determine compliance with Otis permit The permnuee shall also
furnish to the Director. upon request, copies of recd required to be kept by this permit.
9. Other Information
Where the permniee becomes aware hat it failed to submit any relevant facts in a permit applicatlio, or submitted incorrect information in a permit
application or imany report to the Director, it shall promptly submit such facts or information.
10. Inspection and Entry
The permittee shall allow the Director, or an authorized representative. upon the presentation of credentials and other documents as my be required by law,
to:
a)
Enter upon the pennintee' premises in which an effluent source or activity is located, or where records must be kept under the conditions of this
permit;
b)
Have access to and copy at reasonable times, any records tha must be kept under the conditions of this pemit
C)
Inspect at rasonable times any facilities, equipment (including monitoring and control equipment), practices, or operatios regulated or

required under this permit; and
d)

Sample or monitor at reasonable times, for the purpses of assuring permit compliance or as otherwise amuthrized by the State Act. any
substances or parameters at any locatio.
11. Permit Modifleation
This permit may be modified, suspended, or revoked in whole or in part during its tem in accordance with the provisions of Chapter 22-11.12 of the
Code of West Virginia.
12. Water Quality
Subject to 47 WV CSR 10.3.4.a, the efuent or effluents covered by this permit are to be ofsuch quality so as not to cause violation of applicable watr quality

standards adopted by the Envionmental Quality Board.
13, Outlet Markers
A permanent marker at the establisbmnct shall be posted in accordance with Title 47, Series II, Section 9 of the West Virginia Legislative Rules.
14. Uabiltles
a)
Any permon who violates a permit condition implementing sections 301,302,306,307.308.318, or 405 of the Clean Water Act is subject to a
civil penalty not to exceed $25,000 per day of such violation. Any person who willfully or negligently violates permit conditions
implementing sections 301,302. 306,307, 309 or 405 of the Clean Water Act is subject to a fine of not less thn S2.500 nor mor hn S25,000 per
day of violation, or by imprisoment for not morm than I yea, or both.
b)
Any person who falsifies, tampen with, or knowingly renders inaccurate any monitoring device or method required to be maintained under
this permit shall, upon conviction. be punished by a fine of not more than $10.000 per violation. or by imprisonmen for not more than 2

yea. or by both.
c)

d)

Any person who knowingly makes any false statement, representatio or cetification in any recod or other document submitted or required to
be maintained under this permit. including monitoring reports or reports of compliance or noncompliance shall, upon conviction. be punished
by a fmc of not more than $10,000 per violation, or by imprisonment for not more than 2 yeams, or by both.
Nothing in 1.14 a), b), and c) shall be constnued to limit or prohibit any other authority the Director may •have under
•
e State Water Pollution
ControwAct, Chaper 22, Atice 11.

IL OPERATION AND MAINTENANCE:
1. Proper Operation and Maintenance
The permini
shall at all times properly operate and maintain all facilities and system of treatmem and control (and related appurtnnces) which ae
installed or used by tde pennittee to adieve comnpliance with the conditions of this permit Proper operation and maintenance also includes adequate

laboratory controls, and appropriate quality assurance procedures. Unless otherwise required by FWal or State law. this provision requires the operation
of back-up auxiliny flicilities ot similar systems which ma installed by the pernitte only when the operation is necessy to achieve compliance with tie
conditions of the pamit For domestic waste treatment facilities, waste treatment operats as classified by the WV Bureau of Public Health Laws, w. va.
Code Chapter 16-I, will be required except that in circumstances where the domestic waste treatment faility s receiving any type of industrial wasWtda

Director may require a mor hihly skil

operaor.

2. Need to Halt or Reduce Activity Not a Defense
It shall not be a defense for a permittee in an enfoicement action that it would have been necessay to halt or reduce the permitted activity in order to
maintain compliance with the conditions of the permit

3. Bypass
a)

b)

Definitions
(I)
"BDpas" means the intentional diversion of waste streams from any portion of. treatment facility, and
(2)
"Severe property damag" mem substantial physical damage to property. damage to the treatment facilities which causes them to
become inoperabl, or substantial and pemanent loss of natural resources which can reasonably be expected to occur in the absence
of a bypass. Severe property damap does not mean economic loss caused by delays in production.
Bypass not exceeding limtinions The pemmitice may allow any bypass to occur which does not cause effluemn
limitations to be exceede•d but
only if it also is for essential maintenance to assure efficient operation. These bypasses wm not subject to the provision of 1.3.c) and 113.d) of

this pemnit.

C)

(i)
(2)

d)

(I)

If tde penrittee knows in advance of the need for a bypass, it shall submit prior notice, if possible at least ten (10) days before the
dat of the bypass;
Ifthe permitee does not know in advance of the need for bypass, notice shall be submitted as required in IV.2.b) of this parmit.

Prohibition of bypass

Bypass is permitted only under dte following conditions. and the Director nmay tke enforcement action against a permiute for a

bypass unless;
Bypass was unavoidable to prevent loss of life. personal injury, or severe pmpesy damaM
There were no feaible altmenatives to the bypass, such as the me of auxilihay treatment facilitie retention of untreated
wastes, or maintenance during normal periods of equipment downime. This condition is not satisfied ifadequate b•cdp
equipment should have been installed in the exercise of reasonable engineering judgemrent to prevent a bypass which
occurred during normal periods ofcquipmem downtime or preventative maintenance; mad
(C)
The permittee submitted notices as required under 1.3.c) of this permit
The Director may approve an anticipated bypass, after considering its adverseceects, if the Director detemines dot it will meet die
three conditions listed in ll.3.d.(l) of this permiL
(A)
(B)

(2)

4. Upset a)

b)
C)

d)

Demition. tUpseta mans an exceptional incident in which there is unintentional and
temporary noncompliance with tucnoloybsd permit
effluent limitations bcaiusc of fictors beynd the reasonable control of the permittee. An upset does not include noncompliance to the extent
caused by operational ror, improperly desipied treatment facili inadequate treatment facUits, lack of prmvemative maintenanme or
careless or improper operation.
Effect of an upset An upset constitutes an affirmative defense to an action broulgt for noncompliance with such technology-based permit
effluent limitation if the requirements of IL4.c) am met. No determination nade during administrative review of claims that noncmpliance
was cased by upset, and before an action for noncompliance, is final admnstrative action subject tojudicial review.
Conditions necessmy for a demonstration of upset. A parmittee who wishes to establish the aflrnmative defense of upset shall demonstratce
tuhrugh prperty signe contemporaneous operating logs, or other relevant evidence thac
(1)
An upset occurred and that tie permittec can identlif the cause(s) of the upset;
(2)
The permitted facility was at the time being properly operated;
(3)
Th•e permittee submitted notice of the upset as euired in IV2.b) of this permit
(4)
The penittee complied with any rmnedial measures required under 1.3. of this permit
Burden of proof. In any enfocement proceeding the pmiete seeking to establish the occurrence of an upset has the burden ofproof.

S. Removed Substances
Wher removed subsutces manot othetwise covered by the terms and conditions of this permit or other existing permit by the Director, any solids, sludges,
filter backwash or other pollutants (removed in the course of tream-ct or control of wastewaten) and which we intended for disposal within the State..
shall be disposed of only in a manuer and at a site subject to tie approval by the Director. If such substances mainended for disposal outside the State or for
ruse, Le., as a material used for making amother product, which inturn has another usme
the permittee shall notify the Director in writing of the proposed
disposal or use ofsuch substances, the identity of the prospective disposer or users, and the intended place of disposal or use, as appropriate.

*IlL

MONITORING AND REPORTING
1. Representative Sampling
Snmples and meaurments tacen for the purpose of monitoring shall be representative of the monitored activity.

2. Reporting
a)
b)
0)
d)

Permittee shall submit, acring to the enclosed formal, a Discharp Monitoring Report (DMR) indicating in lenis of oncmntration, aneor
quantities, the values of the comtituent listed in Pat A analytically determined to be in the plan effluent(s). DMA submissions shall be made
in accordance with the terms contained in Section C of this permit.
Enter reported averap and maxmunm values under "Quanit and "Coneitation' in the units specified for each parameter.a appropriate.
Specify the number of analyzed samples that exceed the allowable permit conditions in the columns labeled "N.E.' (i.e.. nmnber exceeding).
Specify frequec of analysis for each parameteras number oflnalysessecfled period (eg.,3hnontd i equivalent to 3 analyses performed
every calendarmonth). Ifcontinuous, enter "Con'. The frquency listed on format is she minimum required.

3. Test Procedures
Samples shall be taken, preserved and analyzed in accordance with the latest edition of 40 CFR Put 136, unless other test procedures have been specified
elsewhere in this permit.
4. Recording of Results
For each msurement or sample taken pursuant to the permit, the permitlec shall record the following infonnation.
a)
The date, exact place, and time ofsampling or measuremnt;

b)

The date(s) analyses were performed.

C)

The individual(s) who performed the sampling or measurement;

d)
9)

The individual(s) who performed the anayses; if a commercial laboratory is used, the name and address of die laboratory.
he analytical techniques or methods used, and

0

The results of such analyses. Infomhation not required by the DMi form Is not to be submitted to this agency, butis to be retained required
in III.&

5. Additional Moaitoring by Permittee
if the permiuee moniters any pollutant at any monitoring poi- specified in this permit morm frquently than required by this permit using approved test
procedures or othe as specified in this permit, the results of this monitoring shall be included in the calculation and reporting ofthe data submitted in the
Dischan Monitoing Report Form. Such inesed fquleney shall also be indicated. Calculations for all imimions which require averaging of
measurancts shall utilize an arithmetic mean unless otherwise specified in the permiL
. Records Retention

The pernittee shall retain records of all monitoring infmalion, including all calibration and matenance records and all original chart recordings for
continuous monitoring inastnmanentation, copies of all reports required by this permit, and records of all data used to complete the application for the permit,
for a period of at lU three (3) years from the date of the sample measurement, report or application. This period may be extended by request of the
Director at any time.
7. Definitions
a)

b)
C)
d)
e)

f)
g)
h)
i)

j)
k)

"Daily discharge meam the discharge of a pollutant measured during a calendar day or within any specified period dthasonably represents
the calendar day for purposes of sampling, For pollutants with limitations expessed in units of mass, the daily dischare is calculated, the
total mass of the pollutant discharged oe die day. For pollutants with limitations expressed in other units of measurement, the daily discharge
is calculated as die aveage measurement oftde pollutant over the day.
"Average monthly dischargelimitation" means the highest allowable average of daily discharges over a calendar month, calculated as the sum
of all daily discharges measured during a calendar month divided by the number of daily discharges neasured during dial month.
"Maximum daily disdhrgw limitation" means the highest allowable daily discharge.
'Composite Sample' Is a combination of individual samples obtained at regular intervals ova a time period. Either the volume of each
individual sample is proportional to discharge flow rates or the sampling interval (for constant volume samples) is proportionl to the flow razs
over the time period used to produce the composite. The maximum time perod between individual samples shalt be two hours.
"Grab Sample' is an individual sample collected in less than I1 minutes.
"is"= immersion stabilization - a calibrated device is immersed in the effluent stream until the rnading is stabitizd.
The "daily verage temperature" men
the rithmetic averse oftemperature measurements made on an hourly bvsis, or the mean value plot of
the record of a continuous automated temperature recording instrument, either during a calendar manth, or during the operating month if flows
areof shorter duration.
The "daily maimum tempatnure" meas the highest arithrmtc average ofth temperatres observed fobr any two (2) consecutive hours during
a 24 hour day, or during the operating day if flows we of shortcr duration.
The "monhly averag fecal coliform! bacteria is the geometric aveage of all samples collected during the monLh.
"Measured Flow' means any method of liquid volume measurement, the accuracy of which has been previously demonstrated in engineering
praice, or which a relationship to absolute volume has been obtained.
"Estimate' means to be based on a technical evaluation ofthe sources contributing to die discharge including, but not limited to pump

capabilities, water meters and batch discharge volumes.
I)

"Non-contat• cooling water" means the watr that is contained in a leak-free system i.e. no contact with any g
liquid, or solid other than the
container for uansport the water shall have no net poundage addition of any pollutant over intake water levels, exclusive ofapproved antifouling agets.

IV. OTHER REPORTING
I. Reporting Sp~lb and Accidental Discharges
Nothing in this permit shall be construed to preclude the institution of any legal action ofrelieve the permittee frkm any responsibllities, liabilities or
penalties establisled pursuant to Title 47. Series 1i. Section 2 of the West Virginia Legislative Rules promulgated pursuant to Chapter 22. Article 11.
Attached is a copy of the West Virginia Spill Alert System for use in complying with Tide 47, Series 1t, Section 2 of the Legslative rules as they pean
to the reporting of spills and accidental discharges.
2. Immediate Reporting
a)
The permitte shall report any noncomnpliance which may endanpr health or the environment immediately after becoming aware of the
cirumstances by wing the Agenc~'s designated spill alet telephone number. A written submission shall be provided within fwe (5) days of
the time the permittee becomes aware of the circumstances. The writtn submission shall contain a description ofthe noncompliance and its
caise; the period of noncompliance, including exact dats and times, and if the noncompliance hs no been corrected, the anticipated time it is
expected to continue; and steps taken or planned to reduce, eliminate, and prevent reutrrence of the noncomplianm.
b)
The following shall also be reported immediately:
(I)
Any unanticipated bypass which exceeds any effluent limitation in the pemit;
(2)
Any upset which exceeds any efiluent limitation in the permit; and
(3)
Violation of a maximum daily dischargp limitation for any of the pollutants listed by the Director in the permit to be reported
immediately. This list shall include any toxic pollutant or hazardous substance. or any pollutant specifically identified as the
method to control a toxic pollutant or hazardous substmance.
c)
The Director may waive the written report on a casc-bY-case basis if the ond report has been received in accordance with the above.
d)
Compliance with the wequirments of I.2 of this sectio, saludl not relieve a person of compliance with Tite 47, Series 11, Section 2.
3. Reporting Requirements
a)
Planned changes. The permittee shall give notice to the Director of ary planned physical alterations or additions to the permited facility which
may affec the nanre or quantity of the discharge. Notice is required when:
(1)
The alteration or addition to a permitted facility may meet one of the criteria for determining whether a fclity is a new source in
Section 13.7.bo fSeries 10. Title 47; or
(2)
The alteration or addition could significantly change the nature or increase the quantity of pollutants discharged. This notification
applies to pollutants which ae subject neither to effluent limitations in the permik nor to notification requirements under IV.2 of this
section.
b)
Anticipated noncompliance. The pennittee shall give advance notice to the Director of any planned changes in the permitted facility or activity
which may result in noncompliance with permit requirements.
c)
In addition to the above reporting requirements, all existing manufacturing. commercial, and silvicultural discharges must notify the Director in
writing as soon.n they know or hove maon to believe:
(I)

(2)

(3)

That my activity has occurned or will occur which would result in the discharge, on a routine or fteluent basis, or any toxic
pollutant which is not limited in the permit, if that discharge will exceed the highest of the following "notification levels*:
(A)
One hundred nticrograms per liter (100 ugfl);
(B)
Two hundred micrograns per liter (200 ugil) for asomlcm and acryf•oitrilc; five hundred micrograms per liter (500 ugS)
for 2,441dnitro phenol; and for 2-methyl 4,6-dinitrophenol; and one milligram per liter (I m/gI) for antimony;
(C)
Five (5) times dhe maximum concentration value reported for that pollutant in the permit application in accordance with
Section 4.4.b.9 of SerieslO, Tide 47.
(D)
The level established by the Director in accordance with Section 6.3.g of Series 10, Title 47;
That any activity has occurred or will occr which would result in any dischar (on a non-routine or inf~quent basis) of a toxic
which is not limited in the pemit. if that discharg will exceed the highest of the following "notification levels?:
(A)
Five hundred micrograms per liter (500 ugh);
(B)
One milligram per liter (I mgil) for antimon;.
(C)
Ten (10) times the maximum concentration value reported for that pollutant in the permit application in accordance with
Section 4.4.b.7 of Series 10. Title 47;
(D)
The level established by the Director in accordance with Section 63.g of Series 10, Title 47.
That they have begum or expect to begin to use or manuracture as an intermediate or final product or by-product of any toxic
pollutant which was not reported in the permit application under Section 4.4.b.9 of Series 10. Tide 47 and which will result in the
discharge on a routine or fiuquent basis of tha tloic pollutant at levels which exceed five times the detection limit for that pollutant

under a•ved analyical procedure.
(4)

That they have begun or expect to begin to me or manufactures an intermediate or final product or by-product of any toxic
pollutant which was not reported in the permit application under Section 4.4.b.9 of Series 10, Title 47 and which will result in the
discharge on a non-mutine or infrequent basis of that toxic pollutant at levels which exceed ten times the detection limit for that

pollutant under approved analytical procedure.

4. Other Noncompliance
The permittee shall report all instances of noncompliance not reported under the above paragraphs at the time monitoring reports ae submitted. The
reports shall contain the information listed in IV.2.a). Should other applicable noncomnpliance reporting be required, thes terms and conditions will be
found in Section C of this permit.
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EMERGENCY RESPONSE SPILL ALERT SYSTEM
WEST VIRGINIA DEPARTMENT OF ENVIRONMENTAL PROTECTION
REQUIREMENTS:
Title 47, Series II, Section 2 of the West Virginia Legislative Rules, Environmental Protection, Water
Resources - Waste Management, Effective July 1, 1994.
RESPONSIBILITY FOR REPORTING:
Each and every person who may cause or be responsible for any spill or accidental discharge of pollutants
into the waters of the State shall give immediate notification to the Division of Water and Waste Management's
Emergency Notification Number, 1-800-642-3074. Such notification shall set forth insofar as possible and as soon
thereafter as practical the time and place of such spill or discharge, type or types and quantity or quantities of the
material or materials therein, action or actions taken to stop such spill or discharge and to minimize the polluting
effect thereof, the measure or measures taken or to be taken in order to prevent a recurrence of any such spill or
discharge and such additional information as may be requested by the Division of Water and Waste Management.
This also applies to spills to the waters of the State resulting from accidents to common carriers by highway, rail and
water.
It shall be the responsibility of each industrial establishment or other entity discharging directly to a stream
to have available the following information pertaining to those substances that are employedor handled in its
operation in sufficiently large amounts as to constitute a hazard in case of an accidental spill or discharge into a public
stream:
(1) Potential toxicity in water to man, animals and aquatic life;
(2) Details on analytical procedures for the quantitative estimation of such substances in water and
(3) Suggestions on safeguards or other precautionary measures to nullify the toxic effacts of a substance once it has
gotten into a stream.
Failure to furnish such information as required by Section 14, Article II, Chapter 22, Code of West Virginia
may be punishable under Section 24, Article 1I, Chapter 22, and/or Section 22, Article 11, Chapter 22, Code of West

Virginia.
It shall be the responsibility of any person who causes or contributes in any way to the spill or accidental
discharge of any pollutant or pollutants into State waters to immediately take any and all measures necessary to
contain such spill or discharge. It shall firther be the responsibility of such person to take any and all measures
necessary to clean-up, remove and otherwise render such spill or discharge harmless to the waters of the State.
When the Director determines it necessary for the effective containment and abatement of spills and
accidental discharges, the Director may require the person or persons responsible for such spill or discharge to
monitor affected waters in a manner prescribed by the Director until the possibility of any adverse effect on the waters
of the State no longer exists.
VOLUNTARY REPORTING BY LAW OFFICERS, U. S. COAST GUARD, LOCK MASTERS AND
OTHERS:
In cases involving river and highway accidents where the responsible party may or may not be available to
report the incident, law officers, U. S. Coast Guard, Lock Masters and other interested person(s) should make the
report.
WHO TO CONTACT:
Notify the following number: 1400-642-3074
INFORMATION NEEDED:
- Source of spill or discharge
- Location of incident
- Tune of incident
- Material spilled or discharged
- Amount spilled or discharged
- Toxicity of material spilled or discharged

- Personnel at the scene
- Actions initiated
.- Shipper/Manufacturer identification
- Railcar/Truck identification number
- Container type

WV/NPDES Permit No.: WV0005525
NOTICE TO PERMITTEES
The 1999 regular session of the West Virginia legislature revised the Water Pollution Control Act,
Chapter 22, Article 11, Section 10 of the Code of West Virginia relating to fees associated with permits.
This section of the Code requires all holders of a State water pollution control permit or a national
pollutant discharge elimination system permit to be assessed an annual permit fee, based upon rules
promulgated by the Secretary of the Department of Environmental Protection. The Secretary has
promulgated a final rule in accordance with the code revision to this effect and these rules were effective
May 4, 2000. The rules establish an annual permit fee based upon the relative potential to degrade the
waters of the State which, in most instances, relate to volume of discharge. However, for sewage
facilities, the annual permit fee is based upon the number of customers served by the facility. You may
contact the Secretary of State's Office, State Capitol Building, Charleston, WV 25305, to obtain a copy of
the rules. The reference is Title 47, Legislative Rules, Department of Environmental Protection, Division
of Water Resources, Series 26 Water Pollution Control Permit Fee Schedules.
Based upon the volume of discharge for which your facility is currently permitted, the number of
customers served by your facility or for the categoy you fall within, pursuant to Section 7 of Title 47,
Series 26, your annual permit fee is $5000.00. This fee is due no later than the anniversary date of permit
issuance in each year of the term of the permit or in the case of coverage under a general permit, the fee is
due no later than the anniversary date of your coverage under the general permit. You will be invoiced by
this agency at the appropriate time for the fee. Failure to submit the annual fee within ninety(90) days
of the due date will render your permit void upon the date you are mailed a certified written notice to that
effect.

RIGHT OF APPEAL

Notice is hereby given of your right to appeal the terms and conditions
of this permit which you are aggrieved by to the Environmental Quality
Board by filing a NOTICE OF APPEAL on the form prescribed by such
Board for this purpose, with the Board, in accordance with the provisions of
Section 21, Article 11, Chapter 22 of the Code of West Virginia within thirty
(30) days after the date of receipt of the above permit.

STATE OF WEST VIRGINIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION
DMSION OF WATER AND WASTE MANAGEMENT

FACT SHEET
1.

NAME AND ADDRESS OF APPLICANT
VIRGINIA ELECTRIC & POWER CO
5000 DOMINION BLVD.
GLEN ALLEN, VA 23080

2.

NAME AND ADDRESS OF FACILITY
MOUNT STORM POWER STATION
STATE RT 93
MOUNT STORM, WV 26739-9711

3.

STATE NPDES APPLICATION NO. WV0005525

4.

COUNTY

Grant
Stony Rlverlnorth Branch/potomac Riv

RECEMNG STREAM
5.

PUBLIC NOTICE NO. MB-138-07

COMMENT PERIOD:

From 1211812007 To 01117/2008

6.

SIC CODE(s)

7.

DESCRIPTION OF APPUCANrS FACILITY OR ACTIVITY
1650 MW CoaI-fired steam electric generating facility.

8.

DESCRIPTION OF DISCHARGES(as reported by applicant):

0

4911

Effluent Characteristics For Outlet No. 001

A Ou
Max

Code Season
Mercury, Total (As Hg)

I

Year Round

pH

1

Year Round

Temperature, F

1

Year Round

&Wu ME

Uoiu

M

i

Iynb

r Uni

A

&W

6.80

ME

Un

1.80

ugSA

7.80

S.U.

94.00

DEG.F

Effluent Characteristics For Outlet No. 004

Other Unft

Quntity

Pametm
Aluminum, Total Recoverab

S

ML

Code Season

Mn.
Aw

ME

um

Ma

Mo~h
6mn

ME

Ufta

1

Year Round

23.39

mgiI

Flow.in Conduit or dtnJ plano 1

Year Round

0.29

mgd

Iron Total Recoverable

1

Year Round

11.60

mgIi

pH

1

Year Round

8.30

S.U.

Total Suspended Soids

1

Year Round

1900.00

monI

6.90
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B.

DESCRIPTION OF DISCHARGES(as reported by applicant) - continue:
Effluent Characteristics For Outlet No. 004

Parameter
Zinc. Total Recoverable

AL eason
Q41
1

Mux
M

Other Units

IF

Quanti

Mont
A

Umnis

MR

Monthly
Axu

Year Round

ME

UDnMt

0.40

mg9I

Effluent Characteristics For Outlet No. 101

I

Quanti
ML
ParMamer

C~ode

onthly
Am

Season

Flowjn Conduit or thru plan 1

Year Round

Thermal Discharge MBTU/p 1

Year Round

Other Units

Monthl
MR

unis

AMI

ME
364.72

mgd

176&93

2273.00

MBTU/hr

Unit

Effluent Characteristics For Outlet No. 201

nt

nn

Parameftern
Flow.in Conduit or thni plan 1

Year Round

Thermal Discharge MBTU/p 1

Year Round

Mu

Other Units

IF

Quantity

ML

UnMon

Mt

h

1923.45

M.y
364.32

mgd

2319.00

MBTU/hr

Effluent Characteristics For Outlet No. 301

Other Units

QuantityI

Monthl
van

ML
Paramer

Code sman

Flow.in Conduit or thru plan 1

Year Round

Thermal Discharge MBTU/p 1

Year Round

Ma

Units

Mu

Monthly

AW
1881.33

Max

Units

457.92

mgd

2534.00

MBTU/hr

Effluent Characteristics For Outlet No. 401

I
eiamw

ML
Coe Season

Quantity

Month
6Me

ME

Other Units

A&v

MM

Ammonia Nitrogen

1

Year Round

2.66

Chloride (as CI)

1

Year Round

84.60

Flowin Conduit or thru plan I

Year Round

10.88

28.30

911M
mgII
mgd

I
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8.

DESCRIPTION OF DISCHARGES(as reported by applicant) - continue:
Effluent Characteristics For Outlet No. 401

II

Quantity
parameter

ML Season
Code

Mercury. Total (As Hg)

1

Year Round

Oil &Grease Freon

1

Year Round

pH

1

Year Round

Total Suspended Solids

1

Year Round

Monty
AMn
276.14

MM
557.00

Other Units

Monthl

6M

Uga b
LbsDay

3.24

MaE

Y.b

0.20

ug91

5.00

mgWI

8.90
836.35

3703.00

LbsDay

S.U.
9.66

120.00

mghl

Effluent Characteristics For Outlet No. 411

IF

Quanity

Earmele

Other Units

ML

Code Season

&M

A&M

M2

Year Round

0.07

0.67

mg/I

Flowin Conduit orthna plan i

Year Round

Iron. Total (As Fe)

Year Round

0.88
0.22

1.57,
0.98

mod
m911

Copper. Total (as Cu)

1

1

Max

g

MR

Unit

0
Effluent Characteristics For Outlet No. 421

II

Quany

ML
Codamete
Q9-R
Season
BOD. 5.Day 20 Deg.

8

Year Round

Coliform, Fecal

1

Year Round

FloW.In Condultouthru plan 1

Year Round

pH

1

Year Round

Total Suspended.Solids

1

Year Round

Montly•
A&M

ME

Units

0.56

1.75

LbDay

Other Units

Monthl
MW

M"

Yam

8.09

23.00

mghI

4.60

20.00

Cntsl100ml

0.02

mgd

7.80

S.U.

23.00

mgll

6.20
0.64

108

Lbs/Day

8.85

Effluent Characteristics For Outlet No. 501
Quantity

ML

Parameter

Code Sason

612

ME

Other Units

Mak

W

Ayi

ME

Uni

5.20

mg/I

Year Round

0.02

mod

1

Year Round

1

Year Round

10.51
8.90

mg/I
S.U.

Aluminum, Total Recoverab 1

Year Round

Flow.In Conduit or thnJ plan 1
Iron Total Recoverable
PH

0.10

7.10
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8.

4

DESCRIPTION OF DISCHARGES(as reported by applicant) - continue:
Effluent Characteristics For Outlet No. 501

Parameter

9.

I

Quaty

[

Other Units
Monthly

Month2

ML
Cft Season

6m

Ma

Units

Min

An

MaN

U&nit

Total Suspended Solids

1

Year Round

111800

mg/I

Zinc, Total Recoverable

1

Year Round

0.09

mgA

PROPOSED EFFLUENT UMITATIONS AND MONITORING REQUIREMENTS
Refer to attached Section A and DMR pages of the Draft Permit.

10, RATIONALE FOR PROPOSED EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS
The Mt. Storm facility is located adjacent to Mt. Storm Lake, a 1200 acre Impoundment on the Stony River
created by Virginia Electric & Power Company (VEPCO) as a cooling reservoir for the plant Internal Outlets
101, 201. 401, and 421 discharge Into the impoundment, while Outlet 001 is the discharge at the spillway
from the impoundment into the Stony River.
The West Virginia Attorney Generals Opinion of September 23, 1968, ruled that Mt. Storm Lake can be
considered an industrial impoundment. Therefore, any effluent limitations based of Water Quality Standards
would apply at Outlet 001 rather than at the Internal outlets to the Impoundment.
Effluent limitations based on the Steam Electric Effluent Guidelines are applicable at the low volume waste
pond discharge, internal Outlet 401. The facility has an extensive treatment system to handle the various
waste streams prior to discharging at 401. Metal cleaning wastes are treated separately prior to entering the
401 treatment system. and discharge to this system via Internal Outlet 411.
Due to the peculiar circumstances of the Impoundment location and the extremely acidic streams feeding
the Stony River and Mt. Storm Lake, an upper pH limit is not Imposed at the Internal Outlet 401. VEPCO has
been over-liming the wastewater discharging at 401 as part of an agreement with the West VirgInia
Department of Environmental Protection. This practice has been extremely beneficial to the aquatic life in ML
Storm Lake. as it buffers the acidity of the other influent waters.
All the plant effluent streams containing raw materials, chemicals, oil, or process waters are directed to the
plant's wastewater treatment facilities for treatment prior to discharge. These treatment facilities consist of
skimming, flow equilization, oil separation, neutralization, chemical precipitation and sedimentation. All
plant drains except once through cooling water and certain stormwater are directed to the planrs wastewater
treatment facilities. Fly ash and bottom ash are disposed in an on-site landfill under WV/NPDES Permit No.
WV01 10256. Domestic sewage is treated in a package sewage treatment plant prior to discharge to the
wastewater treatment facilities.
For the purposes of this Fact Sheet, the following abbreviations shall apply:
a) 'Agency' refers to the Division of Water and Waste Management of the Department of Environmental

4
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10. RATIONALE FOR PROPOSED EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS (continued)
Protection of the State of West Virginia.
b) 'Permittee refers to Virginia Electric & Power Company (VEPCO) ML Storm facility.
c) 'Effluent Guidelines' refers to the final effluent limitations guidelines promulgated by the EPA for Steam
Electric Power Generating Point Source Category (40 CFR Part 423).
d) WVLR' refers to the West Virginia Legislative Rules of the Department of Environmental Protection, 47
CSR 2 and 47 CSR 10 and 11.
e) 'EPA' refers to the U. S. Environmental Protection Agency.
f) 'RP refers to Reasonable Potential as described In EPA's Technical Support Document for Water Quality
Based Toxics Control.

RATIONALE FOR OUTLET 001 ( Sanitary, Coolina Water, Storm Water Runoff, Process Water)
1. Water Quality Based
Temperature - Water Quality Based. Title 47 - Legislative Rule Environmental Qualtly Board. Series 2 Requirements Governing Water Quality Standards, Appendix E. 8.3.
pH - Water Quality Based. Title 47 - Legislative Rule Environmental Qualtiy Board, Series 2 Requirements Governing Water Quality Standards. Appendix E. 8.23.
Total Nitrogen - Chesapeake Bay limitation.
Total Phosphorus - Chesapeake Bay limitation.
Total Mercury - BPJ. This chemical Is often found In and around coal related operations.
Dissolved Oxygen - Water Quality Based. Title 47 - Legislative Rule Environmental Qualtly Board, Series
2 - Requirements Governing Water Quality Standards, Appendix E. 8.11.
Temperature Differential - Water Quality Based. Title 47 - Legislative Rule Environmental Qualtiy Board,
Sedes 2 - Requirements Governing Water Quality Standards, Appendix E. 8.3.
Total Recoverable Iron - BPJ. This chemical is often found in and around coal related operations.
Total Recoverable Selenium - BPJ. This chemical is often found in and around coal related operations.
Total Recoverable Aluminum - BPJ. This chemical is often found in and around coal related operations.
2. Technoloav Flasd
Total Suspended Solids - BPJ. Considered necessary to determine potential Impacts on the receiving
stream.
Flow - BPJ. Considered necessary to determine potential Impacts on the receiving stream.

Permit No. WV0005525
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RATIONALE FOR OUTLET 101 1 Noncontact Cooling Water I

1. Technolocv Based
Thermal Discharge - BPJ. Considered necessary to determine potential Impacts on the receiving stream.
Flow - BPJ. Considered necessary to determine potential Impacts on the receiving stream.

RATIONALE FOR OUTLET 201 ( Noncontact Cooling Water)
1. Technolony Based
Thermal Discharge - BPJ. Considered necessary to determine potential impacts on the receiving stream.
Flow - BPJ. Considered necessary to determine potential impacts on the receiving stream.

RATIONALE FOR OUTLET 301 ( Noncontact Cooling Water )
1. TechnoloAv Based
Thermal Discharge - BPJ. Considered necessary to determine potential impacts on the receiving stream.
Flow - BPJ. Considered necessary to determine potential impacts on the receiving stream.

RATIONALE FOR OUTLET 401 (Process Water )
1. Water Quality Based
pH - Water Quality Based. To allow liming of the lake. Same as previous permit.

2. BPJ
Chloride - Monitoring Is proposed to characterize pollutants loading into the lake.
Total Mercury - Monitoring Is proposed to characterize pollutants loading into the lake.
Ammonia Nitrogen - Monitoring is proposed to characterize pollutants loading into the lake.
3. Technoloy-vBased
Oil and Grease - BCT= BPT. As required by 40 CFR 423.12(b)(3), (4), and (11) of the Code of Federal
Regulations.
Flow - BPJ. Considered necessary to determine potential impacts on the receiving stream.

RATIONALE FOR OUTLET 411 ( Process Water)
1. Technoloav Based
Total Copper - BAT. As required by 40 CFR 423.13(e) and 423.13(g).
Total Iron - BAT. As required by 40 CFR 423.13(e) and 423.13(g).
Flow - BPJ. Considered necessary to determine potential impacts on the receiving stream.

0
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RATIONALE FOR OUTLET 421 (Sanitary)
1. Water Quality Based
Fecal Coliform - Water Quality Based. Title 47 - Legislative Rule Environmental Quality Board. Series 2 Requirements Governing Water Qualtiy Standards, Appendix E. 8.12.
2. Technoloov Based
pH - Secondary Treatment Standards.
BOD - Secondary Treatment Standards (STS). The proposed limits are based on wasteload allocations
in accordance with Title 47, Series 11, Section 6.3 and the plant's design flow.
Total Suspended Solids - Secondary Treatment Standards (STS). The proposed limits are based on
wasteload allocations in accordance with Title 47, Series 11, Section 8.3 and the plant's design flow.
Flow - BPJ. Considered necessary to determine potential impacts on the receiving stream.

RATIONALE FOR OUTLET 501 (Storm Water Runoff )
1. Water Quality Based
Total Recoverable Iron - BPJ. This chemical is often found in and around coal related operations.
Monitoring is prescribed in accordance with stormwater benchmark provisions.
Total Recoverable Zinc - BPJ. This chemical is often found In and around coal related operations.
Monitoring is prescribed in accordance with stormwater benchmark provisions.
Total Recoverable Aluminum - BPJ. This chemical is often found in and around coal related operations.
Monitoring is prescribed in accordance with stormwater benchmark provisions.
Total Recoverable Selenium - BPJ. This chemical is often found In and around coal related operations.
Monitoring is prescribed In accordance with stormwater benchmark provisions.
Total Mercury - BPJ. This chemical Is often found in and around coal related operations. Monitoring Is
prescribed In accordance with stormwater benchmark provisions.

2. BPJ
pH - Monitoring is prescribed In accordance with stormwater benchmark provisions.
Flow - Monitoring Is prescribed in accordance with stormwater benchmark provisions.
Total Suspended Solids - Monitoring Is prescribed in accordance with stormwater benchmark provisions.

RATIONALE FOR OUTLET 002 (Storm Water Runoff )
1. Water Quality Based
Total Recoverable Iron - Water quality limits imposed because Outlet 004 (which is indicative of Outlets
002 and 003) needed limits. See rationale for this pollutant at Outlet 004 for further discussion.
Total Recoverable Zinc - Water quality limits Imposed because Outlet 004 (which Is Indicative of Outlets
002 and 003) needed limits. See rationale for this pollutant at Outlet 004 for further discussion.
Total Recoverable Aluminum - Water quality limits imposed because Outlet 004 (which is Indicative of
Outlets 002 and 003) needed limits. See rationale for this pollutant at Outlet 004 for further discussion.

Permit No. WV0005525
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RATIONALE FOR OUTLET 002 f Storm Water Runoff )
1. Water Quality Based
Total Recoverable Selenium - Monitoring is prescribed in accordance with stormwater benchmark
provisions.
Total Mercury - Monitoring is prescdbed in accordance with stormwater benchmark provisions.

2. BPJ
pH - Monitoring is prescribed in accordance with stormwater benchmark provisions.
Flow - Monitor (mgd) Maximum - Monitoring Is prescribed in accordance with stormwater benchmark
provisions.
Total Suspended Solids - Monitoring is prescribed in accordance with stormwater benchmark provisions.

RATIONALE FOR OUTLET 003 (Storm Water Runoff )
1. Water Quality Based
Total Recoverable Iron - Water quality limits Imposed because Outlet 004 (which Is Indicative of Outlets
002 and 003) needed limits. See rationale for this pollutant at Outlet 004 for further discussion.
Total Recoverable Zinc - Water quality limits imposed because Outlet 004 (which is indicative of Outlets
002 and 003) needed limits. See rationale for this pollutant at Outlet 004 for further discussion.
Total Recoverable Aluminum - Water quality limits imposed because Outlet 004 (which is indicative of
Outlets 002 and 003) needed limits. See rationale for this pollutant at Outlet 004 for further discussion.
Total Recoverable Selenium - Monitoring is prescribed in accordance with stormwater benchmark
provisions.
Total Mercury - Monitoring is prescribed in accordance with stormwater benchmark provisions.
pH

-

Monitoring is prescribed In accordance with stormwater benchmark provisions.

Flow - Monitoring is prescribed in accordance withstormwater benchmark provisions.
Total Suspended Solids - Monitoring is prescribed in accordance with stormwater benchmark provisions.

RATIONALE FOR OUTLET 004 (Storm Water Runoff)
1. Water Quality Based
Total Recoverable Iron - Water Quality Based. A Reasonable Potential Analysis was completed using
data provided by the permittee for Outlet 004 from June 30, 2002 thru April 30, 2006 (9 points). According
to the permittee, Outlet 004 is representative of Outlets 002. 003. and 004. A Reasonable Potential for
violating Water Quality Standards exists in OuUet 004 for Total Recoverable Iron. Since this outlet is
representated by Outlet 004. Water Quality Standard limits are Imposed. Hardness = 100; pH = 7.3;
Temperature = 27 C; 7010 = 75 cfs; Effluent flow = 0.044 mgd; IWC = 9.0 %.

0
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RATIONALE FOR OUTLET 004 ( Storm Water Runoff I
1. Water Quality Based
Total Recoverable Zinc - Water Quality Based. A Reasonable Potential Analysis was completed using
data provided by the permittee for Outlet 004 from June 30, 2002 thru April 30, 2008 (9 points). According
to the permittee, Outlet 004 is representative of Outlets 002, 003, and 004. A Reasonable Potential for
violating Water Quality Standards exists in Outlet 004 for Total Recoverable Zinc. Since this outlet Is
representated by Outlet 004. Water Quality Standard limits are Imposed. Hardness = 100; pH = 7.3;
Temperature = 27 C; 7010 = 75 cfs: Effluent flow = 0.044 mgd; IWC = 9.0 %.
Total Recoverable Aluminum - Water Quality Based. A Reasonable Potential Analysis was completed
using data provided by the permittee for Outlet 004 from June 30. 2002 thru Apnl 30. 2008 (9 points).
According to the permittee, Outlet 004 Is representative of Outlets 002. 003, and 004. A Reasonable
Potential for violating Water Quality Standards exists in Outlet 004 for Total Recoverable Aluminum. Since
this outlet is representated by Outlet 004, Water Quality Standard limits are Imposed. Hardness = 100:
pH = 7.3; Temperature = 27 C; 7010 =75 cfs; Effluent flow = 0.044 mgd; IWC = 9.0 %.
Total Recoverable Selenium - Monitoring Is prescribed in accordance with stormwater benchmark
provisions.
Total Mercury - Monitoring is prescribed in accordance with stormwater benchmark provisions.

2.BPJ
pH - Monitoring is prescribed in accordance with stormwater benchmark provisions.
Flow - Monitoring is prescribed in accordance with stormwater benchmark provisions.
Total Suspended Solids - Monitoring Is prescribed In accordance with stormwater benchmark provisions.

11. RATIONALE FOR VARIANCE DECISIONS
NA

12. DETAILED DESCRIPTION OF LOCATION OF DISCHARGE(s)
Latitude

Lonaltude

001

39*12'28"

79015*54"

STONY RV

002

39*12"26"

79*1605"

Unnamed Tributary Of STONY RV

003

39012'28"

7915'24"

Unnamed Tributary Of STONY RV

004

3912X30r

79"1510"

Unnamed Tributary Of STONY RV

101

3912'11"

79°1544"

STONY RV

201

391 1'57"

791543"

STONY RV

301

39011'55"

79 15'47r

STONY RV

401

39011'52"

79015'48"

STONY RV

411

391 201"

79"1602"

STONY RV

421

39011'59"

79"15'41"

STONY RV

501

3912Z28"

7901554"

STONY RV

Ou•let No.

Receiving Stream
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12. DETAILED DESCRIPTION OF LOCATION OF DISCHARGE(s)
OuJtletiNo,
601

Laiude

Longitude

39°1228r

79015'54"

Receivina Stream
STONY RV

13. ANTIDEGRADATION
The outlets identified in this permit are existing outlets. During the term of the previous WV/NPDES Permit
for the ML Storm plant, the permittee has shown compliance with established effluent limitations. There
are no proposed increases in the volume of discharges or quantity of the pollutants to be discharged from
these existing outlets or increase to the existing treatment capacity of the treatment facility. The receiving
stream (Stony River) Is designated for all water use categories as defined In 47 CSR 2, Section 6. The
permit writer believes that the terms and conditions proposed in this draft permit will maintain and protect
the designated water uses of the receiving stream (public water supply, propagation and maintenance of
fish and other aquatic life, water contact recreation, agricultural and wildlife, and water supply industrial,
water transport, cooling and power) as well as the level of water quality necessary to protect said water
uses,
14. OTHER REQUIREMENT(s)
Permit Issues
1 - Nutrients - The main discharge of the Mount Storm facility is the lake discharge from Outlet 001. This
is by design 50 MGD but currently discharges only when rain water forces water over the dam. The
compliance schedule of the attached order requires installation of a weir at the the discharge of the pond
at the bottom of the dam. Temperature and flow monitoring will be done at the weir after completion.
Because no flow measurement exists, the nutrient load can not accurately be calculated using the design
flow of the dam. Nutrient monitoring will be done at the outlet of the lake due to the difficulty of sampling at
the weir during the winter months. The permittee also currently adds nutrients to the lake to help maintain
a healthy environment for the aquatic life in the lake. The permittee is confident that they currently meet the
nutrient requirements of the Bay. The agency believes implementing average monthly limits on a
concentration basis is more protective than our Tributary Implementation Strategy and is therefore
protective of the Strategy.
2 - Temperature - The temperature of the water discharged at the dam from Outlet 001 is currently higher
than the proposed permit limits due to lack of flow control. Administrative Order No. 6291 addresses
temperature compliance issues and contains corrective actions. The spillway gate will be modified and a
discharge control system will be Installed. This will allow discharge of water from the dam at times other
than displacement The order also calls for installation of a cooling tower at the lake discharge to be used
as necessary to maintain the required temperatures. AO #6291 will be issued at the same time the
permit is Issued.
3 - Stormwater Outlets 002. 003, and 004 - In the previous permit. Outlet 004 was deemed representative
of Outlets 002 and 003. As a result, only Outlet 004 was monitored. Outlet 004 consistently exceeded
benchmarks for iron, zinc, and aluminum. Reasonable potential to exceed water quality criteria existed at
Outlet 004 and limits were imposed. Since Outlet 004 exceeded benchmarks, this means that Outlets
002 and 003 are potentially exceeding benchmarks as well. Effluent limits for Iron. zinc, and aluminum
were imposed at all three outfalls. Monitoring is now required at all three outfalls as well.

e,

I
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The State of West Virginia, Department of Environmental Protection, Division of Water and Waste
Management, has made tentative decisions on the application for a State NPDES Permit listed on this Fact
Sheet. In order to provide public participation on the proposed issuance of the required permit, the
following information is being supplied in accordance with 47 CSR, Series 10, Section 11.3.e.2 and 3, of
the West Virginia Legislative Rules.
During the public comment period, any interested person may submit written comments on the draft permit
and may request a public hearing, if no public hearing has already been scheduled. A request for a public
hearing shall be made in writing and addressed to:
Director, Division of Water and Waste Management, DEP
601 57th Street SE
Charleston, West Virginia 25304-2345
Attention: Michelle Falquero, Public Information Office
The request shall state the nature of the issues proposed to be raised in the hearing, and must be received
within the comment period. The Director shall hold a public hearing whenever he, or she, finds, on the
basis of requests, a significant degree of public interest on issues relevant to the draft permit. Any person
may submit oral or written statements and data concerning the draft permit, however, reasonable limits may
be set upon the time allowed for oral statements, and the submission of statements in writing may be
required. A tape recording or written transcript of the hearing shall be made available to the public, upon
request.
If information received during the public comment period appears to raise substantial new questions, the
Director may reopen the public comment period.
All applicable information concerning the permit application and the tentative decisions is on file and may
be inspected, by appointnent, or copies obtained, at a nominal cost, at the offices of the Division of Water
and Waste Management, 601 57th Street SE, Charleston, West Virginia 25304-2345, Monday through
Friday (except State holidays) between S:00 a.m. and 4:00 p.m.
Requests for additional information should be directed to Michelle Falquero at (304) 926-0440.

