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SUMMARY AND CONCLUSIONS

This Supplement Lo the Final Environmental Statement (FES) for the Allens Creek Nuclear
Generating Station (ACNGS), Units 1 and 7, which was issued in November 1974, was prepared
by the U.5. Nuciear Regulatory Commission (NRC), Office of Nuclear Reactor Regulaticn,

The probable environmental impacts and adverse effects of constructing and operating a
two-unit nuclear station at the Allens Creek site, as described in the FES, are reconsidered
because of project changes resulting from the deferral and subsequent rescheduling of Unit

| and the cancellation of Unit 2

)

2.

This action is administrative.

The proposed action is the issuance of a construction permit to the Hous.on Lighting
and Power Company for the construction of ACNGS, located in Austin County, Texas
(Docket No. 50-466), with one unit instead of the originally proposed two units.

The facility will employ an identical boiling water reactor (BWR) and similar cooling
systems to those originally proposed for the two-unit station. Accordingly, at the
3579-MWt power level initially to be licensed (the maximum expected thermal power

level is 3758 MW), a steam turbine generator will use the generated heat to provide a
net electrical output capacity of 1146 MW. The exhaust steam will be cooled by the

flow of water pumped from and discharged to a newly constructed lake, which is now
designed with a surface area of about 2072 ha (5120 acres), representing a 38% reduction
in the original design. The Brazos River will serve as the source of the makeup

water and as the receiving body for the cooling lake discharges.

Major changes in the station design include: (1) a reduction in gross electrical
generating capacity from 2400 to 1200 MW; (2) a reduction in the number and size of
associated facilities; (3) a reduction in the cooling lake surface area from 3339 to
2072 ha (8250 to 5120 acres); (4) the addition of an external dam along the northern
lake perimeter; (5) a significant reduction in the estimated water use requirements
(i.e., a reduction in the makeup water requirements from 90,000 to 30,000 acre-ft/year;
a reduction in the total evaporative loss from 70,500 to 40,400 acre-ft/year; and a
reduction in discharge from 71,000 to 26,200 acre-ft/year); and (6) a redesign of the
radioactive and nonradiocactive waste systems to meet regulations now in effect,

Appendix S.B of this Supplement to the FES contains the summary and conclusions of
the FES which, in part, summarize the environmental impacts and adverse effects (item
3) of constructing and operating two 1200-MwWe nuclear units, a 3339-ha (8250-acre)
cooling lake, and a<sociated facilities at the Allens Creek site. Similarly, the
following summary describes the environmental impacts and adverse effects that will
occur for the construction and operation of the proposed one-unit station at the
Allens Creek site. Changes in the station design as enumerated here will not modify
the nature and types of impact. In fact, many of the environmental effects described
here (f through k) will occur for either station design. Mowever, because these
effects are only amenable to qualitative assessments, the degree to which they will
differ for the construction and operation of either station as designed cannot be
quantified. The remaining environmental effects (a through e, and 1) will also

occur in either station design; however, the degree to which tney will occur is more
readily quantified.

a. Construction-related activities on the site will disturb about 2315 ha (5720
acres) of pasture and cropland, including the 2072 ha (5120 acres) of land
inundated by the Allens Creek cooling lake, which will be constructed in conjunction
with the station (Sect. S.4.1).

b. About 104 km (65 miles) of transmission-line corridors will require about 749 ha
(1851 acres) of land for the rights-of-way (Sect. $.4.1.4).

3 Relocation of the current pipelines as proposed will involve about 12 ha (30
acres). An access road and a railroad spur, which is less than 1.6 km (1 mile)
long, will affect about 16 ha (40 acres).
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Station construction will invalve less extensive community impacts than those
described in the FES. However, 16 familes will be displaced from the site
Also, traffic on local roads will increase due to construction and commuting
activities, The influx of construction workers' families and the peak work
force of 2400 persons will result in a demand for increased services in Austin
County (Sect. $.4.4).

The total flow of circulating water will be 55 m3/sec (1940 cfs), which will be
taken from and returned to Allens Creek cooling lake. The Allens Creek cooling
lake will receive about 30,000 acre-ft/year from the Brazos River, 16,600 acre-
ft/ year as direct rainfall, and 20,600 acre-ft/year as runoff. About 40,400
acre-ft/ year will be evaporated, 26,200 acre-ft/year will be returned to the
Brazos River, and 600 acre-ft/year will be lost as seepage. Ouring the annual
drawdown, the concentration ¢f total dissolved solids (TDS) in Allens Creek
cooling lake will increase by a factor of 1.8 to 2.2, and the water returned to
the Brazos River will cause an 11% increase in TDS concentrations in the river
during low-flow conditions. However, increases in TDS concentration will not
significantly affect the aquatic productivity of Allens Creek cooling lake or

the Brazos River. In aadition, the thermal alteration of the Brazos River fis

not anticipated to have an adverse effect on aguatic productivity. However, the
thermal alteration of Allens Creek cooling lake is expected to partially restrict
the range of most game fish species and have an adverse effect on their productivity
(anct. 5.5.3.2.2)

The overall impact of construction activities on Allens Creek prior to filling
of the cooling lake will be a reduction in aquatic populations in the lower half
of the creek. When the cooling lake is filled, about 13.7 km (8.5 miles) of
Allens Creek will be lost as running-water aquatic habitat. The loss of aquatic
biota in this section of Allens Creek will be more than compensated for by the
establishment of aquatic biota in the cooling lake through natural colonfzation
and the introduction of game fish. Construction activities may temporarily
reduce aquatic populations in the Brazos River near the ACNGS site. Such reduc-
tions will probably be temporary and near the site (Sect. $.4.3.2).

Entrainment of phytoplankton, zooplankton, and ichthyoplankton in the circulating-
water system may reduce the overall productivity of the cooling lake, although

the extent of this reduction cannot be determined. Some mortality of juvenile
and adult fish in the cooling lake will result from impingement on traveling
screens of the circulating-water intake structure. The low approach velocities

to the screens should minimize impingement losses (Sect. §.5.3.1.2). Chemical
discharges during operation of the ACNGS should not significantly affect aguatic
biota in the cooling lake or in the Brazos River provided that the discharge of
total residual chlorine to the cooling lake is maintained at a peak concentration
of 0.1 ppm (Sect. 5.3.2.2)

Phytoplankton, zooplankton, and ichthyoplankton will be subject to entrainment
in the makeup-water intake system, although entrainment mortality is not expected
to significantly reduce these populations in the Brazos River.

The proposed cooling lake should provide a valuable recreational fishery. There
is a strong probability of high phytoplankton densities in the cooling lake
which may reduce water contact activity for certain perinds during spring and
summer months.

The proposed cooling lake will displace white-tailed kites which are considered
endangered by the Texas Organization for Endangered Species. However, the lake
may provide suitable habitat for southern bald eagles and American alligators
which are considered endangered by the U.5. Department of the Interior. The
lake will also attract waterfow!l, possibly in large numbers.

The risk associated with accidental radiation exposure is very low.

No significant er ‘ironmental impacts are anticipated from normal operational
releases of radioactive materials, The estimated dose to be received by the
offsite population within 80 km (50 miles) of station would be less than

39 man-rems/year. This value is less than the normal fluctuations in the 260,000
man-rems/year background dose that this population would receive (Sect. 5.5.4).
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The following principal alternatives were reconsidered:

purchase of power

alternative energy systems,
alternative sites, and

alternative heat dissipation methods.

Qﬂqﬁl

The following Federal, State, and local agencies were asked to comment on this Supplement
to the FES:

Advisory Council on Historic Preservation
Department of Agriculture

Department of the Army, Corps of Engineers
Department of Commerce

Department of Health, Education, and Welfare
Department of Housing and Urban Development
Department of the Interior

Department of Transportaticn

Department of Energy

Environmenta! Protection Agency

Federal Energy Regulatory Commission
Houston Lighting and Power Company

Office of the Governor, State of Texas
County Judge, Austin County, Texas
Houston-Galveston Area Council

Mayor, City of wallis

Sierra Club

This Supplement was made available to the public and to other specified agencies in
February 1978.

On the basis of the analysis and evaluation set forth in this Supplement, in the

original FES, and in hearings before NRC's Atomic Safety and Licensing Board, and

after weighing the environmental, economic, technical, and other benefits of ACNGS,

Unit 1, against environmental and other costs, and after considering available alternatives,
it is concluded that the action called for unider the National Environmental Policy

Act of 1969 (NEPA) and 10 CFR Part 51 is the issuance of a construction permit for

the station subject to several conditions for the protection of the environment. In

order to minimize confusion, the conditions contained in the Summary and Conclusions

in the FES (Appendix 5.B of this Supplement) are hereby vacated and are replaced in

their entirety by the following:

a. The applicant will submit a lake management program, including a development
plan for the State parks, which will ensure that the Allens Creek cooling lake
will be a recreational asset with benefits equivalent to those given in the FES
(Sect. 5.6.4). In this plan, consideration should be given to making the lakeshore
buffer zone, which will connect the two State parks on the south edge of the
lake, into a hiking and fishing area; to modifying the character of the diversion
dike by creating a more natural-looking land form; and to planting trees. The
staff's approval of the program shal) be obtained prinr to start of construction
of the cooling lake, of the dam, or of structures directly associated with the
lake.

b. The applicant will control the addition of chlorine to the circulating-water
system so that the concentration of total residual chlorine at the point of
discharge to Allens Creek cooling lake will be 0.1 ppm or less at all times.

5. The applicant will not discharge chlorine upstream of the traveling screens for
the circulating-water intake structure because significant fish impingement
rates and fish kills may resuit.

d. The applicant will not withdraw makeup water from the Brazos River during the
spring spawning season (April to July) unless sufficient data on ichthyoplankton
densities near the makeup pumping station to support the contention that this
restriction is unnecessary to protect the Brazos River fishery are provided and
approved by the staff
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The applicant will take the necessary mitigating actions, including those summarized
in Sect. S.4.5 of this Supplement, during construction of the statien and associated
transmission lines in order to avoid unnecessary adverse environmental impacts

from construction activities

In addition to the preoperational monitoring program described in Sect. $6.) of
the Environmental Report Supplement, the staff recommendations in Sect. $.6.) of
this Draft Supplement will be followed.

The applicant will establish a control program that shall include written procedures
and instructions to control all construction activities as presciibed herein and
shall provide for periodic management audits to determine the adequacy of implemen-
tation of environmental conditions. The applicant will maintain sufficient

records to furnish evidence of compliance with all the environmental conditions
herein.

Before engaging in a construction activity not evaluated by the Commission, the
applicant will prepare and record an environmental evaluation of such an activity.
If the evaluation indicates that the activity may result in a significantly
adverse environmental impact that was not evaluated, or that is significantly
greater than that evaluated in this Supplement or the FES, the applicant will
provide a written evaluation of such activities and obtain prior approval from
the Director of Nuclear Reactor Regulation for the activities.

If unexpected harmful effects or evidences of irreversible damage are detected
during facility construction, the applicant will provide the staff with an
acceptable analysis of the problem and a plan of action for eliminating or
significantly reducing the harmful effects or damages.
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{(Bacillariophyceae, 13 species), centrate diatoms (Bacillariophyceae, 2 species), green algae
(Chlorophyta, 5 species), and blue-green algae (Cyanophyta, 5 species). According to the BMPR,
most diatom densities are relatively constant in the Brazos River throughout the year. Blue-
green algae are evident only during the summer and fall months. Green algae species were not
observed until April during the survey. The low number of organisms found indicate a relatively
poor periphyton habitat in the Brazos River, probably due to the shifting substrate environment
and poor shoreline stability.

Phytoplankton

A general description of phytoplankton community composition in the Brazos River is given in

the FES (pp. 2-15 and 2-16). Phytoplankton density was maximal in September, with total concen-
trations varying between 8 x 10° cells per liter to 5 x 107 cells per liter from winter to
summer. Phytoplankton diversity is inversely proportional to turbidity and rate of flow in the
Brazos. During periods of low turbidity and low flow, diversity increases and a more truly
planktonic phytoplankton association is evident in the river. During periods of high flow,
{presumably) meroplankton consisting primarily of diatoms dominates the phytoplankton.

Zooplankton

The general zooplankton taxa distribution found in the Brazos River is given in the FES (Table 2.8).
The depression of crustacean zooplankters in favor of rotifer populations is characteristic of

large rivers. Zooplankton population densities were found to decline through the winter months

and remain low during the spring. An increase in zooplankton density was observed through

August and September, and a decliie reappeared in October (BMPR, p. 3.3-28).

Banthic macroinvertebrates

A general description of the Brazos River benthic macroinvertebrates and their approximate
distribution is given in the FES (Table 2.9). The observed benthic community is characteristic of
a moderately polluted, low-gradient stream. The oligochaete COphideraie serpetina is numerically
dominant in the Brazos below its confluence with Allens Creek, and several species of chironomids
(Diptera) are numerically dominant above this area. Speries diversity is difficult to estimate in
the Brazos River due to the low number of benthic organisms collected. The Brazos is generally
characterized by a shifting sand substrate, which presents poor habitat for the benthic community
and highly fluctuating benthic community with both species and numbers fluctuating inversely with
the yearly flow-velocity regime.

Adult and juvenile fish

A description of the Brazos River adult fish community is given in the FES (p. 2-17). Thirty-
one species were eventually identified during the one-year sampling period (BMPR, Sect. 3.5).
Catch-per-unit-effort data indicate that relatively low numbers of sport fish exist in the
river. Three sport fishes were found, all catfish (blue, channel, and flathead). Fish shelter
in the Brazos is provided primarily by fallen trees, tree roots from shore, and their detrital
accumulations, The distribution of these shelter areas is sparse, and the majority of the
benthic area is intermittently scoured during high-flow periods. Spawning habitat is found in
areas of fast water over gravel substrate. Such areas exist both upstream [at a distance
somewhat greater than 500 m (1640 ft)] of the proposed intake location and downstream of the
proposed cooling lake discharge. A large number of red shiners in breeding condition were
collected below the outfall area in the spring. As water levels rise in the Brazos River
during late spring and early summer, inundated vegetation also becomes available as spawning
habitat for minnows. Such an area exists approximately 500 m (1640 ft) above the proposed
intake location. Juvenile fish (primarily shiners) were observed in this area during the
summer. Young-of-the-year fish, consisting of gizzard shad and various shiners (Votropie spp.)
were also found in eddies and in slower water near the river shore, Stomach analyses of Brazos
River fish indicate that aquatic insects are the principal food; occasional cyprinids are also
found in the stomach contents. Parasitism in adult fish was not considered significant during
the sampling period. An evaluation of the Brazos River recreational fishery shows it to be of
poor yield (FES. p. 2-17).

Larva) fish

Larval fish collected in the Brazos River riffle areas include those of spotted gar, flathead
catfish, and various cyprinids. In slower current stretches over gravel substrate, early juvenile
stages of channel catfish and river carpsucker have been collected during routine fish sampling
using seines (0.32 cm mesh size). No special ichthyoplankton data using fine mesh net collection
are reported.
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5.3, THE STATION

Changes in various components of the station design were necessitated by the reduction in gen-
erating capacity from two 1200-MW units to one 1200-Mu unit, by the promulgs*ion of new regu-
lations, and by technological advances in design engineering concepts. Basically, desiagn
changes in the components of the heat-dissipation system included reducing the size and configu-
ration of the cooling lake (Fig. S.3.1), the size of the circulating-water intake structure

and the discharge canal, and the size of the makeup-water intake in order to accommodate smaller
flows; thus, these design changes are directly associated with the reduction in project scope

to a one-unit station. Flows in the circulating-water intake and discharge canal are reduced
from 107 to 55 m*/sec (3780 to 1940 cfs); details of plant water use requirements are depicted
in Fig. §.3.2. Moreover, the makeup-water requirement from the Brazos River is reduced from
90,000 to 30,000 acre-ft/year. Other station design changes, such as changes in the radwaste,
sanitary-waste, and chemical- and biocide-waste systems, are essentially due to the promulgation
of new regulations and technological advances.

The external appearance of the proposed Allens Creek station also changes considerably. Fiqure
5.3.1 shows the arrangement of the structures which are now found on & correspondingly smaller
plant island. Notable in this figure are (1) the reduction in the surface area of the cooling
lake from 3339 to 2072 ha (8250 to 5120 acres); (2) the omission of the 100-m (328-ft) stack;
and (3) the emergence of the cylindrical domed containment structure as the dominant structure
in the complex. The reactor and steam-electric sy:tem consists of one (instead of two, as
called for in the original design) General Electric boiling-water reactor (BWR-6), a turbine
generating unit, a heat dissipation system and associated equipment; this system is essentially
the same system as that described in the FES (Sect. 3.2).

Detafled descriptions of the station design, which in most cases is a scaled-down version of the
original design, are included in the following sections.

5.3.1 HEAT DISSIPATION SYSTEM

The ACNGS, Unit 1, will employ ai open-cycle cooling system to remove the excess heat from the
main condenser and other related cooling systems (see FES, Sect. 3.4, for design of original
heat dissipation system). Condenser cooling water will be withdrawn from a newly constructed
cooling lake (Fig. $.3.3); will be circulated through the various cooling systems, whereby its
bulk temperature will increase 10.8°C (19.5°F) aoove the inlet temperature, and then will be
discharged into the Cooling lake via 2 discharge canal to complete the cycle, Makeup water in
the cooling lake to replace evaporative losses and to maintain water quality will be derived
from precipitation in the form of direct rainfall and runoff in the Allens Creek watershed and
from water pumped from the Brazos River. To help minimize the amount of suspended material
flowing into the cooling lake, makeup water pumped from the Brazos River will flow through a
sedimentation basin before entering the lake. The discharge from the cooling lake will be
returned to the Brazos River via a spillway.

5.3.1.1 Makeup-water pumping station

The makeup-water pumping station, which will deliver water to the sedimentation basin of the
cooling lake, will be located as shown in Fig. S.3.3. The intake structure has been designed
as a shoreline intake in contrast to earlier designs that included a 152-m (500 ft) approach
canal, As Fig. 5.3 4 shows, the intake structure consists of two intake bays, with each bay
housing a 2.3-m"/sec (B2.4-cfs or 37,000-gal/min) pump. Each bay is also fitted with trash
racks and fine screen guides. (Although guides for fine screens will be installed, fine
screens will not be installed).

Makeup water for the cooling lake will be withdrawn from the Brazos River at an annual rate of
3.7 x 107 m" (30,000 acre-ft) during either a three-month or a six-month period (ER Suppl.,
sect. 53.4.2.2,3). Although the logic for using either pumping scheme is based on ecological
considerations, the applicant is not under contractual obligation to use any particular pumping
scheme (FES, Sect. 5.2.1). To withdraw makeup water uniformly over the various pumping periods,
both pumps must be employed for the three-month period, whereas only one pump is required for
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$.3.2. Predicted water use at Allens Creek Nuclear Generating Station. (Note:
450 gpm = 725 acre-ft/year.) Source: FES, Fig. 3.3 (modified); and ER Supplement,
3-1.

six-month period. In any event, for both pumping schemes, the staff has estimated that [based
ort a Brazos River elevation of 70 ft above mean sea level (MSL)] the approach velocity of water
entering the intake will be 17.7 cm/sec (0.58 ft/sec). This value of the approach velocity is
in accord with the values given in the ER Supplement (Fig. $3.4-6).

$.3.1.2 Allens Creek cooling lake

Figure 5.3.3 shows the present desian of the cooling lake. Major changes from the previous
design include a reduction in cooling lake area from 3339 ha [8250 acres (a 7600-acre effective
cooling area)] to 2072 ha [5120 acres (a 4800-acre effective conling area)]; the addition of a
compacted-earth dam along the northern lake perimeter; a reduction in the size of, and a change
in the configuration of, the sedimentation basin; and a reduction in the length of the diversion
dike from 6035 to 4206 m (19,800 to 13,800 ft). The baseline description of the cooling lake
area is otherwise accurately described in the FES (Sect. 3.4.3).

When the external dam is extended to include the northern as well as the eastern lake perimeter,
the compacted-earth dam will be 8687 m (28,500 ft) long and will form a barrier for about 50%

of the lake perimete~ ‘the remaining western and southern perimeters will consist of natural
boundaries). The crest of the dam will re~ain at a constant elevation of 40.4 m (132.5 ft)
above mean sea level (MSL) (refer to ER - ., Sect. $3.4, for details). Moreover, the northern
partion of the dam reduces the periphera .chment area that will drain directly into the
cooling lake from 33.4 to 13 km“ (12.9 to » sq miles). Hence, the applicant plans to construct
a drainage channel along the northern section of the external dam to intercept the runoff not
draining into the lake due to the extension of the dam (ER Suppl., Sect. $2.5.1.1). Thus,
runoff in areas contiguous to portions of the dam located above the spillway will be intercepted
by the drainage channel and conveyed tc the spillway, which discharges into the Brazos River.
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Fig. 5.3.3. Allens Creek Nuclear Generating Station cooling lake. Source: ER
Supplement, $2.1-2 (modified).

The area and capacity curves for Allens Creek cooling lake are shown in Fig. §.3.5; the area
curve does not include the 77-ha (190-acre) sedimentation basin area until the water level is
greater than 36.6 m (120 ft) MSL. As in the previous designs, the sedimentation basin will be
equipped with a separate piping system and overflow weir (ER Suppl., Sect. $3.4.2.2.4). Figure
$.3.2 shows the lccation of the basin. The method of construction of the dikes tnat form the
sedimentation basins remains unchanged (FES, Sect. 3.4.3}.

The design of the cooling lake spillway and connecting discharge canal has not changed signifi-
cantly from the previous design, except for the replacement of the low-level outlet pipe with a
1.8- by 1.8-m (6- by 6-ft) tunnel. The low-level outlet will permit discharge of water into
the spillway when the cooling lake water elevation is below 36 m (118 ft) MSL.

$.3.1.3 Circulating water system

The circulating-water intake strunture and discharge canal for the station cooling system will
be located as shown in Fig. §.3.3. The circulating-water intake structure will consist of four
intake bays, each consisting of four intake cells. The intake cells of each bay will discharge
into a common plenum which houses a 12.9-m*/sec (455.5-cfs) circulating-water pump. Each intake
cell will be fitted with trash racks, conventional vertical traveling screens, and fine screen
guides (although guides will be available for fine screens, the fine screens will not be
installed). As Fig. 5.3.6 shows, cooling water will enter each intake cell through a trash rack
and then through a traveling screen of 0.95-cm (3/8-in.) mesh before entering the pump for
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Fig. $.3.4. Makeup intske structure plan and section view. Source: ER Supplement,
Fig: 53,45,

transmission to the turbine building. The trash racks are designed to prevent large objects,
sucih as logs, from entering the intake structure, whereas the traveling screens are designed to
seoy nost of the small debris and fish. The overall width of the intake structure (measured
d¢ross the face) will be 62.8 m (206 ft) with each cell having a channel width of about 3.1 m
(10.2 ft), Provisions are not made as in the original design for the parallel fis. pass (or a
window placed in each cell wall immediately behind the trash rack).

The applicant has estimated that during plant operation the cooling lake water level will be
greater than 34.4 m (113 ft) MSL at least 95% of the time (refer to Fig. S.3.6). Moreover, the
plant will be shut down at lake surface elevations of 33 m (108 ft) MSL and below, for which a
decrease in lake surface area takes effect (Fig. 5.3.5). Accordingly, the staff's estimates

of the intake velocities for selected reservoir levels are given in Table S.3.1.

The condenser cooling water will flow from the circulating-water pumps to an intake block for
passage to the ACNGS, Unit 1, condenser via two 3-m (10-ft)-diam concrete pipelines. Upon
passage through the main condenser and other cooling systems at a flow rate of about 52 m®/sec
(1823 cfs), the cooling water will absorb 2344 MWt ?8 0 x 10° Btu/hr) of waste heat at rated
plant capacity, thus increasing the cooling-water temperature by 10.8°C (19.5°F). Then the
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i p 86 1 ~1tin. 501t
NOT TO SCALE :
rig. $.3.6. Circulating-water intake structure: typical cross section. Source: :

ER Supplement, Fig. $3.4-10 (modified); and Ebasco Services Incorporated, 4lleng Cpeck
Nuslear Gemepating Station Engineering Report, report prepared for Houston Lighting
and Power Company in support of an application to the Texas Water Quality Board,
December 1973.

Table 6.3 1 Staff's estimates of water velocities in the cuculalmg-waue intake structure”

Wah-v veloc'ly Lm sec n" sec's .n various (.ocl " lake w.mv h wh
9

Location 3Jm(|08m Jddrn.nam J6m¢||8m
Approaches 10 intake bays® 18 210 60) 1450 48) 11 8 {0 39) !
Through trash racks” 20.0 (0.65) 15.9 (0.52) 13.0 (0 43} "
Through traveling s(wens" 41.4(1.36) 329(1.09) 21.01(0.88)

*Based on total intake flow of 1040 cfs (see th $32)

B8 ased on combined channel widths of intake bays

“Based on a 9% reduction in channel area by trash racks
“Based on i 56% raduction in channe! area by traveling screnns

heated water will be discharged in two 3-m (10-ft)-diam conduits through a seal well into the
cooling-water discharge canal. The total residence time of the circulating water from the
intake inlet to the seal well outlet will be about 303 sec.

Figure S.3.7 shows a cross-sectional view of the circulating-water discharge canal. The structure
will be about 61 m (200 ft) wide and 549 m (1800 ft) long. The canal floor will be sloped in the
streanwise direction from an elevation of 36 m (118 ft) MSL at the seal well to 35.7 m (117 ft)
MSL at the point of discharge into the lake. This design concept contrasts with the originally
planned design (ER, Fig. 3.4-8) in which the canal floor was sloped from an elevation of 31.7 m
(103,92 ft) MSL to 31.4 m (103 ft) MSL. On the basis of a circulating-water flow rate of

55 m?/sec (1940 cfs) and on the assumption of critical flow at the canal outlet, the staff has
estimated a mean discharge velocity of 1.9 m/sec (6.3 ft/sec).
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Fig. §.3.7. Circulating-water discharge-canal cross section. Source: €ER
Supplement, Fig. $3.4-13,

5.3.2 RADIOACTIVE WASTE SYSTEMS

In Part 50.34a 2f Title 10 of the Code of Fedenal Remilationa, an applicant for a permit to
construc ‘eqr power reactor is requ1red \ 1nc|ude a prel 'minary description of the design
of equ installed for keeping levels of radioactive materials in effluents to unre-
A7 Moy low as is reasonably achievable. The term "as low as is reasonably achievable"
s W s reasonably achievable taking into account the state of technology and the

eo. © acvement in relation to benefits to the public health and safety and other

$0¢ .17 iny ¢ ‘oeconomic considerations and in relation to the utilization of atomic energy

in ‘et v o futerest. Appendix 1 to 10 CFR Part 50 provides numerical guidance on design

obj ver dor T oot water-cooled nuclear power reactors to meet the requirement that radicactive
mater it et uents released to unrestricted areas be kept as low as is reusorcbiy achievable,

To meet tu. requirements of 10 CFR Part 50.34a, the applicant has provided final designs of
radwast~ <. *ems and effluent control measures for keeping levels of radioactive materials in
effluents *. unrestricted areas as low as is reasonably achievable within the requirements of
Appendix I to 10 CFR Part 50 and the requirements of the Annex to Appendix : dated Septemher 4,
1975, elected in lieu of performing a cost-benefit analysis as required by Sect, [1.D of
Appendix 1. In addition, the applicant has provided an estimate of the quantity of ec h princi-
pal radionuclide expected to be released annually to unrestricted areas ., liquid and gasecus
effluents produced from normal operation including anticipated operationai occurrences.

The staff's detailed evaluation of the radwaste system and the capability of these systems to
meet the requirements of Appendix [ are presented in Chapter 11 of the fafety Evaluation ieport,
The quantities of radiocactive matarial calculated b, the staff to be released from the plant
are also presented in Chapter 1)1 of the Safety Eoaluat{on Report and in Sect, $.5.4 of this
Environmental Statement with the calculated doses to 1nd1v1duats and the populaticn that will
result from these effluent quantiiies.

At the time of the operating license, the applicant will L required to submit Tichnical
Specifications which will establish release rates for radivactive material in liquid and ga-eous
effluents and which provide the routine monitoring and measurement »f all principal release
points to assure that the facility operates in conformance with the requirements of Appendix |
to 10 CFR Part 50.

5.3.3 NONRADIOACTIVE WASTE SYSTEMS

5.3.3.1 Wastes containing chemicals or piocides

The operation of ACNGS will result in chemical wastes that will be discha ged into the cooling
lake and will eventually reach the Brazos River. The cnemical wastes result from the concen-
trating effect on the dissolved solids in tha river water as a result of evaporation in the
cooling lake and from the addition of chemicals to the various systems during reactor operation.
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A summary of chemicals discharged to the environment and a partial water analysis of makeup
water from the Brazos River are presented in Table $.3.2. The relative magnitude of the
chemical input to the environment may be judge: from this table. It should be noted that the
incremental increases in chemical concentratior; of these effluents in the Brazos River are, in
general, within a few percent of the values given for operation of the originally proposed two-
unit station (FES, Table 3.9).

Table §.3.2 Inceease in chemical concentration of effluents in Brazos River

due to cooling lake tratior
Maximum congentration Maximum congentratinn FE L S e
Chemuca!l parameter i Benzos Riyee L OOO'l;Hg in Brazos River®
at site® ke’ i
{ppm)

Biological axy gen demand 4 8 09
Chemical uxy/gen demand 39 78 83
Dissoived oxygen (DO} 16

Suttate (SO,° *) 7 142 ‘ 151
Chioride (G ) 81 162 173
Nitrate (NO, ") 0.97 19 02
Phosphate (PO, ) 96 19.2 2.1
Total dissolved s 'ids (TOS) 8817 1362 145

*information based on ER, Tabie 253, and FES, Table 3.9

P Based on 2.0 concentration cycle.

“Based on 147 cis spitlage flow and 542 cfs Brazos River tiow (ER Suppl ., Tabie 536

“Dames and Moore, inc, Biolagical Monitoring Program Progress Report: Altens Creek Nuclear
Genergting Station Site tor Houston Lighting and Power Company, Docket Nos 50466 and 50487
{March t 1974)

5.3.3.1.1 Circulating-water system

To prevent excessive biological fouling in the circulating-water system, chlorine will be
injected periodically into the inlet cells of the circulating-water intake structure. The
system will be designed to provide two 15-min shock doses per dav to the circulating water

(55 m*/sec or 1940 cfs) with doses ranging up to 7 ppm; therefore, the total dosage of chlorine
to the system (based on maximum concentrations) will be approximately 692 kg/day ?1525 1b/day).
The applicant estimates that these doses will be sufficient to maintain the design value of

0.2 ppm of free residual chlorine at the condenser discharge block (ER Suppl., $3.6.3).

In contrast to the design constraints of the one-unit station (0.2 ppm of free chlorine down-
stream of the condenser?. the two-uni! station was designed to maintain a free residual chlorine
concentration of 0.1 ppm at the condei..  discharge block. Additionally, the chlorination

system for the twc-unit operation was de.igned for alternate chlorination of each unit, thus
(during simultaneous operation) providing for dilution of the chlorinated water with the
unchlorinated circulating water while the water would be in the seal well, thereby precluding

the discharge of free available chlorine. The mixing of chlorinated and unchlorinated discharges
would also reduce the total residual chlorine concentration. However, with the installation of

a one-unit station as presently designed, these dilution techniques are no longer achievable.

$.3.3.1.2 Nonnuclear regenerative waste

Makeup water for the nuclear steam supply system (NSSS) will be provided by demineralizing well
water, After presedimentation, well water will be pumped at a rate of 581 liters/min (150 gal/min)
through the demineralizer trains where regeneration will occur with the addition of NaOH and

H2S04. This process will result in the generation of waste at amounts of 114 m®/day (30,000
gal/day) for normal operation to 261 m’/day (69,000 gal/day) for maximum design flow. Figure
5.3.8 presents a flow diagram of the demineralizer waste treatment system. The applicant states
that the system will be designed to assure compliance with federal Chemical Effluent Limitations
Guidelines and with the Texas Water Quality Board's Heavy Metals Board Order.

It is estimated that neutralization of the normal flow will require the addition of approximately
91 kg (200 1b) of 1ime [Ca(OH),] per day and approximately 181 k¢ (400 1b) of lime per day at
maximum flow (ER Suppl., Sect. $3.6.6). As Fig. $.3.8 shows, these wastes will be discharged

to the cooling lake during normal operation at a rate of 75 gal/min for about 6 hr per day.
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Fig. 5.3.8. Flow diagram of the demineralizer waste treatment system. Source:
ER Supplement, Fig. $3.6-1

$.3.3,2 Sanitary system wastes

The design of the permanent sanitary waste treatment system for the two-unit station » «s based
on the anticipated wastewater loadings resulting from the maximum plant population (1 persons )
required to operate and maintain the plant (FES, Sect. 3.7). 1t is noted, however, ti.at for

the present system, the applicant has adopted a concept that includes a design basis for both
the construction-stage and operational-staye populations. A contact-stabilization activated-
sludge system with effluent filtration and chlorination will be installed for the treatment of
sanitary waste during construction, and during the operation stage this system will be converted
to an extended-aeration activated-sludge system with effluent filtration and chlorination. The
treated wastewater from the treatment plant will be discharged to Allens Creek during the
construction stage, and to the circulating-water discharge canal {and then to the cooling lake)
during the operating stage. These effluents will be required to meet all applicable water
quality standards. The system will meet the requirements of the Texas State Department of
Health.

5.3.4 POWER TRANSMISSION SYSTEMS

Several changes to the transmission system have been proposed as a result of the reduced gene-
rating capacity of ACNGS. The transmission routes now being planned are Route 1A, connecting
Unit 1 to the W. A. Parish substation; and Route 2C, connecting Unit 1 to the new Obrien sub-
station (Fig. $.3.9). Route 3 and that part of Route 2A that 1s being replaced by Route 2C
will not be constructed.

The location of Route 1A remains essentially the same as described in the FES (Sect. 3.3).
Some changes have been made in this route so that it will run through a less densely populated
zone in the vicinity of Pleak.'
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The applicant plans to replace a portion of Route 2A with Route 2C, thus adopting the staff's
recommendation ' FES, p. 9-14) to reroute the transmission lines around the (original) cooling
lake perimeter. Route 2C will run in a northerly direction for about 5.3 km (3.3 miles), will
turn ENE for about 8.0 km (5.0 miles) crossing the Brazos River, and will then intersect the
originally proposed Route 2A, which it will follow to the Obrien substation (Fig. $.3.9). The
line is approximately 46 km (28.5 miles) long and follows 18.5 km (11.5 miles) of existing
133-kV transmission lines at its eastern end. [t crosses the Brazos River, Brazos Creek,
several farm-to-market roads, and the Texas and New Orleans line of the Southern Pacific Rail-
road. The 345-kV line will be reduced from a double circuit to a single circuit along Route 2C
as a result of the reduced generating capacity of ACNGS. ODouble circuit towers will ove used
along Route 1A, while single circuit towers will be used in the vicinity of the plant and along
Route 2C. The applicant will follow the National Electric Safety Code in locating and construc-
ting these transmission lines.

The Obrien substation will be built in conjunction with the construction of Unit | as originally
planned, and the W. A. Parish substation will be expanded. The Addicks substation, which was
originally planned as part of the Allens Creek distribution system, will no longer be required
for that purpose, but will be built in 1980 or 1981 as part of the general system requirements
of HL&P.

$.3.5 RAILROAD SPUR, ACCESS ROADS, AND PIPELINE RELOCATIONS

The construction of a railroad spur and access roads remains essentially unchanged from the
description in the FES (Sect, 3.9). As a result of the reduction in size of the cooling lake,
only one pipeline wil) need to be relocated. This 61-cm (25-in.) natura) gas pipeline, cwned

by Texas Utilities Company, will be rerouted along the northeast side of the cooling dam for a
distance of approximately 8.5 km (5,3 miles) (ER, Suppl., Fig. S2.1-4). The remaining pipelines
described in the FES (Sect. 3.10) will not be affected by either the plant or the cooling lake.

REFERENCE FOR SECTION S.3

1. U.S. Nuclear Regulatory Commission, Affidavit of John A, Gill relative to transmission lines,
(dated July 14, 1975) Docket Nos, 50-466 and 50-467.



S.4. ENVIRONMENTAL EFFECTS OF CONSTRUCTION

The environmental effects of constructing ACNGS as originally proposed (i.e., a two-unit station
with a 3339-ha cooling lake) are described in Chapter g of the FES. This section of the Supple-
ment to the FES describes the similar environmental effects of constructing ACNGS as now designed
for a one-unit station with a 2072-ha cooling lake.

As described in Sect. S.3, the extension of the couling lake dam te include the northern lake
perimeter and a decrease in the number of structures associated with the station (such as the
reactor, the turbine, and radwaste buildings, etc.) constitute the major changes in the station
design. Accordingly, construction activities will be confined to correspondingly smaller portions
of tne site area, however, the estimated number of construction personnel is about 9.1% larger.
Moreover, a8 reduction in the scope of the proposed project will cause a reduction in the asso-
ciated environmental impacts. However, the nature of the impacts and their qualitative assessment
have not changed.

S.4.1 [IMPACTS ON LAND USE

Areas assuciated with construction activities for ACNGS, Unit 1, are shown in Fig. $.4.1. The
preperty and adjacent areas, which are owned by the applicant, comprise approximately 4513 ha
{11,152 acres). The applicant estimates that the area affected by construction will total
about 2315 ha (5720 acres), including 243 ha (600 acres) for the nuclear reactor and its
ancillary structures, and about 2072 ha (5120 acres) inundated by the cooling lake. An update
of areas to be affected by various construction activities is shown in Table S.4.1 (compare
with the FES, Table 4.1).

5.4,1.1 Statfon facilities

In general, the construction impacts dascribed in Sect. 4.1.1 of the FES have been reduced as a
result of the decreased size of the station and associated facilities. Changes to impacts pre-
viously described are (1) a 4% reduction (from 398,000 to 382,000 m?®) in volume of excavated
material from the plant area, most of which will be used in the construction of the diversion
dike; and (2) an increase in vehicular traffic to the site to more than 1800 vehicles per day,
since the peak construction force has been increased by about 9.1%. Moreover, the ASLB has
found that the applicant has satisfactorily conducted a review of the archaeological sites
present on the property.' Archaeclogical Site 41AU36 was named to the National Register of
Historic Places on March 21, 1975, as a result of a survey done by the Texas Archaeologicail
Survey.? The Board has found that the applicant has complied with the requirements of the
National Historic Preservation Act and the procedures of the Advisory Council on Historic
Preservation, and that the impacts of construction on Site 41AU36 have been satisfactorily
mitigated. Furthermore, the Board has stated that Condition 7b of the FES (see Appendix S.B

in thislSupplement) has been satisfied and is no longer required as part of the construction
permit.

5.4.1.2 Cooling lake

The Allens Creek cooling lake will have an effective cooling area of approximately 1942 ha
(4800 acres) and will be formed by an earthen dam about 8687 m (28,500 ft) long constructed
along the northern and eastern perimeters.

The dam will be approximately 10 m (32 ft) high, will be constructed of compacted-earth fill,
and will be soil stabilized on the inside slopes and grass covered on the outside slnpes. The
borrow areas located along the inside dam walls (Fig. S.4.1) will cover approximately 271 ha
(670 acres). A1l construction runoff will be directed to a series of sedimentation basins
within the cooling lake basin. The staff requires that the provisions of 40 CFR Part 423

be incorporated in the design of the sedimentation basins. Normal procedures to minimize
erosion during construction of the dam will be used (ER Suppl., Sect. $4.4.3.6.1).

The design of the diversion dike is consistent with that described in the FES (Sect, 4.1.2),
but the length will be reduced to approximately 4206 m (13,800 ft). The dike will be
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Tabie $.4.1. Summary of areas affected by
construction activities

;
Land area '
Land use o R I o 30 l
Ha Acres :
st S HECEEI o ARG ATRRIEN (hrnntons ‘
1. Plart constroction linchudes parkng 61 150
i, concrete mix plant, switchyard, |
and circuiating water discharge canal)
2. Access roads and railroad spur 16 40 :
1
3. Constructior . faci’ wes outside 24 60 5
of dicect impact ar8a '!
4 Dam and mterio; dike 89 20 |
5 Borrow pits, heat sink, haul “cads 405 1000
and constiuction dra ~ %5 basing
lalso meluded in No. 7)
6 Spillway, makeup pumping station 63 130
riverbank stabidizar e, and drainage
land
7. Lakath» ., 2072 £120
* Total onsite area atfected” S8 6720
8 Trunsmission line rights of-way 749 1851

Tota! land area atfected 2064 7571

7 An additional 12 ha (30 acres) will be disturbed temparar ity by
relocation of the 61.em (24-n | natural gas pisehine.

approximately 8 m (26 ft) high and will be constructed of compacted earth and stabilized on both
sides with riprap.

$.4.1.3 Agricultural impact

Development of ACNGS will directly remove an aporoximate 2315 ha (5720 acres) of potential
agricultural land from production either by construction activities or by inundation of the
cooling lake (Table $S.4.1). An additional 259 ha (640 acres) will be set aside as a state park,
The applicant has made no definite plans for the remainder of the Allens Creek property (about
1939 ha), but is holding it for unspecified future site development.

A lengthy discussion, held during the evidentiary hearings before the ASLB on the ACNGS, Units

1 and 2, construction permit application, concerned the impact of removing both the entire
property and only that portion to be inundated by the cooling lake from agricultural production.
On the basis of that discussion, the Board stated that the Allens Creek land is only of average
productivity, cannot be considered prime far.iland when comparad to prime farmlanu in the lowa-
I11inois cornbelt, and has supported no crops which require either s0il or climat ¢ conditions
unique to the area.' Furthermore, the Board stated that this land constituted a »mall to
insignificant percentage of similar land available at the local, state and national levels.'

Since the ASLB hearings (1975), the Soil Conservaticn Service (SCS) has clarified the dofinition
and criteria for recognition of prime and unique farmlands.?.* Using these criteria and the
information available on soil capability classes present on the Allens Creek property,” the
bottomlands have been tentatively identitied by the applicant as prime farmlands, and the uplands
as unique farmlands (ER Suppl., p. SH-60),

The SCS has rated the majority of soils occurring on the ACNGS property as either prime-1 or

prime-2 farmlands (Sect. 5.2.2.4). Based on the information provided by the SCS, the staff has

determined that 1882 ha (4650 acres) of prime-1 farmland will be inundated by the cooling lake

and associated structures, and 112 ha (277 acres) of prime-1 and prime-2 farmland and 36 ha

(89 acres) of unique farmland will be aftected by construction of the station and ancillary
wructures.

