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Ne have reviewed fish impingement ‘ata collectad at TVA's Browns Ferry Nuclea
Plant through August of 1979, Our review was performed in response to TVA's
request to termin te the {mpingament study required by the Envirommental
Technical Specifications (Appendix B to the licenses for each of the three
units). Based on the review, we have concluded that the objective of the
study has been achieved and that the recuest to terminate the study should
be oranted. In revising the Environmental Technical Specifications, we are
indicating our reliance on the NPDES permit with regard to future requirements,
if any, for monitoring and reporting of {mpingement.

A copy of the technical review, conducted by Dr, Charles W. 311lups is provided
by enclosure. We thought the information might be useful in EPA's review
leading to the Section 316(b) determination for the Browns Ferry intake. If
you have juestio.. about the analysis, you may direct them to Charlie Eillups
on FTS 492-8209.

We would appreciate being kept informed of activities related to your review
and determination under Sectiom 316(b). If we can provide further assistance
in those activities, please feel free to contact us,
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SUMMARY REVIEW OF FISH IMPINGEMENT

AT THE 3ROWNS FERRY NUCLEAR PLANT
SEPTEMBER 1976 - AUGUST 1979

INTRCOUCT ICN

Monitoring and reporting of fish impingement at 3rowns Ferry has deen required
oy the Environmenta! Technical Specifications (Z75) since start-up of Unit |
in Aygust 1373, Detailed studies were initiated in Fedbruary 13974 and have

seen continued ‘with scme modifications) up t0 the sresent time,

This review surmarizes impingement data collected over the 6-month period,
Septemper 1976 through August 1379, The period was selected for the ‘ollowing

reasons:

—~
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the olant was at "fyull" operation

(2) the data collection and reporting methods remained constant
gver the 36 months

(3) the 36 months allow for comparisons between three consecutive
12-month “study years"
This review does not address whether the 3rowns Ferry intake ccmplies with
Section 116(5) af the Clean Water Act; SPA has statutory authority for making
that determination, TVA has submitted their Section 316 demonstration study
results %o ZPA (TVA 1978, TVA 1380); however, ZPA nas not yet made 2

ietarmination, 3ased on the Jata raviewed, we found %nat the purdose of the

required ITS impingemens program has deen satisfied.




METH0DS

The Savironmental Technical Specifications (ETS) for 3rowns Ferry require
gstimation of fish impinged on each operating intake screen for a 24-hour
collectisn period, once 2ach week. Numbers impinged are recorded for the
following taxa: shad and herring (Clupeids), catfish, bass (Micropterus sop.),
crappies, sunfish (Lepomis sep.), fresnwater drum, and other species. Results
are submitted t3 %he NRC in quarterly impingement reports and in the annual
operating reports. These procedures fcr sampling ind reporting of fish
impingement were instituted in Septemper 1376 [zaincident with the start-up
of Unit 3) and have remained unchanged for three-unit olant Jperation up %0
the present time; therefore, over three consecutive 12-month periods of fish
impingement data, collected during "full" J-unit plant operaticn and with the
same oracadures, ire now available for comparative anmalysis., For purpeses of
discussion in this review, the three 12-month periods will be defined as

follows:

Study Year 1 - September 1976 through August 1377
Study Year 2 - September 1377 through August 1978
Study Year 3 - September 1378 through August 1979

L e

In their Section 316(b) report submitted in 1978, TVA has compared impingement
during "Study Year 1" (i.e., September 1376 through August 1377) with impingement
abserved for two earlier pericds: the first period with Unit 1 and start-up

and initial speraticn of Unit 2 and the second pericd with reduced flow during
olant cutage fallowing the fire wnich occurred in March 1975, We give no

further zonsideration in this review %0 the two 2arlier periods of plant

speration at less thanm 3 units.



RESULTS

Study Year 1: September 1376 - August 1377

A tabylar summary of impingement for the period September 1375 through August
1977 has been sresented by TVA in their Section 315(b) demonstraticn report
ta EPA (TVA, 1378). As shown in Table 1, the summary provides some information

—

shich is not required 3y the ZTS program in that both estimated numbers and
total weights are given for each impinged species. Recall that the Z7S require
an astimation of numbers impinged for seven taxoncmic groups differentiated Dy
numbers impinged on 2ach of the intake screens in operaticn on the day of

sampling.

In Table 2, we have summarized impingement for tnis same perfod using data
reported in quarterly reports to the NRC. The change in format facilitates
comparison with subsaguent data from Study Years 2 and 3 which were anly
availaple in the aquarterly reports, Some slight differences may Se noted in
comparing impingement totals as given in Table 1 and Table 2 even though the
data are f3r the same study period. The differences result from TVA's usa of
54 sampling days in their calculations whereas cnly 52 sampling days were

reported in the quarterly reports and used in ocur calculations,

During Study Year 1, an estimated 5.7 million fish representing 51 species
TYA 1973, 9. 14) were impinged. Of the %otal, 6.1 million (31%) were shad

-~y

and herring (Clupeids) and 0 2 million (3.3%) were freshwater arum. The

remaining 0.4 million impinged fish primarily consisted of bluegill, yellow

sass, whita Sass, green sunfish, redear sunfish and channel catfisn, 2ump
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speration for the sampling days averaged 7.2 pumps of the 3 pumps available

(approximately 30% capacity).

The monthly estimates (Table 2) show the major impingement of Clupeids occurring
over the three months, September through Ncvember. Figure 1 fl1lustrates the
relative contribution of menthly impingement %o the 12-month totals for each
of the three "study years"'. TVA nas noted that, for this study period, peak
impingement of clupeids cccurred 2arlier than nad been cbserved during the prior
years of plant operation (ibid, p. 14). We found this early peak in the Fall of

1976 tc be an axception from those observed in Study Years 2 and 3, also.