WATER QUALITY BASED EFFLUENT LIMITATIONS
VEPCO - Mt. Storm
Outlet: 002, 003, 004
Stream: Stoney River
Hardness (mgIl):
Temperature (*C):
pH:
Stream 1Q10 (CFS):
Stream 7Q10 (CFS):

PARAMETER
Aluminum
Iron
Zinc

100
27
7.3
NA
75

Stream
Background

Effluent Flow (MGD):
Instream Waste %:
ZED:
CMZ:
HHA 112 Mile Rule CMZ:
End of Pipe

0.044
0.09
1.0
1.0
1.0

Effluent Uimit Ave Mon (mgI)

(mgnl)

WQC RP

RP

NA
NA
NA

Yes
Yes
Yes

Yes
Yes
Yes

0.7500

1.5000
0.1060

Outfall dischares to Ohio River and Is subject to ORSANCO Pollution Control Standards:
Outfall discharmes to a Trout Stream:
Outfall discharges to a stream exempt from Human Health A Criteria:
Outfall discharges to a stream exempt from all Human Health Criteria:
Outfall discharges within 1/2 mile upstream of a public drinking water intake:
Outfall has limitations for at least one metal using a site specific translator

4,d

V8.85

Max Daily
(mg/1)
0.7500
1.5000
0.1060
No
No
No
No
No
No

Recommended
Monitoring
Frequency
Monthly
Monthly
Monthly

00
COMMONWEALTH of VIRGINIA
DEPARTMENT OFENVIRONMENTAL QUALITY
Street address: 629 East Main Street, Richmond, Virginia 23219
L Preston Bryant. Jr.
Secretary of Natural Resources

Mailing address: P.O. Box 10009, Richmond, Virginia 23240
Fax (804) 698-4500 TDD (804) 698-4021

David K. Paylor
Director

www.deq.virginia.gov

(t) 698-4000
1-800-592-5482

November 21, 2006
Ms. Pamela F. Faggert
Vice-President and Chief Environmental Officer
Dominion Virginia Power Company
5000 Dominion Boulevard
Glen Allen, Virginia 23060
RE:

Federal Consistency Certification under Coastal Zone Management Act,
Virginia Coastal Resources Management Program: North Anna Early
Site Permit Application - DEQ-05-079F

Dear Ms. Faggert:
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The Commonwealth of Virginia has completed its review of the consistency certification for
the above referenced project. The Department of Environmental Quality (DEQ) is responsible for
coordinating Virginia's review of federal consistency certifications submitted pursuant to the
Coastal Zone Management Act of 1972, as amended (CZMA). Pursuant to the CZMA, federal
actions that can have foreseeable effects on Virginia's coastal uses or resources must be conducted
in a manner which is consistent with the Virginia Coastal Resources Management Program
(Virginia Coastal Program or VCP). The VCP is comprised of a network of enforceable policies
administered by several agencies. Accordingly, DEQ, as the lead agency for the VCP, coordinated
the review with agencies administering the enforceable and advisory policies.
The referenced project, which pertains to the site suitability for the proposed addition of new
nuclear reactor units at the North Anna Power Station, is presently under review as an application
submitted by Dominion Nuclear North Anna, LLC (Dominion) under the Early Site Permit Program
administered by the U.S. Nuclear Regulatory Commission (NRC). Due to this federal licensing
requirement, the project is alsosu-b]ect-to-fe-fel-c-6-n-ency certification under the CZoA-n[to
the environmental impact review process under the National Environmental Policy Act (NEPA).
We are also aware that a separate federal consistency certification under the CZMA will be
required should Dominion later decide to apply to the NRC for a license for nuclear unit
construction and operation pertaining to the referenced project. Dominion has acknowledged the
requirement for this additional and separate federal consistency certification in its March 21, 2005,
certification for the referenced project. The NRC also reconfirmed on a telephone conference call
on November 9, 2006, that it, too, is aware of the separate certification requirement should

*

Dominion later decide to apply to the NRC for a license for nuclear unit construction and operation
pertaining to the referenced project. Due to the relationship described in the NRC's Regulations
(see 10 CFR Part 52 §52.39(a)(2)) between the finality of ESP determinations and subsequent
findings required for issuance of a construction permit, operating license, or combined license by
the NRC, throughout our review of the referenced project we sought to obtain an understanding of
how the evaluations of the findings relating to the coastal effects required to be included in each
separate consistency certification will be carried out.
The original federal consistency certification for the referenced project was submitted to
DEQ on November 7, 2003. This original certification was withdrawn by Dominion on January 12,
2004. On March 21, 2005, Dominion resubmitted a federal consistency certification for the
referenced project. The review process for the certification was first extended and then stayed by
agreements between DEQ and Dominion pursuant to the Federal Consistency Regulations (see 15
CFR Part 930 §930.60(a)(3)(b)) because of the need to develop new information on a change in the
cooling method design of the proposed third reactor unit. Our review of the federal consistency
certification restarted on May 5, 2006, after the receipt of new information relative to the
substantially different cooling method for proposed Unit 3.
Under the Federal Consistency Regulations, we must provide our concurrence with, or
objection to, the federal consistency certification within six months of our receipt of the certification
or at the earliest practicable time, whichever occurs first (see 15 CFR Part 930 §930.62(a)). The
restarted review was scheduled to conclude no later than November 3, 2006. On October 27, 2006,
DEQ and Dominion agreed to stay the six-month review period until no later than November 16,
2006. On November 16, 2006, DEQ and Dominion agreed to stay the end of the review period until
no later than November 21, 2006.
The following state agencies, regional planning district commissions, and localities joined in
this review. The starred (*) agencies administer the enforceable policies under the Virginia Coastal
Resources Management Program):
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Department of Environmental Quality including:
Division of Water Resources*
Northern Virginia Regional Office*
Waste Division
Division of Air Programs Coordination*
Office of Environmental Impact Review
Department of Game and Inland Fisheries*
Department of Conservation and Recreation:
Division of Soil and Water Consev.ation*
Division of Natural Heritage
Division of Planning and Recreation Resources
Division of Chesapeake Bay Local Assistance*
Department of Health*
Department of Transportation
Marine Resources Commission*
Department of Historic Resources
Thomas Jefferson Planning District Commission
Spotsylvania County
2

W

Louisa County

Hanover County
In addition, the following agencies, regional planning district commissions, and localities
were invited to comment:
Department of Emergency Management
Department of State Police
RADCO Planning District Commission
Rappahannock-Rap idan Planning District Commission
Orange County
Town of Mineral
PROJECT DESCRIPTION
On September 25, 2003, Dominion Virginia Power Company/Dominion Nuclear North.
Anna, LLC ("applicant" or "Dominion") applied to the U.S. Nuclear Regulatory Commission for an
Early Site Permit related to the possible addition of two new nuclear power units at the North Anna
Power Station site at Lake Anna. The proposed site for the new units is in Louisa County, Virginia,
near the town of Mineral. The proposed site is within the existing North Anna Power Station site,
which is on a peninsula on the southern shore of Lake Anna about 5 miles upstream from the North
Anna Dam. Dominion is considering adding the new units (Units 3 and 4) to the two units that are
already in place at the North Anna Power Station site. NRC's Early Site Permit would, if issued,
allow Dominion to "reserve" the site for as long as 20 years for up to two new nuclear power units,
and to undertake certain site preparation and preliminary construction activities.
According to the federal consistency certification submitted in March 2005, the area that
would be affected on a long-term basis as a result of permanent facilities on the ESP site is
approximately 130 acres. The additional areas that would be disturbed on a short-term basis (for
temporary facilities, laydown areas, etc.,) total approximately 70 acres. Of these 200 acres, most are
open areas used to stage equipment and materials for the existing Units I and 2 construction,
operation and maintenance activities, and former Units 3 and 4 construction. Approximately 80
acres are wooded.
The site preparation and preliminary construction activities that would be authorized by the
ESP, should the NRC later issue such a permit, would include the following:
*Site prepa!ration for construction of the facility (including clearing, grading, construction of
temporary access roads, and preparation of borrow areas).
*Installation of temporary construction support facilities (including warehouses, shops,
concrete mixing plants, utilities, docking and unloading facilities, and construction support
buildings).
*Excavation for facility structures.
*Construction of service facilities (including items such as roadways, paving, railroad spurs,
fencing, exterior utility and lighting systems, switchyard interconnects, and sanitary sewage.
treatment facilities).
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Construction of cooling towers, intake and discharge structures, and circulating water lines
as well as fire protection equipment, switchyard and other interconnections, and microwave
towers.
If Dominion decides to proceed with any of the above site preparation activities, it would
first be required to obtain any permits or authorizations necessary to conduct such site preparation
activities'. Also, if authorization is provided to Dominion to perform such site preparation activities,
it will be subject to Dominion's obligation to perform such site redress as may be required by the
Site Redress Plan approved by the NRC. The objective of the Site Redress Plan is to ensure that the
site, should it not be fully developed for the intended purpose of new nuclear power generation,
would be returned to an unattended, environmentally stable and aesthetically acceptable condition
suitable for such non-nuclear use as is consistent with local zoning laws.
In the federal consistency certification for this project submitted for our review in March
2005, Dominion indicated that cooling water for proposed Unit 3'would be drawn from Lake- Anna
and that proposed Unit 4 would use dry cooling towers. As indicated above, Dominion has since
developed a new method of cooling for the proposed Unit 3, which is a major aspect of the current
federal consistency review. In addition, this revised cooling method is also currently the subject of
the review of a Draft Environmental Impact Statement Supplement prepared by the NRC pursuant
to N EPA. This new cooling method involves a closed-cycle, wet and dry cooling system that is
intended to reduce the water demands associated with the once-through cooling proposed in the
original certification. During periods of relative surplus (e.g. when lake levels are at or above 250
feet above mean sea level), the wet towers would be used. During dry periods (e.g. lake levels under
250 feet for 7 consecutive days or more), a dry cooling tower would be used, unless weather
conditions dictate otherwise (the "maximum water conservation mode"). Proposed Unit 4 is to be
air-cooled as contemplated in the March 2005 federal consistency certification. In addition,
Dominion proposes to increase the maximum power level for each of the proposed new units from
4300 to 4500 Megawatts-thermal.

*

CONDITIONAL CONCURRENCE
*
Dominion has certified that "the activities that would be permitted by NRC issuance of an
ESP would comply with enforceable policies of, and will be conducted. in a manner consistent with,
the Commonwealth of Virginia's federally coastal zone management program."
Based on the comments submitted by the agencies. administering the Enforceable Policies of
*the VCP, we concur that this proposal is consistent with the VCP provided that the following two
conditions, discussed in more detail below, are satisfied:
1)

that prior to construction and operation of one or both of the proposed new units, including
any site preparation and preliminary construction activities, Dominion shall obtain all
required permits and approvals not yet siecured for the activities to be performed that are
applicable to the VCP's Enforceable Policies and that Dominion also adheres to all the
conditions contained therein; and,

-

2)
*

*

that should the U.S. Nuclear Regulatory Commission later approve Dominion's application
and ultimately issue an Early Site Permit for the referenced project, in accordance with 15
4

CFR Part 930 §930.4(a)(3), the NRC shall include in the application approval and in the
ESP the additional permit condition submitted by Dominion on November 10, 2006, at the
request of the Department of Game and Inland Fisheries, which pertains to the completion of
an Instream Flow Incremental Methodology study.
The provisions contained in the first condition listed above are necessary because the
framework of the VCP is such that the issuance of the state permits and approvals associated with
the Enforceable Policies of this Program constitutes a project's consistency with those Polices.
Once a state permit or approval is issued pursuant to one or more of the VCP's Enforceable Policies
for a project, and for as long as the project remains in compliance with the provisions therein, the
project is deemed to be consistent with the VCP. Based on the information submitted by Dominion
in its federal consistency certification, we anticipate that permits or approvals pursuant to the
following Enforceable Polices will be required for the referenced project prior to the time
construction or operation of the project may commence: Fisheries Management, Wetlands
Management, Point Source Pollution Control, and Non-Point Source Pollution Control. Further,
because the Early Site Permit program does not require submission of a final design for the
construction and operation of the proposed new nuclear reactor units, additional permits or
approvals pertaining to the Enforceable Policies of the VCP may be required for the referenced
project.

*

As stated above, we are aware that another federal consistency certification submission and
review will be required should Dominion later decide to apply to the NRC for a combined
construction and operating license. We anticipate that the need for any additional permits or
approvals applicable to the VCP's Enforceable Policies for the referenced project will be more
clearly determined during the review of this additional federal consistency certification.
Furthermore, this conditional concurrence in no way guarantees that the Commonwealth's agencies
will later issue any or all of the permits and approvals applicable to the VCP's Enforceable Policies
that Dominion would be required to obtain should it later seek to construct and operate one or both
of the proposed new nuclear reactor units-associated with the referenced project.
The second condition listed above is necessary due to the provisions of the NRC's
regulations pertaining to the extent of the information that must be included in an ESP application.
During the course of our review of this project, we found that the information provided to us in the
consistency certification and the NEPA documents was not sufficient in all instances for a complete
evaluation of coastal effects as they pertain to both the activities that would be authorized under the
ESP and the activities that would result if one or both of the new nuclear reactors units are
constructed and placed into operation. Complete information about the coastal effects associated
with the construction and operation of the new nuclear units described in the referenced project was
unavailable to us concerning protection of aquatic and other resources in Lake Anna and
-aownstream. Therefore, as stated above, due to the telationship.described in the NRC's Regulations
(see 10 CFR Part 52 §52.39(a)(2)) between the finality of ESP determinations and subsequent
findings required for issuance of a construction permit, operating license, or combined license by
t conclusively concur with Dominion's consistenc certification for the
the NRC, the VCPw
time.
referenced project at this
Instead, at the request of the Department of Game and Inland Fisheries (DGIF), the
following condition has been developed in order to obtain the necessary information to address the
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unresolved issues and to help determine the subsequent implementation of appropriate design and
operational standards, conditions, and protocols for the referenced project:
Dominion Nuclear North Anna, LLC (Dominion) shall conduct a comprehensive In-stream
Flow Incremental Methodology (IFIM) study, designed and monitored in cooperation and
consultation with the Virginia Department of Game and Inland Fisheries (VDGIF) and the
Virginia Department of Environmental Quality (VDEQ), to address potential impacts of the
proposed Units 3 and 4 upon the fishes and other aquatic resources of Lake Anna and
downstream waters. Development of the Scope of Work for the IFIM study shall begin in
2007, and the IFIM study shall be completed prior to issuance of a combined construction
and operating license (COL) for this project. Dominion agrees to consult with VDGIF and
VDEQ regarding analysis and interpretation of the results of that study, and to abide by
surface water management, release, and in-stream flow conditions prescribed by VDGIF and
VDEQ upon review of the completed IFIM study, and implemented through appropriate
state or federal permits or licenses.
On November 10, 2006,Dominion notified the NRC that it was adding the language of the
condition requested by the DGIF as a commitment in its ESP application and further requested that
this commitment be included by the NRC as a permit condition in the Early Site Permit. (See
enclosed letter from Eugene Grecheck to the NRC.) Further, the U. S. Nuclear Regulatory
Commission in its November 14, 2006, letter to Dominion (see enclosed letter from Robert M.
Weisman to Eugene S. Grecheck), has indicated that the NRC "agrees to include this proposed
condition as an enforceable permit condition, should the agency approve the North Anna ESP

application and ultimately issue a permit."
We are requiring that this condition be satisfied to ensure consistency of the referenced
project with the Fisheries Management, Point Source Control, and Wetlands Management
Enforceable Policies of the VCP. The comprehensive In-stream Flow Incremental Methodology
study we have required in this conditional concurrence will provide the needed information for the
VCP to undertake a more complete evaluation of the coastal effects of the entire range of activities
associated with the proposed project. Additionally, according to the Virginia Department of
Conservation and Recreation (DCR), the North Anna River is a spectacularly scenic and remote
canoeing river with excellent fishing. In its earlier comments on the Draft Environmental Impact
Statement for the referenced project, DCR recommended that a minimum in-stream flow recreation
study be conducted to determine what the discharge rates should be from Lake Anna to support
recreational boating on the North Anna^ River. The IFIM Study discussed above will also need to
address the recreational issues described-in DCR's comments. (Please also see "Advisory Policies"
section below for additional comments from DCR about this Advisory Policy of the VCP.)

O

Moreover, because an ESP (if such a permit is later approved and issued by the NRC) would
not authorize the construction and operation of the new nuclear reactor units proposed in the
referenced project, and because a separate federal consistency certification would be required if
Dominion later applies to the NRC for a combined construction and operating license for one or
both of the proposed new nuclear reactor units, this conditional concurrence shall not be construed
by any party involved as an assurance that the Commonwealth will later find all activities associated
with the proposed project consistent with Enforceable Policies-of the VCP. Likewise, this
conditional concurrence in no way guarantees that the Commonwealth's agencies will later issue
any or all of the permits and approvals applicable to the VCP's Enforceable Policies that Dominion
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would be required to obtain should it later seek to construct and operate one or both of the proposed
new nuclear reactor units associated with the referenced project.
In accordance with 15 CFR Part 930, §930.4, this conditional concurrence is based on
Dominion complying with all conditions as stipulated above and the U.S. Nuclear Regulatory
Commission completing the required action pursuant to §930.4(a)(3). If the requirements of
paragraphs (a)(l) through (3) of 15 CFR Part 930, §930.4 are not met by Dominion or the NRC,
then all parties shall treat this conditional concurrence as an objection pursuant to 15 CFR Part 930,
§930.4(a)(1) and (b), and 15 CFR Part 930, §930.63. If this conditional concurrence later becomes
an objection, in accordance with 15 CFR Part 930, §930.4(a)(1) and pursuant to 15 CFR Part 930,
§930.63(e), DEQ will notify Dominion of the opportunity to appeal the VCP's objection to the
Secretary of Commerce within 30 days after receipt of the VCP's concurrence/objection or 30 days
after receiving notice from the NRC that Dominion's ESP application will not be approved as
amended by the VCP's conditions.
If this conditional concurrence is later treated as an objection, in accordance with 15 CFR
Part 930, §930.63 (b), (c), and (d), the Commonwealth would likely propose the alternative
measures described in Appendix 1, which if adopted by Dominion, may permit the proposed project
to be conducted in a manner consistent with the Enforceable Policies of the VCP.

O

Should this conditional concurrence become an objection, pursuant to 15 CFR Part 930,
Subpart H, Dominion may request that the Secretary of Commerce override the objection (see 15
CFR Part 930, §930.63(e)). If this conditional concurrence is later treated as an objection, the
VCP's notification of objection shall include a statement to the following effect:
Pursuant to 15 CFR Part 930, subpart H, and within 30 days from receipt of this letter, you
may request that the Secretary of Commerce override this objection. In order to grant an
-veitiderequest,the Sec-r-tdiy must find that the activity is consistent with the objectives or
purposes of the Coastal Zone Management Act, or is necessary in the interest of national
security. A copy of the request and supporting information must be sent to the Virginia
Coastal Program/DEQ and the U.S. Nuclear Regulatory Commission. The Secretary may
collect fees from you for administering and processing your request.

REMEDIAL ACTION
In accordance with 15 CFR Part 930, § 930.65, should an ESP later be approved and issued
by-th-e-NRC fof th-e-- fe-e-nt:-e-d-projeIt,-DEQ-maynotify the-NRC-if.
1) the VCP later maintains the referenced project is being conducted or is having an effect on any
coastal use or resource substantially different than originally described and, as a result, is no longer
consistent with the management program; or
2) the VCP later maintains the referenced project is being conducted or is having coastal effects
substantially different than originally described and, as a result, the activity affects any coastal use
or resource in a manner inconsistent with the management program.
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Pursuant to 15 CFR Part 930, § 930.65, DEQ may request appropriate remedial action. Such
remedial actions shall be linked to coastal effects substantially different than originally described.
If after 30 days, the VCP still maintains that. Dominion is failing to comply substantially with the
management program, the Governor or DEQ may file a written objection with the Director
(NOAA). If the Director finds that the Dominion is conducting an activity that is substantially
different from the approved activity, Dominion shall, subject to the 15-day review provided
pursuant to 15 CFR Part 930, § 930.65(e), submit an amended or new consistency certification and
supporting information to the Federal agency and to the State agency, or comply with the originally
approved certification.
SUPPLEMENTAL COORDINATION
In accordance with 15 CFR Part 930, §930.66, federally permitted activities previously
determined to be consistent with the VCP, but which have not yet begun, require further
coordination by the applicant if the proposed activity will affect any coastal use or resource in a
substantially different way than originally described. Substantially different coastal effects are
reasonably foreseeable if the applicant makes substantial changes in the proposed activity that are
relevant to VCP Enforceable Policies, or if there are significant new circumstances or information
relevant to the proposed activity and the effects of that activity on any coastal use or resource. In
the event that the referenced project affects any coastal use or resource in a substantially different
way than originally described, Dominion must notify DEQ through a supplemental consistency
certification.
PUBLIC PARTICIPATION
In accordance with 15 CFR §930.61, DEQ invited public participation to assist the VCP in
its review of the federal consistency certification for the referenced project. DEQ published a notice
of the federal consistency review for the referenced project on its web site, during the first review,
from April 15. through May 2, 2005. No public comments were received at that time.
For the restarted review in 2006, DEQ published a notice of the review on its web site from
May 15 through June 16, 2006. On June 15, DEQ also published notice of an extended review
period lasting until September 8. This notice also announced that DEQ would hold a public hearing
on August 16. This notice was published on DEQ's web site and in three newspapers as follows:
Web site (http://www.deq.virginia.gov):
Richmond Times-Dispatch:
Lake Anna Observer:
Fredericksburg Free Lance-Star:

starting June 15,
July 2
July 15
July 30

During the public review process, including the public hearing, we received comments from
more than 500 individuals and organizations concerning this review.
In summary, the majority of the public comments received state that the proposed project
-currently under review is inconsistent with one or more of the following Enforceable Policies of the
VCP: Fisheries Management, Wetlands Management, and Point Source Pollution Control.
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to the volume of information provided by the public, the need for a careful analysis
thereof, and in order to facilitate a timely review by agencies, DEQ compiled the major comments
which represented the views of numerous individuals and several organizations and asked agencies
to analyze the issues raised by the public. We included copies of detailed public Comments and the
transcript of the public hearing for reviewers' use in addressing the issues raised. A summary of the
issues raised during the public comment period and any additional responses provided by agencies
administering the applicable Enforceable and Advisory policies of the VCP are enclosed as
Appendix 2.
It is important to note that many of the topics and issues identified in the correspondence
and testimony submitted during the public comment period were either not applicable to the
Enforceable Policies of the VCP as they specifically relate to the review of the federal consistency
certification for the referenced project, or they were unrelated to the provisions of the CZMA. For
example, we received extensive comments pertaining to the regulatory oversight of the existing
facilities and operations at the North Anna Power Station rather than to the proposed new units
described in the ESP application for the referenced project, particularly with regard to water
temperatures. Also, a number of other comments submitted questioned whether DEQ's regulatory
programs for water quality protection were appropriately approved and are being administered in
accordance with the federal Clean Water Act (33 U.S.C. § 1370) relative to the existing facilities
and operation of the North Anna Power Station. While these are important issues and DEQ has
already referred these comments and questions to both the Virginia Attorney General's Office and
to Region III of the U.S. Environmental Protection Agency, these matters are not germane to the
CZMA.
After further review of the topics and issues raised during the comment period, none of the
agencies that administer the Enforceable Policies of the VCP objected to Dominion's consistency
certification for the project.
APPLICABLE ENFORCEABLE POLICIES OF THE VCP
The discussions which follow present state agencies' comments and conclusionswith regard
to each of the applicable Enforceable Policies of the VCP, along with conditions and stipulations.
stemming from the Enforceable Policies, with regard to the referenced project.
1. Fisheries Management Enforceable Policy
The program stresses the conservation and enhancement of finfish and shellfish resources
:and the promotion of commercial and recreational fisheries to maximize food production and
recreational opportiiu-ities. This program is administered by thMe--a-f-ih-e-R1(esources Commissiow-(Code of Virginia § 28.2-200 thru 28.2-713) and the Department of Game and Inland Fisheries
(DGIF).(See Code of Virginia § 29.1-100 thru 29.1-570).
The Department of Game and Inland Fisheries, as the Commonwealth's wildlife and
freshwater fish management agency, exercises enforcement and regulatory jurisdiction over those
resources, including state or federally listed endangered or threatened species, but excluding listed
insects. DGIF.is a consulting agency under the Fish and Wildlife Coordination Act (48 Stat. 401, as
amended, 16 U.S.C. 661 et seg.), and provides environmental analysis of projects or permit
applications coordinated through the Virginia Department of Environmental Quality, the Virginia
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Marine Resources Commission, the Virginia Department of Transportation, the U.S. Army Corps of
Engineers, the Federal Energy Regulatory Commission, and other state or federal agencies. The
role of DGIF in these procedures is to determine likely impacts upon fish and wildlife resources and
habitats, and to recommend appropriate measures to avoid, minimize, or compensate for those.
impacts.
Prior to requesting that the condition previously described above will need to be added to
Dominion's application for the referenced project and that this condition must be included as an
enforceable condition in the Early Site Permit (should the NRC ultimately decide to issue a
permit for this project), DGIF submitted extensive comments and recommendations. These
comments and recommendations are included in Appendix 1. If the conditional concurrence for
the referenced project later becomes an objection pursuant to 15 CFR Part 930, §930.4(a)(1) and
(b), and 15 CFR Part 930, §930.63, DGIF's comments and recommendations pertaining to the
Fisheries Management Enforceable Policy, as well as any other comments and
recommendations included in Appendix 1, would likely be proposed by the VCP as alternative
measures, which if adopted by Dominion, may permit the proposed project to be conducted in a
manner consistent with the Enforceable Policies of the VCP. Should the conditional concurrence
for the referenced project later become an objection, the VCP may also describe additional
alternative measures than those listed in Appendix 1. (Please also see Appendix 2 "Summary of
Public Comments Received".for additional comments and responses provided by DEQ
regarding this Enforceable Policy.) Questions about DGIF's comments and recommendations
may be directed to Andy Zadnik, telephone (804) 367-2733.
*

2. Point Source Pollution Control Enforceable Policy

The point source program is administered by the State Water Control Board pursuant to
§ 62.1-44.15 of the Code of Virginia. Point source pollution control is accomplished through the
implementation of the National Pollutant Discharge Elimination System permit program established
pursuant to Section 402 of the federal Clean Water Act and is administered in Virginia as the
Virginia Pollutant Discharge Elimination System (VPDES) permit program.
DEQ's Division of Water Resources stated that its concerns centered on the difference between
the Division's recommendations on when to use air cooling for Unit 3 and the proposed cooling
regime in the revised Early Site Permit application submitted by Dominion. Dominion
proposed in its revised application to operate Unit 3 in its water conservation mode (air cooling)
whenever the water level in Lake Anna falls below 250 feet above mean sea level ("250 feet
msl"). The Division, along with the Department of Game and Inland Fisheries, recommended
that in addition to this approach, the water conservation mode be employed for Unit 3 whenever
stream flows in the North Anna River immediately below the dam were below certain target
seasonal flows, in order to reduce withdrawals required for operation of Unit 3 and to mitigate
impacts to stream flows during these periods.
The Division's original concerns have been largely addressed by the changes made by
Dominion for cooling Units 3 and 4, and by discussions between program offices in DEQ. The
proposal to operate air cooling (maximum water conservation mode) only when the lake level
drops below 250 feet msl means that the air cooling would be implemented during times when it
is least effective, i.e., during summer through late fall.
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Notwithstanding the Division's concerns about the effectiveness of this maximum water
conservation mode during summer to late fall, the maximum water conservation mode is
warranted whenever the lake falls below a full condition. Water savings will accomplish the
following:
* Reduce the ultimate lake drawdown;
0 Benefit lakefront property owners;
* Shorten the time between more normal releases, and
* Reduce the risk of shutdown of the plant.
DEQ's Division of Water Resources agrees that Unit 3 should be operated in this fashion at a
minimum (see enclosed DEQ memos, Hassell to Ellis, dated July 19, 2006, and Hassell to Ellis,
dated October 19, 2006). However, it may not be realistic to require this operating scheme in
the context of the federal consistency review, according to the Division. A future VPDES and/or
Virginia Water Protection Permit (VWPP) will, according to the Division of Water Resources,
include conditions reflective of the Division's July 19 recommendations.
During the review of the referenced project, the Division of Water Resources was concerned by
the uncertainty that a new or modified VWPP would be required for water withdrawal impacts
associated with the operation of one or both of the new units proposed in the referenced project.
The VWPP is the primary controlling mechanism for regulation of impacts due to surface water
withdrawals. However, the VPDES permit may also be used for this purpose. The current
VPDES permit (#VA 0052541) for the North Anna Power Station contains minimum flow
conditions and would need to be modified if Unit 3 were built. DEQ can require Dominion to
abide by combined recommendations of the Division of Water Resources and the Department of
Game and Inland Fisheries through a lawfully issued VPDES permit.
The DEQ Division of Water Resources also considered the following topics during its
review of the referenced project:
Cumulative Impacts According to DEQ-DWR, the use of air cooling only after lake levels.
begin to decline has been changed to more reliance on air cooling. This will reduce the time
the time
that the lake level will be down more than 2 feet (i.e., at 248 feet msl) from 11% of
By
in an earlier proposal to 7% of the time with the present proposed configuration.
operating the third unit to take maximum advantage of air cooling, Dominion can minimize
adverse impacts of the third unit on middle-range flows to an acceptable level.
-- Foreclosure-ofDevelopment-of-Public-Water-Supplies-in-the-Region As discussed
further in enclosed comments and in the Appendix 2 "Summary of Public Comments" the
following is the status of water supply efforts in neighboring localities:
Locality

Efforts

Impact on Lake
Anna/N. Anna
River
or from Project

Caroline
County

Pursuing tidal intake from Rappahannock River

No impact on flows
in York River basin
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Hanover

Purchases from Richmond, water skimmed from high

-County

river flows, use of quarry

Town of
Orange

Water supply reservoir completed, water from Rapidan
River

Spotsylvania

Spotsylvania did not pursue Lake Anna water

Net gain to region
from inter-basin
transfer
No indication

Considering purchase from Fluvanna County, which has
water withdrawal permit for water from James River;

No effect from Unit
3

No indication

County,

Louisa County

I considering existing reservoir

*

Raising Lake Level DEQ's Division of Water Resources states that raising the lake level 6
to 9 inches is not under consideration. No decision has been made with regard to a 3-inch
increase recommended by DGIF; this would allow an additional 27 cubic feet per second
(cfs) to be released into the North Anna River for 60 days each year. This proposal would
require VPDES approval in the lake level contingency plan or else approval under a Virginia
Water Protection Permit.

0 Blowdown Discharges from Unit 3 Concerns have been raised that the blowdown
discharges from proposed Unit 3 will add heat and chemicals to the Lake and may affect its
water quality. According to DEQ's Northern Virginia Regional Office, the existing VPDES
permit (#VA005245 1), which applies to Units I and 2, would need to be modified to address
the cooling tower blowdown discharges attributable to Unit 3. Effluent guidelines specified
in federal regulations (40 CFR Part 423) would be used in the permit action, which would
also accord with water quality standards. Any added heat would be analyzed to determine
whether a re-evaluation of the existing section 316(a) variance applicable to the North Anna
Power Station is warranted. Similarly, the VPDES permit action would analyze the use of
chemicals to ensure that numeric criteria of state water quality standards are met.
The Division of Water Resources is confident that with the presently proposed infrastructure for
Units 2 (existing) and 3 (proposed), DEQ has the authority under its permitting programs to
protect in-stream beneficial uses of the North Anna River, even in light of cumulative impacts
of the new project. Therefore, the Division of Water Resources and the DEQ Northern Regional
Office did not object to the VCP's conditional concurrence with the federal consistency
certification for the referenced project. (Please also see Appendix 2 "Summary of Public
Comments Received" for additional comments and responses provided by DEQ regarding this
Enforceable Policy). Questions about the VPDES permit should be directed to DEQ's Northern
Virginia Regional Office (Tom Faha, Water Permit Manager, telephone (703) 583-3846) or
DEQ's Division of Water Resources (Joe Hassell, telephone (804) 698-4072).
3. Wetlands Management Enforceable Policy

The purpose of the wetlands management program is to preserve tidal wetlands, prevent
their despoliation, and accommodate economic development in a manner consistent with wetlands
preservation. The tidal wetlands program is administered by the Virginia Marine Resources
Commission (Code of Virginia § 28.2-1301 thru § 28.2-1320).
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The Virginia Water Protection Permit program administered by the Department of
Environmental Quality includes protection of wetlands, both tidal and non-tidal. This program is
authorized by Code of Virginia § 62.1-44.15.5 and the Water Quality Certification requirements of
Section 401 of the Clean Water Act of 1972. Due to the relationship of the VWPP Program's
surface water withdraw authorities and the nature of the provisions of the VPDES permit for the
referenced project, the comments pertaining to water withdrawal matters are included in the Point
Source Pollution Control Enforceable Policy discussion above. (Please also see Appendix 2
"Summary of Public Comments Received" for additional comments and responses provided by
DEQ regarding this Enforceable Policy). Questions about VWPP should be directed to DEQ's
Division of Water Resources (Joe Hassell, telephone (804) 698-4072).
4. Non-Point Source Pollution Control Enforceable Policy
This enforceable policy is administered by the Department of Conservation and Recreation,
Division of Soil and Water Conservation. According to the Department of Conservation and
Recreation (DCR), any land disturbance exceeding an area of 2,500 square feet must comply with
the Virginia Erosion and Sediment Control Law, which requires that the applicant prepare and
submit an Erosion and Sediment Control Plan to DCR's James River Watershed Office. Questions
should be addressed to that Office (James McCutcheon, telephone (804) 225-2992).
5. Coastal Lands Management Enforceable Policy
This program is a state-local cooperative program administered by the Department of
Conservation and Recreation's Division of Chesapeake Bay Local Assistance and 84 localities
in Tidewater, Virginia established pursuant to the Chesapeake Bay Preservation Act (see § 10.12100 thru § 10.1-2114 Code of Virginia and Chesapeake Bay Preservation Area Designation
and Management Regulations. (See 9 VAC 10-20-10 et seq. VirginiaAdministrative Code.)
According to the Department of Conservation and Recreation's Division of Chesapeake Bay
Local Assistance, the project area, which is in Louisa County, is not within a Chesapeake Bay
Preservation Act jurisdiction (Baird/Ellis, 10/30/06). Questions about Coastal Lands
Management matters should be DCR's Division of Chesapeake Bay Local Assistance (Alice
Baird, telephone (804) 225-2307).
6. Subaqueous Lands Management Enforceable Policy
The management program for subaqueous lands establishes conditions for granting or
denying permits to use state-owned bottomlands based on considerations of potential effects on
marine and fisheries resources, wetlands, adjacent or nearby properties, anticipated public and
private benefits, and water quality standards established by the Department of Environmental
Quality, Water Division. The program is administered by the Virginia Marine Resources
Commission (VMRC) (§ 28.2-1200 thru 28.2-1213 of the Code of Virginia). Since Lake Anna is a
man-made impoundment of the North Anna River, the Commission has jurisdiction over
encroachments over the historic, flooded stream channel. Questions about Subaqueous Lands
should be directed to VRMC (Jeff Madden, telephone (757) 247-2200).
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7. Air Pollution Control Enforceable Policy of the VCP

The program implements the federal Clean Air Act to provide a legally enforceable State
Implementation Plan for the attainment and maintenance of the National Ambient Air Quality
Standards. This program is administered by the State Air Pollution Control Board (§ 10-1.1300 of
the Code of Virginia).
Permitting Requirements Heating and other fuel-burning facilities may require permits from
DEQ. Questions on these requirements may be addressed to DEQ's Northern Regional Office.
Fugitive Dust Control During construction activities, fugitive dust must be kept to a minimum by
using control methods outlined in 9 VAC 5-50-60 et seq. of the Regulations for the Control and
Abatement of Air Pollution. These precautions include, but are not limited to, the following:
• Use, where possible, of water or chemicals for dust control;
* Installation and use of hoods, fans, and fabric filters to enclose and vent the handling of
.dusty materials;
Covering of open equipment for conveying materials; and
* Prompt removal of spilled or tracked dirt or other materials from paved streets and
removal of dried sediments resulting from soil erosion.
Open Burning Requirements In addition, if project activities include the burning of any material,
this activity must meet the requirements of the Regulations for open burning (9 VAC 5-40-5600 et
seq.), and it may require a permit (see item 6(a), above). The Regulations provide for, but do not
require, the local adoption of a model ordinance concerning open burning. Dominion should
contact appropriate local officials to determine what local requirements, if any, exist. The model
ordinance includes, but is not limited to, the following provisions:
* All reasonable effort shall be made to minimize the amount of material burned, with the
number and size of the debris piles;
* The material to be burned shall consist of brush, stumps and similar debris waste and
clean-burning demolition material;
a The burning shall be at least 500 feet from any occupied building unless the occupants
have given prior permission, other than a building located on the property on which the
burning is conducted;
* The burning shall be conducted at the greatest distance practicable from highways and
air fields;
0 The burning shall be attended at all times and conducted to ensure the best possible
combustion with a minimum of smoke being produced;
* The burning shall not be allowed to smolder beyond the minimum period of time
necessary for the destruction of the materials; and
e The burning shall be conducted only when the prevailing winds are away from any city,
town or built-up area.
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DEQ's Air Division did not state any objections to the referenced project. For questions
about Air Pollution Control contact DEQ's Northern Regional Office (Terry Darton, telephone
(703) 583-3845).
ADVISORY POLICIES OF THE VCP
The discussions which follow present state agency comments and recommendations with
regard to each of the advisory policies of the VCP that are applicable to the referenced project,
issues raised by the public pertaining to these advisory policies, and responses to these issues from
agencies with jurisdiction on the appropriate policy. Although not required for the purposes of
consistency, in accordance with 15 CFR § 930.39(c), Dominion and the NRC should consider the
advisory policies (recommendations) of the Virginia Coastal Resources Management Program as
they pertain to the referenced project.
Coastal Natural Resource Areas
These areas are vital to estuarine and marine ecosystems and/or are of great importance to
areas immediately inland of the shoreline. Such areas receive special attention from the
Commonwealth because of their conservation, recreational, ecological, and aesthetic values. These
areas are worthy of special consideration in any planning or resources management process and
include the following resources:
a) Wetlands
b) Aquatic Spawning, Nursery, and Feeding Grounds
c) Coastal Primary Sand Dunes
d) Barrier Islands
e)-Significant Wildlife Habitat Areas
f) Public Recreation Areas
g) Sand and Gravel Resources
h) Underwater Historic Sites
Wildlife Habitat
The Department of Game and Inland Fisheries (DGIF) has notified Dominion and the
Nuclear Regulatory Commission of the existence of at least two new bald eagle nests at Lake Anna.
DGIF understands that NRC may consult informally with the U.S. Fish and Wildlife Service
regarding-these-nests.---D6CF-supports-this-eonsulttation-and-also-reeommends-that-Dominien-contact
DGIF to address potential adverse impacts upon bald eagles attributable to this project (Jeff Cooper,
biologist, telephone (540) 899-4169).

*

Public Recreation Areas
We received comments from the Virginia Department of Conservation and Recreation
(DCR) regarding Public Recreation Areas. In its earlier comments on the Draft Environmental
Impact Statement for the referenced project, DCR recommended that a minimum in-stream flow
recreation study be conducted to determine what the discharge rates should be from Lake Anna to
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support recreational boating on the North Anna River. DCR stated that an air-cooled Unit 3 would
have no impacts upon water-related recreation.
According to DCR, Lake Anna supports a significant amount of recreational activity from
people getting to the lake from public and private lands. Lake Anna State Park is a particular
example of the public investment in facilitating public use of the Lake. DCR stated that the
proposed new generating facilities may deplete the water available for other uses and that impacts
of those facilities upon the lake temperature, particularly in the summer months, can affect the
downstream fishery. DCR further commented that the North Anna River is a spectacularly scenic
and remote canoeing river with excellent fishing. Between State Route 601 and U.S. Route 301, the
North Anna River is heavily used because it presents some of the most beautiful and remote
paddling opportunities in the mid-Atlantic region. During periods of low rainfall, releases from the
Lake Anna Dam are less than what is needed to support recreational boating on the River. DCR
further recommended that discharge rates from the Lake Anna Dam should be adequate to meet
minimum in-stream flows needed for recreational boating from State Route 601 to U.S. Route 301.
The scope of the IFIM Study discussed above will also need to address the recreational
issues described in DCR's comments.
Comments Received from State Agencies Rezardin2 Other Issues
1. Health Impacts
During the initial review of the federal consistency certification in 2005, DEQ-OEIR
requested the Virginia Department of Health (VDH) to comment on two concerns raised by citizens
relative to potential health effects of new nuclear power reactor units: the direct effects of heat from
immersion in ambient waters by recreational bathers, and the potential adverse effects of any
changes in concentrations of micro-organisms in those waters. VDH provided analysis and
corments in'a letter dated September 15, 2005 (enclosed).
Risks to Health from Heat According to VDH, if a person is exposed to hot water that is 113
degrees Fahrenheit (F.) or higher, there is a risk of burn injury, correlated with the water
temperature and the length of time one is submerged. Submersion can be expected to result in
second-degree burns (no irreversible damage) after two hours of exposure. Immersion in water at
temperatures above normal body temperature (98.6 degrees F.) can be expected to affect body
temperature, sweating, and heart rate. Persons with heart disease, young children, pregnant women,
and the elderly are believed to be particularly vulnerable, as are people with spinal cord or
peripheral nerve disorders.

Alek

Microbiological Risks to Health According to VDH, a species of amoeba (Naegleriafowleri)that
inhabits freshwater ponds, lakes, rivers, minimally chlorinated pools, and hot springs can cause a
disease called primary amoebic meningoencephalitis (PAM), which is a rare but nearly always fatal
infection. This infection occurs when water containing these amoebae incidentally enters the nose
during swimming or other aquatic activity, followed by migration to the brain through the olfactory
nerve. Symptoms occur one day to two weeks after exposure; death typically occurs 3 to 7 days
after symptoms occur. According to death certificate data cited by VDH, there have been 35 deaths
nationally, including one in Virginia, attributable to PAM during the period 1979 through 2002.
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Recommendations According to VDH, vulnerable classes of people (see item 1(a), above) should
avoid prolonged immersion in waters warmer than normal body temperature. All people should
avoid water bodies with temperatures over 104 degrees F. To reduce the risk of PAM, swimmers
should avoid waters when surface water temperatures are greater than or equal to 95 degrees F.
They should also avoid shallow, stagnant areas, minimize forceful entry of water up nasal passages
during jumping or diving (such as by nose plugs or holding the nose), and avoid digging in
sediment while under water. Further questions may be directed to the Department of Health (Khizar
Wasti, telephone (804) 864-8182).
2. Historic Structures and Archaeological Resources
In earlier comments (June 8, 2006, prior to issuance of the Supplement to the Draft EIS, and
November 3, 2005), the Department of Historic Resources (DHR) indicated that there had not been
sufficient identification of historic properties that may be affected by the construction of proposed
Units 3 and 4. If such identification could not be completed by the time of a Final Environmental
Impact Statement, then a Programmatic Agreement would be necessary.
Since writing those earlier comments, DHR has received and reviewed an archaeological
survey report, entitled ArchaeologicalSurvey Dominion Early Site Permit ProjectNorth Anna
Power Station, Louisa County, Virginia, prepared by the Louis Berger Group, Inc., for Dominion
Nuclear North Anna, LLC. (DHR File No. 2000-1210.)
*

Review of the Survey Report According to DHR, the survey report meets the Secretary of the
Interior's Standards and Guidelinesfor the Documentation of Archaeological Sites (Federal
Register, Volume 48, pages 44734-44742) and also the DHR Survey Guidelines (revised 2001).
The survey builds on two previous site assessments conducted on the property in question,
and employs a probability model based on the physiographic situation and field inspection. The
Department of Historic Resources states its finding that the model is properly developed and
executed, and represents a reasonable, good-faith effort to identify archaeological resources that
.may be affected by the proposed project. The Area of Potential Effect (APE) contains two known
historic-era cemeteries recorded-as sites 44LS221 and 44LS222. No additional archaeological
resources were identified within the APE.
Recommendations The survey consultant recommends that the two cemeteries are potentially
eligible for listing on the National Register of Historic Places, and that further archaeological
evaluation would be necessary to determine eligibility. The Department of Historic Resources
concurs with these recommendations.
DHR further recommends-that-the two cemetery sites be avoided in project development. If
they are avoided, the project would likely have no negative effect on the archaeological sites.

*

Conclusions According to DHR, the execution of the survey and submission of the survey report
satisfies the identification responsibilities of the Nuclear Regulatory Commission, provided that the
cemeteries can be avoided. These responsibilities stem from Title 36, Code of Federal Regulations,
Part 800. Satisfaction of these responsibilities pre-empts the necessity of a Programmatic
Agreement.
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The Department of Historic Resources looks forward to receiving the Nuclear Regulatory
Commission's determination of effect for this project. Questions may be directed to DHR (Roger
Kirchen, telephone (804) 367-2323, ext. 153).
3. Road'and Traffic Impacts
Any Virginia Department of Transportation VDOT land use requirements, lane closures,
traffic control or work zone safety issues should be closely coordinated with the affected
cities/counties and VDOT's Louisa Residency (telephone (540) 967-3710).
Also, VDOT provided responses to comments from citizens pertaining to road and
transportation issues. In its responses, VDOT indicated that it would work with Dominion to ensure
that the roads in the vicinity of the North Anna Power Station are maintained and that necessary
improvements are in place prior to any major activities at the project site. VDOT has requested a
traffic impact analysis from Dominion; this would compare the future background traffic in the area
with future traffic, including construction traffic ("total traffic"), and would identify areas of
impacts. The impacts -- some of which would be temporary, from construction, and some of which
would be permanent -- are the responsibility of Dominion. The traffic impact analysis should also
provide mitigation measures to reduce the impacts. (Please also see Appendix 2 "Summary of
Public Comments Received" for additional comments and responses provided by VDOT regarding
road and traffic Impacts).
OTHER MATTERS RELATED TO THIS CONISISTENCY CERTIFICATION REVIEW
*

1. Regional Government Comments
The Thomas Jefferson Planning District Commission responded to discussion, in the NRC's
Supplement to the Draft EIS, of potential need to modify water releases at the North Anna Dam to
maximize shad habitat and preserve downstream river resources. The Commission noted that DEQ
would be responsiblefor -determining modification to water releases and recommended appropriate
action by DEQ in this regard.
2. Local Government Comments
Spotsylvania County reiterated earlier comments, provided in the review of the Draft EIS.
The County adopted a resolution on February 8, 2005, which recited a number of concerns about
the Early Site Permit process, chiefly the demands of the proposed project for Lake Anna water in
light of the rapidly growing population in the Lake region and the impacts on area residents and
visitors of lowering-the-water-levetf-he Lake. The unty--ebJeeted-ehe ESP process.
Louisa County indicated, on behalf of its Board of Supervisors, that the County had raised
several questions with Dominion and was satisfied with the answers. Louisa County supports
issuance of the Early Site Permit by the Nuclear Regulatory Commission.
Hanover County provided copies of earlier comments with its September 8, 2006, (enclosed)
comment letter on the current federal consistency certification review. Hanover County submitted
the following comments:
18
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Background: County Relationship to Rivers Hanover County is immediately downstream from
the North Anna Dam, and relies on the North Anna River as the water source for its Doswell Water
Treatment Plant, as well as the receiving water for discharges from the County's Doswell
Wastewater Treatment Plant. The County also relies, further downstream, on the Pamunkey River,
which receives a significant part of its flow from the North Anna River. The Pamunkey River is the
receiving water for discharges from Hanover County's Courthouse and Totopotomoy Wastewater
Treatment Plants. In addition, the North Anna and Pamunkey Rivers are important fisheries
habitats and also recreational amenities for County residents. Several industries in the County also,
rely on the North Anna River.
Effects The County states that, according to the data provided by NRC and Dominion, low-flow
conditions in the North Anna River will be exacerbated by the installation of the proposed new
reactors. Although the proposed new cooling method would reduce the downstream impact of these
new units, there would be an adverse impact on flows. Hanover County states that the current
minimum releases are below those recommended by the State's natural resource agencies, and the
County is concerned about the reduction in flows, which will affect County industries, water and
wastewater treatment plants, and the environment.

*

Earlier Correspondence to NRC, January 7, 2004 In response to the Nuclear Regulatory
Commission's notice of intent to prepare a Draft Environmental Impact Statement (Federal
Register, Volume 68, No. 226, dated November 24, 2003, pages 65961-65962), Hanover County
wrote to NRC, stating its background information above. The County reviewed state legislative
action mandating reduced minimum releases of 20 cfs in the event of drought, saying that
downstream users have designed their water intake and wastewater discharge systems around a 40cfs low-flow condition. The County recommended inclusion of its prior comments (below) in the
scope of an environmental impact statement.
Earlier Correspondence to DEQ's Valley Regional Office, November 6 and 21, 2000 DEQ's
Valley Regional Office held a public hearing on November 6, 2000, according to the County's
correspondence, regarding its draft VPDES permit for Dominion. The draft permit included
reference to a Lake Level Contingency Plan, which the County supported (November 6 letter,
enclosed). The County's comments referred to earlier correspondence by the Lake Anna Civic
Association (LACA), and its requested changes to the Lake Level Contingency Plan (LLCP).
Hanover County supported a 248 foot msl lake level, stating that LACA's preference for a normal
level of 250 foot msl (triggering reduced flows below 40 cfs in anticipation of a drought) was not
realistic because the 40 cfs minimum flow has been mandated by regulation since 1968, predating
the improvements around the Lake. It was the County's view at the time that an "action level"
higher than 248 feet msl would require a reduction in flows below 40 cfs on a "regular basis" and
would be inconsistent with legislative language that reductions would be required due to "drought
conditions." The County's water intake pumps require the seven-year, ten-day low flow ("7Q10"
flow, or 42 cfs) in order to function properly. Similarly, the County's permitted wastewater
discharge depends on the 7Q10 flow. Accordingly, the County stated its opposition to any effort to
reduce discharge levels below 40 cfs.
The County's November 21, 2000, letter urged retention of the 248-foot msl level at which
discharge rates would be reduced. The County indicated that while a reduction to 20 cfs in drought
periods is a 50% decrease in minimum downstream flow, which is inequitable, it is relatively
insignificant in maintaining lake levels because of other factors such as evaporation rates (pages 2-3
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of letter). The County reiterated its support of the draft permit language relating to the Lake Level
Contingency Plan. The County also provided additional documentation on the history of the release
rate.
Thank you for the opportunity to review the federal consistency certification for the
proposed Early Site Permit for the North Anna Power Station. If you have questions on these
comments, please feel free to call Michael Murphyat (804) 698-4003.
Sincerely,

Richard F. Weeks, Jr.
Chief Deputy

Enclosures

cc: Andrew K. Zadnik, DGIF
John Kauffman, DGIF
Robert S. Munson, DCR
Susan E. Douglas, VDH-ODW
Khizar Wasti, VDH-OHHC
Robert B. Stroube, VDH
Joseph P. Hassell, DEQ-DWR
Thomas A. Faha, DEQ-NVRO
Jeffrey P. Madden, MRC
Mary T. Stanley, VDOT
Roger W. Kirchen, DHR
Alice R. T. Baird, DCR-DCBLA
Ellie L. Irons, DEQ-OEIR
Harrison B. Rue, Thomas Jefferson PDC
Jeffrey Walker, Rappahannock-Rapidan PDC
Robert Wilson, RADCO PDC
C. Lee Lintecum, Louisa County
J. Randall WheI, Spo•tsylvania-Co"ity
Frank W. Harksen, Jr., Hanover County
Ted Coberly, Orange County
Jim Candeto, Town of Mineral
Jack Cushing, NRC
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ABSTRACT
This study defines, explains, and documents the cost, performance, and environmental impacts of
both wet and dry cooling systems. A survey of the cooling system literature is provided in an
annotated bibliography and summarized in the body of the report. Conceptual designs are
developed for wet and dry cooling systems as applied to a new, gas-fired, combined-cycle 500MW plant (170 MW produced by the steam turbine) at four sites chosen to be representative of
conditions in California. The initial capital costs range from $2.7 to $4.1 million for wet systems
using mechanical-draft wet cooling towers with surface steam condensers and from $18 to $47
million for dry systems using air-cooled condensers.
Cooling system power requirements for dry systems are four to six times those for wet systems.
Dry systems, which are limited by the ambient dry bulb temperature, cannot achieve as low a
turbine back pressure as wet systems, which are limited by the ambient wet bulb. Therefore, heat
rate penalties and capacity limitations are incurred at some sites depending on local meteorology.
A methodology is developed and illustrated that accounts for these several components of cost
and performance penalties in selecting an optimized design for a specific site.
A brief review is given of some advanced cooling system technologies currently in development,
highlighting an evaporative condenser system with a water-conserving mode that halves the
consumptive water use of a conventional wet system. In addition, current research in the power
plant cooling field is reviewed with particular attention to concepts for enhancing the
performance of dry systems during the peak period (the hottest hours of the year).
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1

INTRODUCTION

This report sets forth the results of a study conducted for the California Energy Commission
(CEC) and EPRI to define, explain, and document the performance, economic, and
environmental tradeoffs among the cooling system alternatives-wet, dry, and hybrid
(wet/dry)-available for use on new combined-cycle power plants. While much of the
information may be more widely applicable, the focus of the analysis and the case study
characteristics are specific to conditions in California.
The motivation for investigating this topic is a desire to allocate properly the water resources in
the state. Specifically, a conflict may sometimes arise between cooling water requirements for
electric power generation and water requirements for agricultural, residential, commercial,
industrial, and other needs, as well as for in-stream flow maintenance.
The problem is not new. Regulatory action to maintain a properly balanced allocation goes back
at least to 1975 with the promulgation of Resolution #75-58 by the State Water Resources
Control Board (SWRCB, 1975). Stating "The use of inland waters for powerplant cooling needs
to be carefully evaluated to assure proper future allocation of inland waters considering all other
beneficial uses," the SWRCB established the principle that
"[w]here the Board has jurisdiction, use of fresh inland waters for powerplant cooling
will be approved by the Board only when it is demonstrated that the use of other water
supply sources or other methods of cooling would be environmentally undesirable or
economically unsound."
The Drivers
California has experienced high growth rates in many dimensions for decades. The state's
population has more than tripled in the past 50 years and is expected to nearly double again in
the next 50. Figure 1-1 displays the historical population growth since 1850 and estimated
population up to 2040 (California Department of Finance, 1999, 1998). Concurrently, the state's
economy has grown vigorously. Figure 1-2 shows historical growth as represented by the
California Gross State Product expressed in current dollars (U.S. Department of Commerce,
2000). The combined effects of a growing population and expanding agricultural, commercial,
and industrial activity have imposed growing demands for both water and electric power.
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California Gross State Product

Figure 1-3 displays urban1 water use in California, which has risen steadily since the 1940s
(SWRCB, 1996) and, in spite of increasing awareness of the need for conservation, is projected
1 Defined in the California Water Plan (CaIDWR, 1998) as "residential, commercial, industrial and institutional" use
excluding "agricultural" and "environmental" uses.
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to continue to rise for the foreseeable future. While water surpluses and shortages are distributed
unevenly across the state, projections through 2020 predict likely shortfalls under average
conditions and substantial shortfalls under drought conditions.
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Figure 1-3
California Water Use: Actual and Projected

Electric power generation utilizes water in many ways and in varying amounts depending on the
type of generating plant and the type of cooling system employed. The primary use of water is
for the condensation of steam, often referred to as power plant cooling. There are several types of
power plant cooling systems. These are commonly categorized as once-through cooling,
recirculating wet cooling, dry cooling and hybrid, or wet/dry, cooling. These systems, which are
described in more detail in later sections of this report, vary widely in the amount of water
withdrawn from the environment and in the amount consumed in the plant through evaporation.
In California, the use of once-through systems is largely restricted to existing coastal plants using
ocean water for cooling. The focus of this report is on the cooling of inland plants using fresh
surface waters or groundwater with either recirculating wet, dry, or hybrid wet/dry systems.
Recirculating wet systems have been the usual method of cooling for inland plants in California
and throughout the U.S since the mid-1970s. As will be developed in detail in Section 2,
recirculating systems with wet cooling towers consume water at a rate of 10 to 15 gallons per
minute (gpm) per MW of electric power generatedwith steam-driven turbines.
A common metric for water use in electric power production used, for example, in the
Environmental Performance Report of California's Electric Generation Facilities (CEC, 2001 a)
is gallons of water per megawatt-hour (gal/MWh) of energy generated. The amount of water
used depends not only on the type of cooling system used but also on the type of plant. Simplecycle plants or combined-cycle plants in which most of the power is generated by gas turbines
require no, or much less, water for condensation of steam, but they use water for gas turbine inlet
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cooling, emissions control, auxiliary equipment cooling, plant maintenance, etc. Stand-alone
thermal steam plants and the steam portion of combined-cycle plants use the bulk of their water
for steam cycle cooling. This portion of the water use can be eliminated or reduced by the use of
dry or wet/dry cooling systems.
Table 1-1 summarizes some nominal values of water use for various plant types with alternative
choices of systems for steam cycle cooling.
Table 1-1
Water Requirements for Power Generation (in Gallons per MWh of Plant Output)
Plant Type

Steam

Auxiliary Cooling and

Condensing

Hotel Load

Stand-alone steam plant

720(1)

32)

750

Simple-cycle gas turbine

0

1i&)

150

Combined-cycle plant

240

110

350

(2/3 CT + 1/3 steam)

(1/3 x 720)

(2/3 x 150 + 1/3 x 30)

Combined-cycle plant
with dry cooling

0

110

110

Stand-alone steam plant
with dry cooling

0

30

30

Total

(I) evaporation + blowdown = 12 gpn/MW (see Section 2)

estimated at -5% of evaporation + blowdown
mid-range of 75 - 200 gal/MWh in Environmental Performance Report (CEC, 2001) for turbine cooling,
emissions control and hotel load
(2)
(3)

The California Energy Commission (CEC, 2001a) estimates that of the 53.2 GW of generating
capacity in California, 40% uses once-through cooling and another approximately 30% is
provided by hydro or wind facilities. This leaves perhaps 30%, or about 16,000 MW, on
evaporative cooling. Assuming a mix of plant types with an average water use of 300 gal/MWh,
the total water requirement would be approximately 100,000 acre-feet per year or about 1% of
the state's urban water use. While this is a part of total water consumption in the state, it can be a
significant local use in the vicinity of the plant and is frequently a contentious issue during siting
discussions.
Requirements for electricity in California have increased steadily for the past several decades
(Figure 1-4), at an annual rate of approximately 3.5 to 4% (CEC, 2000)--except for during a
period of economic slowdown in the early 1990s (see Figure 1-2). Projected increases of 20%
over the next 10 years are consistent with population increase of 20% and economic activity
increase of 35% by 2020 (EPRI, 2000).
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Figure 1-4
Electricity Requirements: Actual and Projected
For a long time, the electricity consumed by California users has included large amounts of
power imported from outside the state. In recent years, growth in neighboring states and a hiatus
in the construction of new generating facilities within the state have led to increasingly tight

supply margins.
For the past few years, increasing awareness of potential power shortages coupled with
potentially attractive business opportunities offered by the newly deregulated California
electricity market have led to proposals for the licensing and construction of a number of new
plants within the state. At present, 50 plants-representing over 21 GWe of new generating
capacity-have been approved or are under review by the CEC (Table 1-2).
Table 1-2
California Power Plants Approved or Under Review by the CEC as of October 9, 2001
(CEC, 2001)
Status

Number of Plants

Total New Capacity
(MWe)

Approved

31

11,983

-Greater than 300 MWe

17

11,039

-Less than 300 MWe

14

944

Under review

19

9,523
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Recognizing the urgent need for both electricity and water, the CEC and EPRI have sponsored
this study to address the questions of what technological alternatives might exist to the
consumptive use of fresh water for the cooling of electric power plants in the California
environment, and what their economic and environmental costs might be.

