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I NTRODUCTION

An analysis has been undertaken to determine the potential

impacts of the recent cooling tower fire at Browns Ferry Nuclear Plant

(BFN). The analysis addresses the need for the cooling tower in order to

meet thermal water quality and des i gn (i. e., return channel temperature

and turbine backpressure) constraints. The analysis consisted of running

a computer model of the BFN thermal system with historical meterological

and river conditions as inputs. Figures 1 and 2 show the condenser

cooling modes and cooling tower layout of BFN. Four cases were

investigated in order to provide a range of predi~ted impacts. The

computer model and the cases are detailed below.

Thermal operational guidelines, design constraints, plant,
operation, plant performance, and operational scenarios for mode

switching and derating used in the model cases runs were provided by Bill

Avril and Barry Music of Mechanical Engineering Branch (MEB).

COMPUTER MODEL

The computer model used was a modification of the one used to

perform the analysis in the BFN 3l6a study and is detailed in a report

dated February 1983. The modifications included: addition of turbine

backpressure as an 9perational constraint, adjustable delay in cooling

tower usage and loa.d increase (after forced reduction), optional

exclusion of one unit from helper mode operation, and instantaneous

downstream temperature constraint (as stated in the NPDESpermit).

HISTORICAL DATA

The historical data used in the analysis was the same as that

used in the aforementioned 316a study. This consisted of wet-bulb

temperature, upstream river temperature, and riverflow at the plant (as

computed from the historical discharges from Guntersville and Wheeler

dams) . The peri od of record covered January 1, 1969 through May 31,

1981, or approximately 12.4 years. While this is not an exceptionally
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Figure I: Schematic of Three CondenserCoolingModes
of BrownsFerryNuclear Plant
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Figure 2: Layout of Browns Ferry Nuclear Plant



4

long period of time for a statistical simulation of expected ambient

conditions, it is known to contain Itypica1" as well as "severe" years

(1980 being the most severe on record).

CONSTRAINTS

The thermal water quality constraints used in the present

analysis were as follows. These are based on the thermal discharge

limitations as required in the NPDES permit issued by the State of

Alabama and the operational guidelines used by the plant operators which

includes some "safety factor II to assure compliance. The NPDESpermit

limitations are: The 24-hour running average delta-T shall not exceed

10°F. the 24-hour running average downstream temperature shall not exceed

90°F. and the 1-hour runni ng average (15-mi nute measurement i nterva 1)

downstream temperature shall not exceed 93°F. The operational guidelines

used in the model required that cooling towers be operated if the l-hour

running average downstream temperature exceeds 90°F.

The design constraints used in the present analysis were as

follows. The water leaving any cooling tower shall not exceed 92.75°F.

The NRC requires that this temperature not exceed 95°F. A possible

operational limit of 94°F was also considered. The turbine backpressure

shall not exceed five inches Hg.

In addition to the above, there was the added constraint of a
delay in mode switc1)ing and load increases (after a reduction). The

typical values for plant operation were as follows: If a unit is

switched from open to helper mode, the cooling towers must be operated

for a minimum of 12 hours. If a unit was derated, load could not be

increased for at least eight hours. Bill Avril indicated the time

required to bring a unit up to full load after a reduction depended on

the severity and durati on of the reducti on. A representati ve value of

eight hours was agreed upon to characterize any load reduction. A more

complicated scenari'o could not be programmed within the time frame of the

present analysis.
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PLANT PERFORMANCE

The parameters quantifyi ng pl ant performance used in the

analysis were: design heat rejection, a condenser cleanliness of 90

percent, and the cooling tower capability indicated by the field tests

conducted in 1980 and 1981.

OPERATIONALSCENARIO

The operational scenario investigated was as follows. The plant

was assumed to operate at peak capacity (3,300 MW) in open mode unless

one of the constraints became controlling (e.g., the downstream river

temperature would have exceeded the thermal operating guideline). In

this case two or three units would be switched to helper mode. If the

constraint could not be met, the units were derated equally in increments

of 100 MW(33 MWper unit for 3-unit operation). Deration could continue

until the load on any unit would drop below 40 percent at which time one

unit would be shut down and the remaining units would equally split the
load of the lost unit.