Estimated crop production from the A)lens Creek property has been compared to projections of

state and nationa! production of similar crops at the ASLR hearings.’':®+%s7 The Board found

that agricultural productivity of the cropland on the site appeared to be above average for

the local area (i.e., "he five counties imrediately surrounding the site) and only average

for the State of Texas.* The freguency of floodirg was estimated to decrease productivity

to about 80% of its potential during a normal year. Table $.4.2 compares site crop production
estimates (based on land use in 1972)7 with the nost recently available State and county
production statistics, This comparisun shows: (1) sorghum productivity is slightly below averaae
for the local five-county region and slightly above average for the State; (2) corn productivity
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Tabla 5.4.2. Crop production estimates for Allens Creek (197217, the
five county region (1972-751." and Texas (1972-75)

Five

Crop Site Sonstity el Texas
Sorghum
Yield, kg'ha 3,900 4,300 3490
Range 421010 4 730 3,260 12 3,770
Area ha 1,170 68,260 2,587,000
Range 38.620 10 90 900 2 193,000 to 2,914 000
Production, kg X 107 4570 293 500 9,037,000
Range 182.800 1o 382.500 7,925,000 to 10,580,000
Corn
Yield, kg'hd 3,500 4.320 7520
Range 3.630 10 5.340 €.760 1o 8.090
Area, ha 121 16,200 303 500
Range 13,180 to 16,960 186,200 1o 445 200
Production kg * 10% 430 65,620 2.284,000
Rangs 49 960 10 90.120 1,258,000 to 3,603,000
Cotron
Yield, kgha 448 375 401
Range 242 1o 456 301 to 483
Area ha 40 33,680 1,872 000
Range 17,970 10 45,810 1,678.000 te 2,104,000
Production, ky x 107 18 12,640 750 100
Range 6.823 1c 20.803 519 300 1o 1.019.000
Hay
Yisid, kgha 5.600 5,770 5070
Range 4 850 to0 6,840 4,550 t0 5420
Area ha 408 28,530 897 400
Range 22,220 to 33,140 777,000 10 971,200
Prodiuction, kg x 107 2,270 164,720 4,549,000

Range

127,730 to 211,830

3537.000 to 5,269,000

YEstimates of yield, area, and production based on 1972 land use oo the site. from

Supolemental Direct Testimony Re. Agricuftural Impact of Allens Creek Project, 1est
mony of Dr Phillip 8. vf tdebrand, Docket Nos. 50-466, 50-467
PFive county region inciudes Austin County, Colorado County. Fort Bena County,
Waller County, and Wharton County, estimates of yield, area, and production calculated
from County Agricuitural Statistics, "exas Department of Agriculture, Austin, Texas
“Estimates of yield ares, and oroduction for Texas calculated from data n

Agricultural Statistics, U SD A 1975 and 1976

is considerably below average for both areas; (3) cotton productivity is somewhat better than
average for both areas and (4) hay productivity is average for the local area and above average
for the State. Cattle and calf production are estimated at 225,000 kg (495,000 1bs) for the
property.

#1though a detailed inventory of prime farmlands at the local, state, and naticnal levels is not
yet complete, it is estimated that 6.8 million ha (16.8 million acres) of prime farmland are
present in Texas (ER, Suppl., p. SH=57). Using this figure, the area ¢ ~~ime farmland which
would be removed from potential agricultural production during the lifetime of the ACNGS develop-
ment is approximately 0.029% of the prime farmland in the state. There is little data

available on the amount of unigue farmland in the State of Texas. The majority of unigue
farmland in the Houston area is rice land. Assuming that the 36 ha (89 acres) of unique
farmland to be lost were used for rice production, the area would represent 0.2% of the

total area in Texas planted to rice in 1975,

In susmary, the staff has found that (1) construction of the ACNGS and the cooling lake will
directly remove 1994 ha (4927 acres) f prime farmland and 36 na (89 acres) of unique farmland
from potential agricultural use f.' st least the lifetime of the plant; (2) productivity of the
site is average for most crops at the state and local levels; (3) the prime and unique

farmland directly affected by construction of the station and inundation of the cooling lake
represents a very small percentage of the total prime and unique farmland in Texas. The

staff concludes from the foregoing analysis that development of ACNGS will have an insignifi-
cant impact on the total amount of prime farmland available in Texas, especially since
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the possibility of draining the cooling lake at some future time could result in at least partial
recovery of the land for agricultural purposes.

5.4.1.4 Transmission lines

The transmission 1ines oo described in Sect. S.3.4 and in the ER Supplement (Sect. $3.9).

The total area that will be a*fected by transmission corridors is approximately 749 ha (1851 acres).
The transmission tower basi> will nlcupy about 3.2 ha (8 acres). Approximately 70% of the
corridors (525 ha) is Ciupland, and about 30% (225 ha) is rangeland. About 68% of the total
area through which the corridors will transverse is prime or unique farmland (ER Suppl.,

p. SH-57). No permanent access or service roads will be vuilt to the rights-of-way. Temporary
disruption or agricultural activities along the rights-of-way will occur during construction of
the lines as a result of vehicle movement and storage of materials. Construction will be
scheduled to avoid unharvested fields, but if fields are disturbed or destroyed, surface
construction marks will be removed, and farmers will be adequately compensated. Vehicle
movements along the rights-of-way will be controlled so as to minimize effects that could cause
erosion, retard restoration of ground cover, or preclude resumption of agricultural use.

The applicant plans to follow the National Electric Safety Code for locating and constructing the
transmission 1<, In addition, the staff requires the applicant to follow the U.S. Department
of the Interior yuidelines® for locating transmission lines.

The staff believes that construction of the transmission lines can be carried out without a
significant long-term ¢r permanent effect on agricultural production.

S.4.1.5 Other impacts

Impacts of road construction and a railroad spur are essentially the same as those described in
Sect, 4.1.4 of the FES. The impect of pipeline relocation has been greatly reduced from that
originally anticipated (F's, Sect. 4.1.5) because only one pipeline needs to be moved. This
pipeline will run along the eastern side of the dam so that its construction will cause little
additional disruption to terrestrial habitat in that area. The pipeline corridor will be
fertilized and planted to produce native grass cover.

5.4.2 YDROLOGICAL AND WATER USE IMPACTS

The construction of a one-unit station and a 2072-ha (5120-acre) cooling lake at the Allens
Creek sit  will not result in significantly fewer environmental effects on water use than those
described (FES, Sect. 4.2) for the construction of a two-unit station and a 3339-ha (8250-acre)
cooling lake. Because many of the construction impacts on water use can only be assessed
qualitatively, the staff cannot Jotermine the dzgree to which these environmental effects will
differ for the construction of eithec the 1200-MW or the 2400-MW station. It is noted, however,
that the one-unit station will require significantiy less construction because of the decreased
number of structures; however, because this construction impacts mainly groundwater (due to
dewatering of excavation), its effect will be minor in any case (ER, Sect. 4.1.5.2).

The staff concludes, therefore, that the environmental effects on water use in the site vicinity
that result from the construction of a cne-unit statior designed for the Allens Creek site,

will be essentially the same as thise described in the FES (Sect. 4.2). Accordingly, both the
groundwater and surface-water regimis will be affected. The groundwater regime will be affected
initially by withdrawals of water for use during construction and by dewatering of excavations,
The surface-water regime will be affected initially by disturbance and alteration of Allens
Creek, by channelizatio of runoff north of the main dam, and by channel stabilization near the
makeup water intake str*ure 1. the Brazos River. Ultimate, long-term effects on both ground-
water and surface-wate regimes #i1] be caused by the inundation of the 2072-ha (5120-acre)
cooling lake, Constr..tion activities will also cause increases in turbidity in Allens Creek
and the Brazos River however, because the applicant plans to use the normal erosion control
techniques (ER Supr Sect. 54.4.3.6), these effects should be localized and minimal,

$.4.3 ECOLOGICAL IMPACTS

In consideration of the Fish and Wildlife Coordination Act of 1958, as ammended, the staff has
consulted with the U.S, Fish and Wildlife Service and the Texas Farks and Wildlife Department.
Comments from the USFWS concerning the ER Sup.lement are included in Appendix S.E. The staff
has considered the comments presented as part of Lhe environmental review of this proposed
station,
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$.4.3.1 Terrestrial ecosystems

The impacts of construction on terrestrial ecosystems discussed in Sect. 4.3.1 of the FES apply
equally well to the current station design. The reduced size of the station and associated
facilities will result in the permanent loss of about 61 ha (150 acres) of terrestrial habitat
and the loss, at least for the lifetime of the station, of an add tional 2072 ha (5120 acres)
that will be inundated by the cooling lake. The applicant estima'2s that 8% (194 ha) of the area
affected by construction and the cooling lake is heavily forested with the remaining 92% having
been recently used as either cropland or pasture (ER, Suppl., p. .4.1-4), Plants and animals
inhabiting the majority of the site are common and representative of the surrounding agricultural
region.

A unique community of woody species occurring on the bluff forming the western boundary of the
cooling lake (Sect. $.2.1.4.1) probably will be destroyed by construction of the cooling lake
(BMPR, p. 4.3-2). Onsite habitat for a resident deer population of aporoximately 33 individuals
will be significantly reduced. Feeding activities of large numbers ¢f wintering geese and ducks
on the nottomland fields will be greatly reduced or eliminated by development of the site,
although the cooling lake will provide a new resting area for waterfow! moving “hrough the general
area,

Development of the site will thus directly destroy 2315 ha (5720 acres) of terrestrial habitat
and replace it with 2072 ha (5120 acres) of aquatic habitat. The staff finds that the effect of
construction activities on local flora and fauna will probably be minimal in terms of reqgion=
wide populations.

Endangered species potentially occurring in the general vicinity of the Allens Creek property

are listed in Table $.2.5. Most of these species are unlikely to be present on the site since
either appropriate habitat is lacking {e.g., the Houston Toad requires loblolly pine forest),

or the species is 50 rare in the area that it is unlikely to be present where agriculture is the
dominant tand use. Although no endangered species listed by the USFWS occur on the site itself,
the transmission 1ine corridor along Route 1A traverses some habitat of the endangered Attwater's
prafrie chicken (FES Sects. 2.7.1, 3.8, and 5.5.1). The applicant has found (ER Suppl., p. SH-65)
that this population, which is located near the Orchard Dome 0il1 Fields, has been declining since
1973 due to lass of natural habitat. Apparently, much of the habitat available in 1973 had been
converted to rice fieldes by 1977. The applicant has committed himself to schedule construction
to avoid the nesting season of the Attwater's prairie chicken in the area of the Orchard Dome

011 Field (ER Suppl., p. $4.4-8). 1In accordance with Sect. 7 of the Endangered Species Act of
1973, the staff has requested consultation and assistance with the USFWS concerning this popula-
tion of the Attwater's prairie chicken, Recommendations made in response to this report will be
reviewed and incorporated into the Final Supplement.

5.4.3.2 Aquatic ecosystems

The activities associated with construction of ACNGS will affect the aquatic .7~*a in two
existing bodies of water: (1) the lower half of Allens Creek and (2) portions of the . azos
River near the site. In addition, construction activities will create the Allens Creek cunling
lake, The scope of construction impacts on existir, aquatic systems for the original station
design as discussed in the FES (Sect. 4.3.2) is applicable to the new station design. Con-
sequently, only changes or additions to the original analysis are giver below.

$.4.3,2.1 Initial impact of construction on Allens Creek

Significant short-term changes in Allens Creek will be similar to those detailed in the FES
(Sect. 4.3.2.1). However, the relocation of 1.6 km () mile) of the Allens Creek channel to
accommodate a borrow area is no longer proposed. In addition, berms, ditches, and sedimentation
basins will be used during construction (ER Suppl., Sect. $4.1) to reduce sediment loading of
Allens Creek. The reduced size of the plant, switching yard, and other facilities should also
decrease the significance of sedimentation problems as given in the FES. The overall impact of
siltation, bridge constru-tion, and construction effluents will, however, significantly reduce
the aquatic populations in the lower half of Allens Creek during the time between onset of
construction end filling of the cooling lake.

$.4.3.2.2 Impac.y on Allens Creek due to construction of the cooling lake

A cooling lake of approximately 2072 ha (5120 acres) will be formed by impounding Allens Creek
and by constructing an earthen dam 8687 m (28,500 ft) long alony the eastern and northern
boundary of the site, This proposed cooling lake represents a 38% decrease in surface area
from the original design. Construction of the cooling lake for either station design will
affect Allens Creek in two ways: (1) approximately 12.9 km (8 miles) of the creek will be
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inundated when the cooling lake is filled, and (2) the flow in the lower portion uf Allens Creek
below the cooling lake dam (approximately 0.8 km) will be reduced, The qualitative assessment
of the impact resulting from these two events as discussed in the FES (Sect. 4.3.2.2) are not
affected by the prnposed design changes.

$.4.3.2.3 Predicted limnology of the proposed Allens Creek cooling lake and development
of aquatic flora and fauna

The proposed Allens Creek cooling lake will have a surfac: area of approximately 2070 ha (5120
acres), which represents, as previously noted, a 382 reduc'ion in the originally proposed size.
Since the new cooling lTake design will have apprOxlmate1y .he same average depth, orientation to
the wind, propensity for complete mixing of the water column, and other similar physical and
chemical characteristics as the original design, the pro ected aquatic characterization of the
cooling lake given in Sect. 4.3.2.3 of the FES is, in geseral, applicable to the current design
of the proposed lake. In this section, the staff's projection of water quality and aguatic flora
and fauna are reconsidered based on additional data and on experience acquired subsequent to the
original assessments.

Water quality

Quantitative estimates of water quality parameters to be expected in the proposed Allens Creek
cooling lake are not amenable tc analysis. However, certain qualitative aspects of the
probable cooling lake water quality are discernible.

Total nutrient loading to the cooling lake is expected to be high, given nutrient additions

from Allen: Creek, the Brazos River, and from flooded soils. ?though the initial projections
made in the FES are conservative, such nutrient levels will be sufficient to support abundant
algal growth in the new proposed lake. Since Allens Creek is an ungaged stream, nutrient loading
from this source based on concentrations in water and flow rates cannot be estimated. However,
the concentration of all major nutrients in Allens Creek were reported to be consistently higher
than those found in the Brazos River (8MPR, Sect. 3.6).

Si1t loading from Allens Creek may be significant in the flooded channel area, and delta formation
is expected where the stream enters the cooling lake. Due to high levels of fecal coliform and
fecal streptococci in the upper Allens Creek area (BMPR, Sect. 3.6), which probably originate

from cattle and sewage, water quality may be poor where the stream enters the lake. Water quality
in the southern arm of the proposed lake, which currently receives sewage outfall from the town of
Wwallis (Fig, 5.2.3), is also expected to be poor. Fecal coliform and fecal streptococci in this
area may not be a problem if sewage discharges are chlorinated. Possible levels of indicator
bacteria and nutrient concentrations for this arm cannot be estimated as these parameters were

not measured during the biological monitoring program.

Total dissolved solids (TDS) are expected to be high in the cooling lake due to reported high
levels in the Brazos River and in Allens Creek, and because of evaporative concentration in the
lake itself (BMPR, Sect. 3.6 and FES, Sect. 4.3.2). TDS under the original lake design were pre-
dicted to range from 875 to 2000 ppm. The staff finds that this range is still somewhat con-
servative for the smaller lake. However, total dissolved solids in the cooling lake are

expected to be well below levels constituting physiological stress to aquatic organisms, wiich
generally is considered to occur in the T0OS range of 5000 ppm.*

High levels of some heavy metals (Table S.2.6) have been measured on a number of occasions in
Allens Creek and in the Brazos River (BMPR, Sect. 3.6). Due to the extremely complex aqueous
chemistry of trace metals, the uncertainty of the overall water quality in the proposed cooling
lake, and the unknown amount of trace element loading to the lake, predictions of possible
concentrations in cooling lake water cannot be made a priori. Similarly, little can be predicted
about the possible effect of these trace elements on aquatic biota. However, if a concentration
factor of two is used for the cooling lake (Table §.3.2) and values given in Table 5.2.6 are
considered equilibrium dissolved concentrations (worse case assumption), then some seasonally
nigh concentrations of heavy metals ma: enter the cooling lake through the wier overflow from

the sedimentation basins. Of particular concern are mercury, zinc, copper, and cadmium. Analysis
of catfish flesh (Jetalume punctutua) taken from the Brazos River in March 1974, however,
revealed no mercury contamination. Although these elements are not yet considered a problem in
Allens Creek or in the Brazos River, some loading to the proposed cooling lake will occur and
could disrupt aquatic food chains or could bioaccumulate and eventually lead to ingestion by man.
Additional monitoring (Sect. 5.6.1) should provide the necessary data to evaluate the potential
long-term effect on the aquatic biota of the proposed cooling lake.
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Aquatic flora and fauna

A generic assessment for development of aquatic biota in a new reservoir is procsented in the FES
(Sect. 4,3.2.3) and is applicable to the provosed cooling lake. Due to the modified design

of the cooling lale and new information available in the biological monitoring program, however,
the following considerations need to be addressed.

The praposed cooling lake may be susceptible to nuisance algae blooms., This situation may arise
because of high intermittent nutrient loading (BMPR, Sect. 3.6), reduced turbidity from the use
of settling basins, and high ambient water temperatures in some sections of the Jake during
summer (ER Suppl., Figs. $.3.4-20 to $.3.4-22), all of which contribute to nuisance algae
development. The presence of nuisance algae, especially surface scums of blue-green algae, may
limit recreational use of the cooling reservoir during the season of their occurrence {FES, Sect.
5.5.2.1.1) and may present problems to fish due to release of toxins during die-off of algae
blooms. Although nuisance algae have not been reported to be a problem in other Brazos River
reservoirs'! and neither the magnitude nor duration of such events can accurately be predicted
for the Allens Creek cooling lake, nuisance algae blooms may occur in late summer during low
water periods.!?-1%
The growth and maintenance of a viable recreational fishery in Allens Lake will be adversely
affected by elimination of the natural shoreline on the northern edge of the site as provided

in the original lake design. The exclusion of these shallow zones and backwater areas will sub-
stantially reduce spawning and nursery nabitat necessary for the development and maintenance of

a self-sustaining recreational fishery in the lake. The embayments along the northern shore of

the old lake design would have constituted about 25% of the lake perimeter and about 50% of the
shallow littoral zone. The coriginally conceived littoral areas will be replaced with a stabilized
earth apron lying at 3:1 slope. Spawning on this apron will be minimal as will the development

of periphyton and macrophyte communities due to fluctuating water levels, water turbidity, and
unsuitable substrate, Important littoral areas for fish reproduction under the new lake design

will be located primarily in the flooded Allens Creek channel and in nearby small bays (Fig. 5.2.3).
Although this area has a dendritic drainage pattern, it is limited in axtent and is subjected to
substantial sediment load from Allens Creek runoff during intermittent high flow events. Therefore,
it 15 not considered adequate to sustain the spawning habitat needs for the lake fishery. It is

the opinion of Texas Parks and Wildlife Commission'’ that the projected 50 to 60% of the fishery
being composed of game fish as stated by the applicant (ER Suppl., Sect. 5.5.1.6.1) is not probable
in a shallow, thermally loaded reservoir such as proposed for Allens Creek. Supplemental stocking
of game fish species or rearing fingerlings to larger sizes in the sedimentation basins to avoid
cannibalism may be necessary to sustain a viable fishery. The staff understands that the actual
management plan to provide a recreational fishery will be developed in conjunction with the Texas
Parks and Wildlife Commission to maximize recreational potential (applicant's Master Development
Plan). Although a sustained yield recreational fishery as originally proposed may not be pos-
sible under natural reproduction in Allens Creek Lake, the aguatic environment created in

the proposed lake and its biotic resources will more than offset the loss of aguatic biota

due to construction and operational impacts in Allens Creek.

5$.4.3.2.4 Brush and tree clearing

As discussed in the FES (Sect. 4.3.2.4), brush and tree clearing ir the cooling lake basin prior
to lake filling will have a potential effect on the future aquatic productivity in the proposed
cooling lake. Although a detailed tree-cutting and brush-clearing plan for the lake basin has
not been received by the staff, the recommendations given in the FES (Sect. 4.3.2.4) and in the
applicant's Master Development Plan for the Allens Creek Lake concerning fish habitat enhance-
ment are applicable to the new lake design.

§$.4.3.2.5 Effects of construction on the Brazos River

The major effects of construction of ACNGS on the Brazos River are described in the FES {Sect.
§.3.2.4). A significant change from the original analysis is the addition of approximately

44 km® (17 sq miles) of Allens Creek watershed runoff to direct inflow to the Brazos River

(ER Suppl., Sect, S4.1). This runoff will be carried in a channel along the eastern and northern
perimeters of the proposed cooling lake dam (ER Suppl., Fig. 52.5-1). When the cooling lake dam
is completed and the lake begins to fill, a small percentage of direct runoff from Allens Creek
watershed will be availablc to augment flows in the Brazos River. This addition, however, is
expected to have little effect on the biota of the Brazos River because the total Allens Creek
inflow generally amounts to only 1% of the Brazos River flow. The staff concludes that con-
struction effects on the Brazos River will be localized and minimal and should not persist afier
construction is completed.
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5.4.4 SOCIOECONOMIC IMPACTS

The 1977 estimated populations within 16 and 80 km (10 and 50 miles) nf the proposed ACNGS are
8840 and 1,670,000 persons respectively (Sect. 5.2.1). The present population of the tota)
Houston metropolitan area is approximately 2.4 million persons.'® The site i{s within 60 min of
off-peak travel time to the center of downtown Houston and is within 40 min of much of developing,
western Houston (ER Suppl., $8.1.3.1). The site is within 20 to 30 min travel of the Richmond—
Rosenburg area, an area with an estimated 1975 popuiation of 23,500 persons.

The staff has reassessed the current social and economic condition o7 communities surrounding

the proposed site area and determines that, for analytical purposes, the area within the 16-km
(10-mile) radius of the site is appropriately defined as the loecq? impact area. This includes

the towns of Wallis, Sealy, San Felipe, and Orchard with respective populations of 1055, 3200,
447, and 441, The larger, regional impact area is appropriately defined as that area encompassing
the Houston-Galveston region, a 13-county area (including Austin County) which is a major service
area for much of East Texas (Fig. $.4.2).

The applicant has proposed that nearly 2400 workers (a 9.1% increase from original estimates)
will be needed to construct ACNGS during the eight-year construction period 1978 to 1985.
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Based on the staff's review of other nuclear plant sites that are within daily commuting
distance of metropolitan areas,’” as well as an assessment of the capacity of the Houston
metropolitan area to provide an adequate supply of labor and access to and from the plant site,
the staff estimates that most construction workers will be drawn from the Houston regional
labor pool and will commute daily from their places of residence within the Houston-Galveston
area rather than relocate to the more remote plant site. Most of those workers who will be
drawn from outside the area, and those workers who do choose to relocate from within the areas
closer to the plant site, will, in the staff's opinion, relocate within the rapidly growing
western and southwestern suburban communities adjacent to Interstate 10 and State Highway 36.
These newer suburban communities are becoming increasingly able to provide the needed economic,
social, and political infrastructure to accommodate new populations. The conmunity of Katy,
for example, located 31 km (19 miles) east of the site on 1-10, grew 71% from 1970-1975.
Richmond and Rosenberg, two communities approximately 32 km (20 miles) ESE of the site on State
Highway 36, grew 46% and 15% respectively from 1970 to 1975.°¢

Based on past experience at other plant sites,'® recent metropolitan growth trends within the
Houston area and the s.ze of the labor force (Sect. $.4.4.3), the staff believes that a reasonable
estimate of the total peak in-migration of workers to the local area will be within the range
from 10 to 157 of the total work force, or 240 to 360 workers. This assumption is a significant
departure from the original FES estimate of 25, or 520 workers (FES, p. 4-10). If 10 to 15% of
the total work force move to within 16 km (10 miles) of the plant site and if it can be assumed
that one-half of these workers are married and bring their families {estimating 3.5 persons per
famiiy), an increase of anproximately 420 to 630 persons would be anticipated for the local area.
The staff's review nas determined that the local area, and primarily the nearby communities of
Wallis and Sealy, will be able to provide needed services and facilities for the incoming workers
and their families. It is the staff's opinion that the local area will not be severly

imgacted. Most construction-related impacts will be dispersed throughout the Houston metro-
politan area.

It is within this framework that the staff has reconsidered the possible social and economic

impacts of constructing ACNGS. The following section updates and revises the staff's original
analysis in the FES (Sect 4.4).

5.4.4.1 Public services and housing

Although an increase over the originally estimated size of the work force is planned, a
decrease in the estimated percentage of workers who will relocate within the local impact
area will result in fewer workers relocating within the local impact area (240 to 360
workers). Tables S8,2-1 and $8.2-4 in the ER Supplement describe the available services,
revenue, sources, and financial obligations of Wallis and Sealy. The staff concludes that
some public services may be overburdened, but in most instances present services will be
adequate to meet demand.

There may be a need for the addition of two professional poiice officers in Wallis during
construction., The daily influx of such a large number of people to the city and its environs
may increase the possibility of traffic problems or public disruption during this time.

A possible addition 2f approximately 120 to 180 children to the Wallis and Sealy school districts
during peak construction may occur. This is a decrease from the staff's original FES estimate

of 300 pupils. The consolidated Wallis-Orchard Independent School District ?ISD) is presently
constructing a new high school to be completed in August 1978. With an increased capacity of
almost 500 students, this school will be more than adequate to meet the demand. Increased
property taxes paid to the Wallis-Orchard 1SD by the applicant will more than compensate for

any additional students (see Sect. 5.4.4.5). The Sealy 1SD may also increase their enroll-

ment. Sealy officials state that their public school system is presently at peak enrollment:
they are scheduled to open ten new classrooms in September 1978, The Sealy ISD will also

receive property tax payment from the applicant. The staff is unaware at this time when payments
will begin to each of the jurisdictions.

An increased work force wili mean increased transportation problems in the local arca. However,
the level ot congestion prohlems due to the slightly increased vehicular traffice is not expected
to change significantly. The staff requires that the applicant work with local and State offi-
cials and undertake all possible measures to see that transportation problems, particularly those
occurring around shift changes, are alleviated., The staff further requires that all necessary
agreements be arranged accordingly between the applir~ant and the State to ensure adequate main-
tenance of local roads.

The staff understands that most construction workers will commute to the plant site via Inter-
state 10 (approximately 11 km north of the site), State Highway 36 (adjacent to the site), and
“several area farm-to-market roads (ER Suppl. S2.1-3). To ensure adequate protection of the
local road system, the applicant has proposed to (1) ship all materials by rail when practical,
(2) schedule truck traffic around loca)l traffic flows, (3) implement traffic control measures

i
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to alleviate curzestion in local communities, and (4) to construct haul roads on the site to
minimize offsite transport of materials.

The staff understands that relatively few housing vacancies exist wit. in the Wallis-Sealy-

San Felipe area. In Wallis, building permits were first issued in 1975; since that time, 21 new
homes, 14 businesses, and 5 mobile home permits have been issued.”! Similar information was not
available for Sealy ar San Felipe. The staff believes that most construction workers who choose
to relocate near the plant site will do so in mobile home parks. Mobile home parks are permitted
in Wallis, Seal’, and isolated areas of Austin Count;.

The staff reaffirms its position, however, and states “hat relatively few workers will r ocate
to the local area. Most workers will probably choose to reside closer to the confines ot the
Houston area where more adequate services and facilities currently exist. Some local demand
may exist for additional housing or rental property, but this should be relatively small.

$5.4.4.2 Income effects

Table SH.1-2 in the ER Supplement displays the direct, indirect, induced, and total income
effects of construction of ACNGS. The applicant projects a direct income of over £54.9 million
at the peak of activ'ty in 1980, and a total income effect of approximately $149.4 million for
the same period. The staff believes that these are reasonable estimates of increased income,
and that most of the direct income effect will be dispersed throughout the greater Houston
metropolitan area instead of being concentrated within the local impact area.

S.4.4.3 Employment effects

Construction labor force estimates and indirect and induced employment figures are provided in
Table $.4.3. These show that construction employment will peak at approximately 2400 workers in
1983. Secondary employment is projected to generate approximately three jobs within the economy
for every construction worker employed. The staff concurs with the applicant's employment
estimates, but sugeests that the secondary employment yielded by the construction of ACNGS will
be generated not only in the local area, but also in the greater Houston metropolitan aree and in
the State of Texas., Very little secondary employment may be generated locally from construction
activity.

Table §.4.3. Estimated statewide employment effects of ACNGS construction

Direct Indiront Induced Tatal
L Emgployment” Employment” Employmant® Employment?

1978 100 60 120 280
1979 950 600 1,110 2.660
1980 2,400 1,510 2,810 6,720
1981 2,185 1,380 2 560 6,125
1982 1.680 1,080 1.980 4,730
1983 945 600 1.100 2,845
1984 00 250 470 1.120
1985 160 100 190 450
Total 8,830 5,560 10.340 24,730

?Estimate by Ebasco Services, inc

20,621 times direct income (from Ret §8.1:2)

€1.170 times direct income (from Ref §8.1 2)

doum of direct, indirect, and induced income streams
Source ER Supplement Table $8.1.4

The staff has reviewed employment statistics for both Austin County and the Houston Standard
Metropolitan Statistical Area (SMSA), which includes Brazoria, Ft. Bend, Harris, Montgomery,
Liberty, and Waller counties.?? Recent estimates of employment in Austin County show that the
number of employed perscns ranged from 5,544 in January 1977, to 5,785 in July 1977. Unemploy-
ment for the same period remained stable at approximately 1.8%. This was the same as the
average unemployment rate for 1975 and 1976. Most recent breakdowns of statistics by sector
show that in 1975, 700 persons, or almost 14% of the total work force, were unemployed in
construction activity. In the Houston SMSA, approximately 1,168,200 persons were employed

in the labor force in May 1977. This represents an increase of approximately 84,100 employed
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persons from May 1976. The umemployment rate of May 1977 was 4.8%. This rate compares favorably
with the national adjusted unemployment rate of 6.9%. Of the estimated 1,146,400 wage-and-salary
Jobs in nonagricultural industries in the Houstcn SMSA in May 1977, approximately 123,100 persons,
or 11% of the total labor force, were employed in coniract construction. According to U.S. Census
information, the Houston SMSA is one of the Targest labor markets in the Nation and ranks near

the top in numbers of people employed in construction-related activities.??

One of the major benefits of the construction activity may be the provision of new employment
opportunities for local area residents. Residents who are employed or who are working within the
greater Houston metropolitan area may choose to work locally if thc opportunity arises. The
staff believes that joint participation in planning programs between the applicant and local
school systems may enable graduating students to enter the work force through various trades and
crafts at ACNGS.

$5.4.4.4 Local purchases of materials

The applicant estimates that the Allens Creek project will purchase in the range of $22 to
§556 million worth of material goods from vendors in Austin, Fort Bend, and Harris counties
during the construction perica., The staff believes a sale volume of this magnitude is very
significant. The degree to which businesses are able to provide these items will depend upon
their ability to supply the goods on a timely basis at competitive prices.

5.4.4,5 Estimated taxes

The estimates of taxation have been considerably revised from the original FES. A reduction in
the number of ACNGS units from two to one, as well as changes in construction costs and general
inflation, have been the prime factors for taxation revisions. Property taxes from ACNGS will
be paid directly to Austin County, to the Wallis-Orchard 15D, and, during construction and
operation, to Austin County Road District 3. The ACNGS will almost triple the total assessed
property valuation within Austin County in 1985. Without ACNGS, Austin County's total propeity
valuation in 1985 would be approximately $160 million. At a cost of over $1 billion, the
assessed value of ACNGS at the current Austin County (33.3%) assessment ratio would be $333
miTlion (ER Suppl., Sect. $8.1.5.1). The construction of ACNGS within Austin County thus
represents a substantial impact on the county's property taxes.

The Wallis-Orchard 1SD's assessed valuation will increase dramatically upon completion of ACNGS.

The 1985 assessed valuation of the school district without ACNGS would be approximately $94 million.
The ISD's assessed valuation with ACNGS would be approximately $744 million, an increase of

almost $650 million. The ACNGS may account for over 85% of the total assessed valuation in the
school district. The staff believes that this increase in total assessed valuation will more

than compensate €ar any increase in student enrollment due to the nuclear plant constructinn.

The Sealy ISD will also receive some money from construction of ACNGS, but the amount as yet is
undetermined.,

The ACNGS will also pay State and municipal salec taxes as weil as franchise, gross receipts,

and Federal income taxes. Table 5.4.4 shows that the '~tal taxes to be paid over the lifetime
of the plant would be almost $974 million. The annualizec value of this total equals roughly

$94.6 million.

5.4.4.6 Impact of construction noise, aesthetic impact, and displacement of residents

The discussion of the physical impacts of construction (noise, aesthetics, and displacement of
residents located in the upland areas of the site) included in the FES (Sect. 4.4.6) are not
affected by the proposed design changes. Accordingly, noise from some of the construction activi-
ties will cause disturbance to some of the residents along State Highway 36, FM road 1458, FM

road 1093, and the city of Wallis. The applicant plans, however, to select or treat equipment

to avoid levels that will be objectionable to residents. Also, the aesthetic impacts associated
with the earthmoving activities will not be visible except to users of FM road 1458 and from the
bluff overlooking the cooling lake area, and the construction activities will displace a total

of 16 families occupying site dwellings.
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Table S.4.4. Lifetirme tax benefit from Allens Creek Nuclear
Generating Station (in thousands of dollars)

Tax Fiscal year Lifetime value Annualized Estimation
1985 disoounted to 1985 value procedure
Ad valorem taxes
Austin Courty $ 1500 $ 36,200 $ 3,500 a
Wallis Orshard Independent 2600 62,900 6,100 a
School District
Sales tax=s
State of Taxas 8,000 124 000 '200 59 8% of revenue,
4% tax rate
Municipal 1.8600 24 700 2.400 47 5% of revenue,
1% tax rate
' Other taxes
Franchise 8.900 139 000 13,500 Estimated at 267%
of gross revenue
Gross receipts 4 300 67,000 6,500 Estimated at 1.20%
of gross revenue
Federal income 33,500 §20,000 50,600 Estimated at 10%
B ey 58 caRip of gross revenue
Total estimated tases $60.400 $973 00 $94 600

TER Supplement, Sect S8.1.6 1
Source. ER Supplement Table S8 1.7

$.4,5 MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS DURING CONSTRUCTION

5.4.5.1 Applicant commitments

.
Section 4.5,1 of the FES contains a summary of commitments made by the applicant to limit
adverse effects during construction of ACNGS as originaily proposed. In order to minimize con-
fusion, the commitments described in Sect. 4.5.1 of the FES are hereby withdrawn and are replaced
in their entirety by the following:

1. Measures to minimize erosion and sedimentation during site preparation and construction

a. Erosion control berms, ditches, and sedimentation basins will be constructea prior
to, or simultaneously with initiation of clearing, grubbing, and stripping
operations (ER Suppl., Sect. $4.4.3.6.1).

b. Erodible slopes will be mulched or seeded with native grasses to provide short- and
long-term cover if the slope is left undisturbed for an extended period, or perma-
nently., Particular attention will be given to creek bank areas and steep slopes.
Where excavation causes topsoil removal and replacement by subsoil, organic matter
or selecte? fertilizers will be acded to promote revegetation (ER Suppl., Sect.
$4.4.3.6.1).

c. All construction runoff will be routed to sedimentation basins until completion
of the dam. Thereafter runoff from the plant area construction activities will be :
routed to the cooling lake. There will be no discharge of construction runoff to i
Allens Creek or the Brazos River except in the event of an abnormally wet sear, and
then only if the ponded runoff is of acceptable quality (ER Suppl., Sect. 54.4.3.6 2).

2. Disposal of waste materials

dealers (ER Suppl., Sect. $4.4.3.4),

b. Liquid wastes (chemicals, fuels, etc.) will be deposited or discharged into containers
for salvage or subsequent removal to offsite locations (ER Suppl., Sect. $54.4.3.4).

c. Washings from concrete transporting equipment will be collected in a settling basin

a
a. Metal scrap will be collected in a trash disposal area for pickup by local scrap
and covered with fill upon completion of construction (ER Suppl., Sect. $4.4.3.4),
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Combustible materials including wastepaper, scrap wood, workmen's lunch leftovers,
etc., will be burned in an incinerator approved under Texas Air Control Beard
Regulation 1. Ashes and other incombustible materials will be buried at designated,
regulatory-approved landfill areas on the site (ER Suppl., Sect. 54.4.3.4).

Merchantable logs and pulpweod removed by clearing operations may be collected and
held for commercial sale. Brush and trees of no value for either commercial sale or
use in creating aguatic habitat will be burned using methods given under the Texas
Air Control Board Regulation 1 (ER Suppl., Sect. 54.4.3.4).

Sanitary wastes of construction personnel will be treated onsite. Plans call for a
sanitary waste collection system requiring the trucking of wastes on a regular basis
from the approximately 100 portable toilets scattered throughout the construction aresa
to the onsite treatment plant. This plant will have a contact-stabilization activated
sludge system with effluent filtration and chlorination. The design of the system
will be in accordance with the Texas Department of Health Resources and in accordance
with Texas Water Quality Board Regulations. Approximately 3790 liters (1000 gal) of
waste will be trucked to the treatment plant daily. It is designed to handle wastes
of the peak construction force (approximately 2400) and will be converted into an
extended aeration-activated sludge treatment system for use during operaticn cf the
station {ER Suppl., Sects. 53.7.3.1 and $4.4.3.5).

The concrete mix plant will be kept free of refuse and accumulative debris (ER
Suppl., 54.4.3.4).

3. Traffic and dust control

Incoming materials will be shipped by rail whenever practical (ER Suppl., Sect. 84.4.3.1).

Truck operations will be handled and scheduled whenever practical to minimize impacts
on, or interference with, local traffic patterns (ER Suppl., $4.4.3.1).

Traffic control measures will be implemented as necessary to control truck traffic and
to assure safe operations in the vicinity of small local communities (or concentrations
of houses), currently uncontrolled intersec®ons in rural areas, and school bus pickup
points (ER Suppl., Sect. 54.4.3.1).

Haul roads will be constructed onsite to minimize offsite transport of construction
equipment and materials between work areas (ER Suppl., Sect. 54.4.3.1).

Entrance roads and parking lots will be paved, and haul roads will be periodically
watered to minimize dust dispersal (ER Suppl., Sect. 54.4.3.2).

Dust control systems will be installed at the concrete batch plant to avoid excessive
releases of cement dust (ER Suppl., S4.4.3.2). Regulations to be followed are those
specified in Texas Air Control Board Regulation 1.

4., Measures to minimize the effects of transmission line construction
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Routes were specifically selected to avoid populated recreational, forested, and
visually sensitive areas as much as possible (ER, Sect. 3.9.4).

Construction will be scheduled to avoid unharvested fields whenever possible. When
disturbance or destruction of field crops is necessary, all surface construction marks
will be removed by disking, and farm operators will be adequately compensated (ER
Suppl., Sect. 54.4.3.11).

Construction will be scheduled to avoid the nesting season of the Attwater's prairie
chicken in the areas near which it has been sighted (ER Suppl., Sect. 54.4.3.11),

Ve?etation cloarin? along transmission line rights-of-way will be limited and
selective (Ek Suppl., Sect. 54.4.3.11).

Vehicle movements along transmission line rights-of-way will be controlled to minimize
effects that could cause erosion, retard restoration of ground cover, or preclude
resumption of agricultural use (ER Suppl., Sect. 54.4.3.11)
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During transmission line construction and operation, no widespread chemical spraying
will be done. Herbicides will be used only at the base of structures where brush and
vines make inspection and maintenance a problem. No herbicides will be used in the
rights-of-way near the Attwater's prairie chicken nesting ground (ER Suppl.,

Sect. 54.4,.3.11 and Appendix SH, p. SH-63).

Limbs and cther clearing debris will either be burned under conditions specified in
Texas Air Contr?l Board Regulation 1 or chipped and spread to provide mulch (ER Suppl.,
Sect. $4.4.3.11).

Denuded areas subject to erosion will be planted to native grass species to accelerate
succession and to prevent erosion (ER Suppl., Sect. $4.4.3.11).

5. Other mitigative measures

a.

5.4.6.2

Most of the surface area of the plant site will be replanted following construction
{ER, Sect. 3.1).

Sound suppression mufflers and emission controls on trucks and other equipment will
be rezquired in accordance with applicable State and Federal laws (ER Suppl., °
Sect. 54.4.3.3).

Night shift work, if implemented, will exclude high noise level work (ER Suppl.,
Sect. $4.4.3.3).

Staff evaluation

Based on a review of the anticipated construction activities and the expected environmental
effects, the staff concludes that the measures and controls to which the applicant is committed,
as summarized here, are adequate to ensure that adverse environmental effects will be kept at
the minimum practical level if combined with the following additional precautions:

1. A more detailed tree-cutting plan shall be prepared which will include the consideration of
navigation hazards and the visual aesthetics of trees that may appear above the surface as
the lake is drawn down.

2, The applicant shall follow the U.S. Department of the Interior guidelives entitled
“Environmental Criteria for Electric Transmission Systems" in designing, locating, and con-
structing the transmission lines.

3. The applicant shall follow guidelines for construction runoff as specified in 40 CFR Part 423,
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S.5. ENVIRONMENTAL EFFECTS OF OPERATION Of THE STATION AND
TRANSMISSION FACILITIES

The environmenta) effects of operating A"NGS as originelly proposed [1.e., a two-unit station
with a 3339-ha (8250-acre) cooling lake] are described in the FES (Sect. 5). In this section,
similar environmental effects of operation of a one-unit (1200-Mwe) station with a 2072-ha
(5120-acre) cooling lake at the Allens Creek site are described, Table $.5.1 summarizes the
cooling lake operating characteristics of both station designs. The water balance (i.e., makeup
requirements, inflow, outflow, etc.) for the 2072-ha (5120-acre) lake involves significantly
smaller quantities of water than the 3339-ha (8250-acre) lake although the total dissolved solids
(TDS) concentrations and spillway temperatures are not significantly different.

Table §,5.1. Summary of cooling lake operating characteristics”

ACNGS, Unit 1° ACNGS. Units | & 2

Makeup reguirements. acre ft/year 30,000 90,000
Inflow, acre-tt/vear 20,600 24 000
Precipitatiun, acre ft/yeac 16,600 28,500
Secpage, acre-tt/year 600 1,000
Evaporation, acre-ft/year

Natural 27.300 46,144

Forced 13,100 24 403
Discharge, acre ft/year

Spillage 24 900 64 500

Controlied releases 1,300 6. 500
Annual average cooling lake (DS concentration, mg/liter 897 8407
Annual average TDS concentrations in coaling lake

discharges. mg/liter 891

Maonthly average spiliway temperature range, C (°F) 126-306 (54.7--87.h 123-31.0 (54.1-879)
Monthly average range of AT in spillway, “C (°F) 03-16(06-29) 03-13(06-24)°

? Applicant’s estimate based on & six-month pumping mode (October ~March) and on meteorological data for the
period January 1852 -December 1968, and on 80% plant factor

®Nominal ettective cooling area (s 1942 ha (4800 acres)

“Nominal etective cooling area is 3076 ha (7609 acres)

“Statf estimates based on ER, Sect. 34.3 "

“Based on 100% plant factor, ER, Tabie 3.4 3

Basically, major changes in the operational impacis from those of the two-unit station design
are associated with the aquatic effects on the ecosystem of the cooling lake, radiological
impacts, and socioeconomic effects. With respect to the ecology of the cooling lake, the most
significant parameters for comparative purposes in assessing the changes in operational effects
are (1) the number of acres of effective cooling area per unit megawatt (electrical) for thermal
loading and (2) the effective cooling volume available for dilution of each quantity of dis-
charged effluent, both radiological and nonradiological (Table $.5.1). Other parameters are
equally important when either size station is considered, but the factors that influence many of
these effects (such as entrainment, impingement, etc.) remain unaffected by the project changes
or may be evaluated from these parameters, Because these gauging parameters in each case are
roughly equal or larger for the design of the one-unit station, the related operational finpacts
will be about the same or less than those for the two-unit station. These conclusions are
reached in the following sections. In any case, the nature of the impacts and their qualitative
assessment have not changed; consequently, updates are provided as appropriate.

