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APPENDIX 0

WATER RESOURCE IMPACTS FROM STEAM-CYCLE POWER PLANTS

The construction and operation of any steam-cycle electric generating
facility will potentially result in three types of water resource impacts:
water consumption impacts, water-quality impacts, and hydrologic impacts.
Most of the potential impacts can be satisfactorily mitigated through appro­
priate power plant site selection, engineering design, and operating proce­
dures. Design criteria, operating procedures and resulting costs associated
with proper mitigation will vary considerably depending upon site technology
and fuel-specific factors.

Water resource impacts associated with each type of steam-cycle facility
and their mitigation alternatives are described below. Unless a specific
technology is identified, the discussion generally applies to all steam-cycle
facilities.

WATER CONSUMPTION EFFECTS

Consumptive water losses associated with the operation of any steam-cycle
power plant requiring a substantial water supply for cooling and other plant
uses can reduce the downstream flow of the water resource. The significance
of this impact depends on the magnitude of the plant's water requirements
relative to the flow of the river or to the hydraulic conductivity of the
aquifer serving as the supply. Because the Railbelt region's surface water
supplies are plentiful, use of groundwater for power plant operation should be
limited. Groundwater use can be envisioned in at least two applications:
1) the use of Ranney well collectors in alluvial aquifers close to a river
system for mitigating entrainment and impingement of aquatic organisms; and
2) the possible use of groundwater in coastal areas to supply a plant's fresh
water requirements when salt water condenser cooling systems are employed.

The amount of water required by a specific plant depends upon the type of
cooling system used (once-through or recirculating), the type of steam cycle,
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the site, and the specific water management techniques used to maximize water
reuse and to minimize power plant makeup requirements. Estimates of water
requirements are presented in Table 0.1 for various steam cycles and plant

capacities.

To comply with existing federal and state regulations, once-through cool­
ing water systems will most likely be limited to coastal areas employing salt
water cooling. Interior sites will most likely use some form of recirculating
cooling water system (see Appendix I).

Based upon the general siting constraints presented in each technology
description, the most probable power plant water supply sources in the

Railbelt region are listed in Table 0.2. Selected USGS streamflow data for
these resources are presented in Table 0.3.

Since water withdrawal impacts are relative to the flow of the river, a
comparison of the information presented in Tables 0.1 and 0.3 can provide an
overview of potential effects. If all water demand is assumed to represent
total consumption (as it would for a zero discharge plant), then the maximum
water consumption for any of the plants identified in Table 0.1, using a
recirculating cooling water system, would be less than 1% of the average flow

for rivers identified in Table 0.3. Plant water demand should also be a small
percentage of each river's minimum recorded flow. For plant sizes likely to
be constructed in Alaska, 200 MWe for example, total plant demand (again for a
zero discharge plant) represents less than 10% of minimum flow for all but the

smallest streams of Table 0.3. These conclusions suggest that impacts on
water flow should not be significant.

WATER QUALITY EFFECTS

Construction and operation of any steam-cycle facility can potentially
significantly affect water quality. For most steam-cycle facilities, con­
struction impacts are primarily associated with runoff and erosion from the
site while the soil is exposed. Other common pollutant sources include con­
struction camp and site domestic and sanitary facilities, concrete batch
plants, construction dewatering, and dredge spoil. The development of geo­
thermal fields requires large quantities of drilling mud, which requires
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TABLE n.i. Estimated Water Requirements Associated with Various Steam-Cycle Facilities

Plants Utilizing Once Through Cooling Water Systems Plants Utilizing Recirculation__Cgoling Water Systems
Approx imate

Cooling(a) Cooling(c)Thermal
Total Plant Demand (1000 ~pm)(b) Total Plant Demand (1000 ~wrn)(d)Efficiency Water Water

Steam Cycle (Percent) (gpm/MW) 20 MW 50 MW 200 MW 400 W 600 MW (gpm/MW) 20 MW 50M~O MW 400 600 MW-- -- -- -- -- -- -- --
Biomass 17-24 730 14.6 36.5 - - - 13 0.29 0.725

Coal 30-37 450 9.0 22.5 90 180 270 8 0.18 0.45 1.8 1.8 5.4

Oil 29-37 450 9.0 22.5 90 180 270 8 0.18 0.45 1.8 3.6 5.4

Natural Gas 27-34 450 9.0 22.5 90 180 270 8 0.18 0.45 1.8 3.6 5.4

Synfuel 24-30 675 13.5 33.7 135 270 405 12 0.27 0.68 2.7 5.4 8.1
0.
w Geothermal 7-16 845 16.9 42.2 169 - - 15 0.30 0.75 3.3

Nuc 1ear 30 620 - - 124 248 372 11 - - 2.5 5.0 7.5

Combined
Cycle 40 150 - 7.5 30 - - 3 - 0.15 0.6

(a) Based upon estimates presented in Kim et ale 1975 and adjusted for thermal efficiencies.
(b) Cooling water requirements assumed to represent 100% of total plant demand.
(c) Derived from methodology presented in Nelson 1974.
(d) Cooling water requirements are assumed to represent 90% of total plant demand for all technologies except geothermal. For

geothermal, cooling water requirements assumed to represent 100% of total plant demand.
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TABLE 0.2. Possible Power Plant Water Sources in the Railbelt

management and subsequent disposal. Potential impacts from all of these
wastewater sources are generally mitigated through appropriate wastewater

treatment and recycle facilities. The water-quality parameter of primary
concern during a plant's construction phase is suspended sediment (SS).
Facilities to manage this wastewater constituent are generally incorporated
into a site erosion and sediment control plan.

Possible Facility Type

All
All except geothermal
All
All
Coal, synfuel, geothermal
Coal, synfuel
Nuclear, geothermal
Coal, synfuel, nuclear
Geothermal

Water Resources

Cook Inlet
Prince William Sound
Susitna River
Matanu ska River
Copper River
Gulkana River
Tanana River
Nenana River
Chena River

Cooling Water Blowdown

In general, all power plants using closed-cycle cooling systems
periodically discharge ("blowdown") water from the cooling system to remove
accumulations of sediment and other undesirable materials. The quantity and
quality of coolant blowdown depend upon the type of cooling system used and
the specific characteristics of the source. In general, total dissolved
solids (TOS), chlorine, and waste heat are the primary pollutants of concern.

The type and quantity of potential water pollutants resulting from power
plant operation are greatly dependent upon the type of steam cycle used and
the size of the plant. Potential sources of water pollution include cooling
system blowdown, fuel pile runoff, demineralizer regeneration wastewater, ash
handling and flue gas desulfurization waste, geothermal fluid discharges, fuel
oil releases, radioactive wastes (nuclear plants only) and miscellaneous
cleaning wastes.



TABLE 0.3. Stream Flow Data for Selected Railbelt Locations

U.S.G.S. Years of Average Flow Maximum Flow Minimum Flow
Station Name and location Number Record cfs 1000 gpm cfs 1000 gpm cfs 1000 gpm

Susitna River near Cantwell 15291000 11 6,295 2,825 55,000 24,686 400 180
Susitna River at Gold Creek 15292000 28 9,667 4,338 90,700 40,709 600 269
Tanana River near Tanacross 15476000 24 7,931 3,559 39,100 17,549 1,400 628
Tanana River at Fairbanks 15485500 5 (17,OOO)(a) 7,630 68,300 30,655 3,100 1,391
Tanana River at Nenana 15515500 17 (22,000)( a) 9,874 186,000 83,483 4,000 1,795
Chena River near Two Rivers 15949300 10 680 305 16,800 7,540 20 9
Chena River near North Pole 15493000 5 756 339 12,300 5,521 50 22

Cl Chena River at Fairbanks 15514000 29 1,450 651 74,400 33,393 (160)(b) 72
en Nenana River near Healy 15518000 27 3,527 1,583 46,800 21,000 190 85

Copper River near Chitina 15212000 22 37,100 16,652 265,000 118,940 2,000 989
Matanuska River at Palmer 15284000 24 3,857 1,731 82,100 36,849 234 105
Gulkana River at Sourdough 15200280 5 1,085 487 9,170 4,116 200 90

( a) Estimated, based on 2 years of record.
: b) Minimum not determined, 1978 minimum given.



Fuel Pile Runoff

Steam cycles using solid fuel, i.e., coal, peat and various forms of bio­
mass, require management of fuel pile runoff. For coal, this wastewater is
generally of low pH and high in sulfates and iron and has various concentra­
tions of other metals, depending upon the specific coal source. For biomass
fuels, the prime parameters of concern are the chemical and biochemical oxygen
demand, although other important pollutants may also be present, such as metals
in municipal solid waste.

Demineralizer Regeneration Wastewaters

All steam-cycle facilities except geothermal power cycles produce demin­
eralizer regeneration wastewaters that have high TDS levels and generally low
pH values.

Ash Handling and Flue Gas Desulfurization Wastes

Fossil fuel and biomass steam cycles produce ash as a by-product of com­
bustion, although the amounts vary greatly with the type of fuel. Wastewater
produced during ash handling and ash transport, and leachates from solid waste
landfills generally have high TDS levels and elevated concentrations of metals.
Coal generates the largest quantities of solid waste, including fly ash, bot­
tom ash, and flue gas desulfurization wastes.

Geothermal Fluid Discharges

At geothermal plants, the geothermal fluid itself can be highly saline
(high in TDS), and the dissolved substances in the fluid can be concentrated
during the process of electricity generation. The quality of geothermal
fluids is highly variable, however, and can exhibit significant differences
even between wells in a specific well field. Water-quality data reported in
the literature for geothermal plants located throughout the world exhibit
variations that range from benign to extremely toxic.

Fuel Oil Releases

Potential oil pollution impacts associated with oil-fired power plants
and other facilities that may use oil as an auxiliary fuel include accidental
release of oil through spillage or tank rupture. Potentially significant
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impacts that may result from oil releases are generally mitigated through the
federally mandated implementation of a Spill Prevention Control and Counter­
measures (SPCC) Plan, as required under 40 CFR 110 and 40 CFR 112. This plan
is intended to ensure the containment of all releases and the proper recovery
or disposal of any waste oil. The plan must also be formulated in light of
the Alaska Oil and Hazardous Substances Pollution Regulations.

Radioactive Wastes

Problems associated with the release of radioactive wastes from nuclear
facilities are generally mitigated through compliance with Nuclear Regulatory
Commission guidelines. However, accidental releases are possible; therefore,
all potential transmission media, including groundwater and surface water
resources, are extensively studied during project development to minimize any
impacts related to such releases.

Miscellaneous Wastewaters

Steam-cycle plants generally have many other miscellaneous wastewaters
derived from floor drainage, system component cleaning, and domestic water
use. The quantity and quality of these wastewaters will vary considerably,
but oil and grease, suspended solids, and metals are the effluents of most
concern.

All of these enumerated wastewaters are strictly managed within a speci­
fic power plant. The management vehicle is generally termed a "water and

wastewater management plan ll and for some plants is developed in conjunction
with a "so l i d waste management pl an." The purpose of these plans is to bal-

ance environmental, engineering, and cost considerations and to develop a
plant design and operational procedure that ensures plant reliability and

environmental compatibility and that minimizes costs.

For Railbelt plants, relevant regulations would include the following:
Clean Water Act and its associated National Pollutant Discharge Elimination
System (NPDES) permit requirements and federal effluent limitation guidelines;
Alaska State water-quality standards (which regulate all parameters of concern
in all Alaska waters depending upon the specific water resource's designated
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use); the Federal Resource Conservation and Recovery Act and Alaska solid
waste disposal requirements; and the Toxic Substances Control Act.

Compliance with all regulations does not eliminate water resource impacts.
Alaska water-quality standards permit a wastewater discharge mixing zone;
water-quality concentrations will therefore be altered in this area. Down­
stream water quality will also be altered because receiving stream standards

are rarely as high as the existing water quality of the receiving water body.
If secondary impacts associated with wastewater discharges, such as those to

aquatic ecosystems, are deemed significant, further waste management and
treatment technologies may be employed. Water-quality impacts can only be

completely avoided if the plant is designed to operate in a II zero discharge ll

mode. This is technically possible for all steam-cycle power plants, but can

be extremely costly.

Typical water-quality values for selected rivers in the Railbelt region
are given in Table 0.4. Based on these values, no extraordinary or unusual
water-quality characteristics appear to preclude construction or operation of
a properly designed steam-cycle power plant. Most of the river systems can be
considered moderately mineralized based upon the total dissolved solids values
and the concentrations of the major ionic components. Values for calcium,
magnesium, and silica are not low and will limit the natural reuse (without
treatment) of several wastewater streams, most significantly cooling tower
blowdown. "Standard" power plant water management technologies will be
required to mitigate any adverse water-quality impacts.

A potential water-quality problem that can arise, not from wastewater
discharge, but rather from atmospheric emissions associated with fossil fuel

power plants, is acid precipitation (rain). Acid rain occurs when gases such
as sulfur dioxide, hydrogen sulfide, and nitrogen oxides are converted in the

atmosphere to sulfuric and nitric acids. If these acids are present in signi­
ficant quantities, they can acidify precipitation to below pH 5.6, the normal

pH of rain and snow at equilibrium with carbon dioxide in the atmosphere. The
effects of extensive acid precipitation on sensitive ecosystems can include

changes in soil and water chemistry with attendant adverse impacts to terres­
trial and aquatic biota. Sensitive ecosystems are generally in areas under-

laid by highly siliceous types of bedrock such as granite, some gneisses,
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TABLE 0.4. Water-Quality Data for Selected Alaskan Rivers(a)
U.S.G.s. Sil ica Iron Manganese Calcium Magnesium Sodium Potassium

River/Location Station No. Flow cfs ~ !'!.9L mg/ ~ mg/ ~ ~

Copper River near Chitina 15212000 6,100 14 -- -- 36 9.3 12 1.6
159,000 8.5 -- 0.02 23 3.5 4.3 2.0

Matanuska River at Palmer 15284000 11,600 4.5 0.02 -- 28 1.8 3.8 0.9
566 6.3 0.07 -- 44 4.8 8.9 0.9

Susitna River at Gold Creek 15292000 34,000 5.7 -- -- 12 1.4 3.1 1.3
1,960 11 0.19 -- 34 4.5 11 2.4

Susitna River at Susitna Station 15294350 6,790 10 0.09 0.13 26 4.2 7.1 1.5
148,000 3.6 0.07 0.85 17 2.3 1.8 1.5

Chena River at Fairbanks 15514000 10,200 6.4 2.7 0.75 12 2.3 1.1 2.1
182 23 3.2 0.82 36 7.6 4.9 2.8

Tanana River at Nenana 15515000 4,740 19 -- -- 54 10 4.8 2.9
34,300 7.4 -- -- 24 5.0 2.7 1.9

0 Nenana River near Healy 15518000 497 8.2 -- -- 36 10 5.6 2.6
8,750 4.0 0.55 -- 18 3.6 2.7 1.4

co
Gulkana River at Sourdough 15200280 286

6,130

Talkeetna River near Talkeetna 15292700 1,930 7.3 -- -- 19 2.2 8.3 1.0
19,800 5.1 -- -- 8.1 1.0 2.6 0.5

Yukon River at Ruby 15564800 345,000 6.2 0.19 0.02 27 6.1 2.2 1.9
26,900 12 0.39 0.02 46 10 3.9 2.0

Chakachutna River near Tyonek 15294500 6,640 5.3 0.03 0.01 9.1 2.1 1.4 1.5
15,100 5.3 0.94 0.05 14 1.8 1.5 1.7

Skwentna River near Skwentna 15294300 6,760 11 -- -- 17 5.0 4.4 0.9
1,330 13 -- -- 28 4.3 7.7 1.7

Lowe River near Valdez 15226500 -- 5.0 -- -- 28 0.8 1.2 2.7
390 2.0 0.04 0.02 22 1.0 1.4 2.5

Fortymile River near Steel Creek -- 1,100 11 0.08 -- 20 7.5 4.6 1.2

--
( a) Adapted from U.S.G.S. Water Data Report AK-77-1 and U.S.G.S. Open File Report 76-513.