Peak impingement of catfish (primarily channel catfish) occurred in March and
over 75% of the 12-month total estimated impingement of catfish occurred during
the three months, February thraugh April, Peak impingement of bass [primarily
largemouth) and freshwater irum a.so occurred in March, The impingement of
irum was more Sroadly spread over all 12 months with lowest lavels in

Septemper-Octoter 1376 and August 1377.

Crappie (mostly wnite crappie) impingement peaked in July with a droader secondary
seak oczurring in March-dpril, Impingement seaked for sunfish (mostly bluegill,
green sunfish, and redear sunfish) in April, Over 30% of the 12-month total ‘or
sunfish occurred aver the four months, January through April, Ancther 3% of the
*otal sunfish were impinged in July. The vellow dass and white tass constituted
sver 75% of the 12-month impingement of "Other" taxa; peak levels sccurred in

March and July.



For “Study Year 1", 56% of the total estimated impingement of al! taxa occurred
during the three months, September through November; the clupeids (mostly
threadfin shad) made up 39% of the total for these three menths, March
impingement added 16% to the 12-month total of which 34% were clupeids. Monthly
impingement levels were Tcwest in May through August; impingement during these
four months made up only 2.6% of the 12-month tatal. Ouring this time of

low impingement, "Other” taxa constituted a greater relative amount of the
monthly impingement levels, i.2., 13% in May, 58% in June, 37% in July and 40%
in August. The percent contribution of each species group to the total lc-month
impingement is shown in the last row of Table 2 and, also, is compared with
values “or the *wo subsequent 12-month study periods in Table 3. Observed

d4i¥ferencas in the relative contributions are discussed later in this report,

Study Year 2: Septamper 1377 - August 1378

Impingement for "Study Year 2" has been estimated from TVA's juarterly
impingemer.t reports %o the NRC (Table 3). An estimated 4,2 million fisn were
‘mpinged during this pericd with clupeids making up 2bout 3.2 million (76%).
Fishes in the catageory of "Other Species" made up about 2.5 million (11%) and
fresnwater drum about 0.3 millien (7%) of the total estimated impingement.
Sump operation for the days of sampling averaged 7.4 pumps of the 3 pumps

availaple ([~ 32% capacity).

Monthly estimates of impingement (Table 3 and Figure 1) show the major sceak for
clupeids tc have occurred in Decemper, with relatively high monthly values

starting in October 1377 and continuing througn March 1373,

Peak impingement of catfish occurred in April with 3 secondary oeak in August.

Impingement for the three nonths, March through May, made up 30% of the 12-month



total for catfish., Compared to "Study Year 1", both the primary and secondary

peaks for catfish occurred one month later,

Impingement of basses during "Study Year 2" was at such Tow levels that monthly
comparisons are probably meaningless. Highest impingement during "Study Year 2"

appeared %0 shift about two months later than that gbserved in "Study Year 1"

Estimated impingement of crappies during "Study Year 2" was greatar by nearly
20 times that of "Study Year 1", Qf the total for crappies, 73% occurred in the
three months, November through January, while crappie impingement increasad
Setween the "wo study years, sunfish impingement decreased by about 70% from
“Study Year 1" %o "Study Year 2", Peak monthly impingement of sunfish occurred

in Jecember as compared to the Apri! peak observed in "Study Year 1",

Freshwater drum impingement continued at about the same level through “Stuady

Year 2" and was croadly spread over 3l months as observed for the "Study Year 1",
Three distinct peaks, of nearly equal magnitude, occurred in Decemper 1377,

March 1978, and May 13738; impingement for theie three mecnths macde up about 30%

of the total 12-month total impingement of freshwater drum,

Impingement of fishes in the category of "Other Species” increased during "Study
Year 2" by nearly 3 times that astimated for "Study Year 1", Seascnally,
impingement af "Other species" was highest during the fall months, Septemper
through ‘lovember; impingement for these three months made up nearly 5C% of

the 12-month tatal, A secondary impingement seak for the "Other Species” occurred
in July, as had sccurred during “Study Year 1", 3ased on cove rotancne data
‘wnich are 4iscussed later), white bass and yellow bass were drobadly the two
dominant species appearing in this category, as had deen documented by TVA for

“Study Year 1",



.

Far "Study Year 2", peak monthly impingement for all species combined occurred
in December 1377, Impingement for the six-menth period from October through
March made up about 36% of the 12-month total. Clupeids contributed a greater
relative percentage during these six months than during the full 1Z2-menth
seriod, i.e., 33% versus 76.5%. Compared to the first 1Z-month period, doth
the t0%ai estimated numbers and the relative contribution of shad to the total
showed a2 marked decline. The decline can be attributed %0 a reduce  standing
stack of threadfin shad as indicated by TVA's cove rotencne survey data [which

are discussed later).

Study Year 3: September 1978 - Aygust 1979

[mpingement for the 12-month period, September 1378 - August 1379, has been
estimated from TVA's quarterly impingement reports %o the NRC (Table &). An
estimated 2.3 million fish were impinged during this pericd with clupeids making
40 about 2.1 millien (77%). Of the total, freshwater drum made up about 0.2
million (3%), fisnes in the category of "Other Species" made up 2.15 million
(5%), crappies about 0.13 million (5%) and sunfishes about 0.1 million (4%).
Pump operation for the days of sampling averaged 7.5 pumps of the 9 oumps

available (~ B84% capacity).