RESULTS

The results of the analysis are presented in the five attached

tables showing case conditions, hours of load reduction, MW-hours of load

reduction; severi~y of load reduction, and duration of load reduction.

CONCLUSIONS

The results of the model analysis show that over the period

investigated, significant load reductions occur in two of the 12.4 years

(1969 and 1980). Load reductions in 1980 were considerably larger than

those in 1969. The analysis indicates a load savings of 20,612 MW-hours

in 1980 if the damaged tower is rebuilt. As a conservative assumption, a

year like 1980 occurs once every 12 years (a very conservative

assumption).
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The analysis also indicated that the cooling tower operation

guidelines are very important. Specifically, it is advantageous to avoid

operating the towers because the tower discharge limit of 92.75°F becomes

the controlling constraint in summer conditions. There may be economic

justification in pursuing an analysis of how to operate the plant so as

to approach the NRC limit of 95°F as closely as possible. This can be

seen by comparing the tabulated values of load reductions for the cases

where 92.75°F and 94°F are used as the maximum cooling tower discharge

temperature.
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TABLE 1

CASE TCMAX TOWERS

1 92.75 4
2 92.75 6
3 94 4
4 94 6



*1981 is partial (January 1 through May 31)
**Based on 12.4 years
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TABLE 2

Hours of Reduced Load

CASE l -L -L 4

Year
69 231 231 83 83
70 19 19 0 0
71 10 10 9 9
72 61 61 27 27
73 0 0 0 0
74 0 0 0 0
75 9 9 0 0
76 0 0 0 0
77 199 199 34 34
78 129 129 8 8
79 0 0 0 0
80 618 620 361 348
81* 0 ' 0 0 0

TOTAL 1276 1278 522 509

AVG** 103 103 42 41



*1981 1s part1al (January 1 through May 31) .

**Based on 12.4 years'
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TABLE 3

MW-Hours of Reduced Load

CASE 1 2 3 4

Year
69 117,933 117,933 19 , 138 19 , 138
70 7,256 7,256 0 0
71 9 ,016 9,016 4,307 4,307
72 51,115 51 ,115 16, 160 16 , 160
73 0 0 0 0
74 0 0 0 0
75 4,307 4,307 0 0
76 0 0 0 0
77 80,790 80,790 8,461 8,461
78 47,430 42,430 2,400 2,400
79 0 0 0 0
80 447,169 426,487 177,048 153,800
81* .0 0 0 0

TOTAL 765,016 744,847 227,514 204,266

AVG** 61,695 60,068 18,348 16,473



.
*1981 is partial (January 1 through May 31).

**Based on years with load reductions, weighted
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TABLE 4

Average Load Reduction

CASE-+ ...L -L 2- -L

Year
69 511 511 231 231
70 382 382 0 0
71 902 902 479 479

.72 838 838 599 599
73 0 0 0 0
74 0 0 0 0
75 479 479 0 0
76 0 0 0 0
77 406 406 249 249
78 368 368 300 300
79 0 0 0 0
80 724 688 490 442
81 * O. 0 0 0

TOTAL NA NA NA NA

AVG** 600 583 436 401



*1981 is partial (January 1 through May 31)
**Based on years with load reductions, weighted
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TABLE 5

Average Duration of Load Reduction

CASE-+ -1. ..l. -1.

Year
69 17 17 10 13
70 9 9 NA NA
71 10 10 9 9
72 15 15 14 14
73 NA NA NA NA
74 NA NA NA NA
75 9 9 NA NA
76 NA NA NA NA
77 12 12 9 9
78 9 9 8 8
79 NA NA NA NA
80 15 14 12 12
81 * NA . NA NA NA

TOTAL NA NA NA NA
AVG** 13 13 11 11