TABLE 0.4. (Contd)

U.S.G.S. Silica Iron Manganese Calcium Magnesium Sodium Potassium
River/Location Station No. Flow cfs -'!!9L !!!.9L mgt ~- ~_/- -'!!9L ---'!!9L-_
Coppp.r River near Chitina 15212000 116 26 18 0.09 -- -- 174 7.2

78 15 3.2 0 -- -- 98 7.6

Matanuska River at Palmer 15284000 61 29 2.5 0.2 -- -- 94 7.0
100 41 13 0.25 -- -- 169 8.1

Susitna River at Gold Crp.ek 15292000 36 6.0 4.0 0.14 -- -- 52 6.8
98 12 29 0.11 -- -- 152 8.0

Susitna River at Susitna Station 15294350 82 15 13 0.24 0.0 -- 116 6.9
59 13 2.2 0.05 1.1 11.3 64 8.1

Chena River at Fairbanks 15514000 30 10 0.7 0.27 -- -- 54 7.0
140 13 2.1 0.52 -- -- 165 6.6

Tanana River at Nenana 15515000 173 33 2.4 0.30 -- -- 212 7.5
72 34 2.5 0.10 -- -- 113 7.2

Nenana River near Healy 15518000 102 51 5.0 0.11 -- -- 169 7.0
57 14 1.1 0.09 -- -- 74 7.0

0' Gulkana River at Sourdough 15200280 110 -- -- 0.15 0.03 10.1 -- 7.5. 40 -- -- 0.04 0.15 11.0 -- 7.1
.......
0 Talkeetna River near Talkeetna 15292700 52 10 12 0.00 14.1 91 7.7--

28 2.8 2.6 0.20 0.08 11.7 37 6.8

Yukon River at Ruby 15564800 94 1.4 0.2 0.04 -- -- 113 7.6
165 25 1.3 0.23 -- -- 183

Chakachutna River near Tyonek 15294500 26 12 2.0 0.00 -- -- 46 7.1
26 11 1.4 0.03 -- -- 51 7.5

Skwentna River near Skwentna 15294300 52 20 6.0 0.05 -- -- 91 7.4
77 24 12 0.18 -- -- 130 7.1

Lowe River near Valdez 15226500 57 3.2 0.8 0.32 -- -- 100 7.6
46 22 1.2 0.34 -- -- 77 7.3

Fort~nile River near Steel Creek -- 65 37 0.5 0.47 -- -- 116 .7.4



TABLE D.4. (Contd)

Total Dissolved Total Oisso1ved
Bicarbonate Sulfate Chloride Ni trate Phosphorus Oxygen Solids pH

River/Location 109/ mg/ -!!1JlL_ mg/ mg/ mg/ __109.1 Units

Copper River near Chitina 116 26 18 0.09 -- -- 174 7.2
78 15 3.2 0 -- -- 98 7.6

Matanuska River at Palmer 61 29 2.5 0.2 -- -- 94 7.0
100 41 13 0.25 -- -- 169 8.1

Susitna River at Gold Creek 36 6.0 4.0 0.14 -- -- 52 6.8
98 12 29 0.11 -- -- 152 8.0

Susitna River at Susitna Station 82 15 13 0.24 0.0 -- 116 6.9
59 13 2.2 0.05 1.1 11.3 64 8.1

Chena River at Fairbanks 30 10 0.7 0.27 -- -- 54 7.0
140 13 2.1 0.52 -- -- 165 6.6

Tanana River at Nenana 173 33 2.4 0.30 -- -- 212 7.5
72 34 2.5 0.10 -- -- 113 7.2

Nenana River near Healy 102 51 5.0 0.11 -- -- 169 7.0
57 14 1.1 0.09 -- -- 74 7.0

CJ. Gulkana River at Sourdough 110 -- -- 0.15 0.03 10.1 -- 7.5-'
-' 40 -- -- 0.04 0.15 11.0 -- 7.1

Talkeetna River near Talkeetna 52 10 12 -- 0.00 14.1 91 7.7
28 2.8 2.6 0.20 0.08 11.7 37 6.8

Yuk on River at Ruby 94 1.4 0.2 0.04 -- -- 113 7.6
165 25 1.3 0.23 -- -- 183

Chak achutna River near Tyonek 26 12 2.0 0.00 -- -- 46 7.1
26 11 1.4 0.03 -- -- 51 7.5

Skwentna River near Skwentna 52 20 6.0 0.05 -- -- 91 7.4
77 24 12 0.18 -- -- 130 7.1

Lowe River near Valdez 57 3.2 0.8 0.32 -- -- 100 7.6
46 22 1.2 0.34 -- -- 77 7.3

Fortymile River near Steel Creek 65 37 0.5 0.47 -- -- 116 7.4



quartite, and quartz sandstone, none of which are extensively prevalent in the
Railbelt region (USGS 1978). These rock types are highly resistant to disso­

lution through weathering and are therefore generally low in dissolved solids
and have a low buffering capacity (a low ability to neutralize additions of

acids or alkalis). Hence, when acid precipitation falls on such an area, the
acids are not fully neutralized in the watershed, and so streams and lakes

become acidified.

Working with water chemistry data from more than 1,000 lakes in Norway,

the Norwegian Institute for Water Research has recently developed an empirical
relation by which the sensitivity of a given fresh-water system to inputs of

acid precipitation can be estimated (Likens et al. 1979). For example, the
relationship predicts that a soft water lake with about 80 microequivalents of

bicarbonate (corresponding to about 4.8 mg/l of bicarbonate, 1.7 mg/l of cal­
cium and a pH of about 6.5) will lose its buffering capacity to the point

where the pH drops below 5, a critical level for fish, if the long-term average
pH of precipitation is below about 4.3.

A review of the available water quality data (Table 0.4) for various water
resources in the Railbelt region indicates that bicarbonate and calcium concen­
trations are, in general, an order of magnitude greater than these critical
levels, and pH values are generally alkaline (greater than 7.0). Based upon
these values, there appears to be sufficient assimilative capacity in these
natural waters to mitigate effects from potential acid rain events.

HYDROLOGIC EFFECTS

Impacts to the hydrological regime of groundwater and surface water

resources can result from the physical placement of the power plant and its
associated facilities, and from the location and operation of water intake and

discharge structures. The siting of the power plant may necessitate the eli­
mination or diversion of surface water bodies and will modify the site runoff

pattern. Stream diversion and flow concentration may result in increased
stream channel erosion and downstream flooding. Proper site selection and
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design can minimize these impacts. Mitigative techniques such as runoff flow
equalization, runoff energy dissipation, and stream slope stabilization may be
employed.

Other hydrological impacts can result from the siting and operation of
the makeup water system and wastewater discharge system. The physical place­
ment of these structures can change the local flow regime and possibly obstruct
navigation in a surface water body. Potential impacts associated with these
structures are generally mitigated, however, through site selection and struc­
ture orientation. Discharge of power plant wastewaters may create localized
disturbances in the flow regime and velocity characteristics of the receiving
water body. These effects are minimized through proper diffuser design, loca­
tion, and orientation. Consumptive water losses associated with the power
plant may also affect hydrological regimes by reducing the downstream flow of
the water resource. However, as discussed previously, surface water supplies
in the Railbelt region are plentiful, and hydrologic impacts due to reduced
streamflow should not be significant.
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APPENDIX E

AIR EMISSIONS FROM FUEL COMBUSTION POWER PLANTS

Air pollution is the presence of contaminants in the atmosphere in suffi­
cient quantities and duration to be harmful to human, plant or animal life or
property. Fuel-burning electric generating plants, including coal, distillate
and gas-fired steam-electric plants, combustion turbines, combinedcycle
plants, and diesel generators, are potentially major sources of air pollution
because they discharge potentially polluting products of combustion into the
atmosphere.

In this appendix, the discussion addresses the general nature of air pol­
lution that arises from fuel combustion, the broad regulatory framework that
has been implemented to control air pollution, and the regulatory considera­
tions that apply to the Railbelt region. The emissions of the different fuel,
combustion technologies used in electric power generation are compared also.
Finally, the general nature of siting requirements affecting the construc­
tion of combustion-fired generating facilities in the Railbelt region are
discussed.

POTENTIAL POLLUTANTS

Several kinds of air pollutants are normally emitted by fuel-burning
power plants. These include particulate matter, sulfur dioxide, nitrogen
oxides, carbon monoxide, unburned hydrocarbons, water vapor, noise and odors.
Of particular concern is acid rainfall, a secondary effect of air pollutants.

Particulate Matter

Particulate matter consists of finely divided solid material in the air.
Natural types of particulate matter are abundant and include wind-borne soil,
sea salt particles, volcanic ash, pollen, and forest fire ash. Manmade parti­
culate matter includes smoke, metal fumes, soil-generated dust, cement dust,
and grain dust. On the basis of data collected by the U.S. Environmental
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Protection Agency (EPA), suspended particulate matter in sufficient concentra­
tions has been determined to cause adverse human health effects and property
damage.

Fuel combustion power plants produce particulate matter in the form of
unburned carbon and noncombustible minerals. Particulate matter would be
emitted in large quantities from fuel combustion plants that use solid fuels
(coal, peat, wood, municipal waste) or residual oil, if high-efficiency con­
trol equipment were not used. Particles are removed from flue gas by using
electrostatic precipitators or fabric filters (baghouses). They are routinely
required and collection efficiencies can be very high (in excess of 99%).

Sulfur Dioxide

Sulfur dioxide (S02)' a gaseous air pollutant, is emitted during combus­
tion of fuels that contain sulfur. Coal and residual oil contain sulfur in
amounts of a few tenths of a percent to a few percent, whereas pipeline natural
gas, wood, and most municipal wastes contain relatively little sulfur. Sulfur
dioxide, like particulate matter, has been identified as harmful to human
health, and it appears to be particularly serious when combined with high con­
centrations of particulate matter. It is damaging to many plant species,
including several food crops such as beans. Sulfur dioxide may, in addition,
result in acid rainfall.

Nitrogen Oxides

Nitrogen oxides (NO x) (N02 and NO, primarily), gaseous air pollu-
tants, form during the combustion process by oxidation of fuel-bound or atmo-

spheric nitrogen. Nitrogen oxides damage plants and play an important role in
photochemical smog. Fuel combustion plants and automobiles are significant

contributors to these emissions.

Pollution control technology for NO x oxides has developed more slowly
than for most other air pollutants. Lack of chemical reactivity with conven­
tional scrubbing compounds is the main difficulty. Thus, current control
strategies focus on control of NOx production. Principal strategies include
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control of combustion temperatures (lower combustion temperatures retard for­

mation of NO x) and control of combustion air supplies to minimize introduc­
tion of excess air (containing 78% nitrogen).

Carbon Monoxide

Carbon monoxide (CO) emissions result from incomplete combustion of
carbon-containing compounds. Generally, high CO emissions result from subop-

timal combustion conditions and can be reduced by using appropriate firing
techniques. HDwever, CO emissions can never be eliminated completely, using

even the most modern combustion techniques and clean fuels. Carbon monoxide
is toxic to humans and animals.

Unburned Hydrocarbons

Unburned hydrocarbons are emissions of vaporized unburned fuel or par­
tially burned products that escape combustion. Generally, they are produced
during periods of startup or shutdown or during faulty unit operation. For
combustion turbines they may also be emitted during periods of very low load.
Unburned hydrocarbons playa role in photochemical smog formation. They are
generally well controlled by employing efficient combustion techniques or
operational controls. Emissions of hydrocarbons in the Railbelt region should
not adversely affect the selection of any of the fuel burning options, nor
will they affect the selection of one option over another.

Water Vapor

Plumes of condensed water vapor are discharged from wet cooling towers as
the tower exhaust is cooled below the saturation point. The plume will per­
sist downwind of the tower until the water vapor is diluted to a level below
saturation. Under cold, moist conditions the plumes are particularly long

because the ambient air can hold little added moisture. Formation of these
plumes may be hazardous during IIfogging" conditions when a high wind speed
causes the plume to travel along the ground. During freezing conditions, such
plumes may lead to ice formation on nearby roads and structures. Plume gener­
ation, fogging, and icing can be controlled or virtually eliminated by using
wet/dry or dry cooling towers.
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Noise and Odor

Noise levels beyond the plant property line can be controlled by equip­
ment design or installation of barriers. Odors may be produced by municipal
wastes or some biomass fuels.

Acid Precipitation

The S02 and NO x emissions from fuel-burning facilities have been
related to the occurrence of acid rainfall downwind of major industrial areas.
Acid rain results from the conversion, in the atmosphere, of gases such as
S02' H2S and NO x to sulfuric and nitric acids. Congress may soon enact
laws to restrict these emissions because of the effects of acid rain. The
mechanisms of acid rain formation, subsequent acidification of lakes and
effects on soils, vegetation, wildlife and structures, and the relationship to
specific source emissions are not yet fully understood. Much research is in
progress in this area, and recent research indicates that some remote areas of
the western United States have been affected by acid rain.

On initial assessment, Alaskan lakes do not appear to be so sensitive to
acid rain as lakes in eastern Canada and the northeastern United States. Fur­
thermore, the total emissions into the Alaska environment are much less than
emissions from industrialized areas of the midwest and northeast United States
(Galloway and Cowling 1978). Acid rainfall most likely will never present
problems in Alaska similar to. those in the eastern portion of the continent.

Currently, no basis exists for assessing the impacts of acid rainfall
that might develop because of increased fuel combustion in Alaska. In devel­
oping any of these technologies, however, the planning agencies must be aware
that a significant research effort is being mounted against acid rainfall and
that a regulatory framework may be developed within the next several years to
analyze and mitigate its impacts.

REGULATORY FRAMEWORK

The 1970 federal Clean Air Act established the national strategy for air
pollution control. The Act established New Source Performance Standards
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(NSPs)(a) for new stationary sources, including fuel combustion facilities.

Levels of acceptable ambient air quality (National Ambient Air Quality
Standards) were also established, and the regulations were promulgated to
maintain these standards or to reduce pollution levels where the standards
were exceeded.

New source performance standards (NSPS) have been promulgated for coal­
fired steam-electric power plants and for combustion turbines. In addition,
any combustion facility designed to burn coal or coal mixtures, or capable of
burning any amount of coal, or if such use is planned, is subject to the coal­
fired power plant standards. Standards of allowable emissions for each fuel
combustion technology for a range of sizes for power plants are presented in
Table E.1 for S02' Table E.2 for particles, and Table E.3 for NO x' Data
are taken from EPA Publications or the New Source Performance Standards. The
standards are enforced for both newly constructed and significantly retro­
fitted facilities and represent the expected level of controlled emissions
from these power plants.

In Alaska, the Department of Environmental Conservation enforces regula­
tions regarding ambient air quality standards and source performance standards.
A permit to operate will be required for all fuel-burning electric generating
equipment greater than 250 kW generating capacity.

Major changes were made to the Clean Air Act in 1977 when the Prevention
of Significant Deterioration (PSD) program was added by Congress. The PSD
program has established limits of acceptable deterioration in existing ambient
air quality for S02 and total suspended particulates (TSP) throughout the
United States. Pristine areas of national significance (Class I areas) were
set aside with very small increments of allowable deterioration. The remainder
of the country was allowed a greater level of deterioration. Other regulatory
factors apply to areas where the pollution levels are above the national stan­
dards. State and local agencies may take over the administration of these

(a) liThe term standard of performance means a standard for emissions of air
pollutants which reflects the degree of emissions limitation achievable
through the application of the best system of emission reduction•.. "
(Pub. L. 91-604, HR 17255, Dec. 31, 1970).
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TABLE E.1. Controlled Sulfur Dioxide Emissions for Various Technologies

programs through the development of a state implementation plan acceptable to
the EPA. Table E.4 gives the National Ambient Air Quality Standards and
allowable PSD increments.