Monthly astimates of impingement (Table 4 and Figure ') show the major peak for
impingement of clupeids ¢ have occurred in March with relatively high impingement
values spread over the d-month pericd January througn April 1379, Compared o

the Jrevious two 12-month periods, the peak impingement of clupeids in March was
about three months and six months later than that observed in "Study Year 2"

and "Study Ye:r 1", respectively. Total ss*imated numbers of clupeids impinged
during “"Study Year 3" were about cne million less than during the seccnd period

and about four million less than during the first geriod. This reduction in



impingement may de attributad %0 the continued low standing stock of threadfin

shad as shown 5y TVA's cove rotencne survey data (discussed in the rext section),

Impingement of catfish during this third period peaked in January as compared
to the March peak during the first pericd and the April peak during the second
pericd. Relative contribution of catfish to the %total 12-month ‘mpingement

#was highest of the tnree study years >ut macde up 'ess than 1% of the total.

Impingement of bass was lower than for the two previous periods; only 187 bass

we=e astimatad %5 have been impinged over the 12-month period.

Crappie impingement was of the same order of magnitude as recorded for "Study
Year 2", Recall that crappie impingement was aimost 20 timis greater during

the second period than during the f.rst 12-month period. For this third period,
impingement of crappies was about 15 times greater than that for the first
seriod. The zeak menthly level occurred in February as compared t0 2 November
peak during the second period and 1 July peak during the first pariod. Impinge-
ment ‘or the three months, Jaiuary through March, made up 37% of the crappie
impingement for this third period (September 1378 - August 1979), The relative
contribution of crappies to the total 12-month impingement (of all species)

was higher than during "Study Years 1 and 2" (Table 3).

The relative zontributions of sunfish and freshwater drum to total ‘mpingement
fap +nis third sericd were, 2150 (1ike crappie), nighest of the three "study
years" (Taple 3). Sunfish impingement was about 2 times greater than during
"Study Year 2'but 40% less than during "Study Year 1". The peak monthly
impingemens of sunfisn during this third seriod occurred in January with a
secondary teak in March. Impingement of sunfisn for :nf§e *w0 months

nade up 33% af the 12-month =otal for sunfish during Study Year 3,



Impingement of freshwater drum during this third ceriod continued at the same
levels observed over the *wo previous study years, The pattern of seasonal
impingement 11sc remained the same with intermediate to peak monthly levels
spread over seven months, Jecember 1378 through June 1379 and lower levels
during September - November 1978 and July - August 1979, The peak for thnis
pericd sccurred in March - April wnich was similar in occurrence to that

observed in "Study Year 1",

Impingement of "Other Species” was lowest of the three study years., 3ased
an TVA's cove rotenone survey data, the white bass and yellow bass
continued %9 contribute the major portion of impingement in this categery

of "Other Species”.

For "Study Year 3", the peak monthly value for all species combined occurred

in Marcn 1379 (38% of the 12-month total). Over the four months, January
shrough April, impingement made up 30% of the 12-menth total, Total

impingement continued downward in this third period, f.e., 2.8 million

compared %0 4.2 million in the secand pericd and 5.7 million in the first
seriod. The pattern of monthly impingement of all species for this third

serigd and the decline in total impingement over the three periods, doth reflect

the impingement patterns for clupeids.

The relative contribution of clupeids (at 77%) to the 12-month total was
assentially identical to that in "Study Year 2" (see Taple 3). The
contributions of catfisnes, crappies, sunfishes, and freshwater drum were
nignest of the three study years wnile the contribution of Dasses was Towes*®

of the three study years,
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QISCUSS ION

TVA “ound 2 positive relationsnip detween levels of plant operation (i.e.,
intake sump usage) and fish impingement (total of all ssecies) for three
12-month seriods (TVA 1978, 0. 39). In our current revisw, we found 2 negative
~elatisnsnio Setween pump ysage rate and total impingement for three "study

years'.* These contrasting results are summarized fin Table 5,

For the three 12-month periods analyzed by TVA, it may be noted in Taple § that
there were large diffarences (i.2., 30 and 20C%) in pump usage rate Detween
sericds. In contrast, pump usage for the three "study years" which we reviewed

was 2ssentially constant with differences Detween years of only 2 to 5%.

Sven though pump usage was essentially constant, the levels of toctal impingement
declined significantly over the three "study years", We found that the decline
mignt se 2xplained on the basis of dec!ining apundance of young-of;the-year (y=0=y]
shreagfin snad., Large reductions in threadfin shad stocks have Deen recorded
through contemperaneous studies on other southem U.S. reservoirs (Logan and
Masnik, 1379, and McLean st al., 1380), The reducticns are attributed to cold
stress during the severe winters of 1376-77, 1977-78, and 1978-73. In the latter
study, the authors conclude Egat natural cold kills of threadfin and y-0-y gizzard
snad mask any acological affects of impingement and that most of the shad, had

they not teen impinged, would nave diad due %o cold stress.

In *he last =wo columns of Taole 4, we nave ogresentad data on the standing stock

abundance 3f s-0-y threadfin and gizzard shad for the years 1374-1973. These

* Note *ha: =he third 12-month sericd considered in TVA's amalysis (TVA 1378)
ig =he same Jeriod defined as "Study Year 1" in cur current reviaw,
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data are from TVA's cove rotenone surveys (TVA 1977, TVA 1378, TVA 1379) and
describe the iaverage concentrations [area-weighted mean number per nectare) of
y-0-y shad from three coves in sheeler Reserveir, The rotencne surveys are
conducted annually by TVA during late August or early September. At this time
of the year, the y-0-y of shad [and ather species) have attained 1 size which makes
them suscentible %o being impinged on intake screens /-~:*"ar than antrained and
zarried through the cooling system). Thus, it is convenient o select a "study
year" for impingement analysis to cover the 12 months from September through
August of the next year. This is particularly appropriate i€ the assessment

of impacts due *o impingement is based on calculating the fraction of the
reservoir popuiation (as estimated from the annual cove rotenone data) removed
5y impingement, TVA has used this analytical approach in their assessment