Cooling System Options
Technological options for power plant cooling are described in detail in Section 2 of this report.
From a water consumption standpoint, the major categories of cooling systems can be
characterized as follows.
Once-Through Systems
Water is withdrawn from the environment, passed through a steam condenser and returned,
slightly heated (typically by 20 to 25°F), to the source. Withdrawal rates are typically in range of
500 gpm per MWe. No water is consumed or evaporated within the cooling system, but the
evaporation rate from the receiving water is slightly higher in the vicinity of the discharge plume.
Recirculating Wet Systems
In recirculating wet systems, smaller amounts (typically 2 to 3% of the amount withdrawn for
once-through cooling) are taken into the plant, but the majority is evaporated in the cooling
equipment (in mechanical or natural draft cooling towers), with very little water returned to the
source. Water withdrawn from a local source is circulated continuously through the cooling
system. The cooling system must be replenished with "make-up water" to replace that lost to
evaporation and blowdown.
Dry Systems
In dry systems, the ultimate heat rejection to the environment is achieved with air-cooled
equipment that discharges heat directly to the atmosphere by heating the air. Dry systems are of
two types: direct and indirect. Direct systems duct the steam to air-cooled condensers (ACCs)
that can be either mechanical or natural draft units. Indirect systems condense the steam in watercooled surface condensers, from which the heated water is pumped to air-cooled heat exchangers
where it is cooled and then re-circulated to the steam condenser. Dry systems reduce water use at
a plant by eliminating the use of water for steam condensation. In most cases, the remaining
water use, totaling perhaps 5% of the amount used in recirculating systems, is required for boiler
make-up, other cooling applications, and the so-called "hotel load."
Additionally, in some simple-cycle or combined-cycle gas turbine plants, significant amounts of
water are injected into the turbines for NOx reduction. In some systems, spray augmentation of
dry system performance has been used or considered. This would require modest additional
water use during the hottest times of the year.
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Hybrid Wet-Dry Systems
In hybrid Wet-dry systems, both wet and dry components are included in the system, and they
can be used separately or simultaneously for either water conservation or plume abatement
purposes. A combination of wet and dry cooling technology is used; depending on system
configuration, water consumption can approach that of recirculating wet systems or be much
lower. Design studies have ranged from 30 to 98% reduction in water use compared to all wet
recirculating systems (Mitchell, 1989).
In this report, the primary emphasis is on closed-cycle wet cooling using mechanical draft wet
cooling towers and on direct dry systems using mechanical draft air-cooled condensers, since
these systems are the ones that will be found almost exclusively on new combined-cycle plants
in California. However, descriptions of each of the systems mentioned above are included in
Section 2 for convenience of reference for readers unacquainted with types of cooling systems
and their associated terminology.
Dry cooling has been used rarely in the U.S. until recently. A history of the U.S. and global use
of dry cooling is reviewed briefly in Section 3.
Tradeoffs
The choice among the major categories of cooling systems involves a number of tradeoffs. As
noted above, the SWRCB policy for allocating fresh water resources in California requires other
than fresh inland water to be used for power plant cooling unless the alternatives are shown to be
"environmentally undesirable or economically unsound" on the basis that there is a "limited
supply of inland water resources in California." Therefore, the primary tradeoffs are between
water use and the cost of electric power. Other environmental considerations exist, but they are
normally secondary in importance.
The emphasis of the remainder of this report is on an in-depth analysis of the comparative costs
and the environmental impacts of alternative cooling systems. However, to provide some
background and context for the discussion, qualitative comparisons between a "base" mechanical
draft wet cooling system and other systems are given in Table 1-3. The bases for comparison are
water consumption; system costs, including capital, O&M, and performance penalty costs; and
environmental issues, including water withdrawal and discharge, drift, and visible atmospheric
plumes.

Scope of Project'
The purpose of this study is to
* Define and compare the current costs and performance in California of dry and hybrid
wet/dry cooling towers relative to wet cooling towers;
* Identify the environmental benefits and tradeoffs between wet, dry, and hybrid wet/dry
cooling towers;
1-7
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*

Identify future research that can improve the costs and performance of wet, dry, and hybrid
wet/dry cooling towers; and

" Identify any other alternative power plant cooling technologies that can improve the
environmental and public health costs/risks of California's electricity.
The project has two major elements:
I. Select representative regions in California for a detailed analysis of the cost, performance,
and environmental tradeoffs among dry, hybrid, and wet cooling towers; and
2. Identify current research that can improve the relative costs and performance of the dry and
hybrid cooling towers and evaluate the relative merits and gaps in this research for
applicability in California.
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Table 1-3
Tradeoffs Among Various Types of Cooling Systems
Tradeoff

Cooling System Type
Once-Through

Wet
Mechanical
Draft

Dry
Air-Cooled
Condenser

Hybrid Wet/Dry
Plume
Abatement

Water
Conservation

Water
Consumption

Minor

8 to 12
gpm/MWe

- 0 to <5% of
wet tower

-

equal to wet
tower

20% to 80% of wet
tower depending on
design

Capital Cost

«BASE

BASE

1.5x to 3x base

1.1x to 1.5x
base

3x to 5x base

O&M Cost

< BASE
Pump
maintenance,
condenser
cooling

Highly site
specific;
fan/pump
power; water
treatment;
tower fill/
condensate
cleaning

Finned surface
cleaning;
gearbox
maintenance;
fan power

Similar to
BASE

Similar to BASE

Performance
Penalty

< BASE
Base penalty
depends on site
meteorology

BASE

Highly site
specific-5%
to 20%
capacity
shortfall on hot
and windy
days

- Equal to
base

Highly variable,
depending on mode
of operations

Water
Withdrawal

-500gpm/MWe

10 to 15
gpm/MWe

None

-

Equal to
base

Variable, but can be
reduced from wet by
amount of water
conservation

Discharge

-500 gpm/MWe;
thermal plume
and residual
chlorine issues

2 to 5
gpm/MWe

None

- Equal to
base

Variable, as with
withdrawal

Drift

NA

Negligible;<
0.001% of
circulating
water flow

None

Small
reduction from
wet

Similar to wet when
used in wet mode

Plume

NA

Visible plume
on cold,
humid days

None

None

None during normal
operating schedules
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The work was carried out in several tasks:
1. Define the state-of-the-art of alternative cooling system technologies for gas turbine
combined-cycle plants by
-

conducting a literature search and preparing an annotated bibliography, and

-

describing selected existing units and their operating and maintenance experience.

2. Compare the costs, performance, and environmental effects of wet and dry cooling systems
by
-

selecting four case study sites representative of the range of operating conditions in
California;

-

conducting engineering analyses to determine the capital, operating, and maintenance
costs and system performance for each of the alternative cooling systems optimized
for conditions at each site;

-

providing bases of comparison, figures of merit, comparisons, and rankings for the
alternative systems; and
quantifying the environmental effects and describing the advantages and
disadvantages of each technology.

-

3. Identify and discuss current areas of research directed at improving the performance,
reducing the installed and operating costs, and minimizing the environmental impacts of
power plant cooling systems; and recommend areas worthy of expanded support for the
benefit of California citizens.
4. Identify potential alternative technologies and discuss the advantages and disadvantages
compared to current systems; review the development status or commercial status and
deployment experience; and describe potential barriers to their utilization and opportunities
for reducing or removing the barriers.
Organization .of Report
The remaining sections of this report describe the methodology, results, and recommendations of
the work conducted for the CEC and EPRI under the Tailored Collaboration project, "Wet, Dry,
Hybrid Wet/Dry, and Alternative Cooling Technologies."
Section 2 provides background information on cooling system alternatives for gas turbine
combined-cycle power plants. Section 3 defines the state of the art for wet, dry, and hybrid
cooling tower technologies on the basis of a survey of the literature, identification of existing and
planned installations of alternative cooling systems in the United States and abroad, and
discussion of the operating experience of the owner/operators of four dry-cooled plants. Section
4 reviews the selection of four case study sites representative of the range of cooling system
1-10
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operating conditions in California and presents the characteristics of each site. Section 5
develops the cost comparison methodology, assembles the cost information, applies the approach
to each of the four case studies, and provides an analysis/synthesis of the results that can be used
for more generalized comparisons and for understanding the effect of selected site-specific
conditions. Section 6 provides a brief comparison of the environmental effects of the different
systems.
The next two sections look to the future: Section 7 reviews current research and development
activities with promise for addressing some of the problems associated with water-conserving
cooling systems, and Section 8 identifies and describes emerging technologies that may become
preferred alternatives to current technology. Section 9 summarizes the conclusions and
recommendations resulting from the study. Several appendices contain much of the raw
information obtained in the course of the study.
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POWER PLANT COOLING SYSTEMS

The following section provides general background information on the typical power plant being
proposed for construction in California at the present time and on the cooling system alternatives
to be considered.
Combined-Cycle Plants
A simple schematic of a typical gas-fired combined-cycle plant is shown in Figure 2-1.

Figure 2-1
Schematic of Typical Combined-Cycle Power Plant

Combined-cycle power plants utilize one or more gas turbines, each driving an electrical
generator and providing the heat input to a steam cycle. Hot exhaust gas from the combustion
turbine is passed through a heat recovery steam generator (HRSG) to produce steam for a steam
turbine. Turbine exhaust steam is condensed in the cooling system and returned to the HRSG.
The steam cycle may be more or less complex with single- or multi-pressure HRSG operation.
Additionally, in cogeneration applications, steam may be extracted from various points in the
cycle for process applications in a partner facility. Condensate may or may not be returned to the
power cycle. These characteristics of the steam cycle depend on the project objectives and
economics.
2-1
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The configuration of the steam cycle determines the quantity of steam to be condensed and,
therefore, the heat load on the cooling system per unit of electric power generated. The plant
configuration chosen for this study is a so-called 2 x 1 arrangement in which two gas turbines
feed a single HRSG and steam turbine; no steam is extracted for cogeneration applications.
Approximately two-thirds of the plant output is obtained from the gas turbine side. Nominal
overall plant efficiency is about 55%, compared to 38% for newer simple-cycle gas turbines or
35 to 40% for modem fossil steam plants2 (stand-alone gas-fired boiler and steam turbine). The
gas turbines can be either heavy duty or aeroderivative in type. If heavy-duty turbines are used,
exhaust gas flow rates and temperatures are higher, enabling the generation of more steam at
higher temperatures and hence more output at higher efficiencies from the steam side. However,
overall plant efficiency is slightly lower due to the lower efficiency of the gas turbine side of the
plant. These tradeoffs are beyond the scope of this discussion, for a more detailed treatment see
Drbal (1996).
The base case plant is characterized in Table 2-1, which is typical of modem components
operating in combined cycle mode (Leyzerovich, 2001; EPRI TAG, 1998).

Cooling System Alternatives
As in all steam-electric power plants, steam turbine exhaust must be condensed in order to
maintain the required sub-atmospheric turbine exit pressure and to return the condensate to the
HRSG. Condensing system alternatives, listed in Section 1 under "Cooling System Options,"
include once-through cooling, wet cooling towers, dry cooling systems, and hybrid (wet/dry)
systems. These are described briefly in the following paragraphs. Once-through cooling is
introduced briefly for completeness and for convenience of reference for readers unfamiliar with
power plant cooling systems. Since it is not, however, an option for inland power plants in
California, it will not be discussed further beyond this section of the report. The discussion will
also serve to define some of the terminology and nomenclature used in the rest of the report.

2

Conventionally referenced to HHV (higher heating value) for steam plants and to LHV (lower heating value) for

simple or combined-cycle gas turbine systems. The difference for gas is approximately 10%
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Table 2-1
Steam Cycle Cooling System Conditions
Quantity

Value

Nominal plant capacity

500 MWe

Configuration

2x 1

Gas turbine output

165 MW each; (330 MW total)

Steam turbine output

170 MWe

Steam turbine exhaust flow

1,000,000 pounds per hour @ 5% moisture

Turbine back pressure

2.5 in Hga; (Tcond

Cooling system heat load

980 million Btu per hour

=

108.7 IF)

Performance Characteristics
Plant heat input

3.1 x 109 Btu per hour

Overall plant efficiency, LHV

55%

Steam turbine heat rate

9,200 Btu/kwh @ 2.5 in Hga

Steam turbine efficiency, LHV

37%

Gas turbine efficiency, LHV

36%

Once-Through Cooling
In this simplest case, cooling water is drawn from a local source (i.e., ocean, lake, river, or
other), passed through the condenser tubes, and returned to the environment at a higher
temperature. Steam is condensed in a shell-and-tube surface condenser. The system is shown
schematically in Figure 2-2.
For the base plant defined in Table 2-1, the cooling system load is met with circulating water
flows of 500 to 750 gpm/MWe (30,000 to 45,000 galfMWh) and a water temperature rise of
about 15 to 25°F.
Advantages are
*

Highest efficiency,

*

Lowest installation and operating costs, and

*

Low water consumption.
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Disadvantages are
" Highest withdrawal rates,
" Entrainment/impingement, and
" Thermal discharge plume.

Steam

Cooling Water Inlet
TldRiver

Cooling Water D

Thot - Tcold - Range - 20°F (typ.)

Figure 2-2
Power Plant Cooling System Arrangements: Once-Through Cooling

RecirculatingWet Cooling
Recirculating cooling systems are similar to once-through systems in that the steam is condensed
in water-cooled shell-and-tube surface condensers but unlike them in that the heated cooling
water is not returned to the environment. Instead, it is cooled in evaporative cooling towers and
recirculated to the condenser. A typical system is shown schematically in Figure 2-3.
Advantages are
" Reduced withdrawal rates, and
" Reduced entrainment/impingement.
Disadvantages are
" Decreased plant efficiency,
" Higher capital cost,
" Higher water consumption/evaporation,
•

Visible plume/drift emissions,

*

Wastewater treatment requirements,

2-4

Power Plant Cooling Systems

*

Chemical treatment programs,

*

Emissions of controlled air pollutants or pathogens, and

*

Site space.

*.t Ta..e

woI"

Figure 2-3
Recirculating Wet Cooling Tower

The cooling is achieved by the evaporation of a small fraction (I to 2%) of the recirculating
water flow. Therefore, once the system is filled, the only water withdrawn from the environment
4
3
is makeup water in amounts sufficient to replace that lost to evaporation, blowdown, and drift.
These quantities are discussed in more detail in Section 6, EnvironmentalEffects. Therefore,
withdrawal rates from the environment are much less than for once-through systems-typically
10 to 15 gpm/MWe (600 to 900 gal/MWh).
There are two common types of wet cooling tower-mechanical draft and natural draft (Figure
2-4). Natural draft towers, in which the airflow through the tower is induced by density
differences in a "chimney effect," are less likely to be considered in many areas of California on
the basis of aesthetic and seismic concerns. The higher capital costs in comparison to mechanical
draft towers are also less favorable for the smaller steam condensation loads (less than 250 MWe
on steam) associated with combined-cycle plants. Therefore, they will not be considered further
in this study.
Mechanical draft towers are built in both cross-flow and counter-flow designs. Hot water from
the condenser is introduced at the top of the tower and flows down through a "fill" section where
it is brought into intimate contact with ambient air flowing across, or counter to, the direction of
the falling water flow. Both sensible and latent heat transfer to the air cools the bulk of the water,

Blowdown is water discharged from the cooling system in order to control the buildup of dissolved and suspended
materials that concentrate in the system as a result of the evaporation cycles.
3

4

Drift refers to liquid water droplets entrained in the tower exit plume and released to the atmosphere.
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which is then collected in a basin and returned to the condenser. The air leaving the tower is
heated and humidified to an essentially saturated plume.
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Figure 2-4
Mechanical- and Natural-Draft Cooling Towers

Mass and Heat Balances
The elements of a complete heat balance are shown in Figure 2-5. A comprehensive treatment of
the heat and mass transfer processes in the tower is unnecessary for the scope of this study (full
treatments are available in many references; e.g., Drbal, 1996; Kroeger, 1998). A. summary, to
develop some "rules of thumb," is given below for convenience of reference. The symbols used
here and elsewhere in this report are listed in Table 2-2 at the end of the section.
With reference to Figure 2-5, the water balance on a wet cooling tower is given by
Wmu

=

Wevap + Wbd + Wd

The drift rate, wd, is neglected in the following approximations.
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Figure 2-5

Cooling Tower Mass and Heat Balance

Evaporation Rate
The rate of evaporation of water from the tower is relatet at
which is equal to the heat load on the condenser, Qcondagiven by
Qtower

=Qcond =Wcirc X Cp X (Zh --

load on the tcanrb lower,

TO)

with the evaporation rate given by
Wevap

Qtower x 16tent/hfg

where

lfg = latent heat of vaporization (Btu/lbm); -1000 Btu/lbm
tiatent = fraction of total heat rejected by latent heat transfer (0.9 used here; can be lower

depending on ambient conditions and design choice)
For the base plant conditions from Table 2-1,
Qtower =980 x 106
Wevap =980

Btu/hr (for 170 MWe) and

x 106 X 0.9/1000 = 0.88 x 106 lbm/hr
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On a "per unit output basis,"
Wevap =

5.2 lb/kWh or- 10 gpm/MW

Blowdown Rate
Blowdown rates are set to control scaling, fouling, and corrosion by limiting the buildup of
impurities in the circulating water. This criterion is normally expressed in terms of maximum
allowable cycles of concentration (n), defined as the ratio of the concentration of conserved
species in the circulating water (Ci citc) to that in the makeup water (Ci mu):
n=

Ci circ/Ci mu

The mass balance of species i in the tower requires that
Wmu X Cimu -Wbd X Ci circ

Wbd = (Wevap + Wbd) X (Ci m/C i circ) = (Wevap + Wbd) X 1/n

Therefore,
Wbd = Wevap / (n -

1)

Typical allowable cycles of concentration are from 3 to 6 (DiFilippo, 2001). For n = 6 as a
typical value, the required blowdown is
wbd

=

[1/(6 - 1)] X Wevap

=2 gpm/MWe
and the required make-up is
Wmu = Wevap + wbd =

12 gpm/MWe

Additionally, typical consistent values of tower operating conditions are
Circulating water flow rate, Wcirc:

- 500 gpmi/MWe

Condenser terminal temperature difference (TTD),
Tower range, Th - Tc: 20 to 24°F
Tower approach, T. - Tab. wet bulb: 8 to 150F

Tond -

Th:

Therefore, the achievable steam condensing temperature is given by
Tcond = Tamb. wet bulb +
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For an ambient wet bulb temperature of 70'F, values in the typical ranges of TTD = 8'F, Range =
20 °F, and Approach = 11 OF would provide a condensing temperature of 109 0F corresponding to
a turbine back pressure of 2.5 in. Hga. Tower approach temperature depends on design ambient
conditions as well as many other factors including tower type, size, fill choice, and air flow. In
general, warmer, more humid conditions lead to lower approach temperatures in the southeastern
U.S. and cooler, drier climates lead to higher ones in the northern and western regions.
Dry Cooling
Dry cooling systems may be categorized as direct or indirect. In direct systems, turbine exhaust
steam is delivered directly to an air-cooled condenser (ACC), as shown in Figure 2-6. Heat
rejection to the environment takes place in a single step, where steam is condensed inside finned
tubes, which are typically arranged in an A-frame configuration, and is then cooled by air blown
across the finned surfaces. As for wet cooling systems, the dry cooling tower can be either
mechanical or natural draft in type. For reasons similar to those discussed for wet systems, this
report will restrict attention to mechanical draft units.
Advantages are
" Least water consumption, and
" No entrainment/impingement losses.
Disadvantages are
*

Highest installation and operating costs,

*

Highest efficiency penalty,

*

Increased air emissions/MCU,

*

Load limitations on hottest days,

*

Site space, and

*

Possibility of increased unit trips.
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Figure 2-6
Dry (Air-Cooled) Cooling System

Indirect systems have a separate condenser. The condenser may be either a surface condenser of

the conventional shell-and-tube type or a so-called barometric condenser, in which the steam is
condensed directly on a spray of cooling water. These systems are shown schematically in Figure
2-7. In either case, the water against which the steam is condensed is then circulated to an aircooled heat exchanger for ultimate heat rejection to the atmosphere.
Systems incorporating a barometric condenser are usually used in conjunction with a natural
draft dry cooling tower. Known as Heller systems (Balogh, 1998) and developed and promoted
by a Hungarian firm (EGI-Constructing Engineering Ltd., now owned by GEA-AG, originally
Gesellschaft fir Entstaubings-Anlage mbH), they have been used in several installations around
the world. They are characterized by a higher initial cost and, in the case of the design using a
surface condenser, a higher operating cost as well in most installations. For the plant sizes and
business conditions prevalent in California at the present time, indirect systems are not
considered further in this report. In the unlikely event that a plant on once-though cooling or
using a wet tower should want to retrofit the system to a dry system, an indirect system would
likely be the system of choice.
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Figure 2-7
Dry Cooling System with Surface and Spray Condensers

Heat Balance
Figure 2-8 shows typical flows and temperatures for a direct dry cooling system with an ACC.
The relevant atmospheric variable in this case is the ambient dry bulb temperature. The
characteristic quantity for a dry unit is the initial temperature difference (ITD), defined as steam
condensing temperature (Tcond) minus ambient temperature (Tamb).
ITD = Tcond

-

Tamb
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Typical design choices range from 20 to 60'F, where a low ITD represents a larger, highercapital-cost unit that is able to maintain a low condensing temperature on hot days. Conversely, a
high ITD represents a smaller and less costly tower that results in higher condensing
temperatures, higher turbine back pressures, and lower plant efficiency during hot periods.
Typical designs result in a 25 to 35°F rise as the air passes through the unit.
Steam
Baekpressure, Pb

Exit air

Condensate
Teond (*F)
am.b(OF)

Tced - Tamb = ITD* = 20-50 "F (typ.)
Tex - Tamb = Air Temperature Rise =
30 *F (typ.)
( Initial Temperature Difference)

Air flow, walr
(Ibm/hr)

Figure 2-8
Flows and Temperatures in an Air-Cooled Condenser

Hybrid Wet/Dry Systems
Hybrid systems employ a combination of both wet and dry cooling technologies. The two
primary types of hybrid systems are water conservation and plume abatement designs.
Water conservation systems are intended to reduce-but not completely eliminate-the use of
water for plant heat rejection. A limited amount of water is used during the hottest periods of the
year to mitigate the large losses in steam cycle capacity and plant efficiency associated with alldry operation. These systems can limit annual water use to 2 to 5% (although more typically
range from 20 to 80%) of that required for all-wet systems and still achieve substantial efficiency
and capacity advantages during-the peak load periods of hot weather, as compared to an all-dry
system. If sufficient water is available, increasing amounts of plant capacity and efficiency can
be attained.
Plume abatement towers, on the other hand, are essentially all-wet systems that employ a small
amount of dry cooling to dry out the tower exhaust plume during those cold, high-humidity
periods when the plumes is likely to be visible. (Water conservation systems also provide plume
abatement because the wet part of the system is normally not used during the colder periods
when plumes are likely to form.)
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Finally, low-capital-cost hybrid approaches have been considered for use during peak load
periods of hot weather to provide short-term enhancement of ACC performance, steam cycle
capacity, and plant efficiency. Alternatives include using water to cool the ACC inlet air or
deluging the air-cooled surface with water for short periods. Detailed consideration of these
approaches is beyond the scope of this report.
Numerous design arrangements exist for hybrid systems. These are discussed in detail in
Mitchell (1989)and Lindahl (1992). In brief, possible tower options include the following:
*

Single-structure combined tower or separate wet and dry towers

*

Series or parallel airflow paths through the wet and dry systems

•

Series or parallel connected cooling water circuits

In addition, a number of arrangements are possible for the steam condenser:
*

Common condenser

*

Divided water box separating the cooling water flows from the wet and dry towers

*

Separate condensers

As noted previously, the dry part of the system can use an air-cooled condenser, a direct contact
(barometric) condenser, or a conventional shell-and-tube surface condenser.
Schematics of many of these arrangements are shown in Figures 2-9 through 2-12. These
systems differ in capital cost and operating flexibility but have similar thermodynamic
characteristics. For the purpose of this report, hybrid systems are addressed in a discussion of an
evaporative condenser design with the capability for both wet and dry operation.
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Nomenclature
Table 2-2
Nomenclature

Units

Symbol

Quantity

ci

Concentration (of i-th species) in water stream

lb of i-th species/lb water

cp

Specific heat

Btu/lb-OF

flatent

hfg

Fraction of heat rejected as latent heat (from
wet tower)
Heat of vaporization

Btu/lb

n

Cycles of concentration

Pb

Back pressure (turbine exhaust pressure)

in. Hga or Wb/in

Q

Heat load

Btu/hr

T

Temperature

OF

w

Flow rate

Ib/hr

2

SubscriptslAbbreviations

air

air-side conditions

amb.

ambient conditions

c

cold

circ.

circulating water

cond

condensing steam conditions

drift

cooling tower drift

evap

evaporated flow

h

hot

mu

make-up (to cooling tower)

st.

steam

wb

wet bulb

ITD

initial temperature difference

OF

TTD

terminal temperature difference

OF
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COOLING TECHNOLOGIES: THE STATE OF THE ART
This section presents information that serves to define the state of the art for dry, hybrid wet-dry,
and wet cooling tower technologies. The material consists of three parts: first, a survey of the
literature in the form of an annotated bibliography (Appendix A) supplemented in this section
with some categorization and brief summaries of the important citations in each category;
second, a listing of existing and planned installations around the world (Appendix B),
supplemented here with some brief observations on trends in the adoption of water-conserving
cooling systems; and third, information gathered during interviews with owner/operators of some
existing plants with dry cooling or hybrid wet/dry systems (Appendix C), supplemented here
with a brief discussion regarding the ability to generalize the experience in the use of these
systems from these cases.

Literature Survey
Appendix A lists over 125 references on the subject of dry, wet/dry, and wet cooling tower
technologies. The citations are drawn from books, journals, the trade press, conference and
workshop reports and academic theses. The bulk of the material falls into four categories:
technical background and description, design and optimization methodology, cost analysis, and
operating experience. Most of the references contain information from more than one of these
categories.
Many of the citations in this survey are old by technical literature standards. Over half were
published before 1990 and one-third before 1980. This is particularly true for wet cooling towers,
which have been standard fixtures at thermal power plants for over half a century. Much of the
material, even when published 30 or more years ago, is still relevant and accurate. Some classical
references are highlighted for their enduring usefulness. Special attention is given to publications
of the past 5 years that update subjects undergoing recent changes or reflect changing economic,
regulatory, and business conditions in the power industry and its supplier community.
A brief summary of the highlights from the survey follows for the major types of cooling
systems. A few broad subjects of primary importance are identified for each type, as are major
sources of information.

Wet Cooling
The thermodynamics, fluid mechanics, and many of the mechanical design aspects of wet
cooling towers have been well established and thoroughly documented in the literature for a long
time. Much of this literature was organized and reviewed by in the Handbook of Heat Transfer
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Applications (Maulbetsch and Bartz, 1985). General references that summarize the
computational and design procedures for wet towers include Cooper (2000), Hamilton (2000),
and older work by DesJardins (1992), LeFevre (1977), and Feltzin (1991). Data compilations for
various fill types and tower configurations are available from the Cooling Technology Institute
(CTI 1999c), papers by Fulkerson (1999), and other references such as Kelly's Handbook (Kelly
1976) and from vendors. A good introduction to the practical aspects of tower configurations, the
advantages and disadvantages of particular designs, and operation and maintenance issues was
presented in 1973 in POWER (Special Report: "Cooling Towers" 1973), which is still valuable
as an introduction to the subject.
Other topics of major interest are performance testing of towers; tower maintenance with
particular emphasis on film fill performance and its deterioration due to fouling and plugging;
structural problems including some catastrophic failures; and retrofit to improve or restore
performance. The main sources of current and archival information on these topics are the
Journalof the Cooling Technology Institute, the CTI's Bibliography of Technical Publications
(CTI 1999a) and their website (CTI, 1999b), and a series of EPRI-sponsored workshops
(Proceedings: International Cooling-Tower and Spray Pond Symposium, 1990; Proceedings of
the 9 th IAHR Cooling Tower and Spraying Pond Symposium, 1994; Proceedings: Cooling Tower
And Advanced Cooling Systems Conference, 1995; Tsou, 1997). The EPRI Proceedings, while
part of the gray literature, can be found on www.epri.com and may still be readily available.
Some more recent material provides descriptive information on the most modem designs,
available most easily from vendor sources (e.g., Balogh, 1998; Streng, 2000) and online at the
major vendors' websites (BDT Engineering; Hamon Cooling Systems; Marley Cooling Tower);
on high-performance fill designs (Aull, 2000; Hobson, 1995); and on changing practices in
cooling tower water treatment (Richardson, 2000; Howarth, 2000; Gill, 1997; DiFilippo, 2001).
Environmental issues of particular current interest are plume visibility, drift control (Missimer,
1998; Suptic, 1999), and emissions of controlled air pollutants or pathogens such as Legionella
(Adams, 1978; DiFilippo, 2001).
Dry Cooling
The best summary of the field is a comprehensive text by D. G. Kroeger (1998). Over 600 pages
long and containing over 900 references, it is a fully up-to-date reference work on the field
containing all important citations as of 1997.
Dry cooling first emerged as a subject of technological interest in the early 1970s with the
construction of the first dry cooling towers in the U.S. and Europe. Literature at the time
consisted of descriptions of these early units (see sections below and Table 3-1) -somewhat as
engineering curiosities-plus a body of work on economic comparisons of dry units with wet
towers or once-through cooling with the emphasis on developing a methodology for making
appropriate comparisons. Much of this work was sponsored by the U.S. Department of Energy
(USDOE), the Atomic Energy Commission (AEC), the Environmental Protection Agency
(USEPA) and EPRI. It is documented primarily in the gray report literature (Mitchell, 1989).

3-2

Cooling Technologies: the State of the Art

Interesting work on the development of an indirect system that uses a direct contact barometric
condenser (the so-called Heller system; see Figure 2-7 and accompanying text) was carried out in
Hungary, widely reported, and implemented at a number of installations in the former USSR and
the Middle East (Balogh, 1998). Major advances resulted from the adoption of dry cooling on a
very large scale in South Africa at locations of rich energy resources and virtually no water.
Again, trade press articles provided descriptions of these units (Goldschagg, 1999; Von Cleve,
1984; Van der Walt et al., 1974; Trage, 1990), but there was little new research literature until
the 1990s. Then, there was renewed interest in the technology in the U.S. and elsewhere,
stimulated by concern over water consumption and plumes from wet cooling towers. At this
time, a number of papers appeared, detailing optimization schemes for selecting the best finned
tube geometries (Bonger, 1995; Buys, 1989b; Buys, 1989a; Ecker, 1978) and revisiting the
question of how to best compensate for reduced performance during the hottest periods
(Conradie, 1991a; Oosthuizen 1995).
There is little usable, quantitative cost information in the open literature. A few references
contain qualitative comparisons and "typical" costs but give little or no insight into the basis of
the costs, the breakdown among the many system components, or the sensitivity of the costs to
important design and environmental factors. Some information is available in the gray literature
such as submissions for siting approvals (Ledford, 1999; Miller, 2000) or embedded in various
engineering/economic design packages such as EPRI's GATE program (EPRI, 2000) or
Thermoflow (Thermoflow, 1999).
Little material has been published by the CTI over the past several decades. (Their bibliography
contains only three references on dry systems since 1969.) Their recent change of name from the
Cooling Tower Institute to the Cooling Technology Institute reflects, in part, an awareness of the
importance of dry and hybrid systems. The 2001 Annual CTI Meeting at Corpus Christi, TX,
included a one-half day educational session on comparing wet and dry cooling and, predictably,
more papers will be forthcoming on the topic in the future. Finally, some general descriptive
system information is available from vendor websites (Marley Cooling Tower; BDT
Engineering; Hamon Cooling Systems; Niagara Blower Company).
Hybrid Wet/Dry Cooling
As was the case for dry cooling, the subject of hybrid wet/dry cooling received some attention of
a "system analysis/cost comparison" nature in the 1970s, with very little research literature since
that time. Most of the same reports that presented methods and results on comparative costs of
wet and dry systems included material on hybrid systems as well (Mitchell, 1989). Most of the
hybrid systems were chosen for purposes of plume abatement rather than for water conservation
in the early days of the technology, and this is still largely the case. A notable exception was a
large water conservation tower installed on Unit #4 (550 MWe) of the San Juan Plant in San
Juan, NM, in 1977.
The best treatment of the technology covering the several general design configurations and
describing the thermodynamics and psychometrics of plume formation and abatement is given in
Lindahl and Jameson (1993) Almost no cost information is available in the open literature.
General technology descriptions can be obtained from vendor information and from their
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websites (Marley Cooling Tower; DT Engineering; Hamon Cooling Systems; Niagara Blower
Company).
One variation on the wet/dry theme is the use of some simple wet enhancement methods on dry
towers for peak shaving the cooling load on the hottest days. This has been the subject of a few
papers and academic theses (Conradie, 1991 b), but very little hard economic or engineering
information is available.
History of Dry Cooling Technology
The first use of dry cooling at power plants was on a few small units in Germany in the 1930s
(Kroeger, 1998; Miliaris, 1974). However, the real history of dry cooling on units of substantial
size and its evolution to today's technology began about 40 years ago with an indirect, natural
draft system at Rugeley in the U.K. in 1962. Originally, the use of dry cooling was more
common in Europe, the former USSR, and the Middle East and South Africa than in the U.S.
Table 3-1 lists 13 units from around the world installed in the three decades from 1962 to 1993
representing many of the important milestones and seminal technology in the field.
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Table 3-1
Early Major Dry Cooling Installations

Direct Systems
Unit

Size (MWe)

Neil Simpson(Black Hills P&L)

20

USA (Wyoming)

1968

Simpson 1970

Utrillas

160

Spain

1970

March 1970

Wyodak

330

USA (Wyoming)

1977

Schulenberg 1977; Kosten 1981

Country

Date

References

Touss

4 x 150

Iran

1987

Kroeger 1998

Matimba

6 x 665

South Africa

1991

Goldschagg 1995, 1999

Majuba

6 x 665 (3 dry
cooled)

South Africa

1998

Varley 1999

Indirect, Natural Draft Systems
Rugeley

120

UK

1962

Christopher 1969

IbbenbUren

150

Germany

1967

Scherf 1969

2x100; 2x220

Hungary

1969/1972

Gagarin
Grootvlei #5
Razdan
Grootvlei #6
Schmehausen

200
2x200; 2x210
200
300 (nuclear)

South Africa
Armenia

1971
1971/1974

Kroeger 1998
Van der Walt et al. 1974
Trage 1990

South Africa

1978

Kroeger 1998

Germany

1977

Hirschfelder 1973

In the U.S., the earliest installations were in Wyoming [Neil Simpson, Wyodak], where the
desire to locate the plants in an area with very low-cost surface deposits of Western coal but with
very limited water resources made dry cooling both the environmental and economic system of
choice. The 330-MWe unit at Wyodak near Gillette, WY, was for many years the largest direct
air-cooled system in the world. South Africa was the world leader in the use of dry cooling on
large installations, again motivated by the need for power close to fuel recovery and refining
activities in an arid region. Constructed in 1991, the 4000-MWe Matimba plant was 10 times the
size of Wyodak and remains the largest plant on dry cooling in the world today.
A number of units beginning with Rugeley in 1962 were of the indirect type of a Hungarian
design, utilizing a direct-contact condenser and a natural draft tower. This technology was used
at several installations at about the 200-MWe size range (Miliaris, 1974). The Kendal plant in
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South Africa, which uses a conventional surface condenser, is the largest indirect system in the
world with 6 x 686 units on dry cooling. Brief descriptions of these units are found in Kroeger
(1998), and more detailed information for some of them is found in the references listed in Table
3-1.
Trends In Dry Cooling Use
Over the past 40 years, the technology has become more widely used. Appendix B contains
recent lists of existing and planned installations from four major vendors of dry and hybrid
cooling systems, BDT Engineering (Balcke-Dtfrr), GEA (GEA), Hamon Cooling Systems, and
Marley Cooling Tower Company (Marley Cooling Tower). Not all of the listed installations are
at electric power plants, and the lists are not complete (e.g., several installations in Table 3-1 are
not included). However, the lists are sufficient to identify two noteworthy trends in the use of the
technology.
First, use has expanded rapidly at a continually increasing rate. Figure 3-1 shows the increase in
the installed MWe on dry cooling for both the U.S. and the world for the periods prior to 1980,
during the 1980s, during the 1990s, and for future planned units. These figures, totaled from
sources including the vendors' lists in Appendix B, show a clear increase with time even though
new plant construction was slow (at least in the U.S.) during much of the 1990s. It is estimated
that there are over 2500 MWe of U.S. power generation on dry cooling and from 15 to 20 GWe
worldwide. Nonetheless, the existing capacity on dry cooling in the U.S. and around the world is,
of course, quite small compared to that on wet recirculating or once-through systems.
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Figure 3-1
Trends In Dry Cooling
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Second, the use of dry cooling is not restricted to arid regions. Table 3-2 lists the distribution of
U.S. dry cooling units installed and planned by state expressed both as the number of units and
as the total generating capacity. Twenty-three states plus Washington, DC, have some amount of
dry cooling, including many in the Northeast where rainfall and water supply are, at least on
average, plentiful.
Table 3-2
Dry Cooling In the United States (Source: Vendor Lists-Appendix B)
State

Dry Cooling
Number
of Units

Hybrid, WetlDry

Capacity
(MWe)

Water
Conservation

Plume
Abatement

Alaska

2

75

California
Colorado

6

273

Connecticut
Hawaii

2
1

280
20

Iowa
Idaho
Illinois

1
1
1

40
40
9

Massachusetts
Maine
Michigan
Minnesota
Montana
New Jersey
New Mexico
Nevada
New York
Pennsylvania
Rhode Island

8
2
1
1
1
2

454
100
9
6
50
385

1
6
2
1

150
205
88
80

2
2

Texas
Virginia

2
2

450
100

3
1

Washington, DC
West Virginia
Wyoming

1
5

80
1180

49

4074

Total US

1
1

2
2
1

1 (660 MWe)

I

1 (660 MWe)

16

While the early use of dry cooling was usually motivated by plentiful, low-cost fuel in regions of
little water, as in the case of Wyodak or the South African installations, the reasons for choosing
dry cooling now include other environmental considerations such as plume visibility and
wastewater discharge. In many cases, the decision has been driven by the desire to shorten
licensing approval times for proposed plants by removing any water related issues from the
discussions. Even in a competitive, deregulated industry shortening the "time to market" may
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outweigh future reductions in generating efficiency (this view is not universally held; see
discussion below under "Calpine").
Recent Developments
As noted in Section 1, as early as 1975, California's State Water Resources Control Board
promulgated a policy (SWRCB, 1975) mandating the use of waters other than fresh surface
water for power plant cooling, unless doing so could be shown to be "environmentally
undesirable or economically unsound."
Recently, the U.S. Environmental Protection Agency in their support document, "Economic and
Engineering Analyses of the Proposed §316(b) New Facility Rule" (USEPA, 2000) identified
dry cooling as an "alternative option" which would "impose more stringent compliance
requirements on the electric generating segment of the industry" based on a "zero-intake-flow (or
nearly zero, extremely low-flow) requirement commensurate with levels achievable through the
use of dry cooling systems."
In summer 2000, New York State's Department of Environmental Conservation required the use
of dry cooling at the Athens Generating Station (a 1080-MW gas-fired plant) as the preferred
Best Technology Available for "minimizing adverse environmental impact" of a cooling water
intake structure (Cahill, 2000).
Operating Experience
Table 3-3 identifies five plants that use dry or hybrid wet/dry cooling systems at which operating
personnel were contacted and interviewed to learn about the operating and maintenance
experience with the systems. Appendix C contains an outline of the subjects covered in the
interviews and notes from several of the meetings.
In addition, comments were received from Prof. D. G. Kr6ger, University of Stellenbosch, who
consults for dry cooling manufacturers and users worldwide. His experience is consistent with
that reported below by the operators. He further notes that there are occasional problems with the
dephlegmators (air removal sections) at some operating conditions. These were not mentioned in
any of the interviews with U.S. users.

3-8

Cooling Technologies: the State of the Art

Table 3-3
Plants Interviewed for O&M Experience
Plant

Location

TypelSize

Date
Installed

System
Vendor

Owner

Contact

Crockett

Crockett, CA

CC/220
MWe

1996

BDT

NRG et al.

Don Curran

El Dorado

Boulder
City, NV

CC/480
MWe

1999

GEA

Reliant/
Sempra

George Tater

Sutter;
Acadia

Yuba City,
CA; Eunice,
LA

CC/560
MWe;
CC/1080
MWe

Under
construction

Calpine

Kim Stucki

MassPower

Springfield,
MA

CC/240
MWe

1993

Niagara
Blower/
Resorcon
Inc.

El Paso et
al.

Sal Paolucci

Chinese
Station

Jamestown,
CA

Wood
waste fired/
25 MWe

1984

GEA

Pacific
Ultrapower

Ron Brown

Crockett Co-Generation
The Crockett Co-Generation Plant in Crockett, CA, was visited on June 12, 2000. The host for
the site visit was Peter H. So, plant engineer. Current contact point is John Walsh, plant
operations manager. Detailed contact information is given in Appendix C.
The plant began operation in 1996. It is a 240-MWe combined cycle plant in a 2 x I
configuration (two 80-MW combustion turbines; one 80-MW steam turbine, single shaft). The
plant sells electricity to the grid and also provides process steam to the C&H Sugar plant on a
neighboring site. Nominally 250,000 lb/hr of steam are supplied to C&H at 450 psi.
The air-cooled condenser is a BDT Engineering unit consisting of three banks of five cells
each-four cells for steam condensation and an extra cell in each bank (three extra cells total) for
auxiliary cooling. The unit is equipped with Alpina low-noise fans. No capital cost information
was provided.
No serious start-up or maintenance issues were reported. Specific comments include the
following:
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*

There have been no air in-leakage problems, and the vacuum systems and de-aerators have
worked well.

*

The water chemistry is easy to control, although there are very high make-up rates (complete
cycle water turnover every 2 or 3 days) because condensate from the sugar plant is either not
returned or has to be discharged because of contamination.

*

Cleaning of the finned tube surfaces was last performed 18 months ago. The high-pressure
cleaning system works well in removing the "sugar dust" coating from the fins. There were:
conflicting reports on the need for and the effectiveness of the cleaning. Some felt that there
was no improvement in performance as a result of the cleaning. Others reported that the
automatic controls had cut the fans back from full to half speed at similar operating
conditions after cleaning.

*

No noise problems exist. Limits of 50 dB at the property boundary are easily maintained.

" No corrosion problems have occurred on the condenser surfaces.
*

Maintenance costs are not accounted for separately but have not appeared to be excessive.
The ACC unit is maintained as part of the normal plant routine by the regular staff.

The performance of the unit and the plant has been satisfactory. No quantitative performance
data were provided (there is no systematic monitoring), and acceptance test results were not
available. Anecdotal information includes the following:
*

A "consensus estimate" by plant personnel indicates that the hottest summer days incur a 3to 5-MWe reduction of output from the steam side (and a reduction of -7 to 8 MWe on the
combustion turbine side).

*

Fan power is the biggest plant load. There are 15 fans (each 150 hp), which in total consume
about 2 MW.

" No problems with wind effects have been experienced.
*

Freeze protection has not been a problem. (However, cold weather operating. controls
sometimes act strangely, i.e., fans will turn off and operators don't know why. This is
thought to be a conflict between the BDT operating system and the plant's Foxboro I&C
package, but is not considered a serious problem.)

" The plant manager and engineers would, like to explore methods for wet enhancement of
ACC performance on the hottest days.
The complete set of meeting notes is provided in Appendix C, along with extensive information
on the air-cooled condenser including the following:
*

Schematic of the ACC flow system

" ACC design data
*

ACC general arrangement drawings

*

ACC process data sheet

*

ACC performance summary
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ACC performance characteristics (turbine back pressure vs. % heat load for a range of
ambient air temperature and various fan settings)

El Dorado
El Dorado Energy's Boulder City Power Plant was visited on October 28, 2000. The host for the
visit-was George Tatar, facility manager. Detailed contact information is available in Appendix
C.
The plant began operation in May 2000. It is a gas-fired 540-MWe 2 xl combined cycle (two
180-MW combustion turbines; one 180-MW steam turbine). The ACC is a GEA unit. Auxiliary
cooling (lube oil, etc) is provided by a closed-loop fmo-fan cooler from BDT Engineering. The
steam turbine, which is of Westinghouse high back pressure design, operates over a range of 2 to
8.5 in. Hga. No capital cost information was provided.
No start-up, maintenance or cleaning problems had yet been encountered on the cooling system.
Some unrelated start-up problems with the steam turbine thrust bearing had been experienced.
No performance data or acceptance test data were made available. Performance issues include
" A "dramatic" performance drop-off when ambient temperature exceeds 110'F; and
" A "distinct loss" of cooling during periods of gusting winds.
The reasons given for the choice of dry cooling include
" The "politics" of fresh water use in the Las Vegas area,
" Unavailability of reclaimed municipal water for wet tower make-up,
*

Inadequate area on plant property for evaporation ponds to dispose of cooling tower
blowdown, and

*

An economic advantage for dry cooling when compared to wet cooling with vapor
compression evaporators (VCE) brine concentrators

The facility manager wants to explore the use of spray cooling or some other form of wet
enhancement to mitigate the performance deterioration on the hottest days.
Additional information about the plant, including the original meeting notes, is included in
Appendix C.
Calpine
On September 18, 2000, a meeting was held at the Calpine offices with Kim N. Stucki, manager,
plant engineering. Contact information is in Appendix C.
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In advance of the meeting, a list of discussion topics (see Appendix C) was prepared focusing
primarily on how cooling systems are compared and on operating issues associated with dry
cooling systems. In summary, the responses were as follows:
0

Dry cooling is never the system of choice on economic grounds.

*

Calpine had little operating experience to share since they had no dry-cooled plants in
operation.

Although the Sutter Plant, a 516-MWe 2 x 1 combined-cycle plant in Yuba City, California that
went on-line in 2001, uses dry cooling, the system was chosen on other than economic grounds.
A comparative analysis was carried out for the Acadia Plant (1080-MWe 4 x 2 combined cycle),
which is currently under construction near Eunice, Louisiana, and is scheduled to begin
operation in June 2002. A summary of the analysis indicated additional project costs of over $23
million for the use of dry cooling and an additional cost of $30 million over the life of the project
in lost revenue from reduced power production attributable to the higher plant heat rate and
lower capacity with dry cooling.
Some rules of thumb included in the consideration of dry cooling are provided below:
*

Lost capacity for dry cooling equals 16 MWe on an average day and 28 MWe on a hot day,
equivalent to 4 to 8% of the plant's steam-side output.

*

Cooling systems are designed and compared at the design back pressure at the 1%
temperature (temperature exceeded for 1% [88 hours] of the year).

*

Dry cooling saves approximately 80% of makeup water and 85% of wastewater discharge
over a typical year.

" The loss of 1 kW is approximately worth $1500 over the life of a project.
*

The capital cost of the dry cooling system is approximately three times that of a wet cooling
system.

" There is no value in'reduced licensing time in the current business climate since licensing is
not the pacing issue: Delivery times on combustion turbines ordered
today are more than 3
years.
The following anecdotal information on operational issues was provided by Calpine:
•

They have no experience with high back pressure turbines.