$.5-1
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5.5.1 IMPACTS ON LAND USE
$.5.1,1 Station operations

The major land-use impact of station operation will be the loss of agricultural production from
the site during the lifetime of the station (Sect. S.4.1.3). The applicant estimates that the
present worth of agricultural production over the lifetime of the station would be approximately
$34 million (ER Suppl., p. $8.2-3). The beneficial impacts of establishing two State parks
along the shores of the cooling lake are discussed in Sects. 5.1.1 and 5.6.4 of the FES.

§$.5,1.2 Transmission lines

The 104 km (65 miles) of transmission line corridors will traverse 280 ha (692 acres) of rice-
land, 243 ha (601 acres) of other cropland, and 223 ha (552 acres) of rangeland (ER, p. 3.9-8,

and ER Suppl., p. $3.9-1). Only 2.4 ha (6 acres) of heavily wooded land will be included in

the corridors. The 345-kV lines have been routed as much as possible to avoid populated areas,
parks, scanic areas, highways, and extensively wooded areas (ER, p. 3.9-6). The visual impact of
Route 2A, which was routed over the cooling lake (FES, Sect. 5.1.2), has been eliminated by the
applicant's selecting Route 2C as the preferred alternative. The transmission towers will occupy
about 3.2 ha (8 acres) of land which will thus be lost to production. Herbicides (Banvel pellets)
will be used at the base ot towers where brush and vines make .nspaction and maintenance a problem
No herbicides will be used in the vicinity of the Attwater's prairie chicken nesting grounds (ER
Suppl., p. SH-63). Transmission line circuits will be designed to minimize induced voltage and
ground currents. Insulator strings proven to give adequate performance with respect to corona
effects will be used (ER, Sect. 3.9.7). The staff concludes that the transmission lines will not
interfere with agricultural operations o production to a significant extent. However, the staff
requires the applicant to follow the Rural Electrification Administration guidelines (REA Bull,
62-4)! for minimizing the electrostatic and electromagnetic effects of overhead transmission
lines.

$.5.2 HYDROLOGICAL AND WATER-USE IMPACTS

Dperation of ACNGS will result in impacts on the local hydrology and, nsequently, on water
users downstream. Groundwater characteristics, including flow patterns and water level distri-
butions, will be altered to some extent because of onsite well use and seepage losses from the
cooling lake., Surface-water hydrology will also be affected because of the consumptive (or
evaporative) losses of the heat dissipation system and the alteration of runoff characteristics
in the site vicinity. These effects were considered in detail in the FES (Sect. 5.2) and in the
ER (Sects. 5.1.8.2 and 5.1.8.3) for the two-unit station, and the staff found that these effects
would not be appreciable., Because both the seepage and consumptive losses are estimeted to be
substantively less for the one-unit station (40 and 43% less) than the losses for the two-unit
station, the associated impacts will be less.

The staff described in detail (FES, Sect. 5.2.1) the applicant's contractual agreements with the
Brazos River Authority for the withdrawal of makeup water from the Brazos River. To date, the
contract is in effect.

5.5.3 COOLING SYSTEM IMPACTS

The operation of the station heat dissipation system as described in Sect. S.3.1 will potentially
affect the aquatic ecosystems of both the Allens Creek coolin? lake and the Brazos River and to
some extent the terrestrial ecosystem of the Allens Creek cooling lake. The nature of the impacts
and adverse effects may be categorized or identified with those resulting from operation of the
cooling water intake system, from operation of the cooling-water discharge and blowdown systems,
and from the overall operational characteristics of the station in relation to the terrestrial
ecosystem. Impacts associated with the cooling-water intake system include (1) the physical
alteration of flow patterns in the various water bodies which result from the mere presence of
the intake structures and from the hydrodynamic effects of withdrawing relatively large volumes
of cooling water and (2) the phenomena of the entrainment of organisms into the circulating-water
system and the impingement of fish and other biota against the intake screens, both of which are
related to the withdrawal of cooling water, [Impacts associated with the cooling-water discharge
and blowdown systems include the effects of increased temperatures and concentration of chemicals
(both above ambient values) of the discharged effluents, which alter certain water quality
parameters and result in a stressed aquatic ecosystem (although localized here). Finally,
because the newly created reservoir will create a suitable habitat for some animals, the terres-
trial ocosystem will be impacted as a result of the station operation.
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The environmental assessments of the effects of operation of the cooling system for the original
station design (2400-MWe facility) are given in Sects, 5.3 and 5.5 of the FES. Most important,
detailed consideration was given to the characterization of ' . above enumerated impacts in view
of extant information for related systems. The qualitative asses "ents of these effects far the
design now under consideration remain unchanged. Consequently, in the following sections,
numerical updates of the corresponding cooling-system impacts in the FES are provided.

$.5.3.1 Cooling-water intake systems

$.6.3.1.1 Physical impacts
Brazos River

As described in Sect. S.3.1.1, 30,000 acre-ft of makeup water for the cooling lake will be
withdrawn from the Brazos River each year during either a three- (November to January) or six-
month (October to March) period. The conventionally designed intake structure (Fig. §.3.4) will
be located along the shoreline of the Brazos River (see Fig. §.3.3 for location).
The staff has reviewed the design of the makeup-water pumping station in relation to the way in
which its Jocation and proposed operation characteristics may influence the local hydraulics of
the Brazos River flow. Of chief concern were (1) the alteration of the local flow patterns to
the extent that increases in local turbidity or other related phenomena occur and (2) the zone
of influence of the intake flow (or the offshore extent of water entering the intake), which

may be a factor associated with intake-related phenomena, such as impingement and entrainment
(Seet: 5.8.3:1.2).

Inspection of the intake design and location reveals that localized increases in turbidity
caused by well-defined eddy motion and turbulence are not likely to occur. The extent of the
zone of influence, however, is not readily determined without the use of appropriate flow models
and knowledge of the flow data in the Brazos River. Thus, for boundary conditions, the staff
assumes that the intake structure (when in operation) will pump at the maximum capacity of

about 164 cfs and that the monthly average river flows will be those in Table S5.5.2. From
October through March (the months of tentative operation), the intake flows will be less than 10%
of the Brazos River flow (i.e., if river flows of less than 1100 c¢fs are not considered, as
stipulated in the contractual agreements between the applicant and the Brazos River Authority).
This aspect of the flow analysis is important in relation to the entrainment of organisms in the
intake. With these data and the river bathymetry given in Table $3.4-10 of the ER Supplement ,
the staff made conservative estimates of the zone of influence of the intake flow by employing
potential flow approximations, At an intake flow of 10% of the river flow, with the magni tudes
given in Table $.5.2, the staff estimates that water columns extending beyond 9.4 m (31 ft)
offshore will not enter the intake. These estimates are considered below in the staff's assess-
ment of entrainment effects.

Tabie $.6.2 Brazos River flow

Monthiy flow (cfs)

Ay 19%2 1953 1964 19556 1956 1957 1968 1950 1960 196} 1962 1963 1964 1966 1966 1967 1968
January 642 4487 2282 §82 962 682 9529 1411 16516 38378 1,996 3656 875 7,842 3.872 1150 18,158
February 953 1974 960 4826 2078 914 14654 5806 12274 34782 3911 3930 2068 18280 768! 853 1259
March 1287 4243 45 458 1,063 3630 13887 2177 6,331 14107 2391 1791 3478 6233 6626 639 1516)
Apeil 5620 1260 828 4504 893 18073 50986 14531 2576 5606 1898 2750 1646 7345 1416 2109 16.187
May 6784 26724 7075 4111 5197 77,169 26443 3544 7,767 2829 1097 1304 2654 238073 36697 2842 38,335
June 3578 1913 2886 6645 786 58350 4773 5354 6999 15568 5715 3,122 2500 10945 65460 2906 26,053
duty 913 994 866 1,700 716 15922 6,322 43356 6352 16,720 2936 1950 1,349 5260 1,944 1373 17,100
August 600 800 926 1212 636 3282 186! 2263 1802 65375 4428 549 §50 37207 3.71) 1304 2717
59 stember 809 1940 414 B99 602 1656 4994 1308 1168 12861 7502 §72 2480 1,832 11220 1266 3,898
Octuber 202 3447 590 10898 642 28762 4007 23658 7619 5960 4,886 862 2952 2082 65047 1038 3,160

Now ember 433 3353 8668 1120 1,283 17592 2,188 10075 17,785 6,580 2450 1069 4165 2017 1513 4606 2975
Decembw 3740 3565 480 783 1021 2200 1696 10890 20203 6,746 6184 1079 2770 7835 1380 2580 8981

Source: Ebasco Services, Ing . Allens Craek Nuciesr Genarating Station Enginsering Report, Ebasco Services, Inc. New York, 1973
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Allens Creek cooling lake

Section §$.3.1.3 contains a description of the circulating-water intake structure, and Fig. 5.3.3
shows its location. Circulation patterns in the proposed Allens Creek impoundment will be
derived from (1) wind shear due to the prevailing meteorology, (2) the driving force of the
condenser water intake-discharge system, and (3) intermittent inflows from Allens Creek. Of
these, the prevailing meteorology and the source-sink (or intake-discharge) systems will be the
dominant mechanisms influencing circulation patterns in the lake.

Section $.5.3.2.1 describes the applicant's method of calculating the flow patterns caused by
the various driving forces. The circulating-water intake system (namely, the intake structure)
is an integral part of the forces that cause the tlow. Therefore, this system cannot be treated
in a manner similar to that given to the installation of intakas on water bodies with existing
flow patterns, In any case, it is the staff's opinion that the condenser intake system as
proposed will not have any significant physical impacts on the cooling lake.

$.5.3,1.2 Aquatic impacts

Because the operation of ACNGS will! require the withdrawal of water from both the Brazos River
and the Allens Creek cooling lake, the aquatic ecosystems of both water bodies may be adversely
affected by the potential intake efrects, which include the entrainment of phytoplankton, zoo-
plankton, and ichthyoplankton; and, in the case of the intake from Allens Creek Lake, the
impingement of fish ¢n the intake screens. The assessment of these effects follows that given
in the TES (Sect. 5.5,2).

Brazos River

Water is to be withdrawn from the Brazos River to provide makeup to the Allens Creek cooling
lake at a volume level of 3.7 x 107 m* (30,000 acre-ft) from November through January (three-
month pumping mode) or from October through March (six-month pumping mode) during each year of
operation (Sect. S.3.1.1). This water will be withdrawn under the terms of a contract with the
Brazos River Authority (FES, Sect. 5.2.1). The makeup pumping station will be located as shown
in Fig. 5.3.3. The detailed design of the makeupswhter intake structure — which will consist of
two bays, each fitted with trash racks, stop log guides, fine screen guides (fine screens will
not be installed), and a 2.3 w'/sec (37.000-gpm? pump — is discussed in Sect. $.3.1.1. Signifi-
cant changes from the original design of the makeup-water intake structure include (1) a reduction
in the total pump capacity from 7.0 to 4.6 m®/sec (250 to 164 cfs); (2) the addition of fine
screen guides; and (3) an intake located at the shoreline as opposed to one recessed in a canal.
The maximum approach velocity to the trash racks remains approximately the same as for the
original design [18.3 cm/sec (0.6 fps)]. Although fine screen guides are included in the makeup
intake design, the applicant does not plan to install fine mesh screens. Consequently, the
makeup water intake effects will consist of the entrainment of fish as well as plankton,

Entrainment of planktonic organisms. In the staff's assessment of entrainment effects for the
original intake design (FES, p. 5-32), for which the pumping rates were about 33% higher than for
the design now under consideration, it was concluded that the entrainment of phytoplankton and
zooplankton would not significantly alter food chains in the Brazos River. The reduction in the
pumping capacity by about 33% which will potentially reduce the entrainment of planktonic
organisms by an equivalent amount further supports this conclusfon. Therefore, it is staff's
opinion that entrainment of phytoplankton and zooplankton from the Brazos River will not signifi-
cantly alter the biotic productivity of the river, especially in light of nutrients and organic
matter in the spillway discharges (Sect. $.4.3.2.3).

New information presented in the BMPR (Sect. 3.5) and discussed in this Supplement (Sect. $.2.4.2)
shows that fish spawning habitat is located upstream of the proposed intake structure location.
As shown in Table $.5.3, makeup water withdrawal from the Brazos River under a 12-month pumping
mode and maximum pumping rate duving the worst-case flow conditions could result in substantial
entrainment of ichthyoplankton during March through June (16 to 19% of total flow if uniform
cross-sectional distribution of ichthyoplankton is assumed), and may create an unacceptable
impact on the Brazos River fishery and on aquatic biota in general. However, under average-flow
conditions, an extension of makeup-water pumping beyond the six-month pumping mode from October
through March would be acceptable except during low-flow periods in late summer from the stand-
point of entrainment, [f a six-month pumping mode is used (October through March), only March
spawning occurrences would be susceptible to entrainment effects. Under worst-case low-flow
conditions (Brazos River flow at 1100 cfs, makeup-water pumping rate at 164 cfs), and with water
released from upstream reservoirs (164 cfs), 13% of the total Brazos River water would be
entrained. This would significantly alter the success of early spring (March) spawning in the
Brazos River, especially if the ichthyoplankton were concentrated in the current near the intake
shoreline,
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Table §.5.3. Twelve-month pumping mode water

withdrawal from the Brazos River
g Percentage of total flow removed®
Worst case? Average case”
January 15 2
February 7 2
March 13 3
April 16 2
M’V 3 1
June 17 9
July 19 4
August 21 8
September 2 5
October 20 3
Novembar 1" 4
December 14 3

a
Assuming maximum pumping rats of 164 ofs where
Percentage af Brazas  makeup flow
River water pumped  Brazos ";;

b
Using applicant’s worst.case yearly low fi
1956 T
“Using applicant's average-flow data. 1951 1o 1970
Source: ER Suppl . p. SH-46, and ER. Fig. 26.3

Without a complete ichthyoplankton study for the Brazos River, the amount of ichthyoplankton en-
trained — if pumping occurs during the spring spawning period (March through July) — cannot be
determined. If ichthyoplankton densities are not uniformly distributed over the river cross
section, which may be expected if spawning activity occurs on the same side of the river as the
intake structure location, then ichthyoplankton entrainment probably will exceed the 0.5% figure
given in the ER Supplement (Sect. 55.1.6.4). Because this exact figure is unknown, no assessment
can be made on the probable impact of entrainment mortalities on the Brazos River fish popula-
tions. The staff therefore requires that makeuo-water pumping not be done during the spring
spawning season (March to July) unless sufficient data are provided to support the contention that
this restriction is unnecessary to protect the Brazos River fishery (refer to Sect. 5.6.1 for
monitoring program). With respect to ichthyoplankton entrainment, the staff finds a six-month
pumping mode from September through February to be acceptable.

Entrainment of fish. The staff bhac considered in detail the factors that influence entrainment

of the fish species present in the -azos River (FES, p. 5-33), and what bearing these factors
(namely, fish swimming speeds; Table 5.20 of the FES) would have on entrainment in view of makeup-
water intake velocities of 15 cm/sec (0.5 ft/sec). Although juvenile fish have been found
upstream of the makeup-water intake site (Sect. $.2.4,2), the magnitude of juvenile fish entrain-
ment cannot be estimated due to a lack of information on their seasonal downstream movement past
the proposed intake location. However, the staff concludes that the low intake velocities will

be an important factor in minimizing the number of fish entrained.

An important modification to the original intake design is the elimination of a long intake canal
and substitution of an intake structure located closer to the shoreline. Elimination of the long
intake canal which might have attracted fish should, in general, reduce the potential for fish
entrapment and entrainment into the intake structure, dowever, from the intake structure drawings
in Fig-5.3.4, it is apparent that a small embayment or intake canal will still exist within the
concrete apron in front of the trash racks. As small embayments or canals also serve to entrap

or assess fish in an otherwise unidirectional current environment, the presence of this area will
increase the entrainment of juvenile fish. The staff therefore recommends that the applicant design
the make-up Jater intake structure to minimize the embayment and take advantage of the natural

river flow to sweep fish past the intake structure.

Allens Creek cooling lake

The circulating-water intake system is described in Sect, $.3,1.3. The intake structure will

consist of four intake bays, each fitted with trash racks, conventional vertical traveling

screens, and fine screens, Each bay will also house a 12.9-m%/sec (455-cfs)circulating-water

pump (Fig. S.3.6). The location of the structure will be about the same as in the original

design (Fig. 5.3.3)., Basically, the design 1s consistent with the intake design of the two-unit

station, exce, t that the intake flow is reduced by about 49% (from 3780 to 1940 cfs). Approach
- velocities in front of the traveling screen will be 0.5 fps (Sect. 5.3.1.3)
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for these impinged fish., The staff also concurs with the applicant that a fish by-pass system
based on tangential velocities just past the trash racks is not appropriate for the circulating-
water intake structure. As the technical specifications for plant operation will require
impingement monitoring, the staff recommends that a fish return system be used only if monitoring
demonstrates that game or sport fish are impinged in significant numbers and that a fish return
system wruld be advantageous to their productivity in the cooling lake. If significant numbers
of fish are impinged, other mitigating measures may alsc be necessary,

The staff concludes that some juvenile fish will be impinged on the travelling screers of the
circulating-water intake structure, and that impingement will be increased due to high tempera-
tures and releases of chlorine uostream of the travelling screens (if the chlorination injection
system is not relocated). However, fish impingement will not significantiy alter fish production
in the cooling lake.

5$.5.3.2 Cooling- Bter discharge and biowdown systems

$.5.3.2.1 Cooling lake operating characteristics and physical impacts on Brazos River

The operating characteristics of the proposed Allens Creek cooling laks as originally designed
(for a two-unit station) and the design now under consideration are summarized in Table $.5.1.
Inspection of these data reveals that the effluents that would be discharged into the Brazos
River for both systems would have similar total dissolved solids (TDS) concentrations (within a
few percent), and excess temperatures (spillway temperatures above Brazos River temperatures).
Accordingly, it can be concluded that physical impacts on the Brazos River which would result
from operation of the one-unit station employing the 2072-ha (5120-acre) conling lake would be
substantially less than those for the two-unit station employing the 3339-ha (8250-acre) cooling
lake becausc the two-unit station requires significantly larger quantities of makeup water, and
its spiliway discharges are also much larger,

To compare the effectiveness of each cooliny lake design qualitatively (Table 5.5.1), the number
of hectares of effective cooling area per unit megawatt of (gross) electrical capacity, and the
quantity of chemical effluents (both radiological and nunradiological) released into the cooiing
lake per unit volume of the cooling lake should be considered. For thermal loading, these

auging parameters are 1.6 and 1.3 ha/MWe (4.0 and 3.2 acres/MWe), respectively, for the one-unit
?2072-ha cooling lake) and the two-unit (3339-ha cooling lake) stations. Although the gauging
parameter for chemical loading of the cooling lake is not as easily calculated, it can be con-
cluded that since the volume of chemical effluents is reduced by roughly one-half for the one-
unit station whereas the volume of the cooling lake is reduced by less than one-half, the quantity
of chemical effluents released into the cooling lake per unit of cooling lake volume is less

for the one-unit station. Consequently, with respect to thermal and chemical loading, the Allens
Creek cooling lake is relatively larger as design:d for the one-unit station than the one
originally proposed for the two-unit station.

The effects »f operation of the heat-dissipation system for the initially proposed two-unit
station are described in detail in the FES (Sect. 5.3); a similar description for the proposed
one-unit station is given here. The analytical methods used by both the applicant and the
staff for the assessments that follow are essentially identical to those delineated in the FES.

Applicant's analysis

Details of the applicant's computational procedures and results of the operating characteristics
of the cooling lake and associated physical impacts on the Brazos River ave given in

Sects. $3.4.3 and $5.1.2 of the ER Supplement. First, a one-dimensional reservoir-yield model
was used to make predictions of condenser intake temperatures, evaporation rates, cooling

lake volume and operating levels, and TDS concentrations. These calculations were made for
meteorological data consisting of surface observations taken at Victoria, Texas, from January
1952 through December 1968. Both the three-month and six-month pumping schemes were considered;
however, the applicant is not under contractual obligation to employ either scheme (FES,

Sect. 6.2.1).

Tables 5.5.4 and $.5.5 show the cooling lake operating characteristics as calculated frem the
reserveir-yield model for the six-month pumping mode. It is noted that a hydrodynamic model
was also employed to estimate the spillway temperatures (Tahle 5.5.5). The resulte for the
three-month pumping node, whe « considered on a total or yearly average pasis, for the study
period data (1952 to 1968) are essentially identical to those for the six-month pumping mode
{Tables S.5.4 and 5.5.5) except for the respective TDS concentrations. The resulting cycles of
TDS concentration were larger for the threc-month pumping scheme by about 11%.
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Table $.5.4. Cooling lake evaporative water loss, discharge, and total dissolved solids (TDS) concentration

Design basis

One-unit operation at 1,200 MWe
Heat load = 64 X% 10 Bru/he (80% copacity) i
Makaup-water pumping rate = 5000 acre- ft.month for six montns !
Study period 1952 10 1968

Average Max imum =

WA‘::;?‘:” N“:(“::: o Average AB‘::::: ’ discharge- monthly Cyeles !

Month discharge” water TDS discharge of TDS :
water loss®  discharge River TDS : o i

Liasicain e (acre f1) PR C(n)CPnlrél<ol| water TDS CONCENtIaTo 1

{ppmj concent/ation .

V= !

January 1,808 16 4,857 469 gaa 1173 18 f
Fubiruary 2148 1 6.173 4 843 1,503 20 !
March 2,940 17 3,000 561 834 1,281 15 ‘
Apri 3.5 6 5,333 424 v82 1214 23 ‘
May 4,310 -] 3.746 400 827 961 21 A
June 4874 a4 9.69% 464 772 1,307 17 i
July 4 897 4 2,001 525 882 1.044 17 i
August 4,496 6 1,703 667 1,070 1616 16 i
September 3910 1} 1,176 613 1,085 1,631 1.7 f
Octoher 3,243 8 2,704 561 1.018 1.718 1.8 !
Noveriber 2,358 8 4 566 A44 816 1,120 18 i
December 1,824 10 57N 405 751 1,095 1.9 i
Total or 40,396 26,2037 489 891 1,297 18
average i

* Average based upon 1952 to 1968 study period dats

P Based upon manths when discharges sccu.

€Cycles based upon average discharge of TDS and upon TDS ir the Brazos River
'Awrm tota! annual discharge over the entire 17 year study period

Source: ER Suppl.. Table 83 4.7 (moditied),

Table $.5.5. Cooling-lake condenser intake and spillway temperature

Design basis:

One-unit aperation at 1200 MWe

B0% plant capacity

Condenser rise « 15.3°F at 80% capa’ ity
Heat load = 6.4 X 107 Bru/hr

Study period. 1952 to 1968

Average Average Condgenser 2 ynrage Tempe rature
Month equilibrum equilibrium intake spillway rise at
pergture” perature? temperature® emperature® spillway®
January 52.0 M8 655 54.7 29
Fabruary 562 556 58.1 579 23
March 62.7 627 64 64 4 1.7
April nas 642 73.2 702 1.0
May 788 783 798 790 07
June B4 S 842 855 B4.9 07
July 86.7 86.2 87.7 86 9 07
August 857 864 868 871 0?7
Septembier 810 808 823 816 o8
Octobwr PAN) 725 736 739 14
November 6809 606 6356 62.7 2.1
December 6386 63.3 R7.0 56.2 2%

?HBased upon meteorology for the 1952 10 1968 study period

P Based upon data for months when discharges occur 1or six-month pumping,
“Rise above equilibrium temperature

Source ER Supp' .. Table 83.4-2 (moditied)
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To estimate the temperatures of the spillway discharge, the applicant used a two-dimensional
hydrothermal model that provides estimates of the trajectory of the fluid particles (or stream-
line patterns) in the cooling lake. The temperature of each fluid particle along the various
streamlines (see Fig. $.5.1 for typical streamline patterns) is then assumed to dissipate heat
only to the atmosphere, making the particle temperature a function of position only along the
streamlines (ER, Sect. 5.1.2.2). Consequently, the spatial temperature distribution over the
surface of the cooling lake (and over the depth also, because the model is depth-averaged) is
obtained for the prevailing meteorological conditiuns., Figure $.5.1 shows these calculations
for data judged to represent five-day critical metecrology. The applicant has also estimated
{(ER, suppl., p. SH-139) that for average metecrological conditions, travel times of particles
along the diversion dike and the cooling lake dam will be 12.3 and 65.4 days respectively.

Table $.5.5 presents the applicant's estimate of spillway temperatures and excess temperatures
for monthly average meteorological conditions (80% plant load factor; 1952 to 1968 study
period). The average monthly spillway temperatures range from a low of 12.6°C (54.7°F) in
January to a high of 30.6°C (87.1°F) in August, with excess temperatures of 1,6°C (2.9°F) and
0.39°C (0.70°F) respectively. Additionally, the applicant calculated a maximum monthly average
sunmer discharge temperature of 31.2°C (88.2°F) at a plant load factor of 100%, as opposed to
31.1°C (88°F) which was previously predicted for the two-unit, 3330-ha (8250-acre) lake design
?%ring Necember (the period of maximum AT), the excess temperature is expected to pe about 2.2°C

°F). Although the results in Tables $.5.4 and 5.5.5 are presented in terms of monthly averaged
meteorology, various causes were considered for which daily and hourly data were employed. For
example, excess temperatures for three-hourly meteorological data calculations (December 1963)
were figured at a 1007 capacity factor, with a resulting maximum discharge AT of 5.9°C (10.6°F)
(ER Suppl., $3.4-27).

The applicant's thermal analysis also included an investigation of the mixing characteristics of
the thermal effluents discharged into the Brazos River. Table S$.5.6 presents the results of the
cases investigated for the six-month pumping mode. 1In nearly all cases, the discharge flow was
less than 10% of the Brazos River flow, and the maximum 4T was 1.9°C (3.5°F). The greatest

plume penetration downstream for the 1.1°C (2°F) excess temperature isotherm is 381 m (1250 ft),
and the corresponding maximum offshore extent is 6.4 m (21 ft). Similar results were found for
the three-nonth pumping mode; however, due to different flow conditions, the plumes were much
larger. These results are for monthly averaged conditions, and the plumes may on occasion cover
significantly larger portions of the Brazos River (i.e., for larger discharge excess temperatures),

Staff's analysis

The estimates of cooling lake behavior in Tables $.5.4 and $.5.5 are bused on a plant capacity
factor of 80%. To assess the cooling lake operation characteristics (from the applicant's model)
for a plant capacity factor of 100%, the staff compared the results of the respective cases for
the 3076-ha (7600-acre) cooling lake simulations (ER, Tables 3.4-1A and 3.4-1B). The plant
capacity factor was increased from 80 to 100% during the months of May through October for the
average year of meteorological data (1964). The results show that during this period, forced
evaporation increased by an average of 20%, and the cooling lake TDS concentration increased by
an average of 2%,

To make an independent assessment of the cooling lake operating characteristics, the staff used
the mode! of Ryan and Harleman." The various pumping modes were not simulated; instead, the
surface level of the cooling lake was assumed to remain constant. Calculations were made for

the cooling lake gross evaporation rates, equilibr um temperatures, and circulating-water intake
temperatures, all on a monthly averaged basis v eteorological observatiors recorded at Houston,
Texas, during the 20-year period January 1952 thr igh December 1971, It was also assumed that

the plant would operate at a full load (100% plant capacity factor), thus discharging about

2490 MWt (8.5 x 107 Btu/hr) of excess heat into the cooling lake.

In the staff's previous analysis of the operating characteristics of the 3339-ha (8250-acre)
cooling lake design (FES, Sect. 5.3.2), the simulations were based on meteorological data recorded
at Victoria, Texas (the applicant's choice of data for both analyses), instead of at Houston,
Texas. For these data, the staff's and the applicant's results were in close agreement, In
particular, the staff's estimate of gross water-evaporation rates (yearly average) from the
cooling lake was about 4% larger than the applicant's estimate. This was attrituted to the
slightly higher heat lcad used in the staff's analysis. Similar trends were also found in the
staff's simulations employing the smailer cooling lake design. Table S.5.7 shows that the
average evaporative-water loss is estimated to be 43,855 acre-ft/year, which is about 8.6%

higher than the applicant's estimate (Table $.5.5). It is the staff's opinion that this increase
is mainly due to the higher heat load used by the staff and not due to differences in the meteo~
rological data.
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Table §.5.6. Temperature effects on the Brazos River one-unit operation for six-month pumping mode

: Plum
Dischatge Flow (chs) - ok !::,:::s Mixed = 152
Month  Year oyl saths -—‘B Brazos Brazos fatecal temperature  Brazos Maximum  Maximym Surface

""” ()lﬁ(?'\"w R’alm RKVCN R-vef di;'uh it i ik See—— o i

F O dapth width (4 isec) i F) sotherm  extent exteny  facres) :
oy i 39C (* F) ift) {1

Jaouary 1962 22 66 542 261 203 p.0n 024 2 1,250 21 028
January 1963 35 136 3656 8523 309 0 200 013 2 1,180 1" 0.20 i
3 350 0 004 i
December 1953 23 1.0 3566 619 307 0197 012 2 a60 14 016 .
,}
Jawary 1967 11 60 1189 307 . I 0035 018 2 1,250 i1 0.20 ;

3 250 10 003

Fetwaary 1067 28 66 883 - 292 211 0083 020 2 1,750 16 0.3%

Source. ER Suppl . Tabie §34 10

Table §.5.7. Staff estimate of cooling lake operating characteristics” ©

Average Average Condenser Temperature
evaporative equitibnum intake rise at
s i water 1088 temperature temperature spillway®

(acre tt) "6 F c R T
P M LS TN, TR~ B0 L ST L R B SO R HIEIRUSE e SRR snie s 1S » il ]
January 2,168 15 528 145 58.2 30 54 i
February 2,346 134 56.2 158 60 5 24 43 ‘
Mareh 2,962 173 632 19.3 667 20 3% _
April 3570 223 722 236 s 13 23 |
May 4,227 264 7985 275 B1 6 11 21 :
dune 4.776 300 86 1 313 883 13 22
July 4,885 322 90.0 331 a9 09 1.6
August 4,748 314 885 330 914 1L 29
Septamber 4,548 283 830 29.9 859 16 29
Octaber 4,019 230 734 25.1 7i2 21 38
November 3,159 16.6 619 193 66 7 27 48
December 2,459 129 553 160 60 8 31 56

Total or yearly average 43 855

#Design basis. One-unit operation at 1200 MWe, AT - 10.8°C (19 87°F), circulating water flow = 55
m3isec (1940 cfs)

bBased upon meteorolagy (manthly average) recorded at Houstan, Texas, for the penod 19621971

€ Approximated as value of condenser intake temperature above the average equilibnium temperature

The staff's estimates of circulatingswater intake (or condenser) temperatures and cooling lake
equilibrium temperatures (Table 5.5.7) are also in agreement with the applicant's results (Table
$,5.5), Although the staff's estimates are slightly higher for each month, they agree reason-
ably well in the relative variations on a monthly basi=., As in the design of the 3339-ha
(#250-acre) cooling lake, July is the month of highest intake temperatures.

The staff's method of determining the spillway temperatures was to construct graphically a flow
net (or streamline patterns) in the cooling lake by employing potential flow theory and neglect-
ing the driving forces due to wind shear. After determination ¢f the streamlines, the flow
rates in each cell are obtained, allowing for an estimate of travel times for fluid particles
through the various flow circuits. Because it is assumed that the temperature of the fluid
particles along each streamline varies with travel time in exactly the same fashion, estimates
of spillway temperatures can be made. This method, although approximate and crude, is essen-
tially identical in theory to the applicant's model (ER Suppl., Sect. $5.1.2.2).
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foreover, by employing this method for the larger cooling lake design, the staff concluded that,

within the accuracy of the method, the spillway temperatures were about the same as the circulating-

water temperatures., Similar results were also obtained for this case. Inspection of the appli-
cant's calculations (Table 5.5.5) reveals that, on the average, the condenser intake temperatures
are slightly higher. Consequently, the staff calculated the excess temperatures of the effluents
discharged via the spillway by equating the spillway temperatures to the condenser intake temper-
atures. Table 5.5.7 shows that the excess temperatures range from (.9 to 3.1°C (1.5 to 5.5°F),

Rather than perform an independent set of calculations to determire the extent of the thermal
plume in the Brazos River, the staff reviewed in detail the applicant's method and assumptions
used for these calculations (Table $.5.6). The nature of the di<charge and the flow conditions
are either i]1 defined or too dependent on the applicant's mode of operating the cooling lake
for the staff to make precise estimates with reasonable confidunce., Therefore, the staff
believes that for the cases solved, the applicant's results (Table 5.5.6) are conservative in
that near-field or jet-type mixing was not included at the discharge to the Brazos River.

5.5.3.2.2 Aquatic impacts
The operation of ACNGS potentially will affect two aquatic ecosystems — the Allens Creek cooling

lake and the Brazos River. As in the FES (Sect. 5.5.2.1), the staff concludes that operation of
the plant will not have any significant impact on the biota c¢f Allens Creek.

Allens Creek cooling lake

Sources of impact on the proposed cooling lake from the cooling water discharge system are (1)
temperature alterations, (2) chemical discharges, and (3) water quality changes. A general dis-
cussion of the potential impacts resulting from these effects is given in Sect. 5.5.2.1.1 of the
FES:

Temperature. The yearly thermal regime of the proposed cooling lake will be somewhat modified
from the original analysis because of (1) the reduction of effective cooling area of the lake,
(2) the redesign of the circulating-water discharge canal to achieve less near-field mixing,
and (3) the reduction in volume of the discharged effluents, As in the original analysis ?FES.
Sect., 5.5,2.1.1), the circulating -water system of ACNGS will discharge heated water into Allens
Creek cooling lake with a maximum AT of 10.8°C (19.5°F). Figure S.5.1 shows that elevated
temperatures will exist near the conderser discharge canal during worse case conditions. No
substantial differences due to three- or six-month makeup pumping modes are revealed in the
isothermal patterns in the lake (ER Suppl., p. $5-16). During an average year, lake tempera-
tures will be highest in July. Moreover, during the summer months of an "average" year, the
35.5°C (96°F) isotherm will include about 20% of the lake surface and the 31-32°C (86-88°F)
isotherms will include about 85% of the total lake surface (ER Suppl., Figs, $3.4-21 and 53.4-22).
These conditions will prevail for at least one month and probably somewhat longer during the
period July to August.

Fish. References revicwed and presented in the ER Supplement (Sect. $5.1) and in the FES (Sect.
5.5.2.1) provide evidence for the lack of substantial impact to fish populations resulting fromn
releases of heated water into those Texas reservoirs which have been studied to date. However,
as stated in the FES (p. 5-24), many factors other than temperature influence fish production in
heated reservoirs and these factors have not been adequately addressed in the various studies.

In addition, no information has been found on fish production in these systems prior to receiving
heated effluents. Consequently, this literature review is of limited value in the current
assessment (FES, p. 5-24).

Under the original cooling lake design, the zone of exclusion resulting from high temperatures
could have covered approximately 30% of the lake surface (FES, Table 5.7). As given above, the
present 2one of exclusion for fish [35.5°C (96°F)] under worse case thermal conditions will be
20% of the total lake surface (Fig. 5.5.1). This zone of exclusion under the current design
will not prevent a fishery from being established and maintaineu. When these high-temperature
areas occur, they will probably be avoided by fish. Shallow cooling reservoirs like the pro-
posed Allens Creek cooling lake may, however, reach sufficiently high temperatures throughout
the water body during an abnormally warm summer to stress fish and other biota.® Table $.5.8
ives spawning, growth, and preferred temperatures for some important reservoir fishes, and
able 5,17 of the FES gives incipient lethal tem;erature thresholds for selected fish. From
comparisons of these data and tne results of the applicants thermal analysis (ER, Suppl. Figs.
$3.4-14 to 53.4-26), more than 50¢ of the total reservoir surface area will be above 32

g
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Table 5.6.8. Spawning, growth, and preferred emperatures
of some important raservoir fishes

Temperature at Temparature for

Preferred temperature

Species which spawning occurs optimum growth range Sources
it e *®

Golden shiner 156-210 120-24.0 ab.c
Threadfin shad 140-210 (4
Bluegill 200 27.0-320 t.d e
White crappie 14.0-230 16.0-230 ab
Largemouth bass 200-240 270 27.0-320 at
White bass 120-24.0 10.0-31.0 b9
Striped bass 130-200 f
Channel cattish 210-27.0 30.0 26.0-30 2,0 h

Sources

?J. § Har:, "Geographic Variations in Some Physiological and Morphotogical Characters in Certain
Freshwater Fish," Publication of the Ontario Fish Research Laboratory. vol. 72, University ot Toronto
Buwlogical Series No. 80, Ontario, Canada, 1952

5) M. Reutter and C. E Herdendartf. " Laboratary Estimates of Fish Response to the Heated Discharge
from the Davis-Besse Erie, Ohio,” Center far Lake Erie Area Research, Ohio State University, Columbus,
1976

“K. D Carlander, Handbook of Freshwater Fishery Biology vol 1 Life Histary Data on Freshwater
Fishes of the United States and Canada, Exciusive of the Perciformes, lowa State University Press, Ames,

1869
“F B Cros, Handbook of Fishes of Kansas, Museurn of Natural Histary, University of Kansas
Lawrenc~, 1867

“C. C. Coutant, "Temperature Selection by Fish' A Factor in Power Plant impact Assessments”, ir,
Environmental Effects of Cooling Systems at Nuclear Power Plants, International Atomic Energy
Commission, Vienna, 1975

"A J McClane, McClane.s New Standard Fishing Encyclopedia. Holt, Ringhart, and Winston, inc., N.Y

“C.C Riggs, “Reproduction of the White Bass: Marone chrysops.” Invest Indiana Lakes Streams, 4
87 -110. (1965)

#J W. Andrews, L. H Kaight, and T. Murai, “"Temperature Requirements for High Density Rearing of
Channel Catfish from Fingerling to Market Size,” Prog. Fish-Cult 34: 240 1972.

{90°F) during July and August. Approximately 15 to 50% of the lake surface will be at 32°C
(90°F) or above during the summer period of June to Seotember. Althouagh manv soccies of fish
Iikely to inhabi* the Allens Creek cooling lake have been colle:ted in high-temperature

areas (FES, Table 5.16), growth and spawning will be adversely affected and the incident rate
of disease may increase if temperatures above 32°C (90°F) prevail for more than a month, ®+5
Adverse effects from the summer temperature regime will be especially evident for those fish
species whicn may be forced, in the absence of any thermal refuges, to inhabi: lake water above
their preferred temperature range. Although some refuges of cooler water temperatures below
32°C (90°F) will exist in the lake, the une- to two-month period of restriction of this area
during summer months (July and August) will have an adverse effect on the maintenance o\ the
reservoir game fish populations. Rough fish to game fish ratios in the lake will also be
affected by extreme summer temperature because rough fish will have a competitive advantage
due to their generally higher optimal temperature regime.® In addition, since the temperature
increase in the condenser cooling water will be 10.8°C (19.5° ) above ambient, dissolved gases
present in the cooling water will become supersaturated and mey lead to problems of gas bubbile
disease in fish.’ However, the incident rate of gas-bubble disease in fish near the discharge
canal is not currently amenable to prediction and the staff believes that this occurrence will
not significantly alter fish production in the cooling reservoir.

Cold shock stress on resident fish populations is another potential problem in thermally loaded
reservoirs, The probability of cold shock occurring in the original station design was reduced
by the low probability that both units of the station would be shut down simultaneously (FES,
p. 5-24). However, using the one-unit operating design, thermal cold shock may be an occurrence
of significance in the cooling lake during winter months in the event of plant shutdown. During
winter months, fish tend to seek preferred temperatures in thermal plumes; therefore, sudden
loss or dissipation of these plumes by storms or plant shutdowns can result in severe p. ysio-
logical stress or death. The staff was unabie to find any evidence of cold shock accurrln? in
Texas reservoirs, probably because of the subtropical climate and mild winter conditions allowing
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for more gradual acclimation of fish populations to lower temperatures. In this climate, cold
shock m~y be possible only during a combination of rare cold weather ano plant shutdown.

The staff concludes that thermal loading of Allens Creek cooling lake b‘ plant cueration will
adversely affect productivity of those fish with temperature optima of .0°C (80%) or less but
that direct fish mortality will not result. Rough fish populations will probably be enhanced
at the expense of game fish populations due to high summer water temperatures in the lake.
Fish mortality due to cold shock should be negligible since it would only occur when severe
winter cold weather is coupled with plant shutduwn, Gas-bubble disease may be present in fish
but should not significantly affect fish production.

Benthic macroinvertebrates. The analysis of temperature effects on benthic macroinvertevrates
presented in the FES (p. 5-24) fs appropriate for the current cooling lake design and operation.
Although localized differences in benthic macrofnvertebrate biomass and diversity are expected,
no significant effect of temperature on total lake benthic productivity is probable for the
expected yearly isotherm cycles given in the ER Supplement (Sect. 53.4{.

Zecplankton and phytoplankton. The impact of elevated temperatures on plankton in Texas
reservoirs 1s considered in the FES and in Sect. $.4.3.2.3 of this supplement. Algal bloom
occurrences are considered prubable in fhe high -nutrient Allens Creek cooling lake. These |
algal blooms may be enhanced somewhat by thermal releases from plant operation. The impacts |
from these blooms are considered in Sect. $.4.3.2.3.

Pathogenic amoebac. During the review of this proposed facility, the staff reviewed information

concerning primary amoebic meningoencephalitis (PAME). Three cases of PAME were reported in

the United States in 1977, one each in North Carolina, Georgia, and Texas. A1l of these cases

involved individuals who had reportedly been swimming in waters with elevated temperatures and

each case resulted in death. This disease has been attributed to pathogenic amoeba of the

genus Pacglavia and Asanthamocla, Since the cooling lake may at times be at elevated temperatures,

both naturally and during operation, and fegleria fowlori, one of the primary causal pathogens,

has been identified in some thermally loaded Texas reservoirs,® the staff did a detailed survey |
¢f current ecological and epidemeological literature relative to the potential presence of

pathogenic amoeba in the Allens Creek cooling lake. The survey revealed that: (1) vaeyleria ‘
and Ananthamoebs are ubiquitous 1n nature and can be free-i1ving in fresh water without an :
apparent need for an intermediate host; (2) Haegleria and Asanthamoehba can live on bacterial |
populations present in fresh water; (3) bacteria populations are stimulated by organic nutrient |
loading and heat input to freshwater bodies; (4) amoeba undergo interspecific competition such

tkat pathogenic forms seem to be favored over nonpathogenic forms at higher temperatures [above

35-.37°C (95-97°F) but especially above 42°C (108°F)].