(TVA 1978). However, it should be noted that each of the first two 1Z-month
seriods, which TVA analyzed, ran from late March through late March of the
succeeding year, Large numbers of clupeids were impinged in March-April 1974
and March-April 1975 (Ibid., Figure 2). The majority of these impinged clupeids
were likely y-c-y of the 1973 year class and 1974 year class, respectively, In
TVA's analysis, these losses were included in the calculations of fractional
losses of the standing stocks for 1974 and 1375, respectively. For these first
=40 seriods, it appears that TVA has overestimated the “ractions of snad y-o-y
standing stock removed by impingement (i.2., overestimated the sotential impact).
2atantial impacts of impingement on the standing stocks of other species may e
averestimated ar underestimated depending on whether the standing stock concentra-
sions between the years 1373 through 1975 were decreasing or increasing,

respectively,



The third 12-month impingement period analyzed by TVA extends from Septemper 1976
shrough August 1977, Impingement for this period nas been compared appropriately
(in our view) with the 1976 cove rotencne data. As previcusly noted, this period

of analysis corresponds to "Study Year 1" in our scmary review,

TVA's analysis of the data for this period is much more detailed than was possidle
from sur review of the gquar<terly monitoring reports required by the Znvironmental
Technical Specifications (E7S). For example, the ETS allow for reporting By
specias groups, whereas TVA has presentad assessments By individual species.
4@ acknow!edge tnat the £TS-required reporting Dy species jroups does not
srovide sufficient information to assess potential impacts on each species

—~

scpulation. This condition in cur ETS limits the compariscn of data from

supsequent "study years" with TVA's resuylts,

#e have reproduced TVA's results comparing impingement and 1376 standing stock

estimates in Table 7. These results suggest that the potential impact of
impingement, in terms of fracticnal reduction of the 1376 standing stocks, is
negliginle (< 1%) for the two shad species and for most of the other selected
species.” Six species were representad in impingement collections but no
y=a-y of these species were collected in the cove rotencne sampling; hence
caleulations of percent reduction for these y-o0-y stocks were not possible.

mpingement made up large gercentages (> 10%) of the estimated y-0-y standing

-y

* The species, selected by TVA for comparison with standing stock abundance,
were tnose impinged at an average r~ate of one or more jer day over the
12-month period.




stocks for five species: white crappie, chaine! catfish, freshwater drum,
skipiack nerring, and yellow bass. Intermediate values (between 1% and 10%)
were recorded for four species: green sunfish, white dass, spotted sucker and
sauger, Potential impacts on these nine species are addressed, below, and tC
the axtent possible, we compare these results with the impingement ‘eveis and
standing stock estimates for the subsequent two “study years'. As noted in

the oreceding paragraph, such comparisons are not possible for 2ach species.

White crappie - TVA has indicated that low abundance of y-o-y white crappie in
she 1375 cove samples resulted in the high relative impingement (52% of standing
stock), and that white crappie were probably greatly underestimated by the cove
sampling. For the subsequent %wo "study sears”, the impingement levels of
crappie were greater by factors of 20X and 15X, respectively. Relative %o

she 1377 and 1378 standing stock estimatas, impingement of crappies (primarily
white crappie) was 266% in "Study Year 2" and 31% in "Study Year 3", The value
of 266% would suggest that the white crappie population should have been
decimated in "Study Year 2", However, both the 1373 cove data and the impinge-
ment level in "Study Year 3" indicate a nealthy population of white crappie.

As shown in Table 3, *he 1378 year class of white crappie was 28X greater than

she 1376 year class, based on cove data,

Channe! catfish - TVA nas indicated that the densities of channel catfish are
s0orly astimated Sy cove rotancne sampling since the specias occurrence 1s
more characteristic in she main stream portion. The ETS-reporting of ‘mpingement

data does not all~  for comparison of individual species of catfish, For catfish
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as a species group, impingement levels were less in study years 2 and 3 than
recorded in study year 1. The mean standing stocks of y-o-y channel catfish
nave increased over the three study years /2.3 per hectare in 1976, 15,2 in
1977, and 22.6 in 1978). From these results, we concur in TVA's opinfon that
the impingement of channel catfish cannot Se 2ssessed on the bdases of standing

stocks as calculated from cove rotenone data,

Freshwater drum - TVA has indicated that impingement of freshwater drum appears
to be 2 function of reservoir abundance., OQur review of the impingement and
standing stock data for the three study years supporss this conclusion (Taple 3).
Impingement levels were less relative to the standing stocks in the second and

third study years,

Skipjack herring - TVA has indicated that since this specfes is pelagic and
nighly mobile, it might Se more susceptible to impingement and its.abundance
would likely e underestimatad by cove rotancne data., 3ecause the E7S-reporting
for skipjack nerring combined its impingement with the two shad species, we were

Jnable %2 make detween year comparisons.

