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STUDY DESIGN /
'

RATIONALE

i

j 1.0 STUDY DESIGN / RATIONALE were determined based on the greatest

j sources of variability for each parame- |

1.1 APPROACH ter (NAI 1991b). Biological variability
"

-

]
was measured on two levels: species and

The purpose of this renort is to as- community (Table 1.1-1). A specie *
.

'sess whether there have been changes in abundance, recruitment, size and/or
the " balanced, indigenous populations" growth are important for understanding - i

| in the nearfield coastal waters of New operational impact, if any. Thus, these
'

Hampshire as a result of the first 17 parameters were monitored for selected !

months of commercial operation of species from each community type. These
Seabrook Station. The ability to deter- species were chosen for more inteasive ''

mine whether operation of the plant has study based on their commercial or nu- !

affected the aquatic biota in the area merical importance, sensitivity to tem- |

; is dependent upon a systematic approach perature, potential as a nuisance organ- |
to impact assessment, incorporating both ism, or habitat preference. Overall [

'

temporal and spatial components (Figure community structt;re of the biota, e.g., |

1.1-1). Potentisl operational effects the number and type of species , total
.

could be ruled out if: (1) results from abundance and/or the dominance struc-
,

'

the operational period were similar to ture, may also be affected by plant ,

) previous (preoperational) years; or, (2) operation in a way not detected by moni- ;

differences within the operational peri- toring individual species. Therefore, f

od were observed in both nearfield and the natural variation in community |3

farfield areas. In addition, other structure was also monitored. f
potential sources of change were inves- |,

tigated before conclusions were drawn. A previous Summary Report (NAI 1977e) i.

This study design was modeled after concluded that the balanced indigenous !

objectives discussed by Green (1979) community in the Seabrook study area4

; which have been described in more detail should not be adversely influenced by i

previously (NAI 1991b). loss of individuals due to entrapment in

j the circulating water system (CWS), |

i A basic assumption in the monitoring exposure to the thermal plume or expo-

program was that there are two major sure to increased particulate material

L sources of naturally-occurring variabil- (dead organisms) settling from the dis- !

ity: (1) that which occurs among dif- charge. This assessment focuses on the |I

ferent areas or stations, i.e., spatial, likely sources of potential influence ;
'

and (2) that which varies in time, frcm from plant operation, and the sensitivi-;
'

daily to weekly, monthly or annually. ty of a community or parameter to that

In the experimental design and analysis, influence within the framework of natu-
the Seabrook Environmental Program fo- ral variability (Table 1.1-1). Natu-
cused on the major source of variability rally, a community or species within the
in each community type and then deter- study area might be affected by more

mined the magnitude of variability in than one aspect of the CWS. However,
each community. The frequency and spa- results from this monitoring program

tial distribution of the sampling effort will be discussed in light of that as-

!- 1-1
.

~ ~ - - - - - - - - _--,-----__--------___u- - - - - - v w-' -m -m- ~ iw.- 4 M



_ _ _ . - _ --- - _ _ _ _ - _ - _ _ - _ _ _

SEOUENCE OF EVENTS
FOR DETERMINING IF THERE ARE

ENVIRONMENTAL CHANGES
DUE TO OPERATION OF SEABROOK STATION

!

is
Operational

Period YES Nom
| similar to

, impact"

provees years
at nearfield

station
?

l
'

NO
i l f

Operational
| Period YES Nom

*?*.Ai*O ImpactV

similar to
farfield

j ?

NO

I f

observed
j changes NO Nom
.

related to impactF

| plant
| operation
'

? .

YES
|

Yl

Operational
impact

Figure 1.1-1. Sequence of events for determining if there are envimnmental
changes det. to the operation of Seabrook Station. Seabmok
Operational Report,1991.
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TABLE 1.1-1. SUMMARY OF BIOLOGICAL COMMUNITIES AND TAXA MONITORED
FOR EACH POTENTIAL IMPACT TYPE.
SEABROOK OPERATIONAL REPORT, 1991.

{

LEVEL MONITORED

SELECTED
MONITORING SPECIES /

AREA IMPACT TYPE SAMPLE TYPE COMMUNITY PARAMETERS

Intake Entrainment Microzovplankton x x
Macrozooplankton x x
Fish eggs x
Fish larvae x x
Soft-shell clam
larvae x

'Cancer crab larvae x

Impingement Juvenile / Adult fish x x !

Discharge Thermal Plume Nearshore water
quality x

Phytoplankton x x
Lobster larvae x
Intertidal / shallow
subtidal macroalgae
and macrofauna x x

Subsurface fouling
community x x

Detrital
Rain Mid-depth / deep

macrofauna and
macroalgae x x
Bottom fouling
community x

Demersal fish x x
Lobster adults x
Cancer crab adults x

Estuary Cumulative
Sources Estuarine temperature x

Soft-shell clam
spat and adults x

,

Estuarine fish x x

|
1

.

I
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STUDY DESIGN /
RATIONALE

pect of the cooling water system that 1.2 STUDY PERIODS

has the greatest potential for affecting

that particular component of the biolog- Environmental studies for Seabrook
ical community. This approach was ex- Station began in 1969 and focused on

plained in more detail in the first plant design and siting questions. Once ]
operational report (NAI 1991b). these questions were resolved, a moni-

|
toring program was designed to assess !

Entrainment and impingement were ad- the temporal (seasonal and yearly) and |
dressed with in-plant monitoring of the spatial (nearfield and farfield) vari- |
organisms entrapped in the circulating ability during the preoperational period {
water system (CWS). The effects on the as a baseline against which to evaluate "

balanced, indigenous population of aqua- conditions during plant operation. This.
,

tic biota in the waters in the vicinity report focuses on the preoperational |
nf the CWS intake and discharge struc- data collected from 1976 through 1989 (
tures were evaluated through continued for fisheries studies and from 1978 |
monitoring at the stations established through 1989 for most p'. ukton and ben- |
during the preoperational period and thic studies; during Gne years sam- !

statistical comparison of the results at pling design has consistently focused on i

both the community and the species lev- providing the background to address the !
els. Question of operational effects. |

!
The approach to this presentation will August 1990 is considered the begin- |

be in reverse of the " normal" scientific ning of the operational period for the j
technical report in order to carry the purposes of this environmental assess- !

reader from the general to the specific, ment. Commercial operation of Seabrook |
Thus, the findings of the study to date Station began intermittently in July and ;

are summarized first (Section 2.0) while August 1990, and continued for periods !
the detailed results and methods are of approximately three weeks in Septem- |
presented in succeeding sections (3.0 ber and October. After operation at j
and 4.0). The null hypothesis in all 100% for less than a week at the begin- |

f tests is that there has been no change ning and end of November. the plant
in community structure or selected spe- operated nearly continuously from Decem-
cies abundance or biomass. This in turn ber 1990 through July 1991 when it was

would indicate, based on the approach shut down for routine maintenance (Fig-
| outlined in Figure 1.1-1, that the bal- ure 1.2-1). The circulating water sys-

anced indigenous populations have been tem was active throughout 1990 and 1991,
| maintained. As mentioned previously, although occasionally at reduced levels

the focus will be on the particular (Table 1.2-1).
impact type that is most pertinent to

the particular population.

I
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TABLE 1.21. MONTHLY CHARACTERISTICS OF SEABROOK STATION OPERATION IN
1990 AND 1991. SEABROOK OPERATIONAL REPORT,1991.

DAYS OF CIRCULATING WATER AVERAGE DAILY
SYSTEM OPERATION FLOW (mgd),

MONTH 1990 1991 1990 1est

Jan 31 31 324 584

Feb 28 28 564 580

Mar 31 31 563 580

Apr 30 30 563 581

May 31 31 562 581

June 30 30 563 -578
Jul 31 31 582 535
Aug 31 21- 588 253
Sep 30 26 588 257

Oct 31 31 590 552

Nov 30 30 590 590

Dec 31 31 589 591

1-5
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SUMMARY OF FINDZNGS
INTAKE AREA STUDIES

2.0 SUMMARY OF FINDINGS number of organisms directly affected by
plant entrainment.

2.1 INTAKE AREA STUDIES

It has been shown previously that
2.1.1 Entrainment community characteristics of entrained

organisms were similar to the indigenous
Background populations monitored offshore, adjacent !

to the intakes, at Station P2 (NAI
The focus of monitoring plankton in 1991b). Eggs or larvae of some fish '

the intake area (Figure 2.1-1) was to species were entrained less frequently
evaluate the effect of entrainment of than their natural occurrence would
organisms by the circulating water sys- suggest because of their stratification

,

tem (CWS) on community structure and within the water column. For example. |
population levels in the nearfield area cunner larvae concentrate in near-sur-
(Table 2.1-1). Due to their limited face waters (NAI 1981b. 1981f). In-
control of horizontal movements and plant (entrainment) samples represent
often broad vertical distribution in the water primarily from the middle of the

water column, most types of planktonic water column since the intakes draw
organisms could be exposed to entrain- primarily from that depth zone. In ;

ment. Estimates of total monthly levels contrast, offshore collections at Sta- |
of entrainment are presented to quantify tion P2 are oblique tows encompassing
losses to bivalve larvae and fish eggs the entire water column, thus capturing
and larvae. Community structure and species that may be more concentrated
abundances of selected species in the near the surface or bottom.

| nearfield area during commercial opera-
tion were compared to historical condi- The number of bivalve larvae entrained
tions and to f arfield conditions. These monthly was estimated from June through
comparisons address the question of October 1990 and late April through
whether the balanced, indigenous plank- early August 1991 (Figure 2.1-2); sam-
tonic populations within the study area pling was not conducted during a sched-
have been affected by the plant intake uled maintenance outage of the plant
during commercial operations to date. (August-September 1991). Three taxa.

Mytilus edulis (blue mussel). Heter-

anomia squamula and Hiatella sp., com-
Entrainment Estimates prised more than 85% of the bivalve

larvae entrained during June and July of
Although Seabrook Station has operated each year. Modiolus modiolus was inter-

its circulating water system at varying mittently entrained during this period.
levels since 1985, no power or heated Monthly entrainment of the soft-shell
discharge were produced until the summer clam Mya arenaria was reduced in 1991 in
of 1990. Entrainment of bivalve larvae comparison to 1990.. during comparable
and finfish eggs and larvae has been months. Reduced CWS flows during the
monitored since June 1990. These col- outage in August and September, when
lections provide a measure of the actual larvae reached their peak abundance

2-1
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TABLE 2.11. SUMMARY OF POTENTIAL EFFECTS (B ASED ON NUMERICAL CLASSIFICATION
| AND MANOVA RESULTS) OF OPERATION OF SEABROOK STATION INTAKE ON
,

! INDIGENOUS ZOOPLANKTON AND ICHTHYOPLANKTON COMMUNITIES.
SEABROOK OPERATIONAL REPORT,1991.

DIFFERENCES BETWEEN

OPERATONAL PEROD OPERATCNAL AND
PLANKTON S PREOPERATONAL PERIODS

COMMUNITY PREOPERAT10NAL PEROD7 a CONSISTENT ,i

AMONG STATIONS 7 a
!

, MicrozooPlanktons <

! seasonal occurrence yes yes
a bundances yes yes

Bivalve larvae
seasonal occurrence yes yes
abundances no - most Op(Preop yes

iexcept D. edulis I
tiacrozooplankton

holo /meroplanktone
seasonal occurrence yes yes
a bundances @ >Preor yes

tychoplanktons
seasonal occurrence yes yes

| abundances no-variable among yes
species

i

Fish eggse
seasonal occurrence yes yes
abundances no-Op(Preep in yes

several taxa

Fish larvae,
seasonal occurrence yes yes

abundances no-variable among taxa yes

" Based on results of numerical classification or ftANOVA.
!

!

I
'

!

N ETELEDGE

| 6 ,

, . . . . .
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Figure 2.1-1. Pinnktnn, water quality and entramment sampling stations. Seabrook
Operational Report,1991.
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SUMMARY OF FINDINGS
INTAKE AREA STUDIES

| levels in local coastalwaters led to Entrainment of each of these groups and !

| reduced entrainment. Peak total en- entrainment of all species was greatest
i trainment in both 1990 and 1991 occurred in June, consistent with offshore trends I

i in mid-summer, coincident with peak in abundance. The species composition '

I abundances of Mytilus edulis. The lower of the entrainment community and the
abundances of M. edulis larvae observed seasonal pattern of entrainment .was 4

in local coastal waters (P2, P5, P7) in similar in 1990 when Atlantic mackerel
I1991 compared to 1990 was reflected in were most common (499.1 million) fol-

| lower entrainment levels, lowed by cunner /yellowtail flounder
(380.4 million and rockling/ hake (86.1

During the periods sampled, entrain- million). Total entrainment in 1990 was
ment of fish eggs reached peaks in June also highest in June, among the months
of both years. Levels of fish egg en- sampled, as was true in offshore collec- <

| trainment were an order of magnitude tions.

higher than for fish larvae (Figure 2.1-

2). Approximately 95% of the ichthyo- In 1991, rock gunnel larvae were the
'plankton entrained were fish eggs, predominant larvae entrained (51.1 mil-

Maximum fish larvae entrainment was re- lion), followed by American sand lance

corded in the summer of 1990 and the (37.3 million) and grubby (22.4 mil-
winter of 1991, each peak involving lion). Entrainment of rock gunnel and

j different species. However, interannual American sand lance larvae was greatest
differences in sampling periods make in February, while grubby larvae
comparisons of total entrainment between entrainment was greatest in April, par-

1990 and 1991 difficult. Cooling water alleling peak offshore abundances. ;

flows were reduced during the scheduled Total entrainment peaked in February.
outage from the second week in August Species composition in 1990 was differ-
through October 1991 (Figure 2.1-2); ent from 1991, primarily due to the, ;

' thus, entrainment samples were not col- - different months sampled. In 1990,

lected. The seven months sampled in cunner was the dominant fish larva en- j

1990 (June-December) did not include the trained (42.7 million) followed by four-
| late-winter peak in larvae abundance and beard rockling (37.9 million) and Atlan-

the spring peak in egg abundance that tic seasnail (11.6 million). Peak
were sampled in 1991. However, entrain- entrainment of cunner and fourbeard |

! ment loss estimates in 1991 were of the rockling was in August and peak entrain- |
same order of magnitude as 1990 even ment-of Atlantic seasnail was in June, |
though nine months were sampled in 1991 consistent with offshore trends. Among

]and only seven months were sampled in the months sampled, entrainment of all |

1990. species was greatest in August. i
l

In 1991, Atlantic mackerel eggs (673.1 Estimates of ichthyoplankton entrain-

million) were the predominant eggs en- ment have little meaning by themselves,
trained, followed by cunner /yellowtail The potential effects of ichthyoplankton
flounder (664.1 million) and Atlantic entrainment can only be determined by
cod / witch flounder- (69.4 million). examining changes in ichthyoplankton and

1
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| SUMMARY OF FINDINGS
. INTAKE AREA STUDIES |

I '

i

! adult fish abundances in the study area. 1991 period were similar at the near- i

Potential changes in adult fish abun- field compared to previous years or if

dances due to ichthyoplankton entrain- differences in this period were consis-

ment would be demonstrable when the tent throughout the area, based on mul- i

larval fish metamorphosed to juveniles tivariate analysis of variance of the

and the juveniles are fully recruited to dominant taxa.
the population sampled by the gear uti-

lized. The question of whether entrain- All of the planktonic communities
,

ment of ichthyoplankton and other plank- discussed in this section had species ;

tonic organisms has affected the bal- assemblages that changed with season

anced indigenous population to date is during the baseline period (NAI 1991b).

addressed in the following sections on These groups were differentiated primar-
community structure and selected spe- ily on the distribution and abundance of

cies. dominant species; however, the relative

abundance or even absence of other spe-
cies was also a factor. The species

Indicenous Plankton Communities entrained depend on the seasonal assem-
blage present at the time.

Background. The purpose of examining ,

the community structure of entrainable '

plankton is to determine whether opera- Microzooplankton. Seasonal patterns

tion of Seabrook Station has had an ef- of the natural assemblage of microzoo-

fect on the balanced indigenous popula- plankton have historically been dominat-

tion of planktonic organisms inhabiting ed by the population dynamics of the

j the waters in the vicinity of the in- copepods Of thona sp. and Pseudoralanus
I takes. Using the conservative assump- sp. and the production of early life-
| tion, it is assumed that all organisms stages (nauplius larvae) of other cope-

entrained at Seabrook Station were lost pods that have been present year-round, i

|to the study area, except as detritus. Seasonally, other taxa such as
Changes in either the species composi- polychaete larvae, bivalve larvae and

tion or abundance of the natural popula- tintinnids influenced community struc-
]

tion were examined for any potential ef- ture. Since Seabrook Station began j;

fects resulting from entrainment. The commercial operation, species composi-
| community composition was considered un- tion continued to resemble the histori-
! changed if collections at the nearfield cal patterns (Table 2.1-1). Similarity

station in the operational period in a analysis of all microzooplankton collec-

particular season were similar to the tions indicated that 90% of the opera-
majority of samples from the same season tional period collections were similar

from the preoperational years, causing to preoperational collections. Late
the similarity analysis (numerical clas- s ummer-ea rly fall 1990 was unusual in

sification) to group them together. Po- having lower abundances of Of thona sp.;

| tential operational effects were also and other dominant taxa than has been
ruled out statistically if community typically observed. However, no sta-

,

| abundances in the August 1990 - December tistical differences in community struc-

|
|
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,

i

|ture were detected among stations in tychoplankton assemblage was examined
1991. Therefore, entrainment by Sea- separately from the holo- and meroplank-|

brook Station has had no discernible ton assemblage. !

impact on the balanced, indigenous !
'

mi crozooplankton population occurring Seasonal patterns in the holo- and
!within the nearfield study area through meroplankton assemblage have been dis-

the 1990-1991 operational period. tinct and consistent, showing high pre- i

dictability from year to year. Popula-
tion dynamics of the dominant copepods ;

Bivalve Larvae. Varying abundances of (Calanus finmarchicus, Temora longi- |
Hiatella sp., Mytilus edulis and Hetera- cornis and Centropages typicus) have
nomia squamula defined most seasonal defined much of the annual cycle. Lar-
groups identified by the similarity vae of benthic species such as barnacles .

analysis. Community structure in 1991 (Cirripedia) and crabs (Cancer sp.) have '

differed significantly from recent pre- occurred in predictable patterns. This
;

operational years (1988 and 1989: Table continued to be the case during the
,

2.1-1) because high abundances of Hia- operational period; however, abundances

tella sp. occurred earlier than usual in 1991 tended to be higher than in !

and a number of summer collections con- recent (1988-1989) preoperational years
tained relatively low abundances. How- (Table 2.1-1). Therefore, this is at-

ever, the bivalve larvae community tributable to broadscale events rather '

Istructure was statistically similar at than the operation of Seabrook Station.

nearfield and f arfield stations both :
'preoperationally and during the opera- The annual cycle of the tychoplankton

tional period. Entrainment of bivalve assemblage has been characterized by
larvae in the circulating water system changes in relative abundances of four

of Seabrook Station, therefore, has had omnipresent (Neomysis americana, Ponto-
|

| no discernible effect to date on the bi- geneia inermic. Marty1fs sp. and
valve larvae populations occurring with- Oedicerotidae) and two intermittent

1

| in the nearfield study area. (Harpacticoida and Mysis mixta) domi- |

| nants. Seasonal groupings of the tycho-

| plankters are less distinct and more
i Macrozooplankton. Species comprising variable than for the holo-/meroplankton

the macrozooplankton community exhibit assemblage for several reasons. Most
three basic life history patterns: taxa occur throughout the year and ap-

holoplanktonic species remain planktonic pear to fluctuate only moderately in

throughout their life cycle; meroplank- abundance. In addition, the affinity of

tonic species are planktonic during a these taxa for the substrate may result

specific lifestage: tychoplanktonic in a sampling bias since abundances are
species are generally associated with estimated from oblique tows.
the substrate but make regular excur-

sions into the water column. Because The tychoplankton assemblage varied

the circulating water system could im- significantly between 1991 and recent

pact these organisms differentially, the preoperational years (Table 2.1-1), with

2-6
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Isome species occurring in higher abun- larvae community; there was no tendency
dances and others in lower abundances in for samples to group selectively accord-
1991. Differences among stations, how- ing to plant operational status, year or
ever, have been well-documented for the station. Time of year was the primary
tychoplankton assemblage (NAI 1991b) and factor in determining sample groups.
are attributable to differences in sub- American sand lance were the most abun-
strate type and complexity as well as dant fish larvae followed by cunner and

proximity to Hampton-Seabrook estuary. mackerel. American sand lance were most
These station differences were consis- common in the winter through early
tent between preoperational and opera- spring while cunner and mackerel were i

tional periods (Table 2.1-1), indicating most common in early summer.
that Seabrook Station has had no immedi-
ate effect on dynamics of this assem- Seasonal patterns of the ichthyo-
blage. plankton assemblages were very consis-

tent between the preoperational and
,

operational periods (Table 2.1-1). '