2022

3942
12

1348

2628
8

674

1314
4

169

329
1

246

673269

67

131
o

99

"20

0.30

0.10

0.20
0.0006
0.15

Emi ssi on Rate
(lb/106 Btu)Technology

Combustion Turbine
Oi 1
Gas(d)

Steam Electric
Coa 1(b)
Oil(c)

Gas
Wood

(a) 75% capacity factor.
(b) 70% scrubbing of 0.18% sulfur coal.
(c) New Source Performance Standard.
(d) Negligible.

The PSD program is currently administered by the U.S. Environmental
Protection Agency (EPA). A PSD review will be triggered if emissions of any
pollutant are above 100 tons per year for coal-fired power plants or above 250
tons per year for the other power plants. This review entails a demonstration
of compliance with ambient air-quality standards, the employment of best
available control technology, a demonstration that allowable PSD increments of
pollutant concentrations (currently promulgated for S02 and suspended
particles) will not be violated, and a discussion of the impact of pollutant
emissions on soils, vegetation, and visibility. It also generally includes a
full year's onsite monitoring of air-quality and meteorological conditions
prior to the issuance of a permit to construct.
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0.03
0.01
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Combustion Turbine
Oi 1
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Oil (b)
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TABLE E.2. Controlled Particulate Matter Emissions for Various Technologies

Annual Emissions (tons/yr)(a)
Facility Size (MW)

(a) 75% capacity factor.
(b) New Source Performance Standard.
(c) Typical.
(d) Assumes mechanical collection. Emissions may be reduced by 90%

using electrostatic precipitators or baghouse.
(e) Negligible.

Alaska has two permanent Class I areas in or near the Railbelt region,
Denali National Park and the pre-1980 areas of the Tuxedni Wildlife Refuge.
The new national parks and wildlife preserves have not been included in the
original designation, but the state may designate additional Class I areas in
the future. New major facilities located near Class I areas cannot cause a
violation of the PSD increment near a Class I area; thi~ requirement presents
a significant constraint to developing nearby facilities.

In the near future, PSD control over other major pollutants, including NOx'
CO, oxidants, and hydrocarbons, will be promulgated. Obtaining a PSD permit
represents one of the largest single obstacles to constructing a major fuel­
burning facility.



TABLE E.3. Controlled NOx Emissions for Various Technologies

Annual Emissions (tons/yr)(a)
Emission Rate Facility Size (MW)

Techno 109.Y: ( 1b/106 Btu) 20 50 200 400 600

Steam El ectri c
Coal(b) 0.6 394 986 3942 7884 11826
Oil (b) 0.3 197 493 1971 3942 5913
Gas(b) 0.2 131 329 1314 2628 3942
Wood(c) 1.0 657 1643

Combustion Turbine
Oil 0.59 530 1272
Gas(d)

(a) 75% capacity factor.
(b) New Source Performance Standard.
(c) Probably significantly overstated.
(d) Comparable to oil.

A potentially important aspect of the PSD program to developing electric
power generation in the Railbelt region is that Denali National Park (called
Mt. McKinley National Park prior to passage of the 1980 Alaska Lands Act) is
Class I, and it lies close to Alaska's only operating coal mine and the exist­
ing coal-fired electric generating unit (25 MWe) at Healy. Although the PSD
program does not affect existing units, an expanded coal-burning facility at
Healy would have to comply with Class I PSD increments for S02 and TSP.
Decisions to permit increased air pollution near Class I areas can only be
made after careful evaluation of all the consequences of such a decision.
Furthermore, Congress required that Class I areas must be protected from
impairment of visibility resulting from manmade air pollution. The impact of
visibility requirements on Class I areas are not yet fully known.

In the Fairbanks and Anchorage areas, the levels of CO exceed the primary
National Ambient Air Quality Standards. The state regulatory agencies are
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TABLE E.4. National Ambient Air-Quality Standards and Prevention of Significant Deterioration
Increments for Selected Air Pollutants

Prevention of Significant
National Ambient Air Deterioration Increments
~uality Standard Class I Cl ass II

3 hr(a 24 hr(a) Annual 3 hr 24 hr Annual 30 hr 24 hr Annual

None 150(b) 60(b) None 10 5 None 37 19
260(c) 75(c)

1300(b) 365(d) 80(d) 25 5 2 512 91 20

None None 100(d) None None None None None None
IT1.
co

Pollutant

Total Suspended
Particulate Matter

(~g/m3)

Sulfur gioxide
(~g/m )

Nitroge~ Dioxide
(~g/m )