" Wet enhancement with spray cooling was tried at a wood-burning plant near Sonoma,
California, with attendant O&M problems. No details or explanation were available.
*

Calpine routinely uses fogging systems to cool gas turbine inlet air. They use de-mineralized
water and have no problems.
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MassPower
A telephone interview was held with Sal Paolucci, plant operations manager of MassPower, on
March 2, 2001. Contact information is provided in Appendix C.
The plant, located in Springfield, MA, is equipped with an evaporative condenser cooling system
provided by Resorcon, Inc., a subsidiary of Niagara Blower. It is the largest power generation
application of this technology in the world.
'

Basic background information on the plant and the cooling system was presented in a 1995 paper
at the ASME Industrial Power Conference (Basile, 1995). A brief description of the plant and the
cooling system follows.
The plant is a 240-MWe gas-fired co-generation plant, generating power for the grid and
supplying steam to Monsanto's Indian Orchard plant in Springfield, MA. Operation began in
1993. The power train is comprised of two 84-MW gas turbine/generators, a triple pressure heat
recovery boiler, and a 72-MW steam turbine/generator. Evaporative cooling of the gas turbine
inlet air is used for enhanced power production at ambient temperatures above 59°F.
Plant cooling is provided by a wet surface air-cooled steam condenser and an auxiliary water
cooler. The condenser consists of five cells condensing 661,000 lb/hr of steam and maintaining a
back pressure of 2.8 in. Hga at ambient conditions of 20°F dry bulb and 19°F wet bulb. Hot
weather specifications are 4.8 in. Hga back pressure at 97'F dry bulb and 80°F wet bulb for a
steam flow of 582,000 lb/hr. Total power requirements are approximately 900 HP, and make-up
water requirements range from 690 gpm at 7°F ambient to 1076 gpm at 970 F/80°F ambient.
The unit can be operated in a plume abatement mode by isolating the spray water flow to the
interior bundles of each cell with a plume reduction of 75% during "normal ambient conditions."
Plant operations personnel are quite satisfied with unit performance. Startup and shutdown are
easily accomplished. Hot day operation has not been limited: The turbine alarms at 6 in. Hga and
trips at 7.5 in. Hga. Back pressure on the hottest days is maintained at 4 to 4.5 in. Hga. There
have been no water treatment problems, and the unit is easily cleaned on-line to maintain clean
tubes.
Chinese Station
Chinese Station was visited on March 23, 2001. The plant is equipped with an ACC and a
separate air-cooled auxiliary cooler. The condenser has been outfitted with a performance
enhancement spray system to maintain plant output during hot weather. The visit was hosted by
Ron Brown, plant operations manager; contact information is provided in Appendix C.
The facility is operated by Constellation Services and owned by Pacific Ultrapower, a company
jointly owned by Baltimore Gas & Electric and Ogden (now Covanta). It is located at Enterprise
Drive, Hatler Industrial Park, Chinese Camp, California (1.5 miles south of the Rte. 108/120 split
approximately 45 miles east of Modesto).
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The plant is a 25-MW (gross)/22-MW (net) unit fueled with wood waste derived both from
agriculture and forestry waste and urban wood waste. The fuel has a heat content of- 8,000
Btu/lb, a moisture content that varies from 20 to 60% depending on the source, and an ash
content of up to 17%.
The plant has been in operation since 1986. The plant serves two functions: wood waste disposal
and electric power generation for purchase by PG&E under a 30-year contract. The waste is
purchased for a nominal charge, which essentially covers the suppliers' cost of transporting the
waste to the site while enabling them to avoid storage, disposal, or tipping costs elsewhere. The
ash is sold to local concrete plants or to agricultural interests for mixing with fertilizer and cattle
feed.
The ACC is a GEA 4-cell unit (3 condensing cells; 1 reflux [or dephlegmator] cell) sized for
189,500 lb/hr of turbine exhaust steam with 8.7% moisture. The design point is 8.9 in. Hga at
971F ambient. At temperatures above 90'F (up to summer peak temperatures of 110-115'F),
capacity falls as minimum achievable back pressure rises to 10 in. Hga and higher. Turbine
alarm is set at 12 in. Hga.
The unit fouls frequently due to the high dust levels from the waste wood fuel piles. Dust screens
have been installed to reduce the blown dust, but cleaning of the finned tube surfaces is required
as often as once a week. Cleaning is done with a fire hose to wash down the surfaces.
Plume recirculation is a problem on windy days. "Wing-like" structures have been added to the
top of the ACC along the sides to deflect plume recirculation.
The spray system was installed about 5 years ago. The motivation for installing the augmentation
sprays was to avoid penalty charges incurred when the contracted-for power level cannot be
delivered. The sprays are located along one side of the condenser at heights of 8 and 10 ft. Spray
nozzles are located about every 2 ft along the pipes and supplied with high-pressure water (up to
450 psi) that has been treated by reverse osmosis. Additional arrays placed across the tower
between the fans are used only on the hottest days. Water flow needed to saturate the inlet air at
peak summer temperatures is about 40 gpm. The spray system is capable of 150% overspray or
100 gpm; 60 gpm is collected in a basin under the ACC and recycled.
Full spray lowers the back pressure by about 2 in. Hg, resulting in 1 to 1.5 MW additional
output. Maximum augmentation is achieved when the finned tube surfaces become wet. This has
not resulted in any reported corrosion damage. There may have been some scaling or fouling, but
this is difficult to determine in the high-dust environment.
Nozzle fouling has been a problem. In 5 years, nozzles have been replaced twice. A variety of
nozzles are used (BETE, Delavan, and others). Some are the pin impingement type, others the
swirl type. It does not appear that complete evaporation is achieved even in the absence of
overspray.

3-14

Cooling Technologies: the State of the Art

References
1.
Basile, F. and G. H. Johnson, "Wet Surface Air Cooled Steam Condensers and Auxiliary Water
Cooler at MASSPOWER", PWR-Vol. 27, Proceedings of the Industrial Power Conference, Ed. N. C.
Francoviglia, Book No. 100378, 1995.

Special Report: "Cooling Towers". New York, NY: McGraw-Hill; 1973 Mar.
2.
Proceedings: International Cooling-Tower and Spray Pond Symposium Palo Alto, CA:
Electric Power Research Institute; 1990 Sep.
3.
Proceedings of the 9 th IAHR Cooling Tower and Spraying Pond Symposium; RhodeSaint-Gen~se, Belgium. International Association for Hydraulic Research; 1994.
4.
Proceedings: Cooling Tower And Advanced Cooling Systems Conference Palo Alto, CA:
Electric Power Research Institute; 1995 Feb.
5.
Adams, A. Paul and Barbara G. Lewis. Bacterial Aerosols Generated by Cooling Towers
of Electrical Generating Plants. Cooling Tower Institute. 1978 Jan; (TP78-1 1).
6.
Design Features and Their Effect on High Performance Fill. Houston, TX: Cooling
Technology Institute; 2000.
7.
Balogh, Andres and Z. Takes. Developing Indirect Dry Cooling Systems for Modem
Power Plants [Web Page]. 1998. Available at:
http://www.nemesis.at/publication/gpi-98-2/articles/33.html.
8.

BDT Engineering. Available at: www.balcke-duerr.com.

9.
Bonger, R. and R. Chadron. New Developments in Air-cooled Steam Condensing; 1995:
Paper 18.
10.
Buys, J. D. and D. G. Kroeger. Dimensioning Heat Exchangers for Existing Dry Cooling
Towers. Energy Conversion and Management. 1989a; 29(1):63-71.
11.
Cost-Optimal Design of Dry Cooling Towers Through Mathematical Programming
Techniques. ASME Trans. 1989b May; 111:322-327.
12.
Cahill, J. P. Interim Decision In the Matter of an Application for a State Pollutant
Discharge Elimination System permit by the Athens Generating Co., LP. Albany, NY: State of
New York, Dept. of Environmental Conservation; 2000 Jun; DEC No. 4-1922-00055/00001.
13.
Christopher, P. J. and V. T. Forster. Rugeley Dry Cooling Tower System. Proc. Instn.
Mech. Engrs. 1969; 184, Pt. 1(11): 197-221.

3-15

Cooling Technologies: the State of the Art

14.
Conradie, T. A. and D. G. KrSger. Enhanced Performance of a Dry-Cooled Power Plant
through Air Precooling; San Diego, CA. 199 Ia.
15.
Enhanced Performance of a Dry-Cooled Power Plant through Air Precooling.
International Power Generation Conference, San Diego, CA; 1991b Oct 6-1991b Oct 10; ASME
Paper No. 91-JPGC-Pwr-6.
16.
Cooper, John W. Cooling Tower Performance. Cooling Tower Thermal Performance
Enhancement Seminar; Jackson Hole, Wyoming. Palo Alto, California: EPRI; 2000.
17.
CTI. Bibliography of Technical Publications. Houston, TX: Cooling Technology
Institute; 1999a; Bulletin PRM-103(99).
18.
CTI. Cooling Technology Institute Home Page [Web PaW]. 1999b. Available at:
http://www.cti.org.
19.

Cooling Tower Institute Handbook. Houston, TX: Cooling Technology Institute; 1999c.

20.
DesJardins, R. J. Using the EPRI Test Data to Verify a More Accurate Method of
Predicting Cooling Tower Performance. Houston, TX: Cooling Technology Institute; 1992.
21.
DiFilippo, Michael N. Identification and Use of Degraded Water Sources for Power Plant
Cooling Water in California. 2001 Mar.
22.
Ecker, J. G. and R. D. Wiebking. Optimal Design of a Dry-Type Natural-Draft Cooling
Tower by Geometric Programming. Journal of Optimization Theory and Applications. 1978 Oct;
26(2):305-323.
23.

EPRI. EPRI Home Page [Web Page]. 2000. Available at: http://www.epri.com.

24.
Feltzin, A. E. and D. Benton. A More Nearly Exact Representation of Cooling Tower
Theory. Houston, TX: Cooling Technology Institute; 1991.
25.
Fulkerson, R. D. A Comparison of Crossflow Cooling Tower Splash-Type Fills.
Houston, TX: Cooling Technology Institute; 1999.
26.

GEA. Available at: http://www.gea-ag.de/english/gea/index.html.

27.
Gill, J. S. J. R. Parson and R. C. Gordon. A New Treatment for Calcium Carbonate
Control in Alkaline Conditions. Houston, TX: Cooling Technology Institute; 1997.
28.
Goldschagg, H. B. et al. Air-Cooled Steam Condenser Performance in the Presence of
Crosswinds Palo Alto, CA: Electric Power Research Institute; 1995.
29.

3-16

Goldschagg, Hein. Winds of Change ,at Eskom's Matimba Plant. 1999 Jan: 43-45.

Cooling Technologies: the State of the Art

30.
Hamilton, Thomas H. Developing the Worth of Colder Water in a Steam Turbine
Generating Station. Cooling Tower Institute, 2000 Jan; CTI TPOO-12.
31.

Hamon Cooling Systems. Available at: http://www.hamon.com.

32.
Hirschfelder, G. Der Trockenkifhlturm des 300-MW-THTR-Kemkraftwerkes,
Schmehausen-Uentrop: VGB Krasftwekstechnik; 1973; 53, Heft 7.
33.
Hobson, E. T. H. Massey and P. Lindahl. NPF Cooling Tower Fill--Its Development and
Demonstration. Houston, TX: Cooling Technology Institute; 1995.
34.
Howarth, J. and C. Nalepa. First Field Trials of Single-Feed, Liquid Bromine Biocide for
Cooling Towers. Houston, TX: Cooling Technology Institute; 2000.
35.
Kelly, N. W. Kelly's Handbook of Crossflow Cooling Tower Performance. Kansas City,
MO : N. W. Kelly & Associates; 1976.
36.
Kosten, G. J. et al. Operating Experience and Performance Testing of the World's Largest
Air-cooled Condenser. American Power Conference; Chicago, IL. 1981.
37.
Kroeger, D. G. Air-cooled Heat Exchangers and Cooling Towers. New York: Begell
House; 1998.
38.
Ledford, G. A. Testimony on Wet/Dry Cooling for the High Desert Power Project.
California Energy Commission: Siting Committee; 1999(Docket No. 97-AFC-1).
39.
LeFevre, M. New Technology and Cooling Tower Design Practices. Combustion. 1977
May; 28-32.
40.
Lindahl, Paul and R. W. Jameson Vol. 14 No. 2 also CTI TP93-01. Plume Abatement and
Water Conservation with the Wet/Dry Cooling Tower. CTI Journal. 1993; 14(2).
41.
March, F. and F. Schulenberg ca. 1970. GEA-Information: Air cooled condenser for a
160 MW steam power station, planning of the plant and experience gained in two years of
operation. Bochum, Germany: GEA-Ktihlturmbau und Luftkondensation, GmbH; 1970.
42.

Marley Cooling Tower. Available at: http://www/marleyct.com.

43.
Maulbetsch, J. S. and J. A. Bartz. Cooling Towers and Cooling Ponds. Handbook of Heat
Transfer: Applications. McGraw-Hill; 1985.
44.
Miliaris, E. S. Power Plants with Air-Cooled Condensing Systems. Cambridge,
Massachusetts: The MIT Press; 1974.
45.
Miller, T. 0. and J. E. Luckart. Elk Hills Power, LLC's Opening Brief on Part Two
Subject Areas. California Energy Commission: Siting Committee; 2000(Docket No. 99-AFC-1).
3-17

Cooling Technologies: the State of the Art

46.
Missimer, J. R. D. E. Wheeler and K. W. Hennon. The Relationship Between SP and
HGBIK Drift Measurement Results--New Data Creates a Need for a Second Look. Houston, TX:
Cooling Technology Institute; 1998.
Mitchell, R. D. Survey of Water-Conserving Heat Rejection Systems. Palo Alto, CA:
47.
Electric Power Research Institute; 1989 Mar; EPRI GS-6252.
48.

Niagara Blower Company. Available at: http://www.niagarablower.com/wsac.htm.

49.
Oosthuizen, P. C. Performance Characteristics of Hybrid Cooling Towers. University of
Stellenbosch: Dept. of Mechanical Engineering; 1995 Sep; ME Thesis.
Richardson, J. and M. G Trulear. Recent Advances in High Alkaline Cooling Water
50.
Treatment. Houston, TX: Cooling Technology Institute; 2000.
51.
Scherf, 0. Die luftgekdihlte Kondensationsanlage im 150-MW-Block des Preussag-,
Kraftwerkes in Ibbenbtiren, Energie und Technik. 1969; (7):260-264.
52.

Schulenberg, F. Der Luftkondensator ftir den 356-MW-Block in Wyoming/USA.

Sammelband VGB-Konferenz; 1977.
53.

Simpson, N. Air-Cooled Condenser Fits Steam Plant to Arid Site. 1970(June 8, 1970).

54.

Streng, Andreas. Circular Hybrid Cooling Towers. CTI Journal. 2000.

Suptic, D. M. A Non-Metallic Air Cooled Heat Exchanger for Cooling Tower Plume
55.
Reduction. Houston, TX: Cooling Technology Institute; 1999.
56.

Thermoflow. 1999. Available at: http://www.thermoflow.com.

Trage, B. A. J. Ham and Th. C. Vicary. The Natural Draught, Indirect Dry Cooling
57.
System for the 6 x 686 MWe Kendal Power Station, RSA. Jt. ASME/IEEE Power Generation
Conference; Boston, Massachusetts. 1990.
58.
Tsou, John J. Jenco and K. Zammit eds. Proceedings: Cooling Tower Technology
Conference; 1997 Jul.
59.
Van der Walt et al. The Design and Operation of a Dry Cooling Tower system for a 200
MW Turbo-generator at Grootvlei Power Station, South Africa. Proceedings of the 9th World
Energy Conference; Detroit, MI. 1974.
60.

Varley, J. Eskom's Majuba: at the peak of its career. 1999.

Von Cleve, H.-H. Die Luftgeklihlte Kondensationsanlage des 4000 MW-Kraftwerks
61.
Matimba/Siidafrika. VGB Kraftwerkstechnik. 1984; 64(4).

3-18

4

CASE STUDY SITE SELECTION

Within California, there are great variations in climate, hydrology, and elevation-all important
considerations in the siting of power plants and in the choice of cooling systems. The approach
taken in this project was to select four case study sites that span the range of conditions likely to
be encountered in siting deliberations for new power plants using other than once-through ocean
cooling for steam-cycle heat rejection.
Figure 4-1 shows the locations of all existing power plants in the state. In addition to numerous
coastal sites, there are large concentrations of plants in the San Francisco Bay Area, the Los
Angeles Basin, the Central Valley, and the Delta Region. The many plants in the northern and
eastern parts of the state are mostly hydroelectric units. Figure 4-2 indicates the sites of future
plants-approved, expected, and currently in the application process.
The case studies are intended to span the range of important site characteristics for locations
likely to be chosen for future gas-fired plants in the state. This section introduces key
characteristics and identifies case study sites.

Important Site Characteristics
The comparative performance and cost of wet, dry, and hybrid cooling systems for combinedcycle power plants are determined by a number of characteristics of the site. The most important
are
*

Site meteorology,

*

Site elevation,

* Water availability,
* Wind conditions,
" Local environmental constraints, and
* Proximity to other activities.
These characteristics are described below.
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Site Meteorology
The primary determinant of the relative performance and cost of a wet, dry, or hybrid cooling
system is the meteorology at the plant site. As discussed in Section 2, dry systems are limited by
their approach to ambient dry bulb temperature and wet systems by their approach to ambient
wet bulb temperature. The wet bulb temperature is always (except in the rare instance of 100%
relative humidity) less than the dry bulb temperature, often significantly. Therefore, for
reasonably designed wet or dry systems, the wet system will nearly always perform better.
Wet system performance increases as wet bulb temperature decreases and hence the technology
is particularly favored by hot, dry conditions. Dry system performance suffers as dry bulb
temperature increases and therefore is favored by cool, but humid conditions. Of particular
importance are extreme high-temperature conditions that are typically coincident with peak
summer loads on the electric power system driven by high air-conditioning demand. At these
conditions, dry cooling can impose a substantial capacity penalty on the system by limiting the
achievable back pressure on the steam turbine and hence the available power output.
To illustrate the importance of this effect on the comparative costs of wet and dry systems, sites
were chosen with a range of peak temperatures and relative humidities.
Another element of site meteorology is winter conditions. Under a range of colder conditions, a
visible plume can be produced by wet towers and by the wet portions of hybrid towers. Under
some conditions, the plume can be quite voluminous and persistent. These conditions, when
accompanied by the right wind patterns, can keep the plume at low levels and blow it toward
local features such as highways and airports, impairing essential visibility. This may require
preventive measures such as plume abatement capability on the towers or interrupted operation
during some periods with attendant higher cost and lost revenue. The situation is obviously
highly site specific.
Under more extreme winter conditions, the potential for freeze-ups exists. Both wet and dry
towers are subject to damage from freezing, and the problem for most wet systems has received
considerable attention in the literature (Michell, 1997; Fabre, 1994). The problem can normally
be addressed through prudent operating practice, such as fan control and taking cells out of
service to increase the heat load on the others. At likely plant sites in California, it is not
expected to be a problem and was not considered in the site selection..

Site Elevation
Site elevation, per se, affects the performance of cooling systems through the effect of reduced
air density at higher elevations on fan power requirements. A fixed amount of heat rejection at a
given set of temperatures requires a fixed mass flow of cooling air. At lower densities, an
increased volume flow must be maintained to provide the same mass flow; thus, a
correspondingly higher fan power is consumed. This increase in fan power is unfavorable to dry
cooling since the technology requires substantially higher air flow than do wet systems for the
same cooling load. While a range of elevations was chosen for illustrative purposes, it should be
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noted that the difference in fan power with elevation is readily calculable, and the application of
the appropriate energy cost penalty to the economic analysis is straightforward.
Secondary effects of site elevation result from the fact that higher elevations are less likely to
experience summer temperatures and humidity as high as those encountered at lower elevations.
These considerations were discussed explicitly in the previous sections on site meteorology.
WaterAvailability
Water availability is obviously a crucial factor in the evaluation of the relative costs of wet and
dry cooling systems. As will be discussed in Section 5, the cost of water for make-up to a wet
cooling tower can be a significant item in cost comparisons at some locations. This is particularly
true if water must pumped over long distances and big changes in elevation, requiring large
capital investments in water supply facilities and high operating costs for pumping power. In
such situations, the capital cost ratios of dry to wet systems can be significantly reduced, as
indicated in the studies conducted for the Elk Hills plant (Miller, 2000).
However, this consideration is entirely site specific. It is readily accounted for parametrically to
determine what the breakeven cost of water would have to be in order to alter the economic
ranking of dry vs. wet systems at a particular site with a given meteorology. Therefore, no
explicit use of water availability was made in the case study selection process.
Wind Conditions
Wind can have a serious detrimental effect of cooling tower performance in either wet or dry
systems. These effects usually are the result of plume recirculation where hot exhaust air (for dry
systems) or hot, moist exhaust air (for wet systems) is blown down near the tower inlet and
entrained with the inlet air. This raises the inlet temperature (dry or wet bulb) and degrades tower
performance. In dry towers, where the fan inlet is below the heat exchangers and more exposed
to the open atmosphere, it is possible for gusts of wind to disrupt the incoming air flow patterns
and partially starve some or all of the fans. For this reason, the consequences of wind-related
effects on performance are likely to be more severe for dry systems than for wet.
All these effects can be exacerbated by local topographic features or nearby structures that alter
wind patterns by creating vortices, downdrafts, or other flow perturbations. The situation can
often be mitigated or corrected by the construction of wind barriers (Duvenhage, 1996;
Goldschagg, 1995).
While important, wind data were not used in the selection of case study sites for two reasons.
First, it is difficult to determine the relative effect on wet vs. dry systems without site-specific
details. Second, the occurrence of wind-related performance degradation is intermittent and
seasonal and, hence, difficult to quantify in economic terms. Therefore, it would be impossible to
generalize from any case study other than to suggest that careful attention should be paid to local
wind patterns for either system.
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Local Environmental Constraints
Wet systems in particular require the disposal of sometimes substantial quantities of blowdown
in order to maintain suitable water quality in the tower and condenser. Local regulations based
on conditions in surface receiving waters, aquifers, or injection wells may limit disposal options,
requiring alternatives such as brine concentration or evaporation to dryness that may have a
potentially significant effect on the system cost. Again, these are site-specific considerations that
are difficult to generalize but relatively easy to account for in any particular economic
comparison study. They were not included in the case study selection process.

Proximity to Other Activities
A final consideration is the presence of nearby activities, facilities, or neighborhoods and the
constraints that they may impose on the design and operation of cooling systems. Examples
include the proximity of population centers, highways, airports, agricultural operations (sensitive
crops or livestock), and designated scenic areas-any and all of which may require significant
system modifications to control noise, drift, visible plumes, other visual impact, or other
considerations. Plume abatement capability and low-noise fans in particular can add substantially
to the cost of both wet and dry systems. These items will be identified in the cost discussions of
Section 5 but were not explicitly included in the case study site selections.

Chosen Sites
Four sites were selected based on two primary considerations:
1. They are from locations in California where a significant number of plants are planned and/or
are expected to be proposed. Coastal sites were not included on the basis that ocean cooling
is likely to be the preferred choice, and this approach is sanctioned by Resolution 75-58.
2. The sites represent a range of the important meteorological conditions discussed in the
section above on "Site Meteorology."
The chosen sites are as follows:
" A high desert site characterized by conditions at Blythe, California;
" A northern mountain site characterized by conditions at Burney, California (near Redding);
* A Central Valley site characterized by conditions at McKittrick, California (near
Bakersfield); and
* A Bay Area/Delta Region site characterized by conditions at Pittsburg, California.
The sites are proximate to locations designated on Figure 4-2 as sites for current or proposed
plants in the Blythe, Three Mountain, LaPaloma, and Contra Costa areas (note that the case study
sites are hypothetical, and have no relation to these proposed plants). Table 4-1 summarizes
important site characteristics and meteorological information. Appendix D provides detailed
information about each site.
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Plant/steam conditions at each site are as follows:
*

Plant type: gas-fired combined cycle; 500 MW in 2 x 1 configuration (typical of current
plant designs in California)
* Steam flow. 1,000,000 lb/hr

*

Steam quality: 95%

*

Enthalpy: 1057 Btu/Ilb

*

Back pressure: 2.5 in. Hga (Tat = 109TF)
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Table 4-1
Site Specifications

Characteristic

Site 1
(Blythe)

Site 2
(Three
Mountain)

Site 3
(LaPaloma)

Site 4
(Contra Costa)

Location

Longitude

-114.596

-121.660

-119.622

-121.805

Latitude

33.610

40.833

35.306

38.005

Elevation (ft)

390

967

320

10

Temperature, dry bulb
Tavg

72

62

67

60

Tmax

117

118

106

104

T1%

111

103

103

85

T2%

109

101

101

81

T5%

106

98

99

77

Temperature, wet bulb
Twb avg

63

58

60

56

Twb max

79

77

75

75

Twb 1%

78

70

72

66

T" 2%

77

69

71

64

Tb 5%

76

67

70

63
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COMPARATIVE COST ANALYSES

Introduction and Guidelines
In order to make appropriate decisions in choosing between wet, dry, and hybrid cooling
systems, an accurate estimate of the total cost for each alternative is necessary. Comparisons are
often difficult to make, and the findings are impossible to generalize with sufficient precision to
be useful in design or licensing procedures.
This section is intended to provide a set of guidelines for the purpose of evaluating the
completeness and credibility of cost estimates and of understanding the differences between
allegedly comparable estimates. At the outset, a methodology will be developed for making fair
comparisons. The use of the methodology will be illustrated through four case studies
representative of the likely range of conditions in California. Differences among the resulting
cost comparisons will be analyzed in order to understand the influence of site-specific conditions
on the relative costs. Finally, a series of parametric studies will be presented to illustrate the
sensitivity of the overall cost comparisons to uncertainties in individual cost components or to
unusual conditions causing some cost elements to be significantly different from average values.
Two guidelines for comparison are paramount:
1. The estimates being compared must include all costs that are affected by the choice of the
cooling systems, particularly the costs associated with the effects of cooling system
capability on plant heat rate and generation capacity.
2. Comparisons must be made between optimized systems, in which the appropriate choice of
cooling system size and capability balances initial capital cost against the cost of
performance penalties that an undersized cooling system might impose on the generating
plant.
Cautions and Limitations
The cost information and comparisons presented in this report are based on vendor-supplied data
for four case studies chosen to be representative of sites and conditions in California. Therefore,
the results should not be extrapolated or applied to situations that differ substantially from these
situations. The following specifics should be noted:
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*

*

The plant type and size were the same for all cases, namely, a new, 500-MWe gas-fired,
combined-cycle plant. The steam portion of the cycle delivers one-third or about 170 MWe.
The results should not be used in applications such as
-

Retrofit situations,

-

Stand-alone fossil-fired or nuclear steam plants, or

- Steam cycles substantially different in size from 170 MWe.
The sites were all inland sites with fresh water supply. The results should not be applied to
ocean sites using salt water for cooling tower make-up.

Methodology
As described in some detail in Section 2, cooling systems are required to condense the steam at
the turbine exhaust and to maintain the design turbine back pressure. For a given ambient
temperature and humidity, the size and effectiveness of the cooling system determines how low a
condensing temperature can be maintained for a specified water flow. Figure 5-1 illustrates the
qualitative variation in steam turbine performance and steam turbine heat rate with varying back
pressure.
Two curves and one data set are displayed:
*

A "conventional" turbine designed to operate with once-through or wet recirculating cooling
systems: These turbines are highly efficient at low (1 to 2.5 in. Hga) back pressure, incur
large heat rate penalties as the back pressure rises, and are usually limited to operation below
5 in. Hga.
" A "modified" turbine: While somewhat less efficient at lower back pressures, these designs
maintain their performance better as back pressure rises and can be designed to operate at
levels well above 5 in. Hga. For the subsequent analyses, an upper limit of 8 in. Hga is
assumed.
" Points from an operating turbine: Points taken from a heat rate curve for a turbine currently
installed and operating on a gas-fired, combined-cycle plant using an air-cooled condenser
(ACC) are plotted in Figure 5-1 and seen to agree well with the "modified" case.

The data have been presented as "heat rate ratio" (HRR), normalized to unity at 2.5 in Hga; that
is,
HRR = (Heat Rate)/(Heat Rate @ 2.5 in. Hga)
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Figure 5-1
Heat Rate Ratio vs. Back Pressure

As the back pressure increases above the design value, the turbine heat rate increases, requiring
increased steam mass flow and higher fuel consumption for comparable power generation. At
some level, the turbine cannot tolerate further increases and steam flow must be reduced, leading
to a decrease in plant output. The system suffers penalty costs at high ambient temperatures or
humidity in the form of higher heat rates and, as the turbine back pressure limit is approached,
capacity losses as the turbine steam flow is reduced to keep the back pressure within operating
limits. Since wet evaporative cooling systems cool to the wet bulb temperature, they can
maintain a lower back pressure than a dry system at nearly all ambient conditions. Additionally,
larger and, hence, more costly systems of either type will provide higher plant efficiency and
output.
Therefore, the economic design tradeoff for selecting the optimum cooling system is between
the capital cost of the cooling system, which increases with system size, and the performance
penalties-both in heat rate and capacity-that decrease as the cooling system size increases.
Figure 5-2 illustrates the tradeoffs schematically. The following sections will deal with the
determination of the various elements of these costs.
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Figure 5-2
Schematic of Tradeoffs

Previous Analyses
As part of work done on water-conserving cooling systems during the 1970s and 1980s, a
number of studies were conducted to compare the costs of wet, dry and wet/dry cooling. They
represent many different approaches to determining a fair estimate of the cost of using dry
cooling and comparing it to that of conventional cooling methods, either once-through or wet
recirculating systems. They differ from the current study in many important ways:
" They are for large, standalone steam power pants, both nuclear and fossil (coal fired).
*

They were evaluated for sites all around the country--many with meteorology very different
from any found in California;

" They are based in large measure on economic assumptions and criteria appropriate for a
regulated power industry; and
*

The costs of equipment, fuel, electricity, water, and other components of the total cost of
power production have changed dramatically since most of these evaluations-and these

changes have not necessarily been in proportion to one another.
As a result, the absolute costs, the $/kW values, and even the cost ratios from these older studies
are no longer directly useful for current estimates and system choice. However, some things can
be learned from previous work:
*
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Because the systems being compared were designed and priced in a consistent way at the
time of the study, the cost ratios remain a good indicator of the sensitivity of total costs to
variations in individual cost elements.
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The effect can be seen of different approaches to the cost comparison methodology; effects
arise from
-

Different methods of setting baselines and determining the amount of reduced
capacity or generated energy resulting from the use of dry cooling;

-

Different methods of determining the cost of replacing these shortfalls;

-

Differences in site meteorology; and

-

Differences in plant characteristics, such as the effect of different steam turbine
designs (conventional, high back pressure, extended range, etc.).

The studies were done by steam turbine vendors (GE and Westinghouse), architect-engineering
firms (IL W. Beck, Gilbert Associates, United Engineers and Constructors) and consulting firms
(Dynatech R/D Company). A comprehensive survey of these studies was conducted by Mitchell
(Mitchell 1989) to put them on a common basis and understand the differences among them.
Detailed discussions of each study are found in that reference.
The studies summarized in this section were performed by R.W. Beck (Rossie, 1970; Rossie,
1972; Rossie, 1973; Mitchel,l 1978), United Engineers and Constructors (Hu, 1976; Hu, 1977;
UEC, 1975), GE (Sebald, 1976), Westinghouse (Oleson, 1972) Gilbert Associates (Clukey,
1976), and Dynatech (Guyer, 1980). Summary results are presented here in Figures 5-3 to 5-6 as
ratios of the important cost indicators:
* Capital cost ratios (Figure 5-3)
" Capital cost + capacity replacement cost ratios (Figure 5-4)
" Total evaluated cost ratios (Figure 5-5)
" Busbar power production cost ratios (Figure 5-6).
Cost factors are defined as follows:
* Capital cost: includes everything from the turbine flange outward plus, where appropriate,
incremental steam supply costs, turbine-generator cost adders, and cost of supplemental
system for providing cooling for plant auxiliaries.
" Capacity replacement cost: cost of equipment needed to deliver to the power system that
amount of generating capacity lost on the hottest hour of the year as a result of using dry
cooling as compared to a reference (baseline system), usually wet cooling.
" Total evaluated cost: includes only costs affected by the choice of cooling system (cooling
system capital cost, fixed O&M costs, replacement capacity and energy costs, cooling system
make-up water costs, and incremental fuel costs in cases where the steam supply was scaled
up to account for the poorer heat rates of high back-pressure turbines).
" Busbar production cost: includes all the costs of generating electricity and the plants being
compared (since the cooling system costs are a small fraction of the total plant capital,
operating, and fuel costs, these ratios are normally close to unity, even when the total cooling
system cost ratios are 3 to 5 or higher).
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Figure 5-4
Capital Plus Capacity Replacement Cost Ratio
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Cost Development
The following section provides a detailed basis for the estimated cost used in this study to
compare alternative cooling systems. Costs are developed for three different systems:
*

Recirculating wet cooling

*

Direct dry cooling

*

Evaporative condensers

For each of the systems, information is provided for each cost element influenced by the choice
of cooling system and important to the economic analysis and system selection. These elements
are
" Capital cost,
*

Cost of energy required to run the cooling system,

•

Cost of plant capacity reduction,

*

Cost of efficiency reduction (reduced output or increased fuel cost),

*

O&M costs (excluding energy), and

*

Other miscellaneous cost considerations.
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The capital cost analysis for this study was based on information assembled from a number of
sources. The primary information was provided by several of the major equipment vendors in the
form of budget price estimates for four specified sites, each representative of a California
meteorology and location. In addition, information was obtained from licensing application
material supplied by the CEC, energy industry studies, interviews with system owner/operators,
and the open literature.
In some cases, the details and sources of the specific information were not for attribution.
Therefore, the costs in the following sections are presented as ranges or as qualitative estimates.
It is significant, however (as discussed in connection with some of the individual items), that
there is excellent agreement among most of the estimates. There still may be substantial
differences among cost estimates for an installation at a particular site. However, the source of
such differences, as will be discussed in many of the following sections, is the choice of design
point and not differences in the estimated cost of a system of a particular size and capability.
The equipment to be included in the cost estimate is everything downstream of the turbine flange
and includes the costs of engineering, site preparation, erection, installation, and testing.
Estimates of this kind cannot include the level of detail that is normally used in actual design
calculations. General cost categories of the sort found in engineering "handbooks" are used in
this analysis.
Recirculating Wet Cooling
The two major elements of a recirculating wet cooling system are the cooling tower and the
shell-and-tube surface condenser. The system arrangement is shown schematically in Figure 2-3.
The cost development for recirculating wet cooling is presented in the following sections:
" Surface condenser costs
*

Cooling tower costs

*

Capital cost elements

*

Example costs

"

Alternative designs: low first cost vs. total evaluated cost

*

Case studies and cost correlations

Surface Steam Condenser
The steam surface condenser is one of the major cost components of a once-through or closedcycle wet cooling system. For this study, a range of costs was developed for a conventional shelland-tube steam condenser to be used in conjunction with a wet cooling tower.
The condenser specifications were taken from the plant operating conditions given in Section 2,
specifically,
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Turbine exhaust flow:
Heat load:
Turbine back pressure:

1,000,000 lb/hr @ 5% moisture
980 x 106 Btu/hr
2.5 in. Hga (Tcond = 108.7 0 F).

Condenser design guidelines were chosen as
Tube material:
Terminal temp. difference (TTD):
Range:
Cold water temperature:

304 stainless steel; 1" OD/20 gauge
5-10 0 F
15-25°F
70-90°F

Condenser area requirements and costs were determined by calculations based on Heat
Exchanger Institute Handbook (HEI 1995) procedures and by vendor estimates.
HEI Procedures
Base heat transfer coefficients (Uo) for a typical range of tubeside water velocities were obtained
from the HEI Handbook. Correction factors were also obtained for the following:
Cleanliness coefficient:
Fe = 0.85
Tube material factor:
Fm = 0.86 (for 304 stainless steel)
Temperature correction factor:
Fw = 1.04 (at 80°F)
Table 5-1 provides corrected overall heat transfer coefficients (U), given by
U{Btu/t2-hr-F} = Uo x Fc x Fm x Fw

Table 5-1
Overall Heat Transfer Coefficient vs. Tubeside Water Velocity in Surface Steam

Condensers (source: HEI Handbook)
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Velocity, V
(ft/sec)

Base Heat Transfer Coefficient, U,
(Btu/ft2'-F)

Corrected Heat Transfer
Coefficient, U (Btu/ft2 -hr-°F)

5

588

447

6

645

489

7

696

529

8

745

565

9

783

595
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An example calculation of the required area for a mid-range of expected operating conditions is
given by
Areq'd -

Q/U x ATIn mean,

where
ATIn mean = {(Tcond - T cw in) - (Tcond - T cw ex)}/Inn{(Tcond - T cw in)/(Tcond - T cw ex)}

For tube-side water velocity of 8 ftl/sec, TTD of 7°F, range of 20'F, and Tcond of 109'F, it follows
that Tcw in = 82°F, Tcw ex 102'F, ATIn mean = 15'F, and Areq'd = 117,075 sq ft.
Supplier Quotes
A major condenser supplier was asked to provide budget price estimates for the specified heat
load, condensing temperature, and tube material for five cold water inlet temperatures from 70 to
90'F. Vendor-selected design guidelines included the following:
Range = 20'F (if available)
TTD = 5°F minimum
Tube side Apmax = 10 psi
All cases resulted in two tube pass designs, divided water box, carbon steel shell, tube support
plates, tube sheets, air cooling shrouds, and water boxes. Tube side velocities ranged from 7.5 to
10 ft/sec and the number of tubes from 9000 to 16,000. The prices included an air ejector air
removal package. The prices were quoted "ex-works," meaning ready for shipping on the
supplier's loading dock. Shipping, unloading, assembly, and testing are extra to be provided by
others.
The estimated areas and budget prices are shown in Table 5-2. The sample case, based on HEI
Handbook (HEI, 1995) procedures, is included in the table for comparison purposes and shows
excellent agreement.
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Table 5-2
Surface Steam Condensers, Supplier-Quoted Prices (Equipment "Ex-Works")
Cold Water Temp. (OF)

Surface Area (sq ft)

Budget Price ($)

70

60,578

790,000

75

75,887

990,000

80

102,843

1,240,000

82 (HEI example)

117.075

85

147,952

1,630,000

90

163,386

1,800,000

For a total cost estimate (including installation), factors of 15 to 20% were suggested by

architect/engineer personnel (Shaw/Brock). A 20% adjustment was chosen. Table 5-3 displays
the costs, normalized against area and turbine output (in kWe), along with the log mean
temperature difference (AT1 n mean) for each case. Figure 5-7 displays the costs in $/kWe plotted
against ATin mean showing a smooth relationship that is used for scaling condenser costs for the

cost comparisons.
Table 5-3
Surface Steam Condensers-Normalized Budget Prices
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Cold Water
Temp. (IF)

ATin man
(OF)

70

27.5

$

790,000

$

75

22.2

$

990,000

80

16.7

85
90

Base Price

Installed Price
(+ 20%)

PricelArea
($lsq ft)

PricelOutput
($/kWe)

15.6

5.58

$1,190,000

15.7

7.00

$1,240,000

$1,490,000

15.4

8.76

12.0

$1,630,000

$1,960,000

13.2

11.5

10.4

$1,800,000

$ 2,160,000

13.2

12.7

948,000
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Condenser Installed Costs
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Figure 5-7
Supplier Quote Correlation

Comparison with Published Costs
As a final "sanity check," a comparison was made with some values found in the technical
literature and in submissions to licensing hearings. The three sources used were
" Material submitted as part of the Elk Hills (Miller, 2000) licensing hearings,
*

Material submitted as part of High Desert Power Project licensing hearings (Ledford, 1999),
and

*

Hutton (1999), in which wet towers and surface condensers are compared with evaporative
condensers.

Detailed information on the particular design values used in each case is not necessarily
available, nor is it always known whether installation, delivery, engineering, or other
contingencies are included. Therefore, these comparisons are simply to determine whether the
values are in the general range that would be predicted by the correlation used in this study.
Costs given for the 170-MWe (steam) Elk Hills plant (Miller, 2000) and the 240-MWe (steam)
High Desert Power Project (Ledford, 1999) are $1.9 and $2.9 million respectively, corresponding
to $11 ikWe and $12. 1/kWe. No information was available to calculate either the log mean
temperature difference or the cost per unit area, but the points fall within the range of costs
shown in Table 5-3 and Figure 5-7.
The case studies presented by Hutton (1999) range from $8 to $12.5/kWe, corresponding to the
middle to high end of the range shown in Figure 5-7 using a conversion of 1,000,000 lb/hr steam
flow being equivalent to 170MWe. However, the cost per square foot in those case studies was
apparently fixed at $25, considerably higher than the values developed above.
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Two differences may account for the lack of agreement. The tube materials in the analysis by
Hutton (1999) were copper (presumably Cu-Ni or Admiralty, but not specified) rather than 304
stainless steel, and the unit sizes ranged from 100,000 to 400,000 lb/hr in steam flow, as
compared to 1,000,000 lb/hr. An informal consultation with the vendor that supplied the
estimates in Table 5-2 suggests that these differences might result in "budget prices" in the $15
to $20/sq ft range. This translates to an "installed price" range of $18 to $25/sq ft, approaching
that of Hutton (1999).
Wet Cooling Towers
The base system chosen to represent recirculating wet cooling is the mechanical draft, cross-flow
wet cooling tower in the traditional in-line arrangement of cells to form a rectangular tower (as
shown schematically in Figure 2-4). This choice, while giving up some performance and
efficiency advantage to counter-flow designs, has initial cost, maintenance, and operability
advantages, certainly in comparison with natural draft or circular mechanical draft designs. This
is particularly true for the modest sizes required for the steam-cycle portion of combined-cycle
plants, typical of the current California market.
The major capital cost elements are characterized in Table 5-4. Table 5-5 provides a typical cost
breakdown by cost element for a selected case study example, the Central Valley Site (designed
for 2.5 in. Hga at average seasonal temperature and humidity: Tavg. diy bulb = 67 0 F; Tavg. wet bulb =
60°F).
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Table 5-4
Capital Cost Elements for Wet Cooling System Equipment for New Plants
Element

Comment

Cost

Wet cooling tower

Erected tower including structure,
fans, circulating pumps, fill, drift
eliminators, etc.

Installation/erection

Included in bases price

Surface steam
condenser

Major cost element (see previous
subsection)

Typical range of $5 to $12/kWe;
approx. 35 to 45% of system cost

Tower basin

Including typical site preparation

Significant cost item; function of tower
size; estimated at $25/ft of basin
perimeter plus $10/sq ft of basin area;
typically 3 to 6% of system cost

Electricals and controls

Fan/pump motor wiring and controls,
etc.

Important cost item; estimated at
$25,000 per cell

Circulating water
system

Pumps, piping, valves, etc.

Can be significant cost item;
dependent on site layout; assumed
at 5% of total installed cost

Water supply/intake
structure

Highly site dependent; minor if source
is nearby; major, if water supply is far
from site or at much lower elevation

Estimated at 1 to 2% total installed
cost

Water
treatment/blowdown
discharge

Usually minor; may be significant if in zerodischarge region where evaporation ponds
or brine concentrators may be required

Estimated at 1% total installed cost

Auxiliary cooling

Typically 5% additional heat load

Estimated at 5% additional cost

Additional elements

Typically minor and site dependent

Not included in case study
estimates of comparisons

-

Site preparation/
access provision

-

Highly site dependent; likely minor; not likely to be affected significantly
by system choice

-

Winter operation;
freeze protection

-

Location dependent

-

Low-noise fans

-

Significant cost if required; more important for dry systems than for wet

-

Painting

-

Typically minor costs

-

Fire and lightning
protection

-

Typically minor costs

-

Acceptance testing

-

Typically minor costs

Strongly dependent on materials,
assumed Douglas Fir; typically 35
to 45% of system cost
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Table 5-5
Capital Cost Breakdown for Wet Cooling System Equipment at California Central Valley
Location, "Low First Cost" Design
Element

Cost

Wet cooling tower

1,377,000

Installation/erection

(included in above)

Surface steam condenser

1,486,000

Tower basin

165,500

Electricals and controls

125,000

Circulating water system (@ -5-6%)

170,000

Water supply/intake structure (@ 2%)

70,000

Water treatment/blowdown discharge (@ 1%)

35,000

Auxiliary cooling (@ -5-6%)

170,000

Total

3,600,000

Wet.System Cost Analysis
Budget prices were obtained for wet cooling towers for each of the four reference sites described
in Section 4. For each site, tower size and power requirements were determined for a series of
operating conditions corresponding to a range of circulating water flow rates and, hence, tower
ranges. In all cases, the hot water (or "tower on") temperature was assumed to be 1090 F.
Assuming a condenser terminal temperature difference (TTD) of 71F, this corresponds to a
condensing temperature of 1 160F and a turbine back pressure of 3 in. Hga. The circulating water
flows for the specified design heat load of 980 x 106 Btu/hr ranged from a maximum of 130,800
gpm (tower range = 150F) to a minimum of 65,400 gpm (tower range = 30°F). The flow was
never reduced to a level where the approach to wet bulb would be less than 50F.
Two criteria were used for each site:
*

A "low first cost" case in which the capital cost of the tower was minimized at the expense of
additional fan power; and

*

An "evaluated cost" case in which the sum of the capital cost and the cost of power evaluated
over the assumed 30-year life of the tower was minimized.

The latter method results in a more expensive tower but a lower lifetime cost.
The budget price for the tower included the erected/installed cost of the tower itself, the basin
costs, and the fan/motor costs, but not other items such as the condenser. Those elements of the
cost that were or were not included-and how they were accounted for to develop the capital
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cost for a complete wet recirculating cooling system-are described in detail in Tables 5-2
through 5-4 and the accompanying text.
The tower and system costs are detailed in Table 5-6, and the correlations developed from the
initial vendor data are presented in Figures 5-8 through 5-15.
Table 5-6
Site-to-Site Cost Estimates-Wet Cooling Tower and Surface Condenser for New 500-MWe
Combined-Cycle Plants with 170-MWe Steam Cycle
Desert Site

Mountain Site

Valley Site

Bay Area Site

Low First Cost Design
Total Cost

2,924,000

2,710,000

2,820,000

2,680,000

Total BHP (in hp)

1723

1851

1794

1505

-fans (in hp)

1234

1498

1441

1198

489

353

353

307

3,331,000

3,118,000

3,405,000

2,960,000

Total BHP (in hp)

964

978

1030

987

-fans (in hp)

377

645

713

680

-pumps (in hp)

587

333

317

307

-pumps (in hp)

Minimum Evaluated Cost Design
Total Cost

Figure 5-8 presents the raw data for the capital cost of the tower alone for each of the four sites
over the range of acceptable circulating water flow rates plotted against tower approach (T circ. cold
- T amb. wet bulb) for the "Low First Cost" design case. It can be seen that while the expected
general trend of lower cost/smaller tower at higher approach temperatures is evident, there is
scatter and discontinuity even within the points for each site. This results from the fact that
towers are a collection of individual cells, and designs cannot vary continuously as certain limits
on pressure drop, height, and other design quantities are encountered. Therefore, for general
studies of this type it is appropriate to develop smoothed curves to approximate the costs for
given conditions. The results will vary, but not excessively so, for the price that would be
developed in a site-specific, detailed design estimate.
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Figure 5-8
Wet Cooling Tower Capital Cost vs. Approach for Low First Cost Design (for New 500-MWe
Facilities with 170-MWe Steam Cycle)

Figure 5-9 presents data in a similar form for the capital cost of the complete wet recirculating
cooling system for new facilities. Two items are noteworthy: First, the costs now exhibit a
minimum, rather than a monotonic, decline with increasing approach temperature. This results
from the higher costs of the condenser at the higher circulating water flows, smaller ranges, and
higher condenser inlet water temperatures associated with the higher approaches. Second, the
significantly higher wet bulb temperatures at the Desert site again result in higher condenser inlet
temperatures than the other sites and substantially higher condenser costs.
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Figure 5-0
Wet Cooling System Capital Cost vs. Approach for Low First Cost Design (for New 500-

MW. Facilities with 170-MWe Steam Cycle)
Figures 5-10 and 5-11 present the same data in the same form for the cases in which the towers
were sized for a minimum evaluated cost that includes the cost of power over the life of the
tower. A comparison of the two cases shows substantially higher capital costs for the latter case.
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Figure 5-10
Wet Cooling Tower Capital Cost vs. Approach for Minimum Evaluated Coat Design (for
New 500-MWe Facilities with 170-MWe Steam Cycle)

5-19

ComparativeCost Analyses

&Dewset 8ie

lUountaIn Site

A
Am

4.10.0
S1eoooo
d

3A00,000

*By Aem Shie

I Valley 8it.

A

3.300m

,(o 0

is

10

2

Approach. d" F
Figure 5-11
Wet Cooling System Capital Cost vs. Approach for Minimum Evaluated Cost Design (for
3 JN-5A6
Now 500-MWe
Facilities with 170-MWe Steam Cycle)

t

IU

0

Figure 5-12 displays the power requiremnents for each of the designs for the two cost cases. It is
seen that the power for the mninimumn evaluated cost designs is typically one-half to two-thirds
that of the low first cost designs.
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Wet Cooling System Power Requirement (Pumps and Fans) vs. Approach (for New 500MWe Facilities with 170-MW. Steam Cycle)
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The cost of the power required to operate the pumps and fans of the cooling system is borne
continuously for the life of the plant. In order to put these continuing future costs on a common
basis with the initial capital costs, they have been converted into an "evaluated cost per kW."
The evaluated cost of a future lost kW depends on many factors--the value of the energy it
would have generated, an anticipated escalation or inflation rate, an expected discount rate, and a
marginal tax rate and the life of the plant over which the costs are to be borne.
The values chosen for evaluating the cooling system power costs are an energy cost of
$60/MWh, a 6.7% discount rate, a 3% escalation, a 50% tax rate, and a 30-year plant life. These
result in an evaluated power cost of $3625/kW. These parameters were selected in discussions
with vendors, users, and the CEC as reasonable values for the power industry situation in
California at the present time. All of these values are subject to significant variability and debate,
and a complete parametric treatment would be valuable. It is beyond the scope of this study at
this time, however. Therefore, this method for evaluating power costs for comparison and
optimization purposes will be used throughout the study, with energy cost varied in the treatment
of penalty costs.
Figures 5-13 and 5-14 show the actual total evaluated cost of each of the cases, where the power
costs are evaluated as described above.
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Wet Cooling System Total Evaluated Cost vs. Approach for Low First Cost Design (for New
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Figure 5-14

Wet Cooling System Total Evaluated Cost vs. Approach for Minimum Evaluated Cost
Design (for New 500-MWe Facilities with 170-MWe Steam Cycle)
Figure 5-15 simply summarizes the comparison of Figures 5-13 and 5-14 and illustrates that the
total costs for the low first cost designs are substantially higher than those for the minimum
evaluated cost designs in all cases.
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Figure 5-15
Comparison of Total Evaluated Costs for Wet Cooling Systems, Minimum Evaluated Cost
Design vs. Low First Cost Design (for New 500-MWe Facilities with 170-MWe Steam Cycle)
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PerformancePenaltiesfor Wet Systems
As discussed earlier, cooling systems that limit the attainable back pressure during hotter or more
humid periods of the year incur penalties in the form of lost energy output from the plant. As
discussed later in the section on dry systems, these penalties can significantly influence the size
and cost of the optimum system for dry cooling. However, for wet cooling systems their
influence is far less, particularly in climates typical of California.
Wet systems face performance limits during periods of high humidity. While sustained periods
of high humidity during peak load (air conditioning) seasons are commonplace, the climate of
typical California sites characteristically exhibits low humidity during peak load (high dry bulb
temperatures) seasons. Table 5-7 illustrates this for the four sites used in this study.
Table 5-7
Relative Humidity at Peak Temperature Periods
Site

RH @ T.I

RH @ T%

RH @T2%

RH @ T5.