Ichthyoplankton. Changes in either Differences in the abundances of ich-
the species assemblages or abundance of thyoplankton occurred between the pre-
the nearfield station were examined for operational and operational periods;
any potential effect on the ichthyo- however, these changes were consistent
plankton community in the study area between the nearfield and farfield sta- |

(Table 2.1-1). Similarity analysis tions (Table 2.1-1). Changes occurring
(numerical classification) based on the at both the nearfield and farfield sta-
abundance of 11 dominant taxa of fish tions do not appear to be attributable
eggs indicated that the time of year was to the operation of Seabrook Station and
the only f actor related to the changes are probably due to f actors that operat- |in fish egg species assemblages. ed on a larger geographic scale than the

! Cunner /yellowtail flounder were the most study area. Such factors may be broad
abundant fish eggs found in the study scale environmental influences on the

| area and they were predominant in the plankton or changes in the numbers or
! mid-spring through early summer. fecundity of spawning adults, both with-

Hake /fourbeard rockling were the second in and outside the study area.
most abundant fish eggs and they were

! dominant in late spring through early
fall. The pattern of succession of the Selected Species of

eight seasonal fish eggs groups was Indigenous Plankton

consistent between the preoperational
and operational periods. There was also Zooplankton. Ten indigenous zooplank-
a high degree of similarity of the fish ton taxa and their major planktonic
egg assemblages between the nearfield lifestages were monitored to evaluate
and farfield stations. effects of entrainment at Seabrook Sta-

tion. Most lifestages of the selected
Similarity analysis also identified taxa attained similar abundances in 1991

eight seasonal groups within the fish

2-7
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to those occurring in recent preopera- Larval densities of two species, At-

tional years (Table 2.1-2). Distribu- lantic cod and Atlantic mackerel, were

tion of all taxa among the stations was greater during the operational period 4

homogeneous. Thus, no effects of the than the preoperational period and this I

operation of Seabrook Station on these increase was observed at all stations.
taxa were apparent in the nearfield The spawning stock biomass of Atlantic

study area. cod and the age I stock biomass of At-

lantic mackerel have both increased
Lifestages of several taxa (Eurytemora since 1986 (NOAA 1991b). The increase

sp. copepodites, Pseudoca7 anus /Calanus in larval densities of these species in

nauplii, and Neomysis americana) oc- the study area may be due to an increase

curred in greater abundance preopera- in the biomass of potential spawning ;

tionally than during 1991. Preopera- adults. '

tional abundances of lifestages of three I
taxa (0f thona sp., Nytf 7us edulis larvae The larval densities of three species,

and. Cancer sp. larvae) were lower than yellowtail flounder. Atlantic herring,

in 1991 (Table 2.1-2) . In each case, and pollock were significantly lower
changes in abundance were consistent at during the operational period than the

all stations, as they were in 1990. preoperational period. The decrease in
Thus, there is no evidence that the larval densities in the operational

i first 17 months of operation of Seabrook period was observed at all stations
Station has significantly impacted popu- indicating the cause of the decrease in -

lations of the zooplankton in the study density was not due to the operation of

| area. Seabrook Station. The National Marine
| Fisheries Service biomass indices for

yellowtail flounder and pollock have
I chthyopl an kton . Nine species of fish decreased since the early 1980s. Thus,

were selected for detailed analyses of the decrease in larval densities in
larval abundance patterns between the recent years may be a result of decreas-

preoperational and operational periods es in the abundance of spawning adults
and among stations (Table 2.1-2). For in the region.

three of these species American sand
lance, cunner, and hake sp., there were Larval densities of winter flounder
no significant differences in the larval were also lower in the operational peri-

densities between the preoperational and od. During both the operational and

operational periods or among stations, preoperational periods, the density of

This indicates that the entrainment winter flounder larvae was lower at the
losses from Seabrook Station had no farfield area than the nearfield area.
immediate impact on the level of larval The Preop-Op X Station interaction term
densities of these species within the for winter flounder larvae was not sig-

nearfield area. nificant indicating that the ' decline in
|

abundance between the operational and |
preoperational periods was proportional |

l

J

l
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TABLE 2.1-2. SUMMARY OF POTENTIAL EFFECTS (BASED ON ANOVA RESULTS) 0F OPERATION OF
SEABROOK STATION INTAKE ON ABUNDANCES OF SELECTED INDIGENOUS SPECIES.
SEABROOK OPERATIONAL REPORT. 1991.

PLANKTON OPERATIONAL PERIOD DIFFERENCES BETWEEN OPERATIONAL
SELECTED SPECIES SIMILAR TO AND PRE 0PERATIONAL PERIODS

AND LIFESTAGES PREOPERATIONAL PERIOD? CONSISTENT AMONG STATIONS?

Eurytemora sp. copepodites Op< Preop yes
E. herdmani adults yes yes
Pseudocalanus/Calanus nauplii Op< Preop yes
Pseudocalanus sp. copepodites yes yes

adults yes yes
Oithona sp. nauplii Op> Preop yes

copepodites Op> Preop yes
adults Op> Preop yes,

4 Calanus finmarchicus
copepodites yes yes
adults yes yes

Hya arenaria larvae yes yes
Mytilus edulis larvae Op> Preop yes
Crancon seotemspinosa larvae yes yes
Cancer crab larvae Op> Preop yes
Carcinus maenas larvae yes yes
Neomysis americana Op< Preop yes
American sand lance larvae yes yes
Winter flounder larvae Op< Preop yes
Atlantic cod larvae Op> Preop yes
Yellowtail flounder larvae Op< Preop yes
Atlantic mackerel larvae Op> Preop yes
Cunner larvae yes yes
Nake larvae yes yes
Atlantic herring larvae Op< Preop yes
Pollock larvae Op< Preop yes

_ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ ___. _ _ - _ ._-- -_- .. _-. ._. . _ _ - _ - _ -_ _ - -_-_-.
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,

i

| between the nearfield and f a rfiel d The number of fish impinged, rate of i

! areas. The National Marine Fisheries fish impingement, and species composi-
Service biomass index for winter floun- tion of the impingement community at

der has been declining since its peak in Seabrook Station differed between 1990 '

i 1983, suggesting a regional decline in and 1991 (Figure 2.1-3) . Impingement !

| spawning stock. Thus, there was no increased from 499 fish in 1990 to 1,019

| direct effect due to entrainment losses fish in 1991 (Table 2.1-3). Impingement
9

| resulting from the operation of Seabrook rate also increased from 2.5 fish /10
9' Station. gallons in 1990 to 5.5 fish /10 gallons ,

in 1991. The increase in impingement ;

and impingement rates between 1990 and [
j 2.1.2 Impincement 1991 is most likely due to a strong *

| northeastern storm in October. This
Backcround storm may have increased the vulnerabil- |

ity of some species, especially winter [
Finfish have been monitored in the flounder, to impingement. Despite the

vicinity of Seabrook Station to assess increase in impingement in 1991, fewer i
'

the effects of impingement, as well as fish were impinged in 1991 compared to a

|
any other plant-related effects, on the test period from June through December

' balanced, indigenous population within 1986, when 1,212 fish were impinged. |
| the coastal waters of New Hampshire.

Because of the mid-water location of the The composition of the impingement
,

intake structure, it was assumed that community differed between 1990 and 1991
,

pelagic species would be most likely to (Figure 2.1-3). Windowpane flounder.
be impinged. pollock and winter flounder were most i

t

!
TABLE 2.1-3. COMPARISON OF IMPINGEMENT AT NEW ENGLAND POWER PLANTS WITH '

MARINE INTAKES. SEABROOK OPERATIONAL REPORT 1991. '

i
r

STATION PERIOD NUMBER OF FISH IMPINGED ANNUALLY

aPilgrim Station 1973-1990 1,143-87.752 mean - 17.043

Salem Harbor Electgic 1989 3,472c !

Generating Station 1974 39,578 j

dMillstone Station 1976-1988 16,266-511,387 mean - 101.953 !

Seabrook Station 1990 499 mean - 759 ,

1991 1,019

a Boston Edison (1991) !
b Robert DeHart pers. comm., Massachusetts Division of Marine Fisheries (1975) !
c 1989 is most recent data available. !

d NUSCo (1987)

i
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frequently impinged in 1991 compared to are available (NOAA 1991a). Of these
lumpfish, pollock and longhorn sculpin fish, approximately 27% were released

in 1990. As in previous years, few alive, resulting in a harvest of ,

pelagic species were impinged in 1991. 1,156,000 fish. Assuming that the rec-
'

The species composition of fish impinged reational harvest of marine fishes was
!in 1990 and 1991 more closely resembled of the same order of magnitude in 1991

the species composition of the demersal as 1989, fish losses due to impingement
fish community than the community de . at Seabrook Station in 1991 were negli- !

'
scribed by mid-water gill net catches. gible when compared to the losses due to
The low abundance of pelagic species in recreational harvest of marine fishes in
impingement collections suggests that New Hampshire.
the intake caps are performing as de-

signed to minimize entrapment. The
increase in winter flounder impingement Effects on Pelagic Fish Population

in 1991 was partially due to a storm in the Study Area :

event in late October that apparently

increased the vulnerability of winter it was. expected that any potential

flounder to impingement. Storm events effects due to operation of Seabrook

have resulted in increased impingement Station would be detectable in the pe-

of winter flounder at other power plants lagic fish community. The intake struc-

(NUSCo 1987). ture withdrew water from the water col- ;

umn, which is the habitat of pelagic

The number of fish impinged at fish. However, the species composition j

Seabrook Station is smaller than the of fish impinged at Seabrook Station was *

number impinged at other electrical more similar to the demersal fish commu- ;
generating stations in New England iden- nity than the pelagic fish community.

tified by the Utility Water Act Group Plant operations- have not resulted in [
(Tetra Tech 1978) as having marine in- the impingement of large numbers of

takes (Table 2.1-3). Moreover, the pelagic fish. The effects of plant
largest yearly number of fish impinged operation on the demersal fish community
at Seabrook Station to date is less than are discussed in Section 2.2.2.
the smallest yearly number of fish im-

pinged at any other station. Atlantic herring. Atlantic mackerel

and pollock are the primary constituents

To put impingement losses in perspec- of the pelagic fish community in thei

tive, the number of fish impinged at study area as identified through gill

Seabrook Station was compared to the net collections (Figure 2.1-4). Trends
recreational catch of fish in the marine in catch per unit effort in the study

| waters of New Hampshire. The National area (Table 2.1-4) and long term popula- '

| Marine Fisheries Service estimates that tion trends as observed by the NMFS in

1,584,000 marine fish were captured by the Gulf of Maine and Georges Bank do

recreational anglers in the marine wa- not agree closely. The disagreements
ters of New Hampshire during 1989, the may be due to differences in sampling i

most recent year for which statistics gear. The NMFS survey uses a-high-rise i

2-12
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TABLE 2.14. SUMMARY OF POTENTIAL EFFECTS OF OPERATION OF SEABROOK STATION
INTAKE ON ABUNDANCES OF PELAGIC FINFISH. SEABROOK OPERATIONAL
REPORT,1991.

OlFFERENCES BETWEEN
OPERATIONAL PERIOD OPERATIONAL AND

FARAIETER SnellAR TO PREOPERATIONAL PERIODS
PREOPERATIONAL PERIOD? a CONSISTENT

ARIONG STATIONST a

Community OpCProop y,

Atlantic herring Op<Preor yes )
Atlantic mackerel yes yes $

Pollock yes yes

Spiny dogfish Op>Proop p

Ebssed on ANOVA results, except spiny dogfish
,

|

f

!
'

,
i

t i

|

|
U E .GREAT BOARS HEAD

- - q ,, '-
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Egme 2.1-4. Pelagic fmfish sampling stations. Seabrook Operational Report,1991.
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SUMMARY OF FINDINGS
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:
otter trawl to monitor pelagic fish
abundance, while the monitoring in the I

study area is conducted with gill nets. I

t

The NMFS Atlantic herring index of Age
2+ biomass, and the Atlantic mackerel |,

' index of Age 1+ biomass for the Gulf of i

Maine have increased dramatically since

1983. However, these dramatic increases
j

have not been observed in the study

area. CPUE of Atlantic herring in the j
study area has decreased steadily since

j 1980 (Table 2.1-4). CPUE of Atlantic |
mackerel has increased slightly in re-' '

cent years with the 1990 CPUE being the |
'greatest observed. CPUE of pollock has

been relatively stable in the study area
'

)
while the NMFS biomass index has i

decreased steadily since 1986.

The major change in the pelagic fish I

community in the study area has been an
! increase in the abundance of spiny dog-

fish (Tabl e 2.1-4) . Until the early

1980s, spiny dogfish CPUE in the gill

| nets was negligible. Since the early

1980s, spiny dogfish CPUE has increased
so that it is generally one of the five

I most abundant fish each year. The NMFS
.

biomass estimate for spiny dogfish in

the Gulf of Maine-middle Atlantic region
increased steadily since 1985 and was at
a record level in 1990 (NOAA 1991b).
Spiny dogfish comprised 41% of the spe-
cies composition on Georges Bank in 1986
as opposed to 2% in 1963 (NOAA 1991b). '

This dramatic increase in spiny dogfish
abundance in the study area cannot be

attributed to the operation of Seabrook
Station because it also occurred over a
wide geographic area that extended
throughout the Gulf of Maine, Georges
Bank and middle Atlantic areas.
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2.2 DISCHARGE AREA STUDIES sandier et al. 1974), and confirmed in

recent field studies (Padmanabhan and
2.2.1 Plume Entrainment Heckler 1991). The extent and tempera-

ture rise associated with the thermal j
Because the discharge plume's largest plume will vary depending on ambient |

exposure will be to surf ace and near- hydrographic conditions. Results from I
surf ace waters, the primary focus in field studies generally confirmed ini- |
this section will be on parameters or tial model results, indicating that the ,

organisms in this part of the water discharge plume area was relatively '

column. namely nearfield water quality small under the conditions tested. A f
parameters, phytoplankton and lobster surface temperature increase of 1. 7'C
larvae (Figure 2.2-1). Other organisms. (3*F) extended over an area less than 32 |
such as zooplankton, pelagic fish and acres around the discharge area. ;

i chthyopl ankton will, of course, have {
some exposure to the discharge plume, i
but it is assumed that entrainment and/ Continuous Temperature Data. Differ-
or impingement are the more important ences were noted in the monthly means of !

issues for these organisms. the continuously monitored temperature i
data supplied by YAEC for the period of

;

plant operation. The difference in |
Water Quality monthly mean temperature between the |

discharge station (DS, Figure 2.2-2) and |
The first question to be answered is -farfield Station 17 gives an indication

fwhether there have been changes in the of the temperature increase from Sea- i

physical / chemical characteristics of the brook Station. This difference varied f
I water column in the study area which seasonally; the greatest differences

!could have a bearing on the biotic com- ( 1. 0 - 1. 8'C ) occurred in the late fall
munities. Further, if there have been and winter months (December 1990 - March '

changes do they appear to be plant-in- 1991, November - December 1991; Figure
duced? In general, surface nutrient 2.2-2). During summer months (July and i

values were the same in 1990 and 1991 as August 1990 and 1991), mean surface
in the preoperational period.while sa- water temperature at the discharge was
linity. dissolved oxygen and water tem- actually cooler than at T7 (At - -0.1 to
peratures at the surface and bottom have -0.4'). The well-developed thermocline

| shown differences between the preopera- in these mon *'is caused entrainment of.

tional and operational periods (Ta ble cooler near-bottom water by the intakes
2.2-1). These differences are the focus and discharge diffusers. The differenc-

| of the following summary. es in mean temperature during September
and October in 1991 were ' smaller than
those that occurred in 1990: due to the

Temperature. Characteristics of the scheduled outage, heated water was not
thermal clume resulting from~ cooling discharged. At Station ID, midway be-
water discharge have been estimated from tween DS and T7, mean monthly tempera-
hydrothermal modeling studies (Teys- tures were always within 0.22'C of those
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TABLE 2.21. SUMMARY OF POTENTIAL EFFECTS OF OPER ATION OF SEABROOK STATION
ON WATER QUALITY PARAMETERS. SEABROOK OPERATIONAL REPORT,1991. 1

i f

1 DIFFERENCES BETWEEN

OPERATION AL PERIOD OPERAT1016AL AND i

PARAMETER SMILAR TO PREOPERATIONAL PERIODS |
b

1 PREOPERATIONAL PERIOD? CONSISTENT
AMONG STATIONS?

) !
iTemperature - '

Surface Op>Proop Yes
Bottom Op> Preop Yes

Salinity -
Surface OpcPreop Yes
Bottom OpcPreop Yes

Dissolved Oxygen -
Surface OpcProop Yes ;

Bottom Op(Preop Yes ;

Orthophosphate -
Surface Yes Yes ,

'Total phosphorus -'

Surface Yes Yes

INitrite -
Surface Yes Yes ,

Nitrate -
Surface Yes Yes

Ammonia -
Surface Yes Yesa

* Analytical methods for ammonia changed in April 19886 preoperational
data for ammonia therefore includes April 1988 through December 1989.

b sed on ANOVA results. |

f
j t

f

l
i

N RTE M E f
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SUMMARY OF FlNDINGS :
DISCHARGE AREA STUDIES |

at T7, indicating that dissipation of brook estuary, whose ebb tide plume
the thermal plume was virtually complete extends to the intake and discharge f

when it reached ID, 900 meters from the areas. Therefore, it is unlikely that :
'discharge. Monthly mean mid-depth and the higher surface temperature in 1991 -

bottom temperatures at Station ID were can be related to operation of Seabrook {
usually cooler than at farfield Station Station, It appears that water tempera-

T7. No distinct seasonal pattern was ture increases are most likely due to i

apparent for mid-depth, possibly because recent climatological changes which have |
of varying thermocline depths between increased local temperatures (Boston

.!1990 and 1991. Differences in mean Globe 1992). Because of the higher air

bottom temperature appeared to follow a temperatures on ' a regional basis, and
,

strong seasonal pattern with temperature because the thermal plume is buoyant, it -

most similar at ID and T7 - in August is unlikely that operation of Seabrook i
through October and most different in Station has influenced bottom tempera- i

late fall through winter months, tures at Stations P2, P5 or P7, even ;

though they were significantly higher in [
1991.

Discrete Temperature Data. Water ;

temperature war monitored over 21 sam-
,

pling periods annually in the nearfield Dissolved Oxygen and Salinity. Re-
at Stations P2 (between T7 and the plant duced levels of dissolved oxygen in 1991 >

intake structure: Figure' 2.2-1), PS compared to 1987-1989 (Table 2,2-1) may !
(south of DS) and at farfield station P7 be related to increased temperatures in ;

(near Rye Ledge) over the preoperational both surf ace and bottom waters. Dis- ',
and operational periods in conjunction solved oxygen has shown a generally |
with plankton sampling. The annual mean inverse relationship to temperature [
surface temperature at Station P2 was within each depth zone. In 1991, mean !

the highest observed during fourteen values in surf ace and bottom waters were {
years of monitoring and statistically about the same levels that occurred in |

Ihigher than the preoperational mean 1982, coincident with the third highest

value. However, since continuous tem- annual surface temperatures (NAI 1991b).
.

|perature data indicate that the thermal The trend tcwards reduced values was
plume had dissipated. before reaching apparent beginning in April 1990, prior t

Station ID, temperature increases relat- to power generation at Seabrook Station. -

ed to plant operation would not be ex- This, coupled with the fact that dis- f
pected at stations farther away, such as solved oxygen concentrations exhibited '|
Stations P2 or P5 (Figure 2.2-2). Al- similar patterns at Stations P2, P5 and |

|
though surface and bottom temperatures P7, over the same time period indicates

- |!
| have varied significantly among stations that operation of the plant was not a
'

(P5>P2>P7), these differences have been factor in reducing dissolved oxygen _ !

consistent regardless of the operational levels but that they were part of area- !
status of Seabrook Station. It is like- wide changes in 1991.
ly that temperatures at Stations P2 and

3

P5 are influenced by the Hampton-Sea- ,

5
4
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SUMMARY OF FINDINGS
DISCHARGE AREA STUDIES

Both surface and bottom salinity were composition represented natural, not
lower, on average, in 1991 than in 1987- plant-induced, variability. During both
1989 (Table 2.2-1), although the season- operational years, abundances of ultra-

al trends differed with depth. Surface plankton (<10 pm in length) were similar
salinities were depressed in May and in farfield and nearfield areas, and
September through December 1991, whereas other Gulf of Maine researchers have
bottom salinities, normally less vari- observed ultraplankton abundances at
able, were depressed during the entire levels similar to those in the Seabrook ;

year. Both conditions were consistent study area. There is substantial indi-
at nearfield (P2 and PS) and f arfield cation that improved microscopy, in

(P7) stations reflecting unusually high fact, has allowed closer attention to -

precipitation in May and in the fall of and hence better. quantification of
1991 (Section 3.3.1). As no freshwater ultraplankton in recent years (Hall at.d

is discharged through the cooling water Vincent 1990. Stockner 1988). It is <

system at Seabrook Station, there is no unlikely, then, that the apparent in- !
implication of plant impacts on crease in ultraplankton reported in 1990 !

salinity. was induced by operation of Seabrook |
Station.