Yellow bass - TVA has indicated that although ‘mpingement of yellow bass was
high in "Study Year 1", the large increase in standing stock the following
year (i.e., in 1977) suggests that impirgement did not have ian adverse impact
on this species. The ZTS-repciting allows grouping of yellow dass in the
category of “cther species”., Therefore, we cannct make comparisons belween
study vears for this species, We do note that the y-o-y standing crops of
yellow >ass have continued %o increase Jver the three sears (i.2., 13,1 per

neczare in 1976, 5§3.3 in 1377, and 334.0 in 1978), These data provide

additional support for TVA's finding.
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Impingement of the four sgecies with intermediate salues recorded in Table 7
(i.2., green sunfish, white bass, spotted sucker and sauger) were included

in the category of "other species” by the TS requirements rather than Dy
individual! species, Therefore, compariscns of impingement Detween study years
is not possible. TVA concluded that the increase in standing stocks of green
sunfisn in 1977 indicatas that ‘mpingement has not adversely a®fected the
socoulation, In the 1978 cove rotencne data, y-o-y jreen sunfish increased Dy
more than 4X the 1977 level (Table 10), thus providing further support o
TYA's assessment, The 1378 standing stocks of white Dass, spottad sucker

and sauger 2ach declined between 1377 and 1378 (Table 10). We can provide

no further assessments of potential impacts on these species because of the

-

limitations of the 7 " -required reporting method.

SUMMARY AND CCNCLUSIONS

Jur review of the 3rowns Ferry data for the 36-month pericd, Septemper 1376
through August 1979, indicates that fisn impingement has declined even though
the intake pumping rate nas remained 2ssentially constant over the same periocd.
Total impingement (all species combined) for the three successive 12-month
"study years" within the 36-month period was 5.7 million, 4.2 miliion and

2.3 million fist.. The average numper of intake sumps in operation on sampling
days within the corresponding “study year” was 7.2, 7.4, and 7.5 pumps of the

3 sumps available for full J-yni®t plant omeraticn,

The Zecline in total impingement primarily reflects the decline in impingement

of snad and neriing (Clupeidae) wnich were impinged at estimated levels of




5.1 miilion, 3.2 million and 2.1 million for the three succestive “study years".
Of the other six taxa studfed, only the "basses"” showed a similar pattern of
dec'ining ‘mpingement over the three study years, [mpingement 'evels were
highest for crappies, freshwater drum and "other” species in "Study Year 2"

and hignest for catfishes and sunfishes in "Study Year 1" (see Tapla 3).

As stated in the £TS, the objec:ive 2 the required impingement study was to
"detect and quantify" fish impingement. The detailed study has extended from
early 1374 up to the presant time., Impingement losses have been quantified
estimated) for various levels of plant operation including levels which are

judged 0 be representative of continued three-ynit 2lant operaticn,

TVA has analyzed impingement by individual! fish species for three 12-month
seriods, the third period deing with three-unit plant cperation, We have
summarized the impingement data, as reportad quarterly %o the NRC for a
contiryous 26-month pericd during which plant operation was at the three-unis
leval, [The third 12-month period analyzed by TVA is the same as <he first

12-menth 2eriod cavered by our summary review, ]

Major variations in impingement level bdetween years (12-month periods) reflecs
the variations in the reservoir standing stock of young-of-the-year threadfin
snad. Compared to the standing stock estimates, impingement of shad species
appears %0 be 2 negligible loss to the reservoir populations. Due %0 the data
reporting method specified by the ZTS, we were unable to cocmpare impingement

Tossa@s and standing stock astimates for 2ach fisnh species, Where such data
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compariscas were possible, we found the results 0 de supportive of TVA's
assessments of low impact potential due to impingement, 3ased or cur review,
we conclude that the objective of the impingement monitoring study has Deen
achieved ind that termination of the study is justified on the basis of lTow

impact potential due %0 impingement.
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Tabie 1. Sstimated ‘mpingement 3f 317 “‘35n species it Irowns Tery Vuclear 7Tant
quring L2-wonth er‘od, Seotamoer 1375 - August (877

Total Total

£5t. Vumber «®. (kg) Tatal Total
ant i M samle e mieges
ihag § serming:
Skigjack “er=ing 16,348 .38 20,47 1,350.83
Gizzare shad 200,308 4,215. 39 1,383,913 28,531.30
“hreadfin snag 388,749 2,189.22 4,538,290 14,797.49
Tue catfésn 379 3.7 2,382 2.9
3lacx 2yl head 8 .30 598 12.18
‘el Tow 2yl head 1 0.08 7 .58
drown sul'heaa 283 5.1 1,778 8.3
Ihanne! zatfisn 3,587 178.22 6,719 1,284,386
Slathead zatfisn 328 .91 2,227 §7.01
Jass:
Smalimouth tass 47 .30 38 A.33
ipottag 2ass 50 .93 138 10.36
Largemout) 3ass 262 7.8 8 4 g 8 37.7%
[ 18
“hite ra0pte 1,303 23.04 5.780 185.7%
3lacx <rp0ie 6 4.53 8l 31.33
ireen sunfish 5,301 4034 39,210 274,38
sarmouth 38 L 192 2.51
Jrangespottad sunfisn 2 .23 “ o B«
3luegi!! sunfien 12,872 298,70 u.m 1.051.23
.ongear sunfsn 1,374 10.38 3,297 72.18
iegear sunf'sn 4,287 184.23 27.32% 1,249.26
Soottea sunfisa 1 1.4 ? 3.28
Fresnwater srumt 11,324 1.322.38 21s,’0 3.218.21