Desert

19

22

24

26

Mountain

16

19

19

19

Valley

24

22

23

23

Bay Area

26

36

39

46

As seen from the wet bulb duration curves in Figure 5-16, at none of the sites does the wet bulb
temperature exceed the average wet bulb temperature for more than 1000 hours per year and, at
all but the desert site, for more than 500 hours per year.
Assuming a back pressure of 2.5 in. Hga at the average wet bulb temperature, a 10'F increase in
wet bulb temperature would correspond roughly to a back-pressure rise to 3.35 in. Hga (well
below the operating limit for conventional turbines; see Figure 5-1) and a corresponding heat rate
ratio of 1.005. This is equivalent to lost power generation of less than 1 MW for less than 1000
hours per year. At an energy cost of $100/MWh, the penalty would be less than $100,000 per
year, which is insufficient to significantly affect the choice of an optimum-size wet cooling
system. Therefore, no further consideration of energy or capacity penalty costs is provided for
wet systems. This conclusion would have to be reexamined carefully for other locations with
other climates.
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Wet Bulb Duration Curves

Dry Cooling
The base system for dry cooling is a direct system with a mechanical draft air-cooled condenser
(ACC) as shown schematically in Figure 2-6. The major items of the capital cost of the system
are displayed in Table 5-8 and discussed below.
Cost Elements
Typically included in base ACC cost are the basic heat transfer and flow components from the
turbine exhaust to the condensate tank, specifically
" Finned tube heat exchanger elements,
* Fans and motors,
" ACC support structure,
*

Steam exhaust duct,

" Piping and valves,
* Air removal equipment, and
" Support for start-up, training, and testing.
" Typically not included are erection/installation; electrical wiring, switches, etc., and hook-up;
site preparation; foundation support; steam duct support; and fire and lightning protection.
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Table 5-8
Capital Cost Elements for Dry Cooling System Equipment for New Facilities
Element

Comment

Cost

Air-cooled condenser

See discussion in text

Strongly dependent on choice
of design point expressed as
ITD (TcontTamb); ranges from
$100 to $250/kWe

Installation/erection

Significant cost item; quoted in
different ways; see discussion
in text

Ranged from $175,000 to
$225,000 per cell; $200,000
used in comparisons

Steam duct support; column
foundations

Installation dependent

Estimated for 106 lb/hr unit at
$120,000 to $160,000;
$150,000 used for costs and
comparisons

Electricals and controls

Fan/pump motor wirng and
controls, etc.; see discussion
in text

Important cost item; estimates
ranged from at $20,000 to
$35,000 per cell; used 5.5% of
installed base cost

Auxiliary cooling

Typically 5% additional heat
load; typically handled with
separate unit (usually wet) but
occasionally as extra cells on
ACC; see discussion in text

Estimated at 7.5% additional
cost without specifying choice
of auxiliary unit

Cleaning system for finned
tube surfaces

Minor but required in most
locations

Estimated at $150,000

Low-noise fans

Included in base costs (farfield sound pressure levels of
-65dBa at 400 feet)

-

Additional elements

Typically minor and site
dependentI

Not included in case study
estimates of comparisons

- Water supply/intake
structure

Minor (but not zero) for dry systems

- Water treatment/blowdown
discharge

Minor (but not zero) for dry systems

-

Site preparation/access
provision

Highly site dependent and likely minor; not affected significantly
by system choice

-

Finish paint; fire/lightning
protection

Typically minor costs

- Winter operation; freeze
protection

Location dependent and relevant to both wet and dry systems;
typically 2 to 4% of total installed cost; not included for
California estimates
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Budget prices for a dry cooling tower and associated heat transfer and flow components were
obtained from several major vendors for each of the four sites described in Section 4. The
vendors were provided with information on the site location and meteorology and plant
characteristics. A brief discussion of some of the cost items follows.
Installation/Erection
Installation and erection costs were quoted separately, with the usual caution that they could be
quite site specific. In some cases, they were expressed as "per cell" costs ranging from
.
$175,000 to $225,000. In other cases, they were quoted as a total cost for the entire tower, based
apparently on an estimated percentage of the ACC capital cost. When the per cell costs were
translated into a total tower cost, they too were approximately a fixed percentage of the capital
costs. However, the calculated percentages varied considerably from source to source, ranging
from under 30% to over 50%. Nonetheless, the total costs (capital plus installation/erection)
shown in Figure 5-17 lie on a single curve. The good agreement among overlapping points from
the several sources suggests that there may be compensating differences among what is included
in which part of the estimate.
Electrical Wiring/Hook-Up
Electrical hook-up was normally not included in the base price. Again, a per cell estimate was
given, with a fairly wide range of $20,000 to $35,000 per cell. When applied to the individual
cases, this worked out to a percentage of the base installed cost ranging from 3.5 to 7.5%. An
intermediate value of 5.5% was used in the comparisons.
Auxiliary Cooling
Auxiliary cooling requirements are usually but not always met with separate fim-fan units. For a
typical estimate of a plant requirement for an auxiliary cooling of 5 to 10% of the condenser heat
load, an allocation of 7.5% of base price was added. This is consistent with the one other study in
which the auxiliary cooling cost was broken out and discussed as a separate item. At one of the
sites visited with an operating system (the Crockett Co-Generation facility), the auxiliary cooling
was provided by extra cells on the ACC. Three of 15 cells, or 20% of the tower capacity, were
dedicated to auxiliary. cooling. This approach was characterized by one of the estimators as
''quite costly" and represents more than the generally allocated amount.
Additional Items
A number of additional items, not included in the base price, are normally necessary for a
complete, installed system. These include sensors and controls, fumed surface cleaning
equipment, fire and lightning protection, and finish painting. The costs are mostly minor with the
exception of the sensors and controls. Several sources estimated the cleaning system as $100,000
to $150,000.
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Dry System Cost Analysis
In estimating costs of dry systems for the four case study sites, vendors were free to selectthe
design point of their own choosing, based presumably on their engineering and commercial
experience with the appropriate tradeoff between initial cost and performance penalties. As a
result, the design ambient temperature for a particular site differed significantly from estimate to
estimate, leading to towers of significantly different size and cost for each location.
Figure 5-17 gives the range of capital cost vs. ITD. These costs vary by a factor of two for ACC
sizes ranging from an ITD of 20'F (large surface area) to 55'F (small surface area).
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Figure 5-17
Capital Cost vs. ITD for Air-Cooled Condenser (for New 500-MWe Facilities with 170-MWe
Steam Cycle)

Figure 5-18 displays the same data with costs expressed in $/kWe, since this is a common metric
for estimating the cost of power plants and their components. It should be noted that all the case
studies were for the same heat load, steam flow, and turbine back pressure, differing only in site
elevation (slightly)' and in site temperature and humidity profiles; extrapolating these costs on a
$/kWe basis to units of very different size or operating conditions should be done with caution.
For the cases in this study, the costs lie on a single curve over a wide range of ITD (from 20 to
55'F), with a corresponding cost range of $290 to $125/kWe.
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Figure 5-18
Normalized Cost vs. lTD for Air-Cooled Condenser (for New 500-MWe Facilities with 170MWe Steam Cycle)

Power Requirements
Figure 5-19 displays the power requirements at the motor terminals for the range of design ITDs.
Using the evaluated cost for power of $3625 kW developed earlier, the total evaluated costs are
shown in Figure 5-20. The values were normally provided as power required at the motor
terminals. In those cases where the required power was specified as fan shaft power, a motor
efficiency of 95% was assumed.
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Fan Power vs. ITD
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Figure 5-20
Evaluated Cost of Power

The capital costs (Figure 5-17) and the evaluated cost of power (Figure 5-20) sum to the total
evaluated cost shown in Figure 5-21.
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Total Evaluated Costa vs. ITD

Determinationof Penalty Costs
As discussed in earlier sections, the selection of the optimum cooling system requires a
determination of the effects on plant performance. A dry cooling system is designed to maintain
a certain back pressure for a given heat load at a given ambient temperature. Figure 5-22 shows
the variation in turbine back pressure with ambient temperature for ACCs of differing size.
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Figure 5-22

ACC Performance-Back Pressure vs. T.* (for New 500-MW. Facilities with 170-MWe
Steam Cycle)
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The design ambient temperature is normally selected to be some value well below the maximum
temeraureexpected at the site during the hottest periods of the year. Therefore, during periods
in which the ambient temperature exceeds the design temperature, the back pressure will be
higher than design resulting in a higher plant heat rate. For a steam cycle with a fixed heat input,
this translates to a lower power output. Alternatively, if the heat input can be increased, as with
supplementary duct firing, the plant output may be maintained, but the fuel costs will increase.
Additionally, as discussed earlier, steam turbines are designed with upper allowable limits on
the back pressure. If the ambient temperature reaches a high enough level, this back-pressure
limit may be approached. The steam flow must then be reduced to avoid the risk of damage to
the turbine. This can result in a significant reduction in the power output from the steam cycle. In
the case of some combined-cycle units, the only method of reducing steam flow may be to
reduce the exhaust gas flow from the gas turbines to the heat recovery steam generator (HRSG),
which will limit the output from the combustion turbine side of the plant as well-with even
greater loss of energy output.
The following section presents a methodology for determining these energy and capacity
penalties. The discussion uses the performance of five different ACCs, covering a wide range of
size and cooling capacity, to illustrate the method, the significance of the result on the selection
of the dry cooling system, and the contribution of these penalties to the total cost of a dry cooling
system. The systems are compared for the Desert site described in Section 4.

Penalty Evaluation Methodology
The five design cases to be analyzed for the Desert site are characterized in Table 5-9, which
summarizes their design points and size (expressed as design ITD).
Table 5-0
Cases for Penalty Evaluation Analysis
Case

Design Back

Design

Design

Capital

cost

Evaluated
Power Cost

Total Eval.

92.4

21.4

48,545,495

34,636,875

83,182,370

2.5

75.0

33.7

35,724,938

17,300,675

53,025,613

3

2.5

72.0

36.7

30,376,813

14,318,750

44,695,563

4

2.5

65.0

43.7

25,517,813 112,357,625 137,875,438

5

3.5

65.0

55.3

20,414,250 19,886,100

Pressure,

Tu.mm,

In. Hga

OFF

1

2.9

2

ITD,

cost

130,300,350]

The annual temperature profile for the Desert site is given in Figure 5-23, expressed as the hours
for which a given ambient temperature is exceeded.
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Figure 5-23
Desert Site Annual Temperature Profile

Performance curves for the ACC, shown in Figure 5-24, display the back pressure that can be
achieved at a given ambient temperature for the design heat load.
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Figure 5-24
ACC Performance-Back Pressure vs. T.
Steam Cycle)

(for New 500-MWe Facilities with 170-MWe

From these two curves, one can calculate, for each of the five ACC designs, the number of hours
per year the system would operate at or above a given back pressure. The data are given in Table
5-10.
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Table 5-10
Operating Hours Above Given Back Pressure

Case

2.5 In. Hga

3 In. Hga

5 In. Hga

7 In. Hga

8 In. Hga
(max)

1

2,242

1,464

102

0

0

2

3,766

2,687

683

0

0

3

4,245

3,028

835

102

0

4

5,469

4,163

1,515

354

81

5

8,594

6,435

3,028

1,464

916

The heat rate curve for the "modified" turbine displayed in Figure 5-1 can be re-plotted, using
the definition of heat rate ratio to yield the lost output, in kW, at a given back pressure. This is
displayed in Figure 5-25 below.
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Figure 5-25
Lost Output vs. Turbine Back Pressure

This relationship, combined with the operating times from Table 5-10, provides the amount of
energy lost each year as a result of increased heat rate at conditions up to the point where steam
flow must be reduced to maintain back pressure below 8 in. Hga. These energy losses are

tabulated in Table 5-11 below.
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Table 5-11
Lost Energy from Heat Rate Penalty

Case

Lost Output, MWh

1

4,718

2

10,636

3

12,576

4

19,400

5

35,718

Additional penalties are incurred when the ambient temperature rises enough for the back
pressure to approach the turbine operating limit, assumed here to be 8 in, Hga. At temperatures
between this level (T8,,) and the maximum ambient temperature, the steam flow must be reduced
to maintain the back pressure below this limit to avoid turbine trip.
The average reduction is steam flow is calculated at the average temperature during that period,
estimated as Ta,. = (Ts,, + Tmax)/2. Operation at the higher ambient temperature (Tav) while
maintaining the 8" limit would require an ITD greater than the available ITD by {(ITD 8- ITDav)/ITDav}X 100% or an equivalent % reduction in steam flow. Tables 5-12 and 5-13 present
the reductions and lost output associated with the capacity limit conditions. Note that only Cases
4 and 5 encounter the 8" limit at the maximum expected site temperature of 11 7°F.
Table 5-12
Lost Output from Capacity Reduction Penalty-Steam Side Only
Case

Tmrax

T8.,

Hga

Tcond

Tav

@8"
Hga

Required
Reduction
in ITD, %

Average
Reduction
in Output,
MW

Duration,
hours

Lost
Output,
MWh

4

117

112.5

152

114.8

5.7

20.2

81

1,632

5

117

99

152

108

17

38.1

916

34,884
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Table 5-13
Lost Output from Capacity Reduction Penalty-Whole Plant
Case

Tmax

T8" Hga

Tcond
@ 8"
Hga

Tav

Required
Reduction
in ITD, %

Average
Reduction
in Output,
MW

Duration,
hours

Lost
Output,
MWh

4

117

112.5

152

114.8

5.7

39.6

81

3,205

5

117

99

152

108

17

95.8

916

87,786

The lost output associated with a reduced steam flow depends on what must be done to achieve
it. If it is possible to reduce the steam flow without reducing the gas turbine output, by, for
example, opening a hot gas exhaust bypass around the HRSG, then the reduction in output
applies only to the steam side of the plant. If, however, as is more often the case, exhaust gas
bypass is not allowed for environmental reasons, the % output reduction will apply to the entire
plant as the gas turbine flow must be reduced as well.
The cost of these penalties is evaluated in a manner similar to that applied to the fan power
requirements. However, since these penalties are typically incurred at the hottest times of the
year, the value of the lost energy may well be higher than the yearly average value assumed for
the fan power. Tables 14-16 present the evaluated cost of the penalties for a range of energy
values, with the other parameters (discount rate, escalation rate, tax rate, plant life) held the
same.
Table 5-14
Lost Energy from Heat Rate Penalty
Case

Lost
Output,
MWh

Value @
$50/MWh

Value @
$60/MWh

Value @
$1OO/MWh

Value @
$250/MWh

Value @
$500/MWh

1

4,718

1,620,416

1,952,308

3,240,832

8,102,080

16,204,160

2

10,636

3,652,977

4,401,177

7,305,954

18,264,885

36,529,770

3

12,576

4,319,278

5,203,949

8,638,556

21,596,390

43,192,780

4

19,400

6,663,008

8,027,720

13,326,016

33,315,040

66,630,080

5

35,718

12,267,490

14,780,108

24,534,980

61,337,450

122,674,900
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Table 5-15
Evaluated Cost of Lost Output from Capacity Reduction Penalty-Steam Side Only
Case

Value @
$501MWh

Lost
Output,
MWh

Value @
$5001MWh

Value @
$250/MWh

Value @
$1001MWh

Value @
$601MWh

1

0

0

0

0

0

0

2

0

0

0

0

0

0

3

0

0

0

0

0

0

4

1,632

560,604

675,427

1,121,208

2,803,020

5,606,040

5

34,884

11,981,065

14,435,018

23,962,130

59,905,325

119,810,650

Table 5-16
Evaluated Cost of Lost Output from Capacity Reduction Penalty-Whole Plant
Case

Lost
Output,
MWh

Value @
$50/MWh

Value @
$60/MWh

Value @
$1OO/MWh

Value @
$250/MWh

Value @
$500/MWh

1

0

0

0

0

0

0

2

0

0

0

0

0

0

3

0

0

0

0

0

0

4

3,205

1,100,747

1,326,201

2,201,494

5,503,735

11,007,470

5

87,768

30,150,328

36,325,696

60,300,656

150,751,640

301,503,280

Figures 5-26 and 5-27 display the sum of the total evaluated cost from Figure 5-21 and the
penalty costs from Tables 5-15 and 5-16.
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Figure 5-26
Total Evaluated Cost and Penalties-Steam Side Only
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Figure 5-27
Total Evaluated Cost and Penalties-Whole Plant

Extension of Penalty Evaluation Procedure to Other Sites
The results of applying this penalty evaluation procedure to other sites differs only because of

differing site meteorology. Figure 5-28 displays the temperature duration curves for each of the
sites. Several features are noteworthy:
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*

The Mountain and Valley sites have temperature duration curves that are very similar in spite
of their widely different locations and environment.

*

While the general shape of the Mountain and Valley curves are also similar to that of the
Desert curve, they differ from the Desert profile importantly at the high temperature periods.
Both exhibit a sharp drop in the number of hours above a certain temperature at about 800F.
As a result, the hours during which they incur large heat rate or capacity penalties are
substantially less than at the Desert site (less than half as many hours above 90'F, for
example). As a result, the cost curves corresponding to those displayed for the Desert site in
Figures 5-26 and 5-27 would have similar shapes at the low lTD end, and the location of the
minima would be nearly the same. However, they would not exhibit the sharp upturn at the
high lTD end since the penalties associated with the choice of smaller ACCs would be far
less. Therefore. the selection of a unit with an ITD in the range of 40°F would be appropriate
for all three sites, but the consequences of choosing a lower first cost unit would be less'at
the Mountain or Valley sites than at the Desert site.

*

The Bay Area site exhibits a very different climate. Over 8000 hours are below 70'F. This
essentially eliminates the influence of the heat rate and capacity penalties in the selection of
the optimum unit and suggests that the choice of a lowest first cost ACC would be
appropriate.
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Figure 5-28
Site Temperature Profiles
The cost breakdown for a chosen ACC at the Valley site is tabulated in Table 5-17 (system
designed for 2.5 in. Hga at average seasonal temperature and humidity, Tavg. dry bulb = 67 0 F; Tavg.
wet bulb = 6 IF). The capital cost, fan power, and total evaluated cost for each of the four sites are
shown in Table 5-18.
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Table 5-17
Capital Cost Breakdown for Dry Cooling System Equipment at California Central Valley
Location-Optimized Design (for New 500-MWe Facilities with 170-MWe Steam Cycle)
Element

Cost

Air-cooled condenser

17,200,000

Installation/erection

5,000,000

Steam duct support; column foundations

150,000

Electricals and controls

1,240,000

Cleaning system for finned tube surfaces

150,000

Auxiliary cooling (@ 7.5%)

1,780,000

Total

25,520,000

Table 5-18
Site-to-Site Cost Estimates-Air-Cooled Condenser ((for New 500-MWe Facilities with 170MWe Steam Cycle)

Capital Cost
Fan BHP (in hp)
Total Evaluated
Cost

Desert Site

Mountain Site

Valley Site

Bay Area Site

ITD = 37

ITD = 44

ITD = 44

ITD = 55

30,300,000

25,500,000

25,500,000

20,400,000

5300

4770

4570

3560

44,700,000

38,400,000

37,900,000

30,000,000
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ENVIRONMENTAL IMPACTS

This section reviews and compares the environmental impacts of wet, dry, and hybrid cooling
systems on new gas-fired, combined-cycle power plants. While the primary focus of this report is
on the issue of consumptive water use, there are other environmental impacts from each of the
different types of cooling systems. To bound the scope of the discussion, the material in "Power
Plant Cooling Systems: Requirements for Approval" found in the California Code of
Regulations, Title 20, Division 2, Section 5-§2012, Appendix B, is used as a guide
(CalCodeRegs). The topics to be covered are listed in Table 6-1.

Regulatory Matters
Discussions of the environmental impacts are often inseparable from discussions of the rules and
regulations that control them. It must be assumed that any cooling system selected will be
designed and operated in such a way as to conform to all relevant environmental regulations. A
comprehensive economic comparison, therefore, would include the costs of the environmental
control systems required for compliance.
However, the regulatory requirements are complex. Power generation facilities, including their
cooling systems, have been the object of legislative and regulatory attention at both the federal
and state levels for decades. Furthermore, the regulatory philosophy has changed, particularly
(but not only) in California. Historically, environmental regulations either invoked quantitative
measurable limits on specific emitted chemicals or on the parameters of environmental releases,
or alternatively, mandated the use of certain technologies, designated as "best available" or the
like. Cost of compliance, while sometimes capped in the case of impacts considered less severe,
was reasonably easy to anticipate.
Recent shifts in philosophy focus on the establishment of goals and objectives for particular
regions that may vary with present condition and intended use. Effluent limits and technology
requirements are then set on a case-by-case basis to achieve the local goals and objectives.
A detailed description of the regulatory framework and the statutory basis for environmental
regulations is available in the report from a companion EPRI-CEC project on the use of degraded
water for power plant cooling (DiFilippo 2001). The discussion here is limited to the nature of
the impacts of the alternative cooling systems.
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Table 6-1
Power Plant Cooling Systems: Requirements for Approval (from California Code of
Regulations, Title 20, Div. 2, Chap. 5---§2012, App. B)
Subsection (of
App. B)

Subject

Requirement

Relevant
Code/Regulation

(g)(14)

Water Resources

Waste Discharge
Req'ts; NPDES;
Policy 75-58

(g)(12)

Waste Management

Cal. Code, title 22,
§66261.20 et seq.

(g)(10)

Hazardous Materials
Handling

Cal. Code, title 22,
§66261.20 et seq.
Also, Health and
Safety Code,
Section 25531.

(g)(8)(A)

Air Quality

(g)(4)

Noise

(g)(6)(F)

Visual Resources

(g)(9)

Pubic Health

Health and Safety
Code, Section
25294.8

(g)(13)

Biological Resources

Cal. Code, title 20
Sects. 1702 (q) and

Information necessary
for air pollution control
district to complete
Determination of
Compliance

None cited

None cited
Assessment of impact of
visible plumes

None cited

(v)
(g)(15)

Agriculture and Soils

Effect of emissions on
surrounding soilvegetation

None cited

Types of Cooling System Impacts
Impacts of cooling systems include the effects of emissions to all of the environmental media
(air, water, land) as well as societal effects including public health and public nuisance. Specific
items to be addressed, following the guidance of Table 6-1, include
" Water resources,
*
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*

Hazardous materials,

*

Air emissions,

*

Noise,

*

Visual resources,

*

Public health,

*

Biological impacts, and

*

Agriculture and soils.

Water Resources
As discussed in Sections 1 and 2, the primary consumptive use of water in gas-fired, combinedcycle power plants is in evaporative cooling towers for the condensation of turbine exhaust
steam. Additional minor uses include the following:
*

Steam cycle make-up: This can vary considerably with the operating profile of the plant. Cogeneration plants, for example, generate electricity and provide process steam to industrial
partners. In some instances, condensate is not returned to the plant but rather disposed of in
the industrial process or, if returned, is no longer usable due to contamination.

*

Auxiliary cooling load: In addition to turbine steam condensation, there are-cooling loads in
a power plant (e.g., oil cooling, generator hydrogen coolers) that typically amount to about
5% of the turbine condenser heat load. If this cooling is also provided with wet evaporative
cooling, the evaporation losses are increased correspondingly.

*

Hotel load: This refers to plant service water, such as cleaning water, sanitary water, drinking
water, and air-conditioning condenser loads.

In some cases, modest amounts of water are used for plant performance enhancement:
*

Gas turbines: Some combined-cycle units use evaporative or spray cooling on the inlet air of
the gas turbine units to maintain output on hot days. This consumption rate can range from
0.6 to 1.2 gpm/MW of gas turbine capacity during the periods when it is being used (Molis
1997).

" ACC: While not commonly used, similar systems for cooling of the inlet air to the air-cooled
condenser can maintain steam cycle capacity on hot days. The usage rates on the steam side
would be higher than on the gas turbine side since the air flow per MW is higher, and might
range from 2 to 6 gpm/MW of steam turbine capacity.
Dry Cooling
In comparison to recirculating wet cooling, a dry cooling system reduces the water consumption
by 90 to 95% by
*

Eliminating the evaporative cooling tower for the turbine steam condensing load, and
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*

Sometimes eliminating the auxiliary cooling load (in some systems, the auxiliary cooling is
accomplished by adding cells to the ACC; in others, a separate fin-fan or evaporative cooler
is used, in which case water consumption is still required).

The hotel load remains essentially the same. Water for performance enhancement is unchanged
by the choice of cooling system. If inlet air cooling is used on the ACC, the water consumption
rate can be 25% of that for a full wet system during the period that the enhancement is required.
On an annual basis, depending on the duration of the hot periods, it is typically a small fraction
(I to 5%) of the annual consumption of a wet cooling system (Kroeger, 1998).
Hybrid System
A hybrid system reduces the water requirements for steam condensation in proportion to the
fraction of the load carried by the dry part of the system. If the hybrid system is used primarily
for plume abatement, it operates as a wet system except for cold periods when plumes would
form. During those times when the dry system is in use, it would typically carry 25% of the load
with a corresponding 25% reduction in water use. However, on an annual basis, since the dry
system operates only intermittently, the water consumption would be nearly the same-95 to
99% that of a conventional wet cooling system.
Alternatively, a hybrid system intended for water conservation operates dry during the colder
seasons, using water only when required to maintain plant efficiency and capacity during:the hot
periods when the dry system's limitations become severe. The water savings relative to an allwet system can vary widely depending on the economic criteria used in system selection and
design. The unit at the 500-MW San Juan plant was designed to carry approximately 75% of the
heat load on the wet portion at the highest-temperature conditions (Kroeger, 2000). On an annual
basis, design studies estimate water savings ranging from 30 to 98% (Mitchell, 1989).
Waste Management (Including Water Discharge)
Wet cooling systems require the discharge of cooling tower blowdown. The SWRCB has
adopted a State Implementation Policy for implementing the receiving water standards in EPA's
California Toxics Rule. Under the section on intake water credits, a facility that takes water from
an impaired water body may discharge back to that water body if the concentration of the
pollutants has not been increased. This offers relief to plants using once-through cooling;
however, for plants that use cooling towers, blowdown treatment is required. This may also
require consideration of the disposal of solid waste, such as basin sludge or water treatment
system sludges from evaporation ponds, brine concentrators, side-stream softeners, or other
blowdown reduction processes.
A detailed discussion of the effects, regulations, and technological options for treatment or
reduction of the impact in the case of wet cooling systems is given by (DiFilippo 2001)
Obviously, dry systems eliminate blowdown discharge and waste disposal related to blowdown
treatment. Hybrid systems reduce these effects in proportion to the fraction of the condensing
load carried by the dry part of the system. The water and wastewater treatment and discharge
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facilities are included as line items in the capital cost of cooling systems but are not major cost
elements (see Section 5).
Hazardous Materials
The handling of hazardous materials is a worker safety issue, normally regulated under OSHA
guidelines. For the operation of a wet cooling system, the most relevant concerns are over water
treatment chemicals and waste streams. Chlorine and bromine compounds for biological fouling
control are used and stored on site in large quantities. Scaling and fouling control operations
involve specialty chemicals of a wide range of composition, as well as acids and bases (such as
sulfuric acid, sodium hydroxide, hydrated lime, etc.) for pH control. In comparison to many
chemical and petrochemical plant operations, the chemicals used at power plants are not severe
hazards and can be dealt with through routine hazardous operations (HAZOP) procedures,
appropriate worker training, and reasonable plant design and maintenance.
Hybrid towers require the same operations, materials, and precautions as do wet towers in
proportionally reduced scales. Dry systems effectively eliminate major water treatment
problems. However, this is not an issue of sufficient concern to affect the decision between
cooling system types.
Air Emissions
Air-borne emissions from cooling towers are primarily associated with the drift and volatile
compounds stripped from the water by the air flow. Drift consists of the small droplets entrained
by the air passing through the tower as it flows past falling films or droplets of water. The
smallest droplets are carried out of the tower with the air. Drift eliminators keep these losses to
very low levels, typically less than 0.005% of the circulating water flow rate. For a tower on a
500-MWe combined-cycle plant, this corresponds to less than 5 gpm or approximately one-half
the flow from a hand-held garden hose. However, even this small amount of discharge to the
atmosphere invokes air quality control regulations.
FederalRegulations
Airborne emissions from cooling towers are regulated under the Clean Air Act, specifically the
provisions of the National Emissions Standards for Hazardous Air Pollutants (NESHAPS).
Listed pollutants under NESHAPS with relevance to wet cooling towers include asbestos (in the
case of older towers using cement-asbestos [CAB] fill), chromium, zinc and zinc oxide, and the
trihalomethanes. Title 40, Section 1, Part 63 (NESHAPS for Source Categories) Subpart Q
(NESHAPS for Industrial Process Cooling Towers {IPCT}), Section 63.402 states:
"No owner... shall use chromium-based water treatment chemicals in any affected IPCT."
Under Part 749, Water Treatment Chemicals; Subpart D, Air-Conditioning and Cooling Systems;
§749.68, Hexavalent Chromium-based Water Treatment Chemicals in Cooling Systems,
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chromium-based compounds are prohibited in commerce for "comfort cooling towers" and for
new units of IPCTs (but not for existing IPCTs).

State Regulations
Title 17, Public Health, Division 3, Air Resources, Section 1, Air Resources Board, SubSection
7.5, Airborne Toxic Control Measures; §93103, Regulation for Chromate Treated Cooling
Towers bans the use of hexavalent chromium containing compounds in cooling tower circulating
water. For existing towers, especially wood towers, that have used such compounds in the past, a
period of time is permitted to allow the chemicals to desorb from the tower and be eliminatedso long as the level in the circulating water does not go above 0.15 mg/L (8 mg/L for wood
towers), and tests show a continuous decrease over time.
While the drift amounts are relatively small, the droplets contain all of the impurities contained
in the circulating water. Furthermore, as a result of droplet evaporation in the tower, plume, and
atmosphere, impurities are often found at significantly higher concentrations in drift. When the
drift droplets evaporate completely, the contaminants remain in the air as fine particulate matter
(PM 10) and constitute a source of PM 10 emissions from these gas-fired, combined-cycle plants.
The magnitude of PM 10 emissions from cooling towers is a subject of debate and discussion at
this time. Total drift rates are historically difficult to measure accurately. Modem highperformance drift eliminators are specified to control drift to 0.002% of the circulating water
flow or less. For a 500-MW combined-cycle plant with -170 MW generation from the steam
portion and an assumed circulating water flow of 500 gpm/MW, this corresponds to a total drift
rate of 1.7 gpm or about 20,000 lb/day. At a circulating water solids concentration of 10,000
mg/L, this corresponds to a potential drift mass of solid particulate of 200 lb/day. Although there
is considerable uncertainty in these estimates, a recent study (DiFilippo, 2001) reports a similar
result of 300 lb/day for a comparably sized plant.
By comparison, estimates developed by the California Air Resources Board and presented at the
CEC/EPRI Workshop (EPRI 2000) of PM10 emissions from state-of-the-at gas turbines are
0.0001 lb/kWh, amounting to about 800 lb/day from the combustion turbine side of a 500-MW
combined-cycle plant.
In the event that the circulating water contains bacterial or pathogenic species, drift is a potential
transport pathway from the plant to the surrounding areas. The usual example in this area is
,Legionella. References include (CTI 2000). This is discussed in somewhat greater length later in
this Section under "Public Health."
Other air emissions include volatile species that are formed in the cooling tower as a result of
water treatment processes such as chlorination and then stripped from the water by the cooling
air. Trace amounts of volatile organic compounds (VOCs) and particularly trihalomethanes
(THMs) have been detected. A complete discussion of this area is found in DiFilippo (2001).
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Second-OrderEffects
The primary air emissions from combined-cycle plants are, of course, from the combustion of the
gas fuel for the combustion turbines. As noted in earlier sections, the choice of cooling system
can affect the overall plant heat rate and capacity. Therefore, to meet a given total system load,
more fuel must be burned if dry cooling is used-with a corresponding increase-in emissions of
NO,, particulate matter, 502, and CO 2 in amounts and proportions that depend on where and in
what equipment the additional fuel is used.
A detailed treatment of this issue is beyond the scope of this report. However, on a system-wide
basis, one can estimate that if 10% of system generation were to be equipped with dry cooling
and each of those units incurred an annual average 10% performance penalty, neither of which is
likely, the effect on overall system heat rate would be, to first order, only about 1%/o--with a
correspondingly small impact on state-wide air emissions. On the other hand, a case-by-case
analysis of these emissions would be needed to determine what the local environmental impact
of each cooling option would be.
Noise
The effect of noise on residences, hospitals, libraries, schools, places of worship, and other
neighboring places must be considered both during construction and operation. While no
regulatory limits were found, the "Information Requirements" (CalCodeRegs) specifically define
areas where a "potential of 5db (A) or more over existing background levels" might occur as
affected areas. In addition, noise levels within the project site boundary and their impact on
workers at the site must be considered.
The primary noise from cooling facilities is fan noise and "fill" noise caused by the flow of water
down over the tower fill. Dry cooling would eliminate the "fill" noise perhaps at the expense of
somewhat more fan noise since the quantity of air flowing through a dry tower is greater than
that through a wet tower of the same capacity.
In the case of the Crockett Co-Generation Plant (see Appendix C), the plant is located on the
outskirts of the town of Crockett in a mixed commercial/residential area with private homes
located across the street to the south. On the northern boundary are the Carquinez Straits of the
San Francisco Bay, a recreational and commercial boating area. Site-specific noise limits of 50
dB at the nearest residence and at a distance of 300 ft into the Bay were imposed and met with no
difficulty through the use of Alpina low-noise fans.
In cases where ultralow-noise fans are required, the cost can be substantial (see Section 5).
Recent discussions with one vendor suggest a 10% premium on the base cost of the ACC. In
another study, noise control was estimated to account for an $8 million cost differential on a 750MW combined-cycle plant, amounting to nearly 20% of the ACC capital cost (Micheletti
2001;UWAG 2000).
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Visual Resources
An assessment of the visual impact of a project is required, including a description of the
dimensions, color, and material of each major visible component. Specific reference is made to
light, glare, and visible plumes.
Of the several cooling systems, once-through cooling is the least visually intrusive, but is a iikely
system of choice only for coastal locations. Cooling towers are among the larger components at
gas-fired, combined-cycle plants.
Large hyperbolic natural draft towers, such as were used at the Rancho Seco Nuclear Plant, are
the largest structures, but these are also unlikely choices for the cooling system sizes needed for.
the steam portion of a typical 500-MWe combined-cycle plant. Mechanical draft wet towers and
dry towers are more generally comparable in overall configuration. Dry towers are larger,
typically with a ground area or footprint twice that of a wet tower of the same capacity, They are
also typically taller because of the large ground clearance needed to deliver air to the fans.
However, in some cases, the absence of a large holding basin, which requires that wet towers be
built on grade, can allow creative location of an air-cooled condenser. This was the case at
Crockett, where the ACC is placed on top of the turbine building to accommodate a tight site and
to blend into the site less obtrusively.
On cold days, wet towers can produce a large visible plume as the warm saturated air leaving the
tower mixes with the cold ambient air and the water vapor condenses. In some locations, these
plumes may obscure visibility, creating dangerous conditions on roadways, or may lead to local
icing on neighboring roads or structures.
Obviously, a dry tower never produces a visible plume. Hybrid wet/dry towers are often
designed specifically for plume abatement. In these designs, dry warm air from the-dry portion of
the tower, when mixed with the saturated air from the wet portion, results in an unsaturated
mixture that will not lead to condensation of water vapor when mixed with ambient air.
Public Health
The most frequently cited public health issue in the context of cooling towers is the possibility of
Legionnaire's Disease, so-called because of an outbreak at an American Legion convention in
Philadelphia in 1976, attributed to pathogens (Legionellapneumophilia)in the cooling tower for
the HVAC system in the hotel. While the frequency of occurrence of Legionnaire's Disease is
small (approximately 1400 cases reported to the Center for Disease Control annually) and the
number of these attributable to cooling towers (at power plants or anywhere else) is even fewer,
the question has been investigated extensively in the U.S. and abroad. An extensive discussion of
the transmission pathways, monitoring methods, and control procedures is given by DiFilippo,
(2001) in the context of the use of degraded or recycled water in wet cooling towers. More
complete treatments are found in the CTI and ASHRAE literature and references therein.
While the consequences of exposure can be very severe and even fatal-particularly to at-risk
populations (elderly, smokers, individuals with chronic respiratory problems or with suppressed
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immune systems)-the evidence of harm is sparse and largely anecdotal. Cooling towers are a
common element of our industrial, commercial, and residential scenes in high-density population
areas in all climates. No compelling epidemiology has established a significant threat.
Reasonable monitoring and control procedures should be followed, but it is unlikely that the
choice of cooling system would be significantly influenced by public health concerns.
It should be noted that Legionnaire's Disease should also be viewed in the context of worker
safety and health. This has been addressed in OSHA guidelines, and the topic is reviewed by
DiFilippo (2001).
Biological Impacts
The biological impacts usually considered in relationship to cooling systems are entrainment and
impingement losses. These result from aquatic life-from fish to microorganisms-being drawn
into the cooling system (entrainment) or onto the intake screen (impingement) along with the
cooling water. These effects, which have long been recognized and regulated under Section
316(b) of the Clean Water Act (EPA 2000), were usually considered in connection with oncethrough cooling systems. In once-through cooling, intake requirements of 500 gpm/MW can
result in high withdrawals from the source water body even for modest-size plants.
The use of wet recirculating systems reduces the withdrawal rates to perhaps 2.5 to 3% of those
in once-through systems. In recirculating evaporative systems, however, the entrained organisms
have no chance of survival, and the water is not returned to the source water body. In the case of
the smallest water bodies with low in-stream flows, it may be possible that even this reduced
amount could have an important biological impact.
The use of dry systems will result in another 20-fold reduction in withdrawal rates. However, in
comparison to once-through cooling, the further reduction over what wet recirculating systems
achieve is small-from 2.5 to 3% down to perhaps 0.1%.
The EPA has recently proposed (EPA 2000) that power plants requiring NPDES permits and
operating cooling water intake structures (CWIS) that withdraw more than 2 million gpd must
consider alternative technologies to determine the Best Available Technology for the site. To put
this in perspective, 2 million gpd is the withdrawal required for 3 MW on once-through cooling
or approximately 100 MW on wet cooling towers. Therefore, a 500-MW combined-cycle plant
with one-third of its capacity (-170 MW) from the steam cycle that uses wet cooling towers
would withdraw over 3 million gpd and would, therefore, be required to consider the Best
Available Technology for water intake.
In the support document issued as part of the Notice of Proposed Rulemaking, EPA introduced
dry cooling as one the "Alternative Regulatory Options" (EPA 2000). In summer 2000, New
York State's Department of Environmental Conservation required the use of dry cooling at the
Athens Generating Station (a 1080-MW gas-fired plant) as the preferred Best Available
Technology for "minimizing adverse environmental impact" of a cooling water intake structure
(Cahill, 2000).
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The question has been posed as to whether dry cooling may also have a biological impact in the
form of "atmospheric entrainment" losses in which insects, or even birds, may be drawn into the
large air stream passing through an ACC. There is no research or information on this question
currently available, but further investigation may be warranted in the future.
Agriculture and Soils
Deleterious impacts of power plant cooling systems on surrounding agriculture have not been an
issue except in a few special circumstances. One notable study was conducted in the mid-1970s
at the Potomac Electric Power Company's Chalk Point Station in Maryland. In that case, the
towers were run on brackish make-up water with a circulating water salinity comparable to sea
water (35,000 ppm TDS); the towers were hyperbolic natural draft towers with a plume exit
plane elevation of about 400 feet; and the plant was located in a tobacco-growing region with a
specialty crop of leaves intended for use as the outer wrappers of cigars. High-salinity droplet
deposition on the leaves could create small, discolored spots, making a leaf unusable without in
any way affecting the health of the plant or the quality of the soil. Even under these conditions,
the risk was eventually determined to be negligibly small, and the plant and towers continued to
operate with no special controls and no adverse impact on the region's agricultural activity.

Summary
On balance, the environmental effects of dry and wet/dry systems are reduced in comparison to
wet systems, but case-by-case analyses should be conducted to identify important site-specific
effects for any system chosen.
The most important environmental effects of wet systems arise from water consumption, water
and waste discharge, intake losses (entrainment or impingement), drift, and visible plumes. The
use of dry cooling essentially eliminates all of these effects; wet/dry systems can be operated to
eliminate the visible plume and to reduce the other effects by an amount proportional to the
reduction in water consumption relative to all-wet systems.
In some other cases, the effects of dry cooling are greater than for wet systems. Specifically, dry
cooling towers are physically larger and hence create a correspondingly greater visual impact
than wet towers; the reduced plant efficiency which occurs during certain hotter periods of the
year from the use of dry cooling results in higher fuel consumption and correspondingly higher
air emissions from the combustion processes in the plant; and the noise from air-cooled systems
is comparable to or greater than that from wet towers unless special provisions for low-noise fans
are made. In addition, dry systems entrain more air than wet systems, creating the possibility of
an increased "atmospheric entrainment" impact.
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CURRENT RESEARCH AND DEVELOPMENT

As noted in Section 3, in spite of renewed interest in dry cooling as a technology, there has been
relatively little published in the research literature in recent years. It can be assumed that
development work of the product improvement variety has been, and is, under way at major
vendor facilities but is not yet published in the open literature.
The limited amount of published work falls in four categories:
* Heat exchanger design (including fan development for noise reduction)
* Performance enhancement
*

System design

* Analytical methods
Some of the work cited in these categories is old by research definitions of "current" R&D but is
included here either because it has yet to be exploited and may still be relevant or because it was
the basis for current and presumably still evolving designs.
A summary of "the latest worldwide technology in environmentally designed cooling towers,"
including some attention to dry and wet/dry technologies, was presented a few years ago (Mirsky
et al., 1992).

Heat Exchanger Design
The primary objective of heat exchanger design work on the finned tube coils for air-cooled
condensers has been to reduce the air-side pressure drop while maintaining heat transfer
effectiveness. The major advance in this area has been through modification of the tube
geometry from circular to elliptical to flattened shapes that permit the use of a single tube row.
This eliminates the losses associated with flow transitions from row to row encountered in either
in-line or staggered arrangements of round tubes. This approach, actively promoted by Hamon
(Bonger and R. Chandron, 1995), was summarized in a 1999 article in Modern Power Systems
(Staff report, 1998) stating the following advantages:
* Freeze-proof operation (due to uniform steam flow distribution)
* Increased power generation during winter operation (without risk of freezing)
* Lower fan power consumption
* Increased thermal efficiency
7-1
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Detailed performance calculations for these exchangers using single row, flattened tubes are
available in Sections 5 and 8 of Kroeger's text (Kroeger, 1998).
It is noted in the Modern Power Systems article (Staff report, 1998) that the use of this design in
natural draft units is promising. While this is of little interest to the California situation, it may
expand advances in the design more widely.
Work also continues on the development of ultralow-noise fans. Some developments have been
reported in EPRI workshops in St. Petersburg, FL (van der Spek and P. J. M. Nelissen, 1995),
and in Jackson, WY (van der Spek, 2000), at which 15-db reductions in a retrofitted mechanical
draft wet cooling tower were reported.
Performance Enhancement
It has long been recognized that the major performance and cost issue with dry cooling has been
the limitation on performance during the hottest days of the year, where'the use of dry cooling
can limit plant output and decrease plant efficiency. While it is possible to mitigate this effect by
selecting a larger air-cooled unit to begin with, this comes with a considerable increase in the
initial cost (see Section 5). Furthermore, the achievable condensing temperature is still limited by
the ambient dry bulb no matter what the size. At a design ITD of 20'F (probably an upper '
practical limit on unit size) in areas where the 1% dry bulb can approach or exceed 120'F, an
ITD of 20°F would result in a steam condensing temperature above 140'F and a back pressure in
excess of 6 in. Hga. Therefore, the researched enhancement schemes have focused on the use of
a limited amount of water during the hottest hours. There are a variety of approaches available:
" Wet helper towers
*

Swamp coolers in ACC inlet areas

*

Deluge cooling of finned tube surfaces

*

Spray injection in several configurations

Analyses performed about 10 years ago (Conradie and D. G. Kr~iger, 1991) illustrated that
substantial performance enhancements could be achieved with a limited use of water, as shown
in Figure 7-1 excerpted from Kroeger's text (Kroeger, 1998).
Recently, a spray enhancement project involving laboratory and single-cell testing has been
carried out (Maulbetsch and M. N. DiFilippo, 2001). Some full-scale applications exist on small
plants such as Chinese Camp (see Appendix C) and Mammoth Lakes Geothermal Plant. System
analyses have been conducted recently at the National Renewable Energy Laboratory (NREL) on
four approaches to hot-day performance enhancement for a small dry-cooled geothermal plant
(C. Kutscher, NREL, personal communication). The four approaches were spray cooling, deluge
cooling, wet packing (Munters fill) at the inlet, and a hybrid system combining spray cooling
with wet inlet packing. The results suggesting slightly better "rates of return for the spray and the
hybrid system" are tentative and unpublished at this time.
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Deluge cooling has been studied previously and dismissed in a number of publications. The most
detailed work, performed as part of the USDOE/EPRI Advanced Concept Test of an ammonia
dry cooling system, was reported in Allemann et al. (1987) and is described in a little more detail
below.
Studies have also been made of a thermal storage, peak-shaving concept in which advantage was
taken of the diurnal cycle to provide excess cooling at night to accumulate a reservoir of cold
water for use during the hot daytime hours on the following day. This concept has not been
pursued commercially at this time.
System Design
A variety of system design configurations have been proposed, studied, and, in some cases,
implemented over the past 10 or 20 years.
Direct-ContactCondensers
This design was originally proposed by Heller-Forgo of Hungary and continues to be developed
by their successor organization, EGI (Balogh and Z. Takacs, 1998). Often used in conjunction
with natural draft towers, it is discussed in Kroeger's text (Kroeger, 1998). No recent advances
have been reported.
Ammonia Dry Cooling
This concept was studied extensively by USDOE and EPRI in the 1980s. The system is an
indirect type, in which the usual circulating water loop is replaced by a phase-change ammonia
loop where the ammonia is evaporated in the tubes of the steam condenser and condensed in an
air-cooled condenser. The advantage comes from the elimination of the temperature difference
between the ambient dry bulb and the condensing steam temperature normally imposed by the
condenser cooling water's temperature rise (range) in conventional indirect systems. The concept
was tested and well documented (Allemann, 1986; Allemann, 1981 b; Allemann, 1981 a;
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Allemann and others, 1987), with the participation of several major equipment vendors
(Baltimore Air Coil, The Trane Company, Curtiss-Wright, CB&I, and Union Carbide). To date,
the concept has not been pursued commercially but may bear reexamination in light of increasing
interest in economical dry cooling.
Evaporative Condensers
The use of an evaporative condenser that can be run in a dry mode during colder periods has
been used in a number of industrial HVAC and process cooling applications and in at least one
power plant (see MassPower, Appendix C). It is discussed at length in Section 8.

NWD
A single reference (Miura and 0. Gotoh, 1998) is made to what is described as a "novel wet/dry
tower" for plume abatement with no separate finned tube dry section. It works by interrupting the
water flow to a section of the fill during cold, plume-forming periods. In that regard, it has some
similarities to the evaporative condenser (see above). There is no information given on cost or
performance.
Analytical Methods
There is some activity on computational procedures for system optimization and for determining
wind effects. This includes work on the following:
"

System optimization on a nonlinear constrained problem using a sequential quadratic
programming method (Conradie et al., 1998)

*

Optimization by geometric programming (Ecker and R. D. Wiebking, 1978)

" Computational fluid dynamics (Eldredge, 1995)
" Generalized optimization techniques (Kintner-Meyer and A. F. Emery, 1994)
*

Computer-aided optimization (Li and W. Sadiq, 1985)

Progress in these areas will accrue to the benefit of future cooling system designs.
Summary
There is little current research and development work being reported in the open literature on dry
or wet/dry cooling systems for power plants. A few important exceptions include improved heat
exchanger geometries for finned tube bundles in air-cooled condensers (Bonger, and R.
Chandron 1995; Staff report, 1998; Kroeger, 1998); enhancement of air-cooled condenser
performance with the use of limited water (Maulbetsch and M. N. DiFilippo, 2001; Balogh and
Z. Takacs, 1998); the use of evaporative condensers (Hutton, 1999; Niagara Blower Company);
and optimization techniques (Conradie and others, 1998)
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EMERGING TECHNOLOGIES

The literature search revealed only one technology that qualifies as an "emerging" technology,
i.e., one in an advanced stage of development with the potential to be seriously considered as an
alternative water-conserving technology for power plant cooling in the near future, say, within
the next 5 years. This technology, based on the evaporative condenser concept, is described in
the following section. The cost and performance information is presented in the same format that
was used in Section 5 for the wet and dry cooling systems.
Hybrid Cooling Systems: Evaporative Condenser
An alternative cooling technology, widely used in the chemical process and HVAC industries
and recently considered for power plant applications, is the evaporative condenser or wet surface
air cooler (WSAC). Detailed descriptions of the technology are found in the CTI literature
(Hutton, 1999) and on vendor websites and in brochures (Niagara Blower Company).
Fundamental treatments of the thermodynamics and heat transfer mechanisms in the process are
found in standard texts and handbooks (see references in Hutton, 1999).
A unit by Resorcon (Niagara Blower, Inc.) has been operating at MassPower, a 240-MWe plant
in Springfield, MA, since 1993. A description of their operating experience, based on a telephone
interview with the plant superintendent, is included in Section 3.
A brief description of the technology follows for convenience of reference. Figure 8-1 provides a
schematic view of the equipment. The process fluid, in this case condensing steam, flows
through horizontal tubes arranged in bundles. Air flow is induced downward across the tube
bundles, turned 1800 through mist eliminators and the fan, and then discharged vertically
upward. Water is circulated from a collection basin and sprayed onto the top of the tube bundles.
It then flows downward, co-current with the air, and returns to the basin. Heat is transferred from
the condensing steam through the tube walls to the falling liquid film. It is then rejected to the air
stream as both sensible and latent heat, as is the case in a conventional wet cooling tower.
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Figure 8-1
Schematic of Wet Surface Air Cooler (source: Niagara Blower Co. brochure)

Comparison to Wet Cooling Tower with Surface Condenser
The primary difference between evaporative condenser technology and a conventional wet
cooling tower is that the heat transfer from the condensing steam to the air is accomplished in a
single unit rather than in a two-step process. As a result, the temperature difference between the
condensation temperature and the atmospheric wet bulb temperature (equal to the sum of the
condenser range, the condenser terminal temperature difterence, and the cooling tower approach
in the conventional case) can be reduced.
In the case of a conventional wet cooling tower, the water enters the tower at an elevated
temperature and is cooled by selected range as it falls across the fill. In the case of the
evaporative condenser, the water remains at a nearly constant mixed temperature as it is
recirulated fr-om. the basin and flows across the tube bundles, acquiring heat from the
condensing steam at the same time as it rejects heat to the atmosphere by evaporation.