,

O

Phytoplankton Chlorophyll a levels provide a measure i

of phytoplankton standing crop, tempered i

Following an approved reduced program somewhat by varying amounts of pigment
effort, monitoring of the phytoplankton contained in different sizes and species
community was resumed in 1990, prior to of phytoplankton. A comparison of chlo- i

the commercial operation of Seabrook rophyll a in 1991 to 1987-1989 indicated i

Station (Figure 2.2-3), Annually and that there were no changes in the near- !

seasonally, there has been high vari- field (Table 2.2-2), indicating no plant '

ability in phytoplankton species compo- effects.
sition and abundance. However, the !
dominant taxa were usually diatoms, with in addition to the above, nuisance |
seasonal contributions by yellow-green algae were monitored by tracking the
algae (some years) and dinoflagellates, occurrence of paralytic shellfish poi-

Total abundances were similar in 1991 to soning (PSP), caused by blooms of the
'

preoperational years (Table 2.2-2); al- dinoflagellate A7exandefum tamarense
though species composition varied from (formerly Gonyaulax sp.) in the Gulf,of
earlier years. Diatoms continued to Maine. Although PSP was detected in
dominate the phytoplankton in 1991, with 1991, it never reached the levels
the dominant diatom, Skeletonema costa- (80pg/100g mussel tissue) mandating
tum, reaching higher abundances in 1991 closure of shellfish beds in New Hamp-
than in previous years. However, as was shire waters. Because areas both north
also found for total phytoplankton, pat- and south of New Hampshire experienced
terns were similar at nearfield and closures in 1991 due to PSP, New Hamp-
f arfield stations in 1991. Therefore shire shellfish beds were also closed in
differences in species abundance and 1991 as a cautionary measure. Because

,
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TABLE 2.2 2. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON THE
PHYTOPLANKTON AND LOBSTER LARVAE 1N THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT,1991.

OPERATONAL NEARFIELD FARFIELD

COMMUNTTY/ a PEROD SSELAR DIFFERENCES
PARAMETER TO PREVOUS CONSISTENT WITHSPECIES

YEARS 7 PREVOUS YEAR $7

.
Ultraplankton Composition Op>Preor yes

,
4 (10mm i

Phytoplankton Abundance yes yes

d elDem i Composition sometimes some spatial differences I

Skeletonema ME.1ME Abundanco yes yes
Chlorophyll a Concentration yes yes
Lobster larvae Abundance Op> Preop yes

f* Community evaluated qualitatively, remainder evaluated uith ANOVA.
,
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Figure 2.2-3. Phytoplankton andlobsterlarvae Sampling stations. Seabrook Operational
Report,1991.
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SUMMARY OF FlNDENGS-

: DISCHARGE AREA STUDIES

!
<

; of PSP's historical presence, its con- at all three stations (Table 2.2-2).
current presence in Maine and Massachu- Thus they are part of an area-wide in-

i setts and the fact that the projected crease rather than an effect of plant
source of blooms is from outside the operation. Density increases appear to
study area, it is very unlikely that be unrelated to the increase in thea

;
episodes of elevated PSP are related to legal size limits because Stage IV lar-

operation of Seabrook Station. vae, the predominant lifestage, do not

originate in the study area. r

?-

fLobster Larvae
Fouling Community '!

Lobster larvae have traditionally been |'

thought of as strictly neustonic, al- Subsurface (-3 m) " fouling" panels, !
though current research suggests that placed in the projected inner (B19) and !

they are distributed throughout waters outer (B04) discharge plume areas and at |
above the thermocline (Harding et al. farfield areas (Figure 2.2-4), were i

1987, Boudreau 1991). Lobster larvae established to help monitor impacts to
were the only shellfish larvae that were the types, timing and abundances of !
evaluated for discharge plume effects. typically-benthic organisms that can
The most important effect of the dis- settle on hard substrate. Short-term ;
charge plume entrainment would be in the p a nel s , exposed for one month, allow

survival, molting and successful bottom estimation of recruitment levels while i,

settlement of Stage IV lobster. Adult monthly sequential panels, exposed for |
lobsters in the study area are recruited 1-12 months, show the development of the
from Stage IV larvae (the stage prior to fouling community. Community parameterse

benthic settlement) originating from the (total biomass, abundance of noncolonial

Gulf of Maine and Georges Bank (Harding fauna, and richness of faunal taxa) i

et al. 1983). Although the level of showed seasonal patterns in 1991 that
; adult recruitment has been correlated were similar to previous years and be-

with abundances of larvae (Harding et tween nearfield and farfield areas,
al. 1982 Harding et al. 1983), others Seasonal changes in the settling commu-
have f ailed to confirm this relationship nity composition in 1991 and in the
(Fogarty and Idoine 1986). Recent re- operational period of 1990 were consis-
search indicates that successful benthic tent with those observed historically.
recruitment of larval lobsters is af- Nearfield-f arfield differences in commu-
fected more by habitat availability for nity structure occurred occasionally
the early benthic phase than by larval during the operational period, but no
abundance (Wahle and Steneck 1991), more frequently than observed histori-
Lobster larvae have historically been cally. Other measures of the settling
relatively rare in the study area, aver- community-structure in 1991 were either

2aging _less than 1 per 1000 m . Densi- similar to previous years or differed in
ties in 1990 and 1991, particularly 1991 at both nearfield and farfield
Stage IV larvae, however, were signifi- stations, indicating an area-wide change

i cantly higher than observed historically that was unrelated to plant operation
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! TABLE 2.2 3. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON THE
; FOULING COMMUNITY IN THE VICINITY OF SEABROOK STATION.
!

SEABROOK OPERATIONAL REPORT,1991.

J
OPERATONAL NEARFIELMARFIELD

4

AREA / DEPTH a PEROD SMLAR DFFERENCES
COMMUNITY PARARETER

ZONE TD PREVOUS CONSISTENT WITH

YEARS? PREYOUS YEAR $7
t

| Fouling communitye Inner plume Abundance yes yes
' Settlementc No. of taxa Op>Preep yes

Biomass yes yes
I Duter plume Abundance Op> Preop yes

No. of taxa Op>Preer ye8
Biomass yes yes

1

Fouling community Inner Plume Abundance yes yes

Developmentc No. of taxa Op>Preer yes,

Biomass no NFsOprPreor FFsOp(Preop;

| Outer plume Abundance yes yes
No. of taxa yes yes

1 Biomass yes yes

i Fouling community Inner plume Ptytilidae no NF sop >Proop FFiopePreor
j Settlement Outer plume Op> Preop yes
; Inner plume Jassa marmorata yes yes

1 Outer plume yes yes
Inner plume Tubularia sp. OrcPreop yes .

Outer plume yes yes |

sAbundance, no. of taxa, biomass, total density, evaluated using ANOVA3 community structure
3 evaluated using numerical classification,

bNF = nearfield FF = farfield
cSettlement = short term panels: Development = F55 panels
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Figure 2.2-4. Surface panel sampling stations. Seabrook Operational Report.1991.
: '

2-22

i
,

.v--- -- - , , e



- .. .

SUMMARY OF FINDINGS
DISCHARGE AREA STUDIES

|

(Table 2.2-3). Community development Intertidal /Shall ow Subtidal Benthic
p;rameters showed no differences that Community

were restricted to the nearfield sta-
tions. Background. The Outer Sunk Rocks and

nearby shallow subtidal (4.6 m depth)
Seasonal patterns of dominant species areas are monitored to ascertain poten- I

| in the settling community in 1991 were tial nearfield effects of the discharge I
similar to previous years, although some plume on the nearest land form (Figure {
differences in abundance levels were 2.2-5). A recent study to validate I

noted. Mytilidae spat (mainly juvenile model results for the discharge plume
blue mussels), the dominant settling showed no measurable temperature
organism, showed significantly higher increase at the Outer Sunk Rocks under
abundances at the nearfield inner plume the conditions tested (Padmanabhan and
Station B19 and at both nearfield and Hecker 1991). Furthermore, temperature
farfield Stations B04 and B34 (Table increases at shallow subtidal depths 1

2.2-3). Significantly higher-than-aver- (4.6 m in the area of the benthic sta- I
age abundances also occurred prior to tions) were less than l'C. Thus there !
plant start-up at both nearfield sta- is no indication that the intertidal and
tions in 1990 as well as one of the shallow subtidal benthic communities are
farfield stations (NAI 1991b). 1990 and exposed to significant temperature in-
1991 annual abundances of Mytilus edulis creases resulting from plant operation,
larvae were likewise higher than aver- consistent with _ projections made for
age. Increased mytilid abundances that permitting the CWS.

| occurred at the nearfield/farfield sta-
tion pairs in 1991 can be regarded as The intertidal and shallow subtidal
unrelated to plant operation. The horizontal ledge benthic communities are
trends in mytilid abundances on panels characterized by a thick cover of red
at the discharge station represent a algae (mainly Chondrus crispus) and
more-complex situation. Elevated densi- large numbers of juvenile mussels (main-
ties that occurred only at the inner ly Hytilus edulis, the blue mussel).
plume nearfield station may be indica- These two species provide cover and
tive of higher-than-average densities in habitat for other algae, bivalves and
the study area, as occurred at the other crustaceans.
stations further offshore. On the other
hand, high densities of mytilids

restricted to the nearfield inner plume Intertidal Benthic Community. Most
station may be a result of environmental measures of community structure in the
conditions that could include plant intertidal zone measured during 1990/
operation. Although mytilid abundances 1991 were similar to previous years
were elevated at the nearfield station (Table 2.2-4). No changes occurred in
'in 1991, they are still lower than the macroalgae and macrofauna community
exceptionally-high densities observed in composition in 1990 and 1991, as indi-
1990 and thus represent a return to cated by numerical classification. The i
near-average conditions. numbers of algae and fauna taxa were
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TABLE 2.2 4. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON THE
B ALANCED INDIGINOUS COMMUNITIES IN THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT,1991.

OPERATIONAL NEARFIELD FARRELD I

AR M M a PERIOD Site' AR DFFERENCES j
C0tilfUNITY PARAGETERZONE TO PREVIOUS CONSISTENT WIM

'

YEARS? PREVIOUS YEARS? ;

;

c Intertidal No. of Taxa Op< Preop yesMacroalgae
Total biomass no NF Op(Preor FFsOpsPreop
Community structure yes yes [

-

Shallow No. of taxa yes yes
subtidal Total biomass yes yes ,

Community structure yes yes

| Macrofaunac Intertidal No. of Taxa OpCPreor yes
Total abundance no NFs0p< Preop FFooprPreop
Community structure yes yes

Shallow No. of taxa yes yes
subtidal Total abundance yes yes

Community structure yes yes

" Abundance, no. of taxa, biomass, total density, evaluated using AMOVAl community
N =cture evaluated using numerical classificationstru

nearfield FF = farfield
c1990 included in operational period

'
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SUMMARY OF FINDINGS
DISCHARGE AREA STUDIES

reduced during the operational period: 2.2-5). Thus the reduced biomass ap-
however, as reductions occurred in both pears to reflect natural year-to year
nearfield and f arfield areas, they ap- variability rather than plant operation.
pear to be part of an area-wide trend,

|Annual total macrofauna densities also -

Two community measures showed changes showed changes during the operational
during the operational period at the period. Densities reached near-record

,

nearfield intertidal station. Annual levels in 1990 at both intertidal sta- |

total algae biomass was significantly tions, then decreased to their lowest
lower during the operational period at point in 1991. The trends were similar i

B1MLW (Table 2.2-4), mainly due to re- at both stations, although more pro-
;

duced levels of dominant Chondrus nounced at the nearfield station (Table j
crispus in 1990. However, when tri- 2.2-4). Increased densities were due :

annual samples were considered, the mainly to fluctuations in Mytilidae.
reduced biomass of C, crispus was evi- When triannual collections were consid- {dent at both stations prior to plant ered, trends were more consistent be-
operation, and continued through 1990. tween nearfield and farfield stations,
In 1991 C. crispus biomass levels re- resulting in no significant difference f
covered and showed no significant dif- in Mytilidae density between stations

ference from historical levels (Table during the operational period (Table

2.2-5).
\
!

TABLE 2.2-s. SUMMARY OF EVALUATION of DISCHARGE PLUME EFFECTS oN REPREs[NTATIVE
IMPoRTANT SPECIES IN VICINITY OF sEABRo0K STATION.

,

i
i

OPERATIONAL NEARFIELD-FARTIELD
PERIOD sIMILAR DIFFERENCES

AREA / DEPTH To PREVIOUS CONSISTENT WITH
,
'
,

COMMUNITY ZONE SELECTED SPECIES YEARS 7a PREVIOUS YEARS 7b
+

Macroalgae Intertidal chondrus crispus yes yes
subtidal op(Preep yes (subtidal Laminaria dioiteta no NF:Op(Preop FF:op-Preep
subtidal laminaria saccharina no NF:Op(Preep FF:op-Preep

Macrofauna Intertidal Ampithoe rubricata Op<Preep no
Intertidal Nucella lapillus op(Preop yes
Intertidal Mytilidae Op(Preop yes
subtidal Jassa marmorata yes yes
subtidal Asteriidae O W ,eop yes
subtidal Mytilidae up(Preop yes

'Results of analysis of variance.
Operational period - 1991.

bNF - nearfield FF - farfield
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Four benthic algae and fauna taxa are Most of the five benthic selected
intensively studied as representative species in the shallow subtidal zone
important species of the intertidal showed no significant changes in abun-
habitat (Table 2.2-5). They have been dance or biomass in 1991 that were re-
selected based on their importance as stricted to the nearfield station (Table
dominants, habitat-formers, and/or pred- 2.2-5). Abundances of amphipod Jassa
ators and represent a variety of toler- marmorata during the operational period
ances and trophic levels. Only one were similar to previous years. Alga
taxon (alga Chondrus crispus) showed no Chondrus crispus, and macrof auna taxa
change during the operational period. Asteriidae and Mytilidae all showed
Two others (gastropod Nuce77a lapi71us areawide changes in abundance during the
and bivalve Mytilidae) showed changes operational period. The .two dominant
that occurred on an area-wide basis kelp species, Laminaria digitata and L.
(Table 2.2-5). The amphipod Ampf thoe saccharina, had significantly lower
rubricata was a dominant-in the inter- densities in 1991 in the nearfield area.
tidal zone in the early years of the Although densities were also reduced at

study, but had disappeared by 1986. the f arfield area, this' reduction was

These organisms returned to the farfield not statistically significant. Densi-
intertidal station in 1988, and showed ties have been declining since 1988 (L.
increases in abundance through 1991, but digitata) or 1989 (L. saccharina) at the-

remained absent from the nearfield sta- nearfield station. Reductions during
tion. As a result, A. rubricata densi- the operational period appear to be a
ties were significantly higher at the continuation of this trend that was
farfield station in comparison to the initiated prior to commercial operation
nearfield station. As this situation of the plant.

developed prior to plant operation, it

appears to be a result of natural spa-
tial variability. Considering all as- 2.2.2 Detrital Effects
pects of the selected intertidal spe-
cies, no changes occurred that could be Benthic Community

~

directly related to operation of
Seabrook Station. Background. Monitoring of the benthic

organisms (macroinvertebrates, algae,
demersal fish, and epibenthic crusta-

Shallow Subtidal Benthic Community. ceans) was established to determine the
The shallow subtidal benthic community extent of change (if any) to the commu-
showed no changes that could be related nity structure in the mid-depth (9-12 m)
to plant operation. All measures - of and deep (18-21- m) horizontal . ledge
community structure for both macrofauna communities (Figure 2.2-6) as a result
and macroalgae in 1990 and 1991 were of increased detritus from the discharge
similar to historical conditions (Table plume. Changes could be manifested by
2.2-4) (1) the enhancement of detritivores and

suspension feeders, (2) the increased

attraction of benthic feeders caused by
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l TABLE 2.2 6. SUMMARY OF EVALUATION OF DETRITAL RAIN EFFECTS ON THE
j BALANCED INDIGINOUS COMMUNITIES IN THE VICLNITY OF SEABROOK
| STATION. SEABROOK OPERATIONAL REPORT,1991.
|

| OPERATIONAL NEARFIELD FARRELD
- AR M E M e PERIOD SMLAR DIFFERENCESCOMMUNITY PARAMETER

ZONE TO PREVIOUS CONSl8 TENT WTTH
YEARS?b PREVIOUS YEAR $?'

Macroalgao Mid-depth No. of taxa no intake, FFe * Preop
discharges Preop I

Total biomass no discharge. FF * Preop I

intakes @< Pro , '

Community structure no discharge, FFs reop
intakes 1991 s ilar (o i

1984 ,

Deep No. of taxa yes yes jBiomass no intake > Preop
discharge reop , f ar- '

field Preor I
Community structure yes yes 1

I

iMacrofauna Mid-depth No. of taxa Op> Preop yes
Total density no intakee Op(Preop I

discharge, FFsOp*Preor
Community Structure ves yes

Deep Mo. of taxa O SPreor yesPTotal density yes yes
Community structure yes intake similar to recent

years

#Abundance, no. of taxa, biomass, total density, evaluated using ANOVAl community structure
valuated using numerical classificati.

DOperational period = August 1990, 1991
cNF = nearfield FF = farfield |

l
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| Figme 2.2-6. Mid-depth and deep benthic sampling stations. Seabrook Operational
| Report,1991.
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. locally-increased food supply, and/or reduced biomass of Chondrus crispus and
(3) impact on organisms sensitive to the Ceramium rubrum. The change at this

i

|increased detritus resulting from the station is also reflected in decreased
decay of entrained organisms. total algal biomass, but not in numbers j

of taxa. Since similar results occurred :

The benthic community was character- in 1984, it does not appear to be relat-

ized by an overstory of kelps (mainly ed to plant operation.

Agarum cribrosum and Laminaria digitata)
and macroalgae (Phy11ophora spp. and The faunal community in the mid-depth ;

Ptilota serrata) along with bivalves zone during the operational period was; ,

I (Mytilidae. Hiatella sp., Anomia sp. ) generally similar to previous years.

and a variety of peracarid crustaceans. There was no change in community struc-
Community composition was relatively ture as shown by numerical classifica-

stable from year-to-year. Although tion (Table 2.2-6). Numbers of taxa in
abundance or biomass of individual spe- 1990/1991 were elevated compared to ;

| cies occasionally showed significant previous years at all three stations,

year-to-year changes, these differences suggesting an area-wide trend. Total
! were consistent between nearfield and macrofaunal density remained unchanged

farfield stations. at the discharge and farfield stations.

However, total macrofaunal density was

reduced at the intake station in compar-
,

Mid-Depth Benthos. Macroalgae commu- ison to previous years. Reduced densi-
|

nity composition at the discharge (B19) ties of the dominant bivalve Mytilidae

! and farfield (B31) stations in 1990 and in August led to the decrease in total i

1991, as revealed by numerical classifi- abundance, paralleling the lower biomass
cation, numbers of taxa, and total bio- of macroalgae. _

mass, was similar in most cases to pre-
vious years (Table 2.2-6). The number Although benthic community composition
of taxa at the discharge site was re- in the mid-depth zone has been stable
duced by 1-2 taxa (approximately 10% of from year-to-year, annual variations in

the total) during the operational peri- abundance or biomass of representative I

| od; no change was noted at the f arfield important species have typically oc-
site. As this difference is small, it curred. Annual fluctuations again oc- '

|

is likely due to natural va ri abili ty. curred in 1991 during plant operation.
Additional years of sampling will allow but spatial differences remained un-

verification of this conclusion. changed during the operational period, ,

Iindicating the changes were part of an
Algae community composition at the area-wide trend and unrelated to plant ,

intake site (B16) is generally unique, operation (Table 2.2-7). The green sea
but in 1991 was different from most urchin is monitored as a juvenile and

]
previous years (Table 2.2-6). In 1991, adult because of its potential for be-

|
as in 1984, community composition at the coming a nuisance organism. Population

|intake was similar to that at the mid- eruptions have occurred at the nearby |
3depth discharge station, a result of Isle of Shoals, where urchin grazing

*
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|

TABLE 2.2-7. SUMMARY OF EVALUATION of DETRITAL EFFECTS ON REPRESENTATIVE IMPORTANT SPECIES.

1

OPERATIONAL NEARFIELD-FARFIELD |
PERIOD SIMILAR DIFFERENCES

To PREVIOUS CONSISTENT WITH
COMMUNITY SPECIES YEARsta PREVIOUS YEARsib

Macroalgae laminaria digitata op< Preop yes
taminaria saccharina yes yes

Macrofauna Pontooencia inermis Op(Preop yes |,
Modiolus modiolus Op(Preop yes
Nytilidae op(Preop yes i

stronovlocentrotus droebachensis yes yes

a conclusions derived from analysis of variance or nonparametric analyses.
Operational period - 1991.

bNF - nearfield FF - farfield

denuded the substrate of erect algae community structure and numbers of taxa
(Witman 1985). Juvenile and adult sea (Table 2.2-6). Total . biomass was ele-

! urchin abundances in 1991 were similar vated at the deep station B13 (near
to previous years, indicating that the intakes), but was similar to previous
population is stable. years at the deep discharge station.