Carbon ~onoxide(e)
(mg/m3) None None None None None None None

( a)

~~~
(d)
(e)

Not be to exceeded more than once per year.
Secondary or welfare-protecting standard.
Annual geometric mean, advisory indicator of compliance.
Primary or health-protecting standard.
Carbon monoxide primary ambient air q~ality standards are as follows: the value not to be
exceeded more than 1 hr/yr is 40 mg/m (may be changed t~ 29 mg/m3); the value not to be
exceeded more than one 8-hour period per year is 10 mg/m



required to reduce CO emissions in these two airsheds to attain the standards.
This goal will be accomplished by requiring any new or modified major source
to install the lowest achievable emission rate for CO emissions and to obtain

offsets for the actual CO emissions. Consequently, the construction of a major
combustion facility in or near the nonattainment areas will entail the most

demanding pollution controls, as well as a lengthy and detailed regulatory
review.

COMPARISON OF PROJECT EMISSIONS

The comparison of fuel combustion technologies for their impacts on air
quality is determined by the anticipated rate of emissions of each pollutant.
Emission levels for the various technologies are presented in Tables E.I
through E.3. Estimated emissions from wood-fired boilers, although officially
published, are felt to be somewhat high, especially for S02.

These tables were developed based on various assumptions. A 33% conver­
sion efficiency is assumed for steam-electric plants and a 25% conversion
efficiency for combustion turbines. For the power plant sizes provided in
the tables, emissions are directly proportional to the heat rate of a given
technology.

SITING STRATEGY
Based on information on emissions and regulations, several general con­

clusions can be drawn that bear on the siting of major fuel-burning facilities.
Coal or biomass-fired facilities should be easiest to locate if well away from
Class I areas. A minimum distance would probably be 20 miles, but each case
should be carefully analyzed to reliably choose a site. The forthcoming visi­
bility regulations may require a greater distance. Based on regulatory con­
straints, it would be preferable to site any of these facilities well away
from the nonattainment areas surrounding Anchorage and Fairbanks. In addition,
the major fuel burning facilities should be located away from large hills and
outside of narrow valleys or other topographically enclosed areas. Facilities
should be developed in open, well-ventilated sites whose atmospheric dispersion
conditions will contribute to minimizing impacts on air quality.
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Many acceptable sites should exist for coal-fired power plants in the

Beluga, Kenai, Susitna, Nenana, and Glennallen areas, near coal fields
(McNaughton 1979). Since Alaska coal is generally low in sulfur content, the

siting constraints will be less stringent than those normally encountered in
the eastern United States. Smaller biomass-fired plants could generally be

sited in broad valleys as well. Generally, emissions from natural gas and
fuel oil combustion are below the threshold of significance, and the siting of

such facilities is therefore less critical. If high-sulfur residual oils are
used, however, siting will become a more important factor.
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APPENDIX F

AQUATIC ECOLOGY IMPACTS FROM STEAM-CYCLE POWER PLANTS

The Railbelt region encompasses many marine and freshwater habitats that
provide spawning, rearing, and migration paths for a wide variety of com­
mercially and recreationally important species. Several of these species are
listed in Table F.l. These habitats may be impacted by steam-electric plant
construction and operation in several major ways, including construction area
runoff, water withdrawal for power plant use, and process water discharge. In

addition, air emissions (e.g., S02 and NOx) from fossil-fuel plants can
impact the aquatic ecosystem through the creation of acid rainfall. The
degree of all potential impacts will depend upon the size, location, water
requirements and operating characteristics of the plant. Unless a specific

facility type is identified in the following sections, this discussion gen­
erally applies to all steam-cycle facilities.

CONSTRUCTION AREA RUNOFF

Construction area runoff can increase turbidity and siltation in receiv­
ing waters adjacent to site construction. Siltation in freshwater habitats

can eliminate fish spawning areas by inundating gravels with fine sediment
that smothers eggs and embryos. It can also block emergence of young fish

from the gravel (especially salmonids). Similarly, silt can smother benthic
organisms, alter their habitat, and reduce benthic primary production by
decreasing light penetration. Species of major concern in the Railbelt region
include salmonids, burbot, sheefish, and whitefish. Silt-laden runoff, if
severe, may also clog or damage the gills of these organisms.

If silt reaches the marine environment, especially areas where turbidity
is naturally lower (e.g., outer Cook Inlet or Prince William Sound), it could
smother benthic organisms and reduce benthic and pelagic primary production.

Potentially affected organisms in these areas include the marine vertebrates
and invertebrates listed in Table F.l. Especially susceptible are species
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TABLE F.1. Some Commercially and Recreationally Important
Aquatic Species in the Alaska Railbelt Region

Fresh Water Organisms
Salmonids

Arctic grayling (Thylmallus arcticus)
Lake trout (Salvelinus namaycush)
White fish (Coregonus ~.)
Inconnu (Stenodus leuclchtys)

Other fish
Burbot (Lota lota)
Northern pike (Esox lucius)

Marine Organisms
Fish

Herring (Clupea harengus pallasi)
Halibut (Hippogossus stenolepis)

Invertebrates
Crab

Tanner (Chionectes ~.)
King (Paralithodes ~.)
Dungeness (Cancer magister)

Shrimp
Pink (Pandalus borealis)
Humpy (Pandalus goniurus)
Coonstrip (Pandalus hypsinotus)
Spot (Pandalus platyceros)
Sidestrip (Pandalopsis dispar)

Bivalves
Razor clam (Siligua patula)
Pacific scallope (Patinopecten caurinus)

Anadromous Fish
Chinook salmon (Oncorhynchus tshawytscha)
Chum salmon (Oncorhynchus keta)
Coho salmon (Oncorhynchus kisutch)
Pink salmon (Oncorhynchus gorbuscha)
Sockeye salmon (Onchrohynchus nerka)
Steelhead/rainbow trout (Salmogafrdneri)
Cutthroat trout (Salmo clarkTT
Arctic char (SalveT1nUs alpinus)
Colly vardin (Salvelinus malma)
Smelt (Thaleichthys pacifTCUST

Source: Alaska Department of Fish and Game 1978.
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inhabiting areas of low current and wave energy near the mouth of silt-laden
rivers. In these low-energy environments suspended solids are ultimately
deposited. Clam beds, rearing habitats for juvenile fish, and spawn of

Pacific herring would be especially vulnerable.

The impact from construction runoff would depend on the effectiveness of
erosion control measures, location and size of the plant, and the existing
soils. Potential problems to both fresh and marine waters can be minimized by
implementing appropriate site runoff and erosion control measures, including

runoff collection and treatment systems, soil stabilization techniques and
scheduling of earthmoving activities to coincide with seasons of low
precipitation.

WATER WITHDRAWAL EFFECTS

The principal impacts of water withdrawal include entrainment, impinge­
ment and reduction in downstream flow.

Entrainment and Impingement

Intake structures associated with water withdrawal have the potential to
impinge or entrain aquatic organisms. Impingement occurs when aquatic biota
are caught against screens and grates placed in intakes to keep organisms out
of the cooling system. Impingement of organisms on inadequately designed
screening or diversion structures can cause mortalities due to abrasion,
increased predation, or exhaustion. Entrainment occurs when aquatic biota are
caught in a cooling system's intake water. Entrainment can acutely and
chronically affect organisms by thermal shock, pressure change, mechanical
damage, or toxic chemicals added to the recirculating cooling water. Most

organisms identified on Table F.l can affected by these processes at some
stage in their life cycle. Larvae of fish, crabs and clams are particularly
susceptible to entrainment, whereas larger forms such as juvenile salmonids
are susceptible to impingement.

Adequately designed screening equipment and proper approach velocities at
the intake structure will reduce the number of organisms impinged or
entrained. Locating intakes away from migratory routes or holding areas of
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important species will also help reduce these impacts. The use of subsurface

water sources, like Ranney wells, would eliminate impingement and entrainment

of fresh-water and marine organisms.

Streamflow Reduction

Withdrawal of water in sufficient amounts from streams can also alter
flow patterns and reduce aquatic habitat downstream. Process water discharged
to the same body of water may partially compensate for withdrawals.

PROCESS WATER DISCHARGES

The characteristics of the intake water are altered during passage
through the plant. Changes include increases in temperature, and addition of
potentially toxic chemicals and corrosion products from the cooling water
system. Depending on the temperature and chemical composition of the process
water discharges, organisms may be attracted to the vicinity of the discharge
structure, thus increasing the mortality of organisms, or causing long-term
changes in the aquatic ecosystem.

Therma1 Shock

Warm water discharges may attract aquatic organisms to the vicinity of
the outfall. This attraction may interfere with normal behavior patterns
(migration, feeding, etc.). Of particular concern in Alaska would be a situ­
ation in which marine organisms are attracted and become acclimated to a heat­
ed discharge with the potential for flow reduction or interruption. The
resulting rapid change to ambient levels can result in severe thermal shock
that can be lethal. Fish can also be entrained in the mixing zone of a power
plant's effluent, and if this effluent is hot enough, the fish can experience
thermal shock. Heated effluents may also alter community structure and rate
of species succession, depending upon the respective temperatures and flows of
the effluent and receiving water.

Chemical Changes in the Process Water

The chemical composition of the intake water is altered during its pas­
sage through the power plant. Changes in the composition generally depend on
the specific steam cycle and the power plant's capacity (see Appendix D), but
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general alterations that occur in most plants are as follows: 1) addition of
chemicals (e.g., chlorine) to control biological fouling and deposition of
materials on cooling system components; 2) concentration of impurities in the
intake water during cooling system recirculation; and 3) incorporation of cor­
rosion products from structural components of the cooling system. Other char­
acteristic effects of certain steam cycles include lowered pH, increased bio­
chemical oxygen demand, and discharge of radionuclides (nuclear facilities)
and petroleum products.

One of these changes, such as the addition of heavy metals and radio­
nuclides, could have negative effects far from the site of their initial dis­
charge, whereas others like low pH and increased BOD will have the greatest
impact close to the discharge. Some constituents would have less impact on

marine systems than on fresh-water systems due to the buffering and chemical
complexing capacity of saline waters. High concentrations of dissolved
solids, which occur to some extent in most power plants but can be especially

high in geothermal plants, would have little effect on the marine environment,
which already posseses much higher concentrations of dissolved solids than
fresh water. Most other changes could have negative effects on both the
marine and fresh-water environment, but the marine environment's much larger
volume diminishes the probability of adverse effect because of dilution.

Proper siting, design, and location of discharge structures, discharge
pretreatment (e.g., dechlorination with sulfur dioxide), use of cooling towers
or other heat dissipating systems, and cooling system optimization can reduce
or minimize effects from process water discharges. Also, siting on large
receiving water systems (e.g., the Copper or Susitna River, Cook Inlet) will
reduce impacts. Futhermore, if an area is highly sensitive, a "zero dis­
charge" system design can be implemented.

ACID RAINFALL

Emissions of SOx may occur from combustion of fuels such as many coals
and petroleum products containing sulfur. These emissions may result in the
production of acid rainfall. This production can cuase significant changes in
the pH level of receiving water bodies, which, if severe, can reduce or
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eliminate certain species. The severity depends on the amount of acid rain,

the size and buffering capacity of the receiving water, the chemical com­

position of the soil, and the sensitivity of the aquatic organisms to pH

change. Acid rain would not affect the marine environment because of its

great buffering capacity. Most fresh-water systems in the Railbelt region
appear well buffered (see Table 0.4, Appendix 0) and significant detrimental
impacts would not be expected. Generally, the potential for production of
acid rainfall depends upon plant size, sulfur contact of the fuel, sax con­
trol systems and meteorological patterns. SO emissions can be reduced by

x
incorporating SO control facilities and selecting low sulfur control fuel.x
Alaskan coals are of very low sulfur content (~0.25%).
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TERRESTRIAL ECOLOGY IMPACTS FROM STEAM-CYCLE POWER PLANTS

APPENDIX G

0.4-1.1
0.8-2.0
0.3
0.4
0.1
0.5

Land Area
Per Unit
Capacity

(acres)
Land Area (acres)
(all facilities)

8 to 670
10 to 50
3 to 13

4 to 20
100 to 150
5 (excluding wells)

Electrical
Generating

Capacity (MW)

20 to 600
5 to 60

10 to 200
10 to 200

800 to 1,200
10

Steam-Cycle
Power Plants

Natural-Gas-Fired
Biomass-Fired
Natural-Gas-Fired
Distillate-Fired
Nuclear
Geothermal

TABLE G.1. Approximate Land Requirements of Steam-Cycle Power Plants

While any steam-cycle facility will cause a reduction or alteration of
habitat, the most significant impacts typically result from coal, biomass, and
nuclear plants because these technologies generally require the largest land
areas for development. In the Railbelt region, probable watersheds suitable

HABITAT LOSS

Impacts on terrestrial biota resulting from steam-cycle power plants will
vary according to the type, size, and location of a specific plant. Plants
requiring large land areas in remote or sensitive locations will generally
exert the greatest impacts on vegetation and animals. Most impacts, however,
can usually be minimized through careful power plant siting.

In general, habitat loss represents the most significant impact on wild­
life. Other terrestrial impacts include those resulting from air emissions,
fuel and waste storage areas, and human intrusions. Approximate land area
requirements for various types of steam-cycle facilities are compared in
Table G.1.



for development of steam-cycle facilities contain seasonal ranges of moose,
caribou, brown and black bear, mountain goat, and Dall sheep (Table G.2).
Disturbance of these range areas will lower the carrying capacity of the land
to support these species. Moreover, power plant development, if in remote
areas, can adversely affect certain wildlife sensitive to disturbance, such as
Dall sheep and brown bear. Wildlife impacts, however, can be minimized by
siting plants outside of important wildlife areas. This form of mitigation
will be most difficult to accomplish with geothermal plants and, in some
cases, with biomass and coal-fired plants, which may need to be sited at the
fuel resource sites to be economically viable.

AIR EMISSION EFFECTS

The release of toxic chemicals into the air can negatively affect vege­
tation and, subsequently, wildlife. Sulfur and nitrogen oxides (SOx and
NOx) are the major gaseous pollutants; of these, S02 has the greatest
potential for affecting the terrestrial biota. The mechanism of S02 injury
to plants is largely physiological. Damage results when plant tissues accumu­
late S02 and produce sulfurous acids and sulfate salts faster than these
compounds can be oxidized and assimilated. At this point, sulfur compound
concentrations become toxic, resulting in chlorophyll destruction and cell
collapse. Plants in the Railbelt region that may be sensitive to S02
include lichens. These plants are often an important food for wildlife,
especially for caribou.

Acid rain, which can be formed from SOx and NOx emitted from fossil
fuel and biomass plants, can further affect the terrestrial biota. This

phenomenon can modify the chemical properties of soils and affect the aerial
portions of plants, which intercept precipitation. Some of the impacts on
soils and vegetation known to result from acid rain include the following:
1) decreased aerial growth; 2) direct injury to foliage of coniferous and

deciduous trees; 3) changes in the physiology of foliar organs; 3) alteration
of root functions; 5) poorer germination of seeds; 6) accelerated leaching of
nutrients from foliage, humus, and soils; and 7) inhibition or stimulation of
plant disease (Dvorak 1978). The degree to which soils are changed will
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TABLE G.2. Possible Watersheds Associated with the Development of Steam-Cycle Power Plants
in the Railbelt Region and Prominent Wildlife Found at These Locations

Watershed
Energy Prince

Technology Cook Wi 11 i am Susitna Matanuska Copper Gulkana Tanana Nenana Chena
Species Inlet Sound River River River River River River River

Energy Technology

Coal-Fired x(a) X X X X X -- X
Oil-Fired X X X X
Gas-Fired X X X X
Biomass-Fired X X X X
Nuclear X X X X -- -- X X
Geothermal X -- X -- X -- X -- X

Spec iedb)

(j') Moose X X X X X X X X X
w Caribou X -- X X X X -- X

Bison -- -- -- -- X
Mounta in Goat -- X -- X X
Dall Sheep -- -- X X X -- -- X
Bl ack Bear X X X -- X
Grizzly/

Brown Bear -- X -- -- X -- -- X
Sitka Deer -- X -- -- X
Marine Mammal X X X -- X
Waterfowl X X X X X X X X X
Colonial

Nesting Birds X

(a) X signifies potential power plant development and wildlife species/group present.
(b) Wildlife information was taken from Alaska Regional Profiles 1974. (Selkregg 1974)



vary with the buffering capacity of the soils. Impacts on wildlife will
largely be indirect and result from modification of habitat.

In addition to gaseous emissions, particles and associated toxic trace
elements may affect soils, plants, and wildlife. In steam-cycle plants, these
substances are released in stack emissions and cooling tower drift. While
mitigative measures are generally employed, small particles «1 ~m) are dif­
ficult to control. Small particles can cause greater impacts on soils,
plants, and wildlife than larger particles because they contain a greater
fraction of potentially toxic trace elements (e.g., mercury, selenium,
arsenic, bromine, chlorine, fluorine and others) in a state more readily
available for chemical interaction (Dvorak 1978).

Trace elements will primarily enter the soil through direct deposition,
plant litter decomposition, and the washing of particles from plant materials

and other surfaces by precipitation. The impacts of these elements on soils
are difficult to predict, but soils already at the tolerance limits of exist­

ing trace element concentrations will generally experience more severe
effects. Conversely, soils deficient in various trace elements (i.e., copper,
molybdenum, boron, zinc, and manganese) may benefit from their addition.

Particles and trace elements can also affect plants through direct injury
to aerial plant parts and through material uptake and accumulation. Stomates
(small openings in leaf surfaces used for gas exchange) may be blocked by
particles, which can interfere with the diffusion of CO2, O2, and water
vapor between the leaf air spaces and air. In addition, particles may
adversely affect plant absorption and reflectance of incident solar radia­
tion. Plant uptake of trace elements may result in reduced growth rate since

many trace elements affect various metabolic processes and enzymatic
reactions, such as photosynthesis and respiration. Trace element uptake will
vary with plant species, element, and many environmental conditions.

EFFECTS OF FUEL AND WASTE PRODUCT STORAGE

Storage of fuel and waste products from steam-cycle plants can have
potentially important impacts on terrestrial biota. Uncontrolled runoff from
these materials can be toxic to soils and vegetation. Spoil piles and fuel

G.4



piles require large land areas, which result in the loss of vegetation and
wildlife habitat. Wildlife use of waste ponds as drinking water sources can
also have adverse effects if concentrations of various elements reach toxic
limits. Windblown dust from storage piles, if deposited on vegetation, may
block leaf stomates, which may lower photosynthetic rates and may provide a
pathway for ingestion of particles by herbivores. Exposure of vegetation to
dust over long time periods could change vegetation community structure.
These impacts, however, can be minimized in the Railbelt region by designing