Source: TVA

1978, Table 4 (moaified)
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Taple L (continuec
g1t “\“." ‘;eul‘) Total Total
lapinged ‘0 mpingea 0 ist. Yo Est. ot. ‘i4g)
Taxa 4 samples 34 samoies (201 nged (mpingec
Ihestaut amorey 2 .81 ) 49
Pacclefisn 2 .48 “ .48
Spottea jar 3 0.3 2 71.38
.engnose jar l 3.38 ? $.73
ihorencse jar o i34 T4 33.:28
“ooneye 7 i3.9% 358 07.78
Shain aicxere! 2 .36 " .2
Stonera’er b4 3 7 3.20
wiafisn 6 3.33 43 39.38
tar 0 5.3 38 "u
Soecxled zhud - .38 b .91
§ilver zhud 1,48 2842 7,537 1858.37
ver w0 2 12 “ 9.73
Joicen sniner 7 5.3 §$,822 3.7
isera'a sniner PpS- 7.34 3,303 53.01
ihost sniner 0 .32 38 .6
“imic sniner 3 1.26 a3 1.31
duiTheas 1iinow 82 % 1.2%0 2.3
.ongnose Jace e .1 ? .08
Juillbaex 1 .1 3 .78
NSorthern 10g sucxer 2 2.34 4 3.83
imal'mouth 3uf’1la o4 | 4.8 348 130. 26
Jigmouth uf‘aio § 2.24 la 5.3
jcottad sucxar 1,794 §9.13 7,399 468.31

|l




Table L (cantirueq)

Tatal Totai
fst. ‘umper . (kg) Total Tatal
- Pite Dl it i
Jther igecies (cantinumg) |
Stlvar *iahorse 3 5.3 L3 0.5
inorthesd “echorse : .50 4 1.4
3lack ~echorsa 4 L4 7 4,27
Joigen ~echorse 9 8.2 29 §8.38
3lack spetied t20minnow : <0.21 7 .0
iroox 31 versice ] <3.21 0 1.
«hita dass 7,49 3119 50,381 386 "L
‘el Tow dass 3,21 134 8 §7,008 ..5.23
jtripeq dass 0 .t 03 8.3
ocx ass b4 1.4 e .10
Logperch 2% L7 730 u.49
Jusky arter ? 2.3 47 J.a
Fiver tarter ‘ 2.32 b+ 4 .2
Sauger 78 52.74 2,338 186.48
“aleye B | :8.33
83,752 .3




Avg. No. of

Browns ferry Nuclear Plant - lmpingement Summary for 12-month period,
Seplember 1976 - August 1977

X of
12-month
lotal

Estimated Monthly lapingement (Nusbers of Fish)
Pumps on - — e — - r—p——- e
Month Samp le Days Shad Catfish Bass Crapples _anfish Drum Other All Species
Sept. 1976 6.4 1,627,56 1,29 192 24 162 6,222 6,534  1,642,59%
Oct. 1976  6.2% 1,365,519 1,062 62 1 604 5,216 4,185 1,376,679
Nov. 1976 6.2 1,476,210 912 24 162 198 24,708 5,118 1,507,932
Dec. 1976  1.67 166,770 "% 10 320 ars 15,49 4,53 168,376
Jan. 1977 6.8 304,327 449 167 360 6,392 8,265 13,516 133,976
feb. 1977  8.2% 137,235 3,556 112 197 17,094 15,533 8,183 182,210
Mar. 1977 6.5 B64,848 17,972 699 1,782 54,475 66,162 27,923 1,054,061
Apr. 1977 815 68,538 4,890 135 1,020 70,416 41,812 19,852 231,317
May 197/ 7.0 1,73 73 0 2% 1,531 11,935 2,480 18,420
June 1977 8.25 3,285 A28 % 622 1,718 10,988 23,265 40,381
July 1977 6.1% 25,188 1,25 225 2,402 8,517 11,116 32,023 87,327
Aug. 1977 B4 10,410 101 50 781 1,283 4,129 12,214 29,568
e 13 6,091,632 34,510 2,51 8,026 164,059 234,236 159,829 6,694,843

% “;{m’f“‘” 91.0 2.5 0.04 01 2.4 315 2.4

*Avg. pumps in operation on sampled days
[Maximum = 9 pumps (3 pumps per unit))

24.5
20.6
22.5
2.8
50
2.7
15.7
315
0.3
0.6
1.3
0.4



lable 3. Browns Ferry Nuclear Plant - lmpingement Summary for 1Z-month period,
September 1977 - August 1978

Avg No. u' tslluled Monthly lq)inge.ent (Mers of Fish) g Ih l (‘nm )

Pumps on - e e e e _————— 12-aonth
Month Samp le Days Shad Cattish Bass Crappies Sunﬂsh Dvum Other All Specws lotal
Sept. 1977 7.0 91,380 480 60 1,808 1,162 2,430 98,228 192,548 a6
Oct. 1977 1% 505, 106 198 10 9,936 4,503 6,595 107,663 634,671 152
Nov. 1977 1.4 159,376 396 8 52,848 11,556 25,414 70,230 520,398  12.5
Dec. 1977  1.15 974,400 133 a6 45,190 23,490 53,498 a7,476 1,144,433 21.5
Jan. 1978 9.0 145,836 211 6 13,107 2,957 10,013 13,423 385,553 9.2
Feb. 1976 9.0 124,016 260 14 7,602 2,261 14,224 6,398 154, 781 8.5
Mar. 1978  1.7% 460,342 2,062 16 6,812 3,007 47,422 17,492 537,223 12.9
Apr. 1978 6.0 45,300 2,528 0 938 210 18,630 6,158 13,164 1.8
May 1976 6.4 2,238 1,023 12 1,655 887 49,774 1,379 58,968 14
June 1978 7.0 1,005 398 30 1,562 218 20,588 14,190 37,981 0.9
July 1978 1.2 26,654 508 112 6,901 84 28,15 53,99 116,809 2.8
Mg, 1978 1.5 51,607 2,240 93 3,441 1,457 11,858 37,386 108,082 2.6
:ﬁx‘.‘""‘ 14 3,187,260 11,243 537 151,790 52,262 289,100 437,619 4,165,211
% by Species 76.5 0.3 0.1 1.6 1.2 6.9 11.4