The mid-depth zone has shown some In 1990 and 1991, the faunal community
changes in the algae and f auna restrict- at the discharge and farfield stations

ed to Station B16. near the intakes. in the deep zone showed similar communi-
Total algae biomass and macrofauna den- ty composition to all previous years.
sity at 816 were significantly lower in At the intake station, community struc-
1990 and 1991 in comparison to previous ture and total density showed no differ-
years. No changes occurred at discharge ences from the recent preoperational
and farfield areas. Because of the -period. Numbers of taxa were elevated
distance from the discharge area, these areawide in 1990 and 1991 in comparison
changes are probably not plant-related. to previous years.
Other community parameters show no rela-

'

tionship to plant operation (Table 2.2- Although some-changes have occurred in
6). the deep benthic community in 1990 and

1991, only one parameter, enhanced total
algae biomass, was restricted to the

Deep Benthic Communitv. The algae nearfield (near the intakes) zone. No
community in the deep zone (nearfield differences occurred at the discharge
stations B04 and B13, farfield station station, where impacts would be most
B34) during the operational period was likely,

similar to previous years in terms of
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_Demersal Fish community in the study area has been anI <

increase in the abundance of skate sp.

Background. Demersal fish that inhab- (Table 2.2-8) . Skate sp CPUE began to j

it or feed in the nearshore area are increase dramatically in 1981 and by the !

important not only because of their end of the preoperational period, skates !
*predominance in the food chain but also ranked among the five most abundant

because of their commercial value. As finfish species, coincident with declin- [

would be expected with any bottom-ori- ing abundances of most demersal fish. I

ented species, the nearshore population Skate sp. CPUE appeared to stabilize at
,
'

of demersal fish shows spatial differ- high levels in the study area after

ences associated with substrate and 1987. Similar trends in abundance of

location relative to Hampton Harbor skate sp. were observed in the Gulf of

(Figure 2.2-7). There were significant Maine and Georges Bank (NOAA 1991b).

differences in catch among stations for The increase in skate CPUE observed in ;

several demersal species, attributable the study area is not attributable to !

to the differences in habitat, and con- the operation of Seabrook Station be-

sistent between the preoperational and cause it took place over a wide geo-

operational periods. Impact assessment graphic area and began before Seabrook

has therefore focused on changes in Station became operational.
catches of demersal finfishes between
the preoperational and operational peri- Abundance trends of Atlantic cod in

j ods. the study area closely paralleled abun-

dance trends in the Gulf of Maine and j
the Georges Bank area (Table 2.2-8).

,

Total Catch. There were significant The presence of a strong 1987 year class!

differences in total catch per unit of Atlantic cod was apparent in 1987 |
effort (CPUE) between the preoperational young-of-the-year CPUE data from the

,

and operational periods that generally study area and from the NMFS index of 1

agreed with population trends observed spawning stock biomass. CPUE of Atlan-
by the National Marine Fisheries Service tic cod in the study area generally '

| (NMFS) in the Gulf of Maine and Georges decreased after 1984, although CPUE was
Bank (Table 2.2-8). The similarity in high in 1988 as the strong 1987 year

demersal finfish population trends be- class was fully recruited. The index of

tween the study area and the Gulf of spawning stock biomass of Atlantic cod

Maine-Georges Bank area suggests that in the Gulf of Maine was at its highest
'

| mechanisms operating on a large geo- recorded levels in 1989 and 1990 as the |
'

graphic scale, such as overfishing of strong 1987 year class approached matu-
commercial fish stocks, had an influence rity (NOAA 1991b). The recent decrease

on the population trends of demersal in Atlantic cod CPUE in the study area
.

'

finfishes in the study area. af ter 1988, and the increase in the NMFS

spawning stock index after 1988 is prob-

ably due to movement of the maturing
Dominants. The major change in the

| species composition of the demersal fish

!
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TABLE 2.2 8. SUMMARY OF POTENTIAL PLANT EFFECTS ON ABUNDANCE OF DEMERSAL
| FINFISHES. SEABROOK OPERATIONAL REPORTo 1991.

OPERATONAL DIFFERENCES BETWEEN
PEROD SIMLAR PREOPERAfl0NAL AND LONG TERM

PARA E ER TO OPERATIONAL PERIODS ABUNDANCE TREND IN
IEASURED

PREOPERATIONAL CONSBTENT AMONG GULF OF MAINE b
PERIOD e STATIONS a

. Atlantic cod OrcPreep _Yes Increasinge strong
1967 year classe
stocks still over- au- )

. Plotted )
|

| Make Or(Preer Yes Red hakes
Incrossingi

| Mhite hakee
Mo trendj

( Rainbow seelt OPCPreer Yes No information
l

Or Preer Yes Decreasing, stocks
| Yellowtail c

flounder ovee amrtoitedj

I Wintor Yes Yes Decreasinge atocks
flouncer over exploited

Lebetore No MFeOP=Preer Cstches increasing
Total Catch FFeOrcProor p

Lobsters Or<Proor Yes Catches increasing
iLegal Catch
'

Rock crab No MFe0erPreor **

FFeOr>Preer j

Jonah erab Op(Preep Yes -

?

* based on AMDVA results i

M rcee NOAA 1991b ;
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Figure 2.2-7. Demersal finfish and Epihndric crustacea sampling stations.i

| Seabrook OperationalReporte 1991.
o
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1987 year class out of the relatively significant differences in CPUE between

shallow study area to deeper water off- the operational and preoperational peri-
shore. ods. The Massachusetts Division of

Marine Fisheries (MDMF) spring winter

CPUE of hake sp. in the study area and flounder abundance index was greatest in
the NMFS biomass indices do not show the 1981 and 1983 and has likewise declined
same trends (Table 2.2-8). The term to the lowest levels in the series in

" hake sp." represents catches of red. 1988-1990 (NOAA 1991b). Winter flounder
white and spotted hake. CPUE of hake stocks on Georges Bank and the Gulf of

sp. in the study area decreased slowly Maine are considered to be overexploited
until 1990 when the lowest CPUE was (Table 2.2-8: NOAA 1991b). Similar to

recorded. The NMFS biomass index for yellowtail flounder, the decline in :

red hake in the Gulf of Maine has in- winter flounder abundance in the study
,

creased to the highest recorded levels area began before Seabrook station be-

in 1990, but the NMFS index for white came operational and took place over a

hake has remained stable since 1981 with wide geographic area, and thus cannot be (
no discernible trends (NOAA 1991b). It attributed to the operation of Seabrook {
is difficult to compare the indices for Station.

;

red and white hake with the CPUE of i
combined hake species from the study

area. This lack of specificity may Epibenthic Crustacea ;

contribute to the apparent differing i

trends. Reductionr however, occurred Lobster (Homarus americanus). Because !

| prior to plant operat in and are there- of its commercial importance. all life I

fore unrelated. stages of the American lobster have been |

studied over the last 14-17 years.
Yellowtail flounder CPUE in the study Benthic-oriented juvenile and adult j

| area has decreased steadily since 1980, lobsters would most likely be suscepti-
paralleling the NMFS biomass index on ble to the potential effects of plant

,

Georges Bank, which has decreased stead- operation by changes in their food ;

ily since its most recent peak in 1983. sources resulting from the effects of

Yellowtail flounder stocks on Georges increased detritus (Figure 2.2-7).
Bank are considered overexploited (NOAA Changes in temperature resulting from

1991b). The decrease in yellowtail Seabrook Station are unlikely at the,

flounder CPUE in the study area cannot depths where lobsters are monitored for
|

be attributed to the operation of this study because of the buoyancy of )
Seabrook Station because it began before the discharge plume. Temperature in )

; operation and occurred over a wide geo- general can affect lobster activity lev- )
| graphic area beyond the potential impact els and the likelihood of capture (Dow

'

zone of Seabrook Station. 1969) as well as migratory behavior

| (Campbell 1986). Seasonal patterns of

Winter flounder CPUE in the study area total lobster catches in 1991 were simi-
was greatest in 1980 and 1981 and has lar to previous years. The average

since declined, although there were no annual catch at the discharge site in

2-32
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1991, 76 per 15-trap effort, was not Impingement of lobsters in the coolin9 j
significantly different from previous water system was not expected because of |
years (Table 2.2-8). However, total the off-bottom intake location. Howev- I

catch at the farfield area was signifi- er, in 1991, 29 sublegal-sized lobsters |
cantly reduced in 1991, were impinged, most after a severe

northeastern storm in October. Only i

The adult lobster catches are influ- four lobsters were impinged in 1990.
enced by a number of factors. Inshore This level of impingement does not pose
lobster catches have been steadily in- a threat to the local lobster popula-
creasing from 1975-1990 (NOAA 1991b). tion.

This increase may in part be the result t

of increasing water temperatures in !
general throughout the region, which Jonah and Rock Crabs. Jonah (Cancer I

have been correlated with lobster land- borealis) and rock crabs (C, irroratus)
ings, both in the current year and after are the two other important invertebrate ;

a six-year lag ' period (Fogarty 1988; predators in the study area and could be
Campbell et al. 1991). In addition, subject to the same potential for impact
there is evidence suggesting that fish- as lobsters. Jonah crabs have shown
ing intensity is also increasing in an evidence of a multiple-year cycle in

, ,

effort to maintain landings after in- catch levels, resulting in a significant
creases in the legal size-limit (NOAA decrease during the operational period
1991b). In Maine, newly recruited le- in comparison to previous years (Table
gal-sized lobsters are almost completely 2.2-8). As a similar trend occurred at

|harvested in the same year (Fogarty nearfield and farfield stations, the |

| 1988). Approximately 2.4 legal-sized change is unrelated to plant operation.
; lobsters (per 15 trap effort) were

caught at the discharge site in 1991 Rock crabs are less prevalent than
similar to levels in 1990, when the last their congener in the study area, proba-
legal-size increase was enacted in New bly because of their preference for
Hampshire. Historically, in this study, sandy substrate (Jefferies 1966).
percentages of legal-sized lobsters have Catches of rock crabs also show multi-
decreased with each increase in the ple-year trends that differed between
legal-size limit, as would be expected, nearfield and f arfield areas. No sig-
The trend of decreasing catches of le- nificant differences occurred between
gal-sized lobsters is similar between operational and preoperational catches
the nearfield and f a rfield stations, at the nearfield station. However, at
indicating that it is a result of chang- the f arfield station, rock crab catches
es in legal-size definition rather than were significantly higher in 1991 than
an effect of plant operation. Propor- during the preoperational period (Table
tions of female and egg-bearing lobsters 2.2-8).
eere consistent with previous years.
Thus plant operation has not affected

I the proportion of reproducing females.
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2.3 ESTUARINE ZONE lower-than-average salinities during

these months. Hampton Harbor salinities
,

Background showed higher salinity and lower year- |

to-year variability than Browns River

Environmental studies in Hampton Har- because of the influx of a large volume
'

bor estuary include monitoring physical of offshore waters, {
parameters (temperature and salinity), j
fish populations, benthic macrofauna,

and juvenile and adult soft-shell clams Benthic Macrofauna -

(Mya arenaria) (Figure 2.3-1). The
estuary has been monitored to determine The benthic macrof aunal community in
the effects, if any, of the settling Mill Creek (Station 9), outside the

'
basin discharge since 1978. This in- influence of Seabrook Station's settling

cluded any possible effects of tunnel basin, and Browns River (Station 3) was

dewatering, which added large volumes of typical of New England estuaries. Sur- |
ocean water to Browns River through face and subsurface deposit feeders i

1983. Current estuarine monitoring ef- predominated, including opportunistic :

forts are conducted to identify any polychaetes such as Streblospio bene- f
potential effects from either settling dicti and Capite11a capitata, with sus-

basin discharge or Seabrook Station pension feeders and omnivores forming an ;

operation. One of the main environmen- important component. In Mill Creek and ,

tal issues in the Hampton-Seabrook estu- Browns River, the biological parameters |

ary related to plant operation was whe- measured were highly variable seasonally
ther the offshore intake and discharge and annually, with total abun. dance,
would impact the adult clam population numbers of taxa, and abundances of most

in Hampton Harbor. The probability of of the dominant species significantly |

impact from the most-likely source, different among years and between sta-
j

|
entrainment of Mya larvae, is small (NAI tions. In 1991, total density, numbers j

'

1977e), as discussed in Sections 2.1.1 of taxa, and community dominants were '

! and 3.3.7. Effects on juvenile and similar to previous years (Table 2.3-1).

! adult Nya were evaluated by comparing
population estimates developed for 1991
with those from previous years. Fish

i
l Important estuarine fish include both

Temperature and Salinity. Temperature diadromous species as well as residents i

and salinity, monitored in Hampton Har- (Figure 2.3-1). The dominant resident
bor and Browns River since 1978, show fish species in the estuary for both the

predictable seasonal circles. Tempera- preoperational and operational periods ;

tlures generally followed the same pat- was Atlantic silverside. Atlantic sil- |

tern in 1991 but were higher than aver- verside made up approximately 66% of the
age in September-October. In 1991, total catch for the preoperational peri- |
heavy rains in August (resulting from od and 51% of the catch in the opera- |,

I Hurricane Bob) and September led to tional period. The dominance of Atlan- )
| |
I |
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TABLE 2.31. SUMMARY OF EVALUATION OF EFFECTS OF OPERATION OF SEABROOK
STATION IN HAMPTON ESTUARY. SEABROOK OPERATIONAL REPORT,1991.

OPERATIONAL SPATIAL
COINUNITY1 PERIOD SiHILAR DIFFERENCES

UFESTAGESSPECIES TO PREYOUS CONSISTENT WITH
YEARS?a PREYOUS YEARS 7 a

Benthic Macrofauns
Number of tsaa

Yes YesTotal density --

Stebtespie -- Yes Yes

be ne d le t t ~~ Y** Y**

Soft-shell clan Young-of year (1-5mm3 No Flat 4 OpcProop

(within harbor) Flats I. 2
OpaPreep

| Young-of year (1-12me) Yes (aree-wide) Hampton Ipswich
| Spat (6-25es) Op(Preep Yes *

Juvenile (26-50=e) Op<Preep Yes ,

Adult (>$0=s) No Flat t Op= Preop

FlatA Op>Preep
Flat 2 Op(Preop

Fish
Winter flounder Op(Proop yes

Rainbow seelt yes yes

Atlantic silverside yes yes

=

| *0perational period for soft shell clan defined as 1990 and 1991. for estuarine
' benthos and fish defined as 1991. Results based on ANOVA,

* Srr$n N
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g
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Figure 2.3-1. Hampton-Seabrook estuary temperature / salinity, soft-shell clam Mya
arenaria, green crab Carcinus maenas and benthos sampling stations.
Seabrook Operational Report,1991.
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tic silverside was reduced in 1990 due 1976. This species undergoes onshore /
to high catches of rainbow smelt, al- offshore migration, depending on the

though Atlantic silverside CPUE was time of the year (Bigelow and Schroeder

within the range of previous years. In 1953). -Juveniles (ages one and tuo,

1991 CPUE and percent composition of based on length-frequency analysis) have
Atlantic silverside was comparable to been the main constituent in the estu-

,

the preoperational period (Table 2.3-1), ary, primarily collected during the |
The population historically has been spring and summer (NAI 1985b). CPUE of j
composed primarily of yearling fish but winter flounder in the seines during the

,

the occurrence of young-of-the-year size operational period was significantly :

classes in spring has indicated spawning lower than the preoperational- period j

and recruitment in the estuary (NAl (Table 2.3-1). Similarly, densities of ;

1985b). The year-to-year variation in larval winter flounder were significant-

silverside catch has been the main cause ly lower during the operational period. !
of the observed variation in the total However, there were no significant dif-

annual catch in beach seines for all ferences in CPUE of adult winter floun-
'species combined. However, given the der in the trawls between the preopera-

high annual variability in silverside tional and operational periods. Winter

catches, there were no significant dif- flounder in the estuary are primarily

ferences in CPUE between the juveniles and the decrease in CPUE ob- t

preoperational and operational periods, served in the estuary may be a result of !
decreased larval densities. The de-

Rainbow smelt were an important but crease in larval densities and the de-

highly variable (both seasonally and crease in CPUE in the estuary observed- !

|
annually) constituent of the demersal during the operational period may appear :
fish community at the entrance to the in future years as a decrease in adult

estuary, generally present in spring and winter flounder in the trawls. Winter
summer, when young-of-the-year and year- flounder abundance in the Gulf of Maine
ling smelt move into the estuary. CPUE has decreased steadily since 1983 and

of rainbow smelt in 1990 was the highest the stock is presently overexploited
,

observed to date. Since increased abun- (NOAA 1991b). The decrease in the !

| dances of smelt were for the most part young life stages of winter flounder

due to higher catches prior to commer- (larvae and juveniles) is likely a re-

, cial operation, they are not related to sult of a regional decrease in the abun-
! plant operation. In 1991 CPUE of rain- dance of adults.

bow smelt was recorded at preoperational
levels. There were no significant dif-

ferences in CPUE between the preopera- Soft-Shell Clam

| tional and operational period (Table

| 2.3-1). Since the Hampton-Seabrook estuary
I contains the majority of New Hampshire's

Winter flounder have composed only a stock of the recreationally-important

small portion of the estuarine fish species Nya arenaria, an extensive sam-
a s sembl age, averaging only 2% since pling program (initiated in 1969) has

;

i. 2-36
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been undertaken in order to characterize 1991, even though similar to recent

the natural variability in the popula- years, are lower than the preoperational

tion for all lifestages, average (Table 2.3-1). The reasons for
the recent mortality of young-of-the-

Recruitment to and survival of the year sets since 1984 are complex, but

soft-shell clam population in Hampton certainly include the increase of its'

Harbor is affected by a variety of fac- major predator, green crab Carcinus f
tors, including predation and disease, maenas. Warm winter temperatures from !

that must be considered in impact as- 1984 through 1989 enhanced green crab i

sessment. Recruitment of larvae to survival, coinciding with decreased ;

|
young-of-the-year is not well under- densities of spat and juvenile clams.

Stood. Apparently unrelated to the Lower green crab catches in 1990 corre- :

abundance levels of larval stages (NAI sponded to increases in spat and juve- |

1982b), it is instead a function of the nile clams on some flats (NAI 1991b). |

presence of favorable conditions when However, reduced green crab catches in !
veligers are able to settle. Successful 1991 did not result in an overall in-

Iyoung-of-the-year sets have occurred crease in spat and juveniles.

throughout the preoperational period.

Young-of-the-year densities in 1991 were Another factor in evaluation of long-

less than the higher-than-average levels term trends is human predation by clam

in 1990, but, with the exception of Flat diggers, who harvest adult clams and
; 4, similar to the 1974-1989 average, disturb the flats, hampering survival of

Considered together, 1990 and 1991 juveniles as well. Numbers of clam
young-of-the-year densities were similar licenses sold dropped sharply beginning i,

'
to the preoperational average at Flats 1 in 1981, followed by closure of the |
and 2, and lower than average at Flat 4 flats in 1989. Coincident with the |
(Figure 2.3-1 Table 2.3-1). For decrease in clamming was an increase in

Hampton Harbor as a whole, young-of-the- the numbers of harvestable clams
year densities in 1990 and 1991 were not throughout Hampton Harbor that was sus-

'

different from those at nearby Pl um tained through the mid-1980's. After

| Island Sound. that time, low numbers of spat and juve-
# niles limited recruitment to the adult
! Survival of young-of-the-year to adult size class,

size depends on a number of factors in-

cluding the level of disease and pre- Another factor affecting growth and

dation. The preoperational period in- survival of clams was the presence of |
cludes the extremes of a " boom and bust" sarcomatous neoplasia, a lethal form of

cycle of spat, juvenile and adult clams, cancer in the soft shell clam. The |

| in part dictated by a classic predator- incidence of neoplasia in Hampton Harbor i

prey relationship. Densities averaged in 1986 and 1987 was restricted to Flats
over the 1974-1989 period are elevated 1 and 2 (Hillman 1986, 1987). Signifi-

by the " boom period" of the 1970's and cant increases in adult clam densities ;

early 1980*s. As a result, densities of in 1990/1991 in comparison to previous !

spat, juveniles and adults from 1990 and

i
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SUMMARV 0F FINDINGS
ESTUARINE ZONE

years occurred only at Flat 4, where
neoplasia has historically been absent.