In the preceding analysis (Sect. $.4.4.2), the staff has shown that Allens Creek cooling lake
will be a thermally loaded eutrophic system with high bacterial populations during warm water
seasons. The staff therefore concludes that 1t is possible for the cooling lake to provide

appronriate habitat for Vacsleria and Acauthamockba. However, as revealed by the literature

survey, there presently exists no capacity to predict whether amoeba that may develop in the
lake will be pathogenic; and, if pathogenic amoeba do develop, what, 1f any, will be the rate
of contraction of the amoebic diseases in individuals coming in contact with the lake waters.

Chemical discharges

Chlorine. During normal plant operation, chlorine will be injected into the inlet cells of the
circulating-water intake structure as a biocide to prevent fouling in the cooling system. Chlo-

rine will be discharged to the Allens Creek cooling reservoir at a maximum rate of 692 kg/day

(1525 1bs/day). The applicant states that chlorine will be discharged in two daily doses of

18 min each at a concentration sufficient to maintain a 0.2 mg/liter free chlorine residual at

the condenser dis.harge block (ER approximately Suppl., Sect. 3.6.3). This level corresponds with

EPA's chemical effluent limitations guidelines. This will result in a maximum total residual

chlorine (TRC) discharge of approximately 2.2 mg/liter to the lake (during two 15 min periods each

day) if no loss of free chlorine along the aischarge canal occurs. Unlike condenser operation

for the two-unit operation or‘ginally proposed in the FES, no dflution will occur in the con-

denser system. Although some of the free residual chlorine will undoubtedly be taken up by the 5
biological chlorine demand of the discharge canal,? dilution will only occur when chlorine
enters the lake. The proposed total residual chlorine release of 2.2 ppm is greater than the
projected release of 1.0 + 0.5 ypm TRC estimated for the original plant design (testimony of
Hildebrand and Zittel)®. Consequently, further discussion of the effect of chlorine releases
into the cooling lake 1s warranted.
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Total residual chlorine will enter the lake with the thermal effluent and will be dispensed by
circulation patterns in the cooling lake. These circulation patterns will be affected by
cooling-water intake and discharge, by the prevailing wind, and by the inflow from Allens
Creek. Due to the uncertainties of the water chemistry of the proposed cooling lake (Sect.
§.4.4.2.3) and the u~tnown amount of atmospheric losses, the dispersion of TRC in the lake
cannot be properly s..dlated.%,iC

because the cooling lake wiil be eutrophic and or?anically rich, ~uch of the TRC will be in the
form of combined residual chlorine, which has a slower reaction time with the chlorine demand

of the lake water (estimated at 2 mg/1iter for the original lake plan).9 Although the instantaneous
chiorite demand of th “~ooiing lake water will eliminate the free residual chlorine when it

enters the lake, the .. abined residual chlorine compounds consisting primarily of cnloramines

will be dispersed to a much greater degree. Because chloramines are toxfc to aquatic biota,!’

some effect from the discharge of 2.2 ppm TRC on the biota of the ccoling lake will occur.

Chlorine effects on biota through short-term exposure. The general toxicity considerations of
chlorine to aquatic bfota are discussed In the FS (Sect. 5.5.2.1.1). Figure 5.5.2 is an
update of Fig. 5.6 given in the FES.

A1l organism. entrained into the cooling system during chlorination events should suffer 1007
mortality. Although overall plankton productivity in the lake will be reduced, no significant
effects are expected from this occurrance,

Benthic macroinvertebrates in the vicinity of the discharge canal will be affected by the total
residual chlorine releases. Because the croling lake will be eutrophic, which usually means

that chironomids and oligochaetes will dominate ine benthos. only tgese organisms are considered.
Since chironomids are relatively resistant to chlorine poisoning, their distribution will not

be affected as much as that of the more sensitive oligochaetes ?Table $.5.9).1¢ The areal

extent of the probable shift in relative population densities cannot be estimated, but the
overall benthic macroinvertebrate productivity in the cooling lake will not be severely affected
by the chlorine releases,

At the discharge area, any fish found in the thermal plume dispersion path may swim out of the

area during periods of chlorinat on if given an appropriate warning.!! However, fish kills

have been rzported to occur in discharge plumes during intermittent chlorfnation events.’,'?

The applicant's projected TRC discharge of 2.2 mg/liter will therfare cause fish distress if avoid-
ance does not occur in the discharge area. From fig. $.5.2 1t follows that the acute toxicity
threshold for aquatic biota (0.15 mg/1iter for 15 .win) will be exceeded twice a day in some area
near the discharge canal. Further, the staff's analysis predicts that dispersion by diffusion
roncentration by the time the dischaaged water reaches the bend in the diversion dike (Sect.
$.5,3.2,1), Thus, a substantiai area of the upper lake will be affected by high TRC concentrations.
This may be especially detrimental to resident fish populations during winter months if fi.h
exhibit a preference for the thermal plume.”»}! Also, {f white crappie or other fish ~pecies

spawn along the rip-rapped diversion dike shoreline in the discharge canal area, their spawn

will be subjected to high TRC levels. 1t is the staff's opinion that although the areal extent

and magnitude of TRC effects on fish populations in the cooling lake cannot be predicted with
certainty, the applicant's proposed chlorine release of 2.2 mg/1iter TRC will adversely affect

fish populations in the cooling lake,

Chlorine effects on biota through long-term exposure. As stated in the FES (p. 5-25) total
residual chlorine discharged to the Take in the thermal effluent wil)l be composed primarily

of chioramines which are generally more persistent than but with apparently the same order of
magnitude toxicity (to aquatic organtsmss as free available chlorine. Long-term exposure to
chloramines may therefore produce some negative effects on the biota of the Allens Creek cooling
lake in the vicinity of the discharge canal. From inspection of Fig. 5§.5.2 and from the pre-
vious discussion of the dispersion of TRC in the cooling lake, it is apparent that TRC discharges
of 2.2 ppm will greatly exceed the sucgested conservative limit for continuous exposure of

0.0015 ppm'“ over some area near the discharge location. As previously stated, neither the

areal extent nor concentration or duration of the exposure to TRC compounds can currently be
predicted. Conseque~tly, the magnitude of the effects upon the aquatic biota of Allens Creek
cooling lake from long-ter. exposire to TRC cannot be estimated. [t should be pointed out that
many non-game fishes, which will probably dominate the Allens Creek cooling lake fishery, are
more resistant to chlorine than are most of the cold water species used to develop the conserva-
tive estimate of TRC concentration for protection on a continuous basis (ER, Suppl., p. $5.4-6).
It is the staff's opinion that some effect of long-term exposure to TRC compounds will be evident
in the Allens Creek aquatic biota due to the applicant's projected release of 2.2 ppm TRC during
two 15-min daily periods.
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iased on the above analysis of both short- and lcg-term potential impacts from the release of
2.2 mg/Titer of TRC during two 15-min daily periods, tne staff concludes that the p-edicted
levels of impact would significantly alter the biotic productivity of the cooling reservoir.
The staff therefore recommends that the applicant be required to meet the 0.1 mg/liter TRC
~'scharge limit agreed to by the applicant during the hearing before the ASLB (trans:ript page
14). As stated in the FES (p. 5-25? and in the hearing transcript page 161), dilution of this
concentration in the cooling lake should be sufficient to protect the aquatic biota.

The 1imit of 0.1 mg/' TRC is more restrictive than EPA's Chemfcal Effluent Limitation Guidelines
(CELG) . However, the staff is hopeful that *he above discussfon of the potential harm associated
with the high levels of chlorine release that would be permitted by the CELG will convince EPA

to incorporate the more restrictive 1imit of 0.1 mg/1 TRC in the NPDES for ACNGS. If EPA decides

on a limit of greater than 0.7 mg/1 TRC, it 1s the staff's opinion that significant adverse impacts

on the aquatic biota of Allens Creek Lake may result.
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Data point and
scientific name

Chiocophyta
*  Chiorella pyrenoidosa
2. Chireella pyrencide a
. Chioreita py “eriidass
. Chiorella variegate
Scenedesmiis obliquus
Scenedesm . sp
Chrysophyta
7. Gomphonema parvulu,
8 Nitzschia pales
Cyanophy ta
9 Cyimdrospermum
licheniforme
10. Microcystis aeruginesa
Miscellaneous
Not given

o AW

Pretozoe
nany species)

Arthropoda-crustacea

11 Aselius aquaticus

12 Asellus racovitza

13 Cyelops sp

14 Daphnw magna

6. Daphnia magna

16 Daphnia magna

17. Daphnia magna

18. Daphnia sp

19. Gammarus minus

20 Gammarus pseudolimnaeus

21 Gammarus pseudolimnaeus

22. Gammarus pseudolimnaeus

23 Gammarus pseudolimnaeus

24 Gammarus pseudo. imnaeus

25, Gammarus pseudolmnasus

26 Gammarus pseudolimnaes

27 Orcoapctes virihs
Arthrapoda insecta

28 Centroptilivum sp.

29. Chiranomus sp

30 Ephemerella lata

31 Mydropsyche bifida

32 Hydropsyche sp

33 lron humeralis

34. I1sonychia sp.

3% Peltoperla maria

36. Prerynarcys sp.

37 Stenonema ithaca
Annshida

38 Nass communis

39 Nais sp

40. Nais sp
Nematoda

Cheilobus quadrilabiatus

A1 Diplogaster nudicap:tatus

42 Trilohus gracilis

42 Trilobus gracilis
Mollusca

43 Campetoma decisun

44 Goniobasis viegimica

45 Nitocris (Anculosal

carinate
46. Physa integra
47 Physa heterostropha

§.5-17

Table $59 Summary o toxicity of chlorine to freshwater organisms

Descriptive Concan ration D":'"'o"r:' okt
name (mg/liter’ i
{rmn)
Plants
018 1,440 50% dacrease a gre ath
0a 300 50% decrease in gra ah
06 1.200 43% mortality
2 4,320 Decreased growth
2 4320 Decreased growth
10 5,760 Mortality theeshoid
2 4,320 Decreased growth
2 1,320 Decreasad growth
2 4320 Decroased growth
2 4,320 Decreased growth
Phytoplank ton 04 Not given Stops growth
Invertebrate ammals
2-8 <i Some mor tality
Water louse 06 60 No reproduction
Isopod 0613 1,440 50% martality (15°C)
1 30 Some mortality
Water flea 4 2880 Mortality threshold
Water flea 0126 240 100% mortality
Water flea 0.002 20,160 Decreased reproduction”
Water flea 05 4,320 100% mortatity
Water flea 05 60 Some mortality
Scud 0023 2,880 €0% mortality (16°C)
Scua 0.035 151,200 BO% mortality
Seud 022 6,760 50% mortality
Scud 0.0034 161,200 Almost no reproduction
Scud 0.054 161,280 Decreased survival®
Seud 0.019 201,600 Decreased reproduction’
Scud 0136 43,200 No eftect?
Scud 0.800 1.440 50% mortality”
Crayfish 0.780 10,080 50% mortality”
Mayfty 0071 1,440 650% mortality (6 C)
Midge larvae 7 1,440 BO% mortality
Maytty 0.027 2,880 §0% mortality (15 C)
Caddisfly 0.396 480 50% mortaliry (26°C)
Caddistly 0.66 10,080 60% mortality®
Mayfly 0.046 480 50% mortality (1% C)
Mayfly 00093 2 880 50% mortality (6 C)
Sronetly 0,020 2.880 50% mortality (18°C)
Stonefly 0480 4,320 50% mortality?
Mayfly 0802 480 50% mortality (26°C)
Qligochaete worm 1.0 35 95% mortality
Oligochaste worm 1.0 34 100% mortality
Oligochaete worm 0% 30 Disintegration
Nematode worm 91 30 50% mortality
Nematode worm 130 120 50% mortality
Nematode 200 160 100% mortality
Nematode (immature) 30 90 100% mortality
Operculate snait »08'0 20,160 50% martality®
Opercalate seail 0.044 6,760 0% mortality (26°C)
Operculate snail 0.086 6,760 60% mortality (28"C)
Putmonate snail 0810 20,160 50% mortality?
Pulmanate snail 0.258 5,760 80% martality (28 C)
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Data pont L ad
sclantific name

Amohitng
AB  Tana catesbi w

Clupeda
49 Dorosome epedianum

Sal monidae
50. Oncort snchus kisutch
50. Oncor rnchus kisuteh
61 Oncorhynchus kisutch
51, Oncorhynchus kisutoh
51, Oncorhy nchus isutch
Oncorhynchus ! isutch
O orhynehus kisuteh
Onecorhynehee tshawy tscha
Salmo gairdneri
Salmo gairdneri|
Salmo gairdnerii
Salmo gairdneri
Salmo gairuner
Salmo gairdnerii
Salmo gawrdneri
. Salmo gairdnerii
. Salmo gairdneri
. Salmo gairdneri
. Salmo gaiednerii
Saimo trutta
Salmo trutta
Salmo trutta
Salmo trutta
Saimo trutta
Salmo trutta
Salvelinus fontinalhs
Salvelinus funtinalis
Salvelinus fontinalis
Salvelinug fontinals
Salvelinus fontinalis
. Saivelinus fontinalis
69 Salvelinus tontinalis
70 Saivelinus fontinalis
Esocidae
11, Esox lucius

PR2BEEITREGERRER

g2Igsasead

712. Esox vermiculatus

Catastomidae
13 Catastormus comunersoni
74, Catastomius commersoni
Cyprinidae
15, Carrassi's auratus
76. Not gven
77. Not given
78 Carrassiuss suratus
79 Cyprinus carpio
B0 Cyprinus campio
Natemigonus crysoiew.as
B1. Notemugonus crysoleucas
82 Notropis cornutus
83, Notropis rubelius
BA Notropis rubwiius
8% Pimephele: notatus
B6. Pimepheles promelas
87, Pimephs'os promelas

5.5-18

Table § 5.9 (continued,

Descriptive

Concentration

name tma/titiet?

Vertebrate aramals

Tadpoie 24
Fish
Gizzard shad 0862
Coha sal man 0016
Coha satman 0.004
Coho salmon fingerlings 02
Caho salman hingerlings 0.7%
Coho satmon lingertings 0186
Coho satmon finger! s 02
oho salmon 0.230
ninook salmon fry 1.0
rtanbow trout €02
Rainbow trout 004
Rainbow trout 0.029
Rambow Lruu: 07
Rambow trout 02
Rainbow trout 0%
Rainbow trout 0108
Rainbow trout 0.354
Rainbow trout 04
Rainbow trout 004
Rainbow trout fingerlings 02
Brown trout 0.35
Brown trout 05
Brown trout 008
Brown trout 005
Brown trout 002
Brown trout fingeriings 0%
Brook trout 001
Brook trout 0.005
Brook trout 0o
Brook trout 0.05
Brook trout 0.06
Brook trout 100
Brook trout 0 360
Brook trout V102
Northern pike 07
Grass pickeral |
White sucker 1
White sucker 0248
Galdtish 16
Goldtish 10
Goldfish 03
Gaidfish 10
Carp 072
Carp 07
Golden shinet 3,000
Golden shonar 08
Common shiner 07
Roseyface shiner 007
Roseytace shiner 0.7
Minnow buntnose 07
Fathead minnow larvae 0.108
Fathead minnow larvae 0108

Duration of
exposura

fmin!

510

1,440
5.760
1,182

1,440

10,080
10,080
10,080

5,760
1,440

720
5,760

1,800

43,200
43,200

Etfect

100% mortality

Same mortatity

Murtality threshold
Mortality threshoid

76% mortality (free OCH
100% mortalsty (NH,CH
100% mortality (NHCly)
Immedia’  distress

80% mortaliny®

100% mortality

50'% motllhlvb

50% mortatity?

50% mortatity”

100% mortality

50% mortality

50% mortality

60% mortality

40% mortality

100% mortality

50% mortality (20-80 mm|
100% marctality
Mortality”

50% mortality

650% mortality

50% mortality

50% mortality

50% mortality

Mortality threshold
Activity depressed
Mortality threshold
100% mortality

50% mortality

100% mortality

50% mortality?

50% mortality (20 C)

100% mortality
(temp 4.5 ~-7°C)

100% mortality
(after 24 he)

100% maortality
§0% mor tality?

100% mortality
Some mortality
100% mortality
100% mortality
Some mortaiity
80% mortality
Death

100% mortality
100% mortaiity
100% mortality
100% mortality
100% mortality
B0% mortality
68% decreased growth
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Tabte $.5.9 (continued

Dats puint and Descriptive Concentration vbelepsagba
scientific name name (mg/litar)? bith gl Ettect
{mun)
B8 Pimepheies promelas Fathead ninnow 0.043 10,080 650% decreased spawning
89 Pimepheles promelas Fathead minnow 0.08-0.19 6.760 50% mortality
90 Pimepheies promelas Fathead minnow 0.05 5,760 Threshold mortality
91, Pimepheles promelas Fathead minnow 002 7.200 0% mortaity
92 Pimepheles promelas Fathead minnow 0185 720 50% mortality®
93 Pimepheies promelas Fathead minnow 0110 100,800 No spawning®
94 Rhinichthys atronaus Minnaw 07 79 100% mortality
95 Scardmius ery throp*ithaimus Rudd 07 2460 100% mortality
96. Tinca tinca Tench 07 6,000 20% mortainty
letaluridas
97 lctalurus melas Black bullhead ~4.5 1440 50% mortality
8. /ctalurus melas Black bulihead 1.36 25 Some mortality
Anguiiictas
99 Anguilla anguilla Ee! 07 6,000 Mortaity threshold
Poeciliidae
100. Gandx.sia atfinis Mosqguitotish 05-10 4,320 Mortality threshold
Serraniday
101, Morone saxatilis Striped bass 03 1440 50% mortality
101, Morone saxatilis Striped bass 0.2% 2 880 50% mortafity
Centrarchidae
102. Leporis cyanellus Green suntish 2 1.440 80% mortality
Leporis cyanellus Green sunfish 04 Not given Eventual mortatity
103 Micropteris dolomieur Smalimouth hass 0% 900 50% mortality
104, Micropterus salmoides Largemouth bass 0404 1,440 50% monah!v°
106. Pomoxis nigromaculatus Black crappwe 1.36 25 Some mortatity
Percidae
106. Perva flavescans Yellow perch 072 65 Some cortality
107 Perca flavescans Yellow perch 0.365 720 50% maortality®
108 Stzostedion vitreum Watleye 0.267 720 50% mortality®
vitreum
Miscellanvous
100 Not given Freshwater mmnows 03 120 No distress

“kitlies"

"M.var.nm per liter and parts per miliion were tregted as equwvalent units

P\Wastewater chlorination,

“Measured time of o5t “agitation,  but death occurred about 1 min later
Source J 8§ Mattice and M. E Zittel, "Site specific avaluation of power plant chiorination ™ / Water Poilut, Control Fed. 48(10) (1976}

water quality

Chemical discharges from the sanitary waste system to the Allens Creek cooling lake are given
in Table 5.3.2 and the ER Supplement (Sect, $5.5-1).
remaining after 1.7 x 10° dilution in the discharge canal (ER Suppl., Sect. $5.5,1) are

expected to have any significant impacts on the aquatic biota as they will be below known

toxic levels,

FES 15 applicable for either station design.

None of the chemical concentrations

The discussion of enrichment effects of the nutrients released given in the

The maximum concentration of TDS in the cooling lake has been estimated to approach 1800 ppm

(ER Suppl., Fig. 53.4-31).

Monthly averages will be within 800 to 1200 ppm, which are well

within the range of acceptable concentrations for the protection of aquatic life (FES, Table

5.18).

High levels of some trace elements have been reported in Brazos River (Table $2.6).

Heavy metal

concentrations by element !s not show consistent seasonal behavior during the one year of data

given.

metal contamination of the cooling lake.
come from runoff from the Allens Creek drainage (BMPR, Sect, 3.6).

Consequently, makeup water pumping during any time of year will lead to some heavy
Further heavy metal inputs to the coocling lake will

The aquatic biota of
Allens Creek cooling lake may therefore experience impacts from some toxic trace elements. Of

special significance and concern is the potential for bicaccumulation of toxic trace elements
such as mercury, cadmium, and lead leading to ingestion by man. However, due to the uncertainty
of heavy metal water chemistry in the proposed cooling lake and the uncertainty of the yearly
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The staff has evaluated the effect of upstream water impoundment on the supply of sediment and
suspended silt load to the Brazos River estuary. As the Allens Creck cooling lake impoundment
will not be on the main river channel, only the suspended si1t load from that fraction of total
river flow pumped into the cooling reservoir would potentially be lost and unavailable for down-
stream enrichment of the estuary. If water levels are maintained in the Brazos River by upstream
releases from reservoirs, then total bed load transport should not be affected to any significant
degree by the Allens Creek cooling lake system. Since water enriched with nutrients and particu-
late organic matter will be released from the cooling lake to the Brazos River, some return oi
entrained silt load is expected. A quantitative comparison between the present silt load of the
Brazos River and that occurring during plant operations is not available due to the qualitative
nature of the data on the proposed Allens Creek cooling lake. However, operation of upstream
main stem reservouirs such as Lake Granberry should have a much greater impact on the transport

of sediment and silt to the Brazos River estuary than will operation of the proposed cooling
lake, Consequently, it is the staff's opinfon that, although some nutrients will probably be
retained by the cooling lake, the level of impact on the Brazos River estuary production should
be small.

5.5.3.2.3 Water quality standards

Liquid effluents from ACNGS will be required to comply with appropriate State of Texas and
Federal standards, Water quality criteria for Texas streams are established and enforced by
the Texas Water Quality Board (TWQE). The EPA is kept informed of TWQB activities on all
matters affecting EPA functions as promulgated under the Federal Water Pollution Control Act
Amendments (FWPCA) of 1972.

As described in Sect. $.3.1, the plant cooling system will employ a newly constructed cooling
lake to dissipate the excess heat, and the lake will discharge into the Brazos River. The
TWQB'® designates the following water uses that are known and suitable for the Brazos River
near the ACNGS site: (1) contact and noncontact recreation waters, (2) domestic raw water
supply, (3) propagation of fish and wildlife, and (4) frrigation waters. The following criteria
apply to the specific waters of the Brazos River Basin (identified as segment 1202) which lie
above the tidal zone and extend to Whitney Dam (and therefore inciude the portions of the
Brazos River that will receive effluents from ACNGS):

1. chloride, average not to exceed 600 mg/liter;

2. sulfate, average not to exceed 225 mg/liter;

3. total dissolved solids, average not to exceed 1500 mg/1iter;

4. dissolved oxygen, not less than 5.0 mg/liter;

5. pH range, 6.5 to 8.5;

6. fecal coliform, logarithmic average not more tnan 200 per 100 ml1; and

7. temperature, maximum upper limit 25°C (95%), or a 2,8°C (5°F) rise above ambient temperature.

However, the Texas Water Quality Standards’'? make allowances for mixing zones for which these
criteria are applicable only outside of these designated regions. Because of varying local
physical, chemical, and biological conditions, no single criterion for determining the mixing
zones is applicable in all cases. Consequently, mixing zones are established by the TWOB or. a
case-by-case basis. Guidelines are established, however, in cases for which fishery resources
are considered significant. These guidelines state that the allowed mixing zone shall not
preclude the passage of free-swimming and drifting aquatic organisms to the extent that their
populations would be significantly affected. Nommally, mixing zones should be limited to no
more than 25° of the cross-sectional area and/or the volume of flow of the stream or estuary,
Tem. iy ** Teast 75% free as a zone of passage, unless otherwise defined by a specific Board
order or permit.

With respect to the discharge of effluents into the Brazos River, HL&P obtained a permit from

the THQB which permits a TDS concentration of 1850 mg/liter in the coolfng lake discharge.
Although the permit is based on the two-unit operation of a 3339-ha (8250-acre) cooling reservoir,
the applicant's cooling lake sfmulations for the cne-un’t design (ER Suppl., Table $3.4-11) o
not exhibit any months in which this limit is exceeded. However, if a flow release were

required during a period when the lake water TDS concentration exceeded the permit limitation

or when Allens Creek flow i< needed for operation, HLAP could draw on upstream water storage to
supplement the Brazos River flow as required.
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Additionally, the applicant has shown that the maximum monthly average temperature differential
between s5pillway temperature and ambient temperature of the Brazos River during December (in

1963 study period, the period of predicted maximum A7) will be about 2.2°C (4°F}; consequentiy,

a mixing zone would not be required. The s* 1f's results, although not conclusive, show siightly
higher excess temperatures in the spillway discharges. It is the staff's opinion, however, that
a mixing zone may be required because (Sect. $.5.3.2.1) 4Ts greater than 2.8°C (5°F) will occur
on a daily basis if the same meteorological conditions were to persist that occurved in the
simulations for the study period, 1952 to 1968). Moreover, the staff has concluded that in any
event, discharges from ACNGSs buld not have any significant environmental impact (in relation

to thermal alterations) on the aquatic biota of the Brazos River (Sect, §.5.3.2.2).

Alse notable in the Texas Water Quality Standards, which haye applicabiiity to ACNGS, are
temperature requirements and other numerical criterie partaining Lo freshwater impoundments (Allen:
Creek cooling lake), For offstream or privately owned reservoirs constructed principally for
industrial cooling purposes, there are no temperature requirements, The EPA, however, has deter-
nined that Allens Creek 15 a navigable waters ody, and 1ts impoundment as proposed for the ACHGS
will qualify the reservoir as a cooling lake; therefore, the circulating-water system will be con-
sidered a component of a once-through, instead of a closed-cycle system. If, in fact, the EPA’s
current classification of the proposed Allens Creek impoundment 1s the final classification
effluent limitations (temperature and chamfcals) will be est 1lished at the outlet of the cir-
culating water discharge canal.

$.6.3.3 Impacts to terrestrial ecosystems

The impacts of operation of the Allens Creek station have been discussed in Sect, 5.5.1 of the
FES and are essentially the same for the reduced size of the plant and cooling lake. The selec-
tion of transmission line Route 2C has reduced the concern for waterfow! collisfon with power
lines as discussed in the FES. The decline in the population of Attwater's prairie chicken
along Route 1A may be irreversible, but the staff suggests that the applicant make every effort
to provide and maintain tall-grass prairie habitat along his rights-of-way in this area, con-
sistent with recommendations which may be made by the USFWS (Sect, $.4.3). The applicant is
nolding approximately 1939 ha (4792 acres) of his property for future development and intends
either to lease them for agricultural purposes or to allow them to undergo secondary succession
until the time that tney are needed for other purposes. The staff considers either type of land
use acceptable.

The applicant has identified a unique native hay meadow (BMPR, pp. 4.2-1 to 4.2-3) within the
area of the proposed state park. The staff considers this meadow to be cne of the most valuable

terrestrial habitats present on the site. The Master Development Plan for the proposed State
Parki® states that this meadow will be preserved and no development will take place t.ithin it,

$.5.4 ADIOLOGICAL IMPACTS FROM ROUTINE OPERATION
$.5.4.1 Exposure pathways

The environmental pathways that were considered in preparing this section are shown in
Fig, $.5.3. The specific pathways evaluated were:

}. Direct radiation from the plant,
2. For gaseous effluents,
2. Immersion in the gaseous plume;
b. Inhalation of iodines and particulates;

¢. [Ingestion of iodines and particulates through the milk cow, goat, meat animal
and vegetation pathway;

d. Radiation from iodines and particulates deposited on the ground,
3. For liquid effluents,

a. Drinking water;

b. Ingestion of fish and invertebrates;

¢. Shoreline activities, boating and swimming in water containing radicactive
effluents;
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radicactive materials released and exposure pathway information, the Jose commitments to
individuals and the population are estimated. Population doses are based on the projected
population distribution of the year 2000,

The dose commitments in this statement represent the total dose received over a period of
50 years following the intake of radicactivity for one year under the conditions existing
15 years after the station is started up. For the ‘ounger age groups, changes in organ mass
with age after the initial intake of radioactivity u.e accounted for in a stepwise manner.

In the analysis of all effluent radionuclides released from the plant, tritium, carbon-14,
radiocesium, radiocobalt, and radioiodine inhaled with air and ingested with food and water
were found to account for essentially all total- ¥dy dose commitments to individuals and the
population within 80 km of the plant.

5.5.4.2.1 Dose commitments from radiocactive releases to the atmosphere

Radiocactive effluents released to the atmosphere from the Allens Creek Unit 1 facility will
result in small radiation doses to individuals and popuiations. The staff's estimates of the
expacted gaseous and particulate releases listed in Table §.5.10, and the site meteorological

considerations discussed in Sect. 5.2.3 of this Supplement and summarized in Table 5.5.11 were
used to estimate radiation dose to individuals and populations. The results of the calculations

are discussed below.

Table $ 510 Calculated refeases of radioactive materials in gaseous effluents
from ACNGS (curies per year per reactur)

Radoactive

Fleactor Turbne Auxihary A gpecter Mechanical
Rashanynises buiiding busdiding buiiding ;:Td":'g waste gas vaguum pump Yorel

Kr 83 i a a @ 3.300 @ 3 300
Kr 850 3 68 3 @ 29,000 a 29,000
Ki 85 @ a d W 290 # 290
K87 3 130 3 a 5300 ¢ 5400
K: 88 3 230 3 a 50,000 v 50,000
Xe 131m a 2 a F} 170 ] 170
Xe 133m @ @ a a 820 @ 820
Xe- 133 66 250 66 10 62.000 2.300 65,000
Xe-136m 46 650 48 4 a o 740
Xe-135 34 630 34 45 17 350 1.100
Xe 138 7 1,400 ? a a a 1,400
1131 Lol=P . At 1.7¢-1) 6(-2) a 3(-2) 6.4(-1)
1133 68(-1) 7.80-1) 68(-1) 1B~} a i 23

Cr51 3(-d} 1.3t--2) 3-4) 2i-3) ¢ ¢ 2.3(-2)
Mn- 54 3(-3) 6(-4) 3(~3) -2 c £ 3720
Fe b8 4(-4) &i--4) 4{.-4) L6(-2) € I3 1.60-21
Co/58 6i- 6(-4) Bi-4) 45-3) ¢ ¢ 63-3
Co 60 1 2(-3) 142} 91-2) ¢ ¢ RIS
2Zn-86 20-31 2(-4) (-3 1.8(-3) ¢ £ §.7(-31
&89 9 -4) 61-3 8(-5) 4.50-4) ¢ ¢ 6.6( 31
590 8(-6) 2(-8) 5(-6) 3i-4) < € 334
Zr-05 4(-4) 1(~4) 4( -4 5(-8) ¢ ¢ 9 6(-4)
Sh 124 2(-4) 34} 2(-4) 5(-6i & ¢ 7.5(-4)
Cs- 134 44-3) 3(-a) 4(-3) 4.5(-3) ¢ ¢ 132
Cs 136 3i-4) 5(~85) 3(-4) 4 5(-4) " ¢ 1431
Ce 137 55(-3) 6(-4) 5.5(-3) 9{-3 ¢ (s 212}
Ba 140 4(-4) 1.9(-2) 4(-4) 1-4) ¢ ¢ 120-2)
Ce 181 1i-4) 6--4) 1~d) 2560-3 ¢ ¢ 34(-3)
C14 # @ a @ 25 a 95

H3 39 39 78
Aran i) ¢ ¢ - € ¢ 2%

¥ Less than 1.0 Ci/year tor noble gases, less than 107 * Ci/year tor lodine.
8 g xponential notation. 7.0(~3) = 2.0 X 10,
 Less than 1% of total for radionucide.
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Radiation dose commitments to individuals

Individual receptor locations and pathway locations considered for the maximum individual are ‘
listed in Table 5.5.12. The estimated dose commitments to the maximum individual from radio- |
iodine and particulate releases at selected offsite locations are listed in Tables 5.5.13 and
$.5.14, The maximum individual is an infant who consumes 330 liters of milk per year and resides
at a residence for the entire year.

The maximum annual beta and gamma air dose and the maximum total body and skin dose to an
individual, at the maximum site boundary, are presented in Tables 5.5,13 and $.5.14.

Table $.511. Summary of atmospheric dispersion factors and

deposition values for ACNGS”

0 Relative ]

Location Source ¥/Q (sec/m”) sieiissifion (i~ 2) |

Nearest? site boundary ¢ 2a%x 107 46XxX10°° :
{1.2 miies §) d 55X 1077 LAXAD R
e 65%x10 7 1.3X10""
/ 20%X10°° 12 %A

Nearest farm residence, ¢ 93x10°® 34 x10°1° :

milk animal, and meat animal d 19x10°? gox10°'° :
(3.2 miles NW) e 22x1077 10%x10 °
f B2xi07’ 1ax10-®

*The dose presented n the following tables are corrected for radiosctive decay and
cloud depietion from deposition, where appropriate, in accordance with Regulatory
Guide 1.111, Rev. 1 "Methods for Estimating Atmospheric Trac “oort and Dispersion of
Gaseous Effluents in Routine Releases from Light Water Reactors,” July 1977,

BrpNparest’” eeters to that type o! locet on where the highest radiation dose from all
appropriate pathways 15 expectad to occur,

“Plant vent stack {contimuous).

plant vent stack (intermittent 4 times per year tor 24 he)

“Plant vent stack (intermittent 24 times per year for 2 hrl.

"Radioactive waste butlding vent lcont nuous).

Table $.5.12. Receptor and pathway locations
swiected for (aximum individual

dose commitments
Setor Distance
Site boundary” s 1.2 miles (1900 m)
Residence? Nw 3.2 miles (5200 m)
Milk cow NW 3.2 mules (5200 m)
Meat animal NW 3.2 miles (5200 m)

“Beta and Gamma air doses, total body doses, and
skin doses from noble gases are determined at site
boundaries,

®Dose pathways including inhalation of atmos
pheric radioactivity, exposure to deposited radio-
nuclides, and submersion in gaseous radioactivity are :
evaluated at residences

Radiation dose commitments to populations

The estimated annual radiation dose commitments to the population within 80 km of the Allens
Creek nuclear plant from gaseous and particulate releases are shown in Table 5.5.14. Beyond
80 km the doses were evaluated using average population densities and food production values
discussed in Appendix $.C. Estimated dose commitments to the U.S. population based on the ;
projected population distribution for the vear 2000 are shown in Table 5.5.15. Background :
radiation doses are provided for comparison. The dose commitments from atmospheric releases j
from the Allens Creek facility during normal operation represent a small increase in the 1
normal population dose from background radiation sources. :
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Table 55 13 Maximum annual dose commitments to an individual near ACNGS”

Location Pathway
Radioiodine and particulates in gaseous effluents
Tatal body Thyrod
Nearest? farm residence, Ground deposit 0.092 miilirtem 0.092 millirem
milk cow, and meat animal lnhalation <001 mithirem 0.067 millirem
13.2 ~wies NW) Milk 0.024 miliwem 3.2 milhicerns
Tota! (to an intant) 012 milliem 3.4 millirems
il .. Liquid etfiuents SN
Total body Bone Liver
Nearest drinking Water mgestion <0.1 millirem <0.1 mitlirem <01 innilirem
water - couling lake
Nearest fish at Fish ingestion 1.2 miflirems 0.7 millirem 1.6 millirems
cooling lake
lrrigated foods Vaegetation, milk, <01 millirem <01 millirem < 0.1 milbirem
antd meat
Total (to an adulit) 1.4 millirams 1 0 multirem 1 8 millirems
Noble gases in gaseous effluents
Total body Skir Gamma air dose  Beta air dose
Nearest’ site boundary 43 millirems 6.8 millirems 6.4 miltirads 2.6 millitads
{1.2 muies §)

“Based on annual dose per reactor unit,

Eonjparnst”” reters to the location where the highest radiation dose to an individual from all applicable pathways
has been estimated.

““Nearest' refers 1o that site boundary location where the highest radiation doses due to geseous effluents have
been estimated to occur

5.5.4.2.2 Dose comnitments from radioactive liquid releases to the hydrosphere

Radioactive effluents released to the hydrosphere from the Allens Creek Unit 1 facility during
normal operation will result in small radiation doses to individuals and populations. The
staff's estimates of the expected liquid releases listed in Table 5.5.16 and the site hydro-
logical considerations discussed in the FES (Sect. 2.5) and summarized in Table 5.5.17 were
used to estimate radiation dose conmitments to individuals and populations. The results of
the calculations are discussed below.

Radiation dose commitments to individuals

The estimated dose commitments to the maximum individual from 1iquid releases at selected

offsite locations are listed in Tables 5.5.13 and 5.5.14., The maximum individual has been
estimated to be an adult, who consumes fish harvested from the cooling lake, drinks water

from the cooling lake, and uses the shoreline of the lake for recreation.

Radiation dose commitments to populations

The estimated annual radiation dose commitments to the population within 80 kw of the Allens
Creek Unit 1 nuclear plant from liquid releases, based on the use of the cooling lake and
Brazos River water (recreation, sport fishing, commercial fishing, and irrigated foods) are
shown in Table 5.5.14, Dose commitments beyond 80 km were based on the assumptions discussed
in Appendix 5.C. Estimated dose commitments to the U.S. population are shown in Table $.5.15.
Background radiation doses are provided for comparison. The dose commitments from liquid
releases from the Allens Creek facility during normal operation represent a small increase in
the normal population dose from background radiation sources.
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Table $5.14 Calculated maximum dose commitments to an individusl and the population from ACNGS operation

Comparison of ACNGS Unit 1 with Appendix | 1o 10 CFR Part 50, Sections 1LA, B, and 11.C Mav 5. 1975}
and Section (1.0, Annex {Sept. 4, 1975)

Liging stfluents
Dose to total bady from all pathways
Dase to any organ from all pathways
Liquid releases (exept tritium
and dissolved nable gases

Noble gas effluents {ar site boundary)
Gamma dase i an
Beta dose in 3ir
Dose 1o tutal body of an indwidual
Dose 10 skin of an individual

Radioiodines and particulates”

Dose to any organ from ail pathways
Releases (1131}

Appendix |
Design Obectives”

Annex
Design Object ives®

Calculated doses
Unit No. 1

Indiidual doses

3 mutlirems per year per urit
10 mutlirems per year per umit
No lima specttied

10 mithirads per year per unit
20 millirads per year per unit
5 mullirems per year per umt

15 millirems per year per unit

15 multirems per year per umit
No limit specified

5 milliwems per year per site
5 miltirems per year per site
5 Ci per year"

10 miltirads per year per site
20 muilirads per yeor per site
5 millirems per year per site

15 milliremns per year per site

15 miliirems per yeur per site
1 Ci per year per unit

1.4 millivems per year per wat
1.8 mithrems per year per unit
0.25 Ci per year

6.4 mullirads per yeas per unit
2.6 midiirads per year per umit
4 3 millirems per year per unit
6.8 milliremns per year per umit

3.4 millirems per year per anit
0.61 Ci per year per umit

B L TR R T St S, TR R S T A b0 1 S AL St 2T

Pooulation doses within 80 km (50 miles)
Total Body Thyrod

Natural radiation background” 260.000. man-rems per year per unit

Ligud effluents 28. man-rems per year per unit 28 man-rems per year per unit
Nobte gas etfluents 10, man-rems per year per unit 10. man-rems per yaar per unit
Radioiodines and particulates 1.2 man-rems per vear per unit 7 4 man-rems per year per umit

*Appendix | Design Objectives from Sect. 1LA, 1B, 11.C. and 1.D ot Apoendix 1, 10 CFR Part 50, considers maximum doses 0 mdwvidual and
population per reactor urit. From Fed Regst. 40. 19442, (May 5. 19751

BGuides on Design Objectives proposed by the NRC staff on Fet. 20, 1974, considers doses to individuals from all urts on site. From Concluding
Staterment of Position f the Regulatory Staff, Docket No. RM-50-2, Feb. 20, 1974, pp. 25-30, U S. Atomic Energy Commission, Washington, DL,

“Excluding tritium and dissolved noble gases

Carbon 14 and tritirm have been added to this category.

*Natural Radiation Exposure in the United States, U S. Environmental Protection Agency, ORP-SID-72-1 {June 1972), using the average Texas State
background dose {92 miliirems per year} and year 2000 projected popularion of 2,780 L00.
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H i
; Table 8.5.15. Annual total body population dose
commitments in the yoar 2000 g
L
" U.S. population-dose commitment
: Catagory for the site :
4 !
| Natural background radiation” 27,000,000 :
{mar-rems per year)
i ACNGS operation
- (man.rems perc year per site)
Plant workers 500 !
Gene ral public ,
Radionuciides and particulates 4
- Liguid and #Hiuents 41
: Nobie gas effluents 33 .
5 ‘Teansportation of fuel and waste ? i
H v
#Using the average U.S, background dose (102 millirems per year) and year
2000 projected U.S. population from "“Population Estimates and Projections,” i
Series 11, U.S Dent. of Commerce, Bureau of the Census, Series P-25, No. 541
(Febxuary 1075), .
!
:
‘i'
K
:
Table $.5 16. Calculated reloases of radioactive materials in !
hiquid effluents from ACNGS Unit 1 ;
Radionuctide Curies per year Radvonuciide Curies per yeur
Carrosion and activation products Fission products (continued) 1
Na 24 8.5 3 Rh-103 8(- 6}
P32 5.2(-4i Ru-106 3.72(-4)
Cr-61 1 4(-1) Rh-10%mn 3U-4)
“ Mn-54 1.21-1) Rh-106 3.3(-4) 1
Mn-56 3.2(-3 Ru-106 24(-3)
Fe 55 34-3) Ag 110 4.4(-4) i
Fe-59 8(--5) Te-129m 1.1(-4) i
Co-58 4.6(-3 Te 129 7(-6)
, Co60 9.9(-3) Te-131m 1 5(—-4) 1
Ni-68 2(-5) Te-131 3(-5) :
Cu-64 24(-2) 1131 4.5(-2) .
| Z2n-65 6(-4) Te132 2(-85) :
: 2069n 1.71-3) 1132 1.8(-3) *
Zn-60 1.9(-3) 1133 2.B(-2) ]
2169 1.4(-3) 1134 2(-4) 2
Mb-95 2(-3 Cs 134 1.4(-2) :
w187 4(-4) 1135 8.7(-3 ]
Np-239 1.4(-2) Cs 136 5(-4) i
25137 26(-2) i
i ionr B8 137m 18-3) 1
B 83 2(-4) Cs138 2(-5) ;
580 2.9(-4) Ba.130 1.2(-4)
590 2{~-5) Ba 140 1(-3) :
S-a1 24(-3) La 140 3.5(-4) F
YoIm 16(-3) La-141 9(-5) ;
Y91 1.7(-4) Ce 141 9(-5) :
8192 7.1(--4) La 142 9(-5) ;
Y82 2.3(~3) Ce-143 5(-5) i
Y93 2.5(-3) Pr 143 1.1(-4) B
’ 2195 2(-5) Ce144 6.2(--3! :
| :::g g f: :g; All Others 8(-5)
| ¥ i
Te9m 94(-3) g iy _~
Ru-103 2(-8) ;
*Exponential notation: 8.5(-3)» 85 X 1079 !
8
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Table $.5.17. Summary of hydrologic transport and dispersion

for liquid releases from ACNGS"
Transit time
Location theniess Dilution factor
Nearest drinking water intake® 0.1 1
leooling lake outfall)
Nearest sport fishing location 01 1
(cooling lake)
Nearest shoreline 01 1
(cooling lake)
Nearest irrigated cropi° 01 |

(cooling lake outfall)

“See Regulatory Guide 1.113, Estimating Aquatic Dispersion of
Effluents from Accidental and Routine Reactor Releases, (April 1977
Rev. 1).