storage facilities to prevent runoff, seepage, dust, and access by wildlife.

HUMAN INTRUSION EFFECTS

Wildlife populations can be adversely affected by increased human
activity resulting from power plant construction and operation. Wildlife pop­
ulations in areas adjacent to power plant sites or access roads may be sub­
jected to greater hunting pressure, poaching, road kills, and other forms of
human disturbance. This situation may be particularly severe for power plants
located in isolated areas. Wildlife populations in these areas are not only
more sensitive to disturbance but also more vulnerable to exploitation. Of
the various types of steam-cycle plants, human disturbance is probably great­
est with geothermal plants because these are more likely to be sited in iso­
lated locations near their fuel sources. Power plants sited in remote areas
may require many miles of new road construction resulting in an even greater
loss of habitat.

Noise associated with power plant construction and operation is a
by-product of human intrusion; however, the severity of this disturbance is

uncertain. Potential impacts from noise can be related to hearing loss and
stress in animals. Noise can also interfere with the auditory cues for com­

munication among certain wildlife. Auditory cues can include those for ter­
ritorial defense, mate attraction, alarm calls, and nesting behavior of pas­
serine birds. Stress on wildlife will be largely physiological. Terrestrial
impacts from noise in the Railbelt region can largely be avoided through
installation of proper noise suppression equipment at the power plants.
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COLLISION EFFECTS

Another wildlife impact results from birds colliding with the cooling
towers for waste heat rejection systems. The significance of this impact is
highly dependent on cooling tower design and location in relation to daily and
seasonal migratory routes. Locations subject to frequent fogging may also
increase the severity of this impact. Bird collision, however, can be miti­
gated through proper siting. In the Railbelt region, major migratory bird
corridors occur within the Susitna, Copper, Nenana, and Gulkana River Basins,
as well as throughout Cook Inlet and Prince William Sound.
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APPENDIX H

SOCIOECONOMIC IMPACTS FROM ENERGY
DEVELOPMENT IN THE RAILBELT REGION

Two types of decisions made during the energy development process will
result in community and regional impacts in the Railbelt region. First, the
decision to site a facility at a particular location will affect the people
living in that area. Secondly, the specific technology adopted for generating
electric power will affect both the community and the larger region defined as
the Railbelt. These decisions can result in both beneficial and adverse
socioeconomic impacts. Positive impacts will include employment opportunities
and revenues generated by the project, which will stimulate growth of the
local economy in the short term and, in the long term will contribute to the
expansion of the regional economy. Adverse impacts include the in-migration
of temporary workers to a community, potentially causing a boom/bust cycle.

The primary effect of a boom/bust cycle is a temporarily expanded pop­
ulation with insufficient infrastructure to support the new demands. The
in-migration of workers to a community will have an impact on land avail­

ability, housing supply, commercial establishments, electric energy avail­
ability, roads, public services such as schools, hospitals, and police force,
and public facilities such as water supply and domestic waste treatment
facilities. The magnitude of these impacts will depend on the existing popu­
lation of the area, the existing infrastructures, the size of the construction
work force, and the duration of the construction period. The bust occurs with
the out-migration of a large construction work force, which leaves the com­
munity with underutilized housing and facilities. Development of a power
plant, therefore, has the potential to affect the community at both the begin­
ning and end of the construction phase.

Two indicators of a boom/bust cycle have been developed. Since the per­
manent staff required to operate a plant is typically much smaller than the
construction labor force, the population will decrease dramatically following
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construction. A measure of the potential for a bust, independent of community
size, can be inferred from the ratio of construction to operating personnel.

The probable magnitude of the boom/bust cycle can be determined by relating
the size of the work force to community size. These two measures are provided
for each technology in the attribute matrix.

The secondary effect of power plant construction is its impact on the
growth of the local and regional economies. The increased number of permanent
residents will usually result in new businesses and jobs to the community.
This effect may be perceived as either positive or negative, depending on
individual points of view. The expenditures on capital and labor during both
the construction and operation phases will increase regional income as well.
The effect on regional income would be caused by the expansion of construction
firms and related industries. A parameter of expansion of the regional
economy is flow of expenditures into the region, which can be measured in
terms of a percentage of plant-related expenditures.

COMMUNITY IMPACTS

The most pronounced impact on the community is the boom/bust cycle. The
potential for a boom/bust cycle is a function of the existing population of
the area and characteristics of the regional labor market. Existing pop­
ulation size reflects the ability of the community to meet new demands for

housing, roads, and public and community services. Characteristics of the
labor market include the size of the work force, skills, and unemployed

persons available for work.

The 1980 Railbelt population was 284,822 and comprised 72% of the State's
400,142 residents (U.S. Bureau of Census 1981). The population of boroughs
and census areas within the Railbelt is presented in Table H.1. Anchorage is
the Railbelt's major population center; remaining population is distributed
widely in small cities and towns among several regions including the Fairbanks
North Star Borough, Kenai Peninsula Borough, Matanuska-Susistna Borough, and
the Valdez-Cordova area. With the exception of Fairbanks, all communities
having populations exceeding 1,000 persons are located in the Anchorage area,
on the Kenai Peninsula, and along the southern coast. The rail corridor

H.2



H.3

TABLE H.1. Population of the Railbelt's Incorporated Areas (1980)

The reason for the large increase in population in the southern portion
of the Railbelt has been the expanding state economy, which has attracted
people from the lower 48 states. During the 1975-79 period, employment oppor­
tunities were greatest in Anchorage, Valdez-Chitina-Whittier, and the Cordova­
McCarthy areas where unemployment rates were lower than the state average.
Unemployment has been higher than the state average in other areas of the
Railbelt, particularly in the Matanuska-Susitna Borough, Fairbanks area, and
the Kenai Peninsula.
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173,992

53,610
25,072
17,938
8,546
5,664

284,822

PopulationArea

Source: U.S. Bureau of Census 1981.

Anchorage

Fairbanks North Star Borough
Kenai Peninsula Borough
Matanuska-Susitna Borough
Valdez-Cordova Census Area
Southeast Fairbanks Census Area

Total

between Wasilla and Fairbanks is characterized by a string of communities with
population sizes of less than 500 persons.

The population of the southern Railbelt has expanded significantly during

the 1970-1980 decade; the central and northern regions of the Railbelt have
grown at a slower rate. The Matanuska-Susitna Borough, and Wasilla in parti­

cular, have seen rapid growth over the last decade. Since 1970, the popu­
lation of that area has increased by 64% from 6,500 to 17,938 persons. This

significant rate of growth is explained by the proximity of the southern part
of the region to the Anchorage labor market. The Kenai Peninsula has also
grown rapidly during the last decade (37%), as has Anchorage itself (27%).



Small communities (500-1,000 population, including North Pole and Delta
Junction) and very small communities (less than 500 population) should be able

to accommodate the demands for services resulting from installation of a
small-scale project, but will have more difficulty in absorbing the impacts of

large projects, particularly labor-intensive projects. Intermediate-sized
communities with a population size ranging from 1,000 to 5,000 (Homer, Kenai,

Soldotna, Seward, Palmer, Wasilla, Cordova, Valdez) would be affected by the
influx of a large population (250 or more) but would be able to meet the

demands created by a smaller influx, particularly if construction camps were
used to reduce the need for new housing. Large communities (Fairbanks, popu­

lation 22,521) and very large communities (Anchorage, population 173,992)
should be able to absorb the impacts caused by an influx of a population of

500 or less, but could be significantly affected by the in-migration of a pop­
ulation of 1,000 or more. The magnitude of impacts from the in-migration of

the work force and their dependents are summarized according to population
size of communities in Table H.2.

The magnitude of the boom depends on the number of workers, their marital
status, and the number of dependents who relocate to the site. The potential
for a boom/bust cycle is also highly dependent on the local labor market since
available labor would reduce the influx of the construction work force.
Because of the relatively sparse population of the Interior, a boom/bust cycle
will likely occur if a large facility is located in the northeastern region of
the Railbelt. If the site is located within an approximate 50-mile radius of
Fairbanks, a boom is less likely, since many workers could commute to the site
from Fairbanks. The impact of project construction will also be mitigated by
the Fairbanks' sizeable labor market and high unemployment rate.

A boom/bust cycle would be less probable in the Anchorage and upper Kenai
areas. Labor requirements for power plant construction should be met by the

Anchorage labor market and may even attract the unemployed labor pool in the

upper Kenai Peninsula. In 1979 the occupational classification of craft work­
ers, operators, and laborers represented 32% of the labor force statewide.

This category includes maintenance repairers, carpenters, heavy equipment
operators, and truck drivers, among other occupations. Employment in these
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TABLE H.2. Magnitude of Impacts from Power Plant Construction
as a Ratio of Population Increase to Community Size

occupations is predicted to increase by 3,550 per year through 1985. Most of
these jobs are expected to be located in the Anchorage labor market area,
where over 50% of the firms specializing in heavy construction are located
(Alaska Department of Labor 1979).

Rapid growth due to power plant construction will be most dramatic in the
Railbelt's interior region, which is delineated by the railroad from Wasilla

to Fairbanks, the Alaska Highway from Fairbanks to Tok, and the Glenn Highway
from Tok to Palmer. This vast area of the Railbelt is characterized by few
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and very small towns that would have difficulty in meeting the demands created
by the influx of workers to construct moderate to large-scale power plants.

The local economy will grow in the long term if a population bust does
not occur, which is more likely when construction periods are long and new job
opportunities develop during that time. The creation of new businesses and
jobs is more likely to arise in communities with a diverse economic base
rather than in those with a homogeneous economic base. The size of the opera­
ting and maintenance work force, although usually substantially smaller than
the construction work force, is another factor contributing to the permanent
population.

REGIONAL IMPACTS

The Railbelt region as a whole should not be affected by the local
boom/bust cycles resulting from power plant construction. It will, however,
be affected by the project expenditures that are made within the region.

The regional economy may be stimulated by power plant construction
through expenditures on equipment, supplies, and fuel, direct project employ­
ment, and through indirect employment arising from expenditures on goods and
services supplied to the project. Indirect employment will result from pro­
jects requiring a large work force over a long period of time.

The degree of economic growth is a function of the capital spent in the
region as opposed to necessary expenditures that must be made outside of the
Railbelt. The methodology used here for estimating the flow of capital into
the Railbelt for each technology is based on a standard code of accounts used

to calculate power plant costs. This code of accounts has been simplified to
three general categories that capture all costs associated with power plant
construction. The assumptions made regarding the flow of capital for each
category are presented in Table H.3. The proportion of expenditures allocated
to the site improvement, equipment, and labor categories will vary with each
technology and is presented in the detailed description of the individual
technology.
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(a) Expenditures on labor for a nuclear power plant would be higher since
highly skilled workers are required.

The extent to which project construction expenditures can be contained
within the region will be largely determined by the proportion of labor,

equipment, and site improvements required for each technology. Virtually all
high-technology equipment, heavy machinery, and electronic components would be

purchased outside of Alaska. Most construction materials, including sand and
gravel aggregate, as well as tools, light machinery, and supplies, would be
purchased within the Railbelt. Cement and rebar, estimated to average
approximately 15% of site improvement expenditures, would be purchased outside
of Alaska. Construction supervisory and engineering personnel are normally
provided by the project developers, whereas skilled labor may be provided
fully from the local work force. For estimation purposes, 20% of the work
force was assumed to be derived from outside Alaska, whereas 80% would be
Alaska residents. In compliance with Alaska State labor laws, 60% of the
labor force must be Alaska residents, if they are found qualified.

o
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Capital-intensive technologies that require a small or highly skilled
labor force will have a less beneficial effect on the regional economy. Con­
versely, labor-intensive projects (e.g., hydropower and tidal power) have the
potential to positively affect the regional economy, particularly through
direct employment.

Expenditures on operation and maintenance will be less significant than
the expenditures on capital and labor for project construction. Some tech­
nologies, such as combustion turbine, wind electric, solar electric, fuel
cells, diesel, and hydroelectric, can be operated by a small work force on a
part-time basis. The other technologies do not require a very large operating
and maintenance staff. Therefore, once construction is completed, plant
operation will have little effect on the regional economy through direct
employment.

The allocation of operating and maintenance expenditures have been calcu­
lated for each generating technology based on a set of assumptions. One hun­
dred percent of operating and maintenance personnel is assumed to be derived
from the Alaska labor pool; 20% of supplies and other materials would origi­

nate in Alaska; and 50% of outside maintenance costs would be for the purchase
of goods and services in Alaska.
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APPENDIX I

WASTE HEAT REJECTION SYSTEMS

Cooling water is required in all steam-cycle plants to condense the spent
steam to obtain increased pressure differential across the turbine and to cool
auxiliary system equipment such as seals, bearings, and pumps. As an order of
magnitude estimate, the quantity of condenser cooling water is approximately
1 cfs/MW of capacity. Auxiliary cooling systems may require an additional
0.01 to 0.1 cfs/MW. Appendix D presents estimates of the cooling water
requirements required by each of the technologies discussed in this study. In
general, cooling systems can be characterized as either once-through or
recirculating (closed cycle).

ONCE-THROUGH SYSTEM

In once-through system the total water requirement for the condenser is
pumped from the source through the condenser and is then discharged into the
receiving water body. The heat sink for this type of system is the receiving
water body. In the Railbelt area, once-through cooling water systems will

probably be considered only at coastal locations, if they are not precluded by
environmental or regulatory constraints.

RECIRCULATING SYSTEMS

In a recirculating cooling water system the atmosphere is used as a heat
sink for waste heat rejection. Several types of heat dissipation systems are
available for use, including lakes, spray ponds, wet natural draft cooling
towers, wet mechanical draft cooling towers, dry cooling towers and wet/dry
cooling towers. Figure 1.1 is a generalized schematic diagram of a
recirculating waste heat rejection system.

Cooling Ponds and Lakes

A cooling pond operates similarly to once-through cooling, unless the
body of water used is largely isolated from natural waters. Heat is
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transferred from the heated water in the cooling pond by radiation, conduction

and evaporation before the water is recirculated from the pond to the

condenser inlet. Area requirements for dissipation of waste heat from a
cooling lake or pond are about 1 to 3 acres per MWe. Water vapor rising from

the surface of the pond will, in cool weather, condense to form fog.
Additional land is required to eliminate the offsite effects of fog. A

typical buffer zone of 1,000 to 1,500 ft is normally maintained.

During freezing conditions, fog will form layers of ice on nearby

structures, roads, and other surfaces. The fog plumes also tend to be long
during extremely cold conditions. The cooling pond is a proven, effective and
economical heat sink in areas where sufficient level land can be purchased at

reasonable cost. However, the Railbelt's cold weather will cause these

localized icing conditions.

Spray Ponds and Spray Canals

Land requirements of cooling lakes can be reduced by a factor of up to 20

by sprays. As with cooling ponds, however, a buffer zone of about 1,000 to
1,500 feet is needed to confine fogging and drift effects to the site. In a

spray pond, waste heat is dissipated to the atmosphere by sensible and latent
(evaporative) heat transfer. The circulating water is cooled by spraying it

via floating spray modules. Spray ponds are similar to cooling ponds in that

their cooling effectiveness depends upon local temperature, relative humidity

and wind conditions.

To maximize cooling by reducing recirculation of air between sprays and
to minimize fogging, spray modules are generally placed in a long meandering

canal. The efficiency and drift loss from spray modules are a function of the
spray height and spray drop size, which are a function of the design of the
spray pump system. At higher pressures, the drops become very fine. Although

this results in high heat transfer, the finer drops can also be transported
readily by the wind, causing more local fogging in cooler months.

Spray ponds could find application in the coastal, maritime climate areas

of the Railbelt region. A decision regarding their use would be based upon
comparative cooling efficiency cost and problems resulting from potential

fogging and icing.

1.3



Cooling Towers

Two basic types of cooling towers exist: the wet tower that carries away
heat by evaporation and sensible heat transfer, and the dry tower that relies
on sensible heat transfer alone and, in principle, functions like an
automobile radiator.

Wet Cooling Towers

In wet cooling towers, about 75% of the average annual heat transfer is
due to evaporation, and 25% due to sensible heat transfer. The fraction due
to evaporation varies with weather conditions; values of 60% in winter and 90%
in summer are typical.

Makeup water is provided to wet cooling towers both to replenish water
lost through evaporation and drift and to compensate for water lost through
system blowdown. Periodic or continuous system blowdown is required to
control the concentration of dissolved solids in the recirculating cooling
water. As evaporation occurs, the natural salts in the cooling water become
concentrated. To prevent buildup and deposition on the components of the
system, those salts are continuously returned to the source of cooling water
supply as blowdown or are recycled to other water uses within the plant.

Wet cooling towers can be designed as counterflow or crossflow towers.
Counterflow towers maximize the air-water heat transfer time, thereby

resulting in a thermally more efficient tower. Crossflow towers offer less
resistance to air flow and therefore result in lower energy consumption for