The key to monitoring the sof t-shell

clam population is understanding its

long-term cycle and all of the f actors

that affect it. Young of the year (1-12 j

mm) recruitment in 1990 and 1991 in ,

~ !Hampton Harbor was similar to that in a
l neighboring estua ry , indicating that

Seabrook Station was not affecting lar- |

val settlement (Table 2.3-1). Spat and f
| juvenile densities in 1990 and 1991 at |

each flat were lower than the pre- |
'

operational average. However, the pre- {
operational average includes extremely 1

'
successful periods of clam recruitment

and survival, when densities of its j

major predator were low, as well as {;

periods of very low density, leading to |
significant differences in density among

'

years. Trends in the spat and juvenile. ;

soft-shell densities were similar to ;

recent years, suggesting that there is

no effect from operation of Seabrook
|

Station. Densities of adults continue
to be diminished at Flat 2. but were !

similar to the preoperational average at {
Flat 1. Flat 4 was the only area to !

show an increase in adult densities in ;

I1990/1991. Flat 4 was also the only

area where historically no evidence of

the lethal disease neoplasia was detect- ,

ed. |
!
t

!

!

!
,

,

t
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WATER OVALITY AND PLANKTON
t!ATER QUALITY

3.0 RESULTS whether there has been a consistent
relationship in concentrations or

3.1 WATER OUALITY AND PLANKTON temperatures spatially;
,

d

3.1.1 Water Quality c) Year (Preop-Op) tests differences

in concentrations or temperatures
j Three physical (temperature, salinity, among years nested within preopera-

,

and dissolved oxygen) and five chemical tional and operational periods, |
(orthophosphate, total phosphorus, ni- regardless of station, and will de- |

trite-nitrogen, nitrate-nitrogen, and tect whether any year or years are |
ammonia-nitrogen) parameters have been unique;

|
monitored over the last 14 years at !

three stations: P2 (discharge), P5 d) Month (Preop-Op) tests differences [
'

(intake), and P7 (farfield; added to in concentrations or temperatures
program in 1982). The data from this among months nested within preoper-
effort describe the seasonal, temporal, ational and operational periods.

.

and spatial characteristics of the water regardless of station, and will de- i
column in nearshore waters and off of tect whether there is a consistent I
Hampton Harbor. In general, the water seasonal pattern: and j,

quality data show definitive seasonal !

cycles with one or two annual peaks at e) Preop-Op X Station tests differenc-
all stations; that there are differences es in concentrations or tempera- ;
between the preoperational (1978-1989) tures between the main effects of '

and operational (1990-1991) periods at preoperational and operational !' each station; and that there are few periods and station and will detect '

quantitative differences among the three whether the relationship in concen-
stations. The methods used to draw trations or temperatures among
these compariscns were an analysis of stations has been consistent be-

|3 annual means and an analysis of variance tween preoperational operational '

(ANOVA) procedure. The ANOVAs were periods.

structured as followed:
Water temperature was monitored in the

a) Preop-Op tests differences in con- nearfield both continuously and from
centrations or temperatures between discrete samples collected weekly,
the preoperational and operational twice-weekly, or monthly during plankton,

periods, regardless of station, and cruises. Historically. monthly meane

I will detect whether operational values derived from both sampling meth-
period falls within historical ods have been similar (NAI 1980d,1981f,
variability: 1982a, 1985a). On a monthly basis, both

surface and bottom temperatures recorded
a b) Station testi differences in con- in 1991 at Station P2 were equal to or

centrations te temperatures among greater than the preoperational monthly,

Stations P2, P5 and P7, regardless means throughout the year (Figure 3.1.1-
; of sample date, and will detect 1). Temperatures followed similar sea-

3-1
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Figure 3.1.1-1. Surface and bottom temperature (*C) at nearfield Station P2, monthly means
and 95% confidence intervals over all years from 1978-1989 and monthly
means of surface temperature at Stations P2 PS, and P7 in 1990 and 1991.
Seabrook OperationalReport,1991.
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WATER QUALITY AND PLANKTON
WATER GUALITY ,

|

!
sonal patterns during both periods. The Differences between surf ace and bottom
1991 annual mean surface and bottom temperatures have followed a similar

temperatures were significantly greater pattern during both the preoperational ,

than the preoperational means (Tables and eperational periods, and among the

3.1.1-1 and 3.1.1-2). Since 1987. when three stations ( Fi gure 3.1.1-3) . The |
'

P5 was first sampled, significant spa- thermocline generally begins to build by |3

tial differences have been apparent in late February, reaching its strongest |,

) surface and bottom temperatures among point in July or August, and gradually !

] the three stations, with temperatures at erodes by November. With few exceptions

j P5 greater than at P2, and temperatures (April and September at P2: April, May,
'

at P2 greater than at P7: this relation- June, and September at P7) the strength

ship between the three stations has been of the thermocline observed in 1991 was i

consistent over the recent (1987-1989) similar to that observed in the preoper-4

preoperational period and through 1991 ational period. For each of the excep- !

(Ta bl e 3.1.1 - 2 ) . As previous studies tions noted, the 1991 thermocline was |
have indicated that Hampton-Seabrook stronger than observed during the preop- !

estuarine circulation can extend to the erational period. !

intake / discharge areas, long-term spa- |~

tial differences in temperature could be With the exception of 1990, surface |
related to the estuary. The analysis of . salinities at Station P2 have histori- !

variance ( ANOVA) results also indicate cally reached an annual minimum during
that, at all stations, surface and bot- April or May, largely in response to the1

' tom temperatures differed among months period of spring runoff (Figure 3.1.1-
(seasonally) and among individual years. 4). In 1991, a second low occurred in

October, which corresponds to the occur-
Temperature was monitored on a contin- rence of a northeast storm in the New :

; uous basis at the discharge (DS) and in England coastal area. Although there
the farfield (T7) area beginning in was a significant difference in surface

; August 1990, at the start of commercial salinities between the preoperational
'

operation. The continuously-recorded period and 1991. (1991 average value was
data revealed the same seasonal pattern lower), no differences among stations
of a summer maximum (August) and a late were apparent (Tables 3.1.1-1 and 3.1.1-

winter minimum (March) as noted in data 2). Bottom salinities followed a simi-
collected during the plankton cruises lar but less pronounced seasonal pat- )

( Fi gure 3.1.1-2 ) . kith the exception of tern. Similar bottom salinity differ- |,

July and August 1991, monthly mean tem- ences were noted between preoperational
peratures at the discharge were consis- and operational periods, and differences
tently higher than at the f arfield sta- among the three stations were also ap- )
tion (Table 3.1.1-3). The August. Sep- parent (Tables 3.1.1-1 and 3.1.1-2).
tember and October 1990 temperatures at This difference occurred primarily be-
both locations were slightly higher than tween Stations P2 and P7 (Table 3.1.1-,

those observed in 1991, but temperatures 1), and was apparent in both the pre-
overall are similar between the two operational period and in 1991.

years.
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TABLE 3.1.1-1. GEOMETRIC MEANS AND 95% CONFIDENCE LIMITS FOR WATER QUALITY
PARAMETERS MEASURED DURING PLANKTON CRUISES AT STATIONS P2, P5,
AND P7 OVER PREOPERATIONAL YEARS AND GE0 METRIC MEANS IN 1990

iAND 1991. SEABROOK OPERATIONAL REPORT, 1991.
I

t

PREOPERATIONAL YEARSa 7 i

PARAMETER LCL y UCL 1990 1991 i

Surface Temperature (*C)
P2 8.60 9.12 9.63 9.55 10.02
P5 8.99 9.66 10.33 9.64 10.20
P7 8.28 8.82 9.37 9.37 9.77 j

Bottom Temperature ('C) i

P2 6.74 7.10 7.46 7.81 7.90
P5 6.80 7.24 7.68 7.91 8.01
P7 6.53 6.89 7.25 7.81 7.78

Surface Salinity (ppt)
P2 31.50 31.62 31.74 31.30 31.22
P5 31.44 31.61 31.79 31.11 31.10
P7 31.40 31.56 31.72 31.12 31.10

Bottom Salinity (ppt)
P2 32.11 32.19 32.26 31.95 31.57
P5 32.12 32.21 32.30 31.80 31.68
P7 32.17 32.25 32.32 31.74 31.86

Surface Dissolved Oxygen (mg/L)
P2 9.59 9.72 9.84 9.67 9.50
P5 9.51 9.65 9.80 9.70 9.54
P7 9.53 9.66 9.79 9.60 9.46

Bottom Dissolved Oxygen (mg/L)
P2 9.05 9.20 9.35 9.11 8.91
P5 8.91 9.10 9.29 9.16 9.04
P7 8.91 9.08 9.25 8.97 8.92

Orthophosphate (pg/L)
P2 11.96 13.06 14.17 13.95 13.57 '

P5 10.78 12.33 13.88 13.90 14.67
P7 14.22 15.69 17.16 15.48 14.52

Total Phosphorus (pg/L)
P2 24.00 25.74 27.48 28.10 28.57
P5 25.02 27.33 29.63 30.95 30.00
P7 26.68 28.86 31.04 31.43 29.52

Nitrite (pg/L)

P2 1.84 2.07 2.31 2.76 1.95
PS 1.87 2.17 2.47 2.64 2.00
P7 1.64 1.94 2.24 3.10 2.19

(continued)
.

I
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TABLE 3.1.1-1. (Continued)

.

PREOPERATIONAL YEARSa 7

PARAMETER LCL I UCL 1990 1991

!. _ . _

Nitrate (pg/L) )
P2 32.60 39.21 45.81 60.48 44.29 j

P5 30.73 38.61 46.50 60.00 45.71 |
P7 32.27 40.90 49.52 67.62 43.57 :

i

Ammonia (pg/L) |
P2 4.84 6.46 8.08 8.13 6.67 |

P5 4.70 6.25 7.80 7.50 5.42 |
| P7 4.96 7.71 10.46 10.42 7.08 {

aPreoperational years: P2 - 1978-1984 and.1987-1989 |
PS - 1986 - 1989 i

P7 - 1982-1984 and 1987-1989

Because analytical methods for ammonia changed in April' 1988. preoperational !b

period for ammonia is April 1988 - December 1989. !
- t,

I

!
,

I
i

1
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TABLE 3.1.1-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING WATER QUALITY CHARACTERISTICS AMONG
STATIONS P2. P5 AND P7 DURING PREOPERATIONAL AND OPERATIONAL (1991) PERIODS.

SOURCE OF MULTIPLE

PARAMETER VARIATIONa DF SS F COMPARISONS

bSurface Temperature PREOP-0P .c 1 43.87 682.96*** OP) PREOP

YEAR (PREOP)d 2 3.09 24.08***

MONTH (JEAR)E
44 3451.88 1221.31***

STATION 2 2.28 17.74*** PS>P2>P7

PRE 0P-0Px5TATION9 2 0.06 0.49 NS
ERROR 92 5.91

Bottom Temperature PREOP-OP 1 64.84 773.37*** OP> PREOP

YEAR (PREOP) 2 1.29 7.69***
MONTH (YEAR) 44 1162.13 315.05***
STATION 2 0.83 4.96** P5 P2 P7
PREOP-0Px5TATION 2 <0.01 0.01 NSw

E ERROR 92 7.71

Surface Salinity PRE 0P-OP 1 2.25 24.74*** PREOP >0P

YEAR (PREOP-0P) 2 15.96 87.62***
MONTH (YEAR) 44 227.66 56.81***
STATION 2 0.51 2.82 NS
PRE 0P-OPx5TATION 2 0.08 0.46 NS
ERROR 92 8.38

Bottom Salinity PREOP 0P 1 5.02 126.71*** PREOP >0P

YEAR (PREOP) 2 6.21 78.42***
MONTH (YEAR) 44 46.92 26.92***
STATION 2 0.76 9.53*** P7)P5>P2
PRE 0P-0Px5TATION 2 0.11 1.37 NS
ERROR 92 3.64

(continued)
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TABLE 3.1.1-2 (Continued)

SOURCE OF MULTIPLE

PARAMETER VARIATIONa DF SS F COMPARISONS

Surface Oissolved PRE 0P-0P 1 2.09 103.37*** PREOP >0P

0xygen YEAR (PRE 0P) 2 0.63 15.64***
MONTH (YEAR) 44 134.05 150.58***
STATION 2 0.06 1.46 NS
PREOP-OPx5TATION 2 0.01 0.32 NS
ERROR 92 1.86

Bottom Dissolved PRE 0P-OP 1 2.54 111.20*** PREOP >0P

0xygen YEAR (PREOP) 2 10,85 237.09***
MONTH (YEAR) 44 212.77 211.29***
STATION 2 0.20 4.27 NS
PRE 0P-OPx5TATION 2 0.13 2.77 NS
ERROR 92 2.11

Y' Orthophosphate PREOP-OP 1 10.86 3.84 NS
"

YEAR (PREOP-0P) 2 234.38 41.48***
MONTH (YEAR) 44 9761.89 78.53***
STATION 2 11.36 2.01 NS
PREOP-0Px5TATION 2 8.56 1.52 NS
ERROR 92 259.91

Total Phosphorus PREOP-OP 1 7.82 0.26 NS
YEAR (PREOP-OP) 2 911.50 14.95***
MONTH (YEAR) 43 14944.65 11.40*** 1

STATION 2 46.64 0.76 NS '

PRE 0P-0PxSTAT10N 2 19.33 0.32 NS
ERROR 90 2743.61

Nitrite PREOP-0P 1 0.83 0.23 NS
YEAR (PREOP-0P) 2 6.09 8.54***
MONTH (YEAR) 44 305.18 19.47*** I

STATION 2 0.80 1.12 NS
PREOP 0PxSTATION 2 0.10 0.14 NS
ERROR 92

|

(continued)
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TABLE 3.1.1-2 (Continued)

SOURCE 0.7 MULTIPLE

PARAMETER VARIATIONa DF SS F COMPARISONS

Nitrate PREOP-0P 1 1.17 0.04 NS
YEAR (PREOP-0P) 2 7521.18 113.07***
MONTH (YEAR) 44 478299.48 326.85***
STATION 2 15.19 0.23 NS
PREOP-0PxSTATION 2 180.30 2.71 NS ,

ERROR 92 3059.72

hAmmonia PREOP-0P 1 0.24 0.06 NS
YEAR (PREOP-0P) 1 33.86 9.20**
MONTH (YEAR) 30 521.30 4.72***
STATION 2 33.82 4.59*
PRE 0P-0Px5 TAT 10N 2 4.02 0.55 NS
ERROR 62 228.17

{ abased on averaged semi-monthly collections
bPreoperational years: 1987-1989 at each station
cPreoperational versus operational period, regardless of station
dYear nested within preoperational and operational periods, regardless of station '

eMonth nested within year nested within preoperational and operational periods, regardless of station e

IStation P2 versus PS versus P7, regardless of year
9 nteraction between main effectsI
h Preoperational period for ammonia is April 1988 through December 1989

NS - not significant (p 2 0.05)
* - significant (0.05 2 p>0.01)
** - highly significant (0.01 2 p >0.001)
*** - very highly significant (0.001 2 p)

(continued)



_ . . . ._ . .

Stations DS & T7

20 -

18 -
,~

16 - '
,

*,', , ,e,

'14 - ,

',G '

'
', ',',

12 - ,

',m ,

m -

5 to - \, N,
' . , : 's< .

'
; ',a

',',E e- '' , |,

3 % ',

m ', , s
b 8- s, *

,
*w ', ,

,'S "~. *
' *~..4 ..,

DS (discharge)

2-
...... n om

0 . . . . . . . . . . . . . . . . .
KD KP OCT MN [E JAN FEB MAR APH MAY JUN JUL AG EP OCT MN [E

1990 1991

MONTH

Figure 3.1.1-2. Comparison of monthly averaged continuous temperature ('C) data collected
at discharge (DS) and farfield (TI) stations during commercial operation, August
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TABLE 3.1.1-3. MONTHLY MEAN TEMPERATURES ('C) AND TEMPERATURE DIFFERENCES BETWEEN DISCHARGE (DS) AND
FARFIELD (T7) AT THE SURFACE. AND NEARFIELD (ID) AND FARFIELD (T7) STATIONS AT SURFACE.
MID-DEPTH (8.5 m) AND BOTTOM (16.2 m) DEPTHS COLLECTED FROM CONTINUOUSLY MONITORED
TEMPERATURE SENSORS. SEABROOK OPERATIONAL REPORT. 1991.

DS-T7 ID-T7 ID-77 ID-T7

SURFACE SURFACE MID-DEPTH BOTTOM

YEAR MONTH DS T7 DELTA ID T7 DELTA ID T7 DELTA ID T7 DELTA
T T T T

1990 JUL 14.54 14.63 -0.08 14.69 14.63 0.07 11.76 11.50 0.26 9.08 9.62 -0.54
AUG 18.16 18.36 -0.20 18.11 18.11 0.01 14.81 15.42 -0.61 13.26 13.14 0.12
SEP 16.31 16.09 0.22 16.22 16.06 0.16 14.06 13.94 0.12 12.14 12.31 -0.17
OCT 13.04 12.11 0.93 13.17 12.98 0.19 11.92 11.85 0.07 11.03 11.17 -0.14
NOV 10.24 9.44 0.80 9.38 9.39 -0.02 9.42 9.53 -0.11 9.49 9.91 -0.42

Y' DEC 8.91 7.32 1.59 7.37 7.34 0.03 7.47 7.57 -0.11 7.43 7.96 -0.53 {8 l

1991 JAN 6.47 4.71 1.76 4.63 4.72 -0.09 4.83 5.00 -0.17 5.14 5.74 -0.60
FEB 5.38 4.17 1.21 4.24 4.14 0.10 4.19 4.31 0.12 4.19 4.81 -0.62
MAR 5.11 3.78 1.33 3.95 3.77 0.18 3.53 3.64 -0.11 3.39 3.87 -0.48
APR 6.99 6.37 0.62 6.36 6.21 0.15 5.36 5.44 -0.08 4.83 5.13 -0.30
MAY 10.43 10.21 0.22 10.29 10.21 0.08 8.11 8.39 -0.28 6.32 6.67 -0.35
JUN 13.81 13.70 0.11 13.78 13.70 0.08 11.19 11.46 -0.27 9.15 9.46 -0.31
JUL 14.58 15.02 -0.44 15.12 15.02 0.10 11.24 11.74 -0.50 9.01 9.34 -0.33
AUG 16.86 17.06 0.20 16.70 16.57 0.13 14.96 14.88 0.08 13.08 12.92 0.16
SEP 15.66 15.69 -0.03 15.34 15.38 -0.04 13.74 13.87 -0.13 11.89 11.99 -0.10
OCT 11.87 11.68 0.19 11.58 11.68 -0.10 10.94 11.14 -0.20 10.28 10.37 -0.09
NOV 11.00 9.33 1.67 9.16 9.34 -0.18 9.41 9.58 -0.17 9.40 -- --

DEC 8.45 6.81 1.64 6.59 6.81 -0.22 6.86 7.11 -0.25 6.93 -- --

. . . . ..

.
. .. _ . .. . . . . . . . . .. .. . . . .

. . . . . . . . . .

. .. . . . _ . . _ _



r

Station P2 |

s-

72 WW '

198o. ... .. Ao
: s. --o- isoi y

5-
.t.........1u.

'

- -q'w ,
z 4- - .'s >..n 21 * s. .

# .- .e 3. ,' " .e .. , r< g
oc 2. - ...; sw
a 3

-

a . s

N -g# 0- :.::. -
.

4 -1 -

-2 ' . . . . . . . . . . . .
JAN RB MAR APR MAY JUN JUL AUG SEP CCT PC/ GC

MONm j

i
'

Station PSi

s- -

Wrid
G 7. .

1990 N... ..

t, 6- _ ., ,. gggi , , o. . ,

......
* *s-w

m .n
o <. .

- ..r- 3- .s< : .s.a 2. . ....e
.

w
c.
z 5. ,<

-,

o. .- ~ . . . -w
.....

< -1 -

4 . . . . . . . . . . . .
JAN RB MAR APR MAY JUN JUL AUG SEP CCr NOV GC

MORTH

' Station P7
|
.

a-!

WW7. --,,,o
| g ... .. .

8-r --.o. isos x
s. ,/ ........-.,u. .,no. -

,

w .
, e 4-

e.a. ..s
! s . s

3= # *

H.e
g

i : ..
,.

r . . . *a 2. p# er. ..../w
a t-
a *

.

w o- ,,
-

., g.. r, ..-

-1 - o ", b. <
! -2 i . . . . . . . . . . .
l JAN RB MAR APR MAY JUN JUL AUG SEP CCT fCV QC

MONTH

|

|
t

| Figure 3.1.1-3. Monthly mean difference and 95% confidence limits between surface and bottom
temperatures (*C) at Stations P2, P5, and P7 over all years from 1978-1989 and
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| monthly means for 1990 and 1991. Seabrook Operational Report,1991.
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t3ATER QUALITY AND PLANKTON :
WATER QUALITY

!
'Surface and bottom dissolved oxygen centrations observed in February, June.

concentrations at Station P2 followed and September of 1991 at Station P2 were
i

similar seasonal patterns, in the pre- the higher than historical confidence i

operational period and in 1991 (Figure limits, while the April 1991 concentra- |

3.1.1-4). As with temperature and sa- tion was lower. |
'

linity, dissolved oxygen data show sig-

nificant differences between the pre- Nitrite concentrations followed a much !

operational period and 1991; no spatial less distinct pattern than nitrate con- |

differences were apparent (Table 3.1.1- centrations, although annual lows also !