Comparison with Dry Cooling
The primary difference between evaporative condenser technology and dry cooling is that, as in
the case of wet cooling, the ultimate heat rejection is through latent heat transfer, which is
limited by approach to atmospheric wet bulb temperature, rather than sensible heat transfer
limited by the approach to atmospheric dry bulb temperature, which is substantially higher than
wet bulb at nearly all times of the year in most locations.
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Water Use Considerations
The equipment is normally designed to operate in an "all wet" mode, where water conservation
is not a limiting factor and full advantage can be taken of evaporation of the recirculating water
to provide maximum cooling.
If water conservation is an objective, the unit can be designed for perhaps 50% water
consumption on an annual basis. Full water use would be used during the hotter hours, but water
flow could be reduced or turned off to some of the tube bundles during colder periods. Water
conservation below 5 O0%/ consumption is not feasible for this technology since the tubes are not
finned, and the performance of a dry bundle is limited. Therefore, extended use in the dry mode
would require an uneconomically large unit.
CapitalCost Elements
The system chosen to represent the evaporative condenser technology is the WSAC of the type
used at MassPower. A water-conserving version of this technology, known as WSDAC (wet
surface/dry air cooler), is also available for water-constrained applications.
The major elements of the capital cost are displayed in Table 8-1.
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Table 8-1
Capital Cost Elements for Evaporative Condenser Equipment (for New 500-MWe CombinedCycle Plants with 170-MWe Steam Cycle)
Element

Comment

Cost

Base unit-evaporative
condenser

Fabricated unit including tube
bundles, headers, fans, sprays,
mist eliminator, piping, and
connections

Consistently represents 2/3 (6570%) of the total installed cost; for
full wet operation: -$70/cell; for
wet/dry operation: -$85/cell

Recirculating spray pumps

Including drive motors

Significant cost element: 4- 6% of
total installed cost; lower end of
range for wet/dry systems

Concrete (plenum and basin)

Including typical site
preparation and installation

Significant cost element: 14-16%
(plenum = 5-6%; basin = 8-10%);
high end of range for all-wet systems

Steam duct

Includes support structure;
varies with site layout

Significant cost element: typically 78% of total installed cost

Condensate collection and
return

Circulating water system
(pumps, piping, valves, etc.)

Typically 2-3% of total installed cost

Electricals and controls

Wiring and hook-up; base price
includes instrumentation

Typically 1-2% of total installed cost

Walkways and ladders

-

Steam ejector

About 1.5% of total installed cost
Minor; approximately $60k

Installation

Requires crane, anchoring to
foundation, piping connections

Typically 1.5-2% of total installed
cost

Auxiliary cooling

Separate unit or additional cell
on condenser

Typically 5% additional heat load
and -5-6% additional cost; see
Table 8-4

Other elements

Typically minor; may be
significant at specific sites

Not included in case study estimates
or comparisons

- Water supply/intake structure

Location dependent; significant only if water source is far from site or at
a much lower elevation

- Water treatment/blowdown
discharge

Usually minor; may be significant if in zero-discharge region

- Site preparation/access
provision

Highly site dependent; likely minor; not likely to be affected significantly
by system choice

- Painting, fire and lightning
protection, acceptance testing

Minor costs

-

Delivery and unloading
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Case Study Results
The effects of ambient meteorological condition and site elevation were addressed through the
development of cost estimates for the four selected case study sites. In order to evaluate the
tradeoff between initial capital cost and the costs of operating power requirements and
capacity/heat rate penalties, two design points were chosen.
For the unconstrained water availability case and the constrained case (50% of unconstrained
water use), the units were sized to maintain 2.5 in. Hga back pressure at both average
meteorological conditions (Tavg. dy bulb = 670 F; Tavg. wet bulb= 6 0 0 F) and 1% conditions (the ambient
temperature and wet bulb exceeded for only 1% of the time, i.e., 80 hours/year). In dry-mode
operation, a turbine back pressure of 2.5 in. Hga cannot be maintained for either the average or
the 1% dry bulb temperatures. Therefore, for dry mode operation, the design points were set as
7.0 in. Hga for average temperature and 10.0 in. Hga for 1% temperature.
Tables 8-2 to 8-4 provide capital cost breakdowns by cost element for selected case study
examples. Table 8-2 presents cost requirements for the evaporative condenser system with
unconstrained water availability for the Central Valley site.
Table 8-2
Capital Cost Breakdown for a 106 Iblhr Steam Condenser, Central Valley Site-Unconstrained
Water Availability (for New 500-MWe Combined-Cycle Plants with 170-MWe Steam Cycle)
Element
Base unit

Cost ($1000s)
2845

Recirculating spray pumps

266

Concrete works
- plenum
- basin

287
439

Steam duct

336

Walkways, ladders

75

Condensate collection and return

150

Electrical and controls

75

Steam ejector

60

Installation

73

Auxiliary cooling @

-

5-6% (see Table 8-4 for

257

example breakdown)
Total installed cost

4862
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Table 8-3 provides the same information for a system constrained to 50% of the unconstrained
water use on an annual basis.

Table 8-3
Capital Cost Breakdown for a 106 lblhr Steam Condenser, Central Valley Site-Constrained
to 50% Water Availability (for New 500-MWe Combined-Cycle Plants with 170-MWe Steam

Cycle)
Element

Base unit

Cost ($1 000s)

6460

Recirculating spray pumps

477

Concrete works
- plenum

515

- basin

795

Steam duct

742

Walkways, ladders

145

Condensate collection and return

150

Electrical and controls

100

Steam ejector

60

Installation

155

Auxiliary cooling @

-

5-6% of unconstrained

water case (see Table 8-4 for example
breakdown)
Total installed cost
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Table 8-4 presents the same information for auxiliary cooling with an evaporative water cooler
designed to cool 3000 gpm from 125°F to 95°F at average ambient wet bulb temperature
(corresponds to - 45 x 106 Btu/hr or - 5-6% of the plant condensing heat load).

Table 8-4
Cost Breakdown for 45 x 106 Btu/hour Auxiliary Cooler, Central Valley Site (for New 500MWe Combined-Cycle

Plants with 170-MWe Steam Cycle)

Element
Base unit

Cost ($1000s)
139

Recirculating spray pumps

30

Concrete works
- plenum
- basin

34
26

Walkways, ladders

7

Fluid recirculation system

8

Electrical and controls

5

Installation

8

Total installed cost

257
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Table 8-5 provides capital costs and operating power requirements for the evaporative condenser
with unconstrained water availability for the four case study sites.
Table 8-5
Site-to-Site Cost Estimates ($1000s)-Evaporative Condenser, Unlimited Water Availability
(for New 500-MWe Combined-Cycle Plants with 170-MWe Steam Cycle)
Desert Site

Mountain Site

Valley Site

Bay Area Site

Average Meteorology
Design back pressure: 2.5 In. Hga
Total Cost

4725

4341

4380

4270

Total BHP (in hp)

2037

1972

2230

1930

- fans (in hp)

1491

1414

1656

1372

546

558

574

558

- pumps (in hp)

1% Meteorology
Design back pressure: 2.5 in. Hga
Total Cost

6250

5291

5540

490.8

Total BHP (in hp)

3087

2348

2539

2279

-fans (in hp)

2279

1722

1822

1642

808

626

717

637

-

pumps (in hp)
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Table 8-6 provides capital costs and operating power requirements for the evaporative condenser
with constrained water availability for the four case study sites.
Table 8-6
Site-to-Site Cost Estimates ($1000s)-Evaporative Condenser, 50% Water Consumption
(for New 500-MWe Combined-Cycle Plants with 170-MWe Steam Cycle)
Desert Site

Mountain Site

Valley Site

Bay Area Site

Average Meteorology
Wet mode: 2.5 in. Hga
Dry mode: 7.0 in. Hga
Total Cost

9528

9005

9345

8739

Total BHP-wet (in hp)

2002

1726

1935

1756

650

540

617

570

- pumps (in hp)

1352

1246

1318

1186

Total BHP-dry (in hp)

2600

2160

2470

2280

13,216

11,754

12,485

10,332

2772

2464

2610

2156

900

800

850

700

- pumps (in hp)

1872

1664

1768

1456

Total BHP-dry (in hp)

3600

3200

3400

2900

- fans (in hp)

1% Meteorology
Wet mode: 2.5 in. Hga
Dry mode: 10 in. Hga
Total Cost
Total BHP-wet (in hp)
- fans (in hp)

Development of Correlationfor Evaporative Condenser Costs
Unconstrained Water Availability
In order to generalize the case study results to other site conditions and design choices, the data
were put on a normalized basis of $/kWe and plotted against the difference between the steam
condensing temperature (Tcond) and the ambient wet bulb temperature (Twb), as is typical for
evaporative systems. The result for the unconstrained water case is displayed in Figure 8-2.
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Figure 8-2
Evaporative Condenser Cost vs. Approach (for New 500-MW. Combined-Cycle Plants with
170-MWe Steam Cycle)

A reasonably smooth curve is obtained for temperature differences ranging from 30 to 55°F. The
data underlying the correlation are all for a single plant size, condensing approximately
1,000,000 lb/hr of steam. A possible basis for scaling to systems of different size is discussed
below under "Comparison with Other Cost Information."
Constrained Water Availability
The generalization of results for units designed for limited water availability is more difficult.
Different design criteria were applied to maintain a given back pressure, i.e., 2.5 in. Hga in the
wet mode and distinct values for dry operation at average and 1% meteorological conditions.
Costs in $/kWe are plotted against two different temperature differences:
* Tee~d- Tw .roin Figure 8-3, and
STri
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Evaporative Condenser Cost vs. Approach-50% Water Availability (for New 500-MWe
Combined-Cycle Plants with 170-MWe Steam Cycle)
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WetlDry Surface Air Cooler: Normalized Cost vs. Approach (for New 500-MWe CombinedCycle Plants with 170-MWe Steam Cycle)

The variation in cost cannot be smoothly correlated over the range of conditions for either case.
The points aggregate in two groups corresponding to the average and 1% meteorological

conditions. This may be in part due to the different design back pressures chosen for the two
cases. In addition, since the units are assembled from a discrete number of cells and bundles,
discontinuities in the cost may be expected as limits are encountered for different tube types and
cell configurations.
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An alternative correlation scheme is used based on the cost of the all-wet system as a function of
Tcond - Twdbib combined with the additional cost imposed by a 500
% reduction in water
availability. This cost differential in A$/kWe is plotted against Tcond - Tw h&b in Figure 8-5.
While the discontinuities remain, a reasonable fit to these points is determined and then added to
the wet system cost curve of Figure 8-2. The resultant smoothed cost of the water-limited case is
shown in Figure 8-6 and compared to the individual case study costs. The individual differences
range from -4.9 to +4.5% with an average absolute difference of 2.3%.
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Figure 8-5
Evaporative Condenser-increase In Cost for Water Conservation (for New 500-MW9
Combined-Cycle Plants with 170-MWO Steam Cycle)
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Figure 8-6
Evaporative Condenser Curve-Fitted Cost (for New 500-MWe Combined-Cycle Plants with
170-MWe Steam Cycle)
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PowerRequirements
Figures 8-7 and 8-8 display the power requirements for both wet- and dry-mode operation,
plotted against design approach to wet bulb in the former case and to dry bulb in the latter. Based
on the same evaluated cost of power of $3625/kW as was used in the wet cooling tower analysis
(see Section 5), the total evaluated costs for the unlimited water case are shown in Figure 8-9.
The annual power use in the 50% case depends on the particular operating strategy throughout
the year and is not addressed here.
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Comparisonwith Other Cost Information
An independent check of the calculated evaporative condenser costs can be performed by a
comparison with costs presented by Hutton (1999). These costs were developed for three
condensing loads (100,000, 250,000, and 400,000 lb steami/hr) for two condensing pressures (3
and 4 in. Hga) at an ambient wet bulb temperature of 78b F.
Figure 8-10 and 8-11 display curves constructed from these data in $/kWe vs. steam
condensation load at two values of T e..dTwt vb.
(37AF and 47 F). Corresponding points for the
case study results at 1,000,000 lb steam/hr were read from Figures 8-2 acanensigd plotted on

Figures 8-10 and 8-11. They are seen to fall on a reasonable extrapolation of the Hutton (1999)
results.
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Figure 8-11
Evaporative Condenser Power Use Comparison

Summary
The evaporative condenser provides a cooling system alternative with capital cost and auxiliary
power requirements about halfway between the wet and dry systems evaluated in Section 5.

8-15

Emerging Technologies

Evaporative condenser designs can be developed both for conditions of unlimited water
availability and for conditions where some water use constraints exist.
The system is not an economical choice for conditions where water availability is severely
limited. Maximum achievable water conservation is about one-half that of a wet cooling system.
For unlimited water availability, where the evaporative condenser would compete with wet
cooling towers, the estimated costs for the four case study sites range from 1.5 to 2 times those
for wet cooling tower surface condensers presented in Section 5. In addition, evaporative
condensers have higher auxiliary power requirements.
Evaporative condenser designs provide some ancillary benefits, however, including the ability to
operate in a plume abatement mode during colder periods, the ability to operate with lowerquality water without scaling or corrosion, and improved characteristics in freezing conditions.
These qualities led to its choice in the MassPower application described in Section 3.
If water conservation (up to 50%) is desired, the cost of the unit approximately doubles and the
power requirements increase by approximately 20 to 30%. The unit also incurs substantial.
efficiency and capacity penalties while operating in the dry mode. Economical designs, in these
estimates, are sized for 7 in. Hga back pressure at average meteorological conditions and 10 in.
Hga back pressure if sized for 1%meteorology (temperature level exceeded for only 80 hours
per year). The costs and power requirements are well below those for an all-dry system, but only
50% of the annual water savings can be realized and, during periods of wet operation, the
withdrawal rates are the same as for wet cooling systems.

References
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SUMMARY AND CONCLUSIONS

This report documents the results of a study of alternative cooling systems for electric power
generating plants. The people and businesses of California require increasing amounts of both
energy and water. On occasion, the use of water for power plant cooling can conflict with the
water needs of the residential, commercial, industrial, and agricultural sectors and with
environmental requirements to maintain adequate in-stream flows. This has resulted in increasing
interest in California and elsewhere in the use of dry or hybrid wet/dry cooling systems.
This study examined alternative cooling systems and compared them in several dimensions:
" Water consumption
" Plant performance
" Cost
" Operations and maintenance (O&M)
" Environmental effects
In addition, current R&D and technology development efforts were surveyed to assess the
prospects for significant changes in the comparative attributes of the alternative systems in the
near term.
Results of the study indicate that while dry and wet/dry systems undeniably reduce water
requirements at power plants, they do so at some cost-both capital costs for the cooling system
components themselves and associated "penalty" costs resulting from higher auxiliary energy
requirements to operate the systems, reduced plant efficiency, occasionally limited plant output,
and perhaps additional operating and maintenance requirements. Additionally, while the dry
systems reduce or eliminate many of the environmental effects of wet cooling, some effects do
exist, and others have been postulated.
The following paragraphs summarize the results and conclusions of this study in specific areas.

Water Consumption
Dry cooling reduces the amount of water used in a power plant by eliminating the consumption
of water through evaporation in a wet cooling tower. In order to understand the significance of
the reduction, it is necessary to distinguish between cooling system water consumption and total
plant water consumption, which includes many uses that exist regardless of which cooling
system is employed (see Table 1-1 and the accompanying text).
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For plants equipped with wet recirculating cooling systems (wet towers) for steam condensation,
the evaporation of water in the cooling tower is the largest single water use in the plant,
accounting for approximately two-thirds of total water consumption at a gas-fired combinedcycle plant (and perhaps 95% at a stand-alone thermal steam plant). The following comparisons
are based on combined-cycle plants, with two-thirds of plant output from the combustion
turbines and one-third from the steam turbine.
For the cooling system alone (including condensation of steam turbine exhaust plus auxiliary
cooling estimated at 5% of the condensing heat load), dry cooling affords a 95% reduction in
water use from, typically, 250 gallons per MWh of plant output to perhaps 10 gallons/MWh.
For the entire plant, additional water use-primarily for emissions control and turbine inlet
cooling where used-is estimated at approximately 100 gallons per MWh (plant output),
representing the mid-range of values surveyed and reported by the California Energy
Commission (CEC, 2001a). This results in plant water use of 350 gallons per MWh with wet
cooling and 110 gallons per MWh with dry cooling, an overall reduction of approximately 70%.
Plant Performance
In essentially all situations, the use of water as the cooling medium is the cheapest way to
provide cooling at power plants. Furthermore, wet cooling always results in higher annual plant
output and in more efficient plant performance during most of the year. The relevant questions
are how much more expensive and how great is the effect on plant output and efficiency. The
performance issues fall in three categories.
OperatingPower Requirements
The energy required to operate cooling system fans and pumps is energy that must be generated
but that cannot be exported or sold by the plant. The cost of this reduced output is incurred for
the life of the plant. It is normally expressed as the present worth of a kilowatt that could produce
energy at a projected price per MWh for the assumed plant life. This value can be traded off
against the capital cost of the cooling system (which can normally be reduced through the
expenditure of higher amounts of fan and pump power).
For wet systems in this analysis, the present worth of the power was approximately equal to the
capital cost of the cooling system for an optimized system and approximately 160% of the
capital cost for a "low first cost" system.
For dry systems, the operating power for a given heat load is much greater-by a factor of 4 to
6-than that for an optimized wet system.
Efficiency Penalties
The ability of a cooling system, wet or dry, to reject heat to the environment is affected by
ambient conditions-ambient wet bulb temperature for wet cooling towers and ambient dry bulb
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temperature for dry systems. As these temperatures rise, the turbine back pressure also rises, with
a resultant reduction in turbine efficiency. Plant output can sometimes be maintained by
increasing the steam flow to the turbine if the steam supply system has additional capacity.
Alternatively, in the case of a fixed steam supply, the plant output will decrease.
Capacity Penalties
If ambient temperatures rise sufficiently high, the achievable back pressure may exceed the
maximum allowable back pressure specified for the turbine. In this case, steam flow must be
reduced to protect the turbine, and plant output will be limited at that level.
Cost
The performance and cost issues are inextricably related. The initial choice of a larger, higher
capacity and, hence, more expensive cooling system will result in higher plant capacity and more
efficient operation for the life of the plant. This is true for all cooling systems, wet as well as dry.
In general, a proper cost comparison among alternative cooling systems must be made between
optimized selections at a particular site. An optimized system would normally be defined as one
that minimizes the sum of all costs---initial capital cost, operating energy cost, efficiency penalty
cost, and capacity penalty cost---for the life of the plant. The magnitudes of these cost elements
are dependent on many variables. Some of the most important include the operating
characteristics of the plant generating components, the meteorology at the plant site, the present
and projected costs of fuel, the present and projected price of power, and the projected demand
profiles for the plant. The choice of the optimum or preferred design also depends on the relative
importance assigned to present vs. future costs, which depends strongly on the economic
objectives and business plans of the plant owner. Therefore, the "optimum system" or the
"system of choice" might range from a system of lowest first cost to one of lowest total lifetime
cost projected for a 30-year or longer lifetime.
To illustrate the methodology for determining the various cost elements and for selecting an
"optimum" system based on a range of criteria, case studies were conducted at four sites typical
of conditions in California. In each case the cooling system was sized to condense the turbine
exhaust steam from the steam portion of a nominal 500-MW gas-fired combined-cycle plant
typical of what is currently being proposed and built in California.
Initial capital costs for wet and dry cooling systems that could provide suitable cooling for the
four case study sites vary greatly, ranging from $2.7 to $4.1 million for wet systems and from
$18 to $47 million for dry systems. Figure 9-1 displays the initial capital costs for wet and dry
cooling systems of both "lowest first cost" and "optimized" designs for each of the four sites.
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Wet Systems
In the case of wet systems, the optimized system is defined by the tradeoff between capital cost
and operating energy costs as determined in Section 5. The heat rate and capacity penalty costs
incurred by the plant because of cooling system capability limitations on hot, humid days are not
an important influence in the determination of the optimum for wet cooling in any of the cases
studiecL
Dry Systems
In the case of dry systems, the optimum is determined by the tradeoff between total evaluated
cost of the cooling system (including both the capital cost and the operating energy cost) vs. the
heat rate and capacity penalties incurred by the plant because of cooling system capability

limitations during the hottest days of the year.
As discussed in detail throughout the report, conclusions about the relative cost of wet vs. dry
cooling are difficult to generalize, and they depend on many site-specific considerations. Clearly,
for the cases studied, the cost of dry cooling for either a "low first cost" design or an "optimized"
design is substantially greater than the cost of a comparable wet system. This is most frequently
the case. Therefore, as noted in Section 3, one must conclude that in those instances where dry
cooling is selected-which has occurred with increasing frequency in the U.S and worldwide in
recent years-the choice is driven by other considerations such as severe water use limitations at
otherwise preferred sites, environmental pressures, and the avoidance of licensing delays.
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Operations and Maintenance
Comparisons of O&M requirements were based not on detailed analyses or surveys but rather on
information obtained during interviews and discussions with staff at operating plants equipped
with dry or hybrid systems, all of whom had had previous experience at other plants using wet
cooling towers. In each case, the water-conserving system was described as basically trouble free
and easy to operate. No additional staff was required, nor was any unusual amount of staff time
allocated to the cooling system beyond occasional scheduled cleaning of the finned tube
surfaces-and this could be performed with the unit on line.
Therefore, no additional costs were assigned to dry or wet/dry systems for extra O&M

requirements.
Environmental Effects
The comparison of environmental impacts associated with the alternative cooling systems
examined nine areas, including the effect on water resources addressed above. The other eight
areas are
" Waste management, including water discharge;
" Hazardous materials;
" Air emissions;
" Noise;
" Visual resources;
" Public health;
" Biological resources; and
" Agriculture and soils.
In many of these areas, the effects are proportional to the water use and the associated
withdrawal, evaporation, blowdown, drift, and plume production. This is the case for impacts on
waste management, water discharge, hazardous materials, public health, and agriculture and
soils. In these cases, the use of dry cooling eliminates the effects entirely, and hybrid systems
reduce them in proportion to the reduction in water use, which is a function of cooling system
operating profile.
The other areas are discussed further below.
Air Emissions
Dry systems eliminate effects associated with drift and volatile components stripped from the
water in wet towers. Hybrid systems do so in proportion to their water use.
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However, the use of dry systems imposes penalties on plant efficiency and capacity, which
requires that additional fuel be burned at the plant or elsewhere on the system to produce the
same net power generation. This leads to an increase in the emissions associated with the
combustion process. While this is a second-order effect on a state- or system-wide basis, it be a
measurable effect in the vicinity of the plant and should be considered on a case-by-case basis.
Noise
The noise from wet systems comes from both the water falling through the tower fill and the fans
and air motion. In the case of dry systems, the water noise is obviously eliminated, but the fan
and air noise may be increased since the quantity of air moved through the system is greater.
The importance of this effect is site specific, but, in locations where noise abatement is
necessary, the use of special low-noise fans may be required. For so-called "ultralow- noise fans"
the increase in cost is estimated at approximately 10%. Similar noise abatement may be required
for the wet towers in some cases.
Visual Resources
Dry and wet/dry systems effectively eliminate the occurrence of visual plumes. However, they
require physically larger, taller structures than wet cooling and, as such, can be a more obvious
element at a plant site. The importance of this feature is also site specific.
BiologicalImpacts
The primary focus in this area is on entrainment and impingement losses regulated under Section
316(b) of the Clean Water Act. Dry and wet/dry systems obviously reduce this impact in
proportion to the reduction in total plant water use, estimated above as approximately 70%.
A postulated effect of dry cooling is so-called "atmospheric entrainment," where insects and
even small birds may be entrained with the inlet air stream. To date, no research or information
is available on the importance of this issue.

Current R&D
There is little current R&D work being reported in the open literature on dry or wet/dry cooling
systems for power plants. A few important exceptions include improved heat exchanger
geometries for finned tube bundles in air-cooled condensers (Bonger, 1995; Staff report, 1998;
Kroeger, 1998); enhancement of air-cooled condenser performance with the use of limited water
(Maulbetsch, 2001; Balogh, 1998); the use of evaporative condensers (Hutton, 1999; Niagara
Blower Company); and optimization techniques (Conradie, 1998).
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Emerging Technologies
The evaporative condenser provides a cooling system alternative with capital cost and auxiliary
power requirements about halfway between the wet and dry systems evaluated in Section 5.
Design choices are available both for conditions of unlimited water availability and for
conditions where some water use constraints exist.
The system is not an economical choice for conditions where water availability is severely
limited; maximum achievable water conservation is about one-half that of a wet cooling system.
In water-conserving applications, the cost of the unit approximately doubles, and the power
requirements increase by approximately 20 to 30%. The unit also incurs substantial efficiency
and capacity penalties while operating in the dry mode. The costs and power requirements are
well below those for an all-dry system but only 50% of the annual water savings can be realized
and, during periods of wet operation, the withdrawal rates are the same as for wet cooling
systems.
For cases of unlimited water availability, where the evaporative condenser would compete with
wet cooling towers, the estimated cost for the four case study sites ranges from 1.5 to 2 times
those for wet cooling tower surface condenser presented in Section 5. Evaporative condensers
also have higher auxiliary power requirements. They provide some ancillary benefits, however,
including the ability to operate in a plume abatement mode during colder periods, the ability to
operate with lower-quality water without scaling or corrosion, and improved characteristics in
freezing conditions. These qualities led to its choice in the MassPower application as described
in Section 3.
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Adams, A.P. and B. G. Lewis. Bacterial Aerosols Generated by Cooling Towers of Electrical
Generating Plants. Cooling Tower Institute (1978).
Notes: One of the earlieststudies of the possibility of infectious air-bornedischargefrom
cooling towers using contaminatedmake-up water. A listing ofpathogenicand opportunistic
microbes existing in sewage is given along with some test results of aerosolizedbacteria
(particlesper cubic meter) as afunction of the number of bacteriain the circulatingwater. No
firm conclusions were drawn other than to suggest the use of good disinfection methods in
cooling tower water treatment with particularattention to chlorine dioxide. 16 references.
Adams, S. and J. Stevens. Strategies for Improved Cooling Tower Economy. Cooling Tower
Institute (1991).
Notes: Provides an analysis,for mechanicaldraft wet cooling towers of (1) how the choice of
design point (maximum wet-bulb temperatureat which cold water temperaturecan be
delivered) and (2) effect of variablefan operationon annualtower energy consumption. The
point is demonstratedwith simple, largely qualitativeexamples with no recommendations
about how to trade off lost capacity on hot days againstcapitalcost savingsfrom smaller
towers. No references are given.
Allemann, R. T. et al. Wet-Dry Cooling Demonstration: Test Results. 86. Palo Alto, CA, Electric
Power Research Institute.
Notes: Summary reporton over 10 years work (EPRIand USDOE) on an Advanced Dry
Cooling System using a phase-changeammonia transportloop between the plant condenser
and an air-cooledtower with both supplementary deluge cooling and a capacativesystem for
shaving heat rejectionpeaks during daily hot periods. Extensiveperformance data is provided
as well as comparison with (calculated)conventionaldry cooling system performance.No cost
data areprovided. Extensive references.
Allemann, R. T. Advanced Concepts Test (ACT) Facility Summary Safety Report. 81. Palo Alto,
CA, Electric Power Research Institute.
Notes: Safety analysis and operationalsafety reportfor the EPRI1USDOEAdvanced Concept
Test facility. The emphasis was on the risks associatedwith the use and handling of ammonia
as the heat transportfluid between the surface condenser and the air-cooledcondenser. The
analysis concluded that all applicablesafety codes andstandardsfor the operationof the
system were met and that it should be reliablefor a power generationapplication.
Allemann, R. T. Development of an Advanced Concept of Dry/Wet Cooling of Power
Generating Plants. 81. Palo Alto, CA, Electric Power Research Institute.
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Notes: Descriptionof the tests conducted at the EPRIIUSDOEAdvanced Concept Test facility.
This report was one of a series of reports to document the ammoniaphase change dry cooling
system and to make the knowledge availableto utilityplanners. This reportpresents the
overview of the facility design and the various technicalsupportstudies including component
testing and materialselection. It also outlines the operationalacceptancetests andoperator
trainingthat was plannedpriorto initiatingthe test work 30 references.
Allemann, R. T., B. M. Johnson, and E. V. Werry. Wet-Dry Cooling Demonstration: A Transfer
of Technology. 87. Palo Alto, CA, Electric Power Research Institute.
Notes: Finalreporton thefour year projectto develop anddemonstratethe ammoniaphasechange dry cooling system at Pacific Gas and Electric Company's Kern station. Test results
arepresentedon the performance of the system in three operatingmodes: two combining dry
and evaporative cooling and one combining dry and capacitivecooling. The test program
includedboth passive and active performancetests, system response to normal system
transientsandsystem recoveryfrom unusualsystem conditions. 42 references.
Air-Cooled Heat Exchangers: A Guide to Performance Evaluation. Unknown. American'Institute
of Chemical Engineers.
Notes: Report of the Air-Cooled heat ExchangerSubcommittee of the American Institute of
ChemicalEngineers. The document is intended to specify test methods for conducting and
interpretingfield performance tests of air-cooledheat exchangers with ambient air on the
outside tube surface andprocess stream on the inside. It does not set performance
specifications or discuss deviationsfrom manufacturer'spredictedperformance. 26
references.
Air Cooled Heat Exchangers. 91. American Society of Mechanical Engineers.
Armstrong, C. H. and R. S. Schermerhorn. Economics of Dry Cooling Towers Applied to
Combined-Cycle Power Plants. 73. American Society of Mechanical Engineers.
Notes: One of the first treatments of the cost of dry cooling when used on combined cycle
plants. A case studyfor an 85MWe unfiredcombined cycle plant was presented. The costs
were shown to be highly dependent on the relationshipof unit capability vs. ambient
temperature.The possibility that the adoptionof dry cooling would significantlyacceleratethe
project schedule due to a reduction in the time requiredto complete the environmentalreview
and to shorter construction times enabled by shop construction of the tower was noted as an
importanteconomic advantage.No references.
Aschner, F.S. Planning Fundamentals of Thermal Power Plants. John Wiley & Sons, New York,