Group
*Avg. pumps in operation on sampled days
[Maximum ~ 9 pumps (3 pumps per unit))




lable 4. Browns Ferry Nuclear Plant - lmpingement Summary for 12-month period,
September 1978 - August 1979

Avg Nu ut tstimated Monthly lqnnge.enl (loud)ers of Hsh) ! of

Pumps on R — e 12-month
Month Saq»le Days Slud Catfish Bass Crappies Sunﬂsh Oru Other AII Species lotal
Sept. 1978  1.15 10,118 1,005 8 622 218 3,510 4,192 19,673 0.7
Oct. 1978 6.2 21,664 1,668 19 961 21 3,404 1,327 15,254 1.6
Nov. 1978 1.0 54,660 1,132 0 2,212 300 4,110 5,310 67,124 2.4
Dec. 1978 6. /5 12,904 1,488 16 5,534 4,363 9,889 6,921 101,115 1.6
Jan. 1979 7.4 294,543 15,488 5 15,055 46,717 42,90 61,919 496,738 179
Feb. 1979 9.0 395,649 155 0 42,625 1,568 8,671 9,165 458,033 16.5
Mar. 1979 9" 854,974 n9 19 33,499 36,394 11,822 37,684 1,041,111 315
Apr. 1979 8.0** 403,650 802 0 6,345 6,45 60,045 1,192 ass, 080 115
May 1379 5. 154 3,528 676 6 657 1,221 9,343 608 16,039 0.6
June 1979 1.5 1,988 180 15 25% 1,050 10,920 1,050 15,458 0.6
July 1979  9.0% 1,601 21 6 192 682 4,166 2,951 15,809 0.6
Aug. 1979 B0 11,702 519 16 140 604 1,468 512 14,981 0.5
}ﬁt':;“"‘ 16 2,138,981 24,243 161 128,097 99,778 236,328 149,431 2,711,019
% by Species 1.0 )9 <.01 46 16 8.5 5.4

Group

“®Avg. 'uq»s “in operation on sampled days
[Maximum - 9 pumps (3 pumps per unit))
A Tncomplete Data Reported (Preliminary value)



lable 5

Summary of Browns Ferry Nuclear Plant lmpingement by Species Group and

Study Year

L Study Vear"
1 2 3
S'M‘.’C‘cﬁ GI"UUP e et e ] b s e e oot st B e A TP B e e S e
Number (%) Number (%) Nunber (1)

=

Shad & Herring
(Clupeidae)

6,091,632 (91.0)

3,187,260

2,138,981 (77.0)

Crappies
(Pwoxis Spp. )

8,026 (0.1)

Sunfishes
(1 epmuls spp )

164,059

(2.4)

151,790 (3.6)

52,262 (1.2)

Freshwater drum
(g»ludtnotus g_nmniens)

234,236 (3.5)

289,100 (6.9)

— e e

Catfishes 34,516 (0.5) 11,243 (0.3) 24,243 (0.9)
(lclaluriddc)

Basses 2,51 (0.04) 537 (0.01) 161 (0.006)
(Hur ulerus PP )

128,097 (4.86)

99,778 (3.6)

236,238 (8.5)

Other Species

e ———————— ————

lotdl uf All Species

*The three tmpingenent “study years"

S —

|59 829 (2.4)

473,019 (11.4)

it

6,694,843

e ——— .-_.—_ﬁ
4,165,211

149,431 (5.4)

2,277,019

are defined as follows:

Study Year | - September 1976 - August 1977

Stedy Year 2 - September 1977 - August 1978
Study Year 3 - September 1978 - August 1979



Table 6.

Browns Ferry Nuclear Plant:
stock indices for shad species,

Levels of plant operation, total impingement and standing

Plant Operation

Total llplngenent(l)

Standing Stock in No. Per Hectare!?)

Twelve-Month as Mean No, of Pumps in Millions of Fish |
,__fffe’ Periqg __Used on Sampled Days ,iif? Est, NRC Est, b Threadfin Shad Gfizaté;syi§i;;
3/21774-3/21775 4.6 5.26 - 2,445 873
3/27/75-3/26;76 2.4 2.69 - ; 1,565 i 9
9/]/;;-813117;.* 1.2 6.67 6.69 26,024 6,830
9/1/17-8/31/18 1.4 - 4.16 8 10,434
9/!/;;j;131/79 { 7.6 - 2.78 67 11,770
s . . ey
Notes: (1) Estimated impingement from IVA's Section 316(b) Demonstration Report to EPA and from our current

review of Quarterly Impingement Monitoring Reports to NRC.

Standing stocks estimates are as reported by TVA based on cove rotenone surveys conducted in late-
The five entries are for young-of-the-year threadfin and

(2)