2). With the exception of April surface tended to occur during summer and highs !

concentrations and November bottom con- during the winter (Figure 3.1.1-6). No '

centrations, preoperationsl dissolved significant differences between pre- i

oxygen levels were higher than those operational and 1991 concentrations were !
recorded in 1991. On the basis of annu- detected, nor were any detected between

al means, dissolved oxygen exhibited a stations (Table 3.1.1-2). The January l
depth = dependent -i nvers e - relationship 1991 concentration at Station P2 was '

with temperature. higher than the historical confidence

limits. '

Orthophosphate concentrations havei

| historically shown a week seasonal pat- In 1991 and the preoperational per<od,
tern of annual minima occurring in June nitrate concentrations observed at Sta-

,

'

or July: this pattern was evident, and tion P2 showed a strong seasonal )at-
slightly stronger, at Station P2 in 1991 tern. The annual minimum (often less

| ( Figure 3.1.1-5) . No significant dif- than the detection limit) occurrcd from
ferences were detected during the opera- early summer to early fall and the maxi-

tional period and no spatial differences mum occurred during the winter (Figure
were apparent (Tables 3.1.1-1 and 3.1.1- 3.1.1-6). Differences between the pre- |

2). In 1991, the January and March operational period and 1991 were not
concentrations were the highest yet significant at all three stations; fur-

observed for those months. All other thermore, no significant differences
1991 monthly means were within the range among stations were detected (Tables
of previous observations. 3.1.1-1 and 3.1.1-2). The monthly mean

nitrate concentration recorded in March !
Total phosphorus concentrations from of 1991 at Station P2 was higher than 'I

Station P2 have historically followed a the historical confidence limits.
pattern similar to and slightly stronger i

than orthophosphate concentrations (Fig- In 1991, ammonia concentrations at i

ure 3.1.1-5). The annual mean concen- Station P2 were nearly always less than
trations in 1991 were not significantly the detection limit ( Figure 3.1.1-6) .

different from those from the preopera- Because analytical methods for ammonia
tional period. As with orthophosphate, changed in 1988, preoperational-opera-
no spatial differences were apparent in tional comparisons are based on the '

either period (Tables 3.1.1-1 and 3.1.1- period after April 1988. No differences

2). Monthly mean total phosphorus con- in ammonia concentrations between the

3-13
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Figure 3.1.1-6. Surface nitrite-nitrogen, nitrate-nitrogen and ammonia-nitrogen ( g N/L)
at nearfield kation P2, monthly means and 95% confidence intervals over all
years from 1978-1984 and 1986-1989, and monthly means for 1990 and 1991.
Seabrook Operational Report,1991.
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WATER QUALITY AND PLANKTON
PHYTOPLANKTON

preoperational period, as defined here, nearfield and farfield areas are exposed |

and the operational period were detected to the same water mass (NAl 1985b). The !
!(Table 3.1.1-2) . Differences between consistency of the relationship among

stations were significant (Table 3.1.1- the three stations over the preopera-

2) although not highly so, with concen- tional and operational periods, and the i

trations at P7 generally greater than at lack of_significant differences between

P2 and PS (Table 3.1.1-1); this rela- the stations for most parameters, indi- i

tionship was consistent in both the cates that there are no such effects, j
operational and preoperational periods. |

The physical and chemical water quali- 3.1.2 Phytopl ankton

ty data collected during the last 14 i

years show several consistent patterns, 3.1.2.1 Total Community |
!with few exceptions: differences be-

tween preoperational and 1991 data were for the purpose of this analysis, the |
!significant for all physical parameters phytoplankton community has been divided

and ammonia, as were monthly ~(seasonal) into two size fractions: ultraplankton
,

and yearly differences. The remaining (<10 m) and phytoplankton (210 pm) as !
nutrients showed no significant differ- defined by Marshall and Cohen (1983). .!
ences during _the operational period. They described the ultraplankton group i

With the exception of surface and bottom as primarily including several, diffi- j
temperatures and bottom salinities, no cult to identify taxa that appear to be !

significant differences were noted be- cyanophyceae (cyanobacteria = blue-green ;

tween stations. Seasonal patterns ob- algae) and/or chlorophyceae (green al- ;

served for all parameters were consis- gae); these cells are typically round to I

tent between the preoperational period ovoid and less than 10 pm (many between |
and 1991. 2-3 m) in diameter. The cyanophyceae

group appears to be dominated by cells |
| typically described as Synechococcus t

! Effects of Plant Operation (single-celled) or Nostoc (small chain- }

forming cells). The ultraplankton group '

These results indicate that operation include picoplankton .(0.2-2.0 m) and ;

| of the Seabrook Station to date has not the smaller . nanoplankton (2.0-10 m) j
| altered the water quality in the vicint- (Sieburth et al., 1978). The ultra-

ty of Hampton Beach. Although there are plankton was analyzed separately from
| preoperational-operational differences the- phytoplankton (210 m) because: 1)
| among hydrographic parameters,- these ultraplankton were not_ really dealt with

differences are apparent among the pre- quantitively in the scientific community
operational years as well, suggesting at large prior to 1978-1980 (Johnson and

! the presence of long-term regional water Sieburth,1979: Hall and Vincent,1990):
quality trends. Furthermore, operation- 2) the Seabrook program dealt with this
al effects would likely be evident in group only partially (i.e., generally
spatial comparisons, as previous hydro- dio not identify the picoplankton size
graphic studies have shown that the fraction) during the 1981-1984 period:
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WATER QUALITY AND PLANKTON
PHYTOPLANKTON

it was during this period that the broad phyceae)( Figure 3.1.2-1) . This was as
scale reporting of these taxa were being true for 1991 as it was for the pre-
initiated (Stockner 1988); and 3) phase operational period: these taxa typically,

) contrast microscopy. which allows for dominated the community for nine to ten
better recognition of these smaller months out of the year. The diatoms
taxa. was only used during the more that typically dominated the nearfield

recent (1984, 1990, 1991) monitoring (P2) population within any year included
periods. Thus, for the purposes of Skeletonema costatum, Rhizosolenia delf- '

conducting a fair evaluation of phyto- catula. Leptocylindrus minimus, Cylin-
p1ankton species assemb1 ages between the drotheca clostrium, and Tha11assionema
preoperation and operational period, the nitschioides with various Chaetoceros
ultraplankton group was evaluated sepa- and Nitzschia species (Table 3.1.2-1). !
rate from the rest of the phytoplankton. Some of these diatoms were abundant in f

late winter / spring while others were

most abundant during the summer and/or
,

Phytoplankton - Temporal fall period. Other classes of algae f

i. Characteristics typically contributed to a greater per- !

centage of the population during the
,

During 1991, seasonal trends and spring (April /May) and late summer / fall '

monthly mean abundances of phytoplankton periods (Figure 3.1.2-1). Averaged over !
(210 m) were similar to the preopera- the seven year preoperational period at !
tional period, with peaks in spring P2, the yellow-green algae (Xanthophy- f(May) and fall (October) as depicted by ceae) were the only other group making '

nearfield (P2) collections (Figure up more than 10% of the population in a }3.1.2-1). In the winter of 1991 (Janu- month mainly due to blooms of Phaeocys-
|

ary, February), densities were among the tis pouchetif in certain years. This j
highest values (but still within the species was quite common from 1978 to {upper confidence limits, UCL) when com- 1980 and very abundant in 1981 and.1983: '

pared with preoperational monthly val- it was present in 1990 but not observed
,

ues: densities in July and September in 1982, 1984 or 1991 (Tabl e 3.1.2-1) . |were low but again within the 95% confi- This is one of the species that appears ;
dence limits. Phytoplankton densities to have a highly variable occurrence i

during all other months in 1991 were from year to year, thus making it diffi- !
quite similar to preoperational values. cult to characterize the " typical" sea-

| These trends are different from those sonal phytoplankton community within the I
reported in 1990 because at that time study area. Dinoflagellates (Dinoph-
the very small cells (i.e., ultraplank- yceae) were the only other group con-

| ton) were included in the total density tributing more than 1% to preoperational |
values (NAI 1991b). monthly values. Densities and species |

| composition were similar to those re-
1 Although there is seasonal succession ported elsewhere for the Gulf of

in the phytoplankton community, the Maine / northeastern continental shelf
dominant species greater than 10 m are area (Marshall 1984: Marshall and Cohen
almost always diatoms (Bacillario- 1983).
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Figme 3.1.2-1. Log (x+1) total abundance (no./1) of phytoplankton (210 m) at nearfield
Station P2; monthly means and 95% confidence intervals and percent
composition by major group over all prwg.r Ilonal y%1978-1987)
and monthly means for 1990 and 1991. Seabrook Ope st e .1 Report.1991.i
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! TABLE 3.1.2 1. PERCENT COMPOSIT10Na CF SPECIES BY TEAR FOR PHYTOPLAhKTON i'
AT STATION P2. SEABROCK OPERATIchAL REPORT.1991. |

STAT 10N-P2

! ................................................................................................................

', | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 91
. . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . + . . . . . . *

_ CLASS TAXA j | | ! |
1 JBACILLARIDPHYCEAE SKELET0 HEMA COSTATUM 50.10|10.43 78.82 15.50 35.15 3.981 39.49 17.50'

| RHIZDSOLENIA DELICATULA 16.49| 60.40 6.15 5.94 0.42 4.65 1.10 10.17
| T. NITISCH1010ES 6.36| 0.02 1.69 0.52 7.13| 0.86 0.36 2.91
| CHAETOCEROS DEBILIS 6.10| 0.23 20.24j 0.23 ' O.03 1.13,

hlTZSCHIA SP. 4.19 3.05 2.59 11.38 10.79 1.35 2.47 1.89
4

BACILLARIOPHYCEAE 3.03 0.06 0.47 0.46 1.78 3.56 0.83 6.66 -

! THALASSIDSIRA SP. 1.39 0.13 3.44 1.29 7.70 0.95 1.61: 8.01
CHAETOCEROS SOCIALIS 0.36 0.27 0.09 0.00 39.71 4.25
CHAETOCEROS LACIh!05US 0.17 0.46 0.07 0.01 0.09 0.60
CYLIhDROTHECA CLOSTERIUM 0.13 0.03 0.02 0.05 0.04 0.25 0.15 3.75i
ASTERIchELL A GL ACI ALIS 0.12 0.02 0.111 0.00 0.00 0.57 0.00
CHAETOCEROS SP. 0.21 0.26 0.76| 1.08 3.09 1.30 3.03 6.43
CHAETOCEROS DECIPIENS 0.09 0.01 0.04 0.00 0.02 0.10| 3.68
CERATAULINA BERGONI! 0.03 3.31 0.21 0.00 1.361 3.04 i

LEPTOCYLINORUS CAkICUS 0.00 0.13 0.05 0.15 2.321 1.04
GYROSIGMA/ PLEUR 0 SIGMA SP. 0.00 1.49 0.03 0.02 0.04 0.01 0.01 0.02!
THALASS10 HEMA SP. 1.65 0.03
LEPTOCYLINORUS MINIMUS 1.52 B.95 0.48 2.45 13.49

| RHI20SOLENIA SP. 0.02 1.12 0.01 0.00
|XANTHOPHYCEAE PHAEOCYSTIS POUCHETII 10.75 10.66 4.57 55.25 75.95 !
|Olh0PHYCEAE PROR0 CENTRUM MICANS | 0.03| 6.46 0.11 0.38 0.25 0.00 . 0.08 2.02
| GYMh0DINIUM/GYR00!NIUM | 0.01| 1.09 0.01 0.99 0.09 1 0.20 0.00 1.50 . !
| PERIDINIUM TROCH 010EUM | 0.00 0.01 0.01] 0.47, 0.01] 0.15 1.17 !
| PERIDINIUM SP. t 0.00 0.17 0.00[ 0.78 0.18 0.43| 0.01 0.67
| HETER 0CAPSA TRIOUETRA 0.00 0.48 0.00 0.01 0.04
| DIh0PHYCEAE 0.10 0.09 2.01 2.38
'CHLCROPHYCEAE EUGLEhALES 0.01 0.02 0.02 1.17) 0.35 0.13 0.04 0.48

ALGA: FILAMEhTOUS | 0.10 0.01
CRYPTOPHYCEAE CRYPT 0M0hAS SP. | | 0.00] | | 0.00 6.88
.... .... . .... .-. .... .... ..... ............. ........... . ............... .................... .. ......

a Includes taxa whose abundance constitutes >11 of tctal annual abundance: taxa shown as 0.00 are present but less
than 0.011.

i

|
|

I

I

i
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WATER QUALITY AND PLANKTON
PHYTOPLANKTON

I

During 1991, phytoplankton taxa of has been maintained during operation of ]
secondary dominance included dinoflagel- Seabrook Station. Spatial differences ;

!lates, cryptomonads (Cryptophyceae) and in phytoplankton in this study area can
'

yellow-brown algae (Chrysophyceae), be caused by several factors. The

which contributed up to 42% of the popu- patchy distribution of-plankton.in gen- |
lation in a given month (Figure 3.1.2- eral can be a major contribution to |
1 ) -. These latter two groups included, nearfield-farfield differences. The !

'

respectively, taxa such as Cryptomonas direction and magnitude of the water

sp., which was most abundant in spring currents and their relationship to the {
(May), and Dinobryon sertularia, which sampling sequence can also change the ,

was most abundant in July. The most relationship of sample collection to a
,

abundant dinoflagellates had maximum patch. These factors contribute more to -

levels in May (Gymnodinium and Peridin- nearfield-farfield variability than
ium species) or late fall / winter (Proro- differences between the nearfield (P2, f

centrum micans). Species composition PS) stations. Nearfield variability may ;

for phytoplankton (>10 m) in 1991 did in part be a result of potential differ- ;

not appear unusual compared with previ- ences in ebb tide plumes from Hampton- |
ous years, although there were some Seabrook estuary and/or low speed (tid- !

differences. However, cluster analysis ally driven) currents. Hydrographic ,

conducted in 1984 indicated that it is studies done in 1977 indicate.that the i

difficult to characterize a truly "typ- estuarine plume can extend offshore into j
ital" . year (NAl 1985b). As described the area of Station P5 but may not di- ,

previously, there can be large blooms of rectly influence P2 (NA1 1978b). Thus. [
a particular species unique to a given it is the value of multiple years of

year, which makes the combination of preoperational collections that charac-

taxa which dominate the population some- terize this spatial variability -.and

what different from year to year. The provide a background for comparison. [
1984 analysis showed some years to be }
similar but some to be quite unique. An examination of mean annual densi- (|

| For this reason, phytoplankton studies ties at each station indicates that !

have included an analysis of parameters total abundances were spatially quite !
that may be more predictable indicators similar during the preoperational and ;

of population status, such as the abun- operational periods (Table .3.1.2-2). |

j|
dance of a selected species (Ske7etomena During 1991, the nearfield Stations P2

costatum) or total biomass (chlorophyll and P5 were quite similar and generally
a). similar to the farfield Station P7 based- !

upon the percent composition of the 19.

numerically dominant taxa (Table 3.1.2-

Phytoplankton - Spatial Patterns 3). The greatest spatial difference in

relative abundance was the dominant
.,

Phytoplankton has been examined in the taxa, Skeletonema costatum, (further {
nearfield (Stations P2. and PS) and the discussed in Section 3.1.2-2), which !

farfield (Station P7) areas to determine composed twice as much of the population
i

whether their historical relationship (36%) at P7 compared with its contribu- |
i
.
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TABLE 3.1.2-2. ANNUAL MEAN ABUNDANCE (log x +1) 0F PHYTOPLANKTON
(210pm) AT STATIONS P2 PS. AND P7 IN 1991 COMPARED
WITH THE PREOPERATIONAL PERIOD.-

SEABROCK OPERATIONAL REPORT 1991.

|
l

|

|PREOPERATIONAL OPERATIONAL (1991) ,

bSTATION x LCL-UCL (YEARS) x

P2 5.22 5.04-5.40 (78-84)a 5.19

P5 5.23 4.97-5.49 (78-81) 5.30 '

P7 5.08 4.84-5.31 (82-84) 5.23
,

t
a

b(ow)er 95% confidence limit-upper 95% confidence limit
- preoperational years *

l i

TABLE 3.1.2-3. 1991 PHYTOPLANKTON PERCENT COMPOSITION BY STATION. t

SEABROOK OPERATIONAL REPORT 1991. !

.......................................................................

| | P2 ] P5 | P7 | ,

| |......+......+......|
|j................................................+|% COMPl% COMP |% COMP |

......+......+......| ;

| CLASS TAXA | | | |
|DINOPHYCEAE GYMN 0DINIUM/GYRODINIUM | 1.58| 0.62| 0.24| t

| PERIDINIUM TROCHOIDEUM | 1.17| 0.32| 0.64|
| PROR0 CENTRUM MICANS | 2.02| 2.16| 3.69| ;

|CRYPTOPHYCEAE CRYPT 0MONAS SP. | 6.88| 3.33| 2.50|
| CYAN 0PHYCEAE OSCILLATORIA SP. | | 4.37| 5.22|
|BACILLARIOPHYCEAE BACILLARIOPHYCEAE | 6.66| 4.55| 5.54|
| CHAETOCEROS DEBILIS | 1.13| 2.67| 0.90|
| CHAETOCEROS DECIPIENS | 3.68| 9.39| 4.15|
| CHAETOCEROS LACINIOSUS | 0.60| 4.26| 0.84]
| CHAETOCEROS SOCIALIS | 4.25| 8.21| 8.39|
| CHAETOCEROS SP. | 6.43| 5.80| 3.31|
| CYLINDROTHECA CLOSTERIUM| 3.75| 2.37| 2.44|
| LEPTOCYLINDRUS DANICUS | 1.04| 1.21| 1.74| |
| LEPTOCYLINDRUS MINIMUS | 13.49| 8.80| 5.99|
| NITZSCHIA SP. | 1.89| 1.41] 1.57|
| RHIZOSOLENIA DELICATULA | 10.17| 5.10| 0.98|
| SKELET0 NEMA COSTATUM | 17.50| 19.03| 35.51|
| T. NITZSCHI0 IDES | 2.91| 2.05| 2.52|
| THALASSIOSIRA SP. | 8.01| 7.21] 7.63|
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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tion at P2 (18%). The difference in the were similar to levels observed in 1990
nearfield was made up mostly by other ( Figure 3.1.2-2) . Although annual means
diatoms. Among non-diatom taxa, Crypto- are of limited interpretive value, these

;

monas sp. exhibited the most noticeable data showed increasing counts each year, '

difference, composing 7% of the annual contributing to the apparent operational _;

abundance at P2 versus 3% at P7. A versus preoperational difference (Table ;

multiva ri ate analysis of variance 3.1.2-4). During the periods 1978-1980 I

(MANOVA), testing the abundances of the and 1978-1983, small unicellar flagel- |
19 numerically important taxa from all late algae, either of ti ? class Chloro- |
three stations in 1991, indicated that phyceae (unidentified taxa) or Cryto- *

species abundances were not significant- phyceae (Chroomonas sp.) were reported
ly different (p20.05) among Stations P2, as comprising the majority of the ultra-

PS and P7. plankton (Table 3.1.2-5). In 1981. !
|

I unidentified blue-green algae (Cyanophy- ;

ceae) were dominant. In 1984 and 1991
Ultraplankton as well as 1990 (Figure 3.1.2-2), Syn-

,

ecococcus-type Cyanophyceae algae were
Ultraplankton (<10 m) was responsible recorded as very abundant and dominated !

for the higher total phytoplankton abun- the ultraplankton size class. Because ;

dances observed in 1990 (NAI 1991b). these taxa are very small (<2 m) the |
| when compared with the 1978 to 1984 use of improved microscopy (i.e., phase i

period. Because of this, the signifi- contrast) since 1984 likely contributed

cance of the ultraplankton to the ecolo- to the more recent higher counts. Al - i,

f gy of coastal waters of New Hampshire though the apparent annual increases may [
has been further evaluated in this re- initially have causedconcern about oper- {
port, ational influences, spatial comparisons t

of 1990 and 1991 abundances showed that ,

Densities for the ultraplankton group all trends were area-wide, as observed ,

were substantially higher in 1991 com- by the similarities between nearfield '

pared with the operational period but (P2, PS) and farfield (P7) stations

| >

!
'

TABLE 3.1.2-4. TOTAL LOG MEAN ULTRAPLANKTON ABUNDANCE BY YEAR !
AND 95% CONFIDENCE INTERVALS.

' '

!
i

i

STATION 1978 1979 1980 1981 1982 1983 1984 1991 |
.

| P2 1.78 2.71 2.18 4.10 4.14 4.55 4,99 6.60 |
(1.03) (1.10) (1.28) (0.98) (0.52) (0.45) (0.45) (0.25) !