NY (Unknown).
Notes: Review of designfundamentalsfor condensers on condensingpowerplants. This
materialis one part of a full textbook on the planningand design of steam power plants. This
section covers both surface condensersand barometric condensers (ofthe Forgo-Hellertype)
and aircooled condensers.No cost information is provided.No references.
Baker, D. Cooling Tower Performance. Chemical Publishing Company, New York, NY, (1984).
Notes: Textbook on cooling towers. (Only the Table of Contents has been looked at.)
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Coverage appears to be restrictedto wet cooling towers. It is unclear whether cost information
is includedalthough there is a Section on Specifications and Bid Analysis. A complete
treatmentof the theory and calculationalmethods is provided.
Balogh, Andras and Z. Takacs. Developing Indirect Dry Cooling Systems for Modem Power
Plants. 98.
Notes: Descriptionof the Heller-type indirectdry cooling systems placed on the Web by EGI
Contracting/EngineeringCo. Ltd., a Hungariancompany now a division of GEA, which
builds and installs these systems. Reasonably detailedbut qualitativeinformation is provided
on the design and operationof the system and comparison to conventional wet tower and aircooled condensers. No cost information is provided.No references.
Bartz, J. A. Dry cooling of power plants: a mature technology? Power Engineering. 88.
Notes: Review and briefdescriptionof some existing dry cooling tower installationsin South
Africa andotherforeign countries and a qualitativeprojectionoffuture U.S. requirementsfor
the technology. Gives a short description of the ammoniaphase change system which was
being developed by EPRI and USDOE at that time and a short discussion ofperformance
issues with conventional wet cooling. No references.
Beck, A. and M. Schaal. Water Requirements of an Inland Nuclear Power Station: Engineering
and Economic Aspects. Desalination 40, 19-24 (1982).
Notes: Cost comparison of alternativecooling systems for a 950 MWe nuclearpowerplant in
Israel Costs were estimatedforfour cases: wet cooling with fresh water; wet cooling with sea
water make-up; wet/dry cooling and dry cooling. It was concludedthat it was more economical
to desalt sea waterfor make-up to a wet tower than to use dry cooling. The most economical
alternativewas to design a wet tower with the capability of accepting sea water as make-up. 4
references.
Bonger, R. and R' Chandron. New Developments in Air-cooled Steam Condensing. EPRI TR104867, Paper 18. 95. Palo Alto, CA, EPRI.
Notes: Review of dry cooling systems and a more detailedtreatment of naturaldraft air-cooled
condensers and the single row condenser (SRC) using a ellipticaltube which wasjust being
introduced at that time. Economic comparisoncriteria were simplified but clearly stated and
detailed designsfor the comparedcases were presented.Directdry cooling systems were found
to be substantiallycheaperthan indirectsystems and naturaldraft systems cheaper than
mechanical draftfor the directcases. The ellipticaltube, single row condenserwas shown to
have significantperformanceadvantages.No references.
Bukowski, Joe. Taking the Heat off Industrial Processes. Consulting-Specifying Engineer, 4650. 95.
Notes: An elementary, introductoryarticleof heat rejection alternatives,primarilyfor
industrialapplications.Identifies afew rules-of-thumb andgeneralguidelinesfor initial
choices ofpreferredsystems for particularapplicationsandenvironments. No quantitative
informationfor comparingsystems.
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Burger, Robert. Cooling Towers, the Overlooked Energy Conservation Profit Center. EPRI TR104867.94.
Notes: Addresses the question of how much improved cooling system performanceis worth.
Three case studies, two for power generationplants, arepresented. The cost savings
associatedwith a given temperature reduction in the cold water return temperatureare given.
Methods for improving the performance of existing towers aregiven including a review of an
advancedfill to replaceconventional wood packing. 7 references.
Bums, J. M. et al. The Impacts of Retrofitting Cooling Towers at a Large Power Station. EPRI
TR-104867. 94.
Notes: Presentsa cost evaluation of retrofittingthe PSE&G's Salem Stationfrom a oncethrough cooling system to recirculating,wet cooling towers. A dry cooling alternativeis
consideredbriefly but rejected on qualitativeconclusions about cost and lack of experience.
Cost estimates areprovidedbut with very little information about the source of the
information.A good summary of the several cost categoriesthat must be consideredis given. 3
references.
Buys, J.D. and D. G. Kroeger. Cost-Optimal Design of Dry Cooling Towers Through
Mathematical Programming Techniques. ASME Trans. 111, 322-327 (1989).
Notes: Presents a highly mathematicaltreatment of the cost optimization of a natural-draft
dry-cooling tower. Casts the problem as a generalized,non-linear constrainedmathematical
minimizationproblem and uses publishednumerical methods to accomplish the solution.
Worked example is instructive. The costfunctions are introduced (without derivation) but an
extensive reference list may provide the basisfor the algorithms. Useful only if computational
packages are to be developed. 17 references.
Buys, J.D. and D. G. Kroeger. Dimensioning Heat Exchangers for Existing Dry Cooling Towers.
Energy Conversion and Management 29, 63-71 (1989).
Notes: Develops a methodfor determining the optimum design of afinned tube bundle to be
installedin an existing towerfor which heat exchanger retrofitis desired.Example is provided
for a naturaldraft tower and a detailed numerical case is worked through. The objective
function to be minimized is the cost at a given cooling load. Sensitivity studies to illustratethe
effect of varying certain independentparametersaregiven. 13 references.
Carroll, George, D. F. Dyer, and G. Maples. Comparison of Phased Cooling Systems with
Conventional Cooling Systems---Performance and Economics. 77.
Notes: Investigated the effect of including cold water storagewith conventional cooling
system. Little relevance to the evaluation of wet vs. dry systems. No copy available.
Choi, M. and L. R. Glicksman. Computer Optimization of Dry and Wet/Dry Cooling Tower
Systems for Large Fossil and Nuclear Power Plants . 79. Cambridge, MA, Massachusetts
Institute of Technology.
Notes: Programfor optimization of dry coolingfor powerplants. The objective function to be
minimized is the total evaluated cost of the cooling system. Cases were runfor both fossil and
nuclearplants. Lost capacity was replacedwith gas turbines. The use of both conventional
and high back pressure turbines was considered. The result wasfound to be most sensitive to
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the choice madefor replacinglost capacity. The use of a separatewet tower to handle some of
the cooling duty on the hottest days was also examined andfound to be a big economic
advantageeven if only a small amount of water was available. 37 references.
Christopher, P.J. and V. T. Forster. Rugeley Dry Cooling Tower System. Proc. Instn. Mech.
Engrs. 184, Pt. 1, 197-221 (1969).
Notes: A detailed descriptionof one of the first large scale dry cooling systems-a natural
draft, barometriccondenser (Hellersystem) at the Rugeley PowerStation in the U.K. Full
descriptionsof the design, materialsselection, and operatingdata areprovided. Operationand
maintenanceexperience is reviewed with particularattention to corrosionissues. An extensive
discussion and authors' replies are attachedexpanding somewhat on the question of whether
the tower was properly optimized. (It appearsthat the tower was perhaps oversized to
economically optimized.) Very little cost information is included.2 references.
Conradie, A.E. and D. G. Kr6ger. Performance Evaluation of Dry-Cooling Systems for Power
Plant Applications. Applied Thermal Engineering 16, 219-232 (1996).
Notes: A performance model for dry cooling systems. A detailed model isformulated of the
relevant mass, momentum andenergy balanceequations and engineering design relationsfor
dry cooling systems in powerplant applications.Worked examplesfor both naturalandforced
draft cases are given. The model gives both capitaland operatingcosts over the life of the
plant.It can be used to conduct sensitivity analyses to determine savings associatedwith small
changes in many design choices. 31 references.
Conradie, A.E., J. D. Buys, and D. G. Kr6ger. Performance Optimization of Dry-Cooling
Systems for Power Plants through SQP Methods. Applied Thermal Engineering 18, 25-45
(1998).
Notes: A dry cooling system optimization method (see also Ecker and Wiebking, 1978)
formulated as a non-linearconstrainedproblem using the Sequential QuadraticProgramming
(SQP)method. The objectivefunction to be minimized is the ratio of total system cost to plant
output.A detailed cost estimating methodology is included. Examplesfor both a naturaland
forced draftsystem aregiven. The emphasis is on the development and descriptionof the
methodology ratherthan the results so there is little quantitativediscussion of costs. 36
references.
Conradie, T. A. and D. G. Kr6ger. Enhanced Performance of a Dry-Cooled Power Plant through
Air Precooling. ASME Paper No. 91-JPGC-Pwr-6 Presented at the International Power
Generation Conference. 91.
Notes: Study of the use of spray enhancement cooling to reduce capacity loss at dry cooled
plants on hot days. Thermodynamic calculationsof the effect of adiabaticpre-coolingof tower
inlet air by water injection into the air stream is presented.PoOlynomialcurve fits are given to
relateplantoutput to tower cold water returntemperature.A worked example is given for a
powerpant and annualwater consumption and annualpower output is calculatedfor a range
of ambient temperatures.No attention is given to the design of the spray enhancement system
or to potentialoperatingproblemsfor the tower. It is assumedthroughoutthat the finned tube
surfaces remain dry. 5 references.
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Conradie, T. A. and D. G. Kr6ger. Enhanced Performance of a Dry-Cooled Power Plant through
Air Precooling. 91. International Power Generation Conference, San Diego, CA.
Notes: Study of the use of spray enhancement cooling to reduce capacityloss at dry cooled
plants on hot days. Thermodynamic calculationsof the effect of adiabaticpre-coolingof tower
inlet airby water injection into the airstream is presented. PoOlynomial curvefits are given to
relateplant output to tower cold water return temperature.A worked example is given for a
power pant and annual water consumption and annualpower output is calculatedfor a range
of ambient temperatures.No attention is given to the design of the spray enhancementsystem
or to potentialoperatingproblemsfor the tower. It is assumed throughoutthat thefinned tube
surfaces remain dry. 5 references.
Cooper, George P. and J. W. Cooper, Jr. Watts Bar Nuclear Unit 1 Cooling Tower Thermal
Performance Upgrade: A Value ADD Engineering Approach". EPRI TR-104867. 94.
Notes: Summary of a TVA upgrade of a naturaldraft wet cooling tower at the Watts Bar
nuclearpower plant.Modificationsto the tower'sfill system and the spray nozzles resulted an
improvement in tower performancefrom 88% (12% shortfall) to 106% of design capability
and an effective increaseof 6 MWe in the capability of the plant. The cost of the upgradeof
about $1.5 million as recovered in one year of operation. 4 references.
Cuchens, J. W. and R. J. VanSickle. Crossflow Cooling Tower Performance Upgrade. EPRI TR104867.94.
Notes: Review of several upgradepossibilitiesto improve the performance of mechanicaldraft,
cross-flow wet cooling towers. The severalpossibilitiesconsideredrangedfrom the installation
of auxiliarytowers, adding cells to the existing tower, refurbishingtowers with new fill and
convertingfrom cross-flow to counter-flow. The benefit to cost ratio was found to be
significantly better (- x4.) for the auxiliary tower option thanfor any of the others (- xl. To
x2.). 2 references.
Curcio, John et al. Advanced Dry Cooling Tower Concept. 75. Cambridge, MA, Energy
Laboratory, Massachusetts Institute of Technology.
Notes: No information available.
Ecker, J.G. and R. D. Wiebking. Optimal Design of a Dry-Type Natural-Draft Cooling Tower by
Geometric Programming. Journal of Optimization Theory and Applications 26, 305-323 (1978).
Notes: An optimizationprogramfor designing naturaldraft dry towers. The emphasis is on the
mathematicalformulation of a constrainedoptimizationsproblem. The objectivefunction to
be minimized is the total (operatingplusfixed) annualcost with specifiedperformance
constraints. The designgoes to the level offinned tube bank details (tube size andspacing,fin
height, spacing andthickness). There are two worked examples. The cost numbers are chosen
without derivationorjustification but merely to enable an example calculation.18 references.
Eldredge, T. V. Cooling Tower Modeling with Computational Fluid Dynamics. EPRI TR104867. 95. Palo Alto, CA, Electric Power Research Institute.
Notes: Presentsa computationalfluid dynamics (CFD) approach to calculatingcooling tower
performance and how it is affected by meteorologicalconditions, tower geometry, waterflow
rate,flow maldistribution,fill plugging and other three dimensional effects. The results are
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comparedto measurements of cold water temperatureon two naturaldraft cooling towers.
The effect on tower performanceof injecting scrubbedflue gas into the tower chimney is also
investigated.15 references.
EPRI. Proceedings: Cooling Tower And Advanced Cooling Systems Conference. EPRI TR104867. 95. Palo Alto, CA, Electric Power Research Institute.
EPRI. Proceedings: International Cooling-Tower and Spray Pond Symposium. EPRI GS-6976.
90. Palo Alto, CA, Electric Power Research Institute.
Notes: Papersfrom the 1990 IAHR/EPRI meeting on cooling towers and sprayponds. The
volume contains 60 papers,mostly on wet cooling systems but 7 on dry and hybrid cooling
towers. (Summaries of importantpapers relatedto dry cooling areprovided under the entries
for the individualpapers: Tesche; Bodas (2); Alt; Leitz; Bergmann and Csaba;Mozes)
Dinelli, G. and B. Bellagamba. Proceedings: International Cooling-Tower Conference. EPRI GS6317. 89. Palo Alto, CA, Electric Power Research Institute .
Notes: Contains28 papers on several aspects of cooling tower technology: modeling of cooling
system performance and design; operatingexperience; new cooling concepts; optimization
criteriaand methods; environmentalimpact; and summary of a round table discussion on
optimization methods, design and acceptance testing and materialsselection and maintenance.
Primary emphasis of the meeting was on wet cooling.Eightpapers on dry or wet/dry systems.
(Summariesof the importantpapers relatedto dry systems given under the entriesfor the
individualpapers.) [du Preez and Kroger; Bodas; Szentgyorgyi andSalamon; Olsha and West;
Palfalvi;Szabo andSzentgyorgyi; Fischerand Sommer; Fleury and Bellot)
EPRI. TAGTM Technical Assessment Guide. 91. Palo Alto, CA, Electric Power Research
Institute.
Notes: A set of up-to-date economicfactors and cost assessment methodologies. The methods
provide a meansfor comparing capitalinvestment evaluationsin a consistentmanner.A
number of example cases are worked out. No specific cases include cooling system
comparisonsbut the generalinformation on utility economics is useful in developing
appropriateenergy replacementpenalty costs. No references except in footnotes.
Fay, H. P. and T. R. Litton. Save Water, Stop Plume with Parallel Condensing. EPRI TR104867. 94. Palo Alto, CA, Electric Power Research Institute.
Notes: Reviews the installationof the first two wet/dry parallelcondensing systems in
commercial operation-onefor water conservation,the otherfor plume abatement.Full
system descriptionsandperformanceinformation vs. ambient dry-bulb temperaturearegiven.
No cost informationis provided.No references.
Fricke, H. D. and A. M. Czikk. Performance of a Steam Condenser for Dry Cooling. EPRI CS4016. 85. Palo alto, CA, Electric Power Research Institute.
Notes: [See above citation].
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Fricke, H. D. et al. Advanced Dry-Cooling Demonstration: Summary. 86. Palo Alto, CA,
ElectricPower Research Institute.
Notes: [See above citation).
Fricke, H. D., K. McElroy, and D. J. Webster. Heat Transfer Characteristics of a Dry and
Wet/Dry Advanced Condenser of Cooling Towers". 82. Palo Alto, CA, Electric Power Research
Institute.
Notes: One of three (alongwith the next two citations)documenting various aspects of the
design, operationand test results of the ammoniaphase-changeadvanceddry cooing system
developed by EPRI and USDOE in the late 1970's and early 1980's. summary information is
provided in {REFERNCEJ.
Fryer, B. C. A Review and Assessment of Engineering Economic Studies of Dry Cooled
Electrical Generating Plants. 76. Richland, WA, Battelle Pacific Northwest Laboratories.
Notes: .Review of the severalengineeringeconomic studies of the comparative costs of dry and
wet cooling conducted in the early 1970's. At the time, there was no widely agreedupon
approachto conductingproper cost comparisons.Also it was not clear that the dry tower
designs had been optimized. Finally,since the energy andcapacity replacementpenalties
which were calculated under the methods used at that time accountedfor as much as twothirds of the cost of the systems, the needfor a consistentmeans of evaluatingthese penalties
was emphasized.It is not clearthat the methods used during that era of a fully regulated
power business are useful in a deregulatedera. 31 references.
Ortega, F. M. Layton. 95.
Notes: Provides comparativecost estimates of an all-dry air-cooledcondenserand a parallel
wet/dry system designedfor water conservation (nominally 50% of the water consumption of a
wet cooling tower). Estimates arefor "typical" U.S. site and include installationcosts. An
indicationof cost vs. sizefor air-cooledcondensers is given by comparingthree different
turbine exhaustpressures (4., 6. And 8. In Hg)for a given design dry bulb temperature (90F).
Costs rangedfrom $13.2 to 8. Million (includinginstallation)for a 600MM Btu/hr heat duty.
No references.
Goldschagg, H. B. et al. Air-Cooled Steam Condenser Performance in the Presence of
Crosswinds. EPRI TR-104867. 95. Palo Alto, CA, Electric Power Research Institute.
Notes: Analysis and correction of wind-relatedperformanceproblems at ESKOM's Matimba
power station.A computationalprocedurefor determiningthe flow field and its effect on fan
performance during windy conditionsis presented. The results of a proposedsolution, based
on the analysis, in preventing turbinetrips andprovidingsignificantperformance
improvement is given. 16 references.
Goldschagg, Hein. Winds of Change at Eskom's Matimba Plant. Modem Power Systems, 43-45.
99.
Notes: Review of dry cooling at ESKOM's (South Africa) MatimbaPlant (6 x 665 Mwe on aircooled condensers). Site conditions andphysical descriptions of the towers aregiven as are the
operatingprocedures.Discussionfocuses on wind-relatedproblems. Certain wind directions
unexpectedly resultedin seriousperformance losses andfrequent turbine tripsfor high back
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pressure.Analysis and eventualsolution of the problem through modifications to the
configurationof the turbine hall and the ACC windwalls is reviewed. Highlights a needfor
flow modeling in advance of construction.No references provided.
Guyer, E. C. and D. L. Brownell. Wet/Dry Cooling for Cycling Steam-Electric Power Plants. 80.
Notes: A computationalprocedurefor incorporatingutility capacity supply and energy
production economics into the design criteriaand operationalstrategy of wet/dry cooling
systems. Conclusions were that there was little difference between the optimum designsfor
base-loadand cycling plants,particularlyif relatively little water was availablefor cooling (<
250 acre-feetperyear). 16 references.
Guyer, E. C. and J. A. Bartz. Dry cooling moves into the mainstream. Power Engineering. 91.
Notes: A briefreview of the state-of-the-artof dry cooling. At the time (-1990) the use of dry
cooling was increasingin the U.S. A list of recent installationsis provided. Some of the
installationsare describedand a summary of the basic types of dry cooling systems is given. 8
references.
Guyer, E. C. Dry Cooling: Perspectives on Future Needs. 91.
Notes: Survey of needs for and utility attitudes toward dry cooling. A review of the
environmentalregulationsand the then currentexpectationsfor water supply andpotential
shortages is given. The status of existing dry cooling systems in use at the time is provided. An
historicalsurvey of installationsin the U.S. showed a significantincreasein the late 1980's up
to the date of the report.An extensive review of the literatureat the time is given 72
references.
Hamilton, Thomas H. Developing the Worth of Colder Water in a Steam Turbine Generating
Station. 2000. Cooling Tower Institute.
Notes: Presentsa systematic calculationprocedurefor evaluatingthe lost energy penalties
associatedwith reduced towerperformance.Examples arefor wet cooling towers at steamelectricplants but the methodology appliesto dry systems. Extension to combined-cycle plants
is non-trivialbut straight-forward.The computationalscheme is detailed and laboriousin this
age of computerized computationaltools but serves to illustratethe elements of the
comparisonprocedurewell A useful startingpointfor an approachto the wet-dry
comparisons.No references.
Hauser, L. G. et al. An Advanced Optimization Technique for Turbine, Condenser, Cooling
System Combinations. Proc. of American Power Conference. Vol. 33, p. 427-448. 71.
Notes: Thorough descriptionof the methodologyfor selecting the optimum cooling system and
comparingoptimized designs of the different classes of cooling system. Typical curves of
present worth evaluation vs. cooling system performance areprovided. The effect of various
turbine heat rate characteristicsarepresentedand explained.4 references.
Hendrickson, Paul L. An Overview of Economic, Legal and Water Availability Factors
Affecting the Demand for Dry and Wet/Dry Cooling for Thermal Power Plants. 77. Battelle
Northwest Laboratories.
Notes: No copy available.
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Hirschfelder, G. Der Trockenkfilhlturm des 300-MW-THTR-Kernkraftwerkes, SchmehausenUentrop. 73. VGB Krasftwekstechnik.
Notes: Review of the design, operation andeconomics of the naturaldraft dry cooling tower at
Schmehausen in Germany. This was a unique design which was never replicated. The tower
no longer exists but is an interestingcase study of an innovative design. The tower structure
consisted of a centralcolumn from which three rings were suspended.A cable network was
attachedto the rings and aluminum plates were attachedto the cable network to provide the
tower shell No references (In German.)
Hoffmann, J. E. and D. G. Kroeger . The Response of a Large Natural Draf Dry-Cooling Tower
to Ambient Temperature Stratification. EPRI TR-104867. 94. Palo Alto, CA, Electric Power
Research Institute.
Notes: Detailedanalysis and computationalscheme forperformance of naturaldraft dry
cooling systems in the presence of a thermal inversion. Comparisonswith data are given.
Relevant only for naturaldraft systems-not for combined cycle plantsin California.20
references.
Horsak, Randy D. Heat Rejection from Geothermal Power Plants. 79. Palo Alto, CA, Electric
Power Research Institute.
Notes: Cost andperformance comparisonsof wet and dry systems for geothermalplant
applications.Little relevance to the combined cycle plant case.
Hu, M. C. Engineering and Economic Evaluation of Wet/Dry Cooling Towers for Water
Conservation". November, 1976. Washington, DC, U. S. Department of Energy.
Notes: No copy available.
Hutton, David. Improved Power Plant Performance with Evaporative Steam Condensing. 99.
Notes: Presentationof the use of evaporative condensers (units where the evaporative cooling
takes place directly on the outer surface of the condenser tubes). The system has been applied
in afew instances in small installationsand may be applicableto 5 to 100 MWe units. Cost
savings of around10% in comparisonto condenser/coolingtower systems are claimed. 6
references.
Hutton, David and C. W. Carlson. Fiberglass Closed-Circuit Cooling Towers: Design
Considerations for Power Industry Applications. 94.
Notes: Discussion of the use offiberglassfor structuralcomponent of wet cooling towers. A
briefreview of the types ofpowerplant cooling systems is given. The benefits of the choice of
fiberglassfor tower construction along with the implicationsof this choicefor tower structural
design arepresented.Somepracticalobservationsbased on experience with industrialprocess
applicationsis given. Benefits are in low cost, low maintenanceand ease of construction.No
references.
Proceedings of the 9 th IAHR Cooling Tower and Spraying Pond Symposium. 94. International
Association for Hydraulic Research.
Notes: Sessions were held on effects on local environment; cooling tower operation;cooling
tower modeling; components; design andperformance. The primary emphasis of the meeting
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is on wet cooling towers and spray systems. Eightpapers deal with dry or wet-dry systems.
Summaries of the more relevantpapers aregiven in the individual citations (Leitz; Tesche;
Tesche et aL; Cinski; van der Spek; Kroger; Nemeth; Ludvig; Bouton and Monjoie; Nagel;
Schrey) (37 papers)
lovino, G et al. Optimal Sizing of Natural Draft, Dry Cooling Towers for ENEL Combined
Cycle Power Plants.
Notes: An optimization methodfor naturaldraft dry cooling towers of combined cycle power
plants (See also Ecker and Wiebking, 1978 and Conradie,Buys and Kroger, 1998). The case
study isfor an indirect,dry system and the objectivefunction to be minimized is the cost of
energy. Sensitivity studies on the effect of differing meteorologicalconditions and cost
assumptions aregiven. A good treatment of the effect of turbine heat rate characteristicsand
tower approach is given. 2 references.
Junge, Erik. Innovations in Cooling Tower Design. 2000.
Notes: Marketing article to promote a proposed design and new tower configurationdeveloped
by TowerTech. The articlehighlights threeproblems with wet towers: high maintenance
problems withfans; failureof water distributionsystem and the buildup of sludges (sometimes
hazardous)in the tower basin. The proposeddesign includes a rotaryspray nozzle to obtain
better coverage of the fill and the replacement of the basin with perimeter troughs, and the
placement of thefans at the bottom of the towerfor easier access and a drier environment.
The description is extremely briefand,in alllikelihood, is not afeasible approach.No
references.
Kast, G. A. and S. D. Adams. Kakkonda geothermal plant uses hybrid cooling. Modem Power
Systems. 95.
Notes: Description of a wet/dry tower designedfor plume abatementpurposes at a 30MWe
geothermalplant in Kakkonda, Japan.Heat rejection is 100% to the wet tower in the summer
and 20%/80% dry wet in winter months. 14ft. highfan stacks were used to promote plume
mixing andplume risefor environmentalreasons.Apparently a barometric,direct contact
condenser was used, since it is claimed that the circulatingwater is "partiallygeothermal
condensate." No cost information is provided.No references.
Kintner-Meyer, Michael and A. F. Emery. Cost-Optimal Analysis of Cooling Towers. ASHRAE
Annual Meeting. pp. 92 -- 101. 94. ASHRAE.
Notes: Optimizationprocedurefor cooling tower design is presented. The objective function to
be optimized is the combined capitaland operatingcost. The applicationisfor refrigeration
systems so the operatingpenalties, which include the effect on chiller coefficient of
performance are qualitatively differentfrom power generationapplications.The papergives a
good example of optimization methods for cooling tower costs againstrange and approachbut
no insight into source of cost information or into the effect of actualtower orfill design
variables.Reference has limited valuefor the wet vs. dry cost comparisons of this report. 12
references.
Kooy, R. J., R. J. Laverman, and J. L. Seale. Performance of a Capacative Cooling System for
Dry Cooling. 86. Palo Alto, CA, Electric Power Research Institute.
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Notes: Descriptionof design andperformance of the thermal storage components of the
advancedphase-changeammonia dry cooling system developed and tested by EPRI and
USDOE. No copy currently available.
Kosten, H. and R. Wyndrum. Wet, Dry and Hybrid Systems--A Comparison of Thermal
Performance. EPRI TR- 104867. 95. Palo Alto,CA, Electric Power Research Institute.
Notes: Describes the choices availablefor condensing and cooling systems for the
condensation of turbineexhaust steam. The paper describesthe major types of system and
their operatingcharacteristics,operating and maintenancecosts and other selection
considerations.Life cycle cost analyses are discussed.Problem check listsfor wet, dry and
wet/dry systems aregiven. Simplified cost comparisonsare included.An excellent introductory
survey of the subject No references.
Kroeger, D.G. Air-cooled Heat Exchangers and Cooling Towers. Begell House, New York
(1998).
Notes: Comprehensive text on the design andperformance of dry cooling systems. The text is
over 600 pages long. The 10 Sections and3 appendicesgive a detailed treatmentof the fluid
flow, heat transferand thermodynamic theory of cooling systems complete with detailed
worked examples. Descriptions of operatingplants using dry cooling, the effects of different
meteorologicalconditionsand methods for selection of optimum systems arepresented.The
severalhundred references catalogthe up-to-date literatureof thefield as of 1998.
(Informationto obtain the book is availableat the Begell House, Inc. website;
http://wwwbegellhouse.corn/heat exchangers/aircooledhtml)
LaRonge, Thomas M. Bugs and Bugaboos of Cooling System Components. 2000. Cooling
Technology Institute.
Notes: Review of cooling tower problems associatedwith water quality control Emphasis is on
microbialinduced corrosionproblems andmethods for amelioratingand correctingsuch
problems. A briefreview of mechanicalfailures and their cause is presented.Largely
qualitativediscussion based on author'sconsiderableexperience in cooling tower water
treatmentand maintenance. 1 reference.
LeFevre, M.R. New Technology and Cooling Tower Design Practices. Combustion 28-32
(1977).
Notes: Generaldiscussion of varioustypes of cooling towers. Discussionis limited to wet
systems and includes mechanicaland naturaldraft towers, round mechanicaldraft towers and
fan-assisted,natural-drafttowers. A briefreview of where in the U.S. the variousdesigns
choices arepreferred(as of 19 77). No references.
Li, K. W. and W. Sadiq. Computer-Aided Optimization of Cooling Systems. Computers in
Engineering Conference No. 3. pp. 165-171. 85. ASME International.
Notes: A relatively simplified optimization methodfor powerplant cooling systems. Presents a
case study for a mechanicaldraft wet cooling tower on a 670 MWe plant The effect of varying
approachand condenser terminaltemperaturedifference is illustrated.No detailed
optimization of tower design variables is attempted. No cost information is included. 4
references.
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Lindahl, P. and R. W. Jameson. Plume Abatement and Water Conservation with the Wet/Dry
Cooling Tower. CTI Journal 14, (1993).
Notes: One of the classic references on hybrid wet/dry cooling towersfor both plume
abatement and water conservation.Excellent descriptionsof the configuration and
thermodynamic operatingprinciplesof the several tower types are given. Attention is given to
the selection of the design pointfor real applications.No cost information is included.No
references.
March, F. and F. Schulenberg. GEA-Information: Air cooled condenser for a 160 MW steam
power station, planning of the plant and experience gained in two years of operation. 70.
Bochum, Germany, GEA-Kiihlturmbau und Luftkondensation, GmbH.
Notes: Review of two years operatingexperience on the air-cooledcondenser at the 160 MWe
power plantin Utrillas,Spain. The performance data confirmed the design calculationsand
demonstrateda reserve capacity of about 8%. No serious operatingproblems were noted.
Annual cleaning with compressed air blowing during operationwas sufficient to maintain
performance.No efficiency loss was observed as a result of windy conditions.No cost
information is provided.No references.
Mathews, R.T. Air cooling in chemical plants. Chemical Engineering Progress 55, 68-72 (1959).
Notes: An old reference which analyzes the use of air-cooledheat exchangers in the chemical
process industry. Containsa detailedset of considerationsand criteriafor deciding when air
cooling is potentially a preferredchoice. Some discussion of design temperatureselection
based on site meteorology. Suggested design temperature is the "2% temperature':(The
temperature that is exceededfor 175 hoursperyear.) Many of the considerationsare
appropriatefor powerplant applications,although the economic evaluation discussion is quite
limited. No references.
Maze, R.W. Air vs. Water Cooling. The Oil and Gas Journal 74-78 (1974).
Notes: Comparison of air and water cooled heat exchangersfor petrochemical applications.
Typical values for temperaturedifferences and comparativecosts areprovided.Attention is
given to problems relatedto cold weather operation.Cost information would be difficult to
translatefor powerplant applications.3 references.
McHale, C.E.e.al. New Developments in Dry Cooling of Power Plants. Combustion 28-36
(1990).
Notes: Descriptionof the advancedphase-changedry cooling system developed and tested by
EPRI andthe USDOE in the 1980's. The system was an indirectdry cooling system with a
surface condenser and an ammonia loop between the condenser and the dry tower, thus
eliminatingthe condenser rangefrom the temperature difference between the ambient dry
bulb and the steam condensing temperature.Comparisonsareprovided with other cooling
system designs and the costs and incentivesfor the use of dry cooling are reviewed. 18
references.
Merchant Power on the Go Power Engineering ( July, 2000).
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Michell, F.L. and D. H. Drew. On-Line Performance Monitoring of the 1300 MW Natural Draft
Cooling Towers on American Electric Power's General James M. Gavin Plant. CTI Journal
(1997).
Notes: Discussion of the methodsfor monitoring very large, naturaldraft cooling towers and
the problems with the equipmentfor making the measurements.Measurements of ambient
temperatures and wet bulbs, circulatingwaterflow rates anddata averagingproceduresare
discussed. The paperis of limited valuefor the issues of cooling system selectionfor combined
cycle plants in Californiabut does emphasize the difficulties of determiningactual cooling
performance being realizedfrom an operatingcooling tower. 2 references.
Miliaris, E.S. Power Plants with Air-Cooled Condensing Systems. The MIT Press, Cambridge,
Massachusetts (1974).
Notes: Textbook consisting of 14 Sections and 4 appendices 234pages long. It is organizedby
cooling system type and includes directand indirectsystems, barometricandsurface
condensers, detailed descriptionsof heat transfer andfluidflow computationalproceduresfor
finned tube heat exchangers, and extensive treatments of the thermodynamic optimization
methods for applicationto power plants.AdditionalSections deal with the system planning
aspects of system selection by utility companies. Detailedinformationon plants in existence at
the time is provided.A treatmentof determining the loss ofplant capability and increased
cooling system load at increasedback pressureincluded.Extensive references are given in
each Section; totalfor the book is several hundred.
Mirsky, G. and J. Bauthier. Cooling Towers: New Developments for New Requirements. EPRI
TR-104867. 94. Palo Alto. CA, Electric Power Research Institute.
Notes: Addresses the design of cooling towersfor combined cycle power plants. The discussion
is organizedaround three sets of requirements: water use and pollution, noise and visibility.
Particularattention is given to determining the cooling tower requirementsfor the specialcase
of a combined cycle power plant where the steam part of the cycle accountsfor only about 1/3
of the plant output butfor which the cycle efficiency may befairlypoor comparedto standalone steam plants. Order of magnitude cost comparisonsareprovided based on the authors'
corporateexperience.No sources areprovided. 4 references.
Mirsky, G., K. Bryant, and J-P. Libert. The Latest Worldwide Technology in Environmentally
Designed Cooling Towers. CTI Journal 13, (1992).
Notes: Reviews some advancedapproachesto improving the environmentalcharacteristicsfor
cooling towers at power plants.Specific topics include low noise designs; injection of scrubbed
flue gas into tower airstream;low drift designs; new EPA testing methods; thermal
performance; asbestos removal and replacement; water conservation;zero dischargetowers;
andplume abatement or elimination. Order of magnitude cost estimates are given for some of
these approaches.
Missimer, J.R. and D. Wheeler. Characterization of Drift Rates and Drift Droplet Distribution for
Mechanical Draft Cooling Towers. (1997).
Notes: Discusses drift measurement methods andpresents data on drift rates and drift droplet
size distribution obtainedfrom 5 7 drift tests made over the previous 23 years. The results are
grouped by tower type and by drift eliminator.Resultsfrom different sampling methods
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(isokinetic sampling and sensitivepaper sampling)are compared. A distinctionis made
between mechanicallygenerateddrift and droplets condensed in the tower exhaust stream. 14
references.
Mitchell, R. D. Survey of Water-Conserving Heat Rejection Systems. 89. Palo Alto, CA, Electric
Power Research Institute.
Notes: Summary of all economic comparison studies of wet, dry and wet/dry systems available
at the time of the report.A clear comparison of the importantassumptionsmade in each study
and the effect that the choice of assumptions has on the cost comparisonsis provided. Very
concise descriptionsof the appropriatemethodologyfor determiningall the importantcost
elements and in obtainingoptimized systems for purposes of comparison aregiven. This is the
most comprehensive treatment of the comparisonmethodology that has appearedin the open
literatureto date. 63 references.
Miura, T. and 0. Gotoh. The New Wet/Dry Cooling Tower without Finned Tube Dry Section
(NWD). (1998).
Notes: Presents a new design concept (called "NWD"for "novel wet/dry tower)for plume
abatement with no separatefinned tube dry section. The approachuses a combined wet/dry fill
with a section to which the waterflow can be interrupted.The wet/dry passagesconsist of 15
to 25% of the totalfill area. Performancetest results on a single mechanical draft,cross-flow
cell are reported.Satisfactoryplume abatementwas documented, but no information on cost
or on relative cooling capabilitywhen operated in the plume abatement mode is available.No
references
Wet/dry cooling tower eliminates plume at Teesside. Modem Power Systems, 57-60. 95.
Notes: Presentsa description of the retrofit of afan-assistedhyperbolic cooling tower in the
U.K. with a parallelpath wet/dry towerfor plume abatement. The plant is a combined-cycle
1725 MWe plant operatedin conjunction with a chemical complex to which it supplies steam.
A full description of the supplementary cooling tower is given including some overallcost
estimates. The unit was notyet in operationat the time of the paperso no performance or
O&M information is available.No references.
Monjoie, M.a.J.-P.L. Testing Procedures for Wet/Dry Plume Abatement Cooling Towers. CTI
Journal (1994).
Notes: Proceduresfor testing of wet/dry plume abatement towers arepresented.Full
discussion of the measurements to be made, the equipment to be used, calibrationtechniques
aregiven. The thermodynamics andfluidflow ofplume abatement are reviewed, and the
calculationsrequiredto verify performance are laidout in detail. Criteriaforfulfilling the
plume performanceguaranteeare clearly stated: thermalguaranteeisfulfilled; the average
maximum humidity is lower than expected; no local air state exceeds the maximum humidity
guaranteevalue by more than 7%. No references.
Mukherjee, R. Effectively Design Air-Cooled Heat Exchangers. Chemical Engineering Progress
26-46 (1997).
Notes: Detaileddiscussion of design methods for air-cooledheat exchangers.Applications are
for the chemicalprocess industry but much of the materialapplies equally well No
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optimization is considered,but each of the design decisions (tubes, headers,fins,fans, etc) are
discussed in detail No cost information is provided. 17 references plus 7 suggestionsfor
"FurtherReading."
Murphy, D. Cooling towers used for free cooling. ASHRAE Journal 16 ( June, 1995).
Notes: Deals with chilled water systems which reject heat to a cooling tower. It is recognized
that in some climates, there are days when the cooling tower alone can provide cold water at
sufficiently low temperature to meet the chilled water needs of the building orprocess.
Configurationsare suggested to implement this approachas an energy saving method. No cost
or performancedata is given. No relevance to the comparison of wet vs. dry systems.
Naegelen, R. J., J. L. Seale, and M. Husain. Detailed Design for Incorporating Chicago Bridge &
Iron (CBI) Capacitive Cooling System in the ACT Facility in Bakersfield, Califomia---Vol. 1:
Executive Summary. 82. Palo Alto, CA, Electric Power Research Institute.
Notes: Descriptionof the thermalstorage component of the advanced concept test
facility(A CT) built and operatedby EPRI and USDOE to test an indirectdry cooling system
usingphase-changeammonia as the intermediate heat transportloop. Thisfirst volume
reviews the concept of thermalstorage in this applicationandestimates the performanceand
cost benefits to be obtainedNo copy available.
Naegelen, R. J., J. L. Seale, and M. Husain. Detailed Design for Incorporating Chicago Bridge &
Iron (CBI) Capacitive Cooling System in the ACT Facility in Bakersfield, California---Vol. 2.
82. Palo Alto, CA, Electric Power Research Institute.
Notes: Descriptionof the thermal storage component of the advanced concept test
facility(A CT) built and operatedby EPRI and USDOE to test an indirectdry cooling system
using phase-changeammonia as the intermediateheat transportloop. This second volume
presents the descriptionof the equipment, its operationat the testfacility and the test results.
No copy available.
Norton, C.H. and K. W. Rowland. Design, Operation and Water Treatment of a Wet Finned
Tube Exchanger Cooling Tower. CTI Journal (1989).
Notes: Presentsa descriptionof a "wet"finned tube heat exchanger cooling towerfor
compressedgas cooling by Southern CaliforniaGas Company. The units consists offiberglass
fill over which recirculatedwater is passed and through which inlet air can be directed during
hot periods. The precoolingof the air increasesthe capacity of the finned tube dry section. Annual water consumption is reducedsignificantly (55% to 86%) relative to conventionalwet
cooling. Water treatmentproceduresfor scalingcontrol are discussed.No references.
O'Boyle, Paul. Be cool, be flexible. Modem Power Systems, 53. 99.
Notes: Describes a business arrangementwhere cooling water supply is "outsourced"to a
company (Global Water Technologies) who installor upgradecooling towers at their cost and
contractto deliver a certainamount of water at a specified temperaturefor the contractterm.
No performance or cost informationis provided.No references.
Oosthuizen, P. C. Performance Characteristics of Hybrid Cooling Towers. ME Thesis. 95.
University of Stellenbosch, Dept. of Mechanical Engineering.
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Notes: Theoreticaland experimentalstudy of the performanceof wet/dry cooling towers in
hybridand separateconfigurations.A computerprogram is developed which predicts the
thermalperformance of both paralleland seriespath waterflow rectangularhybrid towers.
Example calculationsareprovided.Experimentaldata on one cooling tower fill was obtained
and the computationalprocedurefor generatingthe heat transferandpressure drop
characteristicsfrom the experimentaldata is given. Particularattention is given to the
thermodynamics ofplume predictionmodels and the psychometrics governingtheformation
of visible plumes are discussed. Calculationsof inlet recirculationand a methodfor estimating
the extent of ineffective fill area is provided. 97 references.
Special Report: Cooling Towers. Power Magazine. 73.
Notes: Excellent comprehensive specialreporton cooling towers; major sections on natural
and mechanicaldraft wet towers and on dry towers. Good systems descriptionsareprovided
along with discussions of design, operationand maintenanceissues. Some typical
performance data is given but no detailed design or cost information. Although the report in
27 years old, much of the information is still relevant although there are big differences in
materials, water treatment methods and the economics which dictate the cost of alternate
systems. For example, the emphasis on naturaldraft hyperbolic towers is no longerjustified
and the dry system designs have progressedconsiderablysince the writing of the report No
references.
Quigley, K. and Karl Wilber. Development of Cooling Tower Performance Impacts of Utility
and Process Plants. CTI Journal (1991).
Notes: Presentsmethods for determiningthe performancepenalties and their contributionto
total evaluated costs for cooling towers. Five cases, three of which arefor powerplants, are
presented.Results arepresentedin the form $'F for estimatingthe cost of tower performance
shortfalL 9 references.
Rose, J. C., D. J. Wilson, and G. H. Cowan. Air-Cooled Heat Exchanger Performance
Specification. 73. Harwell, UK, Atomic Energy Research Establishment.
Notes: Detailedspecificationsfor design, specificationand location of air-cooledheat
exchangers. The report covers considerationsof unit location,specification of ambient design
temperatures,fan andplenum configuration,fan and drive selection, thermalperformance
guarantees,noise level guaranteesand air-flow measurementfor performance tests. No
references.
Smith, E. C. and M. W. Larinoff. Power Plant Siting, Performance and Economics with Dry
Cooling Tower Systems. Proc. of American Power Conference. 32, p. 544-578. 70.
Notes: Excellent summary ofperformance and economics of dry cooling tower systems. A
detailed methodology is set forthfor accountingfor all aspects of the cost of dry cooling. The
optimization studies suggested that lowest total owning and operatingcosts with dry cooling
tower systems occur with turbine exhaust temperatures in the range of 8" Hg and above. The
authorsrecommended that turbine manufacturerscould contribute to thefield by offering
high back pressure turbines which were not availableat that time. 16 references.
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Smith, James 0. and M. Muder. Commonwealth Edison (COMED) Byron Generating Station
Unit 1 Crossflow to Counterflow Conversion. EPRI TR-104867. 94. Palo Alto, CA, Electric
Power Research Institute.
Notes: Presentsthe results of a cross-flow to counterflow conversion of two hyperbolic
cooling towers at Commonwealth Edison's Byron Nuclearplant. The conversion was
motivated by a deteriorationin tower performance due to ice damagefrom winter operations.
The paperis of limited valuefor the issue of cooling system choicefor combined-cycleplants
in Californiabut does contain some information of the cost of reducedperformance.No
references.
Spilko, J. Dry cooling enhances Syria's Teshrin plant operation. Power Engineering, 40-41. 94.
Notes: Description of the design,performance and operationof the 200 MWe gas-firedplant
at Teshrin, Syria. The system includes delugeablefin-fan coolers to assistin making peak load
on the hottest days. A naturaldraft design was chosen to reduceplantauxiliarypower
requirementsand to improve the plant net heat rate.No cost or quantitativeperformance
information is given. No maintenanceproblems were reported.Annual cleaning with a waterwash system maintainsperformance and is done by the normalplantmaintenance crew.
Staff report. Parallel combined cycle at Altback/Deizisau HKW 2. Modem Power Systems. 95.
Notes: Brief descriptionof a hybrid 20%dry/80% wet cooling tower chosen primarilyfor
plume abatement.No cost or performanceinformation is provided.No references.
Staff report. Single row condensers build on success. Modem Power Systems, 43. 98.
Notes: Briefdiscussion of the use of single row condensers in air-cooledcondenser
applications.Some specific application(Sutton Bridge combined cycle plant in the UK
(780MWe); the Ogden-Huntingtonwaste-to-energyplant in the US; the Herdersbrug
combined cycle plant in Bruges, Belgium) are identified. The extension of the use of SRC to
naturaldraft towers is proposedand reference is made to a Hamon paperat the Power Gen
meeting in Milan, Italy in 1998. 1 reference.
Streng, A. Circular Hybrid Cooling Towers. CTI Journal (2000).
Notes: Describes circularhybrid towers as a preferredalternativeto conventional
(rectangular)cell type towersprimarilybecause the problem ofplume recirculationis reduced.
Fielddata on recirculationand its effect on inlet wet-bulb temperatureis provided.
Performancecomparisonsbetween circularand cell-type towers over a year's range of
ambient conditionsis given. References tofield tests and operatingreports (primarilyGerman)
are given. Little relevance to wet vs. dry comparisons.
Streng, A. Combined Wet/Dry Cooling Towers of Cell-Type Construction. Journal of Energy
Engineering 124, 104 (1998).
Notes: State-of-the-artof technicaldevelopments in wet/dry cooling towers. The emphasis is
on plume abatementand not waterconservation. Detailedtreatmentsof the tower design and
the thermodynamics ofplume abatement areprovided. Some attention is given to selection of
materialsof construction.No cost or thermalperformance information is provided. 9
references.
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Surface, M.O. System designs for dry cooling towers. Power Engineering 42-50 (1977).
Notes: General review of dry cooling tower designs and their applications.The paperprovides
a good overview of the several types of dry cooling system-direct, indirectmore or less
conventionaldesign along with some concepts that were being proposed in the late 1070'splasticsurfaces, rotatingdisk surfaces, and the ammoniaphase change system. The tradeoffs
with the use of high back-pressureturbines are discussed.A cost analysis is provided of the
range of optionsfrom all-dry systems with and without high-backpressureturbines, wet/dry
systems with make-up water requirementsrangingfrom 1% to 40% of wet tower, anda
mechanicaldraft wet cooling tower. No references.
Swanekamp, R. Profit from latest experience with air-cooled condensers. POWER 78 (1994).
Notes: Excellent review of operatingissues with air-cooledcondensers at severalpower plants.
Anecdotal descriptionsof loss of capacity duringhot weatherperiods,freeze-up problems in
winter, recirculationproblems duringwindy conditions and requirementsfor tube bank
cleaning aregiven. Identifies operatingplants in California(CamarilloPlant in Ventura
county), Virginia (Doswellplant), Montana (Rosebudplant in Colstrip,MT) and New Jersey
(Sayreville co-gen plant) andHawaii(Maalaea Unit 15). No references.
Thiel, F. and D. Clute. A landmark for private power in Mexico. 27-29 (1998).
Notes: Description of a 700 MWe combined cycle plant (SamalayucaII) in Mexico. This is the
first large-scaleprivatepower project in the country. This reference is included only because it
is mentioned that an air-cooledcondenser was chosen for water conservationreasons.No
information about the cooling system is provided.No references.
Trage, B., A. J. Ham, and Th. C. Vicary. The Natural Draught, Indirect Dry Cooling System for
the 6 x 686 MWe Kendal Power Station, RSA. Jt. ASME/JEEE Power Generation Conference.
90-JPGC/Pwr-25. 90.
Notes: Detaileddescription of the unit is provided,It is noted that the choice of an indirect
system, while not expected to be economicallypreferred,was made in order to provide largescale comparativeperformanceand operatingdata to the 6 x 665 MWe plant that hadjust
been constructedwith a direct dry cooling system at Matimba. Information on the net output
of the unit during the year at different ambient temperaturesis given. Some attention is given
to the effect of wind on towerperformance with comparisons to towers at other sites including
a tower in Armenia (Razdan PowerStation) and in Germany (Schmehausen). No economic
information is provided, No references.
Tsatsaronis, G. and A. Valero. Thermodynamics meets economics. Mechanical Engineering 8486 (1989).
Notes: An exergy analysis ofpower conversion systems to identify sources of thermodynamic
inefficiencies. Simple optimization methods aregiven. No specific mention is made ofpower
plantcooling systems although the methodology is applicable.No quantitativecost
information or any worked examples areprovided.No references.
Tsou, John J. Jenco and K. Zammit eds. Proceedings: Cooling Tower Technology Conference.
EPRI TR-108483. 97.
Notes: Contains22 paperson several aspects of cooling tower technology:performance
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improvement; design innovations;fouling and corrosionprevention; and operationand
maintenance.Primaryemphasis of the meeting was on wet cooling with only threepapers on
dry or wet/dry systems. (Summariesof the importantpapers relatedto dry systems given under
the entriesfor the individualpapers.) {Goldschagget aL, Hoffmann and Kroeger,Mirsky and
Bauthier).
van der Spek, H. F. and P. J. M. Nelissen. Advanced Low Noise Cooling Fans. EPRI TR104867. 95. Palo Alto, CA, Electric Power Research Institute.
Notes: Describes a researchprogramto develop andtest low noisefansfor cooling tower
application. Good descriptionof testingprocedures.Analyses and data arepresentedrelating
noise reduction to fan power reduction. Good descriptionis provided of the sources of noise
and the generalapproach used to reduce it. 2 references.
Varley, J. Eskom's Majuba: at the peak of its career. Modem Power Systems. 1999.
Notes: Descriptionof the Majuba Power Station in South Africa, a 4100 MWe plant with six
units, three of which use air-cooledcondensers. The difference between the units on wet
cooling towers and those on air-cooledcondensers is an increase in capacityfrom 660 MWe to
715 MWe. Complete qualitative descriptionof the plant is given but no performance or cost
information isprovided.No references.
Von Cleve, H-H. Comparison of Different Combinations of Wet and Dry Cooling Towers.
ASME Winter Annual Meeting. ASME Paper No. 75-WA/Pwr-10. 75. New York, NY, ASME,
International.
Notes: Review of the use of combined or hybrid wet and dry systems for either water
conservation orplume abatement.The combination of wet cooling towers with direct air
cooled condensers is the usualsystem of choice for meeting water consumption or maximum
turbine back pressureconstraints.Forplume abatement a combined wet/dry tower is required.
The effect of design objectives, site characteristicsand water availabilityon the system choice
is discussed.No references.
Wheeler, K. R. et al. Deposition and Corrosion Phenomena on Aluminum Surfaces Under
Deluged Dry Cooling Tower Conditions. 81. Palo Alto, CA, Electric Power Research Institute.
Notes: Descriptionof the deluge enhancementfeature of the EPRI1USDOEAdvanced
Concept Testfacility. The design of the equipment and details of the tests aregiven along with
datafrom the tests. No copy is currently available.
Willa, J.L. Evolution of the Water Cooling Tower. CTI Journal (1991).
Notes: Historyof wet cooling towers and their evolution to power plant size units. Particular
attention is paid to the changes in materialsof construction over time. Comparisonof the
advantages and disadvantagesof cross-flow vs. counter-flow units is given. No references.
Willa, James L. How to Improve the Thermal Performance of Cooling Towers. CTI-EPRI
Cooling Tower Conference. 2000. Palo Alto, CA, Electric Power Research Institute.
Notes: An excellent survey of common operatingand maintenanceproblemfound in wet
cooling towers andmethods for addressingthem. Estimates ofperformance improvement to be
gainedfrom thesefixes are given. No quantitativecost informationis given. 2 references.
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Zaloudek, F. R., L. J. Brown, and R. T. Allemann. Advanced Concepts Test Facility--Measurements and Suggested Test Plan. 80. Palo Alto, CA, Electric Power Research Institute.
Notes: Descriptionof the tests conducted at the EPRL/USDOEAdvanced Concept Testfacility.
This report was one of a series of reports to document the ammoniaphase change dry cooling
system and to make the knowledge availableto utility planners. This reportpresents the test
strategy,the determination of the requiredmeasurement accuracy,the specificationof the
instrumentationandthe statisticaltreatment of the results. 5 references.
BDT Engineering.
GEA.
Hamon Cooling Systems.
Marley Cooling Tower.
Niagara Blower Company.
Aull, Rich and Tim Krell. Design Features and Their Effect on High Performance Fill. 2000.
Houston, TX, Cooling Technology Institute.
Hobson, E., T. H. Massey, and P. Lindahl. NPF Cooling Tower Fill--Its Development and
Demonstration. 95. Houston, TX, Cooling Technology Institute.
Richardson, J. and M. G Trulear. Recent Advances in High Alkaline Cooling Water Treatment.
2000. Houston, TX, Cooling Technology Institute.
Howarth, J. and C. Nalepa. First Field Trials of Single-Feed, Liquid Bromie Biocide for Cooling
Towrs. 2000. Houston, TX, Cooling Technology Institute.
Gill, J. S., J. R. Parson, and R. C. Gordon. A New Treatment for Calcium Carbonoate Control in
Alkaline Conditions. 97. Houston, TX, Cooling Technology Institute.
Suptic, D. M. A Non-Metallic Air Cooled Heat Exchanger for Cooling Tower Plume Reduction.
99. Houston, TX, Cooling Technology Institute.
Missimer, J. R., D. E. Wheeler, and K. W. Hennon. The Relationship Between SP and HGBIK
Drift Measurement Results--New Data Creates a Need for a Second Look. 98. Houston, TX,
Cooling Technology Institute.
Randall, J. D. et al. Cooling Tower Plume Abatement at Chicago's O'Hare Airport. 98. Houston,
TX, Cooling Technology Institute.
Feltzin, A. E. and D. Benton. A More Nearly Exact Representation of Cooling Tower Theory.
91. Houston, TX, Cooling Technology Institute.
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DesJardins, R. J. Using the EPRI Test Data to Verify a More Accurate Method of Predicting
Cooling Tower Performance. 92. Houston, TX, Cooling Technology Institute.
LeFevre, M. R. Eliminating the Merkel Theory Approximations--Caan It Replace the Empirical
Temperature Correction Factor. 84. Houston, TX, Cooling Technology Institute.
LeFevre, M. R. Influence of Air and Water Tepeature on Fill Characteristics Curve. 85. Houston,
TX, Cooling Technology Institute.
Fulkerson, R. D. A Comparison of Crossflow Cooling Tower Splash-Type Fills. 99. Houston,
TX, Cooling Technology Institute.
Fulkerson, R. D. Comparative Evaluation of of Counterflow Cooing Tower Fills. 88. Houston,
TX, Cooling Technology Institute.
Mirsky. G. R. and M. Monjoie. Film Fill: Recent Research and Application Data. 90. Houston,
TX, Cooling Technology Institute.
Schulenberg, F. Der Luftkondensator fior den 356-MW-Block in Wyoming/USA. 77.
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Van der Walt et al. The Design and Operation of a Dry Cooling Tower system for a 200 MW
Turbo-genrator at Grootvlei Power Station, South Africa. Proceedings of the 9th World Energy
Conference. 74.
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Appendix B
EXING AND PLANNED DRY AND HYBRID
COOLING SYSTEMS

Major Manufacturers and Contact Information
" BDT Engineering, Balcke-Diirr, Inc., 405 N. Reo Street, Tampa, FL 33609, 813-289-1516,
Contact: Mr. Ralph Wyndrum
*

Marley Cooling Tower, 7401 W.
Contact: Mr. Paul Lindahl

*

GEA Power Cooling Systems, Inc., 5355 Mira Sorrento Place, Suite 600, San Diego,
California 92121, 619-457-0086, Contact: Mr. Jamie Clark

*

Hamon Cooling Towers, 58-72 E. Main Street, Somerville, NJ 08876; Contact: Dr. Ram
Chandran

129

th Street, Overland Park, KS 66213, 913-664-7588,

Installations
The remainder of this section contains information provided by the manufacturers listed above.
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BDT
ENGINEEHING

(June2000)

BDT Engineering:Air-Cooled Turbine Exhaust Steam Condensers, Worldwide
ProjectExperience
Client

Locathion

Steam Flow
lb / h

Back
Pressure

Engineer

Asea Brown Boveri (ABB)
ABB
ABB
Electricite de France (EDF)
ABB
Mitsubishi Heavy Industries
ABB
ABB
Thomassen Power Systems
Doga / Mission Energy
EPA Taiwan/
Chung-Hsin Electric &Machinery
EPA Taiwan/
Chung-Hsin Electric &Machinery
ESP Geko / HKW
Feldberg
ESP Geko / HKW
ML Ratingen / MHKW
Pirmasens (Single Row)
ABB Enertech AG / KVA
Niederurnen
D.B. Anlagen i VERA
Hamburg (Single Row)
Bechtel
Caliqua Basel / KVA
Gamsen
Statwerke Kiel MVA
Kiel
Siemens KWU / AEZ
Kreis Wesel
Siemens KWU /
SBA Furth (Single Row)
AVI Twente, Hengelo I
Twente
Billings Generation
Stork Ketels I
Wapenveld
NEMA Netzschkau /
lzmit (Single Row)
Blohm &Voss / SAVA
Brunsbuttel (Single Row)
ML Ratingen / MVA
Offenbach (Single Row)

Lake Road, CT
Hays, TX
Blackstone, MA
Rio Bravo, Mexico
Midlothian, TX
Chihuahua, Mexico
Monterrey, Mexico
Enfield, England
Esenyurt, Turkey

3 x 520,000
2 x 500,000
2 x 540,000
1,100,000
4 x 500,000
970,000
2 x 545,000
804,400
390,000

2.50"HgA
2.40"HgA
2.20"HgA
3.0"HgA
2.40"HgA
2.76"HgA
2.24'HgA
2.1 'HgA
7.5"HgA

Engineering
Engineering
Construction
Construction
Construction
Construction
2000
1999
1998

Hsinchu, Taiwan

205,955

4.43 "HgA

1998

Pali, Taiwan

308,577

4.43 "HgA

2000

Feld berg,Germany

44,100

5.9"HgA

1997

Dresden, Germany
Germany

63,900
117,200

35.5 "HgA
3.3"HgA

1997
1997

Switzerland

35,000

2.9"HgA

1996

Germany

33,000

5.9 "HgA

1996

Crockett, CA
Switzerland

608,000
38,800

2.0 "HgA
2.9 "HgA

1996
1996

Germany

45,200

103"HgA

1996

Germany

165,300

2.9 "HgA

1996

Germany

104,100

4.1 "HgA

1996

Netherlands

194,400

2.5 "HgA

1996

Billings, MT
Netherlands

463,696
103,200

7.5"HgA
2.9"HgA

1995
1995

Turkey

43,000

2.3 "HgA

1995

Germany

30,900

3.5"HgA

1995

Germany

75,000

3.5 'HgA

1995
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Client

Location

Steam Flow
lb / h

Back
Pressure

Instailed

ESP Heinzwerke /
Sulzbach-Rosenberg
Caliqua Basel / KVA
Thurgau
Bechtel
PowerGen/Siemens
Krupp Stahl /
Bochum
MAN GHH / GSB
Ebenhausen
ABB Nurnberg / AVA
Augsburg
Blom &Voss
Batam
CRS Sirrine
CNF Constructors
Indeck Energy
Rutgerwerke
Lurgi
MSW Bazenheid
Siemens/MWS
Cogen. Weissenhom
Chemische Fabrik
Budenheim
Blohm and Voss
MSW,Beselich
Blohm and Voss
MSW Pinneberg
ABB Baden, Kabul
SERT
MSW Harelbeke
Stadtwerke
Frankfurt for MSW Frankfurt
BBC Mannheim (ABB), Touss
Unit 4 150 MW Power Station
BBC Mannheim, Touss
Unit 3 150 MW Power Station
BBC Mannheim for
MWS/Geiselbullach
BBC Mannheim
MSW Neustadt
Kringlen
MSW Linthgebiet
BBC Mannheim, Touss
Unit 2 150 MW Power Station
BBC Mannheim, Touss
Unit 1 150 MW Power Station
Standard Messo, MSW Stapelfeld
Techn. Werke
Ludwigshafen
Babcock Krauss
Maffei Imperial, MSW Burgau

Germany

41,400

5.9 "HgA

1994

Switzerland

130,100

14.7 "HgA

1994

Rochester, MA
United Kingdom
Germany

220,250
1,877,900
36,400

3.5"HgA
2.7"HgA
38 "HgA

1993
1993
1993

Germany

70,500

6.2 "HgA

1993

Germany

122,700

3.5 "HgA

1993

Indonesia

57,500

13.3 'HgA

1992

Lowell, MA
Fitchburg, MA
Silver Springs, NY
W.Germany
Switzerland

160,000
127,000
120,000
88,000
3,100

3.25"HgA
3.5"HgA
2.5"HgA
5.0"HgA
3.5"HgA

1991
1991
1990
1990
1989

W.Germany

83,000

4.5"HgA

1989

W.Germany

6,000

1.8"HgA

1989

W. Germany

13,200

3.0"HgA

1988

W. Germany

68,000

6.0"HgA

1987

Afghanistan
Belgium

243,000
44,000

3.5"HgA
1.5"HgA

1987
1985

Germany

55,000

15.0"HgA

1985

Iran

792,000

8.0"HgA

1984

Iran

792,000

8.0"HgA

1984

Germany

72,600

4.0"HgA

1984

W. Germany

57,200

3.6"HgA

1984

Switzerland

58,700

4.0"HgA

1983

Iran

792,000

8.0"HgA

1983

Iran

792,000

8.0"HgA

1983

West Germany
West Germany

17,600
39,600

2.7"HgA
3.0"HgA

1982
1982

West Germany

26,400

6.0"HgA

1982

West Germany

57,900

3.7"HgA

1982

Widmer + Ernst
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MSW Ingolstadt
Steam Flow
Client

B C Berlin, MSW Krefeld
Stork Boilers
Goepfert + Reimer, Iserton
G H, Hattingen
Cabot
Mura Biel
Didier
Widmer + Ernst, Hamburg
SSK v. Schaewen
City of Frankfurt
B A S F, Antwerpen
DuPont
Borsig, Ruhrgas
Stadt Bremerhaven
Krupp
DuPont
V KW,Goppingen
DuPont
AEG-Kanis Turbines
Hamburg
G H,Rottka
KH D,Koln
Bechtel/Canada
Kwinana
Stadtwerke
Solingen
Glanzstoff
Koln
Wirus Werke
Saline
Ludwigshafen
AEG-Kanis, Cabot
KEW/Werhohl
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l..h.

Back
Pressure

Insta

West Germany
Netherlands
West Germany
West Germany
West Germany
Switzerland
Netherlands
West Germany
West Germany
West Germany
Belgium
West Germany
West Germany
West Germany
Poland
West Germany
West Germany
West Germany
West Germany

130,500
90,200
110,000
71,500
29,900
24,200
4,600
178,200
17,800
52,800
19,100
4,400
118,800
176,000
44,000
7,300
92,400
6,400
110,000

5.5"HgA
3"HgA
15"HgA
5.5"Hg
6"HgA
19.5"HgA
10.5"HgA
3.6"HgA
30"HgA
15"HgA
27"HgA
30"HgA
6.6"HgA
14"HgA
24"HgA
30"HgA
4.5"HgA
30"HgA
4"HgA

1981
1981
1980
1980
1979
1978
1977
1976
1976
1976
1976
1976
1975
1975
1974
1974.
1974
1972
1972

West Germany
West Germany
Australia

44,000
7,000
79,000

3"HgA
12"HgA
6"HgA

1971
1971
1969

West Germany

39,000

4.5"HgA

1969

West Germany

28,600

30"HgA

1968

West Germany
West Germany

4,600
700

30"HgA
30"HgA

1968
1967

West Germany
West Germany

55,000
22,000

23"HgA
33"HgA

1966
1961

Existing andPlannedDry andHybridInstallations

Ma'ley
Cooling
Tower
A United Dominion
Company
Marley: ParallelPath Wet Dry Cooling Towers (Plume Abatement Towers)
1

:!

_

Model

Fill Type

Design

Project

Order
1_ Date

Order
No

22,000 gpm
1150o 900 _80°

65B-4-03
PPWD

1971

12-61-71

92,000 gpm
106.60 -85 -75 0

674-4-77
PPWD

1971

12-37-71

28,000 gpm
100.2 0 -72.2 u-65.0 0

664-5-02
PPWD

1973

12-316-73

Maruzen Petrochemical Ltd.
Licensee Kobe, Japan
(Sinko-Pfaudler Licensee)

Licensee

642M-72-07
PPWD

1973

Olypmic Park
Montreal, Quebec, Canada

8,200 gpm
1030 -850 -76.50

667-3-2
OPWD

1975

MC-53013-75

J.R. Simplot
Pocatello, ID

3,300 gpm
1100-750-630

659-01
OPWD

1975

12-334-75

Eastman Kodak
Rochester, NY

19,500 gpm
120°0 -85 780

6615-4-02
PPWD

1975

12-331-75

P.S. New Mexico
Waterflow, NM
(Water Conservation Tower)

220,000 gpm
112.40 -100 -660

2@

1975

12-333-75

664-4-05(5)

Texaco
Montreal, Quebec, Canada

33,760 gpm
111.10 -850 -750

6710-0-04
OPWD

1978

X-54342-78

9,000 gpm
93 0 -800 -73 o

659-0-02
OPWD

1980

X-54605-80

Dupont
(Special design to condition
dilution air for a water
scrubber tower)

1,200 gpm
91.30 -81.50 -70°

666-4-01
OPWD

1983

28-52403-83

Philadelphia Museum of Art
Philadelphia, PA

42,000 gpm
950 -850 -780

2@MS1-1882
PPWD

1988

12-826-88

12236-28-09

1993

035082

83029-6.0-4
PPWD

1994

04444

Atlantic Richfield Company
Pasadena, TX
Northeast Utilities
Middletown, CT
Eastman Kodak
Windsor, Co

Dome Petroleum
Sarnia, Ontario, Canada

Selkirk II Cogeneration
Selkirk, NY

90,000 gpm
114.30 -900 -740

Chicago O'Hare Airport
Chicago, IL

24,000 gpm
95 0 -85 o -79 o

MX75 Fill

4

.~
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Project
Formosa Heavy Industries
(Steam Coils)
Taipei, Taiwan

Design

Fill Type

Model

70,450 gpm

MC67 Fill

499-5.0-4

111.20 -91.40 -84.20

Order
Date
1994

Order
No
046494

PPWD

124,856 gpm
1050 -75.0 -41 o

MC75 Fill

486-4.0-11
PPWD

1994

066313

Foxwoods Casino
Mashantucket, CT

42,000 gpm
95.2 0 -83 -78 o

MC75 Fill

84545-6.0-4
PPWD

1996

102078

Archer Daniels Midland
Decatur, IL

10,000 GPM
110°0 85 _780

1 Cell Retrofit
ClearFlow

11/97

121895

205MW/HR

EW433-3.0-01
ClearFlow

11/97

37-00001

750M/HR

EW433-3.0-01
ClearFlow

11/97

37-00001

90,000 GPM

9 Cell Retofit
ClearFlow

01/98

129667

EW454-5.0-01
ClearFlow

01/98

37-00002

488-5.4-04
ClearFlow

3/99

144177

F445-4.0-03
ClearFlow

5/99

147494

Teesside Power Plant
Teesside, England

ICI Billingham
United Kingdom

380 C-23 0 C-17.2 0 C

CIBA Speciality Chemicals
United Kingdom

380 C-23 0 C-1 7.20 C

Archer Daniels Midland
Decatur, IL
Archer Daniels Midland
United Kingdom

110°0 85° _780

205MW/HR

350 C-21

0 C-15.6

0

Formosa Plastics
Point Comfort, TX

105 0 -93 0 -83 0

BASF
Monaca, PA

99 0 -85o -75 0

B-6

80,000 GPM
17,000 GPM

C
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GEA Power Cooling
Systems, Inc.

Thermal and Energy
Technology Division

610 West Ash Street, 17" Floor

San Diego, CA 92101
Tel.: (619) 232-7200
Fax: (619) 232-7177

GEA: DirectAir Cooled CondenserInstallations
STATION
OWNER
(A/E)

SIZE
[Mw(e),
SteamSide
Only]
20

STEAM
FLOW
[Lb/Hr]

TURBINE
BP
[IN HgA]

DESIGN
TEMP.
[deg. F]

YEAR

REMARKS

167,550

4.5

75

1968

Coal Fired Plant

20

190,000

3.5

50

1975

Combined Cycle

NA

48,950

9.5

100

1975

330

1,884,800

6.0

66

1977

Coal Fired Plant

65

478,400

5.6

35

1979

Combined Cycle

3.7

52,030

2.03

48

1981

Combined Cycle
Cogeneration

4.0

65,000

5.0

70

1984

Combined Cycle
Cogeneration
(Supplied & Erected)

NTC Cogen Plant
Sithe Energies, Inc.
San Diego, CA

2.6

40,000

5.0

70

1984

Combined Cycle
Cogeneration
(Supplied & Erected)

Chinese Station
Pacific Ultrapower
China Camp, CA
(Ultrasystems Eng. & Const.)
Dutchess County RRF
Poughkeepsie, NY
(Pennsylvannia Engineering)

22.4

181,880

6.0

97

1984

Waste Wood

7.5

50,340

4.0

79

1985

WTE

Neil Simpson I Station
Black Hills Power & Light Co.
Gillette, WY
(Steams Roger)
Norton P. Potter Gen. Station
Braintree Electric Light Dept.
Braintree, MA
(R. W. Beck)
Benecia Refinery
Exxon Company, U.S.A.
Benecia, CA
Wyodak Station
Black Hills Power & Light Co.
and Pacific Power & Light Co.
Gillette, WY
(Stone & Webster)
Beluga Unit No. 8
Chugach Electric Assoc., Inc.
Beluga, AK
-(Bums & Roe)
Gerber Cogeneration Plant
Pacific Gas & Electric
Gerber, CA
(Mechanical Technology Inc.)
NAS North Island Cogen Plant
Sithe Energies, Inc.
Coronado, CA
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Sherman Station
Wheelabrator Sherman Energy
Co.
Sherman Station, ME
(Atlantic Gulf)
Olmsted County WTE Facility
Rochester, MN
(HDR Techserv)
Chicago Northwest WTE Facility
City of Chicago
Chicago, IL
SEMASS WTE Facility
American Ref-Fuel
Rochester, MA
(Bechtel, Inc.)
Haverhill Resource Rec. Facility
Ogden Martin Sys. of Haverhill
Haverhill, MA
(Stone & Webster)
Hazelton Cogeneration Facility
Continental Energy Associates
Hazelton, PA
(Brown Boveri Energy Systems)
Grumman
TBG Cogen
Bethpage, NY
(General Electric)
Cochrane Station
Northland Power
Cochrane, Ontario, Canada
(Volcano, Inc.)
North Branch Power Station
Energy America Southeast
North Branch, WV
(Fru-Con Construction Corp.)
Sayreville Cogen Project
Intercontinental Energy Co.
Sayreville, NJ
(Westinghouse Electric Corp.)
Bellingham Cogen Project
Intercontinental Energy Co.
Bellingham, MA
(Westinghouse Electric Corp.)
Spokane Resource Rec. Facility
Wheelabrator Spokane Inc.
Spokane, WA
(Clark-Kenith Inc.)
Exeter Energy L. P. Project
Oxford Energy
Sterling, CT
Peel Energy From Waste
Peel Resources Recovery, Inc.
Brampton, Ontario, Canada
(SNC Services, Ltd.)
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20

125,450

2.0

43

1985

Waste Wood

1

42,000

5.5

80

1985

WTE

1

42,000

15 PSIG

90

1986

WTE

54

407,500

3.5

59

1986

WTE
(Converted to PAC
SystemTM in 1999)

46.9

351,830

5.0

85

1987

WTE

67.5

420,000

3.7

47

1987

Combined Cycle
Cogeneration
(Supplied & Erected)

13

105,700

5.4

59

1988

10.5

90,000

3.0

60

1988

Combined Cycle
Cogeneration
(Converted to PAC
SystemTm in 1997)
Combined Cycle
Cogeneration

80

622,000

7.0

90

1989

Coal Fired Plant

100

714,900

3.0

59

1989

Combined Cycle
Cogeneration

100

714,900

3.0

59

1989

Combined Cycle
Cogeneration

26

153,950

2.0

47

1989

WTE
(Supplied & Erected)

30

196,000

2.9

75

1989

PAC SystemTM

10

88,750

4.5

68

1990

WTE

Existing andPlannedDry and HybridInstallations
Nipigon Power Plant
Transcanada Pipelines
Nipigon, Ontario, Canada
(SNC Services, Ltd.)
Linden Cogeneration Project
Cogen Technologies, Inc.
Linden, NJ
(Ebasco Constructors, Inc.)
Maalaea Unit #15
Maui Electric Company, Ltd.
Maui, Hawaii
(Stone & Webster)
Norcon - Welsh Plant
Falcon Seaboard
North East, PA
(Zurn/Nepco, Inc.)
University of Alaska, Fairbanks
Fairbanks, AK
Union County RRF
Ogden Martins Sys. of Union
County
Union, NJ
(Stone & Webster)
Saranac Energy Plant
Falcon Seaboard
Saranac, NY
(Zurn/Nepco, Inc.)
Onondaga County RRF
Ogden Martins Sys. of Onondaga
Co.
Onondaga, NY
(Stone & Webster)
Neil Simpson II Station
Black Hills Power & Light Co.
Gillette, WY
(Black & Veatch)
Gordonsville Plant
Mission Energy
Gordonsville, VA
(Ebasco Constructors Inc.)
Dutchess County RRF Expansion
Poughkeepsie, NY
(Westinghouse Electric / RESD)
Samalayuca II Power Station
Comision Federal de Electricidad
Samalayuca, Mexico
(Bechtel Corporation)
Potter Station
Potter Station Power Limited
Potter, Ontario
(Monenco/Bluebird)

15

169,000

3.0

59

1990

Combined Cycle
Cogeneration

285

1,911,000

2.44

54

1990

Combined Cycle
Cogeneration

20

158,250

6.0

95

1990

Combined Cycle

20

150,000

2.5

55

1990

Combined Cycle
Cogeneration

10

46,000

6.0

82

1991

50

357,000

8.0

94

1991

Combined Cycle
Cogeneration
WTE
(Supplied & Erected)

80

736,800

5.0

90

1992

Combined Cycle
Cogeneration

50

258,000

3.0

70

1992

WTE
(Supplied & Erected)

80

548,200

6.0

66

1992

Coal Fired Plant
(Supplied & Erected)

2 x 50

2 x 349,150

6.0

90

1993

Combined Cycle

15

+ 49,660

5.0

79

1993

WTE

210

1,296,900

7.0

99

1993

Combined Cycle

20

181,880

3.8

66

1993

Combined Cycle
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Streeter Generating Station
Municipal Electric Utility
City of Cedar Falls, Iowa
Cedar Falls, Iowa
(Stanley Consultants)
MacArthur Resource Rec.