August to early-September, each year,

gizzard shad for the five years 1974 through 1978,




Table 7. Comparison of impingement over the pericd, September 1976 through

August 1977, with 1976 standing stock estizates Ior selected species,

Mean standing Percent of Sznndxn;’
Total No. stock (No/ha) Stock Numbers

Svecies Iapinged Yo Totals YOY Totall
Skipjack herring 110,487 30.87 75.52 13.33 5.39
Gizzard shad 1,353,913 6,830.07 12,521.83 0.73 0.40
Threadfin shad 4,635,290 26,024.10 26,028.07 0.66 0.56
“ooneve 656 xc* s’ 3 3
Silver chud 7,337 96.43 36.43 0.29 0.29
Golden shiner 5,522 39.80 39.80 0.51 9.51
Eperald shiner 8,003 63.82 63.32 0.46 0.46
3ullhead atnnow 1,230 436.22  436.22 0.01 “0.01
Smallmouch buffalo 845 sc* 18.66 3 0.08
Spocted sucker 7,395 12.16 152.464 2.23 0.18
Slue cacfish 2,562 N 0.26 d 16.29
3lack bullhead 595 s s’ 3 3
Srown bullhead 1,778 s xc* 3 3
Channel catfish 24,719 .89 §7.40 31.50 1.35
Flathead catfish 2,217 13.37 19.20 0.51 0.43
White bass 50,681 30.16 33.56 6.19 5.56
Yellow bass 67,005 19.08 21.06 12.93 11.72
Green sunfish 39,210 14.79 41.33 9.76 3.49
Bluegill 84,977 6,507.19 . 894.00 0.05 0.04
Longear sunfish 9,287 1,995.37 1,.38.69 0.02 n.01
Redear sunfish 27,625 a2v.1 493,92 0.45 0.21
Largemouth bass 1,771 50.56 277.36 0.13 0.02
White crappie 6,780 0.40 2.68 62.42 9.32
3lack crappie 581 :l(:6 !!(:'s _5 -
Logperch 1,730 215.58 215.58 0.03 0.03
Sauger 2,535 7.20 T332 1.30 0.42
Freshwacer drum 215,783 $2.41 239.52 15.16 3.32

Refers o voung-of-year fiah.
Refers 2o all ages collected in summer cov: samples.

Not collected on cove rotenone samples.
Calculation not possidle.

J. 3ased on a reservoir surface area of 27,150 ha.
-
S

Source: 7TVA 1978, Table 3, p. 33,



Table 3. Comparison of crappie impingement over three "study years” with
standing stock estimates of wnite crappie (3rown's Ferry Nuclear
Plant/Wheeler Reservoir)

T Gove

i |
| Rotanone ! No. of |  Mean Standing | Percent of Standing?

Study | Sampling | Crappies | Stock (No/hectare) Stock Numbers

fear: L fear ; Impinged - ' ' | : Yei)w? | otal f

1| 1976 : 6,780 ’ 0.4 | 2.68 | 2.8 * 9.3

2 | 197 , 151,790 2.1 . 38,3 266.2 | 6.3 |

3 | 1978 | 128,097 183 | 733 | 0.8 | 64 |
1 | | E |

Notes:

1. Study years extend from September of the cove ratencne sampliing year
indicated in column 2 through August cf the next year,

2. BSased on estimate of population abundance equal to mean standing stock in
numper fer hectare times the reservoir surface area of 27,150 hectarss.

3. Refers %0 young-of-the-year white crappie.

4, Refers %o al) ages of wnite crapoie collectad in cove sampies,



Taple 9,

Comparison of fresnwater drum impingement over three study years
with standing stock estimates (3rowns Ferry/Wheeler Reservoir).

|

| | |
| Study | Cove Rotenoney No, of Orum

Mean Standing
Stock (No/hectare)

Stock Numbers

Percent of Standing |

' Year | Sampling Year Impinged YOV I otal | 70V T total
1 1976 | 215,783 524 | 239.5 | 1516 | 3.3
2 1977 | 289,100 199.7 x 348,71 ; 5.3 ' 3.0
3 1978 | 236,328 176.6 | 3413 | 5.0 | 2.6 |
Table 10, Standing crop estimates for four selected species, wheeler Reservoir,

1976-1978,

| Caove Rotenone

Mean Standi

ng Stock (Number ser Hectare)

-

Sampiing | Green Suntish | ahite 3ass | potted Sucker | Sauger
faar YOV votal YOV | Yotal I YOV  Total T VOV | Total
i { i | ! ] ' )
1976 s | 83 P ®m2) 88 | 2 i owms ] 22} om
1977 | 72,6 | 126.3 } §3.3 | 66.4 | 158 | 168.3 i 5.4 | 60.0
1978 | 1.2 | m2 ) 137 | s9 | 9.9 | 36 | .
{ | { '

1316.0
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ETS Revisions =ffected by the Current Action

The current action has resylted in the staff's recommendation %0 revise ETS
Section 4,1.2(f), entitled "Fisn Impingement on Intake Screens”, Suggested
wording for the revisicns are provided on the following page which would
replace page 17 of the existing £TS for each of the three units of the 3rowns

Ferry Nuclear Plant. The location of revisions is indicated by the vertical

bars on the right margin of the page.




17
Monitoring will be performed using standard accepted sampling procedures which
are on file in the orffice of the Division of Forestry, Fisheries, and Wilglife
Jevelopment, Ncorris, Tennessae.

Reporting Results

The results will Se summarized annually in the annual reports of the ncnradiclegical
environmental monitoring program,

3ases

A significant proportion of the river flow will be routed through the plant for
cooling purposes, and during periods when larval fish are abundant there is the
potential for entrainment of large numbers of fishes.

The specified study will detarmine the numbers of fish aggs and larvae antrained
in the cooling water system resuiting from plant cperation and identify the need
for possible corrective action.

(#) Fisn Impingement an I[ntake Screens

Objective

To detect and quantify fish impingement upon the intake screens.

Specification

Monitoring requirement deleted.

Reporting Requirements

The licensee shall submit to NRC copies of impingement study recorts as now
required by the YPDES Permit No. AL0022080 or as may be required as a result
of EPA's determination sursuant to Section 316(5) of the Clean Water Act.
submittals to the NRC snall be on the same schedule as required by the NPOES
permitting authority.

3ases

To avoid confiict or unnecessary duplication between the NRC monitoring orogram
and the program imposed By the NPOES permit, this Z7S requirement relies on the
sermit program. Submittal of copies of study resuits obtained under the NPOES
sermit will allow the NRC =g maintain awareness of the consequences of our
licensing action.

Amendment ‘0. Date