;

P5 6.55
~

(0.29) |

P7 6.53
(0.25) |

~
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Figure 3.1.2-2. Log (x+1) monthly mean abundance and 95% confidence intervals of :

ultraplankton at Station P2 during the preoperational years (1978-1984)
and monthly means during 1990 and 1991. Seabrook Operational Report,
1991.

i
|

TABLE 3.1.2 5. PERCENT COMPOSITION OF TAXA BY YEAR FOR ULTRAPLANKTON
AT STATION P2. SEABROOK OPERATIONAL REPORT,1991.

PERCENT COMPOSITION BY YEAR *

TAXON 7s 79 80 st s2 as 84 91
|

Cyanophyceae; colonial 4.3 68.8 80.0

Alga; unicellular 47.1 5.2 0.1 2.1 0.2 9.7

Cyanophyceae; filamentous 3.8 c.1 0.1 4.0 '

! Chroomonas sp. 52.0 91.5 22.0 2.4 21.6 1.4 2.9

Alga; flagellate 8.5 78.0 31.9 74.5 96.4 30.3 2.9

Oeyrorum sp. 0.9 0.1 0.4 0.5

Cyanophyceae 56.1 0.1 0.2

|
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

*1990 not represented here because samples not conected for 12 months; see NAI 1991b for resahs
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(Figure 3.1.2-2: Table 3.1.2-5) . Not Thus, it appears that improved method- !

only were total densities quite similar ologies in these studies have allowed a f
among stations in 1991, but the percent true recognition of the abundances of r

composition of these most abundant taxa ultraplankton that exist in the study f
were also quite similar. area. Currently, comparative abundances

.

of ultraplankton with other studies in f
The abundances of ultraplankton in the region, combined with similar abun- ;

-this study are consistent with findings dances of these taxa between the near- !

from studies in the region. It has been field and farfield areas of this study |
reported that the general oceanic abun- would indicate that Seabrook operation !

dances of picoplankton (0.2-2.0 m) range has had no effect on this group of phy- |
5 8from 10 to 10 cells / liter for the toplankton. ;

5 7cyanobacteria forms and 10 to 10 j

cells / liter for eukaryotic (i.e.., chlo- i
rophyceae, etc.) forms (Joint 1986). Chlorophyll a Concentrations [

The ubiquitous nature of the pico- !

plankton and the magnitude of their Chlorophyll a concentrations may, in |
abundance has been reported elsewhere general, be used as a measure of phyto- !

(Stockner 1988) as has the abundance of plankton standing crop (biomass), al-j

the dominant picoplanktonic species, though the issue is complicated by the 3

( Synechococcus (Karlson and .Nilsson, varying . amounts of chlorophyll a con- !

| 1991: Shapiro and Haugen 1988: Murphy tained in the differing sizes and spe- {
'

and Haugen 1985: Glover et al. 1986). cies of phytoplankton. During the pre- [
These studies corroborate the abundances operational period, chlorophyll a con- !
of ultraplankton recorded in the 1991 centrations showed a bimodal pattern, |

'

Seabrook studies. For example. counts with peaks in spring and fall (Figure

of cyanobacteria (Synechococcus) in 3.1.2-3). Concentrations followed a
Boothbay Harbor, Maine during 1984-85 similar pattern in 1991, with the spring [
sampling were reported to be in the (May) sampling events occurred during a !

6 cell' / liter higher peak than the f all collections. [range of 1 to 15 x 10 s

(Shapiro and Haugen 1988), similar to The two highest concentrations at P2 in (
;levels that are now being reported in 1991 were observed in May and in Novem-

these studies. Recent studies in Massa- ber: smaller peaks were apparent in
.

chusetts Bay have shown ultraplankton to February and in September. Preopera- |
have a similar species composition as in tional chloroph'yll a peaks are less

|this study and total abundance in the distinct because the 12-year average-

same order of magnitude or higher integrates year-to-year shifts in the !

(Haugen 1991). For example in August timing of peak occurrences. Thus,. al-
.

1990, Haugen. reported ultraplankton though annually there are usually two
6levels on the order of 95 'x 10 noticeable seasonal peaks in chlorophyll y

cells / liter ( August 14) while in these a, the timing of each peak may vary over i
6studies we recorded values of 9 x 10 a several-month period from year-to- [

cells / liter ( August 9)(NAI 1991a). year. This factor also contributes to. !
!

!
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Figure 3.1.2-3. Mean monthly chlorophyll a concentrations and 95% confidence intervals
| at Station P2 over piww.ional years,1978-1989, and monthly means in

1990 and 1991; and mean yearly chlorophyll a concentrations at Station P21

during 1978-1989 and Stations P2, PS and P7 during 1991. Seabrook
Opemtional Report,1991.
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the variability in the monthly confi- correlated; correlations with farfield
t ,

dence intervals. values were still significant but corre- !
|

| lation values were lower; all correla-

| The average monthly chlorophyll a tions were also significant in 1991.
,

concentrations at nearfield Station P2 Observed differences may have been due i

in 1991 were lower than the mean but to small-scale patchiness rather than' j

were within the broad confidence inter- significant differences in population -

vals of the preoperational period (Fig- biomass within the study area. :

ure 3.1.2-3). The preoperational month- !

ly means are high due to the occurrence Temporal and spatial. patterns in chlo-
i

| of very . high chlorophyll a levels in rophyll a concentrations were examined >

| 1980 and 1981 (NAI 1982c) and to a less- with ANOVA for the recent period (1987-
er degree by the two to three year peri- 1989 and 1991) when all three stations i

od of higher than. average levels on were sampled concurrently for 12 months j
either side of 1980 ( Figure 3.2.1-3) . (Table 3.1.2-6) Chlorophyll 'a levels !

Since 1981, a seasonal peak value great- were significantly higher in the first !
3er than 4.0 mg/m has been very rare, full operational year (1991) than in

with most ranging between 1.0 and 4.0 recent preoperational years. Although
.

3
| mg/m . Chlorophyll a levels during the this could be primarily attributable to

1990 and 1991 periods of Seabrook opera- lower levels at Station P7 (NAI 1992),

tion have been generally consistent with the lack of a significant interaction

levels recorded during the more recent term (Preop-Op X Station) implies that
'

preoperational period. i.e.,-1983-1989 differences between preoperational and

(Figure 3.1.2-3). operational periods were consistent
among stations. *

Some variability in the occurrence of

seasonal peaks of chlorophyll a was also
observed among stations. For example, PSP Levels
in 1991 the highest spring values were

3recorded in March (1.18 mg/m ) and April PSP toxicity levels in Myti7us edulis,
3(1.17 mg/m ) at the farfield station as provided by the State of New Hamp-

(P7), while in the nearfield the monthly shire, have shown a reasonably consis-

average was highest in April (1.73 tent seasonal pattern of highest values
3mg/m ) at P5 but occurred in May at P2 occurring during the late spring and

3(1.62 mg/m ) (NAI 1992). The fall val- early summer during the preoperational
ues were similar among stations in 1991, period ( Figure 3.1.2-4) . PSP concen-
with the exception of quite divergent trations also show a small peak in tox-

nearfield/farfield levels in December icity-levels occurring in August.

(i .e. , 3-4 times higher at P7). Differ-

ent trends in chlorophyll a values be- In 1991, the State recorded only two

tween nearfield and farfield areas was occurrences- of PSP levels above the
born out previously in 'the correlation method detection limit of 44 pg/100 gm

analysis (NAl 1991b). In 1990, near- mussel tissue and these measured only 45
field stations (P2, PS) were highly mg/100 gm (May 2 and 9). Despite these
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TABLE 3.1.2-6. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES -'

0F THE PHYTOPLANKTON SELECTED SPECIES / PARAMETERS !
4 AMONG STATIONS P2. P5 AND P7 DURING PREOPERATIONAL

YEARS AND THE OPERATION (1991) PERIOD. SEABROOK,
'

OPERATIONAL REPORT. 1991.
- |

!

MULTIPLE j
SOURCE OF VARIATION df SS F COMPARISONS -!

CHLOROPHYLL a: P2. P5. P7 (1987-1989: 1991)a.b.c !

dPreop-Op 1 0.3209 5.17 * Op> Preop,

Month (Year)pp)e
Year (Preop- 2 1.6298 13.13 ***- i

44 29.1518 10.68 *** j
Station 2 0.1517 1.22 NS i

~

Preop-Op x Station 9 2 0.0545 0.44 NS |
Error 92 5.7082 j
SKELET0 NEMA COSTATUN: P2 VS. P7 (1982-1984. 1991)a.b ji

dPreop-Op 1 2.26 30.08 *** Op> Preop |

Month (Year)gp)e
Year (Preop- 2 6.11 40.65 *** |44 63.30 19.15 *** j
Station 1 0.02 0.28 NS i

Preop-Op x Station 9 1 0.27 3.58 NS i

Error 46 3.46

SKELETONEMA COSTATUM: P2 VS. P5 (1979-1981 1991)a.b.c j
d 'Preop-Op 1 1.63 3.18 NS

Month (Year)pp)eYear (Preop- 2 6.89 6.71 **
43 167.20 7.57 ***

Station 1 1.35 2.63 NS
Preop-Op x Station 9 1 1,77 3.44 NS !

'

Error 45 205.01 |

"

abased on mean of twice-monthly collections Mar-Nov: monthly Dec-Mar
byears when these stations were collected concurrently '

conly includes years when all 12 months were sampled .idpreoperational versus operational period regardless of station !eyear, regardless of preop-op I

Imonth nested within year regardless of station
!

9 nteraction between main effectsi4

,

; NS = not significant (p 20.05)
* = significant (0.05 >p 20.01)
** - highly significant (0.012p >0.001)

*** - very highly significant (0.0012p)
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(PSP) toxicity levels in Myrilus edulis in Hampton Harbor, as provided by the
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Report,1991.
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low levels. New Hampshire's coastal Hampshire in 1992 would further corrobo-
shellfish beds were closed on June 14 rate this conclusion.
due to high PSP readings reported in

shellfish from Maine and Massachusetts
at that time. The coastal shellfish 3.1.2.2 Selected Soecies |
beds were reopened to recreational tak- '

|
ings on September 9. 1991. Ske7etonema costatum was chosen as a |

selected species because of its historic j

The occurrence of PSP toxicity in this omnipresence and overwhelming dominance f
portion of the Gulf of Maine was first during much of the year. During the {
documented in 1972 (NAI 1985b) possibly preoperational period, abundances were |
the result of the transport of the PSP- slightly bimodal in nature, usually !
producing dinoflagellate A7exandrium showing a smaller peak in the spring |
tamarense (formerly called Gonyaulax (varying from year-to-year from February i

sp.). from the Bay of Fundy following to May) and a larger peak in the late
Hurricane Carrie. With few exceptions, summer or fall (varying from August to :

PSP has been recorded seasonally in-this October). This pattern ' was somewhat i
region of the western Gulf of Maine ever different in 1990 and 1991 (Figure (
since, although not always at toxic 3.1.2-5) when the spring peaks were !

levels. It is currently thought that A. larger and later than typical. The fall )
tamarense blooms are transported to this peaks were consistent with earlier ob-

]region on coastally-trapped buoyant servations. .Skeletonema costatum abun-
plumes derived from the Androscoggin dances were tested witt ANOVA to evalu-
and/or Kennebec River (Maine) outflows ate spatial and temporal' trends.

(Franks and Anderson. 1992a). This
theory is consistent with the generally During the period when nearfield Sta-
observed north-to-south seasonal pro- tion P2 and farfield Station P7 were
gression of occurrence of this dinofla- sampled for 12 months concurrently
gellate and the PSP levels (Franks and (1982-2984; 1991), significant differ-

Anderson 1992b). Local sources of dino- entes in Ske7etonema costatum abundances
flagellates may also contribute to the were shown to exist between the preoper-
blooms as well. However, there have not ational years and 1991 (Preop-Op), among
been PSP " outbreaks" associated solely years (Year).- and among months (Month
eith this segment of the New Hampshire (Year)) (Table 3.1.2-6) . These latter i

coast nor have closings in New Hampshire two variables are not particularly im-
been conducted independent of larger portant in determining impact. No sig-
regional (Southern Maine and Massachu- nificant differences in abundances were |

| setts) closings. Consistent, historical found among stations and the relation- '

PSP occurrences since 1972. coupled with ship among stations in terms of abun-

current theories of PSP bloom sources in dance of S. Costatum did not vary be-
the southwestern Gulf of Maine would tween preoperational years and 1991

-indicate that the operation of Seabrook (Table 3.1.2-6. Preop-Op X Station).
Station could have no effect on this Thus, although 1991 abundances of S.
problem. The low PSP levels in New costatum were higher than the 1982-1984

,
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period, these differences were consis- tional period, this trend was consistent

tent area wide. Simil a rly, nearfield among stations. Chlorophyll a values in
Station (P2. PS) differences were also 1991 were within the range observed
tested (in this case for the 1979-1981; across the entire preoperational period
1991 period) (Tabl e 3.1.2-6) . Skele- at Station P2 (1978-1989),

tonema costatum abundances within the - I

nearfield zone have been statistically Diatoms dominated the phytoplankton |
!

similar, both in 1991 and in the pre- (210 m) group both preoperationally and
operational period sampled. in 1991, indicating a generally un-

changed community structure. The domi- ;

nant diatom taxon, Ske7etonema costatum,
3.1.2.3 Effects of Plant Operation exhibited similar abundance patterns at

nearfield Station P2 and farfield Sta-

The phytoplankton community has been tion P7 when both were sampled (1982- j

studied to determine if the thermal 1984, 1991). Thus, since abundances of |
plume has caused detectable changes in S. costatum were statistically higher in

,

the community structure or abundance the 1991 operation period compared with'
*

!
within the nearfield study area. La c_k the 1982-1984 preoperational period at

'

of detectable impacts form plant opera- both nearfield and farfield stations, i

tion (primarily from the plume in the this difference appears to be due to |
i

; near-surf ace waters) is implied if oper- natural year-to-year variability and not

ational collections are similar to pre- related to operation of the plant. ;

operational collections or if not, near- Nuisance algae were also monitored by !

field /farfield collections are similar, examining long-term trends in PSP values
;

in mussels in Hampton Harbor. Due to !

An examination of the phytoplankton the low occurrences of PSP in New Hamp-
210 m did not indicate any deleterious shire in 1990 and 1991, combined with ;

plume' effects when comparing preopera- the current theories on more northerly |

tional periods (1978-1984) with the sources of toxic dinoflagellates to this
,

; operational period ( August 1990-December portion of the Gulf of Maine, increases :
191) in the nearfield; monthly mean to these nuisance phytoplankton from |

abundances were similar. Spatial trends plant-induced effects were clearly not I

were examined for the top 19 species implicated during this period. i

dominating the community structure in

1991 and ne significant nearfield-f ar- This study has reported steady in-
field differences were found, further creases in total abundances of the
indicating no plant impacts to this ultraplankton group, from an annual-

group of phytoplankton. A statistical average of 60 cells / liter in 1975 to
6examination of total phytoplankton bio- about 4 x 10 cells / liter in 1991.

mass (chlorophyll a) over the 1987-1991 Abundances in this study are similar to

period reinforced this lack of spatial levels reported recently by other Gulf

differences. Although statistical tests of Maine researchers. Furthermore,

showed chlorophyll a values in 1991 to f arfield ultraplankton abundances were

be higher than the 1987-1989 preopera- similar to those in the nearfield, rein-
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forcing the fact that these abundances the dominant taxa's highly variable

are an area-wide occurrence. This re- densities. The dominant copepods con-
gional distribution, coupled with the tinued to maintain moderate populations
improved methodology. which enabled throughout the fall and into winter ;

more-accurate enumeration of ultraplank- (Groups 5 and 6) while densities of most
ton, suggests that there has been no other taxa declined. The summer /f all-
plant-induced effect on the ultraplank- 1990 and 1991 and small fall clusters '

ton. (Groups 7 and 8) did not differ appre- !

ciably from the other collection dates
,

with respect to those taxa that were |

3.1.3 Microzooplankton numerically important.

;

3.1.3.1 Total Community Comparison of the specific dates in-

cluded within the major cluster groups
'

Temporal Characteristics indicated that differences among years

were generally moderate. The most pro- 1

Temporal variability in species abun- nounced variation occurred during late

dances and taxonomic composition of the summer and fall of preoperational years

nearshore microzooplankton community where cluster groups included a number
(surface and bottom samples averaged) at of " outlying collections" (i.e., a col-

Station P2 for all preoperational (1978- lection date separated by more than two

1984 and 1986) and operational (1990 and weeks from the rest of the seasonal
i 1991) collections was examined using group) (Figure 3.1.3-1). Summer tended
! numerical classification. Collections to be a period of high abundance and

were grouped into six major groups that diversity partly due to recruitment of
corresponded with the annual seasonal meroplankton into the zooplankton commu-
cycle and two additional smaller groups nity. These factors contributed to
(one collection date was ungrouped, variability within each season and among
Figure 3.1.3-1). The major seasonal years. Collections from 1990 and 1991

i patterns in the microzooplankton commu- generally clustered into groups contain-
nity structure were largely delineated ing corresponding dates from the pre-

_

|. by changes in both total abundance and operational period, although 'some col-

the dominance structure of numerically lections from summer / fall 1990 with
important taxa. Lifestages of the cope- lower than typical abundances were iden-
pods Of thona sp. and Pseudocalanus sp., tified as a separate group (Group 7).
and Pseudoca7 anus /Ca7 anus nauplii were With the exception of one collection in

| the most abundant organisms in virtually 1991, this condition of reduced abun-
' every seasonal group during both pre- dances did not recur. Preoperational

operational and operational periods and operational periods were similar in.
(Ta bl e 3.1.3-1) . Among-year differ- the rank order of numerically dominant

ences in the dates assigned to cluster taxa identified from each cluster group ;

groups 3. 4 and 5 (late winter to early (Table 3.1.3-1). Differences among. |
' f all, Figure 3.1.3-1) were more apparent groups, in large measure, were attribut- i

than for the other seasons because of ed to seasonal variability in the
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Figure 3.1.3-1. Dendrogram formed by numerical classification oflog (x+1) transformed ;

microzooplankton abundances (no/m ) at nearfield Station P2,1978-1984 !
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July-December 1986. and April-December 1990 and 1991. Seabrook
Operational Report,1991.
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3TABLE 3.1.3-1. GEOMETRIC MEANS OF MICR0 ZOOPLANKTON ABUNDANCE (NO./m ). 95% CONFIDENCE LIMITS. AND NUMBER OF SAMPLES
FOR DOMINANT TAXA OCCURRING IN SEASONAL CLUSTER GROUPS IDENTIFIED BY NUMERICAL CLASSIFICATION OF
COLLECTIONS AT NEARFIELD STATION P2. 1978 - 1985 JULY - DECEMBER 1986. APRIL - DECEMBER 1990
AND 1991. SEABROOK OPERATIONAL REPORT. 1991.