2 Assumed for purposes of an upper-limit estimate

$.5.4.3 Direct radiation

$.5.4.3.)1 Radiation from the facility

Radiation fields are produced 'n nuclear plant environs as a result of radioactivity contained
within the reactor and its associated components. Although these components are shielded, dose
rates around the plants have been observed to vary from undetectable levels to values of the
order of 1 rem/year.

Doses from sources within the plant are primarily due to nitrogen-16, a radionuclide produced

in the reactor core. For boiling water reactors, nitrogen-16 is transported with the primary
coolant to the turbine building. The orientation of piping and turbine components in the
turbine building determines, in part, the exposure rates outside the plant. Because of
variations in equipment lay-out, exposure rates are strongly dependent upon overall plant design,

Based on the radiation surveys that have been performed around several operating BWRs, it appears
to be very difficult to develop a reasonable model to predict shine doses. Thus, older plants
should have actual measurements performed if information regarding direct radiation and sky-shine
rates 15 needed.

For newer BWR plants with a standardized design, dose rates have been estimated using sophisti-
cated Monte Carlo techniques. The turbine island design proposed in the Braun SAR!® is estimated
to have direct radiation and skyshine dose rates of the order of 20 man-rem per year per unit at
a typical site boundary distance of 0.64 km (0.4 mile) from the turbine building. This dose rate
is assumed to be typical of the new generation of boiling water reactors. The integrated popu-
lation dose from such a facility would be less than one man-rem per year per unit.

Low-level radioactivity storage containers outside the plant are estimated to contribute less
than 0.01 mrem/year at the site boundary.

$.5.4.3.2 Occupational radiation exposure

Based on a review of the applicant's safety analysis report, the staff has determined that the
applicant is committed to design features and operating practices that will assure that indi-
vidual occupational radiation doses can be maintained within the limits of 10 CFR Part 20 and
that individual and total plant population doses will be as low as is reasonably achievable,!'”
For the purpose of portraying the radiological impact of the plant operation on all onsite
personnel, it is recessary to estimate a man-rem occupational radiation dose. For a plant
designed and proposed to be operated in a manner consistent with the 10 CFR Part 20, there

will be many variables that influence exposure and make it difficult to determine a quantitative
total occupational radiation dose for a specific plant. Therefore, past exposure experience from
operating nuclear power stations'® has been used to provide a widely applicable estimate to be
used for all light water reactor power plants of similar type and size. This experience indi-
cates a value of 500 man-rems per year per reactor unit,

On this basis, the projected occupational radiation exposure impact of the one-unit Allens Creek
station is estimated to be 500 man-rems per year.
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$.5.4.3.3 Transportation of radioactive material

The transportation of cold fuel to a reactor, of irradiated fuel from the reactor to a fuel
reprocessing plant, and of solid radioactive waste from the reactor to burial grounds is within
the scope of the NRC report entitled, Fnuvirommensal Jurvey of Pransportation of Radioactive
Materiale to and from Nuslear Pover Flants. The estimated population dose commitments associated
with transportation of fuels and wastes are listed in Tables $.5.15 and 5.5.18.

Table $.5.18. Environmental impact of transportation of fuel and waste to and from one
light-water.cooleg nuclear power reactor

Normal conditions of transport

Environmental irmpact

Heat (per wradiated fuel cask in transit) 250,000 Btu/hr
Weight (governed by Federal or State restrictions) 73,000 ib per truck, 100 tons per cask per rail car
Trathec density Less than one per day
Ra Less than three per month
Estimated Cumulative dose
number of Range of doses to exposed to exposed
Exposed population persans individuals per reactor year® population per
exposed Imillirems) reactor 'ur"
o {man.rems)
Transportation workers 200 001 to 300 4
General public
Onlookers 1,100 00031013
Along route 600,000 0.001 10 0.06 ’

Accudents in transport

Environmental risk

Radiological effects Small®

Common {nonradiologicall causes 1 tatal injury in 100
reactor years. 1 non
fatal imury in 10
reactor years; S476
property damage per
reactor year

The Federal Radiation Council has recommended that the radiation dases from all sources of radiation
other than natural background and medical exposures should be himited to 5000 millirems/year for
individuals as a result of occupational exposure and should be limited to 500 millirems/y#ar for individuals
in the general population. The dose to indiv duais due to average natural background radiation s about 130
mithirems/year.

Bpran-rem is an expression for the summation of whole-body doses to individuals in 3 group Thus, if
each member of a population group of 1000 people were to receive a dose of 0.601 rem (1 millirem), or it
two people were to recewe a dose of 05 rem 1500 millirems) each, the total nan-rem dose in each case
would be 1 man-rem.

“Although the environmental risk of radiological effects stemming from transportation accidents 1s
currently incapable of being numerically quantified, the risk remains small regardiess of whether it is being
applied to a single reactor or a multi-reactor site.

Source. Data supporting this table are given in the Commission's Environmental Survey of
Transportation of Radioactive Materials to and from Nuclear Power Plants, WASH-1238, December
1972, and Suppiement |, NUREG 76/038, April 1976

$.5.4.4 Radiological impact on man

The actual radiological impact associated with the operation of the proposed Allens Creek
nuclear power station will depend, in part, on the manner in which the radioactive waste
treatment system is operated. Based on the staff's evaluation of the potential performance of
the radwaste system, it is concluded that the system as proposed is capable of meeting the dose
design objectives of 10 CFR 50, Appendix 1. The applicant has alected to meet the requirements
of +ic Annex to Appeniix 1 (dated Septeiber 4, 1975) in lieu of performing the cost-benetit




i heRe S A et L b o6 A I S ot BN M 18 e i B iad Aaeor 4 NI R T T

$.5-31

analysis required by Sect. I!.D of Appendix 1. Table $.5.14 compares the cilculated maximum
individual doses to the dose design objectives. However, since the facility's operation will

be governed by operating license technical specifications and since the technical specifications
will be based on the dose design objectives of 10 CFR 50, Appendix 1, as shown in the first
column of Table 5.5.14, the actual radiological impact of plant operation may result in doses
close to the dose design otjectives. Even if this situation exists the individual doses will
still be very small when compui~d to natural background doses (492 man-rems/year) or of the
dose limits specified in 10 CFR 2). As a result, the staff concludes that there will be no
measurable radiological impact cu man from routine operation of the Allens Creek Unit 1 plant,

§.5.4.5 Radiological impacts to biota other than man

Depending on the pathway and radiation source, terrestrial and aquatic biota will receive doses
approximately the same or somewnat higher than man receives. Although guidelines have not been
established for acceptable limits for radiation exposure to species other than man, 1t is
generally agreed that the limits established for humans are also conservative for other species.
Experience has shown that it is the maintenance of population stability that is crucial to the
survival of a species, and species in most ecosystems suffer rather high mertality rates from
natural causes. Although the existence of extremely radiosensitive biota is possible, and
whereas increased radiosensitivity in organisms may result from environmental interactions with
other stresses (e.q., heat, biocides, etc.), no biota have yet been discovered that show a
sensitivity (in terms of increased morbidity or mortality) to radiation exposures as low as
those expected in the area surrounding the Allens Creek Unit | nuclear power plant. Furthermore,
in all the plants for which an analysis of radiation exposure to biota other than man has been
made, there have been no cases of exposures that can be considered significant in terms of harm
to the species, or tnat approach the exposure limits to members of the public permitted by

10 CFR Part 20.'% Since the BEIR Report?? concluded that the evidence to date indicates that no
other living organisms are very much moce radiosensitive than man, no measurable radiological
impact on populations of biota is expected as a result of the routine operation of this plant.

5.5.5 URANIUM FUEL CYCLE [MPACTS

Section 5.4.3 of the FES summarizes the environmentai effects of uranium mining and milling, the
production of uranium hexafluoride, tsotopic enrichment, fuel fabrication, reprocessing of
irradiated fuel, transportation of radioactive materials, and management of low- and high-level
wa.tes. These environmental effects were set out in Table $-3 of 10 CFR Part 5] as it then
appeared, which was reproduced as Table 5.15 in the ACNGS FES,

On March 14, 1977, the Commission presented in the Feder:i fegietor (42FR13803) an interim rule
regarding the environmental considerations of the uranium fuel cycle. [t is effective through
September 13, 1978 and revises Table $-3 of 10 CFR Part 51. Final rulemaking proceedings will
be conducted so as to allow for additional public comment and specific details with respect to
time, place, and format of such proceedings and shall be presented in a subsequent Federa!
Regigter notice,

The interim rule reflects new and updated information relative to reprocessing of spent fus) and
radioactive waste management as discussed in NUREG-0116, Eavirownantal Survey of the Repvocessing
il Waete Mowgement Portiome of the LWE Fuel Cyele and NUREG-0216, which presents staff responses
to comments on NUREG-D116. The contributions in the new table for reprocessing, waste management,
and transportation of wastes are maximized for either of the two fuel cycles (uranium only and no
recycle); that is, the cycle that resulted in the greater impact was used. The rule also con-
siders other environmental factors of the uranium fuel cycle including mining and milling, isotopic
enrichment, fuel fabrication, and management of low- and high-level wastes. These are described

in the Broirowmental Swmvey of the Umandum Fuel Cyale (AEC report WASH-1248).

Specific categories of natural resource use are included in Table $-3 of the interim rule and are
reproduced in this Draft Supplement as Table $.5.19. These categories relate to land use, water
consumption and thermal effluents, electrical energy use, fossil fuel combustion, chemical and
radioactive effluents, burial of transuranic and high/low level wastes, and radiation doses from
transportation and occupational exposures.

In accordance with the interim rule, the assessment of the environmental impacts of the fuel
cycle as related to the operation of ACNGS is based upon the values given in Table $.5.19. For
the sake of consistency, the analysis of fuel-cycle impacts other than those due to land use has
been cast in terms of a medel 1000-MWe 1ight-water reactor (LWR).

The total annual land requirements for the fuel cycle supporting a model 1000-MWe LWR are approxi-
mately 405 ha (100 acre) [38 ha (94 acres) temporarily committed and 2.9 ha (7.1 acres) perma-
sently committed]. Over the 30-year operating life of the plant, tnis amounts to about 1700 ha
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(4200 acres),* which is slightly smaller than the total land commitment for ACNGS. Considering
common classes of land use in the United States, the fu - © land requirement related to the
operation of ACNGS does rit constituce a significant *

The annual total water use and thermal effluents assoc h fuel-cycle operations to support
a 1000-MWe LWR are, respectively, about 4.2 x 107 ° (i qal) and 3500 x 10? Btu. The
corresponding annual water use and thermal outpu: ACNLx», ..uming an 80% capacity factor, are

8.6 x 107 m* (23 x 107 gal) and 56,125 x 10" Btu r.. sctively. The staff finds these quantities
of indirect water consumption and thermal loadings to be acceptable relative to the use of
water and therma! discharges at the power plant.

Electrical energy and process heat are required during various phases of the fuel-cycle process.
The electrical energy is usually produced by the combustion of fossil fuel at conventional power
plants, As indicated in Table $.5.19, electrical energy associated with the fuel cycle represents
less than 5% of the annual electrical power production of a typical 1000-MWe nuclear plant.
Process heat is generated primarily by the combustion of natural gas. As noted in Table $.5.19,
this gas consumption, if used to generate electricity, would be less tnan 0.3% of the electrical
output from a 1000-MWe plant. The staff finds, therefore, that both the direct and indirect
consumptions of electrical energy for fuel-cycle operations are small and acceptable relative to
the net power production of the plant.

The quantities of _.emical gaseous and particulate effluents associated with fuel-cycle processes
are given in Table S.5.19. .he principal species are sulfur oxides, nitrogen oxides, and particu-
lates. Based upon data in a CEQ report,’! the staff finds that these emissions constitute an
extremely small additional atmospheric loading in comparison to these emissions from the
stationary fuel-combustion and transportation sectors in the United States; that is, approxi-
mately 0.02% of the annual (1974 base) national releases for each of these species. The staff
believes such small increases in releases of these pollutants are acceptable.

Liquid chemical effluents produced in fuel-cycle processes are related to fuel enrichment,
fabrication, and reprocessing operations and may be released to receiving waters. These efflu-
ents are usually present in dilute concentrations so that only small amounts of dilution water
are required to reach levels of concentrations that are within established standards. Table
5.5.19 specifies the flow of dilution water required for specific constituents. Additionally,
all Tiquid discharges into the navigable waters of the United States from plants associated with
the fuel-cycle operations will be subject to requirements and limitations set forth in a
National Pollutant Discharge Elimination System (NPDES) permit issued by an appropriate Federal
regulatory agency.

Tailings solutions and solids are generated during the milling process. These solutions and
solids are not released in sufficient quantities to have a significant impact upon the
environment.

Radioactive effluents released to the environment estimated to result from reprocessing and
waste-management activities and other phases of the fuel-cycle process are set forth in Table
$.5.19. It is estimated that the overall gaseous dose commitment to the U.S. population from
the total fuel cycle for a 1000-MWe reference reactor would be approximately 370 man-rems per
year. This dose is less than 0.002% of the average natural background dose of approximately
20 million man-rems to the U.S. population, Based on Table $.5.19 values, the additional dose
comnitment to the U.S. population from radioactive liquid effluents due to all fuel-cycle
operations would be approximately 100 man-rems per year for a 1000-MWe reference reactor.
Thus, the overall estimated annual involur.avy dose commitment to the U.S. population from
radioactive gaseous and liquid releases due to these portions of the tuel cycle for a 1000-Me
LWR is approximately 470 man-rems.** The occupational dose attributable to the reprocessing
and waste-management portions of the fuel cycle is 22,6 man-rems per reference-reactor year.

Tie quantities of buried radioactive material (including low-level, high-level, and transuranic
wastes) are specified in Table §.5.19. For low-level wastes, which are buried at land burial

" *The temporarily comitted land at the reprocessing plant is not prorated over 30 years
because the complete temporary impact accrues regardless of whether the plant services one reactor
for one year or 57 reactors for 30 years. (See footnote » to Table 5.5.19.)

**As noted in Table 5.5.19, the entry for radon-222 excludes the contribution from mining.
Footnote e to Table 5.5.19 indicates a maximum release of about 4800 Ci of randon-222 when con-
tributions from mining are considered. This, in turn, would increase the estimated dose commit-
ment for the total fuel cycle by some 600 man-rems per reference-reactor year, maximized for the
fuel cycle, it is still small compared to the natural background exposure level of some
20 million man-rems per year,
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facilities, the Commission notes in Table S-3 of 10 CFR Part 51.20 that there will be no
significant effluent to the ervironment. For high-level ar” transuranic wastes, the Conmission
notes that these are to be buried at a Federal repository, and in accordance with Table $-3 of

10 CFR Part 51.20, no release to the environment is associated with such disposal. NUREG-0116,
winich provides background and context for the new values established by the Cormission, indicates
that these buried wastes, which are placed in the geosphere, are not released to the biosphere
and no radiological environmental impact is anticipated from them,

RPN e W N——

The transportation dose to workers and the public is specified in Table 5.5.19. This dose is
; small and is not considered significant in comparison to the naturd)l background dose.

! The use of a fuel cycle entailing no recycle (neither plutonium nor uranium) would not affect

' this discussion because the Commission has considered such a cycle in developing the values
yiven in Table $.5.19 (see footnote «) with respect to reprocessing, waste manayement, and

; transportation of wastes. The contribution to the impacts described was maximized for eith

| of the fuel cycles; that is, the cycle with the greatest impact was used.*

$.5.6 SOCIOECONOMIC IMPACTS

and regional socioeccmomic impacts from ACNGS operation. It is concluded that socioeconomic
impacts will be minor except for significant increases in the local property tax base {Sect.

i
J This section contains updated material to the FES findings associated with the possible local
; $.3.4.5) and for the addition of the proposed Allens Creek recreational area.

’ $.5.6.1 Physical impacts

2 In Sect. 5.6 of the FES (pp. 5-36 and 5-37), detailed consideration is given to {1} the visual
1 impact of the station design, (2) the effects of station operating noise, and {3) the impact of
g increased fogging and icing from the cooling lake. With the exception of the elimination of

3 the 100-m stack along the cooling lake shore (FES, Fig. 3.1}, the visual impact will be

; essentially the same for either station design. Similarly, the staff's assessments of station
{ operating noise and the effects of increased fogging and icing from the cooling lake for the

' station remain valid in view of the proposed design changes.

The staff therefore concludes for either station that (1) although the plant and the cooling

lake dam will present an intrusion into an otherwise rural landscape, the creation of a large-
surface water body in a region where few lakes exist will mitigate the adverse visual impact;

(2) although the noise levels created by the plant may be distinguishable to the nearest resi-
dents during nighttime, they will not be disturbing because they will be below the 45- to
65-dB(A) “normally acceptable" level established by HUD: and (3) the total impact of the

presence of the cooling lake with regard to average temperature, relative humidity, and frequency
of fogs is expected to be minimal.

5.5.6.2 Social and economic impacts
§.5.6.2.1 Employment benefits

The app)icant estimates that approximately 100 persens will be needed to operate ACNGS (ER

, Suppl., Table 58.1-5), After examining operations work forces at other plants, the staff

* believes this figure is low and that about 125 persons will, in fact, be needed for operation,

: The applicant further states that secondary employment resulting from ACNGS operation will

; generate over 300 jobs within the Houston metropolitan region and in the State of Texas (EP

; Suppl., Table SB.1-5). The staff concurs with this estimate and understands that most of this
employment will be generated outside tte local area. Only a few local jobs are expected to be
created from the operation of ACNGS.

$.5.6.2.2 Estimated income for plant operation

The applicant estimates that the averag: annual salary of operztions workers in 1985 will be
$24,500 (ER Suppl., Table S8.1-5). Because the staff assumes that approximately 125 workers
will be employed, this represents an estimated first year payroll of $3,062,500, and a 30-year
present worth direct income effect of $48 million (5% escalation, 107 discount rate). The

*As noted in Table $.5.19, the entry for radon-222 excludes the contribution from mining.
Footnote = to Table $.5.19 indicates a maximum release ot about 4800 Ci of radon-222 when con-
‘ tributions from mining are considered. This, the turn, would increase the estimated dose commit-
‘ ment for the total fuel cycle by some 800 man-rems for reference-reactor years, maximized for the
fuel cycle, it is still small compared to the natural background exposure level of some 20
million man-rems per years,
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staff believes an income level of $24,500 will be considerably higher than that to be paid to
most other local area residents in 1985, Income estimates from the U.S. Census show that in
1974, for example, Austin County's per capita income was $3,149, as compared to $4,188 for the
State of Texas.”? Austin County's per capita income estimates in 1974 were also considerably
lower than those for the four surrounding counties - Colorado, Fort Bend, Waller, and Sharton,
A recent survey of buying power in July 1977 shows that the median household "effective buying
income" in Austin County was $8,645 compared to $16,289 for the Houston-Galveston area.

Tre staff concludes that much of the generated income from operations workers' salaries will be
dispersed throughout the Houston metropolitan area and will not accrue directly to the lacal
communities within the vicinity of the plant.

5.5.6.2.3 Recreation benefits

The applicant, in cooperation with the Texas Park and Wildlife Department, is developing plans
for a public recreational area at the Allenx Creek site that will include a 640 acre park and
the 5000 acre Allens Creek Lake. Only 4000 lake acres will be available for public use, however,
because of exclusion zone requirements. The Texas Park and Wildlife Department will have
responsibility for operating and maintaining the area. A description of the proposed recreta-
tional facitilities can be found in the Water Development Plan, Allens Creek Lake and State
Park.1® Several regional factors indicate that demand for a park/lake area is high and that
such demand will likely increase. The proposed park is 45 miles west of metrepolitan Houston;
the population within a 50 mile radius of the park site is projected to increase over 1970
levels by 39% in 1985 and 89% in 2000 ($.2.1.2, Table $.2.2). Such growth will increase
competition for available ldnd; however estimates indicate that less than 9% of the land in
metropolitan Houston is currently undeveloped.!® In such a growing urban center it is unlikely
that large recreational parks will be the generated land use for limited developable acreage.

Current avaiiability of recreational areas in the region will also influence the demand for

such facilities. The proposed park will be located in the Texas Park and Wildlife Department
Planning Region 24 which currently has an average facility unit to population ratio well below
the statewide average. Region 24 has 15.3 recretational acres per 1.000 population; and Region
25, which includes metropolitan Houston, has 3.1 recreational acres per 1,000 population.!® Both
Regions are significantly below the statewide average of 148.2 acres per 1.000 population.

Based upon an inventory of visitations at Huntsville, Lake Somerville, Martin Dies, Jr., and
Stephen Austin-State Parks durinyg 1973-1973, the Texas Park and Wildlife Department estimated
that at least 400,000 visitors annually would use the proposed Allens Creek park/lake facility.!®

This estimate is also consistent with the staff's testimony accepted by the Atomic Safety and
Licensing Board in their Partial Initial Decision.”’® The staff judges this estimate to be con-
servative yet reasonable. Table 5.5.20 presen*s two additional estimates of visitor days by
the National Economic Research Association of New York which assume a 4000 acre lake and
offoring amounts of competing recreational acre lake and differing amounts of competing
recreational acreage. The predictive model from which these visitor estimates were generated
omits the potentially important variable of per capita income and thus probably conservatively
estimates the demand for a park.

In 1ight of the projected population growth within the area, the limited supply of recreational
acreage and the proximity to Houston, the staff concludes that demand for a lake/park recreation
area is relatively high. For the reasons stated above the staff concludes that the projected
visitor days in Table 5.5.20 are reasonable if somewhat conservative.

The staff concludes that the construction of the Allens Creek Lake and State Park is one of the
most attractive benefits to be gained from construction of the nuclear facility. The proposed
reservoir will provide a wide range of water-oriented activities, and the 259-ha (640-acre)

state park will provide a much needed area for icking, hiking, and camping. Currently,
many Houston residents lack such facilities wi ‘ommuting distance. The development of
these recreational facilities will not only b iocal area residents, but will aiso provide
increased recreational resources for much of egional population.

The staff further concludes that tne in-migrati.a of such a large number of visitors into the
area may provide new opportunities for economic growth for the local communities. The staff
suggests, however, that any economic development which takes place proceed with caution. Rapid
and unchecked economic growth accompanying resort development may create problems for the
indigenous population if left unplanned (see ref. 24, for example).
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Table $5.20 Predicted visitor days for
proposed Allens Creek Lake and State Park

19852014

Visitor days (in thousands!?
N (T Sy 1 N0 |

Case V¢ Case 2° ;
1985 728 614 ‘
1986 3 B17 3
1987 734 619 :
1988 37 622
1989 730 624 :
1890 742 626 ’
1991 749 632
1092 755 638 1
1993 762 644
1994 768 649 i
1995 774 655 1
1996 750 660 '
1997 786 665
1998 791 670 :
1099 797 875 ’
2000 802 680 f
2001 800 686 i
2002 816 693 '
2003 823 599 ;
2004 829 704 :
2005 835 710
2006 842 718
2007 848 721
2008 853 727 .
2009 850 732 |
2010 865 37 !
2011 871 743 :
2012 876 748 i
2013 882 753 ‘

2014 887 758

*Estimates are for visitations by persons with
in 50 miles o' the site

b Assumes a competing acreage of 18 050
acres

“Assumes @ competing acreage of 518,060
acrey

Source ER Supp!.. Tabie $8.1-10

§.5.6.2.4 Conclusions

The staff concludes that the major socioeconomic impacts during plant operation will be an in-
crease in the local tax base (Sect. 5.4.4) and in added recreational facilities for the areas.
Few operations workers are expected to reside locally; most will probably commute from the
western suburban areas of Houston. Very little impact on local institutions or public services
will occur. The operation of the facility may indirectly induce some growth in ihe local area,
but most growth will occur from other economic and social activities in the reyion and from the
continued western suburbanization of the greater Houston metropolitan area.

0Of the local benefits «ill be the construction and development of the Allens Creek Lake and
State Park, This recreational facility will benefit both local residents and the regional
population withir the Houston area.
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5.6. ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS

The applicant's environmental measurements and monitoring programs are described in the FES
(Sect. 6). Since the publication of the ER and the FES, the applicant made available the results
of the year-long baseline biological survey! conducted on the Allens Creek site between November
1973 and November 1974, and the final results of the meteorological measurements program ﬁcon-
sisting of onsite meteorological data for August 1972 through July 1975). These results (which
were included in the staff's analyses in Sect. $.4 and S.5) coupled with major changes in the
sta.ion design (Sect. $.3) provide a basis for further evaluation of the proposed future moni-
toring (ER, Sect. 6.0).

In the ER Supplement (Sect. $6.1), the applicant provides a description of the modifications to
be made to the preoperational environmental program. Notable in the revisions is a reduction in
the number of biotic sampling stations as well as the relocation of various stations; both of
these revisions were necessitated by the revised lake design. Figure $.6.1 shows the aquatic,
surface-water, and groundwater monitoring stations, and Fig. $.6.2 shows the terrestrial monitor-
ing stations, Moreoever, the fr.guency of measuring the physical and chemical parameters, pesti-
cides, and heavy metals has been modified (ER Suppl., Table $6.1-1).

[n addition, the applicant has proposed a radiological environmental monitoring program to meet
the objectives discussed in NRC Regulatory Guide 4.1, Rev. 1, "Programs for Monitoring Radio-
activity in the Environs of Nuclear Power Plants," and in the Radiological Assessment Branch
Technical Position, August 1977, "Standard Technical Specification for Radiological Environmental
Monitoring Program." The applicant's proposed preoperational radiological environmental moni -
toring program is presented ir Sect. 6.1.5 of the ER and summarized here in Table $.6.1. The
applicant proposes to initiate parts of the program two years prior to operations of the facility,
with the remaining portions beginning either & months or one year prior to operation,

The staff hes evaluated the applicant's proposed monitoring (preoperational) programs for the
Allens Creek site and concludes that they are generally broad enough in scope for the environ-
mental effects of the site preparation and plant cons*ruction, and the potential impacts of plant
operation to be assessed adequately. However, the fcilowing changes and additions are recommended
to improve the effectiveness of the aquatic monitoring program:

1. A one-time adult fish sampling program should be conducted in the Brazos River to
gather data on heavy metal bioaccumulation in resident fish species. Trace elements to be
analyzed include those shown in Table $.2.6; these are Cd, Cu, Te, Pb, Ni, Hg, and Zn, Fish
tissue analysis should be reported by species and should include both muscle (e.g., axial
muscle) and fatty tissue, Replication should be sufficient for adequate statistical treatment
of the reported data.

2. Brazos River water should be sampled for an additional year on a monthly basis to
determine heavy metal contamination, both particulate and dissolved fractions. Trace elements
to be analyzed should include those given in Table $.2.6.

3. Fecal coliform and fecal streptococci should be monitored on a monthly basis for one
year in the Wallis sewage discharge area (sampling statfon A3 of the BMPR or sampling station
L8 in ER Supplement, Fig. S6.1-1). This will allow for further assessment of potential impacts
of treated sewage discharge into the southern arm of the proposed cooling lake,

4. The applicant has proposed to sample for larval, juvenile, and adult fish entrained
during lake filling (ER Suppl., Sect. $6.1.1.2.3) as presented in the FES (Sect. 6.1.3.2), If
makeup water pumping 1s proposed for those months when spawning activity occurs in the Brazos
River (approximately March to July), the applicant should include an ichthyoplankton drift
study at the makeup water intake structure location. This study should include densities
and cross-sectional distributions in the river.

$.6-1
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Fig. S.6.1. Aquatic, surface-water, and ground monitoring stations for Allens Creek Nuclear

Generating Station. Source:

ER Supplement, Fig. S6.1-1.
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Table §.6.1. Radiological program

Exposure pathway
and/or sample

Ditect radiation (TLD)

Air lodine

Aur particulate

Surface water

Groundwater

Drinking water

Milk

Vegetables or
catle torage

Fish

Sediment, aquatic
plants, and benthic
organisms

Deer and game birds
Rice
Soil

Meat and poultry

Approximate number and
their locations

7 — Each air sampling location

3 - Sita perimeter

2 ~ Recreation (shoreline) areas

15 ~ See ER, Sect. 6.1.5.1

3 - 4.5miles N, 3.5 miles S, 4.5 miles
NNW (three sectors with highest x/Q)

1 ~ Residence with highest /Q

1 - Wallis

1 - Sealy

1 - Approximately 20 miles SE of plant
in least-prevalen’ wind direction)

Same as air lodine

2 - Cooling lake near recreation areas
2 -~ Brazos River

2 ~ Wells most likely 1o be atfected
and used for drinking water

1~ Wallis (well water)

1~ Areas within § miles with milk cows
where highest airborne concentrations
are expected

1 — Area about 20 miles SE of plant

1 — Vegetable garden within § miles

4 - Cooling lake
4 - Brazos River

2 —~ Cooling lake
2 — Brazos River

Within 10 miles of site
West of site

7 ~ Each air sampling location
§ ~ Farms within 5 miles

1 - Farm near site where animals drink
fraom cooling lake cr eat forage grow:
within 10 miles downwind

Collection
frequency

Analysis type and
frequency

Quarterly and
annually

Weekly

Weekly

Monthly

Quarterly

Quarterly

Monthly

Monthly during
harvest season

Semiannually

Semiannually

When avallabie
At harvest

Prior to startup
and every three
years thereafter

Annually

Gamma dose quarterly
and annually

131 weekly

Beta (after 24 he)
weekly, gamma isotopic
maonthly; Sr-89, 890
Quarterly

Gamma 150topic monthly;
5¢-89, 8§90, and
tritium quarterly

Gamma Isotopic and
tritium quarterly

Gross beta, gamma 1sotopic,
St-89, §r-90, and tritium
Quarterly

1-131, §¢-89, $¢-90, and
gamma isotopic monthly

Gamma isotopic monthly

Gamma isotopic analysis
of tiesh and Sr-89 and
$r+00 in bones sem)
annially

Gamma isotopic, $r-89,
and Sr-90 semiannually

Gamma isotepic
Gamma isotopic

Gamma isotopic and $-90

Gamma isotopic on
edible portions




$i6+0

In addition, the following changes and additions are recommended to improve the effectiveness
of the radiological monitoring program:

1. The Brazos River water sampling station, located downstream of the cooling pond spillway
(B-3), should have sampling equipment capable of collecting hourly aliquot samples relative to
the compositing period.

2. The Wallis municipal well water sample should be collected monthly, The composite well
water sample should be analyzed monthly for gross beta and gamma isotopic content. The composite
water sample should be collected with the same type of equipment as described in 1 above.

3. Milk samples from milking animals when on pasture and in areas where doses are calcu-
lated to be greater than 1 mrem/year should be analyzed for radioiodine and yamma isotopic
semimonthly.

4, The lower limits of detection (LLD) for the radiological environmental monitoring
program shuuld be the same as those listed in Table 5.6.2,

Tabie $.6.2. Detection capabilities tor environmental sample analysis
Loawer Limit of detection (LLD!}

Airborne
Water” particulate Fish Mok Food products” Sediment

adoai (pCi per hiter) or gas (pCi ner kg, wet)  (pCi per literl  (pCi per kg, wet)  (pCi per kg, dry)

(pCi per m’)
Gross beta 2 1xX10°%
TH 330
S4mn 15 130
59¢e 30 260
#9900 15 130
S8 20 30 260
952/ Nb 10
il 06 2X4074 08 25°
L gl 15 XAt 130 15 80 . 160
1498, La 15 15

*LLD fur drinking water
O LLD for leafy vegetables

Data obtained from these monitoring programs with the staff's recommendations included should

be adequate for the staff to reassess or characterize the state of the local environment prior

to licensing of the station for operation. The staff also notes that the aquatic, surface water,
and groundwater stations (Fig. S.5.1) are suitably located for the implementation of various
operational monitoring programs, as recommended by the staff (Sect. S.5), to ensure that the
aquatic ecosystems in the site region are not severely impacted.

The operational radiological, chemical-effluent, thermal-effluent, meteorological, hydrological,
and ecological monitoring programs will evolve from the combination of the preoperational
monitoring programs described in the applicart's ER and ER Supplement and those changes
recommended by the staff, Because the present action pertains to the issuance of a construc-
tion permit, detailed staff evaluation of the operational program will be done at the time of
application for an operating license, and monitoring requirements will be included in the
environmental technical specifications of the operating license.

REFERENCE FOR SECTION S.6

Monitoring Program, Allens Creek Nuclear

V. Dames and Moore, Final! Report, Bioloy
iahting and Pover Compemiy, Feb. 15, 1975,

@Generating Station Site, for Houeton |
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5.7 ENVIRONMENTAL EFFECTS OF ACCIDENTS

A high degree of protection against the occurrence of postulated accidents is provided through
correct design, manufacture, and operation of ACNGS, and through the quality assurance prograrn
used to establish the necessary high integrity of the reactor system; these factors will be
considered in the Commission's Safety Evaluation. System transients that may occur are handied
by protective systems to place and hold the plant in a safe conditicn. Notwithstanding these
safeguards, the conservative postulate is made that serious accidents might occur, even though

they are extremely unlikely; and engineered safety features will be installed to mitigate the
consequences of those postulated evaents which are judged credible.

In Sect, 7.1 of the FES, the staff considered the probability of occurrence of accidents and
the spectrum of their consequences from an environmental effects standpoint, using the best
estimates of probabilities and realistic fission-product release and transport assumptions.
Table S.7.1 lists the nine classes of postulated accidents and occurrences, ranging in severity
from trivial to very serious, that were evaluated. The staff concluded (FES, p. 72) that the
environmental risks due to these postulated radiological accidents would be extremely small.

Nuclear Regulatory

Table 8.7 1. Classification of postulated accidents and occurrences

Class Applicant's examples
Commussion description
| Trivial incidants Included under routing releases
2 Small rolease s outside Included under routine releases
containment
3 Radioactive waste systems Equipment leakage or malfunction
falure release of waste gas storage tank
release of liquid-waste storage
tank inventory
4 Fission products to Fuel cladding defects and fuel,
primary system (BWR) failures induced by off design
transients
5 Fission products to Not gpplicable
primary and secondacy
systems (PWR)
6 Retueling accident Fuel bundle drop, wavy obect drop
onto fuel
7 Spent fuel handling Fuel assembly drop on fuel starage
accigdent pool and spent fuel shipping cask
drop
8 Accident initigtion Loss of coolant accident; rod drop
events considered in accident, steamiine break. instrument
design-basi- evaluation line break
in the Safety Analysis
Report
a Hypothetical sequence of Not considered

tailures more severe than
Class 8

Source FES Table 7 1 (moditied)

§.7-1
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The staff has reevaluated these postulated accidents and their probability of occurrence in

view of the proposed design changes (Sect. $.3) and has considered advances in analytical

methods employed for such calculations. The dose analysis was modified to consider the increase
in the projected population for the year 2020, within an 80-km (50-mile) radius (as listed in

the PSAR, Table 2.1-4, Amendment 36) and to remove the beta skin-dose component which was

included in the earlier dose estimates. As Table $.7.2, shows, these changes have resulted in

a general reduction in the estimated individual and population doses contained in Table 7.2 of

the FES. These results indicate that the realistically estimated radiological consequences of
the postulated accidents to an individual assumed to be at the site boundary would result in
exposures that are less than those which would result from a year's exposure to the maximum
permissible concentrations (MPC) of 10 CFR Part 20. Table $.7.2 also shows the estimated
integrated exposure from each postulated accident of the population within 80 km (50 miles) of

the plant. Any of these integrated exposures would be much smaller than those from naturally
occurring radioactivity. When considered with the probability of occurrence, the annual potential
radiation exposure of the population from the postulated accidents is an even smaller fraction

of the exposure from natural background radiation and, in fact, is well within naturally occurring
variations in the natural background. It is concluded from the results of the realistic analysis
that the environmental risks due to postulated radiological accidents are exceedingly small and
need not be considered further.

Table §. 7 2 Summary of radislogical consequences of postulated accidents’

Estimated fraction ot 10 CFR Part 20 Estimated dose 1o poputation in

Shan R jimit at site boundary® 80-km (50 muie} radius {man rems)

10 Trival incigdents ¢ f

20 Smal! releases outside containment ¢ ¢

30 Radwaste system fadures

3 Eauipment leakage or maltunction 0007 21

¥ & Release of waste gas storage tank inventory 0028 87

33 Release of lgquid-waste storage tank inventary <0001 0029

40 Fission products to prmary system (BWRI <0.001 0.13

41 Fuel cladding defects ¢ ¢

42 Oft design transients that induce fue! 0.001 085
fardures above those expected

50 Fission products to pv mary and Not applicable Not applicable
secondary systems (PWR)

60 Refueling accidents

61 Fuel bundie drop <0001 0048

62 Heavy nbyect dtop onto fuel in core 0.001 038

10 Spant-fuel handiing accrdent

71 Fuel assembly drop 0 fuel rack 0017 0.106

2.2 Heay object drap onto fuel rack Not applicable Not applicable

73 Fuf ask drop Not applicable Not applicable

80 Accudent initiation events cons:dered

in design-basis evaiuation n the
Safety Analysis Report

P T RS P P R

81 Loss-of coclant acewdents
Small break +0.001 0127
Large bragk 001t 201
8 V) Break in instrument ling from primaty <0 001 0006
system that penetrates the containment i
8 2ia) Rod ejection accident (PWR| Not appiicabie Not appiicable :
8.2 Rod drop accident (BWR) 00016 126 i
8 3a) Steamibing breaks (PWRs outad Not applicable Not applicable
contanmant)
8.3(b) Steamiine treak [BWR) ~ 1
Smal! bregk <0.001 028 1
Large break 0.005 1.46 @
*The doses calculated as consequences of the postulated accidents are based on airhorne transport of redioactive materials resufting in both :
a direct and an mnhalation dose. Staft evaluation of the accident doses assumes that the applicant’s environmental monioring program and 3
appropriate additional monitoring (which could be imitiated subsequent to a hguid release ncident detected by n-plant monitoring) would 8
detect the presence of radioactivity in the eaviconment in g timely manner so that remedial action could Le taken It necessary to lumit exposure
fram other potential pathways to man
¥ Repeesents the catculated fraction of a whole body dose of 500 miflirems, or the equivalent dose 1o an organ £
“These radionuchide releases are considered in developing the gaseous and liquid source terms inciuded in the doses m Sect §.54
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S.8 NEED FOR POWER GENERATING CAPACITY

Major disruptions in the nation's energy markets in the form of precipitous price increases and
declining availalility of fossil fuels have altered enerqy demand patterns throughout the
United States since the oil embargo of 1973, To some extent, the resulting decline in elec-
tricity demand growth in the area served by HL&P is responsible for the decision to delay
construction of ACNGS and to reduce the planned generatinag capacity of the proposed facility.
Cansequently, substantial revisions have been made in the demand forecasting analysis presented
in the FES (Sect. 8)., Since the filing of the Allens Creek ER in 1973, HL&P has modified its
mettodology for forecasting annual peak demand and generation. The new methodology, combined
with additional historical data (Sect. 5.2.1) not availatle when the previous forecast was sub-
mitted, has produced lower projections of load growth than those contained in the ER, Originally,
e applicant had forecasted an average annual growth rate of electricity demand of 6.6% from
1977 through 1984, This forecast has now been reduced to 4.7%, and the applicant now projects
that the 1977 system capability of 10,170 MWe must be expanded to 15,560 MWe by 1987 to meet
the projected load growth (ER Suppl., Sect. $1.1). The staff concurs with this revision in

| light of the changed circumstances and additional information available since the original
forecast was made.

The results of tne revised analysis of the need for additional generating capacity are reported
in this section. The staff concludes that in order for HL&P to meet the projected growth rate,
an additional generating capacity of about 1200 MWe will be required for the 1985 to 1987 period.

S.8.1 DESCRIPTION OF THE POWER SYSTEM

Figure S.8.1 shows the HL&P service area which occupies a 14,504-km? (5600-sq mile) contiguous
region on the Gulf Coast of Texas, and which may be roughly described as the Houston-Galvestun-

| Freeport Gulf Coast area. The system covers all or parts of ten counties and serves customers
under franchises in 67 incorporated municipalities, including the cities of Houston, Galveston,

| Freeport, Baytown, and Pasadena. The total population for the area served is estimated at
2,755,000, which is about 20% of the population of Texas. Because of the subtropical climate
of the area and the consequent high level of air-conditioning load, the peak-hour demand for
the HL&P system normally occurs in June, July, and August. Tables $.8.1 and $.8.2 present
information on heating- and cooling-degree days and peak-load fluctuations in the system, In
1972, an estimated 57% of the residential customers within the system had central air condi-
tioning or its equivalent in room air conditioners. This saturation is expected to reach 90%
by 1985 and is forecasted to approach 100% by the year 2090. Air-conditioning load is a major
factor in the months April through November, and the summer peak has typically been about 140% :
of the December peak. The system is expected to continue to peak during the summer.

The FES (Sect. 8.1.2) contains a description of the regional relationships within the HL&P
service area. The applicant remains a member of the Texas Interconnected System (TIS). No
significant changes in operating philosophy or makeup of the group have been reported in the ER
Supplement.

5.8.2 POWER REGUIREMENTS

hour sales to the industrial class of customers have recentiy been about 51% of total kilowatt-
hour sales. Sales to residential customers have been about 23%; sales to commercial customers
have been about 20%; and sales to other public utility distribution systems have been about 6%.
The numbers of customers in these various classes are given in Table S.8.3. Some of the more |
important sectors by percentage of the ‘ndustrial and commercial market comprising the total

kilowatt-hour sales for 1972 included chemicals, 21.4%; refining industry, 7.2%; primary metals,
4.9%; hospitals and health services, 1.5%; and food and beverages, 1.3%.

!
The HLAP serves a large industrial load, which i1s a major economic base for the area. Kilowatt- 1

S.8-1 |
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Table § 8.1, Weather variables

High

Cooling degree Heating degree temperature. Cooling degi ee

Year hours, hours, day of peak hours, :

annualt’ annuat® - 2 day of peak 5

°C) {"F) )
1970 33,804 41,903 356 96 G|
1971 33,593 30,680 350 95 247
1972 37,077 30,713 339 93 273
1973 34,831 37,239 350 95 299
1974 34 980 31,200 344 94 276
1975 3.7 31 544 356 96 270
1976 31,550 34 496 3\8 93 289
1977 35 396 37,097 350 95 280
1978 35,396 37,097 35.0 95 280
1979 35 396 37,057 350 95 280
1980 35,396 37,097 350 95 280
1981 35.396 37,097 350 a5 280

*Base temperature - 22 2°C (72°F)
P Race tomperature = 18.3°C (65 F)
Source ER Suppl. Appendix SH, p. SH-79

Tne applicant has one large-load customer with contract provisions set up on a limited inter-
ruptibility basis, with a normal demand of 225 MWe. This customer has a generating capacity of
approximately five times its normal demand on the applicant. The applicant can use this load
as spinning reserve because the customer can absorb interruptions with his own generation (ER,
p. 1.1-3A). Contract provisions allow this load to be reduced to zero demand during an agreed
number of hours at the discretion of HL&P.