40

246,000

3.5

50

1993

11

40,000

4.8

79

1993
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WTE
(Supplied & Erected)

Facility
Islip Resource Recovery Agency
Ronkonkoma, New York
(Montenay Islip Inc.)
North Bay Plant
Transcanada Pipelines
North Bay, Ontario, Canada
Kapuskasing Plant
Transcanada Pipelines
Kapuskasing, Ontario, Canada
Haverhill RRF Expansion
Ogden Martin Sys. of Haverhill
Haverhill, MA
Arbor Hills Landfill Gas Facility
Browning-Ferris Gas Services
Inc.
Northville, MI
(European Gas Turbines Inc.)
Pine Bend Landfill Gas Facility
Browning-Ferris Gas Services
Inc.
Eden Prairie, MN
(European Gas Turbines Inc.)
Pine Creek Power Station
Energy Developments Ltd.
Pine Creek, Northern Territory,
Australia
(Davy John Brown Pty. Ltd.)
Cabo Negro Plant
Methanex Chile Limited
Punta Arenas, Chile
(John Brown)
Esmeraldas Refinery
Petro Industrial
Esmeraldas, Ecuador
(Tecnicas Reunidas, S. A.)
Mallard Lake Landfill Gas
Facility
Browning-Ferris Gas Services
Inc.
Hanover Park, IL
(Bibb & Associates Inc.)
Riyadh Power Plant #9
SCECO
Riyadh, Saudi Arabia
(Raytheon Engrs. & Const., Inc.)

PAC SystemTM
(Supplied & Erected)

30

245,000

2.0

53.6

•1994

Combined Cycle

30

245,000

2.0

53.6

1994

Combined Cycle

46.9

+44,500

5.0

85

1994

WTE

9

87,390

3.0

50

1994

Combined Cycle

6

58,260

3.0

50

1994

Combined Cycle

10

95,300

3.63

77

1994

Combined Cycle

6

74,540

4.0

63

1995

Methanol Plant

15

123,215

4.5

87.3

1995

Combined Cycle

9

101,400

3.0

49

1996

Combined Cycle

4 x 107

4 x 966,750

16.5

122

1996

Combined Cycle
(1200 MW Total)
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Barry CHP Project
AES Electric Ltd.
Barry, South Wales, UK
(TBV Power Ltd.)
Zorlu Enerji Project
KORTEKS
Bursa, Turkey
(Stewart & Stevenson International)
Tucuman Power Station
Pluspetrol Energy, S.A.
El Bracho, Tucuman, Argentina
(Black & Veatch International)
Dighton Power Project
Dighton Power Associates, Ltd.
Dighton, MA
(Parsons Power Group, Inc.)
El Dorado Energy
El Dorado LLC
Boulder, NV
(Kiewit/Sargent & Lundy)
Tiverton Power Project
Tiverton Power Associates, Ltd.
Tiverton, RI
(Stone & Webster Engineering
Corp.)
Coryton Energy Project
Intergen
Corringham, England
(Bechtel Power Corporation)
Rumford Power Project
Rumford PowerAssociates, Ltd.
Rumford, ME
(Stone & Webster Engineering
Corp)
Millmerran Power Project
Intergen / Shell Coal
Toowoomba, Queensland,Australia
(Bechtel International)
Bajio Power Project
Intergen
Quertetaro,Guananjuato,Mexico
(Bechtel International)
University of Alberta
University of Alberta
Edmonton, Alberta, Canada

100

596,900

3.0

50

1996

Combined Cycle

10

83,775

3.5

59

1997

Combined Cycle

150

1,150,000

5.0

99

1997

PAC SystemTM

60

442,141

5.5

90

1997

Combined Cycle

150

1,065,429

2.5

67

1998

Combined Cycle

80

549,999

5.0

90

1998

Combined Cycle

250

1,637,312

2.5

50

1998

Combined Cycle

80

545,800

5.0

90

1998

Combined Cycle

2 x 420

2 x 2,050,000

5.43

88

1999

Coal Fired

150

1,307,000

3.54

71.4

1999

Combined Cycle

25

277,780

9.15

59

1999

Gas Fired
Cogeneration

80

671,970

5.8

102

2000

Combined Cycle
Cogeneration

(Sandwell)
Monterrey Cogeneration Project
Enron Energra Industrial de
Mexico
Monterrey, Mexico
(Kawasaki Heavy Industries)
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Gelugor Power Station
Tenaga Nasional Berhad (TNB)
Penang,Malaysia
(Kawasaki Heavy Industry)
Front Range Power Project
Fountain, Colorado
(TIC/UE Front Range JV)
Goldendale Energy Project
Goldendale Energy Inc.
Goldendale, Washington
(NEPCO)
Athens Power Station
PG & E Generating
Athens, New York
(Bechtel Power)
Moapa Energy Facility
Duke Energy Moapa, LLC
Clark County, Nevada
(Duke/Fluor Daniel)
Wygen 1, Unit 3 Power Project
Black Hills Generation, Inc.
Gillette, Wyoming
(Babcock & Wilcox)
Hunterstown Power Project
Reliant Energy
Hunterstown, Pennsylvania
(Black & Veatch)
Choctaw County Power Project
Reliant Energy
French Camp, Mississippi
(Black & Veatch)
Otay Mesa Energy Center
Calpine
San Diego, California
(Duke/Fluor Daniel)

B-12

120

946,600

6.8

89.6

2000

Combine Cycle
Cogeneration

150

1,266,477

3.57

80

2000

Combine Cycle

110

678,000

4.5

90

2000

Combine Cycle
PAC System

3 x 120

3 x 749,183

5

90

2000

Combined Cycle

2 x 200

2 x 1,718,790

6.25

103

2001

Combined Cycle
(1200 MW Total)

80

548,200

6.0

66

2001

Coal Fired Plant

350

1,690,000

4.6

90

2001

Combined Cycle
(890 MW Total)
Low Noise

350

1,690,000

4.6

90

2001

(51 dBA@400fi)
Combined Cycle
(890 MW Total)

277

1,501,332

3.47

74

2001

Combined Cycle
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Hamon: DirectAir Cooled CondenserInstallations

Cl
z

AIR COOLED STEAM CONDENSER (DRY COOLING)

RECENT MAJOR REFERENCES POWER & INDUSTRY
320 ACC > 10000 MW SINCE 1962
45 SRC > 9000 MW SINCE 1991
28 COUNTRIES - AIR T° -62°C UP TO +50"C

PLANT
Mwe
450
350
650
650
360
1600
800
600
470
350
220
160
130
15
780
55
12
780
75
350
132
14
460
350
330
150
130
105
32
31
25
20
45
8
360
150
54
8
3
1
670
130
70
70
75
30
10
20
130

35
465
SRC
(1)
(2)

I

TYPE

CLIENT
C
TPLANT
NYPA / GE / SARGENT & LUNDY / POLETTI
TRANSALTA/ DELTA HUDSON / CHIHUAHUA III
RELIANT / SARGENT & LUNDY I ARROW CANYON (1
RELIANT I SARGENT & LUNDYI BIG HORN (1)
YALOVA/ AK ENER11/ SKODA (2)
SITHE / RAYTHEON I MYSTIC
SITHE / RAYTHEON / FORE RIVER
BECHTEL/ HSIN TAO
CALPINEI BECHTEL / SUTTER
ELECTRABEL/ ALSTOM / ESCH-S-ALZEITE
EDF/ SALTILLO
HYUNDAIE.C. / BARIA
EDISON / JESI
THUMAIDE/ CNIM IPALLE
ENTERGY/ MITSUBISHI / DAMHEADCREEK
ZORLU ENERJI / BURSA
EPR SCOTLAND / ABENGOA I WESTFIELD
ENRON / STONE&WEBSTER / SUTTON BRIDGE
ANACONDA/ ABB POWER / MURRIN MURRIN
ELECTRABEL/ GEC ALSTHOM / BAUDOUR
SONDEL / CELANO
LENTJES ENERGIETECHNIKI WURZBURG
ELECTRABEL-SPE/ TBL / BRUGGE
ELECTRABEL-SPEI TBL / GENT
MITSUBISHI TAKASAGO
CENTRO ENERGIA / FWI / TEVEROLA
FIAT AVIO / COASTAL HABIBULLAH/ QUE77A
KEPCO I HALIM
LINDE I NOVI URENGOY
LINDE I NOVI URENGOY
SEGHERS/ INDAVER
rUNTEX
ABBTURBINEN / FRANKFURT-ODER
LINDE/ BASF LUDWIGSHAFEN
EST-GEKO / HKW MEUSELWITZ
SIEMENS / EAST. ELECT. / KING'S LYNN
CENTROENERGIA/ FWI / COMUNANZA
ML-GAVI WUSTER
RMZ / HOUTHALEN
SCHWORERHAUS/ HOHENSTEIN
NSC / IISUKA CITY
MITSUBISHI / JANDAR
EDISON / SAN QUIRICO
SBBSTAL I GAS EDON ERICA
kBB STAL / GAS EDON KLAZIENAVEEN
BB TURBINE / FICHTNER / GERA-NORD
BB STAL / PGEM/ BORCULO
BB KESSELANLAGEN/ KEZO / HINWIL
BLOHM& VOSS / SCHWERIN
BB / PPC / CHANIA
3GDEN / MARIN / HUNTINGTON
IARIOUS
V
VARIOUS
= s~ngle row oondenser
letter of intent - order June 2001
letter of Intent - order before September 2001

Condenser

OF

TUBE

START-UP
MWth

COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE

COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
NUN. SOLID WASTE
COMB-CYCLE
COMB-CYCLE
NUN. SOLID WASTE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
MUN. SOLID WASTE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
CHEMICAL
CHEMICAL
MUN. SOLID WASTE
MUN. SOLID WASTE
CCPP-URB. HEATING
CHEMICAL
URBAN HEATING
COMB-CYCLE
COMB-CYCLE
MUN. SOLID WASTE
NUN. SOLID WASTE
URBAN HEATING
MUN. SOLID WASTE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
COMB-CYCLE
URBAN HEATING
COMB-CYCLE
MUN. SOLID WASTE
URBAN HEATING
COMB-CYCLE
MUN. SOLID WASTE
27 POWER PLANTS
27 POWER PLANTS

316
205
300
300
2 X 120
830
415
394
331
220
147
141
115
42
453
35
25
443
2 X 59
214
115
32
348
222
210
122
88
82
73
70
56
55
30
11
11
204
122
100
16
8
6
500
112
52
52
30
24
20
47
100
64
575

S75

TYPE
2004
2004
2003
2003
2002
2002
2002
2001
2001
2001
2001
2001
2001
2001
2000
2000
2000
1999
1998
1998
1998
1998
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1996
1996
1996
1996
1996
1996
1995
1995
1995
1995
1995
1995
1995
1994
1993
1991
1962/94
1962/94

SRC
SRC
SRC
SRC
SRC
SRC,
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
KUUNUI•KL

.1
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Appendix C
,'IALS FROM DRY COOLING SYSTEM
OWNER/OPERATORS

Interview Meetings
*

Crockett Co-Generation Plant, ESOCO Crockett, Inc., 550 Loring Avenue, Crockett, CA,

94525, (510) 787-4100 (main).
*

El Dorado Energy, El Dorado Energy LLC, 701 Eldorado Valley Drive, P.O. Box 62470,

Boulder City, NV 89006-2470, 702-568-8206 (main), 702-568-8213 (fax),
" Calpine, 620 Coolidge Drive, Suite 200, Folsom, CA 95630, 916-608-3800 (main), 916-9855655 (fax)
Crockett Co-GenerationPlant
Site Visit Report (June 12, 2000)
Personnel: Peter H. So (host), Plant Engineer, 510-787-4105, 510-787-4150 (FAX),
peteso(_,crockettcogen.com
Owners: NRG Energy (owns 138.4 of 240Mw) and others. Subsidiary of Northern States Power
Company, 1221 Nicollet Mall, Suite 700, Minneapolis, MN, 55403-2445, 612-373-5300 (main),
800-241-4674 (toll free), 612-373-5312 (fax).
Constructor:

Bechtel Power Company

Plant description:
*

Gas-fired co-generation units

*

240 Mwe (-2/3 gas turbines; 1/3 steam turbine)

*

Turbine Generator: General Electric (Frame 7H turbines)

*

Heat Recovery Steam Generator: Vogt

e

Plant went commercial in 1996.

*

Provides steam to C&H Sugar on neighboring site:

o

450 psi steam to 3 auxiliary boilers (50 - 350 kph; nominal 250 kph)
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Materialsfrom Interviews with Dry Cooling System Operators

*

Approx. 2/3 of condensate returned; discarded if it contains detectable TOC; otherwise,
polished and reused

*

Electric to PG&E

*

Gas/steam turbines on single shaft.

*

Can augment HRSG with 20 Mw duct burner

*

Steam augmentation to gas turbines of-20 Mw.

Air-cooled condenser: (See attached sketch and spec. sheet end of section)
Balcke-Duerr, 405 N. Reo Street, Suite 300, Tampa, FL 33609, 813-289-1516 (main). Contact:
Ralph Wyndrum, 813-342-4916 (direct), 813-342-7916 (fax).
ACC Model No.:

120-9310-8810-2---4-TR

Dry cooling was chosen for two primary reasons:
1.

space considerations (plant on 2 /2 acre site)

2.

regulatory schedule (estimated 5 years to get permit to use Bay water)

A general description of the system includes:
*

15 cells; 12 for steam condesaton/3 for plant water cooling (lube oil/bearings/etc)

*

Cells in three parallel banks of 5 cells (4 for condenser) each. One cell in each bank in reflux
configuration for non-condensable removal. (See sketch 1.)

e

All heat exchanger, fan and other descriptive information in attached spec. sheet.

Operating issues include:
" Unit runs well
*

No problems with wind effects on performance

*

Freeze protection has not been a problem but the cold weather operating controls sometimes
act strangely; i.e., fans will turn off and operators don't know why. Apparent conflict
between Balcke-Duerr operating system and the plant Foxboro I&C package---not a serious
problem.

*

No air in-leakage problems; vacuum systems/de-aerators work well.

" Water chemistry not difficult to control (HRSG at pH = 9 with amine treatment).
*

High make-up rates because of condensate not being returned by C&H or having to be
discarded.

" Results in complete turnover of cycle water every 2 or 3 days.
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Air-side cleaning issues include:
*

Frequency-manufacturer's recommendation "at least annually"; last cleaning interval was
18 months.

" We got somewhat conflicting stories about the need for and effect of cleaning. The main
contaminant is sugar dust from loading/unloading activities at C&H. It coats the fins and
biological activity creates a tough black layer.
*

So felt that the fouling was not obvious and there was no particular change in appearance as a
result of cleaning. Others said an adherent black layer came off leaving the tubes a light gray.

*

So felt there was no particular improvement in performance as a result of the cleaning.
Others reported that the automatic controls had cut some of the fans back from full to half
speed at similar conditions after cleaning.

*

Wash water is discharged to straits.

There is no systematic monitoring of the ACC performance. Since the gas turbines and the steam
turbines are on a single shaft, there is no way to know how the two parts contribute to the output.
However, Crockett does keep data records of ambient temperature, steam flow and cold water
temperature leaving the ACC. It would seem to be possible to extract at least average
performance information over some period of time and generate cleanliness factors for the unit.
The general estimate was that very hot days cost the company 3 to 5 Mw on the steam side at "7
or 8" on the gas turbine side.
Noise is not much of a problem. Limits are < 50db at the nearest residence and at 300 yards into
the Bay. There is apparently no trouble in maintaining these levels. The noise on the fan deck
was not excessive-comfortable to walk around.
Corrosion issues include:
* No known corrosion problems on the tubes or fins, at the fin-tube contacts points or at the
tube header connections. The use de-mineralized water to wash and do not use external
sprays for hot weather performance enhancement.
*

Crockett is considering installing sprays (talking with MeeSpray Humidification Division
(See "Other Contacts") and recognize that there might be corrosion/scaling problems if not
operated properly. There are examples of spray enhanced units locally (Shell Martinez and
TOSCO) See "Other Contacts."

Worker safety issues include:
*

Some problems with knowing when particular fans are locked out or just "off'.

*

Gear box oil is awkward to change, requires workers to hang through the fan blades.

*

Can get too hot on discharge side of exchangers-must limit working time to approximately
15 minutes.
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Costs issues include:
" No information on capital costs.
" Operating costs (15. fans each 150 Hp; draws about 2 Mw, biggest power requirement at the
plant).
*

Maintenance costs are not separately accounted for by units. They have a sponsorship
program where individual technicians/operator "adopt" a particular component and become
the "plant expert" on it.

The plant is run with 26 employees. Each shift has 2 operators and 1 supervisor per shift (3 x 4
12). The day shift has 2 mechanical and 3 TIC technicians (2 + 3 = 5).

=

Other contacts include:
Jan Polawachek,Foster-Wheeler, TOSCO (air-cooled process cooler with spray enhancement).
Janet Opio,air-cooled unit.
David J. Ayres, Manger, Utilities Department, Martinez Refining Co., Division of Equilon
Enterprises, LLC, P.O. Box 711, Martinez, CA 94553-0071, 925-313-3378 (direct), 925-3133059 (fax), djayres(&equilon.com.
Tae H. Lee, Sales, Mee Industries (spray enhancement for gas turbine inlets and air-cooled
equipment), 204 West Pomona Avenue, Monrovia, CA 91016, 626-359-4550 (direct), 626-3594660 (fax), lee3873(aaol.com.
Humidification Division, 1651 Katy Lane, Fort Mill, SC 29715, 803-547-2380 (main), 803-5472379 (fax), www.meefog.thomasregister.com.

System Description: Crockett Co-generation Project, Air-Cooled Condenser
1.0

The Air-Cooled Condenser System
1.1

Function of an Air-Cooled Condenser
The Air-Cooled Condenser (ACC) serves to condense steam from the steam
turbine exhaust and/or the steam turbine bypass system. As the name implies,
ambient air is used as the cooling medium. The exhaust steam is condensed within
the finned bundles by the heat transfer with the air passing over the external
surface of the finned tube bundles. The air absorbs the steam's latent heat of
condensation and is heated in the process. The steam is condensed and is then
returned to the ACC condensate tank to be re-used as boiler feedwater.

1.2
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General Description
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Turbine exhaust or bypass steam is supplied to the condensing elements through
dual 96"0 exhaust steam duct and three(3) 75"0 distribution manifolds. Each 96"0
steam duct and the 96"0 riser distribution manifold includes a drain pot to remove
any condensate developed in the ducting during start-up and normal operation.
The finned tube elements are arranged in a triple-roof configuration. Each roof
consists of four(4) ACC modules. Each module contains one(l) fan and ten(10)
finned-tube bundles. The complete ACC unit consists of 120 (12 x 10) finnedtube bundles. Each finned-tube bundle consists of200, single pass, CS-HDG oval
finned tubes. The tubes are arranged in three parallel rows between tube
sheets/headers.
The finned-tube bundles are arranged in two roofs and assembled on a 341-6"
high steel support structure. The ACC is located on the roof of the turbine
building. The turbine exhaust steam duct exits the turbine from dual side exhausts,
is routed to the ACC riser manifold and divides into three(3) duct risers outside of
the turbine building.
The steam distribution manifolds at the apex of the tube bundles directs the steam
to finned-tube bundles in the nine(9) condenser modules. The nine(9) condenser
modules function as parallel flow condensers. The steam and condensate flow
downward, in the same direction.
The remaining steam flows from the bottom of the condenser modules to the
three(3) reflux modules where it is condensed in a counter-flow mode. Counterflow, or Reflux, condensation consists of upward flowing steam and downward
flowing condensate. The counter-flow mechanism permits the warm steam to be
in contact with the condensate, thus minimizing sub-cooling and the risk of
freezing. Figure 1 on the following page illustrates the arrangement of the parallel
flow and counter flow modules.
Condensate from the ACC is collected in the 18"0 condensate collection headers
and is gravity drained to the ACC condensate hotwell tank.
Non-condensibles are removed from the ACC at the top of the reflux modules and
are evacuated by the Steam Jet Air Ejector System (SJAE). The evacuation
system consists of one single-stage hogging (start-up) ejector and 2 x 100% twostage steam holding ( operating) ejectors. Motive steam is utilized to operate the
SJAE system.
Cooling air is delivered through the finned tube bundles by ultra-low noise, forced
draft axial fans located at the base of the ACC bundle delta. The fans are driven
by two-speed electric motors and parallel shaft gearboxes.
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Figure C-I
Air-Cooled Condenser, Crockett Co-generation Project

1.3

Air-Cooled Condenser Design Data
1.3.1

Site Meteorological Data:
Site Elevation above MSL

C-6
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1.3.2

Ambient Air Temperature, 'F

105 to 35

ACC Design Data

(Design Case Cl)

Turbine Exhaust Steam flow, lb./hr.

320,000

Turbine Exhaust Steam Pressure, in.HgA

2.04

Exhaust Steam Moisture, %

92.2

Net Heat Load, MM Btu/hr

305.7

Design Temperature, °F
Design Pressure, psig
1.3.3

250
FV to 14.9

ACC Guarantee Data
Turbine Exhaust Steam flow, lb./hr.

320,700

Turbine Exhaust Steam Pressure, in.HgA

2.04

Turbine Exhaust Steam Enthalpy, BTU/Ib.

1,025
Inlet Ambient
65

Air Temperature, 'F
Fan Power @ Motor Terminals, kW

1,290
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BECHTEL P.O. NR 2231i-M-004
BALCKE-DORR, INC. JOB NR ACC-3007
1.4

Air-Cooled CondenserSystem Comonent Datn
The following technical information is included for the ACC and the furnished

equipment, Additional component details can be found elsewhere in this manual.
I.4A

General
1.4,1.1

Manufacturer:

BALCKE-DORR, INC
405 N R& k-StSuite 300
Tampa. FL 33609
813-289-1516

1.4.1.2

BDI Contract N-:

ACC - 3007

1.4,1,3

ACC Model N2 :

120-9310/8810 -200 - 4 -TR

1.42 Mechanicl Eguipment
1,4,2,1

FANS

A.
D.
E.

Dianeter, ft. :
Fan Speed, rpm:
Number of blades:
Tip speed, fpm:

F,
G.
H.

Axial Thrust, lb.:
Blade material :
Fan horsepower. BHP:

1.

Total static pressure,
in. H20:
Air delivery per fan,
ACFM
Blade pitch angle,*

C.

L.
M.

1.4,2,2

-Manufacturer:

29..

.

5,740
C Fans.- 1,649
R Fans= 1,595
FiberlassfEto 'M.
C Fans= 124
C Fans
R Fans
C Fans =
R Fans'
C Fans =
RFans =

0,347
0347
1,060,883
1.003.887

30.0
28,0

GEARBOXES

A.
B.
C.
D.
E.
F,

T)c;

Helical,

Manufacturer:

Parallel ShaftFlender Gear Corp.
18.6- 1

Ratio:
'Input Horsepower:
Sevice Factor:
Gear Efficiency, %:

6

C-8

Alpida fEuipmentos

2.0
98 . ..

Two-Stae

.
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INC-..CROCKETT COGENERATIONP ROJECT
ENE'RGY NATIONALAIR-COOLED
CONDENSER

BECHTEL P.O. N2 .223114VM-004
BALCKE•-DURR, INC. JOB N-.ACC-:3007

1.4.2.3

MOTORS
A.
B.

Type:
Manufacturer:

C.
D.
E.

Horsepower:
VltS[Ph/Hz:
Ful load, rpm (nominal):

F.

Service factor:

447TC - TEF(
Siemens
150 /'37'
460/ 3/60
1,175 / 5751
1.15

G.

Motor
2 weight, lb.:

2,000

H4.
I.

1.4.24

Wr , lb./ft.:

Maximum number of
successive starts:

550
2 cold and -1hc
per hour

SJAE SYSTEM
Hogging Ejector (start-up)
A.
Evacuated Volume, f. 3
B.
Evacuation period, min.:
C.
Motive steam
Pressure, psig:
Temperature,•0 F:
Motive steam
D.
consumption, lb./hr:
Holding Ejector (operation)
Numbe. andcapacity:'
A.
Number of stages:
B.
Air suction flow, lb./hr.:
C.
Total sucion flow, lb./hr.:
D.
Eý.
Motive steam
Pressure, psig:
Temperature,° F:
Motive Steam Consumption
,F.
(per ejector train), lb/hr.:
G.
Inter/aftercondenser:
H-.
Design Conditions:
I/A Condenser
Shell side,.,psigP F::
Tube side psig/°F:

42.100
30
120
.350
-6,350

2 X -1009/

.56

124

120
350
6061+ 450.
1 x 100%

FV&150 /300
150/300

C-9.
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ENERGY NATIONAL INC. CROCKETT COGENERATION PROJECT
AIR-COOLED CONDENSER
2
BECHTEL P:O. N 22311-M-004

BALCKE-DORR, INC. JOB N*ACC-3007
1.4.2.5

FINNED TUBE BUNDLES
Manufacturer:
A.
Tube Material:.
B.

Dcutsche Babcmk (SA)

Carbon steel,
BS1449 CR37i23

Carbon Steel,

C.

Fin Material:.

D.
E.

Protective Coating:
Fin pitch, fins/inch:

DIN/624 ST4 GBK

1.5

HDG - 50 Microns

Row 1: 7.25
Row 2-4: 8.5

Aie-Coo1ldCondenser'Perrormance Curves .
The ACC performance curves are included such that the operation of the ACCcan
be predicted for various operating conditions. The following curves are'included:
Backpressure Range, in.HgA:
Released Heat"Range, % of Design:
Inlet AirTemperatureRange, °F:

Fan State
25
23
21
19
17
15
13
11
9
7.
5
3

2.0-to 10,0
50% to 190%
30 to 100

Nq Fans Fast N2 Fans Slow N9 Fans Off
12

10
8
6
4

2
0

0
0
0
'0
0

0
2
4
6
8
10
12
10
8
6
4
2

P'

0
0
0
0
0
0
0
2
4
6
8
10

'The.above fan states coincide with those presented in control logic diagram L2.
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Figure C- 7
Characteristics of ACC (Crockett Cogeneration Project)
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El Dorado Energy
Technical Memorandum
October 28, 2000
Subject:

Meeting Notes - El Dorado Visit - ACC

To:

John Maulbetsch
Matt Layton
Joe O'Hagan
Kent Zammit

From:

Mike DiFilippo

I met with George Tatar of El Dorado Energy at the Boulder City Power Plant. George is the Facility
Manager and can be reached as follows:
George Tatar
El Dorado Energy, LLC

702-568-8206 (office)
702-568-8213 (fax)

701 Eldorado Valley Drive

george-tatar@eldoradoenergy.com

PO Box 62470
Boulder City, NV 89006-2470
We took a brief plant tour in the pouring rain. The tour was shortened because George had another
meeting. Also, I did not bring my camera (mea culpa, mea culpa).
The following was discussed:
The Boulder City plant is rated at 540 MW - two GTs (each rated at 180 MW) and the one ST (rated at
180 MW). Start up occurred in May, 2000. George noted that the plant has peaked at 480-490 MW.
Sargent Lundy (Chicago).was the design engineer. Construction is complete (the appearance of the plant
was neat and impressively laid out).
Dry cooling was selected because:
The politics of using fresh water in the water-short Las Vegas area.
There was no available municipal reclaimed water for cooling towers.
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The property boundaries of the plant will not accommodate evaporation ponds for cooling tower
blowdown. [Note the evaporation rate is equivalent to the Blythe area.]
El Dorado looked at cooling towers with VCE (brine concentrators) versus ACC, and based on
their analysis, dry cooling was more economic. Also, the ACC support structure was designed for Zone 2
seismic making it less costly.
The Westinghouse steam turbine was a first of its kind:
It can operate at back pressures of 2 to 8.5 inches.
Initially, the turbine had problems with its thrust bearing (I hate when that happens), but the
problem has been repaired. The problem was not related to the ACC.
There are now seven of these turbines on order, in manufacture or installed.
The following information was gathered on the ACC:
GEA supplied the ACC.
The ACC is only used for steam condensation. There is a separate closed-loop f-m-fan cooler
(supplied by Balke Durr) used only for auxiliary cooling.
The ACC has 5 banks with six fan bays.
The fans are huge - 34 feet diameter (maybe 36 feet - George was not sure). Each multiple-speed
fan requires 200 HP for a total of 6,000 HP (4.5 MW). When I visited the plant it was 60-65 F and all fans
were in service and spinning slowly.
The plant has been on line for 6 months and there are no signs of corrosion. The fins are probably
carbon steel (George was not sure). Like almost all power plants, El Dorado is using a specialty chemical
provider to monitor and control steam chemistry.
El Dorado did not buy the cleaning apparatus (we saw at Crockett). They have not had problems
with sand/dust in the fin crevices (as yet) even though they experience notable gusting in their area.
There is a distinct loss of cooling during periods with gusting winds. Evidently, during these
periods, some fans are starved of air flow (that's GEA analysis of the situation).
He had no idea of the cost of the ACC.
George is actually thinking of ways to pre-cool air to the ACC to enhance overall power plant
performance during the hottest days of the years. When ambient air temperature exceed 110 F, plant
performance drops dramatically. We discussed the following:
One idea George is thinking of is to install evaporative coolers around the open areas of the ACC.
The coolers would cool some of the air drawn into the fans.
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He has looked at Mee Fog and another fogging system (I didn't get the name), but thought the
approach was too expensive. I'm not sure how he evaluated it.
George, really wants to look at pre-cooling alternatives. As I was leaving, he said would be interested in a
collaborative effort to evaluate pre-cooling. Let's plan discuss this early next week. I think he would try
to sell the idea of some sort of shared expense to his management. Also, this ties into one of the TC's
we've been discussing.

Description: El Dorado Energy
(Boulder City, NV) - El Dorado Energy, a 480-megawatt power plant jointly owned by Reliant
Energy and Sempra Energy, has begun commercial operation, selling electricity into the
wholesale power markets of Nevada, California and the southwestern United States (photos).
The $280 million natural gas-fired power generating plant, located near Boulder City, Nev.,
about 40 miles southeast of Las Vegas, is designed to provide reliable, safe and cost-effective
power to support the growing economies of the region.
"We're pleased to begin commercial operations," said George Tatar, El Dorado facility manager.

"Testing and initial start-up operations were conducted for the last several weeks to scrutinize
and fine-tune all operational and environmental systems for safety, reliability and
commerciality."
The new plant, under construction since April, 1998, is capable of generating enough energy to
serve nearly a half-million households.
"One of the nation's first large-scale merchant power plants, El Dorado Energy is perfectly
positioned to sell competitively priced energy into three of the nation's fastest growing markets,
southern Nevada, Arizona and Southern California," said Darcel Hulse, president of Sempra
Energy Resources, the power generation unit of Sempra Energy. "In addition, this generation
will help support Sempra Energy's retail-focused growth strategy."
"This is an important step for Reliant Energy in our strategy to compete in the major power
markets in the western United States and across the country by building an asset-backed, energy
trading and marketing organization," said Joe Bob Perkins, president and chief operating officer
of Reliant Energy's Wholesale Group.
The state-of-the-art plant complex employs advanced, combined-cycle gas turbine and
photovoltaic technology, making it one of the most efficient and environmentally friendly power
generating facilities in the United States. The plant features a water-saving, air-cooled condenser
in lieu of a traditional, "wet-cooled" water system. Also, the facility is equipped with a 100kilowatt solar field, comprised of 256 panels that track the sun's path through the Nevada sky.
With its photovoltaic technology, El Dorado Energy is well-positioned to become a prototype for
other such facilities.
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Boulder City benefits from profit-sharing incentives, a 20-year land lease that generates
$800,000 in revenue per year and a power-purchase agreement. According to Boulder City
Mayor Bob Ferraro, the revenue the city receives will help ensure the preservation of the unique
quality of life that the historic town has maintained since Hoover Dam was built.
"El Dorado Energy's partners - Sempra Energy and Reliant Energy - have lived up to their
promises to be good corporate citizens," Ferraro said. "The land-lease agreement has produced
substantial revenue for Boulder City, which has been particularly beneficial given our previous
budgetary situation. The companies have fulfilled their commitment to this community by
funding an aggressive tree-planting effort, providing funds to pave Boulder City alleys and
generously supporting a multitude of Boulder City community organizations and events.
"Reliant Energy (NYSE: REI), based in Houston, Texas, is an international energy services and
energy delivery company with $15.3 billion in annual revenue and assets totaling more than $26
billion. The company has a wholesale energy trading and marketing business that ranks among
the top five in the U.S. in combined electricity and natural gas volumes and has a presence in
most of the major power regions of the U.S. It also has power generation and wholesale trading
and marketing operations in western Europe.
Sempra Energy Resources acquires and develops power plants for the competitive market, as'
well as natural gas storage, production and transportation assets. Sempra Energy Resources is a
subsidiary of Sempra Energy (NYSE: SRE), a San Diego-based Fortune 500 energy services
holding company, with 12,000 employees, revenues of nearly $5.5 billion and more than 9
million customers in the United States, Europe, Canada, Mexico and South America. (Sempra
Energy Resources and El Dorado Energy are not the same companies as the utilities,
SDG&E/SoCalGas, and are not regulated by the California Public Utilities Commission.)
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A

Figure C- 8
El Dorado Energy Center
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Figure C- 9
ACC at El Dorado
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Calpine
September 18, 2000.
(Monday, 2:30 PM)
Kim Stucki
Calpine
620 Coolidge Drive
Folsom, CA
916-608-3839

Topics for discussion
General:
*

What are the factors which influence the choice of cooling system for your power projects?

*

Assume:

Gas-fired, combined cycle (- 500MWe) power plant at an inland California
location.

Capital cost comparisons:-Cost of system from turbine flange to ultimate discharge*
*
*

"

How is the comparison done?
Is there a systematic optimization to select the design points for comparison?
If so, how are the "penalty" costs evaluated
" capacity shortfall on hottest periods
" efficiency penalties during rest of year
* lost revenues or contractual penalties for capacity replacement (or failure to deliver)
If no optimization, how are comparative design points selected?
" Average temperature over year?
* Design back-pressure at 1 or 2 1/2%
exceeded dry bulb (wet-bulb)?

Approaches to mitigating hot day penalties:

*

"

*

"

What is the effect of ambient dry bulb on plant output and efficiency?
* On gas turbines
* On steam side
Use of high back-pressure turbines
* Any experience
" Cost/reliability
* Efficiency penalties during rest of year
Use of inlet sprays
" On gas turbines
* On air cooled condensers
Other wet/dry systems
*
Indirect dry cooling
* Heller system

Other considerations:
*
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Licensing issues
* Reduced licensing time (what is it worth to get on-line "six months sooner".
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"

"
"

Drift/plume
Noise
Site placement/footprint

Use of recycled/reclaimed or lower quality water
*
*
"
*

Water quality criteria
Treatment costs
Cost of water
Other licensing issues
" Drift/plume issues
" Worker health/safety issues
" Reliability of supply

Operating experience:
"

With dry cooling
*
Cycle chemistry problems
" Tower (finned tube heat exchanger maintenance)
*
Fouling/corrosion
* Cleaning frequency
* Use in regions other than hot/dry (Northeast---Massachusetts, Long Island, etc)

*

With recycled water (Delta and Pittsburg/Los Medanos)
" Supply problems
" Maintenance issues (any plants currently operating?)
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Figure C-10
ACC at Sutter Energy Center
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Chinese Station: Contact Information
Ron Brown
Maintenance Manager
Pacific-Ultrapower Chinese Station
8755 Enterprise Drive
Jamestown, CA 95327
209-984-4660
209-984-3398 (FAX)
ronbP~mlode.com
MassPower: ContactInformation
Sal Paolucci
Plant Operations Manager
MASSPOWER
Springfield, MA
413-731-6611, ext. 3021
sa1.paolucci(qneq.pqe.com
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Apdpendix D

STUDY SITE CHARACTERISTICS

Site characteristics are presented for Desert, Mountain, Valley, and Bay Area sites. State bulb
and dry bulb data are presented in Table D-1.
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Table D- I
California Wet Bulb and Dry Bulb Data
.I•:lfi.nl. W., E.ulh AL fiy

Source:

Location

Elevation
Feet
1%

-30
3
3
8

Richmond

11
16
17
19
27
28
30
34
35
38
39
43
5o
52
55
57
70
70
72
74
86
91

92
99
100
115
116

Blythe
Reddlng
Bakersfield
El Cajon
Livermore

Burbank
Pasadena
Needles
San Fernando
Ontario
San Bernadino
Auburn
Barstow
Banning
Palmdaie
Yreka
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BIh

Iflt*

Evaluated Weather Data for Cooling Equipment Design, Addendum 1. Winter and Bummer Data
Fluor Products Company Inc., 1964

125
167
176
195
203
205
238
263
312
315
326
354
390
411
495
495
525
545
552
575
620
6860
676
699
864
913
977
995
1125
1297
1318
1511
2142
2349
2517
2625

..
2.5%

111
65
89
83
111
94
94
101
84
87
83
81
85
84
72
80
85
60
90
102
98
87
102
101
101
a6
87
92
93
87
95
102
96
67
102
85
91
94
89
101
102
111
110
103
103
98
99
82
100
98
95
101
97
P6
112
100
100
101
98
g9
99
104
101
103
96

109
81
85
79
109
92
97
83
90
96
61
84
80
78
80
8o
65
77
81
77
88
100
94
85
99
98
98
83
84
89
94
84
93
99
92
65
100
82
89
90
85
99
100
109
108
101
101
99
97
79
92
96
92
99
94
93
110
97
97
98
96
96
96
102
98
101
94

5%

1%

106
77
81
75
106
89
94
80
87
98
78
81
77
75
76
78
65
73
77
74
85
97
90
82
96
96
95
80
81
86
87
80
9o
96
86
63
97
79
86
87
82
97
97
106
105
98
99
92
04
78
94
93
89
97
91
90
107
94
94
96
93
93
94
99
95
98
91

2.5%

5%

1%

79
62
86
82
78
68
09
68
67
69
67
69
67
61
65
67
59
61
63
67
67
69
87
61
69
70
69
67
65
70
70
63
67
70
66
58
69
63
70
69
63
71
70
76
77
67
70
72
68
81
71
68
71
70
69
69
74
71
70
71
67
70
69
71
71
67
85

Ratio - Wet Bulb/Dry Bulb
2.5%
5%

0.730
0.765
0.798
0.783
0.721
0.745
0.720
0.826
0.745
0.713
0.821
0.828
0.831
0.790
0.800
0.833
0.847
0.800
0.776
0.863
0.778
0.696
0.724
0.736
0.696
0.723
0.713
0.802
0.770
0.783
0.774
0.759
0.737
0.716
0.719
0.896
0.696
0.765
0.791
0.766
0.730
0.723
0.706
0.703
0.718
0.680
0.699
0.755
0.707
0.793
0.730
0.724
0.768
0.713
0.742
0.750
0.679
0.730
0.720
0.743
0.714
0.727
0.727
0.702
0.723
0.680
0.708

0.734
0.778
0.800
0.797
0.725
0.750
0.722
0.843
0.756
0.714
0.840
0.833
0.850
0.808
0.838
0.863
0.923
0.805
0.790
0.883
0.784
0.700
0.734
0.729
0.707
0.724
0.714
0.819
0.784
0.798
0.755
0.774
0.731
0.727
0.728
0.908
0.700
0.780
0.798
0.778
0.753
0.727
0.710
0.706
0.722
0.683
0.703
0.737
0.711
0.797
0.783
0.729
0.783
0.717
0.745
0.753
0.682
0.742
0.732
0.745
0.708
0.740
0.740
0.706
0.735
0.673
0.702

0.745
0.805
0.815
0.827
0.736
0.764
0.734
0.850
0.770
0.719
0.859
0.852
0.870
0.813
0.855
0.859
0.908
0.836
0.818
0.905
0.788
0.711
0.744
0.744
0.719
0.729
0.726
0.838
0.802
0.814
0.805
0.788
0.744
0.729
0.750
0.921
0.711
0.797
0.814
0.793
0.768
0.732
0.722
0.717
0.733
0.684
0.707
0.783
0.723
0.803
0.755
0.731
0.798
0.722
0.758
0.767
0.092
0.755
0.745
0.740
0.720
0.753
0.734
0.717
0.747
0.684
0.714

Case Study Site Characteristics

California Wet Bulb/Dry Bulb Ratio vs. Dry Bulb is presented in Figure D-1.
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Figure D-1
California Wet Bulb/Dry Bulb Ratio vs. Dry Bulb (Elevation to 1500 ft)

DesertSite
The desert site is similar to the location of the Blythe project (elevation: -400 f.). Meteorology
data was taken from Blythe, California.
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Figure D-2
Desert Site Location
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Table D- 2
Records and Average Temperatures, Blythe, California

january
February
March
April
May
June
July
August
September
October
November
December

41.0- F

72.60 F
78.40 F
86.50 F
95.20 F
1050 F
1090 F
106.90 F
100.80 F
89.70 F
75.60 F
66A° F

45.70 F
50.10 F
56.20 F
640 F
72.70 F
81.30 F
80.20 F
72.60 F
60.90 F
48.90 F
41.40 F

Am

.3in
.3 in
.2in
0in
0in
.3in
.6 in
.4 in
.3 in
.3 in
.5 in

9y' F (0125/1951)
930 F (02/28/1986)
1000 F
1070 F
1140 F
1230 F
1230 F

(03/27/1986)
(04129/1992)
(05/29/1983)

(o6/28/1994)
(o7/28/1995)

1200 F (o0/o1/1972)
1210 F (09/01/1950)
I 110 F (10/02/190)
950 F (11i01,997)
870

F (12/29/198o)

20U F (01/08/1971)

220 F (02/16199o)
300 F (03/13/1956)
380 F (04/10/1975)
430 F (os/29/1971)
460 F (o6/w1/198o)
620 F (07/19/1987)
620 F (08/31o1957)

530 F (o9/26/'97)
270 F (o/3o/197)
270 F ( 1o/1994)
240 F (2/15/1971)

Table D- 3
Highest Ambient Temperatures, Blythe, California
Percent Exceeded
2.5
2.0
1.5
1.0
.50
0

1990 Temp. "F
104.4
105.3
106.6
107.9
109.9
117.2

1991 Temp. *F
102.5
102.8
103.6
104.4
105.5
111.1

1992 Temp. "F
103.5
104.4
105.3
106.4
108.9
112.9

1993 Temp. *F
103.9
104.6
105.5
106.6
108.2
116.3
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Figure D-4
Temperature Occurences-Hlghest Temperatures, Blythe

Mountain Site
The mountain site is similar to the location of Three Mountain project (elevation: -1000 ft).
Meteorology data was taken from Redding, California and adjusted for elevation.
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Figure D-5
Mountain Site Location
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Table D- 4
Records and Average Temperatures, Redding, California

January
February
March
April

55.30 F
61.3 0 F
62.50 F
69.9 0 F

35.7r F
40 0 F
41.70 F
460 F

May

80.50 F

52.30 F

June

July
August
September
October
November
December

90.4 0 F
98.3 0 F
95.7 F
89.30 F
77.60 F
62.10 F
54.70 F

61.8 0 F
64.7 0 F
63.1 0 F
58.80 F
49.20 F
41.40 F
35.20 F

6.1 in
4.5 m
4.4 in
2.1 in
1.3 in
.6 in
2m
.5 in
.9 in
2.2 in
52 in
5.5 in

770
83 0
850
940

F (o0/17/1994)
F (O225/1992)
F (o3/26/1988)
F (o4/09/19s9)

1040 F (05/06/1987)

I 110 F
118 0 F
115 0 F
1160 F
1050 F

(o6/26/1997)
(o72o/9s)
(o0~e 99o)
(09/o3/1988)
(10/1/1991)

880 F (11/131995)

780 F(2/16/199s)

190 F
21 0 F
280 F
31 0 F

(UI/14/IIYI)

(02/05/1989)
(03/05/1997)
(04/01/1999)

360 F (05/04/1999)
42 0 F (o6/01/1990)

54 0 F (07/21/1999)
51 0 F (o0/28/995)
460 F (09/24/1993)
330 F( 10/31/1989)
230 F( I 1/23/1993)
170 F( 12/21/1990)

Valley Site
The valley site is similar to the location of the La Paloma project (elevation: -300 fi).
Meteorology data was taken from Bakersfield, California.

Figure D-6
Valley Site Location
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Table D- 5
Records and Average Temperatures, Bakersfield

january
February
March
April
May
June
July
August
September
October
November
December

63.90 F
68.90 F
75.90 F

84.60 F
92.40 F
98.50 F
96.60 F
90.10 F

80.70 F
66.80 F
56.50 F

42.60 F

45.80 F
50.10 F
57.30 F
640 F
69.60 F
68.50 F
63.50 F
54.80 F
44.70 F

38.30 F

.9 in

52- k' (01/31/19M4)

ZU 1r (01/13/1963)

1.1 in
lIn
.6 in

870 F (02/22/1989)
920 F (03/29/1969)

250 F (o2tis/199o)
310 F (o3/o3/1966)
340 F (o4i27/19s4)

#.2m

.lin
0m
.1 in
.3m

.3 in
.7 in
.6in

1010 F (0401981)

1070 F (05/24/1i2)

370 F (o5/o1/98)

1140 F (o02/1976)
1150 F (07/O0/1950)
1120 F (o0/09/198)
1120 F (09o/3/1955)

440 F (oY231943)
520 F (o71sn 987)

91 0 F (ii/o6/949)

520 F (06/26/1942)
450 F (o9/6/1948)
290 F (10/30/ 1)
280 F( i/20/1994)

830 F(12/o3/1979)

190 F (12/4/199o)

1030 F (0o/05/1980)

Table D- 6
Highest Ambient Temperatures, LaPaloma
Percent Exceeded
2.50
2.00
1.50
1.00
0.500
0.00

D-10

1993 Temp. "F
95.1
95.7
96.4
97.5
99.3
105.9

1994 Temp. OF
97.1
98.2
99.1
100.4
101.5
103.5

1995 Temp. OF
96.3
97.4
98.5
99.9
101.9
105.7
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Figure D-7
Percent Hours Exceeded Highest Temperature, LaPaloma

Bay Area Site
(The Bay Area Site is similar to the location of the Contra Costa project (elevation: -10 fi).
Meteorology data taken from Pittsburg, California
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Case Study Site Characteristics

Figure D-8
Bay Area Site Location

Table D- 7
Records and Average Temperatures, Pittsburg

*1ulrI-Y
February
March
April
May
June
July
August
September
October
November
December
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zp,- r

3.7-

r

60.4 0 F
65.1 0 F
71.4 0 F
78.90 F
85.70 F
90.80 F
89.60 F
85.70 F
77.50 F

400 F
42.8 0 F
45.6 0 F
50.40 F
55.40 F
56.80 F
56.30 F
54.40 F
49.20 F

63.9 0 F
53.6 0 F

42.7 0 F
36.60 F

A.0 II

2.1 in
2 in
.9 in
.3 in
.1 in
0 in
.1 in

.2 in
.9 in
1.9 in
1.9 in

,z- r itusuiwo)
760 F (o2/21"5)
880 F (03/27/1988)
940 F (04w/191s)
1030 F (05(291/984)
1170 F (06/17/1961)
1100 F (ow0/5972)
1090 F (op9gge)
1090 F (09o04/1955)
1020 F (1o/o5/1964)
850 F (i1,•960)
750 F 0u1oin77

zu250
270
280
350
350

r utrwwvoz)
F (o•iOns9)
F (o31o4/1966)
F (4/1w1961)
F(o•'os/975)
F (o•4u1982)

410 F(o7/0sn961)
430 F (08/611958)
410 F (09/nvims)
280 F (10/W1971)
240 F (11/17/1958)
180 F((1im 972)

Case Study Site Characteristics
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Figure D-9
Percent Hours Exceeded Highest Temperatures, Contra Costa, Unit 8
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