mechanical draft cooling towers.

The size of the cooling tower will depend upon certain design parameters,
such as the cooling range (the decrease in temperature of the water passing
through the tower), approach to wet-bulb temperature (difference in
temperature between the water leaving the tower and the ambient wet-bulb
temperature), and the amount of waste heat to be dissipated. Typically,
evaporation of one pound of water will transfer about 1,000 Btus to the
atmosphere. Wet towers may be of natural draft or mechanical draft design.
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FIGURE 1.2. A Natural Draft Cooling Tower
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Natural Draft Cooling Towers

A wet, natural draft cooling tower consists of the familiar large
reinforced concrete chimney (Figure 1.2) that induces an upward flow of air
through the falling drops of the water to be cooled. The chimney, or shell,

is hyperbolic in shape to decrease resistance to air flow. The shell is
characteristically built to heights of 400 to 600 feet. The condenser cooling
water is sprayed into baffles, or fill material, in the lower part of the
tower, where the water is cooled by evaporative and conductive heat transfer



to the air. The differential density between the heated air inside the tower

and the air outside creates the natural draft; the warm, vapor-laden plume
will usually continue to rise for some distance after leaving the top of the
tower because of its momentum and buoyancy.

Natural draft towers have several advantages over mechanical draft
units: operating costs are lower since fans are not needed to move the air,
noise levels are relatively low, and the discharge height above the terrain
greatly reduces the possibilities of ground-level drift deposition, fogs, and
icing problems. Major disadvantages include relatively high capital costs and
aesthetic intrusion, since the large structures and visible plumes tend to
dominate the surroundings. The aesthetic impact of the plume is reduced in
normally cloudy areas, such as the coastal areas, because the plume tends to
blend into the background cloud cover.

Natural draft towers tend to operate most effectively in cool, humid
climates, however. A relatively new design, the fan-assisted natural draft
cooling tower, uses fans to assist the natural airflow, increasing the
efficiency of heat dissipation. The cost of operation and construction is
somewhat higher for this design. Drift rates are slightly higher with the
fan-assisted systems, but the potential for downwash, fogging, and icing is

the same as that for other natural draft systems. Natural draft towers could
operate efficiently in the Railbelt region, although unacceptable fogging or
icing problems may result.

Mechanical Draft Cooling Towers

In mechanical draft towers, fans are used to pull air through the fill
section. Mechanical draft towers are typically of modular construction.
Figure 1.3 shows a cross section of a typical cell. The cells may be arranged
in rows or in circular configuration.

Mechanical draft towers have been used for several decades for power
plant cooling and are proven, reliable, and economical heat sinks. They have
several advantages when compared to natural draft units, including lower
capital costs, greater flexibility, greater control of cold-water temperature,
and less visual impact because of the structure's lower profile. However,
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FIGURE 1.3. Mechanical-Draft Wet Cooling Tower (Cross Flow)

the mechanical draft cooling towers have more potential for ground-level
fogging and icing than the natural draft units. This phenomenon is caused by
the relatively low discharge elevation for the water vapor from the mechanical
draft towers, with aerodynamic downwash being the primary cause of fogging at

such towers. Experience indicates that the fog either evaporates or lifts to
become stratus clouds within about 1,500 ft of the towers. Drift rates from

such towers are somewhat higher than for natural draft units; however, almost
all of the drift that strikes the ground will do so within 1,000 ft or so of

the towers. The remaining drift droplets will evaporate and their salts will
remain airborne. Circular configurations tend to have reduced downwash,
fogging, and icing because of the concentrated buoyancy of the multiple plumes

from individual cells.

The formation of ice fog from mechanical draft units places a severe
restriction on their use in cold environments, including the entire Railbelt

region. The effects of ice fog formation and icing can be mitigated by
creating a large buffer zone around the cooling towers or by siting them in

insensitive areas.
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Dry Cooling Towers

Dry cooling towers remove heat from the circulating cooling water through
conduction to air circulated past heat exchanger tubes. In contrast to wet
towers, direct contact does not occur between the circulating cooling water
and the ambient air. The heat exchanger tubes are generally finned to
increase the heat-transfer area. The lowest temperature that a dry cooling
system can theoretically achieve is the dry-bulb temperature of the air. The
dry-bulb temperature is always higher than (or equal to) the wet-bulb
temperature, which is the lowest temperature that a wet cooling tower
theoretically can achieve. Thus, cooling water returning to the turbine
condenser will generally be at a somewhat higher temperature for dry cooling
towers than for comparable wet towers. Warmer condenser cooling water will
increase turbine back pressures, resulting in reduced station capacity for a
given size generating facility.

A major advantage of a dry cooling tower system is its ability to
function without large quantities of cooling water. This ability allows power
plant siting in areas of restricted water availability. Other advantages,
compared to wet cooling towers, include elimination of drift, elimination of
fogging and icing problems, and elimination of thermal and changing pollution
from blowdown. Thus, dry cooling towers present an environmental advantage
over the wet system for the Railbelt region.

The environmental effects of heat releases from dry cooling towers have
not yet been quantified. Some air pollution may be encountered. Noise
generation for mechanical draft dry towers will be more severe than that of
wet cooling towers because of increased air flow requirements. And, the
aesthetic impact of natural-draft dry towers, which are taller than
natural-draft wet towers, will increase despite the absence of a visible
plume.

The principal disadvantage of dry cooling towers is economic: for a
given plant size, plant capacity can be expected to decrease by about 5 to
15%, depending on ambient temperatures and assuming an optimized turbine
design. Bus-bar energy costs for a dry cooling system are expected to be
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about 20% more than a once-through system and 15% more than a wet cooling
tower system. Dry cooling towers are now being used for European and African
steam-cycle plants of 200 MW or smaller capacities in areas of cool climates
and winter peak loads.

Wet-Dry Mechanical Draft Cooling Towers

In this combination tower, a dry cooling section is combined with a
conventional evaporative cooling tower. Most design concepts and all
operating units are of the mechanical draft type, although a wet-dry natural
draft tower is feasible. The design is an attempt to combine some of the best
features of both wet and dry cooling towers. These towers cause little or no
fogging in winter, less water consumption, and more economical cooling by
using water evaporation.

Four basic tower designs are possible: air flow in series or parallel,
and water flow in series or parallel. In the one design currently in use, the
hot water first passes through the dry section of the tower and then the wet;
air flow is passed through either the wet or the dry section, or both, with
adjustable louvers used to control the two air flows (Figure 1.4). The two
air flows mix inside the tower before discharge. The discharged air has a
higher temperature and a lower absolute humidity than it would have from a
standard mechanical draft tower, thus reducing the potential for fogging,
lClng, and long plumes. The amount of reduction of fogging and plumes will
depend on the relative sizes of the two cooling sections.

Wet-dry towers can be designed to operate with "dry only" cooling below a
given design ambient temperature (e.g., 35°F). Such units are expected to
operate as "wet only" units in sunmer. Thus, water would be conserved only in
cool seasons.

Since more cooling surface is required for a dry section than for a wet
section of equal cooling capacity and since excess surface may be required to

achieve operating flexibility, wet-dry mechanical draft cooling towers would
be larger than pure wet towers and more costly to build and operate than

either natural draft or mechanical draft units.

1.9



Wet-dry mechanical draft cooling can be of great advantage to plants in
geographical locations where the contribution of cooling tower moisture to the
atmosphere could increase the occurrence of fog or icing to an unacceptable
degree. The potential for fogging and icing conditions exists throughout the
Railbelt region. The wet/dry cooling towers therefore represent the preferred
waste heat rejecting system alternative from an environmental point of view.
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FIGURE 1.4. Mechanical Draft Wet-Dry Cooling Tower
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APPENDIX J

AESTHETIC CONSIDERATIONS

In this appendix methodologies for assessing aesthetic considerations,
specifically visual, noise, and odor impacts, are presented. The objective of
these methodologies is to provide a comparison of the typical aesthetic impacts
of the candidate electric energy technologies. At this level of study the

magnitude of aesthetic impacts from the candidate electrical generating tech­
nologies are discussed, assessed, and summarized in the sections below.

VISUAL

The study of visual considerations involves a three-step process: an
assessment of the present visual quality of a study area, a determination of
the viewer's sensitivity to modification of the landscape, and an assessment
of the visual impacts caused by the construction of a power plant. Several

methodologies can be used to conduct a visual impact study. The primary
objective of these methodologies is to translate concerns that are often

subjective into a common basis for a systematic evaluation.

The first phase involves a definition of the study area as well as visual
units within the study area. The inventory of the visual quality of the study
area can be completed through the analysis of topographic maps, a series of
ground and air observations, and photographs of the site. The landscape com­
ponents should be defined, including both manmade and natural features. A
description of the landscape components that define the characteristics of
each visual unit should include boundary definition, general form, terrain
pattern, distinctive visual features, vegetation patterns, water presence, and
cultural and land-use patterns. Dominant factors, such as form, line, color,
and texture, should be used as a basis for description. Visual quality cri­
teria should be developed to assess the baseline characteristics of the study
area.

In the second phase, the existing landscape units that are most sensitive
to change are identified. The visual sensitivity related to the landscape
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components is caused by the way change is exposed to the viewer. Criteria are
generally developed to assess visual sensitivity and may include viewing dis­
tance, viewer location, and viewing frequency. The visual quality of each
landscape unit is then evaluated with attention paid to areas that are vulner­
able to any manmade changes.

The third phase involves identification of the project elements that cause
impacts and their effect on viewers. The various attitudes and values of the
individual viewers are taken into account as well as differences in the loca­
tion and duration of the view. Project elements may include site preparation
activities as well as the physical features of the power plant. The effect of
the project on viewers can be determined by mapping the areas from which the
power plant and associated project elements can be viewed and by evaluating
these areas' vulnerability to visual change.

Assessment of how a project element visually affects the viewers is based
on the evaluation of whether a project element either conforms to or disrupts
the visual qualities of a landscape unit. The assessment addresses whether
the power plant elements visually contrast or complement the environment,
dominate or are consistent with the visual perceptions of the viewers, and
degrade or enhance the setting.

Assessing visual impacts in the manner described above is not feasible at
the level of candidate electric energy technologies because visual impacts

from a power plant are site dependent. The impacts will be a function of
plant scale, components, dimension of the components, acreage requirements,

terrain, and land use in the vicinity of the site. Structural components that
should be assessed for visual impact include the plant and related facilities,

fuel storage facilities, and water intake facilities. Ancillary components
that apply to all technologies are transmission lines and substations. Visual

considerations of the candidate electric energy technologies are summarized in
Table J.l. A comparison of visual impacts among these technologies can be

made to some extent without knowledge of the site, but a detailed visual
impact assessment can be made only once the plant scale and site are known.
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TABLE J.l. Visual Considerations for Assessment of Power Plant Impacts

Technology Visual Concerns

Coal Large land requirements; landscape dominated by gray and
black tones; components that may visually alter the land­
scape include stacks, cooling towers, coal stockpiles,
boiler plant, ash pond, coal storage area and fuel hand­
ling system and ash slurry pipelines. Cooling tower and
stack plumes may disrupt visibility and be visually
offensive.

Oil and Natural Gas Relatively clean technology with small land require­
ments; components that may be obtrusive include stacks,
cooling towers, and boiler plant. Cooling tower plumes
may disrupt visibility and be visually offensive.

Biomass Powerplant components that may affect the visual quality
of the landscape include stacks, cooling towers, and
fuel storage area. Cooling tower plumes may disrupt
visibility and be visually offensive.

Geothermal Land-intensive technology with dispersed wells; visually
intrusive components include extensive piping system,
boiler plant and cooling towers. Large quantity of
escaping steam and cooling tower plumes may impair
visibility and be visually offensive.

Nuclear Large land requirements; landscape may be dominated by
tall cooling towers and reactor building. Cooling tower
plumes may disrupt visibility and be visually offensive.

Combustion Turbine Small land requirements; compact facility; low stacks.

Combined Cycle Visual impact on landscape varies with plant scale;
scene may be dominated by cooling tower and stack.
Cooling tower plumes may disrupt visibility and be
visually offensive.

Diesel Small land requirements; small units; few support
facilities.

Fuel Cells Visual impact on landscape varies with scale; compact
facility.

Hydroelectric Altered waterscape; large land requirements; effects of
drawdown can be visually significant.

Pumped Storage Altered waterscape; large land requirements; effects of
drawdown can be visually significant.

Cogeneration Visual impacts generally minimal since industrial
setting is required.

Tidal Introduction of linear manmade structure into sea­
scape. Altered wave pattern.

Wind Large land requirements for wind farms; height of
turbine may form silhouettes against the sky.

Solar Thermal Large land requirements; field of tracking mirrors may
impair visibility.
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Based on the visual concerns of each technology, offsite impacts will be
significant for coal-fired steam-electric, geothermal, nuclear, pumped storage,
solar, large-scale hydroelectric and tidal, and wind farms (Table J.2). Visual
impacts can be mitigated or avoided by siting power plants in less visually
attractive areas and through screening and camouflaging measures.

NOISE

Noise impacts are assessed by collecting baseline noise level data, by
identifying potential sources of noise impacts, by predicting noise levels,
and by determining the incremental noise levels due to plant construction and
operation. Although the methodology described below cannot be used at this
level of study, it contains the significant elements that should be identified
in a generic assessment of noise impacts.

Baseline data of ambient noise levels are generally collected throughout
one year to account for seasonal variation. In addition, data are collected

throughout the day to determine day/night average sound levels. Isolines are
drawn to indicate the decibel levels at various distances. Other data that
are collected from the survey include wind speed, temperature, and relative
humidity because they also affect noise levels.

Potential sources of noise impacts from power plants are then identified,
including preconstruction, construction, and operating activities. Noise pre-

dictions are generally based on models that calculate the transmission of sound
from project sources to various receptors. The noise levels of equipment and

plant operations are determined in a controlled environment without wind
attenuation or topographical shieldings.

Noise impact criteria are estabished based on the objectives of protect­
ing people from hearing loss and from negative health and welfare effects.
The Occupational Health and Safety Act (OSHA) regulates onsite sources of
noise to protect personnel. Offsite noise, which is regulated through the

Noise Control Act, can affect residences, commercial activities, wildlife
habitats, and domesticated animals. Maximum noise levels that are established

for various categories of land uses should be considered in the siting and
plant design processes.

J.4



TABLE J.2. Magnitude of Off-Site Aesthetic Impacts
from Power Plant Construction

J.5

(a) Rated capacity will not alter basic design.
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Minor

Minor

Minor

Minor
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Minor
Minor
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Minor
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Minor
Minor

Minor

Significant
(t~unic ipa 1

Waste)

Noise-----

Minor

Minor
Moderate

Minor

Minor

Minor
Moderate

Minor

Minor

Minor

Minor to
Sign ifi cant

Moderate to
Sign ifi cant

Minor to
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Minor to
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Significant
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Minor
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Moderate
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Moderate
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Significant
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Biomass
(25 MW)

Nuc 1ear
(1000 MW)

Wind
(2 MW)
(100 MW)

Oil and Natural Gas
(10 MW)
(200 MW)

Technology

Coal
(20 MW)
(200 MW)

Cogeneration
(25 MW)

Tidal
(N/A)( a)

Pumped-Storage
(100 MW)

Hydroelectric
( 2.5 MW)

Combined Cycle
(200 MW)

Fuel Cells
(10 MW)

Combustion Turbine
(70 MW)

Solar
(10 MW)

Geothennal
(50 MW)

Di ese 1
(50 KW)

(15 MW)



An increase in noise levels due to power plant construction and operation
is calculated at various receptor areas. The noise levels of the various power

plant components are evaluated for their cumulative impact. Mitigation mea­
sures should be identified as well as noise sources that are difficult to

mitigate. Receptors and noise levels are then identified.

At this level of study, site-specific impacts cannot be addressed. Noise

impacts will be a function of plant scale, fuel transportation requirements,
fuel type, terrain, wind conditions, and land use in the vicinity of the site.

Generally, the impacts of noise-producing technologies can be mitigated by
siting the power plant in an area away from receptors, enclosing the equipment
in structures, and installing mufflers on the turbine-generator set.

The noise impacts of most technologies can be either mitigated or confined
to the site. Impacts of certain technologies, however, may be significant
irrespective of sites. Geothermal, wind turbines (several, as in wind farms),
combustion turbines, and coal-fired power plants have the potential to produce
substantial noise. Noise-related impacts generally associated with each of
the various technologies are summarized in Table J.2. For those facilities in
which noise could be a potential problem, the vents and turbines may have to
be sited well away from residential or commercial areas to comply with ambient
noise regulations. Consideration should be given to keep these facilities out
of narrow, sheltered valleys where wind speeds are light or vegetation is
sparse.

ODOR

The study of odor impacts involves a sensory evaluation of the odor source