Table S.8.4 presents historical data on the annual use and peak-hour demand for electricity in
the HL&P service area. From 1963 through 1976, annual demand grew from 13,213,000 to
43,355,000 MWhr. Annual growth rates over this period ranged from a low of 4.1% in 1974 to a
high of 13.6% in 1965, with the average annual growth rate equal to 9.6%. Prior to 1973, the
average annual growth rate was 11.2%, whereas the post-1973 figure is 5.9%. Peak-hour demand
grew from 2516 to 8019 MWe from 1963 through 1976, with annual percentage growth rates ranging
from a low of 4.6% in 1975 to a high of 15.2% in 1969. The average annual growth rate in peak-
hour demand over this period was 9.4%, with a pre-1973 average of 10.2% and a post-1973 average
of 7.5%.

Trends of past electricity u.e are helpful in assessing future use levels. In addition, forecasts
of ¢nergy demand are influenced by trends in income, population, and employment. Forecasts' of :
these factors in the applicant's service area (Table $.8.5) show continued growth, but at a .
declining rate, An additional factor affecting future demand is the type of industrial activity;
the petrochemical industries, natural gas processing, and petroleum sectors — all heavily
represented in the applicant's service area — show some of the highest growth rates of the
nation's manufacturing industries.?

$.8.2.1 Applicant's forecasts

The applicant currently maintains a forecast of kilowatt-hour energy sales and peak-hour demands
extending 20 years into the future; this forecast is reviewed and updated annually. A separate
forecast of kilowatt-hour sales is made for each of 11 different groups of customers, who are
grouped primarily on the basis of rate schedule.

For one of the forecasted groups, consisting of about 70 of the largest industrial customers,
estimates are made individually for the first five years. These estimates are based on data
supplied by the customers and are modified using information such as specific market conditions
and present and future plant expansions. In forecasting beyond five years, group forecasts are
used. Estimates are made on the basis of the long-term trend toward increased electrical use

in local industry. Relationships are then establisied between this trend and that of expected |
employment trends for the area. For the first five years, estimates of kilowatt-hour use by

the public utilities class are obtained directly from the Community Public Service Company.

Extrapolation of the historical growth trend was used after five years. For the municipal

street lighting class, the number of lamps is derived from the number of households and is then

multiplied by kilowatt-hour use.



1964

1965

1966

18967

1968

1969

1970

1971

1972

HL&P
Tis®

HL&P
TiS
HL&P
IS

HL&P
TIS

HL&P
TIS
HL&P
IS

HL&P
TiS

HL&P
TIS

HL&P
TS

HL&P
TiS

Yearly peak

hour demand®

(W)

2516
8501
27718
9.367
3.039
9,896
3.338
11,087
3,752
18,308
4076
13,257
4701
15,680
5,069
16410
5.308
178614

6010
19,366

P Texas interconnected systems
“information not avaiiable for reterence period

’Monmu, peak hour demands include interruptible load, whereas yearly peak -how demand does not

January

1

1

1

1,503

¢

1602

4

1.842

«

2114

c

2268
¢

2620
7.788
2885
8.388
3.230
0,087
3625
0,785
4,092
2115

*Houston Lighting and Power Company

February

1,461
1,585
<
1.9
2.069
&
2,256
;
2,551
7878
2,779

3167
9870
3404
10,270

3928
11,229

March

1637

-
1.621
c
2,023
¢
21N
t
26M
¢
2.580
7.488
2 806
8497
3108
9498
3817
10,883

4823
12,609

April

1.980

¢

2016
c

2274

<

2570
c
3,152
3.066
8.498
3,396
957
4230
11,790
4481
12,943
5110
15,606

Monthly peak hour demands (MW7

May

2,200
=
2337
=
2614
=
2,962
c
3462
€
3727
10.702
4077

4335
12,227

5.058
14,902

5,526
16,573

June

2378
=
2576
pe
2,875
€
3,157
#
4712
(8
4122
«
4 686
14,760
4,966
15,340
5443
16,558

6.201
19,363

July

Auqus?

2,508
€

2778

(5

3.029

3.338

o
3.896

C
4,260
13263

a9n
15,827

5229
16,589

5.361
16,821

6,238

2518

<

2,756

c

3031
¢

3.268
{4
3.558
9990
1,096
18,854
4,756
14,861
5104
15.946
5328
17,413

6.131
19,150

2017
c

2227
c

2482
€

3.027
€
3,296
9,535
3834
11,100
4.290
18.609
1577
13361
5163
14,938

5.662
17181

Tabie S 82 Texas Interconnected Systems and Houston Lighting and Power Compan, peak hour demands: 1963 through 1972

p-8'S
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Table $.8.3. Number of customers by class:

Oecember 1976

Class Number of

customers

Residential 663,095
Commercial 94 556
Industrial 1.363
Government and municipal 7%
Public utilities 6
Tota! 759,085

Source’ ER Suppl., Appendix SH, p. SH 70

Table $.8.4. Historical annual usage and peak-hour demands, 19631976

Annual demand Peak -hour demand

Year PORBY RS - . i g LSS ERISH
(July 1) Annual demand MWhr, Annual-demand Net peak-hour demand” Annual increase
n thousands growth rate (%) (MWe) (MWe) (%)

1963 13,213 2518
1964 14,368 87 2,778 262 104
1965 16,328 136 3,039 261 94
1966 18,268 1.8 3,338 209 98
1967 20,427 119 3,752 414 124
1968 27,966 124 4,076 324 86
1969 25,921 129 4,697 621 16.2
1970 27,741 7.0 5,067 370 79
197 30,888 i1.8 5,308 24) 48
1972 34,468 11.8 6,010 702 132
1973 36,694 6.5 6.484 474 79
1974 38,191 a1 6,930 446 69
1976 40,276 55 7,252 322 46
1976 43,356 76 8019 767 10.6

“Does not include interruptibie load
Source: ER Suppl., modified from Tables S1 1.1 and §1.1.2,
Table $.8.5. Projecti of i . population, and employment for the service area
Total personal income capita personal income Popy ation Employment”

Mittions of

Year Ayurage increase Dl Avarage increase Miltions Average increase Miliione Average increase
dollas {percent per year) {percent per year) (percent per year) (percent per year)

1960 429 2536 1.7 06

1970 7.61 59 3308 27 23 R 08 4.1

1980 1312 56 4565 33 29 23 11 25

1990 21.04 48 5821 24 340 18 1.3 1.7

"For the four major counties, Hacris, Galveston, Beazotia, and Fort Bend, in the service ¢ ea

EThe staff changed these projections to be consistent with Series € rather than Serivs C population projections of the U.8. Water Rasources
Council's 1972 OBERS Projexctions, Washington, D.C., Apri! 1974
Source: Taxas Water Development Board, Economic Forecasts. Marris County and Vicinity, Economics Branch, Austin, Texas, March 8, 1974

and FES, Table 8.1,

TRSITENANVIE
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Equations were developed that model sales for the residential, commercial, and the small
industrial groups in these classes. The major elements of these equations are service area

population, persons per household, price of electricity, household income, and weather conditions.

The population forecast was constructed from a projection for the nation by the U.S Census
Bureau and from assumptions as to the ratio of local area population to the U.S. pojulation.
Recent substantial revisions of population growth estimates in the Houston area since the 1970
census were incorporated. A projection of future persons per household was also made, which,
when combined with the pnpulation, provides an estimate of the number of households for the
area. The number of households then provides the basis for the number of customers in each
cystomer group.

Household income is used as a variable to model residential megawatt-hour sales. In combination
with the number of customers, household income captures part of the growth trend associated
with acquisition and use of appliances, including air conditioning and electric heating. The
price of electricity is a variable in the equations of residential, commercial, and small
industrial use. This variable is used along with household income to capture variation in the
growth trends associated with changes in the relative cost of acquiring and operating electric
equipment. Two weather variables — cooling-degree hours and heating-degree hours - are used in
forecasting for residential, commercial, and small industrial groups. The projections of
megawatt-hour sales are based upon average weither conditions, Assumptions have also been made
as to what porticn of new dwelling units will be multifamily vs single-family units, and as to
the breakdown of future individual- vs master-metered multifamily units. After 1980, it was
assumed that all new apartments would be individually metered and would be included in the
residential class.

The applicant's original and revised forecasts of annual electricity demand for 1977 through
1987 are presented in Table $.8.6. The original forecast did not contain data for 1985 through
1987. MNote that for the 1977 through 1984 period, the average annual-growth-rate forecast for
total demand was 6.6% in the original estimate and 4.7% in the revised estimate. By the end of
1984, the revised estimate is 18,163,000 Mwhr below the original estimate -~ a veduction of 22%.
Note that the reduced growth rate forecast for 1983 is the result of an autiripated loss of a
large industrial user from the HL&P system. This loss also affects the figures reported in
Tables 5.8.7 and S.8.8.

Tabin §.8.6. Original and revised forecasts of annual electricity demand, 19771987

¥ Original torecast Revised forecas!
t Ju:‘:" 1) Annual demand (MWhr Annual demand Annual demand (MWhe Annual demand
v thousands) growth rate (%) n thousands) growth rate (%)
1872 63,198 47,246
1978 §7.173 7.8 51,117 82
1979 61,354 1.3 53.826 6.3
1980 65,663 69 57,318 6.5
1981 69,746 63 60112 49
1982 74,042 62 62467 38
1983 78.488 60 62,536 o1
1984 83.066 58 64,903 38
1985 67,769 44
1086 70,780 44

1987 74,029 46

Source ER Suppl, Table §1.1-2 (megified!

Original and revised forecasts of peak-hour demands for the 1977 through 1987 period are given
in Tabie $.8.7. For uhe 1977 through 1984 period, the average annual growth rate for peak-hour
demand was 7.1% in the original estimate and 5.0% in the revised estimate. At the end of this
period, the revised estimate is 2725 MW below the original estimate - a reduction of 18%.
Figure 5.8.2 shows the growth in peak-hour demand forecast for the 1967 through 1987 period for
the four classes of customers.

In obtaining peak demand, class contributions to system peak demand for the residential, commer-
cial, and small industrial groups have been modeled as functions of class energy consumption,
number of customers, peak temperature, and degree hours on the day of the peak demand. These
equations model the effects on peak demands of changes in weather conditious, calendar-month
generation, and number of customers, thereby explaining the changes in demand growth rates.

—
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Year

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

“Dows not include interruptible load
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Table §.8.7. Original and revised torecasts of peak hour demands, 1977 - 1987

Orginal forecast Revised forecast i

Met peak-hour demand® Annugl increase Net peak hour demand” Annual increase
(MWhe) (MWhr) (%) (MWh) (MWheh (%) ‘

9,080 750 90 8.650

9.800 750 85 9 200 550 64 [
10,600 800 82 9,750 560 60 i
11,450 £50 80 10,375 625 64 -;
12,200 750 66 10,950 576 55 |
12,950 750 61 11,425 475 43 ‘-
13,700 750 58 11,700 21% 24 <
14,400 700 51 12.17% 475 41 i
12675 500 a1 ”

13,225 550 43

13,775 550 a2

Source: ER, Tabie 1.1-2 and ER Supp!., Table §1.11

Table $.8.8. Annual and peak-hour demands with system-load factors

Mo Annual demand Peak hour demand® B foad tainia
{MWhe, 10 thousands) (MWa)

1963 13,213 (AP 2516 (A) 509 (A} :
1964 14,368 (A) 2,778 (A} 50.0 (A)

1965 16,328 (A) 3,039 (Al 61.3 (A)

1966 18,258 (A) 3338 (A) 624 (A}

1967 20,427 (A} 3,752 (A) 62.1 (A) :
1968 22,966 (Al 4076 (A) 643 (A) ;
1969 25,921 (A) 4,697 (A) 630 (A) ’
1970 27,741 (A) 5,067 (A) 625 (A) :
1971 30 888 (A) 5.308 (A) 664 (Al §
1972 34 468 (A} 6,010 (Al 655 (A) i
1973 36,694 (A) 6,484 (A) 646 (Al I
1974 38191 (A) 6,930 (A) 629 (A)

1975 40,276 (A) 7,252 (A) 634 (A) i
1976 43,355 (A) 8,019 (A) 61.7 (Al

1977 47,246 (F)° 8,650 (F) 624 (F) ;
1978 81,117 (F) 9.200 (F) 634 (F) !
1979 63826 (F) 9,750 (F) 630 (F)

1980 57.318 (F) 10,375 (F) 631 (F)

1981 60,112 (F) 10,950 (F) 62.7 (F)

1982 62467 (F) 11,425 (F) 62.4 (F|

1983 62,536 (F) 11,700 (F) 610 17)

1984 64,903 (F) 12,175 (F) 609 (F)

1985 67,769 (F) 12,675 (F) 61.0 (F)

1986 70.780 (F) 13,225 (F) 611 (F)

1987 74,029 (F) 13,775 (F) 613 (F)

“{A) * Actual

8(F) » Forecasted
“Daes not include mtercuptibie load

Source. ER Supp!, Tables 8111 and 5112
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The large industrial, government and municipal, and public utilities class demands have been
estimated using typical load factors. The overall system load factors, both historical and
forecasted, are presented in Table S.8.8. As can be seen in this table, these are predicted to
decline slightly in the future. The average load factor observed over the 1963 through 1976
period is 62.7%, whereas that forecast for the 1977 through 1987 period is 62.0%.

The reduced-use and peak-hour-demands forecast in the revised estimate result from two major
causes. First, the oil embargo of 1973 and the ensuing energy price increas:s led to a reduction
in the quantity of electricity demanded. Second, the econcmic recession that followed the
embargo led to a reduced rate of growth of many of the factors that influence electricity
demand: income, industrial output, and others. Forecasts that were made prior to these occur-
rences were unable to foresee these events and, as a result, generally overpredicted electricity
demand in the postembargo era. A detailed account of the accuracy of the applicant's forecasts
in the past is provided in Table $.8.9. Note that the general trend throughout the 1960s was

to underesiimate demand growth. This tendency was reversed in the early 1970s. Since the
embargo of 1973, the applicant's forecasts have tended to err on the high side. This trend,
however, may again reverse as economic recovery proceeds in the Houston area.

5.8.2.2 Staff's forecast

A current research project® provides an econometric model of electricity demand and supply in

the United States capable of generating price and quantity forecasts for three sectors at the
state level. The model is a nonlinear simultaneous system of six equations (price and quantity
for the residential, commercial, and industrial sectors) which has been estimated with historical
data. Rates of growth of primary exogenous variables that were assumed in the forecast for
electricity use in Texas are given in Table S.8.10. These growth rates and the forecasts that
are generated from them are for the entire State of Texas. To the extent that the HL&P service
area experiences growth patterns that diverge from the State average, these assumptions will bias
the forecast. Projections made by the U.S. Water Resources Council“ indicate a 1.10% annual rate
of growth in population for the State of Texas over the 1980 through 1990 period and a 1.73% rate
of growth in population for the Bureau of Economic Analysis (BEA) area 141 (which roughly cor-
responds to the applicant's service area). Consequently, the assumptions in Table §.8.10 are
likely to lead to an underestimate of electricity demand growth in the relevant geographic area.

Table S.8.11 presents the staff's unadjusted forecasts of annual percentage rates of growth of
electricity use over the 1974 through 1990 period for the State of Texas. Separate forecasts
are generated for the three consuming sectors for three different fuel price scenarios (Table
5.8.10). Overall annual electricity use is predicted to increase at a rate of 3.9 to 4.2% per
year from 1974 through 1990. Note that the scenario that incorporates the high-price assumption
regarding alternative fuels (natural gas, oil, and coal) results in a reduction in electricity
consumption relative to the base case and the low-price case. Higher prices for these fuels
lead to an outward shift in the demand curve for electricity, which would tend to increase use.
However, generation costs are also increased by such price increases; as a result, the supply
curve is shifted inward, tending to reduce consumption of electricity. After equilibrium is
established, the net effect is an overall reduction in electricity consumption and an increase
in electricity prices caused by rising alternative fuel prices.

Due to the d vergent growth rates projected for primary exogenous variables between the State
and the appl'cant's service area, the forecasted growth rates for the State as a whole are
likely to prcvide a downward-biased estimate of the electricity consumption growth rate for the
applicant's sirvice area. This effect is due to the faster economic growth expected in the
Huuston area than that in the rest of the State, and is likely to hold true regardless of the
alternative fu'l price scenario adopted. Consequently, an adjustment factor has been calculated
to correct for the divergent growth patterns likely to occur in the future. This factor is
given by the ra io of the Office of Business and Economic Research (OBERS)“ predicted average
rates of growth »f total personal income in BEA area 141 and the State as a whole over the period
1970 to 1990, The resulting number is 1.17, which, when multiplied by the growth rates forecast
for the State, res.lts in the predicted values given in Table S.8.12. Although this adjustment
technique is obviously crude, it is interesting to note that the resulting forecasted growth
rates closely bracket *he figure of 4,71 obtained with the applicant's methodology.

e L
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Year
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
197
1972
1973
1974
197%
1976
1977

*The number in parentheses indicates bow many years the estimate was made pwior to the actual.

1960
1540 (5)"
2440 4}
2209 (3)
1900 (2}
1900 i1)
1931 (A

1961

1962

1963

1964

1985

Table S 8.9 History of forecasts system net maximum hour usage

1966

1967

2480 (5!
2496 14)
2100 (3
2050 (21
2000 (1}
1957 (A}

28290 (5)
2350 4}
2200 (3
213021
2160 (1}
2338 (A}

2600 5)
2400 (8)
2250 {3}
2380 i2)
2365 (1)
2516 {A)

2550 15}
2430 (44
2490 (2
248912}
2751 ()
2778 (A}

2600 (5)
2630 (41
2672 (3}
2975 ()
3000 (1)
3039 (A}

DA} = Acrual net maximum hour (minus interruptible load) in year
Source E£R Supp! p SH B85

A

2750 {5}
2856 {4)
219}
3250 2}
3300 {1}
3338 (A}

3047 i5)
3478 (4)
3500 (3)
3600 (2}
3700 {1}
3752 (A)

1968

|

-

1973

i T

1969 1970 1972 1974 1975 1976 1977
3729 (5)

3800 (4) 42050 (5)
3000 (3) 4200 (4} 4500 (S) 4900 (6) 5250 (7} 5650{8) 635091 6450 (10 6900 (11) 7350 128
4000 12) 4350 (3) 47504} S5750(5) 5600 (6} 6050 (7} 6500 (8] 7000 (9) 7150 {10} 8000 {11}
4100 {1) 4450 (2} 4800(3) 525014) 57005} 6100(6) 6500(7) 6950(8} 7450(9) 8OO0 110}
4076 (A} 4450 {1} 4850(2) 5300¢3) 5750(4) &250(5} 6800:6I 7350(7) 7850:8! BAS0 (Y
4697 (A} 5000 {1} 5550(2) 61503} 67504} 7400(5) 8000(6} 8550(7) 91508
5067 (A} S600(1} B150({2} 6650(3} 7150(4) 7750(5} 83006 B8IS07}
5308 (A} 6050 {1} 66002 7200(3) 78004} 8500 15} 9250 16!
6010 (A} B650i1) 7250(2) B0G0(3} 87004} 9450 (5!
6484 (A} 72001(1) 7950(2) 8850(31 9550 (4)
6930 (A} 7600 {1} 8300{2) 90503i
7252 {A} B1S50 {1} 870042}
BO1G (A} 8650 {1}

01-8'$s
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Table $8.10. Assumed growth rates (in percent! for exogenous variables in the Chern model®

e : Base case 3 ¥ Low peice case High price case
19741980 1980 - 1985 1985 - 1950 19741980 1980 198% 1985 - 1990 1974 - 1980 19801985

Poputation 070 110 1.10 a7 110 110 070 i.10
Residential customers 199 1.72 1.72 199 172 1.72 199 172
Real per capita 359 287 267 359 267 267 359 267
personal icome
Commercial customers 258 255 255 285 255 255 255 255
Industnal customers 469 469 469 469 469 469 489 469
Vaiue added a9 358 358 ag 358 358 a3 358
manufacturiag
Cost-of living index 520 4 80 390 520 280 390 520 480
Wholesale price index 510 240 270 510 340 270 510 340
Price of natural gas 191 106 255 382 218
{resdential and
commercral)
Price of natural gas 2m 249 375 302 498
{industrial)
Pri_e of No. 2 diesel ot 010 138 189 c20 278
{resideniial and
commerciall
Price of No. 6 drese! oil 015 279 309 30 558
industrial)

Price of coal 226 348 n 452 696

"W S Chernand B D Holcomb, A Regional Forecasting Mode! for Electric Energy. 1o be puttished by Oak Ridge National Laborstory.

Table S.8.11. Unadjusted rate of growth forecasts of annual
wlectricity usage in Texas, 1974 1990 (%)*

Growth case Reudential Co oal Industs @i Tous
Base case 49 a7 29 30
High price case 51 46 25 39

Low-price case ES.) 47 34 42

2Generated from the mods!l by W. 5. Chern and 8. D. Holcomb, A Regional
Forecastung Mode! for Electric Energy. to be published by Osk Ridge Natonal
Laboratory
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1985 1990

110
172
267

255
469
358

390
270
510

7.50

378

11-8'S
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Table $.8.12 Adjusted forecasted rates of growth of annual electricity
usage in Bureau of Economic Analysis area 141 1974--1990 (%)’

Residential Commercial Industrial Total
Base case 573 550 339 4 .68
High-price case 597 5.38 293 455

Low price case 562 550 398 491

Srate-level forecast (Table 5.8.11) adjusted by a tactor of 117

$.8.2.3 Potential impacts of conservation

The forecasts presented above do not explicitly account for potential effects of future conserva-
tion policies or efforts. Consequently, the estimates of electricity demand growth that are
obtained may be somewhat biased as a result. This section attempts to at least partially remedy
this shortcoming by discussing in qualitative terms the kinds of effects that are likely to be
generated by conservation measures in the HLAP service area.

In April 1977, President Carter revealed the details of the National Energy Plan® for dealing
vith the U.S. energy crisis. The Plan has three primary objectives: (1) to reduce dependence
on foreign oil and vulnerability to supply disruption, (2) to keep U.S. imports low enough to
weather the period when world oil production approaches its capacity limitations, and (3) to
have renewable and essentially inexhaustible sources of energy for sustained economic growth.
Among elements of the Plan, conservation and fuel cfficiency act as the cornerstone; this
emphasis reflects in part the fact that conservation is cheaper than the production of new
energy supplies and is also an effective means of protecting the environment as well as being
compatible with economic growth. The specific goal toward which the conservation elementy of
the National Energy Plan are directed is a reduction to less than 2% in the annual growth of
the total energy demand.®

In its broadest sense, energy conservation might be defined as any reduction in energy consump-
tion. Thus, in the context of a static economy, if the United States were to consume less
energy tomorrow than it does today, energy would be conserved. More realistically, in the
context of a dynamic and growing economy, if the growth rate in energy consumption were to be
reduced in the future in comparison to historical trends of increases in consumption, energy
also would be conserved. For the purpose of this review, energy conservation is defined as any
reduction in the growth rate of energy consumption resulting from the implementation of specific
governmental actions that have been adopted for that purpose. Electricity conservation, in
turn, is defined as any reduction in the growth rate of electrical energy consumption resulting
from governmental action adopted for that purpose.

The staff recognizes, of course, that almost all of the elements of the National Energy Plan
are conservation oriented; that is, they are directed toward reducing the United States' con-
sumption of scarce oil and natural gas resnurces both by directly reducing demand and by
developing alternative energy resources. Although many of these proposed elements are directed
towards reducing the consumption of oil and natural gas, they could have indirect effects
leading to reductions in the consumption of electricity. For example, to the extent that
rising o1l or natural gas prices increase the costs of electricity generation, or that the
development of new, lower-cost energy sources induces cunsumers to substitute these in lieu of
electricity, the consumption of electricity wil be reduced if all other factors remain equal.
However, for the purposes of this review, such reductions in electricity consumption are not
considered to be electricity conservation.

It is possible to define three principal categories of governmental actions designed to reduce
the consumption of electricity: (1) programs to encourage electricity-rate reform, (2) programs
to encourage changes in the technology of electrical energy use, and (3) programs to encourage
and promote electricity-saving changes in life-style through consumer education and appeals for
voluntary cooperation. The impact of electrical rate reform is discussed in Sect. 5.,8.2.4. A
review of the potential impact on electricity consumption resulting from the adoption of specific
actions in the remaining two categories is presentod here. The specific electricity conservation
policy proposals presented in the National Energy Plan are found in Sect. 5.8.2.3.3.

i
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$.8.2.3.1 Technology-related conservation

Policies relating to the technological conditions of energy consumption focus on the development
and implementation of new and existing products or processes that are capable of maintaining a
given level of output of some good or service (space heat, refrigeration, lighting, etc.) while
simultaneousiy reducing the level of energy input into the production of that particular good

or service, During the past two years, many industries, the Federal government, and state and
local governments have made the promotion of energy-conserving technology a priority program. '
The U.S. Department of Commerce has developed a department-wide effort to (1) encourage businesses

to conserve energy in the operation of their own processes and building, (2) encourage the

manufacture and marketing of more energy-efficient products, and (3) encourage businessmen

to disseminate information on energy conservation. The National Bureau of Standards (NBS) has

been given a leading role in promoting the development and implementation of energy-saving

standards. Programs include voluntary labeling of household appliances; research, development,

and education in energy conservation in buildings; efficient energy use in industrial processes;

and improved energy efficiency in environmental control processes.

The potential reduction in energy demand possible through adoption of technology-oriented pro-
grams has been the subject of considerable research in recent years. To a large extent, this

| research has focused on two principal areas in which energy savings appear to be available in
the immediate or near-term future,

The first of these areas involves insulation and other building improvements that permit the
matitenance of a given level of space conditioning (i.e., both air conditioning and heating)
wit't a reduced level of energy consumption. It appears that substantial energy savings are
potentially feasible through the implementation of this class of conservation measures. For
example, the seven-story Federal Office Building to be built in Manchester, New Hampshire,
illustrates the potential for energy conservation in future commercial buildings using existing
technology. For this particular building, energy savings are anticipated at a minimum of 20 to
25% over a conventionally designed building in the same location. Heat savings alone are ex-
pected to be 44% because of improved wall insulation, small window areas, the use of efficient
heating and heat storage equipment, and the use of solar collectors on the roof.

In 1971, the Federal Housing Administration (FHA) established new insulation standards that

would reduce average residential heating losses by one-third. Studies® have shown that it is
possible to produce even greater reductions in heat loss through improved insulation at economical
costs over a period of years. Improved insulation not only conserves energy in winter but also
reduces the air-conditioning burden in the summer.

The Federal Energy Administration (FEA) has estimated that voluntary building standards (proposed
in ASHRAE 90-75)" would result in average reductions (in comparison to 1973 construction and
operation practices) in energy consumption in buildings of 11.3% in single-family residences,
42.7% in low-rise apartment buildings, 59.7% in office buildings, 40.1% in retail stores, and
48.1% in school buildings. Finally, a detailed engineering-econometric model of energy use in
the residential sector® has been used to estimate the effect of a vigorous construction standards
program aimed at energy conservation in the residgntial sector. If energy prices continue to
rise at present trends, preliminary results indicate that such a program would, if all other
factors remain constant, result in a reduction from 1.7 to 1.5% in the average annual growth
rate of residential energy use from 1976 to 2000. Other studies support the conclusion that
significant energy savings can be realized through improved insulation and building standards.?

The second category of technology-related conservation measures consists of various appliance
efficiency standards that might be adopted to reduce the energy input requirements of a variety
of household appliances. These measures often result in an economic trade-off between front-
end capital costs and lifetime operating costs; as a result, their acceptability often hinges

on available and attractive financing arrangements. For example, a recent study'’ has shown
that refrigerator electricity use can be reduced by 52% by increasing insulation thickness and
improving compressor efficiency. These operating cost savings are obtained, however, only by a
19% increase in initial capital cost. Another study, dealing with room air conditioners, has
estimated that an improvement in average efficiency from 6 to 10 Btu per watt-hour could poten-
tially save electric utilities almost 58,000 MW in 1980.'' Air conditioners capable of achieving
such efficiencies require a combination of increased heat-exchanger size and higher-efficiency
compressors, resulting in higher initial cost. Lighting, which has accounted for about 24% of
all electricity sold nationally, is another area where savings are being realized. Many experts
believe reconmended lighting levels in typical commercial buildings have been excessive.'? It
has been calculated that adequate illumination in commercial buildings can be achieved at 50%
of current levels through various design and operation changes. Another study indicated that

if all households in 1970 had changed from incandescent to fluorescent lighting, the residential
use of electricity for lighting would have been reduced approximately 2.55.'% However, because
the majority of residential lighting occurs in off-peak hours, the reduction of peak demand
would be less than 1%,
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For the residential sector as a whole, the Hirst engineering-econometric model® estimates a
potential reduction from a baseline of 1.7% to 1.5% in the enerqy use growth rate if national
appliance efficiency standards are implemented. [f new construction standards are also imple-
mented, an overall growth rate of 1.3 for the residential sector will result.

In addition to lighting and air-conditioning efficiency, there are many opportunities for
electricity conservation in industry. Electric motors should be turned off when not in use,
and motors should be carefully sized according to the work they are to perform. Small savings
can be realized by de-energizing transformers whenever possible. Fuel requiremencs for vacuum
fuinaces can be reduced by 75% if local direct-combustion low-quality heat rather than nigh-
quality electrical-resistance heating is employed.'"

$.8.2.3.2 Nontechnological conservation

Nontechnological conservation measures are thosc that encourage a reduction in energy consumption
within a given technology framework. This reduction necessarily involves a substitution of
non-energy-intensive products or processes for energy-intensive ones. For example, additional
clothing or blankets may be purchased instead of space heating, or hand mowers may be employed
instead of power mowers. Policy measures designed to encourage this form of conservation may

be classified into two basic categories: information-dissemination policies and preference-
alteration policies. First, those policies that alter behavioral patterns by providing relevant
information on prices and opportunities available enable consumers to make better educated
choices among energy sources and conservation measures available. Second, those policies that
appeal to social conscience or altruism attempt to alter consumers' preferences through effecting
a change in consumer attitudes.

The first category includes such measures as appliance labeling. The NBS is working with an
industrial task force from the Association of Home Appliance Manufacturers in a voluntary
labeling program that would provide consumers with energy consumption and efficiency values for
each appliance and would educate consumers on how to use this information. Room air conditioners
are the first to be labeled. The next types of household appliances to be labeled are refrigera-
tors and refrigerator/freezers and water heaters. Also included in the first category are
individual metering, peak-load pricing, and other techniques that alter the energy-pricing frame-
work to provide individuals with information concerning the real economic costs of the services
provided. The probable result of such measures is an overall decline in average electricity
consumption; therefor.. these measures constitute potential conservation policies.

The second category makes use of such conservation measures as advertisements and public appeals
that are intended to persuade consumers to use less energy within a given technological, price,
and information framework., Actually, the notential energy savings achievable through such
measures 1s quite large. A recent study'® found that an energy savings ranging from 20% in
Minneapolis to 40% in Atlanta may be realized if residential indoor temperatures are reduced
from 72 to 68°F in the daytime and reduced from 68 to 60°F at night. In practice, however,
these potential savings are seldom realized through attempts at moral suasion. A study (1970-
1974) of natural gas and liquid propane gas (LPG) users in Indiana reveals that the national
Conservation ethic is ineffective in reducing consumption except when combined with fuel price
increases.'® Thus, it appears that large energy savings are not likely to be realized through
this category of conservation measures,

$.8.2.3.3 Analysis of conservation clements of the National Energy Plan

Among the major elements of the National Energy Plan designed to reduce erergy consumotion,

those having the potential for directly reducing the consumption of electrizity include a

program to decrease the waste of energy in buildings, a program to establish mandatory appliance
efficiency standards, a program to promote industrial conservation and fuel efficiency improve-
ments, and a program to effect utility reform. To implement these programs, a wide variety of
policy initiatives are proposed. Those initiatives that attempt to reduce electrical consumption
through the manipulating of electricity prices or electricity-use costs include phasing out
promotional, declining-block, and other electricity-utility rates that do not reflect cost
incidence, requiring electric utilities to offer daily off-peak rates and prohibiting master
metering. Those initiatives that attempt to encourage changes in the technology of electrical
energy use include giving tax credits for approved industrial conservation measures; requiring
utility-provided residential insulation service; facilitating residential conservation loans;
providing increased funding for the low-income-household weatherization program; establishing a
rural home conservation loan program; giving tax credits for business investments in conservation
measures; providing a Federal grant program to assist public and nonprofit schools and hospitals
in insulating their buildings; developing mandatory efficiency standards for new buildings; and
establishing mandatory minimum energy-efficiency standards for major appliances.
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The foregoing energy conservation initiatives can be characterized as those which have the
potential for directly reducing the consumption of electricity (and other fuels as well). To
the extent that they are eventually adopted, they will probably reduce the demand for elec-
tricity and the need for power, In addition, the National Energy Plan also contains a large
number of other proposed policy initiatives designed specifica\?y to conserve fuels other than
electricity, If these initiatives are adopted, the effect on the demand for electricity will
be indirect, and the various initiatives may serve either to reduce or to increase the demand
for electricity and the need for power,

5.8.2.3.4 Major initiatives of the National Energy Plan affecting other fuels

A brief review of the major initiatives affecting the use of other fuels and the resulting
potential impact on the demand for electricity is outlined here.

Initiatives affecting the prices of other fuels

One of the principal strategies of the National Energy Plan is that the prices of oil and gas
should reflect the true cost of replacing these fuels. As a result, the Plan contains several
proposals that would have the effect over time of increasing the prices of domestic oil and
natural gas. To the extent that such policies would increase the prices of these fuels in
relation to the price of electricity, the demand for electricity would, i: fact, increase.

Initiatives designed to promote the adoption of new energy technologies

Because one of the objectives of the National Energy Plan is to develop renewable and essentially
inexhaustible sources of energy, thereby reducing the Nation's reliance on conventional fuels
(e.g., oil and natural gas), the Plan contains several proposals such as removing institutionale
barriers for co-generation, providing tax credits on the purchase of solar energy equipment,

and extending the tar deductions for cost of geothermal energy development. Tou the extent that
such policies may serve to reduce the prices of energy from these sources in relation to the
price of electricity, the demand for electricity could decrease.

It is not now possible to forecast “he overall impact of the National Energy Plan on the demand
for electricity and need for power. Many conservation proposals, particularly those directed
specifically toward electricity consumption (Sects. $.8.2.3.1 and $.8.2.3.2), individually
would have the effect of reducing electricity demand. However, other elements of the Plan
(Sect. §.8.2.3.3) may indirectly lead to increases in the demand for electricity. Thus, while
implementation of the Plan may reduce the annua! growth of total energy demand to less than 2%,
the growth of electricity demand will not necessarily be reduced to that level.

Several studies recently have been published which attempt to evaluate the MNational Energy
Plan.!7»'% Although the authors of these studies eapress agreement with many of the Plan's
initiatives, they also indicate concern that the Plan will in some cases fall short of its
goals. Therefore, they recommend, in part, that additional or alternative energy conservation
measures be adopted. Until a national energy plan is ultimately adopted, is then analyzed, and
its effects are forecasted in a detailed and comprehensive way, it is obviously not possiple to
predict the impact ¢f such a plan on the consumption of electricity.

$.8,2.4 Change in utility rate structure

At present, utility rate structures are generally designed to encourage increased kilowatt-hour
consumption by each customer through the use of declining-block rates. Under this rate struc-
ture, the energy charge per kilowatt-hour decreases as the quantity of electricity consumed
during the m.~th increases. 1In the past, under conditions of abundant fuel resources, the
economic logic for declining-block rates was never seriously disputed. However, the use of
declining-block rates considerably improves the competitive position of electricity for activi-
ties which require the largest use of energy in the average home and which represent inefficient
uses of electric energy if weighed against the comparative amount of energy required for genera-
tion using other types of fuel. This latter point is often cited by critics of the present

rate structure. Commonly mentioned alternatives to declining rates are increasing block rates,
peak-load pricing, or a flattened rate structure. Under increasing block rates, the energy
charge per kilowatt-hour ncreases at higher levels of consumption; if adopted, this rate .
structure would, in theory, discourage inefficient uses of electricity and the overall growth
of total energy sales.
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Pricing systems based on marginal costs, which vary by time of day and season of the year, are ‘
generally referred to as peak-load pricing systems. Under this price system, customers would ;
pay a higher rate for all electricity they would demand during peak periods. The establishment ,
of a price differential between peak and off-peak periods wouid correctly reflect the higher

costs of providing electricity during the peak. The higher costs exist because utilities must a
add capacity (peaking units) to meet this demand. Furthermore, these peaking units are particu-
larly wasteful because they operate infrequently and incur very high operating costs when used.

In contrast, consumption shifts to off-peak periods will permit greater utilization of existing

base-load units having relatively low operating costs.

Utility companies have generally reacted unfavorably to these new rate designs, mainly because
they are uncertain about the effects of such a policy on the demand for electricity and, there-
fore, about their ability to earn a fair return on existing capital investment. There is
little evidence available at the present time to alleviate this uncertainty.

The confusion rests on the definition of price. Economic theory implies that decisions are

based on the marginal price of a product, whereas many econometric studies se average price 1
data as a proxy because it is readily available. Both concepts generate  rse relationships

between price and quantity of electricity demand; nevertheless, finer dist rctions do exist,

particularly in the context of analyzing the effect of alterna®‘ve rate str.ctures.

f
Under a declining-block rat. tne average price paid by any customer will be kigher than the |
marginal price. Consequen i-., if the marginal price is the correct determinant of demand, the :
quantity of electricity used by the customer could pe reduced by increasing the marginal price,
even thou?h the average price would remain constant. This action is equivalent to moving
toward (1) flattening the rate structure or (2) inverting the rates for this particular customer.
However, even if this relationship holds true for each individual customer, it does not follow
that the new rate structures will reduce overall demand for electricity among all customers.
Each customer consumes different amounts of electricity: consequently, prices vary between :
tustomers. If the rate schedule is flattened and the average price received from the whole !
group is kept constant, then customers who use relatively small quantities of electricity may
now pay a lower marginal price than before, even though large users will pay a higher price. l
It 15 the relative importance of trese two competing effects that determines whether flattening J
or inverting the rate scriedule will reduce electricity consumption. }
]

An atter "t has been made at Cornell University to estimate the impact of such a revision in the

rate structure.'® The methodology used in this analysis consisted of a model for forecasting |
electricity consumption in which characteristics of both the level and the steepness of the |
rate schedule were identified as explanatory variables. Results of the study show that there t
is np evidence to support the contention that flattening rate schedu.es will lead to drastic :
reductions in the use of c¢lectricity. In fact, investigators found that there might be a

slight expansion of consumption, because customers who currently use small quantities of |
electricity increase consumption at a faster rate than large users make the offsetting reductions.

Other investigations have produced similar results.“? Studies have shown that the elimination
of the differences among industrial, commercial, and residential rates lowers industrial demand
and accelerates residential and commercial demand, with aggregate growth remaining unchanged.
In some circumstances, rate equalization was shown to cause a slight increase in aggregate
growth,

Although these studies suggest that flattening or inverting the rate schedule is not expected
to reduce overall elactricity demand, this action may still serve as an effective conservation
measure in terms of total energy use. For example, flattening the rate schedule for residential
customers will tend to discoucage the use of electricity for space and water heating for which
more efficient alternative fuels exist. Customers using relatively little electricity will
provide the offsetting consumption increases related to activities for which no practical
substitutes exist, such as lighting and the power source for standard eleciric appliances.

With respect to peak-load pricing, the staff agrees that the development of a peak-demand sur-
charge can discourage consumption during peak periods. However, the Allens Creek plant consti-
tutes a base-load unit, and it is base load, not peaking capacity, that must be considered. .
Although peak consumption may be lowered or its growth rate may be reduced, it is only logical -
to expect that part of the consumption that is curtailed will not be eliminated but will only -
| be shiftea to off-peak periods. Thus, the result uf such a rate revision will be to increase
the system's base load beyond what would have existed under the prevailing rate structure.
Thérefore, the proposed rate revision would only enhance the need for base-load units such as
the Allens Creek plant.

Furthermore, there is the potential that a "needle peak" would result. That is, even though
consunption during the peak period is cut back, the absolute peak will remain relatively un-
affected. On a diagram depicting hourly consumption for the entire year, this phenomenon would
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appear as a needle because the absolute peak remains high for a very short duration, whils
other peak perfods fall back toward base levels. This result would suggest that customers
either cannot, or will not, do without electricity during conditions that bring about the
absolute peak (e.g., space-conditioning load and extreme weather conditions).

The Governor's Energy Advisory Council of the State of Texas reports that a successful imple-
antation of load-management policies would reduce the need for new generating capacity in the
future.“! It is estimated that a 20% improvement in the average load factor in Texas (from
approximately 48 to 68%) would result in a reduction of 20 to 25% in the required capacity by
the year 2000, It is pointed out, however, that a reduction of new capacity additions would
extend the useful life of the existing capacity, which is fueled primarily by increasingly
scarce natural gas. Consequently, the short- and medium-term result would be a continued de-
pendence on high-cost fuel in existing plants; therefore, the price of electricity would be
higher than it would be without load management until a substantial portion of the existing
gas-fired capacity would be retired or converted. Furthermore, since the HL&P's load factor is
currently above 60%, there may be little improvement to be gained from the introduction of
additional load management techniques in the Houston area.

In the staff's opinion, it is still too early to judge the extent to which the proposed rate
designs will be effective in reducing electricity demand and/or in improving the load factor.
With respect to inverted and flat rates, the Cornell study'® suggests that energy consumption
would actually increase under such rate structures. Nevertheless, the staff affirms the general
desirability of initiating peak-load pricing by electric utilities. If effective, it should
improve the system load factor (i.e., utilization of existing capacity) and reduce the need for
peaking units. However, a shift in time of use by electricity customers may actually increase
the need for base-load units such as the Allens Creek plant.

5.8.2.5 Substitution of electricity for scarce fuels

Since the new emphasis on energy conservation has resulted principally from the energy crisis,

it 15 equally important to inquire about the extent to which the future substitution of electrical
energy for fuels in short supply (namely, ¢il and natural gas) will tend to increase the demand
for electric power, thus offsetting the impacts of conservation measures.

Recognition of this positive stimulus to future electrical demand has been frequently noted in
the literature. Preliminary data already indicate shifts by consumer groups toward increased
electricity use due to price and supply considerations associated with natural gas. For example,
in the residential sector during the first six months of 1973, the sale of gas ranges was down
0.6% from that of the previous year, whereas the sale of electric ranges was up 12.6% over the
same time period. Water heater sales suggest a similar trend: gas water heater sales were up
1.2%, whereas electric water heater sales were up 18.4%. Sales of electric dryers increased
17.5%, but gas dryer sales increased only 5,5%. In the space-heating category, gas-fired unit
sales were down 9.3%, whereas electric unit sales increased 15%. In 1974, the Electric Energy
Association predicted that for the first time, more than half the newly built homes in the
Uniled St tes would be heated electrically.

Recently, in the 50th American Assemb'y - a symposium attended by 62 experts from government,

industry, and the academic community — a general consensus was reached. Although the rate of

growth for U.S. electric power demand would probably be less than the historic growth rate, it
is unlikely to be less than 5 to 5.5% in view of the need to substitute electrical energy for

some of the present uses of oil and gas.*

Another study’’ also acknowledges the importance of substitution for 0il and natural gas on
future electric demand and identifies these shifts as being long-term in nature. These investi-
gators conducted a survey of the major energy-consuming manufacturing industries in the United
States to determine the effect of potential short-fall. of fossil fuels on future industrial
electric energy requirements.

The 15 most energy-intensive manufacturing groups were selected, which represent over 90% of

the energy consumed by the industrial sector in the United States. Ten companies from each of
these groups were selected for interviews, and, in all, 142 companies and approximately 25 trade
associations, electrical equipment manufacturers, and electric utility industry representatives
were contacted.

Of the 142 companies surveyed, 80% indicated that they expect a short-fall of certain types of
fossil energy, and 61% plan significant changes in their energy mix during the next ten years
and have developed contingency planc. Of those companies expecting to make energy use changes
in the immediate future, most antic,;ite greater reliance on oii, apparently due to the ease of
conversion., However, although oil will remain the dominant alternate fuel for the two- to
five-year immediate period, increased shifts to electricity and to new coal apolications are
anticipated. This study concluded that "over the long term, the number of companies using coal
and electricity in expected to increase significantly."??
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The staff expects that substitution of electricity for scarce energy sources will probably
accelerate in the applicant's service area because of the uncertainty of oil and gas supplies
and the outlook for higher prices in relation to the price of electricity produced from coal-
fired or nuclear plant:. © - example, electric space heating is projected to grow nationalliy
from 7.6% fur all hor a " ‘o 16% in 1980, and to 274 in 1990. Other increases are fore-

casted in the growt’ ater heaters and ranges. The advent of electric automobiles
or other new uses o % annot be discounted but are not now quantified in projecting
need for power becat such items is speculative, It is the staff's evaluation that
substitution effect. ‘egree offset any savings from other conservation of electri-
city techniques.

A second kind of subst, is relatively important in considering the applicant's need
to add the proposed nuc . to this system is the desirability of adding nuclear capacity
as soon as possible to *1 consuned by gas- or oil-fired units that now form a signifi-
cant part of the applic em. This addition, in turn, will increase the availability of
these scarce material r or other uses for which there is no available substitute.

5.8.2,6 Conclusions

The applicant does not believe that any energy conseryation measures, substitution effects, or
load management techniques (FES, Sect. 8.2.3.4) will be significant enough to change the pro-
jection of power needs. Although energy conservation measures have a potential for reducing the
future demand for electricity, there is no reliable way at this time to quantify the reduction in
power demand resulting from conservation methods which .ould be implicnented either by Federal,
state, or local requlating bodies or by voluntary public action. The staff's ability to predict
is speculative because of (1) the uncertain nature of the effectiveness of the measures that may
be taken, (2) the substitutional effects, and (3) the possible regulations that may require
increased electrical demand. Finally, even if conservation of energy measures are effective in
reducing the demand for electricity in the 1980s, it is desirable to add nuclear capacity to
reduce the amount of fuel consumed by gas- or oil-fired units, thus increasing the availability
of these limited resources for which there are no available substitutes.

$.8.3 POWER SUPPLY
5.8.3.1 Existing and planned generating capacity

Houston Lighting and Power Company's installed system shows a total capability of 10,170 MW for
1977, with all units in the system being gas-fired. From March 1978 through %arch 1984, the
company has under construction or has projected a total additfonal capacity of 4700 MW, includ-
ing 2730 MW of coal-fired capacity and 1970 MW of nuclear capacity (including the 1200 MW
represented by the proposed ACNGS{. Table $.8.13 lists all planned and proposed capacity addi-
tions of 100 MW or more for the 1978 to 1984 perioc.

, Table $.8.13. Planned and prop ~ ed capacity additions of 100 MW
or more to base-load s stems: 1978 through 1984

Unit name, no Rated cape ity (MW) Primary fuel In-Service date
W A Parsh 6 680 Coai 3/78
W A Parish 6 660 Coal 3779
W A Parish 7 600 Coal 3/81
South Texas Project 1 385 Nuclear 10/80
South Texas Promet 2 385 Nuglear 3/82
Allens Crenk 1 1200 Nuclaar 3/85
Undetermined ! 376 Coal 3/83

Undetermin. o 2 75 Coal 3/84

THL&P owns 30 8% of the tatal capacity of the South Texas Project
Sourer: ER Duppl , Appendix SH. p SH 100
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The HL&P has no commitments for firm interchanges or purchases of power at this time, nor are
any such commitments planned within the foreseeable future.

$.8.4 NEED FOR THE PLANT

' The staff's assessment of HL&P's need for new base-load generatiny capacity consists of three
parts: (1) a comparison of planned total capacity in relation to forecasts of peak-load demand
(taking into account the need for reserve margins); (2) the results of the applicant's loss-of-
load probability (LOLP) analysis; and (3) a comparison of planned base-load capacity with base-
lo~d demand.

]
$.8.3.2 Power sales and purchases j
|
|
i
|
l
\

$.8.4.1 Reserve margin assessment

| The rescrve for a system is defined by the staff as the Jifference between jet generating

| resources and peak-load demand. WNet penerating resocwrcee are defined as installed capacity,

' plus firm purchases, minus firm sales. Because firm purchases and sales are zero throughuut
this analysis, net generating resources are equal to installed capacity. The recerve margin is
then defined as the reserve divided by peak-load demand. Table S.8.14 presents figures for
installed capacity, peak demand, reserves, and reserve margin for HLAP from 1963 through 1987,

Table $.8 14. Capacity, peak '‘oad, and reserves for the Houston Lighting
and Power Company

Power available (MW)

Year Installed Peak Amount of Reserve percentage
capacity demand” reserve
1

1963 3.004 25186 488 1940

1064 3.004 2,778 226 814

1966 2,377 3,038 338 1112

1566 3.858 3338 520 15.58

1967 4401 3,752 649 17.30

1068 5.010 4,076 934 22.9)

1969 5675 4,697 878 18 69

1970 5,676 5,067 508 10.03

197 6,326 6,308 1017 19.16

1972 1,376 6.010 1365 2MNn

1972 7.708 6 484 1224 1888

1974 8.760 6,930 1830 26 41

1975 0810 7,282 2558 3527

1976 9,810 8019 1791 2233 :
1977 10,170 8,650 1620 17.87

1978 10,830 8,200 1630 17.70

1979 11,490 9,750 1740 17 BO

1980 11.490 10.376 116 10.70

1981 12,4756 10,950 1525 1390

1982 12 860 11,426 1435 12 60

1983 13,236 11,700 1535 13.10

1084 13,610 12176 1436 11.80

1985 14 810 12675 2135 16 80

1986 14 810 13,226 1585 1200

1987 15 560 13,775 1786 1300

*Does not include nterruptible demand.
Source. ER Suppl., Table 51,13

For a number of reasons, utilities are required to have more capacity than the anticipated peak
load. Among these reasons are scheduled maintenanze, forced outages, errors in forecasts, and
extremes in temperature. Based on a LOLP analysis, most U.S. electrical systems are designed
on the assumption of one generating outage in ten years of operation. On a standard percent
reserve basis, this requirement is approx.mately equivalent to a 15 to 25% reserve margin,
depending upon individual system characteristics.
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As shown in Table 5.8.14, the reserve margins for HL&P for 1980 through 1987 are, with one
exception, below the 15% level recommended by TIS. Without ACNGS, the company would be in a
negative reserve position by 1987 (i.e., generating resources would not be adeguate to meet
forecasted peak demand). On this basis, it is the staff's opinion that an additional generating
capacity at least equal to that of the Allens Creek plant is needed within the proposed time
frame,

5.8.4.2 Loss-of-load-probapility assessment

System reserve requirements are established, in part, by loss-of-load probability calculations.
These calculations make use of demand forecasts, planned capacity, and assumed forced-outage
rates. The LOLP program groups outage probabilities, corresponding to classes of megawatt-
outage states, into a cumulative outage probability table. The net capability minus the
predicted daily peak load is then compared to the outage probability table to determine the
probability that a megawatt outage which would exceed this daily margin nay occur. The daily
probabilities of deficient margins are then accumulated for every weekday of the year to obtain
the yearly loss-of-load probability. Figure S.8.3 presents the results of this analysis.

Table $.8.15 gives LOLP figures and corresponding reserve margins under three alternative
scenarios. As can easily be seen, any delay in the addition of ACNGS would cause serious
impacts on reserve margins, thereby jeopardizing system reliability.

Table $.8.15, Loss-of load probability and system reserves

1984 through 1986

Year Low-of Jond Reserve Time frame
probabidity

1964 0043 1.8%
1985 0.025 16.8% No delay
1986 0109 12.0%
1984 0043 11.8% Delay of
1985 0182 74% one year
1986 0109 12.0%
1084 0043 11.8% Dslay of
19885 0182 7.4% two years
16986 0.767 20%

Source. ER Supp!  Append SH, p SH 104

It should be noted that all LOLP results and reserve margin calculations are based on the
assumption that ACNGS will be available for full operating capacity from the proposed date for
commercial operation, Historically, however, regulatory restrictions and mechanical considera-
tions have limited the operating capacities of new nuclear units. Also, these results do not
reflect any possible fuel 011 and natural gas curtailments in future years, although it is
certainly possible that such curtailments will occur. Because fuel oil and natural gas are
becoming more scarce every day, it is desirable to increase the mix of generating capacity to
include nuclear and coal-fired units. Consequently, this analysis, while clearly demonstrating
the need for ACNGS, probably understates the real need for this unit.

$.8.4.3 PMssessment of base-load generating capacity

The staff has also evaluated the need for base-load capacity in the HL&P system. Essentially,
this evaluation consisted of a quantitative approximation of projected base-load demand and
base-load capacity from 1984 through 1987. The results are given in Table 5.8.16.

Base-load demand was approximated by the average hourly demand for the given year. Base-load
capacity was calculated by including all but those units used only for peaking. Both of these
approximations would tend to bias the results against demonstration of need for additional base-
load capacity. As shown in Table 5.8.16, however, base-load capacity will fall short of base-
load requirements in 1987, even with the addition of the 1200-MW ACNGS in 1985, and the capacity
is only marginally above the required base-load capacity in the three preceding years. On this
basis, it is the staff's opinion that the base-load generating capacity proposed by HL&P is
needed within the time frame of 1985 to 1987 as proposed by the applicant.
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Table §.8.16. Comparison of planned and required
base-load capacity (megawatts)

Average houtly Baseload Baseload
Year '] ¢ B
demand requirement vapaaity
1984 7,409 11,398 11,613
198 7,736 11,902 12,713
1986 8,080 12,431 12,713
1987 8451 13,002 12,13

# Assumes a 0.65 plant factor for base load units
B ncludes intermediate capacity

§.8.5 CONCLUSIONS

The foregoing analyses and findings indicate that (1) electricity demand growth within the HL&P
service area fs likely to create the need for the additional generating capacity represented by
ACNGS; (2) a sufficient portion of the overall growth in demand is likely to be of the base-
load variety which will justify construction of the proposed 1200-MW nuclear plant; and (3) an
additional need exists within the system for diversification of generating capacity away from
the present preponderance of gas-fired units. For these reasons, ACNGS, Unit 1, should be
constructed within the proposed time frame.
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5.9. BENEFIT-COST ANALYSIS OF ALTERNATIVES

The staff has established {Sect. S.8) that HLAP will need additional generating capacity of about
1200 MWe for the 1985 to 1987 period as opposed to the original forecast of 2400 MWe for the 1980
to 1982 period. In view of the five-vear delay and a sizeable reduction in project scope, the
statf has reconsidered the alternatives that might be adopted. These include alternative eneray
sources and systems, alternativ. cooling systems, and alternative sites,

It is worth noting that, in most cases, the conclusions reached in the FES (Sect. 9) in considera-
tion of these alternatives for the initially proposed two-unit station are equally applicable for
the assessments in tnis section. After reviewing both the conventional and potential energy
sources, the staff specifically concludes that only coal is a viable alternative source of energy
for the proposed 1200-MWe nuclear power facility. Moreover, because of the lower probable genera-
ting cos's of nuclear power in the late 1980s and its lesser effects on the health of the general
population, the selection of nuclear plants is favored over the coal-fired alternatives. With
respect to the selection of the Allens Creek site and the use of the proposed cooling lake as the
preferred cooling system, the staff concludes that in view of the new design criteria the appli-
cant nas made sound choices and that the criteria used and the methods of analysis are acceptable.

Alternatives to varicus aspects of the proposed project are .onsidered in detail in this section,
Also, the basis for making the above conclusions is considered.

S.9.1 ENERGY SOURCES AND SYSTEMS

§.9.1.1 Alternatives not requiring creation of new generating capacity

In the FES (Sect. 9.1.1), the staff explored the alternatives of purchasing power or diversity
exchange, reactivating or upgrading clder plants, and the base-load operation of existing peaking
facilities as a means of HL&P's meeting increasing load demands without construction of new
generating capacity., It was concluded that the purchase or exchange of power was not a viable
alternative; deactivated units were not of sufficient size to meet the projected power require-
ments (which were then 2400 MWe); the upgrading of existing units was not practical for design or
engineering reasons; and base-load operation of existing peaking facilities was inadequate to
meet future demands.

The staff has reconsidered each of these alternatives in view of the new projected energy require-
ments of 1200 MwWe (Sect. S.8) and concludes that no significant changes nave occurred which

affect these conclusions. Therefore, construction of new generating capacity remains the only
practical alternative to meet future demand requirements.

§.9.1.2 Alternatives requiring creation of new generating capacity

To determine whether the new generating capacity should be nuclear, the staff has evaluated
possible alternative energy sources and compared the possible alternative generating systems
resulting from its evaluation of energy sources. The energy sources evaluated as possible
alternatives to the proposed 1200-MWe nuclear unit can be grouped relative to type in two broad
categories: conventional and potential future energy sources.

5.9.1.2.1 Conventional energy sources

The conventional energy sources evaluated include (1) oil, (2) natural gas, (3) water or hydro-
electric power, and (4) coal. These sources were evaluated with respect to their availability
and possible cost in the applicant's service area.
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In 1973, the United States used about 17,307,000 bbl of oil products ger day, but domestic
production of crude oil in 1973 was only about 9,203,000 bbl/day.' Thus, imports of crude oil
and oil products in 1973 totaled about 8,100,000 bbl/day. Total domestic demand for oil during
1974 declined about 37 to 16,735,000 bbl/day. Domestic production was about 10,495,000 bbl/day,
while imports total 6,275,000 bbl/day. In 1975, domestic demand for oil products averaged
16,200,000 bbl/day, with total imports of approximately 6.2 million bbl/day.?

Annual electrical generation (usuaily closely proportional to consumption) for 1976 was about
6.3% greater than in 1975, and generation so far in 1977 is about 77 greater than last year.-
The total U.S. energy demand, which declined for two consecutive years, increased by 4.87 in
1976.% This increase was attained by a 6.6% increase in consumption of ofl and its products,
including a 21.4% increase in imports., These imports amounted to 40.6% of the total U.S.

demand for oil and its products in 1976. This dependency on imports, expected to continue for
many years, ,” necessitates dealing in an international oil market supplied mainly by the Middle
fast and North African countries, which produce almost half of the world's oil.

The availability and cost of imported oil are subject to the quite often politically motivated
production and pricing policies of foreign producers, and the reliability of fuel supplies from
such sources cannot be considered dependable over the long term. The national balance-of -
payments problem is also aggravated by the importation of large quantities of oil. Further,
the petrochemical and fertilizer industries depend on petroleum and its derivatives and have a
higher claim to available supplies than the electric utilities when other fuel sources are
available.

In summary, the staff believes that the uncertain nature of the ofl supplies, their high cost,
and their importance in other aspects of the U.S. economy preclude consideration of oil-fired
steam-electric base-load power stations as an alternative to the 1200-MWe ACNGS.

From an enviroomental standpoint, natural gas is the preferred fossil fuel because its sulfur

and ash contents are negligible, However, the demand “or this energy form has recently exceeded
its domestic availability. This situation of excess demand is expected to persist and become
nationwide as producing regions are required to export to consuming regions. The total domestic
consumption of natural gas increased 72.3% from 1961 through 1970.% Electric utility consumption
of natural gas increased 113.4% during tnat period, with natural gas accounting for one-third

of the total fossil fuel consumption by electric utilities in 1970,

The results of a 20-year forecast made by the Bureau of Natural Gas for the Federal Power
Commission (FPC), published in 1972, indicate that the rate of development of natural gas
supplies, both conventional and supplemental, will be inadequate to meet current projections of
future demand.!Y This prediction included consideration of future prospects for additions to
domestic reserves, imports of pipeline and liquified natural gas, Alaskan gas, and svnthetic
gas from coal and liquid hydrocarbons. A successful program of develo?ment or implementation
was assumed for each of these major current or future supply programs.'t

Early in 1973, shortages of natural gas brought about the 1ssuance of Order No. 467 by the
FPC.'' This order sets forth initial priorities based on end use of gas to be followed by
pipeline companies. Users of natural gas with the lowest priority are those with "interruptible
requirements of more than 10,000 mcf per day where alternative fuel capabilities can meet such
requirements.” In view of the shortage, the position taken by the FPC is that the use of
natural gas for boiler fuel is an inferior end use and that all large quantity sales of gas for
use in boilers should be made under interruptible rather than firm contracts.

By a rule adopted May 5, 1975, the Federal Energy Administration (FIA) established its program
to implement Sects. 2(a), (b), and (c) of the Energy Supply and Environmental Cooriination Act
of 1974 (Public Law 93-319 ESECA) related to prohibiting certain power plants and major fuel-
burning installations from burning petroleum products or natural gas as their primary energy
source. Utilities have been advised by the FEA that gas use for electric power generation must
be phased out and that the use of o0il as a power plant fuel is also being restricted,

The failure of natural gas supply to meet demand is due to stimulation of demand and constrained
resource discovery and development resulting from regulated prices that have become artificially
Tow when compared with competing fuels.!'? Deregulation of the price of newly developed natural
gas supplies is expected to stimulate supply and restrain growth of demand,®,!? thus eliminating
the current shortage problems. However, deregulated prices approaching $2.00 per 1000 ft°,
which are typical in the unregulated intrastate market, would be equivalent to the current cost
of fuel oil and, therefore, too costly for boiler fuel.
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The HL&P currently employs natural gas as its primary fuel for generating electricity. Because
current restrictions do not permit the use of natural gas as a boiler fuel and because future
prices are expected to be too high, the staff does not find natural gas to be a viable fuel for
an 1200<MWe base-load power station.

Hydroelectric power

The HL&P does not have any conventional run-of-river hydroelectric generation facilities,
Considering the topography and the rivers in the south Texas region, the staff does not expect
development of any conventiona! hydroelectric facilities. Development of pumped-storage
facilities may be possible, although currently unplanned, but this type of facility only provides
peaking capacity at the expense of increased utilization of base-load facilities. Therefore,
hydroelectric power is not an alternative to the proposed ACNGS.

Coal

Coal 1s the most abundant fossil fuel in the United States, accou‘tine for 73% of the total
recoverable fossil fuels.!? Currently, its primary use is in the manufacture of stsel and
other gcods and in the generation of electricity. Coal suppl!ied 547 of the energy used in
thermal power generation in 1970'" but decreased to about 44% by 1975.!% In terms of contained
energy, electric utilities used about 66% of the coal consumed in the United States in 1975.1°

The National Petroleum Council Coal Task Group's projected demands for coal produced in the
United States for the years 1975, 1980, and 1985 are as follows:!®

Projected demand (millions of tons)
1985

3 Consumer 1975 1980

U.S. electric utilities 415 525 654

Total United States 621 734 863

Exports 92 111 138
Subtotal 73 845 1001

Replacement 30 65 70

_Total 743 910 1071

The values given as "replacement” in the preceding tabulation are assumed replacemen\ for
shortfalls in other fuel supplies.

The FEA forecast of coal consumption in 1985 is approximately the same, assuming contiruation of
the high price ($13 in 1975 dollars) for imported oi1." Expanded use of coal, particulirly for
generation of electricity and for production of synthetic liquid and gaseous fuels, has been the
proposed energy policy goal of both President Ford and President Carter.

The projected demands represent an average annual increase in coal production of 3.7% during the
period through 1985, The Coal Task Group concluded that, even under the most favorable circum-
stances, it is unlikely that coal alone could completely eliminate the nation's dependence on
imported fuels prior to 1985.1'% In fact, the FEA studies® indicate that favorable development

of all domestic fuel resources (coal, oil, natural gas, and nuclear) will only restrain petroleum
imports in the mid-1980s to the undesirable 1974 level, with hope for import reductions to begin
after 1985,

Because of the adequate availability and reasonable price of coal (compared to other fossil
fuels), the staff concludes that coal is the only conventional fuel at present that is a viable
alternative to nuclear fuel for a large base-load nower station. An environmental and economic
comparison of coal-fired and nuclaar-fueled power plants is presented in Sect. $.9.1.2.3.

$.9.1.2.2 Potential future energy sources

Potential future energy sources applicable to central-station power generation may be the result
of technological developments that either improve energy conversion efficiencies and techniques
or unleash energy sources for new applications. Magnetohydrodynamics and fuel cells are examples
of energy conversion techniques currently being investigated.

Energy forms from other conversion techniques considered include (1) synthetic fuels and (2)
ener released by combustion of refuse. The "new" energy sources considered in this evaluation

?y) geothermal energy, (4) solar energy, and (5) controlled nuclear fusion. These forms and
sources are discussed in the following paragraphs.
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Magnetohydrodynamics

Magnetohydrodynamics (MHD) is an engineering technique for more efficient conversion of thermal
energy from energy sources such as the fossil fuels or nuclear reactors into electrical energy.
The MHD generator is a heat engine that combines the features of a conventional turbine-generator
into a single apparatus by eliminating the turbine and replacing the rotatiny conductor of a
commercial generator by an electrically conductive plasma or fluid flowing in a “onduit through

a magnetic field. MHD concepts include both open-cycle and closed-cycle systems. '"n the open-
cycle system, fossil fuel (most likely coal) is burned at sufficiently high temperatures to
produce jonized gas plasmas; conductivity is enhanced by seeding with conductive ionized salts.

In the closed-cycle system, ionized gases and/or liquid metals, heated by fossil or nuclear
energy, are caused to flow through the MHD generator.

As noted in the Atomic Energy Commission (AEC) draft statement for the Liguid Metal Fast Breeder
Reactor Program,'” all MHD power generation concepts are currently in the development stage. A
number of lahoratory and pilot-plant-scale plasma MHD generators have produced significant
amounts of power (several megawatts) for a few minutes at a time, while those employing 1iyuid
metal systems have produced energy on a much smaller scale.

Attention has been directed toward testing various system components; however, until recently,
no continuously operating MHD pilot plants have been built. In the spring of 1477, it was
announced that the University of Tennessee Space Institute (UTSI) had succeeded in burning high-
sul fur coal in an MHD plant to produce electricity while containing more than 955 of the sulfur
without using an expensive desulfurization process.!® The UTSI researchers expect their coal-
burning MHD plant to have a conversion efficiency of 55% by combining the high-temperature MHD
plasma process with a conventional lower temperature steam-electric turbine generator. A
second-stage pilot plant, scheduled for completion in 1978, with a capacity of 3 MWe s currently
being built by UTSI, in addition, ERDA reported that Soviet Union researchers have operated a
natural-gas-fired MHD plant based on the UTSI model for 250 consecutive hours.!'® These advances
in MHD technology are believed by the UTSI researchers to offer significant confidence that MHD
may enter the commercial market sometime between 1985 to 1990.

However, this encouraging schedule does not offer much hope for MHD as a reliable alternative for
a power plant planned to begin operation in 1985,

Fuel cells

ru2! cells, which are similar to conventional electrolytic batteries, produce electricity
through the electrochemical reaction of hydrogen or hydrocarbon fuels (such as oil, gas, or
methanol) with oxygen. The electric conversion efficiency is only about 35 to 40%. However,
the packaged, modular design of fuel cells permits the applicavion of this technology to dis-
persed siting at point of use, such as industrial plants, integrated commercial-residential
complexes, and utility substations.!® In the first two siting examples, the reject neat may
also be readily applied to process or space neating and cooling systems, thus increasing the
overall fuel-use efficiency. In the utility application, the fuel cell can be operated as an
unattendea load-following device, thus reducing the quantity of centralized base-load capacity
required and substituting for the more complex turbine or diesel-type peak capacity generating
units,

Fuel-cell research peaked during the early 1960s when the problem of providing electric power
for space vehicles was a critical issue. Research and development then declined until the
enerqy crisis developed in 1974, and the Federal government began to expand its interest in
developing a greater variety of energy sources.

In 1976, ERDA, the Electric Power Research Institute (EPRI), and United Technologies Corporation
announced their intent to construct a 4.8-MWe fuel-cell demonstration plant.”® This effort is
expected to result in a certific. module of a fuel cell power plant by about 1980 and to help with
the introduction of larger plants shortly thereafter. (Consolidated Edison in New York City has
been chosen to operate thi. demonstration plant beginning sometime in 1978,%!)

Although this technology does offer unique possibilities for increased energy efficiency and
environmental advantages associated with dispersed siting and reduced gaseous pollution (fuels
are not burned), the question of commercial acceptability and economic viability remain to be
shown through demonstrations in the next five years. Thus the staff does not believe that fuel-
cell power plants can be considered as an alternative to central-station plants planned for
operation beginning in 1985, nor is it likely that sufficient fuel cells will be installed by
individual consumers to reduce the growth rate of electrical energy required from the HL&P
during the next decade.

I ——
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Synthetic fuels

Synthetic fuels from domestic coal and 01l shale cannot be considered as alternative sources of
energy for the period under study because the processes for producing most of the synthetic
fuels are in the developmental or prototype stages. fIn a 1973 study,'" the National Petroleum
Council concluded that production facilities for synthetic iiquids and gases from coal could not
be developed fast enough to replace the nation's expanding imports of petroleum. Coal gasi-
fication and 1iquefaction plants represent complicated engineerin processes not previously
tried in the United States. Prototype facilities have been proposed or are under construction
to test processes and delineate potential problems, but operation is still in the future. Com-
mercial development leading to a significant production capacity of synthetic fuels 15 not
currently committed, although a gasification plant for 50 million ft® of natural gas per day
will be built by ERDA and Memphis Light, Gas, and Water Division for operation in the early
1980s.4? Two important problems are economics and the environment. It has been estimated that
synthetic fuels would cost the equivalent of $15/bbl (1975 dollars).”* A recent information
overview has pointed out the environmenta) hazards, including the potential leakage of cancer-
inducing polycyclic aromatic hydrocarbons during the production of synthetic fuels.?"

In 1976, the Mobil 0il Carporation Senior Vice President, Dayton H. Chewell, stated at the Third
Energy Technology Conference in Washington, D.C., that synthetic fuels will supply about 2.5% of
the nation's energy needs by 1990.°% Tt is the staff's opinion that no significant change in
supply or demand has occurred to alter his prediction.

011 shale is the second most abundant source of energy available in the United States, exceeded
only by coal. Vast oil-shale deposits exist in the Green River area of Colorado, Utah, and
Wyoming.”3 This area covers some 16,000 to 17,000 sq miles of land and is estimated to contain
some 2.6 trillion bbl of potentially recoverable oil. Although not included in the published
figures on "proved reserves," the shale 0il in the Green River area is much greater than the oil
in the entire Middle East.'? However, shale 0il is not expected to play a major supply role
between now and the middle 1980s. Production was estimated to start off at about 50,000 bbl/day
in the early 1980s and perhaps reach 250 thousand to 500 thousand bbl/day by 1985, if production
problems are overcome, However, this estimate now appears overly optimistic because large-scale
developrent has been slowed pending improved commercial economic benefit, particularly Federal
guarantees of investment loans in order to limit financial risks, Finally, ARCO's President,
Thorton Bradshaw, believes that limited water availability will limit ultimate shale-oil produc-
tion capacity to near 2.5 million bbl/day unless new technology is developed.“® This amount
will only help to hold the level of impurts of petrcleum to current levels but not reduce the
nation's dependence on imports.”®

Combustion of refuse

Substantial sources of energy exist in the refuse generated in this nation each year, and many
cities and counties in the United States are studying ways to take advantage of garbage as a
source of energy. Although processes for converting municipal garbage and sewage sludge into
methanol, synthetic natural g¢as, or fuel gas are being evaluated, the combustion of refuse in
steam systems for production of electric power or to provide process or space heat appears to
provide the most immediate promise.

Practical and economic considerations make the burning of refuse for power generation more
feasible as an auxiliary to the use of more conventional fossil fuels. The primary concern of a
utility company is to deliver electricity to its customers, and the fuel necessary for this
purpose must be available to follow the load for operation of a power plant. Storage or stock-
piling of raw garbage for this purpose is not practical for aesthetic and health reasons.
Further, the canital cost of a refuse~burning-only steam-electric plant is very high, the base-
load opers ting and maintenance costs are high, and the cost of the refuse fuel is relatively
Tow.*?

The model for the design and operation of large dry-materials separation plants being considered

is the existing 300 ton/day material separation plant beiny operated by the city of St. Louis in

a cooperative program with the Union Electric Company. The city collects and processes refuse

by dry shredding and magnetic separation and delivers the shredded waste to Union Electric,

where it is burned in the furnaces of two 125-Mde steam generators. However, pulverized coal is
the primary fuel for these boilers, and 10 to 20% of the total heat input is derived from refuse.?®

Use of the estimated potential energy from refuse as a substitute for electric energy at point
of use could reduce the annual electric energy provided by HL&P, Whether this energy is put to
use is dependent on factors such as development of technology, economics, institutional and
legal encouragement, and governmental support. Examples of energy from refuse can be found in
Nashville and Crossville, Tennessee. Nashville has a steam supply system to supply space and
process heat to a portion of its downtown area.*? In Crossville, a boiler is being installed to
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supply process steam to a small industry while burning the wastes collected by the county-wide
collection system. 39

Wheelabrater-Frye has been involved with two large projects for burning municipal wastes: 1200
tons/day near Boston, Massachusetts,’! and for Jersey Central Power and Light at a central Mew
Jersey locatiun by 1980.7%2 Information gained in current projects will be useful in determining
the best ways of utilizing refuse to obtain energy.

The staff believes that refuse should be used to regain lost energy but does not expect that
this alternative will be adopted to a sufficient extent during the next decade to lessen the
projected need for ACNGS.

Geothermal energy

In the United States, there are basically four types of geothermal energy reservoirs: steam,
hot water, abnormal pressure zones, and hot rock., The most convenient and economical form of
geothermal energy for electric power production is steam. However, dry steam reservoirs are
known only in the Larderello-Mt. Amiata region of Italy and at The Geysers in California.3?
Hot-water reservoirs are the most common type, but the areas in the United States meeting the
criteria for classification as known geothermal resource areas are found only in Alaska,
California, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, and Washington.!® The states con-
taining potentially valuable areas include Arizona, Colorado, South Dakota, and Wyoming,

The only major known abnormal pressure or geopressured strata zones in the United States are in
the northern Gulf of Mexico basin.*“ The two main areas of geopressured strata are in southern
Texas and southern Louisiana, extending offshore in both areas. “Yowever, there are no known areas
of geopressured strata ig the applicang's service area. Geopressured strata have also been
reported in Mississippi,®

The greatest promise for large-scale development of geothermal energy lies in the utilization of
the heat content of hot rock. The western part of the United States holds excellent prospects
for finding enormous hot-rock formations. Work in this area, still in the research stage, is
being conducted at the Los Alamos Scientific Laboratory in New Mexico.!? Because there are no
known geothermal sources in the HL&P service area, the staff has concluded that geothermal
energy is not an available alternative source of energy for the proposed 1200 MWe of base-1oad
generating capacity.

Solar energy

There are several approaches to the collection and conversion of solar energy with a potential
for power generation, and these approaches can be classed as either natural or technological,

The natural collection approaches include wind energy, utilization of photosynthetic materials

as fuels and methane production from biological wastes, and ocean thermal gradients, The techno-
logical collection and conversion approaches include direct conversion of solar energy to
electricity (photovoltaic conversiong and solar thermal conversion. Direct solar radiation can
also be collected for heating and cooling of buildings.

Wind energy. Wind energy can be converted to electric energy for Jdirest consumption or used to
electrolyze water and to produce hydrogen for use in fuel cells or thermal electric generating
stations. In a report to Congress, W. L. Hughes, head of the School of Electrical Engineering
at Oklahoma State University, stated that wind generation cannot totally replace power plants
using oil, gas, coal, or nuclear fuel.?® The role of wind power in solving the energy crisis
depends primarily on the development of economical commercially available energy storage systems.
The most significant possible use of wind power would be to pump electricity into existing
electric transmission systems when the wind is blowing.3® The limiting factors in the large-
scale direct application of wind power are a combination of available wind energy and possible
weather modification,

The current ERDA national solar-electric conversion program includes research and development of
three general sizes of wind-energy devices. These are small machines for farm use, large-scale
experimental units (over 100 kW), and multiunit facilities (clusters up to MW scale).3? Under
ERDA sponsorship National Aeronautics and Space Administration (NASA) designed and is operatin
a 100-kWe horizontal-axis wind turbine generator at its Plum Brook Station at Sandusky, Ohio.3%
The capital cost of this first-of-a-kind test model with its 125-ft-diam twin-bladed rotor was
$5500/kWe of rated capacity, but the cost of the following 200-kWe test model is estimated at
$2340/kWe. A six-story-high vertical-axis wind turbine with an output capacity of 60 kWe is
being designed at Sandia Laboiatories in Albuquerque, New Mexico, as part of the ERDA wind-
energy program.’? The output from the generator will be 60-cycle ac power that can be syn-
chronized with grid requirements of existing power distribution systems.

T T R ITIEERISyTam=—————
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These examples illustrate that wind-powered large-scale electrical generation facilities are |
only now in the stage of design, development, and testing experimental prototypes. Demonstra-

tion of megawatt-scale machines (10 to 100 MWe), including site certification and completion of

system dynamics studies, may be possible in the early 1980s.“° Informaticn obtained from Such

demonstrations would include estimates of the economic, environmental, and operational feasibility

of wind-powered power stations,

Because demonstration, acceptability, and commercial availability of wind-powered central
power stations are not expected before the middle 1980s, the staff has concluded that wind
cannot be considered a viable alternative source of energy for the proposed 1200 MWe of base-
load generating capacity.

Photosynthetic materials and organic wastes. Photosynthetically produced organic material
(grown specifically for utilization as fuel material) and organic solid wastes (anima' wastes
and sewage) can either be burned directly to produce steam in equipment similar to that used
with coal or can bs subjected to anaercbic fermentation to methane.* To be burned directly,
these fuels must first be dried in order for combustion to be self-sustaining. If the organic
material has a high water content, the energy required for drying prior to combustion may equal
or exceed the heat coitent of the material itself. The growing of plants fo- energy generation
is relatively inefficient because the solar conversion efficiency of the photosynthetic

process is seldom over 3% during the growing season. Therefore, the amount of land required for
a given energy output is very high. Based on a heating value of 7500 Btu/lb of dry plant tissue
and yields of 10 to 30 tons of biomass per acre per year, the land required for a 100-Mwe organic-
fired power plant would be between 25 and 50 sq miles,3® or 600 to 1200 sq miles for a plant
equivalent to the proposed ACKGS.

Based on southern softwood forests and kraft pulp mill operation, Szego and Kemp assumed a
softwood growth yield on a sustained basis of 2 cords (5 tons) per acre per year to determine that
about 1 sq mile of managed forest would be required per MWe capacity at 55% load factor.“!

These land requirements are greater than the proposed ACNGS [about 4513 ha (11,152 acres)).

The staff does not believe that growing plants for electrical energy production is acceptable in
Texas.

The technical feasibility of bioconversion of organic material to methane has been established
for many years. The immediate goal is to establish the economics of the process using organic
wastes and organic materials resulting from photosynthesis. However, anaerobic fermentation to
methane of the entire amount of organic solid wastes believed to be economically recoverable
would represent a recovery of 3.6 to 7.8 x 10'"% Btu/year, or approximately 2 to 3% of the yearly
consumption of methane in the United States.’® Fifteen-year research and development programs
are foreseen to make the processes for both direct combustiun and conversion to methane of
photosynthetically produced material and solid organic wastes economically and technically
feasible on a commercial basis.’® Production of methane on a large scale is not now a reasonable
alternative,

Ocean thermal gradients. The difference in water temperature at the surface of the ocean

and several thousand feet below the surface can possibly be used to generate electricity in a
conventional heat engine., A collection of heat engines moored on 1-mile spacings along the

length and across the breadth of the Gulf Stream off the southeastern coast of the United

States might provide an annual energy production of 26 x 10!? kWhr.3% [f, for economy of

energy transport, the electrical power thus generated could be conducted to electrolytic cells,
converted and transported as hydrogen gas, and subsequently reconverted to electricity in fuel
cells, about one-half to two-thirds of the energy would be recovered.?® A 15-year research and
development program was proposed by the National Science Foundation in 1972 to study the technical
and economic problems that could influence large-scale use of ocean thermal differences. it

In mid-1975, three separate research teams claimed to have proved the feasibility of building
offshore power plants that use natural differences in ocean temperatures to generate electricity
and are seeking Federal funding for a pilot power plant off the coast of Florida or Hawaii.“?
However, the estimated costs range from $45 million to $210 million for a 100-MWe plant and
$425.6 million for a 160-MWe plant. The current ERDA solar-electric-conversion program includes
research and development on components (particularly on heat exchangers and deep-water pipes)
for such plants.®’ Other renewable ocean-energy options such as waves, currents, tides, and
salinity gradients may also be examined.’” However, offshore ocean thermal gradient power
plants cannot be considered a viable energy source for Texas consumers in the late 1980s.

Photovoltaic conversion. Solar energy can be converted directly to electricity by means of

solar cells using photovoltaic conversion, which does not involve moving parts, circulating
fluid, or consumption of material. The theoretical maximum conversion efficiency of silicon
solar cells is 23%, and efficiencies of 16% have been obtained.“? However, photovoltaic con-
version appears today to be economically quite unattractive because the current purchase price
of a silTicon solar cell is about $20,000 per kilowatt.““
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The current ERDA solar-electric conversion program includes research and developrent directed
toward 1- to 4-MWe demonstration plants with array costs under $500/kWe.*’ Research efforts
will be directed toward crystal growth, encapsulation, concentrators, and the production of
low-cost silicon arrays, with emphasis on the use of automation and efforts to reduce material
cost. However, it is estimated that solar cell costs must be reduced to about $200/kWe before
they will he economicaily feasible for large-scale power generation.’? Therefore, power produc-
tion using photovoltaic conversion devices is not currently economically teasible.

Solar thermal conversion. Solar thermal conversion systems to generate electricity in central
stations will possibly be comprised of solar collectors and concentrators, receivers, a means

of transferring the heat to a thermal storage facility or to the turbogenerator, and a turbo-
generator to produce electricity. As for all approaches involving the use of direct solar
raiiation, the basic problems associated with central station electric power generation through
solar thermal conversion are related to the variability of solar radiation, necessitating either
energy storage or backup power, and the low density of solar radiation, requiring large land
areas devoted to energy collection. An area of approximately 10 sq miles would be needed for
the heat collectors required to operate a 1000-MwWe plant in the southwestern part of the United
States at an average of 701 of capacity.*®»*“ Although the fuel itself is free, the capital
investment for collecting, storing, and transforming solar radiation into electricity in thermal
conversion power plants with projected efficiencies of 20 to 30% will be high.

The National Science Foundation recommended a 15-year research and development program with an
estimatnd cost of $1130 million in 1972 that was intended to make a soiar-thermal conversion
power plant commercially available by 1990.%% The current ERDA solar-electric conversion prugram
inciudes research and development on solar thermal energy conversion power plants, with prelimi-
nary efforts directed toward central receiver and collector systems.’’ A key goal of the program
is cost reduction. Such systems will not be economical unless capital cost estimates can at
least be cut in half.’

Hot-water heating and the heating and cooling of individual buildings appear to be the most
promising near-term applications of solar thermal conversion that might provide a substantial
savings in the fuel costs for both individual consumers and eiectric utilities by the middle or
Tate 1980s. Solar heating and cooling systems could represent 2% of the total U.S. energy use
or about 10% of the anticipated heating and cooling energy demand in the year 2000.“° Economic
analyses of solar heating and cooling applications throughout the United States indicate that
neat pumps and heat exchangers (vapor compression cooling) are generally more cost competitive
with electricity than absorption systems. For solar space heating only, the range of solar
effectiveness (fractional energy use from solar) for the most cost competitive systems is 50 to
85% in the southwestern United States, and the homeowner's capital ‘cost (1975 dollars) for a
single-family residence would be from $2000 to $6000.“° Solar hot-water heating system energy
costs are estimated to be less than for electric hot-water heating in most of the United States,
and the solar effectiveness in optimum-cost systems is from 80 to 90%. The system capital

cost to the user will range from $1000 to $2500 for a single-family residence with an approximate
1/2-day storage capacity.*®

Significant reductions in the high initial cost of these solar systems, possibly through large-
scale production, will be required to make them competitive with electric systems. One approach
being investigated, which would alleviate the high initial cost to the consumer, involves entry
of utility companies into the distribution market for mass-produced solar heating and cooling
systems within five to ten years.“® A homeowner could rent a supplemental solar energy system
from the utility and save about 15%/year on heating, cooling, and hot-water costs after monthly
payments for rental of the system. These supplemental solar energy Systems would also provide
the utility a fuel-cost saving. However, the results of the preceding cost-optimization
analyses were based on the assumption that the solar heating and cooling systems involved were
equipped with backup sources of electric energy that would be available when required at a cost
equal to current residential rates. Even though electric utilities might experience fuel-cost
savings as a result of the use of solar systems in individual buildings, thev would still need
installed generating capacity adequate to meet peak load demands and transmission and dis-
tribution networks capable of carrying these loads. The load factor for this backup power
would be lower than it would be if there were no individual solar systems in the service area,
and the cost of providing this standby capacity would be proportionately higher.

If all of these solar-energy-related research and development programs were to be undertaken now
or in the near future, the commercial availatility of the forms of solar energy applicable to
central-station power generation probably would not be demonstrated until about 1990 or later.
The staff therefore concludes that solar energy is not an available alternative source of

energy for the proposed 1200-MWe power generating plant. Even if a great many customers have
individual solar systems installed in 1986, the applicant would still need generating capacity to
meet load demands when these systems switched to their backup supplies of electricity during a
period of several cl.idy days, although such capacity would be composed of peaking rather than
nuclear units. Thus the use of individual solar heating and cocling systems in the service area
would not substantially reduce the applicant's overall generating capacity requirements.