after it has been diluted (Turk 1973). Most gases and vapors that are not one
of the normal components of air are odorous in some ranges of concentration.
Odors that are by-products of fuel combustion or the bacterial or thermal
decomposition of organic matter are objectionable to the majority of people.
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Since an odorant may be a complex mixture of many components in an
extremely high dilution of air, a chemical analysis is not a sufficient mea­
surement of odor. Noxious odors must be diluted to be evaluated by a panel of
judges. Since odor is a logarithmic function of the stimulus, it is appropri­
ate for the concentrations of the odorous substance to be distributed along an
exponential scale. The substance can be appraised in terms of its quality
intensity profile by a panel of judges. Odor intensity can be measured on an
ordinal scale, using descriptions such as IIslight,1I IImoderate,1I II strong,1I and
II extreme. II The quality of an odor can be described by using specific odor
quality descriptors that are represented by odor quality reference standards.
The odor quality to be judged is defined in terms of a few qualities that have
associations with subjective perception and chemical analysis. Each reference
standard may then be expanded into a dilution scale using an odorless dilutant.

After the odorous substance has been evaluated for its quality and inten­
sity, conditions under which the substance will be odorous or odorless are
specified. This prediction can be accomplished through the collection of odor
threshold data. The odor threshold is the minimum concentration of a substance
that can be distinguished from odor-free air. Such predictions provide a basis
for calculating the required degree of dilution by ventilation or outdoor dis­
persal to avoid adverse impacts.

The approach to odor control of inorganic gases such as hydrogen sulfide
and organic vapors such as hydrocarbons is to reduce the odorant in concentra­
tion through diluting the odor by ventilation or dispersal, or through removing
the odorant by adsorption, scrubbing, or chemical conversion to odorless, or
nearly odorless, products. Dispersal and scrubbing are most widely practiced
in power plant emission control technology.

When odors are dispersed from an elevated source such as a stack, the
maximum concentration at ground level can be calculated as a function of the
stack geometry, concentration of the odorant in the plume, the effluent
temperature, and meteorological conditions. These calculations predict
average concentrations over a specified time interval. Since even a short
exposure to a foul odor may be unacceptable, the degree of dispersal required
to reduce the odor may be considerably greater than is predicted by the
calculations.
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Since the dispersal of gas from a stack can be calculated theoretically,
the maximum level of odor that can be emitted from a stack without causing a
nuisance can be predicted. If the actual rate is higher than the calculated
value, then the dispersal is increased (by raising the stack) or the concen­
tration is decreased (by an abatement device), or both.

Offsite odor impacts from power plants are primarily a function of fuel
type. Geothermal brines and municipal waste are the two major sources of
odoriferous substances that cannot be mitigated easily. In a geothermal power
plant, steam from leaks and pressure vents contains inorganic gases, including
hydrogen sulfide. In a municipal waste-fired plant, the decay of organic
matter produces putrescible substances that are not easily controlled. The
impacts of these two technologies are considered to be potentially significant,
whereas the odor impacts of the other technologies should be minor.
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APPENDIX K

SYNTHETIC FUEL TECHNOLOGIES

Many technologies described in this report operate only on liquid or
gaseous hydrocarbon fuel. Among these technologies are combustion turbines,
combined-cycle plants and diesel-electric plants. Other technologies, includ­
ing steam-electric plants and fuel cells, will accept synthetic liquids or
gases as alternative fuels and may exhibit superior economic and environmental
operating characteristics using these fuels.

Because of the limited supply of natural liquid and gaseous hydrocarbons
and the relative abundance of coal, increasing interest is being shown in pro­
cesses that synthesize liquid or gaseous hydrocarbon fuels from coal.

The conversion of coal to gaseous and liquid hydrocarbons is not a new

science. Coal gases, produced as a by-product of the coking process, were
introduced to the English economy in the 18th century. These distillation

gases contained about 500 to 600 Btu/ft3 and were used for street lighting
and other applications. Improvements in gasification were introduced during

the 19th and early 20th century. Two general classes of gasifiers emerged:
"town gas" systems, run by utilities to serve residential and commercial needs

of conmunities; and "producer gas" systems, designed to serve the needs of
industry. Liquefaction processes emerged in the 20th century. As a result of

the pioneering efforts of chemists such as Friederich Berguis, Franzo Fischer,
Hans Tropsch, Mathias Peer, and other notable German scientists, a range of
processes and products has been developed.

The principles employed are conceptually simple, but are varied depending
upon the products sought. Coal is a heterogeneous solid substance with hydro­
gen/carbon (H/C) ratios of about 0.5 to 0.8, depending upon rank. This con-

trasts with crude oil and natural gas where H/C ratios are about 1.5 and 4.0,
respectively. Further, the macromolecules of coal are considerably larger
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than the molecules of liquid or gaseous fuels. To convert coal to gaseous or

liquid fuels, then, the H/C ratio is increased by carbon removal (pyrolysis,

coking), hydrogen addition (direct hydrogenation), or total reformation (indi­
rect liquefaction through the production and reaction of synthesis gas, a mix­

ture of CO and H2). Simultaneously, the coal molecule is fragmented into
smaller units. Whereas some of the coal conversion reactions are exothermic

(heat releasing), most are endothermic (heat consuming). Fuel synthesis
processes, therefore, have different thermal efficiencies depending upon the

extent to which endothermic reactions are required and the degree to which
waste heat produced by exothermic reactions can be recaptured.

Coal gasification systems employing these principles produce low Btu gas
(100 to 150 Btu/ft3), medium Btu gas ~250 to 350 Btu/ft3), or high Btu gas

(substitute natural gas) 900 to 1000 Btu/ft3]. Coal liquefaction systems produce
synthetic crude oils, alcohol fuels, and gasoline and diesel oil liquids.

Alcohol and most vehicle fuels are currently produced by indirect liquefaction,
such as the Sasol I and Sasol II plants using the Fischer-Tropsch process.

These processes are described below.

SITING REQUIREMENTS

Synthetic fuel plants are, for the most part, similar to large petrochem­
ical complexes (Table K.1). Due to the large scale of these plants, siting

strongly depends upon the economic availability of the coal feedstock.

Land requirements for typical synthetic fuel plants are measured in

thousands of acres (not including the coal mine). Land is required for 30 to
90 days of coal storage, for the conversion facility itself, for auxiliary

facilities such as onsite power plants and cryogenic oxygen separation plants,
and for product storage. The Modderfontain site in South Africa (Sasol II),

for example, exceeds 12,000 acres.

If not located at mine mouth, the site must have transportation facilities

for moving coal to the facility and for transporting the product from the
facility. An exception to the latter requirement is low Btu gas, which must
be used onsite because of the expense of transporting the low- energy-content
gas.
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K.3

DETAILED PROCESS DESCRIPTIONS

(a) Standard dry cubic foot.

Daily Coal Daily Output
Consumption (tons) 106 Btu As Product

40 - 800+ 680-12,800 4.5-85+ x 106 SDCF(a)

20,000 250,000 250 x 106 SDCF

20,000-22,000 330,000 50,000 bbl

28,000 230,000 11 ,000 tons

35,000 250,000 42,000 bbl

Facil ity
Type

TABLE K.1. Typical Sizes of Coal Conversion Facilities
(Sliepcevich et al. 1977)

The most appropriate processes for synthetic fuels production in the
Railbelt region include low and medium Btu gas production and liquefaction by
indirect and direct means.

Electricity should be available, unless onsite generation is used, as
would probably be the case in the Railbelt area. Where onsite generation is
used, land and water requirements will escalate accordingly.

Methanol

The site must have access to copious quantities of water for process
cooling. Water also serves as a source of hydrogen for altering the H/C ratio
in the water-gas shift reaction. Table K.2 identifies water requirements as a
function of end product. Water requirements for indirect liquefaction (metha­
nol, Fischer-Tropsch) are similar to those for SNG production. Cooling water
requirements are the most significant, although they can be minimized by atmo­

spheric heat rejection systems. However, water requirements of 4 million
gal/day may be considered typical values, and sites must be selected where

such quantities (or more) are available.

Producer Gas (Low Btu Gas)

Substitute Natural Gas (SNG)

Synthetic Crude Oil

Synthetic Motor Fuels
(Fischer-Tropsch)



Low and Medium Btu Gasification

Source: Anderson and Tillman 1979.

TABLE K.2. Water Requirements for Coal Conversion Processes

Water Requirements (gal/MM Btu)
Process Cooling Blowdown
2-5 20 4

3-13 16 3
1-2 9 2

End Product
Low and Medium Btu Gas

Substitute Natural Gas
Synthetic Crude Oils

C + H20 - H2 + CO

2C + H20 - CH4 + CO2

The gas resulting from this process contains about 50% nitrogen because
of the use of air and has a heating value of approximately 150 Btu/SDCF (stan­

dard dry cubic foot). The gas is II wet ll and IIdirtyll and must be burned immedi­
ately in a boiler to preserve the gas's sensible heat.

In low Btu gasification, coal is fed into a fixed bed, entrained bed, or
fluidized bed gasifier. There it is reacted with air and steam. The air is

used to combust part of the coal, thus supplying heat for the endothermic
pyrolysis and gasification reactions. Steam is used to drive key gasification

reactions as follows:

The fundamental difference between low and medium Btu gas production is
the oxidant used to generate heat for driving endothermic reactions. Medium
Btu gasifiers employ cryogenically separated pure oxygen as an oxidant instead
of air. Thus, nitrogen gas is not part of the product gas stream and the
heating value is increased to approximately 300 Btu/SDCF. Medium Btu gas may
be cleaned, cooled, and transported up to about 40 miles economically, although

it is ideally used onsite. Whereas it may be burned as a fuel, it also may be
used as a feedstock for producing chemicals. Figure K.l shows a schematic of
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FIGURE K.1. Flowsheet of Medium Btu Gas Plant

Medium Btu ..
Gas
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Gasifier

Coal : .. Oz
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I
~

Nz .Ash
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Air
Cryogenic.. Separation

Plant

Water

Fuel/Heat'

Steam

Steam 1<III~t---~~-­
Plant

Coal

TABLE K.3. Product Gas Composition and Higher Heating Values
from Various Coal Gasifiers

Higher Heat-
ing Value

Gasifier CO C02_ -l!4 .1!.2_ (Btu/SDCF)

We llman-Ga lusha 28.6 3.4 2.7 50.3 150
(Air Blown)

Lurgi (Air Blown) 13.3 13.3 19.6 5.5 48.3 150

Koppers-Totzek 52.2 10.0 36.0 1.5 300
(02 Blown)

Lurgi (02 Blown) 16.3 31.5 39.4 9.0 2.4 0.8 350

K.5

a medium Btu gas plant. (In comparison, low Btu gasifiers do not have the
oxygen plant). Table K.3 shows typical product gas composition for various
gasifiers producing low and medium Btu gaseous fuels.



Thermal efficiencies for gasification can be defined as the fuel value of

product gas divided by total energy and fuel input (including electricity used
for O2 production). Typical values are in the 75 to 90% range, depending
upon gasifier design, product type, and extent of waste heat recapture.

Liquefaction

Indirect liquefaction begins with medium Btu gas. The gas can be shifted
to a volumetric H2/CO ratio of 2:1 and reacted over a catalyst to produce

methanol (CH30H). This process is essentially commercial today and is shown
in Figure K.2. Alternatively, the Fischer-Tropsch process employed by Sasol I
and Sasol II can be used to catalytically react medium Btu gas into gasoline
and diesel oil. This process stems from the original work of Fischer and

Tropsch in the 1920s and 1930s in Germany and is shown in Figure K.3. The
thermal efficiencies of indirect liquefaction are in the 40 to 45% range

depending upon the process used, final product, plant design, and coal
composition.

Direct liquefaction processes (hydrogenation) treat coal under elevated
temperatures and pressures with hydrogen. Catalysis may be employed to aid in
fracturing the molecule and, more importantly, in donating hydrogen to the
fragments. Figure K.4 shows direct hydrogenation by the solvent extraction

process; Figure K.5 shows a flow sheet for catalytic hydrogenation. Products
resulting from direct hydrogenation include syncrudes, boiler fuels, and

naptha. Thermal efficiencies are typically in the 60 to 65% range.

Direct hydrogenation is at the pilot plant scale of development and com­
mercialization is expected within the next 10 to 15 years. Major pilot plants
under construction or in operation are shown in Table K.4. Others, such as
the gasoline pilot plant in Cresap, West Virginia, and the COED Pyrolysis
pilot plant in Princeton, New Jersey, have been built, operated, and decommis­
sioned. Numerous other processes (e.g., Toscoal, University of Utah, Synthoil)
are or have been under intensive, although smaller scale study.

COSTS

No major coal gasification or liquefaction plant has been built in the
U.S. since World War II. Costs are typically extrapolated from experiences in
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FIGURE K.4. Solvent Extraction Process Flowsheet

South Africa and other countries, and from pilot plant experiences. Costs are
therefore highly uncertain. Estimated capital costs are presented in

Table K.5. Total 1980 capital costs for a 50 x 103 bbl/day coal liquefac­
tion plant are estimated to be approximately $1.3 billion (Tillman 1981).

Operating costs are also uncertain. For gasifiers they are totally
dependent upon plant configuration and practices. For liquid fuels, such as
direct hydrogenation, annual O&M costs are estimated at about $330 million
(not including depreciation) for a 50,000 bbl/day refinery (Tillman 1981).
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FIGURE K.5. Catalytic Hydrogenation Flowsheet

TABLE K.4. Major Coal Liquefaction Pilot Plants in the United States

Pilot Plant (Process)
Solvent Refined Coal
H-Coal
Exxon Donor Solvent

Primary Industry Sponsor
Gu lf Oil
Hydrocarbon Research
Exxon Corporation

Capacity (T/D)(a)

50

600
250

(a) T/D = tons per day.

World oil prices would have to rise to $60/bbl ($10/MMBtu) for coal
liquefaction processes to be economically competitive at current estimates of
capital and O&M costs of liquefaction plants (Tillman 1981). This price is
about double the current world price of oil. Because of higher thermal effi­
ciencies and lower capital coal gasification's costs, it would be competitive
at much lower prices. Values frequently quoted range from 5 to $6/MMBtu.
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Water Resource Effects

ENVIRONMENTAL CONSIDERATIONS

Cap-ita1 Cost

$250/Btu/day Capacity

$450/Btu/day Capacity
$30,000-40,000/bbl/day
$28,000-36,000/bbl/day
$21,500-28,000/bbl/day

$20,000-26,000/bbl/day

Process

Estimated Capita) Costs for Coal Conversion Facilities
(1980 Dollars)(a)

Low Btu Gas

Medium Btu Gas
Methanol
Fischer-Tropsch
Solvent Extraction
Catalytic Hydrogenation

TABLE K.5.

(a) These costs have not been adjusted to Alaskan conditions.
Sources: Sliepcevich et al. (1977); Anderson and Tillman (1979).

SNG production: 72 gal/MMBtu for 90% water cooling
37 gal/MMBtu for 90% air cooling

Coal liquefaction: 31 gal/MMBtu produced as fuel.

The principal environmental effects of synthetic fuel plants include water
consumption, water-quality impacts, air emissions, and habitat disturbances.

These values compare with Davis's and Wood's estimate of 146 gal/MMBtu equiva­
lent to electricity from fossil fuel based generating stations. As a general
guideline, a minimum of 4 million gallons per day are required by a synfuel

Synfuel processing plants may have a significant water requirement, which
can restrict their location to regions of abundant water supply. The specific
water requirements vary by conversion process and individual plant design, and

by the extent of water recycling and the ratio of air/water cooling employed.
Davis and Wood (1974) have made the following estimates for minimum water
demands:



plant. This requirement could have significant impacts in regions with
limited water supplies and could preclude development of a synfuel plant at

water-scarce locations.

If a total requirement of 14 million gallons per day for a synfuel plant
and its associated power plant, cryogenic oxygen plant, and other associated
facilities is assumed, a plant location in the Beluga coal fields would require
approximately 4% of the entire Susitna River flow during minimum flow condi­
tions, or almost 10% of the Matanuska River flow.

In addition to water supply impacts, synfuel plants may have significant
water-quality impacts. Most current synfuel technologies use process water
streams that come in direct contact with the intermediate products. Hence,
wastewater streams typically contain high concentrations of dissolved solids,
suspended solids, and dissolved organics (e.g., phenols). These effluents are
typically not significant in low or medium Btu gasification (e.g., Koppers­
Totzek process), but become a major concern in high Btu gasification (e.g.,
Lurgi process) or liquefaction processes. Extensive treatment facilities are
required to mitigate adverse impacts associated with the discharge of these
effluents. One existing facility using a Sasol II process that had been
designed as a zero wastewater discharge facility has proven ineffective in
practice in avoiding all adverse water-quality impacts.

In certain site-specific cases, water-quality problems can also arise
from leaching and surface runoff from fuel/coal storage. These impacts are
similar to those of a coal-fired steam-electric facility and are discussed in
Appendix D.

Air Resources Effects

The production of synthetic fuels creates the potential for large amounts
of atmospheric emissions. These emissions are similar to those of conventional
combustion processes and include primarily particulate matter, sulfur oxides,
nitrogen oxides, hydrocarbons, and carbon monoxide. These emissions are a
function of both process configuration and process efficiency (Anderson and
Tillman 1979). Specific emissions estimated on the basis of the heat content
of product fuels were made by the U.S. Energy Research and Development
Administration (1975). Projected emissions for a range of products and various
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coal types are shown in Table K.6. These data indicate that a synfuel's
facility that produces fuel for a 15-MW power plant conservatively could be
considered a major source of air pollution and would require a complete air­
quality review.

Other emissions will be associated with the onsite use of the synfuels.
Although little practical experience with the use of these fuels exists, their
impacts roughly could be projected to be similar to those of oil or natural
gas. Viable mechanisms exist to remove sulfur and nitrogen from the product
stream and their extraction for sale as by-products enhances the economic
feasibility of a synfuel's project.

Aquatic and Marine Ecosystem Effects

The most difficult to mitigate effects from synthetic fuel production
plants are associated with water supply and wastewater discharge requirements.
In addition, the large land area requirement could result in large construction
runoff. Water withdrawal is associated with impingement and entrainment of
aquatic organisms (refer to Appendix F). Chemical and thermal discharges may
have acute or chronic effects on organisms living in the discharge plum area.
Thermal discharges can also cause lethal thermal shock effects in cold climate
regions when the discharge is stopped. The degree of these impacts will depend
on many factors, such as the location of the intake and discharge structure,

TABLE K.6. Range of Controlled Air Emissions from
Coal Conversion Facilities

Po 11 utant
Particulates
Sulfur Oxides
Nitrogen Oxides
Hydrocarbons
Carbon Monoxide

Emissions Range
(lb/MMBtu)

0.01 - 0.04

0.01 - 0.30
0.07 - 0.40

0.001 - 0.01
0.006 - 0.03

Source: U.S. Energy Research and Development
Administration (1975).
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the chemical composition of the water supply and effluent, the plant's water
and wastewater management plan, and the type and quantity of aquatic organisms