Ty s——
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Controlled nuciear fusion

There are several concepts currently being investigated for collecting energy from thermonuclear
fusion processes. However, fusion power development is in a less advanced stage than solar
energy. It is presently estimated that an orderly research and development program might pro-
vide commercial fusion power by about the year 2000 and that fusion could then have a signifi-
cant effect on electrical power production by the year 2020.%7 The staff has therefore con-
cluded that controlled nuclear fusion is not an available alternative source of energy for the
proposed power plant.

Conclusions

After reviewing both the conventional and potential future energy sources, the staff concludes
that only coal is a viable alternative source of energy for the proposed 1200-MWe nuclear power
plant, The uncertainty about the availability of natural gas and oil from either domestic or
foreign sources in quantities sufficient for life-time operation uf a power plant eliminates
oil-fired base-load steam units, combined-cycle units, and gas-turbine units for consideration as
alternative energy systems. The lack of available sites eliminates conventional hydroelectric
power as an alternative, and the lack of demonstrated technology on a commercial basis eliminates
the potential future energy sources from consideration as alternatives for central-station power
generation by the late 1980s. Neither the potential energy sources nor the more efficient con-
version processes are likely o be in use sufficient to reduce the growth rate of electric energy
required from central power stations during the next decade.

$.9.1.2.3 Comparison of alternative energy systems: coal versus nuclear systems

Having concluded that the only viable alternative energy system to the proposed nuclear facility
is a coal-fired generating station, the staff has conducted a detailed comparison of the health
effects and the direct economic costs of electricity production with these two alternative fuels.
The complete analysis is presented in Appendix 5.0. The following sections summarize the results
of this analysis.

Health effects

In comparing the differing health effects from the use of coal and nuclear fuels, the entire

fuel cycle was considered. For coal, this cycle consists of mining, processing, fuel transporta-
tion, power generation, and waste disposal. The nuclear fuel cycle includes mining, milling,
uranium enrichment, fuel preparation, fuel transportation, power generation, irradiated-fuel
transportation and reprocessing, and waste disposal.

For each phase of the respective fuel cycles, excess mortality, morbidity, and injury among both
occupational workers and the general public were estimated (the term "excess" is used to mean
those effects occurring at a nigher than normal rate). Although it is extremely difficult to
provide precise quantitative values for these effects, a number of estimates have been prepared
on the basis of current knowledge of health effects, and present-day plant design, emission
rates, occupational experience, and other data.

Although future technological improvements in both fuel cycles may result in significant reduc-
tions in health effects, based on current estimates for present-day systems it must be concluded
that the nuclear fuel cycle is considerably less harmful to man than the coal fuel cycle. As
shown in Appendix $.D (Tables $.0.15 and S.D.16), the coal fuel-cycle alternative may be more
harmful to man by factors of 4 to 260 in an all-nuclear economy, depending on the effect being
considered, or by factors of 3 to 22 assuming all electricity used in the uranium fuel cycle

is generated by coal-powered plants.

Although there are large uncertainties in the estimates of most of the potential health effects
of the coal cycle, the impact of transportation of coal is based on firm statistics. This
impact alone is greater than the conservative estimates of health effects for the entire uranium
fuel cycle (in an all-nuclear economy), and this impact can be reasonably expected to worsen as
more coal is shipped over greater distances. When coal-generated electricity is used in the
nuclear fuel cycle, primarily for uranium enrichment and auxiliary reactor systems, the impact
of the coal power accounts for essentially all of the impact of the uranium fuel cycle.

However, lest the results of this analysis be misunderstood, it should be emphasized that the
increased risk of health effects for either fuel cycle represents a very small incremental risk
to the average person. For example, Comar and Sagan“® have shown that such increases in risk of
health effects represent minute increases in the normal expectation of mortality from other

causes.,
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A more comprehe  sive assessment of these two alternatives and others is anticipated from the
National Resear:h Council Committee on Nuclear and Alternative Energy Systems.“® This study may
aszist substancially in reducing much of the uncertainty in the analysis presented. '

Direct economic costs

The staff has prepared a detailed comparison of the direct economic costs of power generation
with a nuclear-fueled power station and a coal-fired power station using western low-sulfur ;
coal. The CONCEPT computer program®® was used to obtain the staff estimate of capital costs for
the proposed nuclear power station and for an equivalent two-unit low-sulfur coal-fired station
without flue-gas desul furization equipment. The recently developed OMCST computer program®!
was used to estimate nonfuel operating and maintenance costs for the two alternative generating
stations. The nuclear fuel cycle cost calculations are based on the general procedures out!ined |
in the Guide for Ecomomic Evaluatiome of Nualegar Heaotor Plant btni;u: (NUS-531), using the ]
reference fuel cycle cost components developed in the Final Generie :'.u;\vr(r‘a; !u’ement on
the Use of Regyole Plutoniwn in Mized Oxide Fuel in Light Water Cooled Reavtors | :1:. SMO 1
(NUREG 0002) Fuel cost estimates for the coal-fired station were calculated by escalation (at

L/year) from the current asking price for 0.5¢ low-sulfur coal (8100 Btu/1b) from Northeastern
Wyoming. The calculations for generating-cost estimates are described in detail in Appendix
S$.0. In the final comparison, the applicant's capital cost estimates and the staff's operating '
and maintenance and fuel cost estimates were used. Table S.D.14 (Appendix S.D) summarizes the
results of these calculations. As seen in this table, nuclear generation costs are less than
coal generation costs by 5%, when operating at a 50% capacity factor, to more than 20%, when
operating at an B80! capacity factor. Use of the staff-derived capital costs would increase the
economic advantage of the nuclear alternative. Also, use of the applicant's suggested fuel .
costs slightly increases the eco. “dvantage of nuclear-powered generation. The staff's
calculations indicate that & coal-firc, pila* would be cost effective only if the achieved
capacity factor under the coal alternative were significantly greater (207 or more) than that of !
the nuclear alternative (historically, the twu have experienced similar capacity faclors), or if E
nuclear fuel costs would increase significantly faster than thke cost of coal between 1977 and
1985, Neither of these conditions are thought likely to occur. Therefore, the staff concurs
with the applicant that the nuclear generating station is economically preferred,

Conclusions

The staff has concluded that the lower probable generating costs in the late 1980s and lesser

effects on the health of the general population of the nuclear plant favor its selection over 1
the coal-fired alternatives. The staff is aware of some uncertainty associated with future

construction costs and fuel costs. However, it is generally expected that variation in these

costs will be in the upward direction by about the same proportion for all the plant types, in 1
which case the nuclear plant becomes more favorable due to its much lower proportion of fuel

costs. Downward changes in costs, if any, are expected to be slight and have little effect on

the comparison of nuclear vs coal costs.

|
| §.0.2 SITES

In Sect, 9.1.2.1 of the FES, the staff considered in detail the site-selection process used by
the applicant for ACNGS. It was found that two sites (Lower Mil) Creek and the Gulf of

Mexico) in addition to the Allens Creek site appear to be suitable locations. In conclusion, the
staff accepted the recommendation of the Allens Creek site by the applicant, not on the basis

of its proven preference over the other two sites, but because there appeared to be no factor or
combination of factors tiat makes any of the alternative sites clearly superior to the Allens
Creek site.

The staff has reappraised the applicant's methodology both of selecting candidate sites and of
the screening of candidate sites .n view of the reduction in project scope from a two-unit to a
one-unit station. Of the particular subregions that were identified as candidate site locations
and the screening of ucceptable sites by the selected criteria, no subregions or sites were
rejected on the basis that they were unsuitable because of the size of the initially proposed
station (2400 MWe). Moreover, the reductions in generating capacity and cooling-lake size in no
way modify the suitability of the Allens Creek site. For these reasons, the staff concludes
that the Allens Creek site remains an acceptable choice for the location of the proposed

nuclear station,
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$.9.3 STATION DESIGN

$.9.3.1 Alternative Cooling Systems

In the FES the staff considered the following alternative cooling systems for the two-unit
(2400-MWe) station design: (1) once-through cooling; (2) dry cooling systems; (3) wet-dry
cooling towers; (4) mechanical-draft wet (evaporative) towers; (5) natural-draft wet (evaporative)
towers; and (6) a spray canal (FES, Sect. 9.2.1).

The once-through cooling system was rejected on the basis of insufficient flow in the Brazos
River to provide the continuous flow of 107 m*/sec (3780 cfs) of water required for dissipating
the waste heat of a 2400-MWe station. The reduction in generating capacity to a 1200-Mde
facility, which now requires a comparatively smaller circulatingswater flow of 55 m’/sec

(1940 cfs), does not provide a premise for the consideration of a once-through system. ' The
Brazos River near the Allens Creek site is not an adequate source of water for the employment
of a once-through cooling system for a 1200-MWe generating station,

Of the three generic types of cooling systems that were considered (i.e., the dry, wet-dry, and
wet types), only the wet cooling systems were considered to be viable alternatives. Basically,
dry cooling systems (which involve no evaporative loss) and wet-dvy cooling systems (which have
plume-abatement applications) were eliminated from detailed consideration because of economic
reasons (FES, p. 9-10). Based on a reappraisal of these systems, the staff concludes that
neither the reduction in the project scope nor the recent technological advances provide
substantiation for further consideration of these generic cooling systems.

Accordingly, the staff has reviewed the applicant's de:igns, cost comparisons, environmental
impact assessments, and overall comparisons of the mechanical draft, natural draft, and spray
canal cooling systems, all on the basis of the current project scope, as alternatives to the
proposed cooling lake system (ER, Suppl., Sect. S10.1). The staff is of the opinion that spray
canals would not be a preferable alternative because of the lack of experience and the costs of
large-sized systems. Furthermore, the staff is unaware of any closed-cycle cooling system
employing spray canals that has been constructed for a power station of this size and that has
been completely successful in its operation.

For the cooling tower alternatives (natural draft and mechanical draft), the staff concludes as
before (FES, Sect. 9.2.1.2) that Lhey are viable alternative cooling systems for the Allens
Creek station. The applicant has provided a summary of principal engineering features and a
summary of comparative environmental effects and impacts of the cooling tower alternatives (ER
Suppl., Tables $10.1-5, S10.1-6, and $10.1-1 respectively). Of particular interest is the
water balance for each system. It is shown (ER Suppl., Table $10.1-1) that total evaporation
losses from the cooling lake is 40,400 acre-feet/year as compared to about 18,550 acre-feet/year
for the cooling towers. However, the induced (or forced) evaporation losses for the cooling
towers are higher by about 26%. Also, natural evaporation from the cooling lake accounts for a
significant portion of the total evaporation (about 68%). The staff found similar results for
the design of the two-unit station. In any event, the differences in the environmental costs
of these alternatives as compared to the proposed cooling system are not of sufficent magnitude
to indicate a significant environmental advantage for either system. The overriding environ-
mental consideration favoring the cooling lake alternative is the recreational benefit which
it, in conjunction with the state park, will provide.

5.9,4 TRANSMISSION SYSTEMS

The applicant has discussed the alternative routes of the two transmission lines in the ER
(Sect. 10.9) and in the ER Supplement ($10.9). The major changes to the transmission line
routes have been discussed in Sect. §.2.2.3. Route 2C is now the proposed route over Route 2A;
Route 3A and its alternatives have been eliminated, and the Addicks substation is no longer
needed as part of the Allens Creek distribution system. In addition, minor adjustments have
been made in Route 1A to minimize impacts of the transmission lines near the community of
Pleak.®? The staff concurs on the routes chosen by the applicant.
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$.10. EVALUATION OF THE PROPOSED ACTION

In the preceding sections, the staff has described the probable environmental effects and asso-
ciated impacts of the construction and operation of ACNGS, Unit 1, as set forth in the ER
Supplement. This section summarizes the staff's evaluation of the proposed action to construct
Unit 1 of the origirally proposed two-unit station but with a reduced station size and with a
substantially smaller cooling reservoir. Because the conclusions contained in Sect. 10 of the
FES may no longer apply or require modifications and in an attempt to minimize confusion, they
are hereby vacated and are replaced in their entirety by this section,

S.10.1 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS
$.10,1.1 Abiotic effects

$.10.1.1,1 Land use

Construction-related activities on the site will disturb about 2315 ha (5720 acres) of pasture

and cropland, including the 2072-ha (5120-acre) area inundated by the Allens Creek cooling lake,

which will be constructed in conjunction with the station. The land inundated includes about

13 km (8 miles) of Allens Creek. Approximately 104 km (65 miles) of transmission line corriders

will require about 749 ha (1850 acres) of land for the rights-of-way. Relocation of the current ‘
pipelines as proposed will involve about 12 ha (30 acres). An access road and a railroad spur,

less than 1.6 km (1 mile) long, will affect about 16 ha (40 acres).

§.10.1.1.2 Water use

During construction there will be localized increases in turbidity of surface waters. The con-
crete batch plant will use about 154 Titers/min (40 gpm) from groundwater supplies during the
early stages of construction,

During operation about 30,000 acre-ft per year will be pumped from the Brazos River. In addition,
the entire runoff of 20,600 acre-ft per year from the Allens Creek catchment area and 16,600 acre-
ft per year nf direct rainfall will be added to the cooling lake.

Approximately 26,200 acre-ft per year will be returned by spillage to the Brazos River. This
will result in a 11% increase in the river water TDS concentration during low-flow conditions.
About 40,400 acre-ft per year will be lost by combined forced and natural evaporation,

5.10.1.2 Biotic effects
$.10.1.2.1 Thermal effects

The thermal alteration of the Brazos River is not anticipated to have an adverse effect on
aguatic productivity. The thermal alteration of Allens Creek cooling lake is expected to par-
tially restrict the range of mast game fish species and have an adverse effect on their produc-
tivity. Thermal shock on planktonic forms entrained in the circulating-water intake may reduce
the overall productivity of the cooling lake,

§.10.1.2.2 Chemical e*acts

Chlorine used as a bioc.de will kill most organisms entrained in the circulating-water intake
system of the cooling lake. However, no significant adverse effect on aquatic biota in the
coo! 7 lake or the Brazos River due to discharges of chlorine and other chemicals from the
voant 16 anticipated provided that the TRC concentration in the discharge canal is held below
0.1 ppm. High nutrient levels in the cooling lake may lead to high algal densities during
certain periods in the spring and summer months.

I
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Several alternative modes of decommissioning have been used in those cases. They may be generally
summarized as four alternative levels of restoration of the plant site, each with a distinct
level of effort and cost.

1. Mochballing: Upon complerion of operation, the plant is put into a state of protective
storage. In general, the plant will be left intact with the exception of the removal from
the site of all fuel, radicactive fluids, and waste. Adequate radfation monitoring,
environmental surveillance, and security procedures will be established to provide assur-
ance that the health and safety of the public will not be endangered. Carolinas-Virginia
Tube Reactor was decommissioned in this fashion.

2, Convereton=foasil fuel or nuclear: The conversion process consists of utilizing the
turbine system with a new steam supply system. As in mothballing, all fuel, radioactive
fluids, and waste will be removed from the site, The original nuclear steam-supply system
will be disposed of upon separation from the electric generating system. Pathfinder
Atomic Power Plant was decommissioned in this manner,

3, Ine-place entombment: This consists of sealing most of the radiocactive and contaminated
components, such as the pressure vessel and internals, within a structure that is integral
with the biological shield. The structure must be designed to provide integrity over the
period of time in which significant quantities of radioactive material exist in the entomb-
ment. All fuels, fluids, and certain selected components will be disposed of offsite,
Boiling Nuclear Superheat Power Station, Piqua Nuclear Power Facility, and Hallman Nuclear
Power Facility were deconmissioned in this manner.

4, Complete diemantiing: Al vestiges of the reactor plant (except subgrade foundations)
will be removed and disposed of, All radioactive material above accepted levels will be
removed from the site. Upon completion of the dismantling operation, the site will have
been returned to the approximate condition that existed prior to the installation of the
reactor plant. The areas free of structures are revegetated with a mixture of species
indigenous to the area. The revegetation process may also include the planting of various
tree and shrub species to allow, as well as to enhance, natural succession and revegetation
of the area. This treatment will speed up the revegetation process, whereas a longer
period of time would be needed for succession to revegetate the cleared areas. The Elk
River Reactor is being coupletely dismantled in this fashion.

The costs of these procedures have been evaluated recently for the Atomic Industrial Forum,'

The least expensive alternatives are mothballing or entombing methods which would have 1975
costs (including long-term maintenance and surveillance) of less than $10 million. [t appears
rather unlikely that the prompt dismantling method will be undertaken because of the necessarily
large radiation expousre of personnel. [t is also not necessary to dismantle nonradioactive
portions of the station, Therefore, if a period of mothballing surveillance is followed by
dismantling of the radioactive portions of a boiling-water nuclear power unit, the 1975 cost
would be about $39 million,

Nuclear Regulatory Commission regulations [10 CFR Part 50.33(f)] for 1icensing of production

and utilization facflities state: "If the application is for an operating license, such infor-
mation shall show that the applicant possesses or has reasonable assurance of obtaining the

funds necessary to cover the estimated costs of operation for the period of the license or for
five years, whichever is greater, plus the estimated costs of permanently shutting the facility
down and maintaining it in a safe condition," This fnformation is not required in an application
for a construction permit, nor is it required at the early site review stage.

$.10.3 [RREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES
$.10.3.1 Scope

Irreversible commitments generally concern changes set in motion by the proposed action that,

at some later time, could not be altered to restore the present order of environmental resources,
Irretrievable conmitments generally involve the use or consumption of resources that are neither
renewable nor recoverable for subsequent utilization.

Commitments inherent in environmental impacts are identified in this section, although the main
discussions of the impac*s are found in Sects. 5.4 and $.5. Commitments that involve local
fong-term effects on productivity are discussed in Sect. §,10.2,
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5.10.3.2 Commitments considered

The types of resources of concern in this case can be identified as ()) material resources,
such as construction materials, renewable resource materials consumed in operation, and deple-
table resources consumed; and (2) nonmaterial resources, including a range of beneficial uses
of the environment,

Resources that generally may be frreversibly committed by the operation of ACNGS are (1) the
biological species in the vicinity that are destroyed; (2) construction materials that cannot

be recovered and recycled using present technology: (3) materials that are rendered radioactive
but cannot be decontaminated, and materials consumed or reduced to unrecoverable waste, including
the U-235 and U-238 consumed; (4) the atmosphere and water bodies used for disposal of heat and
certain waste effluents to the extent that other beneficia) uses are curtailed; and (5) land
areas rendered unfit for other uses,

$.10.3.3 Biotic resources

$.10.3.3.1 Terrestrial resources

Approximately 61 ha (150 acres) will be covered by the station and will be effectively lost for
biological production. Terrestrial habitat supporting 258 plant species, 152 vertebrate species,
and 700 insect species will be reduced by approximately 51% due to construction of the station
and the cooling lake. A woodland community along the bluff which contains a number of species
having restricted distributions in eastern Texas, will probably be destroyed.

$.10,3.3.2 Aquatic resources

The lower 13.7 km (8.5 miles) of Allens Creek will be lost as running-water habitat due to con-
struction of ACNGS. There will be an irretrievable loss of some fish and planktenic organisms
from the Brazos River due to the filling of the Allens Creek cooling lake and the withdrawal of
makeup water necessary for operation of the plant.

5.10.3.4 Material resources

$.10.3.4,1 Construction materials

Construction materials are almost entirely in the depletable category of resources. Concrete
and steel constitute the bulk of these materials, but numerous other mineral resources are
incorporated in the physical plant, Some materials are of such value that economic values
clearly promate recycling. Plant operation will contaminate only a portion of the plant to
Such a degree that radicactive decontamination would be needed to reclaim and recycle the
constituents, Some parts of the plant will become radioactive by neutron activation. Radiation
shielding around the reactor and around other componerts inside the primary neutron shield
constitutes the major material in this category for which separation of the activation products
from the base material 1s not feasible, Components that come in contact with the reactor
coolant or with radioactive wastes will sustain various degrees of surface contamination, some
of which could be removed if recycling is desired. The quantities of materials that could no.
be decontaminated for unlimited recycling are probably very small fractions of the total amount
of these resources available that are in broad use in industry. Many materials on the "list of
Strategic and Critical Materials"’ (e.g., aluminum, antimony, asbestos, beryllium, cadmium,
chromium, cobalt, copper, lead, manganese, mercury, nickel, platinum, silver, tin, tungsten,
and zinc) are used in nuclear plants,

Construction materials are generally expected to remain in use for the full life of the plant,

in contrast to fuel and other replaceable components. A long time will lapse before final
disposition must be decided. At that time, quantities of materials in the categories of precious
metals, strategic and critical materials, or resources having small natural reserves must be
considered inaividually, and plans to recover and recycle as much of these valuable depletable
resources as is practicable will depend on need.

$.10.3.4,2 Replaceable components and consumable materials

Uranium 1s the principal natural resource irretrievably consumed in plant operation. For
practical purposes, other materials consumed are fuel-cladding materials; reactor control
elements; other replaceable reactor core componerts; chemicals used in processes, such as water
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5.10.4.1.3 Recreational benefits

The applicant proposes that a 600-acre area along the southwest shore of the lake be developed
and operated as a state park, and that a 40-acre area at the southern end of the dam be developed
for day use only and for boat access during periods of peak visitation. It is anticipated that
the proposed Allens Creek State Park, because of its proximity to the heavily populated areas

of the western sections of the Houston metropolitan area only 72 km (45 miles) away, will

experience heavy use of its day use and lake facilities as well as its overnight camping facilities.

$.10.4.2 Cost description of the proposed facility

The primary internal costs of ACNGS are (1) the capital cost of the onsite facilities, (2) the
fuel costs, (3) the transmission and hook-up costs, and (4) the operating and maintenance
costs.

The total construction cost of the facility, including interest during construction, is estimated
to be $1.3 billion in 1985 dollars. The 1985 present worth of projected annual fuel costs is
estinated at 5754 mi1lion. The estimated 1985 cost of transmission lines directly related to

the Allens Creek station is $29 million, and total operating and maintenance costs are projected
to have a 1985 present worth of $208 mil!ion.

$.10.4.3 Environmental costs

The major environmental impacts expected to be incurred by construction and operation of the
proposed ACNGS, Unit ), are summarized in Table S.10.1.

$.10.4.4 Decommissioning costs

No specific plan has been developed for decommissioning ACNGS, but estimated decommissioning
costs (in 1975 doliars) range from $1 million, plus an annual maintenance charge of about
$100,000, to about $39 million for complete restoration of the site (Appendix S.D). In terms
of a sinking fund established over the 30-year operation 1ife, the annual cost would be on the
order of $100,000.

$.10.4.5 Summary of cost-benefit balance

The staff concludes that the primary benefits of the increased availability of electrical
energy and the improved reliability of the applicant's system outweigh the environmental and
economic costs of the station.

As indicated in Sect. 5.9, the staff believes that there would be no reduction i. overall costs
by the use of an alternative site, the use of an alternative generating system, or any combina-
tion of these. The staff concludes that a nuclear station using the Brazos River as a water
source, in conjunction with a coolirg lake, is a system that is at least as cost effective as
eany alternative system,

—y
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Table §.10.1. Environmantal costs of the proposed Allens Cruek Nuclear Generating Station

Eftect

Reference

Summary description

Land required for plant

Land required for transmission

Land required for cooling lake

Land required for pipeline relocation

Land required for access road and railroad spur

Comsumptive water use

Chemical discharges to Brazos Rive:
Thermal discharges to Brazos River
Maximum AT of aischarge to Brazos River
Chemical discharges to cooling lake

Thermai discharges to cooling lake
Maximum A7 of discharge to cooling lake

During construction

During operation

Construction

Entrainment and impingmer::

Chemical discharges

Construction of plant

Construction of transmission lines

Operation of plant
Operation of transmission lines

Land use

$4.1
$4.1
$4.1
54
4.1

Sect
Sect

Water use
Flg $32
Cect. §.3.3
Table $ 5.6

Table $6.7
Sect. §.3.3

Table $ 54
Table S.5.4

Social and economic effects

Sect. $4.4

Sect. $.5.6.

Impacts on aquatic hife
Sect, 54.3.2

Sect. $53.1.2

Sect $6322

Impacts on terrestrial life

Sect. $4 1.1

Sect 5414

Sect. $533
Sect. 533

61 ha (150 acres)
749 ha (1850 acres)
2072 ha (5120 acres)
12 ha (30 acres)
16 ha (40 gores)

Cooling lake evaporation, 40,400 acre-ft 'year

Neghgible

1.3 % 10® Bru/hr for extreme conditions

Estimated at 3.1°C (65 F)

Chemicals including biocides released at
approved levels

8.0 X 10” Bru/hr at tull power

10.8°C (19.5°F) at full power

Minimal adverse effects are anticipated
Most workers will « ummute from
the Houston metropolitan area
Minimal adverse etfects are anticipated
Allens Creek Lake and State Park will
provide added recreational facilities tor
the loca! and regional areas.

Siltation, bridge construction, and
constructinn effiuents wiil
significantly reduce aquatic populations
in the lower half of Aliens Creek

About 12.9 km (8 miles) of Allens Creek
will be inundated by the cooling lake
Temporaty reductions in aquatic popula
tion in the Brazos River near the site wil'
oceur

FEntrainment of plank tonic organisms in the
circulating water systermn will not significantly
reduce the productivity of the ccoling lake

Sorne rmortality of juvenile and adult fish in
the cooling lake will result from impinge-
ment on traveling screens of circulating:
water intake structure

Entrainment mortality in the makeup-intake
system should not significantly reduce
phytopiankton, tooptankton, or fish
populations in the Brazos River

Total residual chlotine should be '‘imited
to 0.1 mg/liter in the circulating-water
discharge canal

Construction-related activities on the site wil’
disturb about 2315 ha (5720 acres) of
pasture and crapland, including the 2072 ha
(5120 acres) of land inundated by the
Allens Creek cooling lake.

Some additional stress on the population of
the Attwater’'s prairie chicken is expected

No significant impact 1s anticipated

No significant impact is expected, but some

madification of land use 15 anticipated
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SUMMARY AND CONCLUSIONS OF THE FINAL ENVIRONMENTAL STATEMENT RELATED TO THE PROPOSED ALLENS

CREEK NUCLEAR GENERATING STATION UNITS 1 AND 2, DOCKET NOS. 50-466 AND 50-467, NOVEMBER 1974,
UNITED STATES ATOMIC ENERGY COMMISSION, DIRECTORATE OF LICENSING
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SUMMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U.S. Atomic Energy Commission, UDirectorate of
Licensing.

s

This action 1s administrative,

The proposed action is the issuance of construction permits to the Houston Lighting and
Power Cormpany for the construction of the Allens Creek Nuclear Generating Staticn, Units |
and 2, located in Austin County, Texas (Docket Nos. 50-466 and 50-467),

The station will employ two identical boiling water reactors producing 3579 megawatts
thermal (MWt) each. A steam turbine-generator will convert this heat to 1146 MWe (net) of
electricity., A design rating of 3758 MWt is anticipated at a future date and has been
considered in the assessments contained in this statement,

The exhaust steam will be cooled by the flow of water in a closed-cycle system incorporating
a newly constructed cooling lake utilizing makeup water from the Brazos River. Blowdown
from the cooling lake will be discharged into the Brazos River.

Summary of environmental impacts and adverse effects:

a. Construction-related activities on the site will disturb about 9000 acres of pasture
and cropland, including the 8250 acres of land inundated by the Allens "reek cooling
lake, which will be constructed in conjunctiot with the station. The land inundated
includes about eight linear miles of Allens Creek.

b. Approximately 8] miles of transmission-line co-ridors will require about 2200 acres
of land for the rights-of-way.

¢. Relocation of the current pipelines as proposed will involve about 60 acres. An access
road and a railroad spur, less than on@ mile long, will affect about 50 acres.

d. Station construction will involve extersive comunity impacts. Sixteen families will
be displaced from the site. Traffic on local roids will increase due to construction
and comnuting activities. The influx of construction workers' families (2100 peak
work force) 15 expected to strain the local housing situation. There will be a demand
for increased services in Austin County.

e. The total flow of circulating water will be 3800 cfs which will be taken from and
returned to Allens Creek cooling lake. The Allens Creek cooling lake will receive
about 90,000 acre-ft/year from the Brazos River, 28,500 acre-ft/year as direct rainfall
and 24,700 acre-ft/year as runoff. About 70,500 acre-ft/year will be evaporated,
71,000 acre-ft/year will be returned to the Brazos River, and 1000 acre-ft/year will be
lost as seepage. During the annual drawdown the total dissolved solids (T0S) in Allens
Creek cooling lake will increase by a factor of 1.3 to 1.9 and the water returned to the
Brazos River will cause an average increase in TDS in the Brazos of 0.8%. The thermal
a'teratiors and increases in total dissolved solids concentration will not significantly
affect the aquatic productivity of Allens Creek cooling lake or the Brazos River,

f. The overall impact of construction activities on Allens Creek prior to filling of the
cooling lake will be a reduction in aquatic populations in the lower half of the creek.
When the cooling lake is filled, approximately 8.5 miles of Allens Creek will be lost
as running water aquatic habitat, The loss of aquatic biota in this section of Allens
Creek will be more than compensated for by the establishment of aquatic biota in the
cooling lake through colonization and introductions of game fish. Construction
activities may temporarily reduce aguatic populations in the Brazos River near the
Allens Creek Nuclear Generating Station site. Such reductions will most likely be
temporary and near the site.
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g. Entrainment of phytoplankton, zooplankton, and ichthyoplankton in the circulating water
system may reduce the overall productivity of the cooling lake although the extent of
this reduction cannot be estimated. Some mortality of juvenile and adult fish in the
cooling lake will resuli from impingement on traveling screens of the circulating water
intake structure. The low approach velocities to the screens should minimize impingement

C S P ST oW 3 Tt

losses. Chemical discharges during operation of the Allens Creek Nuclear Generating ﬁ
Station should not significantly affect aquatic biota in the cooling lake or the Brazos ;
River, i

h. Phytoplankton, zooplankton, and fish in the brazos River will be subject to entrainment i
in the makeup water intake system. Entrainment mortality should not significantly
reduce phytoplankton and zooplankton populations in the Brazos River. The effect of :
entrainment on fish populations in the Brazos River cannot be estimated but low .
approach velocities should minimize fish encrainment mortality in the Brazos River,

i, The proposed cooling lake should provide a valuable recreational fishery. There is a !
- high probability of high phytoplankton densities in the cooling lake which may reduce 1
r water contact activity for certain periods during spring and summer months.

' J. The proposed cooling lake will displace white-tailed kites but may provide suitable
' habitat for Southern baid eagles and American alligators. It will attract waterfowl, ;
possibly in large numbers.

k. The risk associated with accidental radiation exposure is very low. e
| 1. Mo significant environmental impacts are anticipated from normal operation release of
: radioactive materials within 50 miles, The estimated dose to the offsite population
within 50 miles from operation of the station is 9 man-rems/year, less than the normal
fluctuations in the 175,000 man-rems/year background dose this population would receive.

4. Principal alternatives considered:

TR AT SR I N R

purchase of power;
alternative energy systems;
alternative sites:
alternative heat-dissipation methods. :

anos

5. The following Federal, State, and iocal agencie: were asked to comment on this ODraft
| Environmental Statement:

Advisory Council on Historic Preservation
' Department of Agriculture

Department of the Army, Corps of Engineers
Department of Commerce
PDepartment of Health, Education, and Welfare ;
Department of Housing and Urban Development !
pepartment of the Interior 3
Department of Transportation
Environmental Protection Agency
Ferderal Power Commission
Office of the Governor, State of Texas
County Judge, Austin County, Texas

NIRRT WSS

The following organizations submitted comments on the Draft Environmental Statement, which was
published in July 1974:

Department of Agriculture (AGR)

Department of the Army, Corps of Engineers (ARM)
Department of Commerce (DOC)

Department of Health, Education and Welfare (HEW)
Department of the Interior (INT)

Department of Transportation (00T), U.S. Coast Guard
Environmental Protection Agency (EPA)

Federal Power Commission (FPC)

Office of the Governor, State of Texas (TEX)
Houston Lighting and Power (HLP)

Sferra Club (SC?

Advisory Council on Historic Preservation (ACHP)

Copies of these comments are in Appendix A of this Final Environmental Statement. The staff
has considered these comments and the responses are located in Sect. 11.
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This Environmental Statement was made available to the public, to the Council on
Environmental Quality, and to other specified agencies in July 1974,

On the basis of the analysis and evaluation set forth in this statement, after weighing
the environmental, economic, technical, and other benefits of the Allens Creek Nuclear
Generating Station, Units 1 and 2, against environmental and other costs and considering
available alternatives, the staff concluded that the action called for under the National
Environmental Policy Act of 1969 (NEPA) and 10 CFR Part 51 is the issuance of construction
permits for the faciiities subject to the following conditions for the protection of the
environment,

a. The applicant shall submit a lake management program, including a development plan for

the state parks, which assures that the Allens Creek cooling lake will be a recreational

asset with benefits equivalent to those given in Sect. 5.6.4 of this Statement. Con-
sideration should be given in this plan to making the lakeshore buffer zone on the
south edge of the lake connecting the two state parks into a hiking and fishing area,
and also to modifying the character of the diversion dike by creating a more natural
looking land form and planting trees. The staff's approval of the program shall be
obtained prior to start of construction of the cooling lake, the dam, or associated
structures,

b. The applicant shall completu the investigation, to the satisfaction of the Texas
Historical Commission, of the 20 selected archaeological sites in the vicinity of the

plant and cooling lake prior to the start of construction activities that could impact

these sites.

¢. The applicant shall control the addition of chlorine to the circulating water system
such that the concentration of total residual chlorine at the point of discharge to

Allens Creek cooling lake is 0.1 ppm or less at all times. The concentration of total

residual chlorine discharged to the Brazos River shall be kept below 0.0! ppm.

d. The applicant shall take the necessary mitigating actions, including those suinmarized
in Sect. 4.5 of this Environmental Statement, durirg construction of the station and
associated transmission lines to avoid unnecessary adverse envirgnmental impacts from
construction activities.

¢. The applicant shall modify the monitoring programs in accordance with staff recommenda-

tions and complete the preoperational environmental studies Sect. 6).

f. A control program shall be established by the applicant to provide for a periodic review
of all construction activities to assure that those activities conform to the environ-

mental conditions set forth in the construction permits.

g. Before engaging in a construction activity which may result in a significant adverse

environmental impact that was not evaluated or that is significantly greater than that
eva'iated in this Environmental Statement, the applicant shall provide written notifi-

cat.un to the Director of Licensing.

h. If unexpected harmful effects or evidence of irreversible damage are detected during

facility construction, the applicant shall provide to the staff an acceptable analysis

of the problem and a plan of action to eliminate or significantly reduce the harmful
effects or damage.

The Draft Environmental Statement, under Section 7, included one additional condition for
the protection of the environment:

"The applicant shall use alternate transmission line route 2C around the north end of the
cooling lake, rather than the proposed route 2A which crosses the cooling lake."

The applicant will use this routing, as stated in Appendix G of the Environmental Report
{submitted as Amendment 7 to the ER) and also in comments on the DES which are reproduced
in Appendix A of this Statement.
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i
that the particulates emitted by fossil plants will counteract some of the greenhouse
effect by reducing the amount of sunlight reaching the surface of the earth. {

However, another effect from carbon dioxide released by coal combustion occurs because
coal has essentially no carbon-14. In effect, the stable carbon dilutes the carbon-14
in the biosphere, resulting in a reduction in the radiological impact of both naturally
occurring and man-made carbon-14,

7. An additional consideration that ha not been evaluated for the coal cycle is the
radiological impact of mining and burning coal. Of interest is the release of radon-222
from the decay of radium-226 in coal. Not only is the racon released during mining and
combustion, but it will continue to emanate from fly ash for millions of years after the
coal has been burned. Although Pohl1‘® has shown that this is not a problem with most
eastern coal (generally of high sulfur content but with a uranium content of 1-3 ppm), the
average uranium and radium content of some reserves of low-sulfur western coal is as much 1
as 50 times higher than that of most eastern coal.?”*3® (Combustion of the coal and disposal ]
of the remaining ash lead to about the same health effects from radon-222 emissions as
do uranium mill-tailings piles., These releases *ould account for only about 0.02 excess
deaths per 0.8 Gdy(e) due to fuel cycle activities during the rest of this century. As
a result, such releases do not significantly affect the conclusions reached with regard
to a comparison of the two alternative fuel cycles. In addition, some believe’? that
if the physical and biological properties of the radium released from conventional |
coal-powered plants (burning coal with 1 to 2 ppm of uranium-238 and thorium-232) are
considered, such plants discharge relatively grea‘er quantities of radioactive materials
into the atmosohere than do nuclear plants of comparable size. The EPA has estimated |
radiation doses from coal and nuclear plants of early designs and has reached similar i
conclusions,®"

5.0.2.4 Con _lusions

For the reasons cited herein, it is extremely difficult to provide precise quantitative values

for excess mortality and morbidity, particularly for the coal fuel cycle. Nevertheless, esti-

mates of mortality and morlidity have been prepared, based on present-day knowledge of health

effects and present-day plant design, anticipated emission rates, occupational experience, and

other data, These are summerized in Table S.D.15 and Table S.D.16 (footnote ) with some impor-

tant assumptions inherent in the calculations of health effects listed in this Appendix,

Secty D, 3;

Although future technological improvements in both fuel cycles may result in significant
reductions in health effects, based on current estimates for present-day technology it must be
concluded that the nuclear fuel cycle is considerably less harmful to man than the coal fuel
cycle B-12,17,18,28,24,39-42  Ag shown in Tables §.D.15 and S.D.16, the coal fue) cycle alterna-
tive may be more harmful to man by factors of 4 to 260 (depending on the effect being considered)
if all the electricity used is assumed to come from an all-nuclear economy, or by factors of 3
to 22 if all of the electricity used by the uranium fuel cycle is assumed to come from coal-
powered plants,

of the coal cycle, it should be noted that the impact of transportation of coal is based on
firm statistics; this impact alone is greater than the conservative estimates of health effects
for the entire uranium fuel cycle (all-nuclear economy), and can reasonably be expected to
worsen as more coal is shipped over greater distances. In the case where coal-generated
electricity is used in the nuclear fuel cycle primarily for uranium enrichment and auxiliary
reactor systems, the impact of the coal power accounts for essentially all of the impact of

the uranium fuel cycle.

]
|
| Although there are large uncertainties in the estimates of most of the potential health effects
However, lest the results of this be misunderstood, it should be emphasized that the increased
risk of health effects for either fuel cycle represents a very small incremental risk to the
average public individual. For example, Comar and Sagan'” have shown that such increases in
risk of health effects represent minute increases in the normal . .pectation of mortality from
other causes.
A more comprehensive assessment of these two alternatives and others i. anticipated later in )
1977 from the National Researcn Council Committee on Nuclear and Alternative Energy Systems, “3=45
This study may assist substantially in reducing much of the unce tainty in the analysis presented.
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$.0D.3 ASSUMPTIONS RELATED TO ESTIMATES OF FUEL-CYCLE HEALTH EFFECTS

Some important assumptions in this study affecting evaluations of fuel cycle health effects
have been made for both uranium and coal fuel cycles.

§.0.3.1 The uranium fuel cycle!'"

For mine and mill emissionc, it was assumed that population density in the United States varies
from 2.9 perscis/km® (7.5 persons/sq mile) in the West to 62 persons/km? (160 persons/sq mile)
in the East, all uniformly distributed. For al) other facilities, density was assumed to be

62 persons/km“. (It should be noted that most of the calculated health effects would occur
outside the 80-km radius of the plant. The mortality rate for the U.S. population is about
2,000,000 per year from all causes.)

"A box" atmospheric dispersion model was used with vertica) dispersion limited to 1000-m,
2-m/sec windspeed, and 1-cm/sec deposition velocity for particulates. Resuspension of deposited
particulates was considered,

A 50-year dose commitment for one year of operation of each type of fuel cycle facility was
calculated. The 50-year commitment considered biological uptake of long-lived radionuclides
for 40 years following the year of release. The total impact of the fuel cycle to the U.S,
population for 1975 to 2000 was calculated using the needs for all types of facilities in
order to meet current projections of power plants. A plant capacity factor of 80% was assumed
in these calculations.

Radioactive materials were not considered to be removed from food chains except by radioactive
decay. Only in the case of carbon-14 was an environmental sink assumed to be acting on biologi-
crl availability, Bioaccumulation of radioactivity in food chains was also consi.: red (generally
using upper-bound estimates). Krypton-85 and carbon-14 not removed from the plume in the United
States were assumed to mix uniformly in the world's atmosphere. Tritium is assumed to be mixed
uniformly in the world's circulating water volume,

$.0.3.2 The coal fuel cycle’-"

The major impact of the coal fuel cycle results from power-plant emissions; only those critical
assumptions are addressed here,

Actual population distributions within 80 km of several nuclear plant sites were used in
estimating the impact of the coal fuel cycle. The aserage population of 3.8 million people has
an annual mortality rate of about 26,000 persons from all causes.

Actual meteorological data from the same plants were used to calculate inhalation exposures to
sulfates out to BO km, with the assumption that the oxidation rate for conversion of sulfur
dioxides to sulfates would be 10% per hour. A 75% plant capacity factor was assumed. It was
also assumed that the plant would ‘ave a 1000-ft stack for emissions, and that 99% of the
particulates would be removed from plant emissions. Resuspension of deposited particulates was
not directly considered, although deposition was.

The dose-response relationships of Lave and Seskin,”® Winklestein et al.,”® and others®:%.4¢
were used to calculate excess mortality and morbidity; adjustments were made for fractions of
sulfates in the total suspended particulates.

Use of 3% sulfur coal with 127 ash and 28 MJ/kg (12,000 Btu/1b) (eastern coal) for an upper-
bound estimate of health effects was assumed; use of 0.4% sulfur coal with 3% ash and 28 MJ/kg
(eastern coal) for a lower-bound estimate was assumed.
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Mr., B ;. Case
Act r ector, Office of

N Reactor Regulation
NL- Regulatory Commission
wa pon, D.C. 20583

De s. Case:

wve reviewed the supplement to the environmental report
Allens Creek Nuclear Generating Station, Units 1 and 2,
:in County, Texas (Docket Nos. 50-466/467)., Our response
is provided in accordance with the Fish and Wildlife
Coordination Act (48 Stat. 401, as amended; 16 U.S5.C., 661
et seq.).

General Commeits

The project site contains important £ish and wildlife habitat
and resources., In our August 27, 1974, comments on the Final
Environmental Impact Statement prapared for this project,

we suggested that a fish and wildliife management and public
use plan be developed for the project site through coordina-
tion with appropriate Federal, State, and local agencies.
Although the applicant has taken important steps to assure
recreational use of a major portion of the site, the issue

of compensating for significant habitat losses through such
means as the preservation and enhancement of remaining
habitat on and adjacent to the site has not yet been
addressed.

Specific Comments

Page 82.5-1. Reference is made to the construction of a
rainage channel to divert runoff from that portion of the
Allens Creek Watershed north of the proposéd project site
to the Brazos River. The channel would be designed to
convey peak flows for a ten-year flood. Justification

for this should be provided since no flood damage was
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