present in the receiving water. In general, however, the magnitude of impacts
can be related to a plant's makeup water requirements.

Synfuel plants most likely would be located near the Beluga coal field.
Many important aquatic resources are located near these areas, including
salmon in the Susitna River and shellfish, salmon, and other marine fish in
Cook Inlet. Due to the large water requirements as compared to many of the
river systems in the Railbelt, extensive mitigation efforts will be required
to avoid adverse impacts.

Terrestrial Ecosystem Impacts

The major impact on the terrestrial biota resulting from synfuel plants
is the loss of habitat. Synfuel plants require land areas that are two to

five times that of coal-fired plants for a given energy generating capacity.
In terms of land area, the synfuel plant, electrical generating facility, and
support facilities can occupy approximately 1000 to 3000 acres. In addition,
the work force needed to support this facility can create further disturbances

to local terrestrial ecosystems.

Terrestrial impacts can also result from air emissions. These impacts
will be similar to those of gas- and oil-fired plants. Whereas sulfur and
nitrogen oxides are generally retained as a plant by-product, particles and
other pollutants are released into the environment. Such particles can have
adverse effects on local soils, vegetation, and animals. A detailed discussion
of these impacts and possible mitigative measures are presented in Appendix G.

As noted earlier, in the Railbelt region sites for synfuel plants will
most likely be at or near the Beluga coal fields. Specific terrestrial impacts
at this site are presented in Appendix D and in Section 4.1 of this report
(Coal-Fired Steam-Electric Generation). Impacts primarily include the loss or
disturbance of moose, mountain goat, Dall sheep, and black bear habitat.

Socioeconomic Impacts

Because a synthetic fuel plant in the Railbelt most likely would be
located in the Beluga area, this site would present the advantage of mine-
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mouth siting and would allow direct ocean shipment of products. Electricity
generated at the site could be readily transmitted to the Anchorage area or
could be fed to the proposed Anchorage - Fairbanks intertie. Use of Nenana
coal would be less desirable because of the expense of transporting product
fuels by rail and concerns regarding air-quality ethics on Denali National
Park.

The socioeconomic impacts of a synthetic fuels production plant are
difficult to predict since no United States experience exists from which to
extrapolate employment levels. Due to the large scale of these plants,
however, the construction work force requirements can be assumed to be at
least equal to those of a large coal-fired power plant. The work force
requirements for mining the coal would increase the impacts of a mine-mouth
synthetic fuels plant by an order of magnitude of at least two. The
cumulative impacts of a coal mine, synthetic fuels plant, and onsite power
plant would be severe.

The construction and operation of a synthetic fuels plant (including the
coal mine and power plant) would cause a permanent boom due the large cumula­
tive operating work force requirements. While the construction work force
would be substantially larger than the operating staff, the impacts caused by
the out-migration of the construction workforce would not be as great as the
initial boom. These effects would be due to the large scale and intensity of
a plant development and the remoteness of the Beluga sites.

The communities in the vicinity of the Beluga coal field are small in
population. The largest community in the area, Tyonek, is an Alaskan native
village with a population of 239. The influx of a construction work force
would severely disrupt the social structure of the community.
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APPENDIX L

PERFORMANCE OF PASSIVE SOLAR OPTIONS

The performance of several passive solar options was assessed using a
1500 ft2 representative house.

OPTION A - USE EXISTING GLASS

In this first example, the 130 square feet of glazing on the model struc­
ture is assumed to be distributed equally to all four orientations. This
distribution is rare; it is assumed here for illustrative purposes, since most
housing in the last several decades has paid very little attention to orienta­
tion for solar.

Dividing the total glass area by 4 results in 32.5 square feet of south
glazing, worth approximately 5.5 MMBtu (million Btus) per year. Although all
free heat is beneficial, this is a very small percentage of the annual heat
load.

OPTION B - RELOCATE GLASS

In the second example, the same amount of glass is kept, but most of it
is relocated to the south orientation. Not all the glass can be put there, as

most likely bedrooms will be located in other parts of the building without
access to the south wall glazing. Most solar home designs take advantage of
the south glass by putting living areas there, with bedrooms towards the north
wall. By fire codes, each bedroom must have a window for emergency egress;
therefore, all glass cannot be placed to the south.

Forty square feet of glazing is assumed to be required for the bedrooms,
leaving 90 square feet that can be placed to the south. These windows are
"free" in the sense that there is no additional cost for them above and beyond
that included in the model house. They are simply being relocated for this
scenario. Likewise, no additional heat loss occurs through the windows. By
relocating the glazing, a total of 15.1 MMBtu is now available through solar
gain to heat the house.
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OPTION C - ADD ADDITIONAL GLAZING

In this third example, south glazing is added to equal 10% of the floor
area. This addition requires an investment of 60 additional square feet of

double pane glazing, at a cost of approximately $725 in materials. (There
generally will not be added framing charges in new construction for the added

glass, unless it is excessive or involves a different construction system.)

With 150 square feet of south glazing, yearly solar gain is approximately

25.3 MMBtu. However, an additional heat loss of 7.8 MMBtu occurs through the
extra 60 square feet of window. This loss is in addition to the heat loss
previously calculated for the base-case windows. Adding this loss to that for
the original 90 square feet gives a total net gain of 17.5 MMBtu yearly, or
just 2.4 MMBtu better than the "free" glass in Option B.

OPTION 0 - ADD ADDITIONAL GLAZING

In the fourth example, 50 square feet of glazing is added to the level
found in Option C, for a total of 200 square feet. Total solar gain for the
year(a) is approximately 33.7 MMBtu. However, additional heat loss through
the 110 square feet of glazing (200 minus the original 90) is about 14.4 MMBtu,

for a net gain of 19.3 MMBtu annually. This gain amounts to a net of 4.2 MMBtu
over Option B, the free glass. The 110 square foot of glazing costs approxi­

mately $1330.

The above examples are somewhat deceiving, in that an annual averaging of
solar gain is an unfair method to evaluate performance in the Alaskan climate.
Solar has little benefit in the midwinter months and can have a great deal of
impact on home performance in the spring and fall months. In addition, actual
performance of solar houses appears to exceed the calculated percentages. As
mentioned earlier, solar data are poor and suspect.

Once a large portion of the heating load has been reduced through conser­
vation, solar gain is able to take up a fair amount of the heating needs.
Since the solar gain of the windows is offset largely by the heat lost back

(a) "Year" in this and all other examples denotes the heating season ­
approximately late September to early May.
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out through them at night and during cloudy periods, movable insulation over
the windows is necessary for an optimal solar performance. Little hard data
are available on installed costs of shutters because they are a new develop­

ment in the region. One Anchorage store sells a kit for fabric shutters
(Roman shades) for a material cost of about $3.50 per square foot. The shades

must then be sewn and installed by the owner. Resistive value is about R-7.
A very preliminary estimate of rigid shutters with wood facing (R-IO) done by

J.A. Barkshire from Alaska Renewable Energy Associates, with assistance from a
local contractor, indicates an installed cost of around $7.50 per square foot.

Solar performance in Option D would increase by about 7 MMBtu net gain per
heating season if the shutters were used diligently during night and other
periods of no sun.

OPTION E - ADDING STORAGE MASS

Because solar radiation is not static, a space with large windows to the
south will experience a large variety of temperature ranges throughout the
year and even throughout the day. Storage mass is a common and accepted way
both to temper these swings in interior temperature and to store excess solar
gain coming through the glazing for later use.

In Alaska for much of the year, most of the available solar radiation is
used up immediately as it enters the space. Although little modeling has been
done, results show that only during the spring and fall months does storage
mass become effective to any degree. As such, it is the last investment a
homeowner is likely to make in passive solar applications. Nonetheless, it is
important in a structure with significant south glazing. Overheating by solar
gain as early as February in structures with no mass present has been reported.
However, the addition of storage mass most likely will be limited to new hous­
ing that is solar oriented in design.

Many types of storage mediums exist; water is the most effective for its
installed cost. However, very few installations use water. Consumer accep­
tance of water as a storage medium appears to be very low, mainly because few
if any architecturally pleasing containers are available to store it in.
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Concrete walls and floor slabs appear to be the most popular storage
mediums. The slab need have no additional cost if designed into the house as
a structural system. If designed into the house, the slab generally can be

credited as a free investment for solar performance. The installed cost of a
4" thick concrete slab is approximately $3 per square foot.

A concrete wall is popular among some as a storage medium. Placed at the
rear of the room exposed to southern sun, it has the added advantage of acting

as a structural element and serves to break up the often boring interior
finishes of gypsum board. A concrete wall is expensive, about $30 per lineal
foot for an 8 foot high wall (including structural footing) or about $1000 for
a 32-foot-long wall. Such a wall presents about 250 square feet of surface to

the south and will increase the solar performance of Option 0 by about 5 to
7%. As such, it cannot be justified in life-cycle costs alone. As mentioned
earlier, the homeowner is making an investment in comfort and ease of control
of the solar system during those months when the mass is required. All cost

and solar performance results for this section were calculated for Anchorage.
Performance figures should be viewed with some caution until further studies
can be done.

Normally, passive solar is associated with new construction. Retrofitting
existing structures for solar applications is somewhat difficult and costly.
Tearing out walls to add solar windows is not easy, although it may be desir­
able if the proper orientation and site access exists. Adding a greenhouse
onto the south wall of a home is by far the most popular solar retrofit in the
Railbelt region. This retrofit offers many advantages above and beyond thermal
performance, such as plant and food production, addition of pleasant living
space, etc. However, repeated testing shows the greenhouse to be the lowest
performer in terms of thermal energy supplied to the home. The greenhouse
space itself must use solar gain to maintain ambient temperature before supply­
ing heat to the household. Each installation will be markedly different,
depending on type and care of construction, whether night insulation is used
over glazing, and desired temperature in the greenhouse. Early calculations
show that a well-managed solar greenhouse will supply net benefit to the house
of 10 to 15% of the load.
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Costs of greenhouse construction will reflect those of current building
costs, $30 to $40 per square foot. These costs assume a well-built structure
with heavy insulation in the end walls and roof, and double-glazed glass

windows on the south.

A review of conservation and passive solar costs will show that the
investment in passive solar is not as attractive an investment as one in con­
servation. Study after study shows that conservation measures offer the
fastest payback. Conservation is the first and most practical step, particu­
larly in the North, where housing stock does not reflect the cold climate in
construction techniques. Passive solar is best suited to new construction, in
harmony with increased conservation. Nonetheless, increased understanding of
use of the sun increases retrofitting of existing structures for passive solar
gain.

All cost figures contained in this appendix were taken from suppliers and
contractors in the Anchorage Bowl area. Although cost increases in outlying
areas of the Railbelt do not reflect those of remote Bush construction, they
are higher than they would be in Alaska's largest commerce center.

The following cost multiplier was prepared for the entire state by an
Anchorage professonal cost estimating firm (HMS, Inc.). Excerpts for Railbelt
locations are listed here. The last update on this multiplier was March 1981.

Anchorage (base) 100.00
Anchorage zone (up to 50 miles) 110.03
Anchorage Zone (beyond 50 miles) 122.43
Fairbanks 106.04
Fairbanks Zone (up to 50 miles) 117.71
Fairbanks Zone (beyond 50 miles) 129.69
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APPENDIX M

PERFORMANCE OF ACTIVE SOLAR WATER HEATING SYSTEMS IN FAIRBANKS

Not much research has been done in Alaska on the performance of active
solar hot water heating systems. The bulk of research has been from Fairbanks,
particularly the work of Rich Seifert from the Institute of Water Resources at
the University of Alaska, Fairbanks.

The effectiveness of an active system will obviously depend on the amount
of solar radiation available and the type and effectiveness of the system
installed. Somewhat less tangible is the load for water heating, which varies
with every household.

In a September 1980 article in Solar Age magazine, J. Carter noted an
average yearly load of approximately 22 MMBtu for a family of four. An
approximation to this figure has been used for the calculations in Table M.1.
In Table M.2 a family of six is assumed to use 36.5 MMBtu per year (100,000 Btu
per day). Eighty and 120 square feet of collector have been assigned to these
loads, respectively.

In both cases, almost 50%\ of the annual load can be met with an active
solar system. These figures differ little from Seifert's work over the past

several years and tend to further confirm this phenomena. One column shows
the percentage of load supplied by the 120-square-foot section. Although the
system is drained down during the mid-winter months, the high percentage of
performance results because a hot water load occurs year round.

·Costs for active systems are estimated to run from 25 to $80 per square
foot contractor installed, depending on the system design. The high end cost
reflects copper-tube flat-plate collector systems by major manufacturers. Most
of those systems are not readily available in Alaska. The low end reflects
the newer Solaroll~product Seifert has been experimenting with. These prices
are estimates, not quotes from Mr. Seifert.

(a) A trademark from the Bio-Energy Systems, Inc., Ellenville, New York.
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TABLE M.1. Solar Hot Water Heating System Performance: Household of Four(a,b)

Load(c)
Ref. Load Supp 1i ed

Insolafi)n Temp by SOlfr Percent Solar
Month (MMBtu) Factor d (0F) (MMBtu) e) Supplied

January 2.07 0 0 0 0
February 1.87 0 0 0 0
March 2.07 1925 8.6 1.697 82
April 2.00 1904 30.2 1.700 85
May 2.07 1806 46.4 1.734 84
June 2.00 1797 57.2 1.700 85
July 2.07 1559 59.0 1.5 76
August 2.07 1588 53.6 1.53 74

3: September 2.00 1040 42.8 0.96 48.
N

October 2.07 836 26.6 0.68 33
November 2.00 0 0 0 0
December 2.07 0 0 0 0
Annual 24.36 11.57

(a) Fairbanks - Lat. 64°49 1 N; El. 436 ft.
(b) 80 ft 2 collector area.
(c) 80 GPO, Tin 40°F, Tour 140°F.
(d) 50° collector tilt.
(e) System drained during mid-winter months.



TABLE M.2. Solar Hot Water Heating System Performance: Household of Six(a,b)

Load(c)
Ref. Load Supp 1ied

Insolari~n Temp by SOlfr Percent Solar
Month (MMBtu) Factor d (OF) (MMBtu) e) Supplied

January 3.102 0 0 0 0
February 2.802 0 0 0 0

March 3.102 1925 8.6 2.544 82
Apri1 3.002 1904 30.2 2.552 85

May 3.102 1806 46.4 2.606 84

June 3.002 1797 57.2 2.552 85
July 3.102 1559 59.0 2.358 76
August 3.102 1588 53.6 2.295 74

September 3.002 1040 42.8 1.441 48
3: October 3.102 836 26.6 1.024 33.
w

November 3.002 0 0 0 0
December 2.07 0 0 0 0

Annual 36.524 Btu/yr Total Hot HxO Load 17.372 x 106 Btus/year Solar - 47

(a) Fairbanks - Lat. 64°49 1 N; El. 436 ft.
(b) 80 ft2 collector area.
(c) 80 GPO, Tin 40°F, Tour 140°F.
(d) System drained during mid-winter months.
(e) 50° collector tilt.



The following are estimated installed costs at a contractor price of $25

per square foot of collector:

80 square foot @$25 = $2000.00

120 square foot @$25 = $3000.00

Actual square footage cost will vary with type of system (drain down, anti­
freeze, one or two tanks), and final installed cost is difficult to determine
except on a case-by-case basis. Note, however, that the above costs also are
for a complete system with a single hot water tank and short, simple plumbing
runs.

Reports from Fairbanks of home-built collectors using the Solaroll indi­
cate that construction costs of as little as $8 dollars per square foot is
possible. This figure is for the collector area only and does not include
associated costs.

Expected life of the Solaroll system averages 15 to 20 years if properly
installed. O&M costs are difficult to determine; a hypothetical estimate of
$25 to $50 per year is made. Replacement cost is largely restricted to the
pump(s) during the systems life. Pump replacement might occur at 7 to
10 years.

Man-hours required for an installation will vary; on a simple applica­
tion, 5 to 6 man-days might be required for collector assembly and installa­

tion. If the collector is shop built and simply has to be installed, 2 to
4 man-days generally will be required.
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APPENDIX N

POWERPLANT AND INDUSTRIAL FUELS USE ACT

An objective of the Powerplant and Industrial Fuels Use Act (FUA) of 1978
is to curtail the use of natural gas and petroleum-derived fuels for the
generation of electricity where acceptable substitutes for these fuels are
available. Pursuant to the FUA, natural gas or petroleum-derived fuels may
not be used as a primary fuel in new electric generating plants except under
special conditions subject to approval of the Department of Energy (DOE).

Thirteen conditions are set forth in the FUA, one of which is a potential
basis for an exemption. The conditions are as follows (10 CFR 503.30-503.43):

503.31 An alternative fuel supply to natural gas or petroleum would not
be available within the first ten years of plant life.

503.32 An alternative fuel supply is available only at a cost that
substantially exceeds the cost of using imported petroleum.

503.33 Site limitations are present that would impede the use of
alternate fuels to natural gas or petroleum. Qualifying site
limitations include: a) physical inaccessibility of alternate
fuels; b) unavailability of transportation facilities for
alternate fuels; c) unavailability of land or facilities for
storing or handling alternate fuels; and d) unavailabiity of land
for controlling and disposing of wastes resulting from use of
alternate fuels.

503.34 Inability to comply with applicable environmental requirements
except by use of petroleum or natural gas.

503.35 Inability to obtain adequate capital for plant construction
except by use of petroleum or natural gas.

503.36 State or local requirements (except for building codes, nuisance
or zoning laws) rendering use of alternate fuels infeasible.
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503.37 Use of cogeneration, where electricity would constitute more than
10% and less than 90% of the useful energy output of the facility.

503.38 Use of mixtures of natural gas or petroleum and alternate fuels.

503.39 Use of the plant for emergency purposes only.

503.40 Need for the plant to maintain reliability of service due to
timing considerations.

503.41 Use of the plant for peakload purposes (not greater than 1500
equivalent full power hours per year).

503.42 Use of the plant for intermediate load purposes (not greater than
3500 equivalent full power hours at a heat rate of 9500 Btu/kWh
or less). This exemption is applicable to petroleum-fired units
only.

503.43 Use of the plant to meet scheduled outages (less than or equal to
28 days-per-year on average over three-year periods.)
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