DOMINANTa PREOPERATIONAL PERIOD OPERATIONAL PERIOD
GROUP TAXA LCL MEAN UCL N LCL MEAN UCL N

1 Copepoda nauplii 110.2 286 738.2 9 167.3 436 1135.4 3
Winter Foraminiferida 11.6 77 484.9 1.1 106 5497.3
(0.61/0.57)b Ofthona sp. 121.9 326 870.3 1030.3 1418 1952.6

Pseudocalanus sp. 68.6 158 360.7 191.9 287 428.6
Pseudocalanus/Calanus nauplii 56.6 161 454.3 17.4 117 759.7
Tintinnidae 41.6 275 1784.6 1.1 39 738.0

2 Cirripedia larvae 35.8 247 1675.7 8 not represented
Winter Copepoda nauplii 127.3 258 522.4
(0.66/0.64) Nferosetella norvegfca 45.6 139 417.8

Ofthona sp. 334.5 842 2115.0,,,

L Polychaeta larvae 31.5 162 819.8
Pseudocalanus sp. 44.1 142 455.7w
Pseudocalanus/Calanus nauplii 259.1 542 1130.7

3 Acartfa sp. 50.8 76 114.2 36 34.9 548 8397.1 6
Winter / Spring Copepada nauplii 700.2 988 1394.9 1047.4 2358 5309.1
(0.69/0.64) Ofthona sp. 942.9 1342 1910.3 2036.2 3484 5959.8

Pseudocalanus sp. 220.1 329 490.8 127.0 293 674.2
Pseudocalanus/Calanus nauplii 520.2 791 1203.4 88.9 398 1775.2

4 Bivalvia veliger larvae 1377.7 2473 4439.8 46 -- 1505 -- 2
Spring / Summer Copepoda nauplii 4189.8 5795 8015.2 -- 6171 --

(0.66/0.65) Ofthona sp. 5299.2 6690 8445.3 -- 7562 --

Pseudocalanus sp. 1218.5 1698 2366.1 1809 ----

Pseudocalanus/Calanus nauplii 1963.7 2687 3677.3 1614-- --

Temora longfcornis 159.5 268 450.1 1969-- --

5 Bivalvia veliger larvae 548.0 902 1485.7 31 225.7 1197 6332.5 7

Summer / Fall Copepoda nauplii 1457.2 2211 3354.8 1614.7 3613 8081.7
(0.71/0.69) Ofthona sp. 3955.1 5178 6780.4 4269.3 8049 15175.4

Pseudocalanus sp. 817.6 1245 1896.2 509.1 805 1271.3
Pseudocalanus/Calanus nauplii 1365.4 2025 3002.3 264.4 418 660.7

1

(continued)
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TABLE 3.1.3-1. (Continued)

DOMINANT PREOPERATIONAL PERIOD OPERATIONAL PERIODa

GROUP TAXA LCL MEAN UCL N LCL MEAN UCL H

6 Copepoda nauplii 663.9 991 1480.1 33 179.0 960 5135.5 4

Fall / winter Oithona sp. 1320.0 1824 2519.7 494.6 1715 5942.2

(0.71/0.69) Pseudocalanus sp. 212.7 306 440.4 119.4 255 544.6
Pseudocalanus/Calanus nauplii 454.7 633 880.3 41.1 295 2071.7
Tintinnidae 47.8 125 325.6 39.7 2686 177442.0

4989 -- 1 31.2 126 502.8 7
7 Acartfa sp. --

139.7 455 1477.2Summer / Fall Bivalvia veliger larvae -- 3283 --

3963 -- 577.0 1344 3130.4
1990 Copepoda nauplii --

5937 -- 1235.8 2754 6137.4(0.68/0.66) Ofthona sp. --

736 -- 105.3 341 1099.8Pseudocalanus sp. --

69.9 468 3104.9Temora longicornis -- 2833 --

11081Y 8 Bivalvia veliger larvae 208 --------

795E Fall Copepoda nauplii -- 382 -- -- --

4959432 -- -- --

(0.77/0.66) Ofthona sp. --

21Polychaeta -- 86 -- -- --

31486 --Pseudocalanus sp. -- ----

44272 -- --Pseudocalanus!Calanus naup111 --
--

ataxa comprising 2, 5% of total group abundance
bwithin group similarity /between group similarity

,

__
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| abundances of these dominant taxa. Sea- analysis in the microzooplankton program
j sonal groups identified by numerical because of their dominant roles in the

classification generally encompassed community. Their abundance and low !,

l collection periods with similar tempera- trophic level make them important mem- !
! ture regimes, particularly with respect bers of the marine food web. Eurytemora j

|to the depth and intensity of the herdmani has been reported to be an.
thermocline (NAI 1985b: NAI 1991b: Fig- abundant coastal copepod in the northern !

| ure 3.1.1-3). region of the western ' Atlantic (Katona f
i 1971) and as such, may be particularly . ;

sensitive to perturbations in the local |
Spatial Patterns of Microzooplankton temperature regime. Lifestages of these (

) Abundances taxa were identified whenever possible !
to develop an understanding of the dy- |,

Spatial variation (i.e., among-sta- namics of population recruitment cycles. |
tions differences) in the microzooplank- In some cases, however, the likely pres- |
ton community structure was examined ence of congeneric species made it im- |

j separately for both the preoperational possible to routinely identify all life- !

j and operational periods, with abundances stages to species level. f
| averaged over depth. Comparison of

|!total microzooplankton densities from

k 1982 to 1984 using Wilcoxon's two-sample Eurytemora so. I

test (Sokal and Rohlf 1969) revealed no
i significant differences between Stations Earlier studies indicated that Euryte-

P2 and P7 (NAI 1985b). Although some mora sp. copepodite and E. herdmani
numerically important taxa exhibited adult populations in Hampton Harbor and !

- large differences in rank order or per- the nearfield Station P2. underwent !
cent composition between stations, their similar seasonal cycles. but during the f
individual abundances were also not spring the estuarine populatien was much |
significantly different (NAI 1985b). larger (NAI 1978b 1979b). These obser- j

3; vations suggest that recruitment to the !
A multivariate analysis of variance coastal population may be supplemented >

; (MANOVA) was performed using the April- by the estuarine population. Other {
i December 1991 abundances of 35 numeri- sources of ' recruitment in the spring i
j cally important taxa from Station P2, might be maturation of, and subsequent |

P5 and P7. Species composition and reproduction.of, overwintering copepo- ;

Iabundances were not significantly dif- dites or hatching of diapause (overwint-
ferent among these stations (p-0.24), as ering) eggs,
was found in 1990 (NAI 1991b). 1

In 1990 Eurytemora sp. copepodite
d ~ 'ies did not exhibit the ' historic

3.1.3.2 Selected Species eb. , mid-summer peak and were well
below the preoperational -average from

The copepods Pseudoca7 anus sp. and May through August (Figure 3.1.3-2).
Oithona sp. were selected for in-depth However, a late fall peak was evident

3-35
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preoperational years (1978-1984 and 1986) and monthly means for 1990 and
1991 at nearfield Station P2. Seabrook Operational Report.1991.
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which was slightly higher than the mean Pseudoca7 anus sp.-

for the preoperational years. Eury-
temora sp. copepodite densities in 1991 Historically, Pseudoca7 anus /Calanus

'

displayed both late spring and fall sp. nauplii were present year-round at

peaks that were comparable in magnitude Station P2 (Figure 3.1.3-2), and were;

I to preoperational years. The 1991 geo- among the numerically dominant taxa-
4 metric annual mean for copepodites at comprising the microzooplankton communi-
I Station P2 was well below the overall ty in most seasons (Table 3.1.3-1).

'

mean for the preoperational years (Table Seasonal peak abundance was attained
3.1.3-2), but was within the range of during mid-summer during both preopera-

,

mean values for individual years (NAI tional years and 1990, while the highest2
-

1991b). Results of the two-way ANOVA on densities in 1991 were observed in the
furytemora sp. copepodites indicated spring. Annual mean densities for the
that abundances during the operational operational period were significantlyj
period were significantly lower than lower than the overall preoperational [
preoperational densities. However, this mean (Table 3.1.3-3). These differences

- was an area-wide pattern, as indicated were apparent in both nearfield and i

by the lack of significance in the Area farfield areas as indicated by lack of
(i.e., nearfield versus farfield) and significance in the Preop x Area inter- s

interaction (Preop-Op) terms (Table action term, and, therefore were not !
3.1.3-3). related to operation of Seabrook Sta-

,

tion. |,

Temporal changes in the abundance of
|

| E. herdmani adults followed the same '

general seasonal trend in 1990 and 1991 Pseudocalanus sp. copepodites and
{as during preoperational years, but adults were also present throughout the

continued to exhibit the high variabili- year during the preoperational period
ty observed in the preoperational period with peak abundances occurring in either [
(Figure 3.1.3-2) . Annual mean abun- spring or mid-summer ( Figure 3.1.3-2) . ;

dances of E. herdmani adults in 1991 at The annual mean densities of both cope-
Stations P5 and P7 were comparable in podites and adults during the operation-
magnitude to mean densities at Station al period were significantly lower than
P2 (Table 3.1.3-2) . Densities of E. the overall preoperational mean (Table

herdmani adults were not significantly 3.1.3-3). As with Pseudoca7 anus /Calanus
different between preoperational years' sp. nauplii, however, these differences
and operational years, nor were differ- in abundance were reflected in both |,

ences detected between nearfield and nearfield and farfield areas. |,

f arfield areas (Table 3.1.3-3), indicat-

ing that there was no relationship with
the operating status of Seabrook Sta- Ofthona sp.

|
tion. I

All Of thona sp. lifestages were pres- !
ent year-round and comprised one of the i

most abundant microzooplankton taxa
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3TABLE 3.1.3-2. GEOMETRIC MEANS.(N0/m ) AND 95% CONFIDENCE LIMITS FOR PREOPERATIONAL YEARS AND MEANS ,

FOR OPERATIONAL YEARS OF SELECTED MICR0 ZOOPLANKTON SPECIES AT STATIONS P2, PS, AND
P7 (APRIL-DECEMBER). SEABROOK OPERATIONAL REPORT, 1991.

bPRE 0PERATIONAL YEARSa OPERATIONAL YEARS

SPECIES /LIFESTAGE ' STATION LCL MEAN UCL 1991 ,

Eurytemora sp. - P2 5.6 12 25.9 4
3copepodites PS -- -- --

P7 <0.1 10 145.0 5

Eurytemora herdmani P2 2.4 5 10.4 4
2adults P5 -- -- --

P7 <0.1 7 62.6 6

Pseudocalanus/Caianus P2 759.0 1013 1352.9 271
214sp. nauplii PS -- -- --

'

P7 291.5 -792 2150.0 239

PseudocaTanus sp. P2 310.3 452 659.2- 368w
di copepodites P5 -- - -- 319
m P7 111.7 392 1371.5 403

Pseudocalanus sp. P2 42.5 67 104.3 45
39adults PS -- -- --

P7 16.9 68 263 72

Ofthona sp. P2 534.6- 930 1559.2 1410
1455nauplii PS -- -- --

P7 117.7 666 3749.4 1565

Ofthona sp. P2 450.3 785 -1368.8 1379
1532copepodites P5 -- -- --

P7 39.3 - 496 6125.3 1302

Dithona sp. P2 121.7 194 308.0 277
222adults PS -- -- --

P7 15.3 -173 1862.4 253

|Preoperationalyears: P2 - 1978-1984 PS - not sampled. P7 - 1982 1984
1990 not sampled during January through March; annual-x not calculated

I
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3TABLE 3.1.3-3. RESULTS OF THE TWO-WAY ANALYSIS OF VARIANCE OF LOG (X+1) TRANSFORMED DENSITY (N0/m )
0F SELECTED MICR0 ZOOPLANKTON SPECIES AMONG PREOPERATIONAL YEARS (1982-1984) AND
OPERATIONAL YEARS (1991) AND AREA (NEARFIELD VS. FARFIELD). SEABROOK OPERATIONAL
REPORT, 1991.

SPECIES / SOURCE OF
LIFESTAGE VARIATIONa df SS F MULTIPLE COMPARISONS

Eurytemora sp. Preop-Op 1 2.63 5.95* Preop >0p
copepodite Year (Preop-O 2 13.73 15.54***Month (Year) p) 44 83.64 4.30***

Area 1 0.48 1.09 NS
Preop-Op X Area 1 <0.01 0.02 NS
Error 139 61.39

Eurytemora herdmani Preop-Op 1 0.98 2.44 NS
adult Year (Preop-O 2 10.37 12.87***Month (Year) p) 44 83.51 4.71***w

i Area 1 1.46 3.62 NS
O Preop-Op X Area 1 0.18 0.44 NS

Error 139 55.99

Pseudocalanus/Calanus Preop-Op 1 10.15 57.45*** Preop >0p
sp. nauplii Year (Preop-O 2 2.59 7.34***Month (Year) p) 44 37.48 4.82***

Area 1 <0.01 0.00 NS
Preop-Op X Area 1 0.03 0.18 NS
Error 139 24.56'

Pseudocalanus sp. Preop-Op 1 <0.01 0.06 NS
copepodite Year (Preop-O 2 3.56 12.99***Month (Year) p) 44 43.83 7.28***

Area 1 0.12 0.87 NS
Preop-Op X Area 1 0.07 0.48 NS
Error 139 19.02

Pseudocalanus sp. Preop-Op 1 0.15 0.80 NS
adult Year (Preop-Op) 2 6.05 16.70***

Month (Year) 44 59.66 7.48***
Area 1 0.71 3.92 NS
Preop-Op X Area 1 0.31 1.70 NS
Error 139 25.19

(continued)
i
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TABLE 3.1.3-3. (Continued)

SPECIES / SOURCE OF
a

LIFESTAGE VARIATION df SS F MULTIPLE COMPARISONS

Ofthona sp. Preop-Op 1 3.43 32.41*** Op> Preop
nauplii Year (Preop-Op) 2 6.60 31.13***

Month (Year) 44 37.02 7.94***
Area 1 0.03 0.24 NS
Preop-Op X Area 1 0.17 1.57 NS
Error 139 14.73

Oithona sp. Preop-Op 1 5.87 54.05*** Op> Preop
Year (Preop-O 2 10.68 49.12***
Month (Year) p)copepodite

44 47.94 10.03***
Area 1 0.14 1.33 NS
Preop-Op X Area 1 0.02 0.14 NS

y Error 139 15.11
s

Oithona sp. Preop-Op 1 0.77 5.91* Op> Preop
Year (Preop-O 2 10.98 42.05***Month (Year) p)adult

44 34.21 5.95***
Area 1 <0.01 0.02 NS
Preop-Op X Area 1 0.04 0.28 NS
Error 139 18.15

NS - Not Significant (P) 0.05)
* = Significant (0.05 2 P >0.01)

** - Highly Significant (0.01 2 P > 0.001)
*** - Very Highly Significant (P s 0.001)

aPreop-Op - pre-operational period vs. operational period, re9ardless of area
Year (Preop-Op) - year nested within pre-operational and operational periods.

regardless of area
Month (Year) - month nested within year

Area - nearfield vs. farfield stations
Preop-Op X Area - interaction of main effects

- - - - - - - . _ - . - - _ . . _ . _ _ _ _ _ _ - - _ _ . . . . _ . _ - _ _ - - _ _ _ - - . - - - - - - - - . - . _ - - - .., ., - . . - - - - _ _ _ - - _ _ . _ _ _ - - _ . _ _ - _ _ _ _ _ _ . . . _ -_ ___
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throughout the preoperational period and interaction terms (Preop-Op x Area)
(Tables 3.1.3-1 and 3.1.3-2) . Nauplii indicated that this was an area-wide
and copepodites occurred at similar pattern and could not be related to
levels of abundance, while adults were plant operation.

slightly less abundant (Figure 3.1.3-3).
,

.

In 1990 and 1991, Oithona sp. nauplii 3.1.3.3 Effects of Plant Operation

at Station P2. generally exhibited the ;

same seasonal pattern of abundance as - Trends in both the densities and pat-
during the pre-operational period (Fig- tern of temporal variation recorded
ure 3.1.3-3) . The annual geometric mean during operational years (1990 and 1991)
for nauplii in 1991 at Station P2 was for selected microzooplankton species
slightly lower than the overall preoper- were generally similar to overall mean :

ational mean but was within the range of densities and temporal variation from j
individual mean values recorded during the preoperational period at nearfield !
those years (NA! 1991b: Table 3.1.3-2) . Station P2 (Figures 3.1.3-2 and 3.1.3-3: !

'Dithona sp. copepodites also followed Table 3.1.3-2) . Although ANOVAs detect-
the same general pattern of seasonal ed statistically significantly lower j
abundances in 1990 and 1991 that was operational versus preoperational mean '

evident during the preoperational period densities for furytemora sp. copepodites
;

( Figure 3.1.3-3). The geometric mean and Pseudoca? anus sp. lifestages and
,

for copepodites at Station P2 in opera- significantly higher abundances of !
tional years was somewhat larger than Oithona sp. lifestages during operation
the overall mean for the preoperational (Table 3.1.3-3 Preop-Op) the lack of !period and five of the seven preopera- significance in the spatial (Area) and !

tional years (NAI 1991b: Tabl e 3.1.3-2) . interaction terms (Preop-Op X Area)
Seasonal abundance of Dithona sp. adults indicated that the temporal differences<

in 1990 was highly variable, monthly observed throughout the study area |
I means exhibiting particularly low values (i.e., at both nearfield and farfield !

l in August through October (Figure 3.1.3- stations) and therefore could not be
3). Densities in 1991 were more similar' attributed to operation of Seabrook
to those observed during the preopera- Station. In summary, plant operation !

tional period. Geometric mean abundance did not appear to have had .a negative
;

for adults at Station P2 in 1991 was impact on the microzooplankton communi- !

higher than the mean for all preopera- ty.

tional years (Table 3.1.3-2) but was
Iwithin the range of individual mean

values for those years (NAI 1991b). 3.1.4 Bivalve Larvae
Operational densities of Ofthona sp.'

,

nauplii, copepodites, and adults were 3.1.4.1 . Community Structure |
'

all significantly greater than those

observed during the preoperational peri- Patterns of abundance of the bivalve i

od (Table 3.1.3-3). However, the lack larvae assemblage were examined using
of significance in the spatial (Area) numerical classification to address the
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P2. Seabrook OperationalReport.1991.
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questions of whether there were differ- periods, all three stations were grouped
entes among stations or between the together: P2 and PS clustered together
preoperational and operational periods. 90% of the time. Multivariate. analysis

This aggregation of meroplanktonic spe- of variance indicated there were no
cies exhibited strong seasonal patterns significant differences in the bivalve

that were generally consistent among larvae assemblage in the operational-
years and stations (Figure 3.1.4-1). period (F-1.10, p-0.35) or over the
Mean abundances (aseraged on a twice- years 1988, 1989 and 1991 (F-0.75,

monthly basis) were grouped seasonally, p=0.78).
mostly falling into one of four distinct

groups. The seasonal structure of the
community reflected recruitment of dif- Temporal Patterns

ferent taxa as dominants (Table 3.1.4-
1). The patterns observed in 1991 were No unusual assemblages of bivalve
similar to those previously described larvae have occurred during the opera-
(NAI 1991b). tion of Seabrook Station, as evidenced

by the classification of all the opera-

tional period abundances into groups
SDatial Patterns that occurred preoperationally (Figure

3.1.4-1 and Table 3.1.4-1). Seasonal
Distribution of meroplankton in marine abundances of dominant taxa during oper-

waters can be largely related to several ation were generally within the 95%
factors - distribution of spawning confidence limits of the abundances
adults. length of larval existence and observed preoperationally (Table 3.1.4-
1,ocal hydrographic conditions. The 1). Most (84.2%) half-month periods
dominant bivalve larvae collected in during the operational period were
coastal waters of New fiampshire are grouped in the same seasonal group as
species whose adults are widely distrib- preoperational (1988 through mid-1990)
uted along the New England coastline. collections from the same time period
Duration of larvae stage is dependent on (Figure 3.1.4-1) . The exceptions were
temperature, but is typically up to six early May 1991, late July 1991 and early
weeks. The local hydrography is domi- August 1990 and 1991. In 1991, abun-
nated by tidal and longshore currents dances of # fate 71a sp. were an order of
(NAI 1980d). Stations P2 P5 and P7 are magnitude higher in early May than pre-
located in waters of similar depth (Fig- .viously reported, causing this period to
ure 2.1-1) with no physical barriers be classified in Group 2. The higher-

between them. These conditions tend to than-normal regional temperatures in
homogenize the bivalve larvae spatially. winter and early spring 1991 (Figure
It is not unexpected, then, that there 3.1.1-1) may have induced earlier spawn-
cere few occasions when species composi- ing than normal. The July and August
tion at the three stations differed collections were classified in Group 4
sufficiently to classify any station characterized by reduced abundances of
differently than the others (Figure the typical summer assemblage. These
3.1.4-1). During 87% of half month reduced abundances were observed prior
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3TABLE 3.1.4-1. GEOMETRIC MEAN ABUNDANCE (No./m ), 95% CONFIDENCE LIMITS OF DOMINANT TAXA AND NUMBER OF SAMPLES
OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASSIFICATION OF BIVALVE LARVAE COLLECTIONS
AT INTAKE (P2), DISCHARGE (PS) AND FARFIELD (P7) STATIONS, 1988-1991. SEABROOK OPERATIONAL

! REPORT. 1991.

D
GROUP DOMINANT TAXAa PREOPERATIO9AL YEARS OPERATIONAL YEARS

n LCL I UCL n LCL y UCL

1 Hiatella sp. 18 38.5 59 89.6 3 16.1 78 359.9
.1 1 1.3 0.1 12 145.0Early spring Nytilus edulis

(0.59/0.26)
2 Hiatella sp. 14 1402.4 2174 3371.3 6 1124.2 1532 2088.8

Y late spring Hytilus edulis 322.3 630 1232.2 7.0 120 1825.5
S (0.67/0.57) Nya truncata 175.2 308 541.7 39.7 54 74.2

3 Nytilus edulis 49 2499.4 4064 6606.5 33 824.2 1274 1967.6
Summer / Fall Heteranomia squamula 1410.2 2211 3464.7 640.8 1018 1602.1
(0.71/0.65) Modfolus modfolus 734.3 1011 1392.0 155.0 277 492.8

4 Heteranomia squamula 15 127.4 222 386.9 15 140.4 226 362.0
Summer / Fall Hodiolus modfolus 22.3 49 104.8 3.7 7 11.6
(0.70/0.65 Hytilus edulis 28.6 48 79.9 104.0 193 358.3

Nya arenaria 16.4 30 52.8 4.3 11 25.2,

5 Hodiolus modfolus 3 12.3 157 1872.9 not
August 1988 Heteranomia squamula 3.0 146 5492.2 represented
(0.75/0.54) Nytilus edulis 5.8 24 88.5

athose taxa contributing 25% of total group abundance in either preoperational or operational period collections
bAugust 1990 - October 1991
c(within-group similarity /between-group similarity)

I
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i

|
ito 1988 in this July-August period (NAI 1991 than in the preoperational years of

1991b) and so are unlikely to be related 1988 and 1989 (Table 3.1.4-2). This may |
to operation of Seabrook Station. Re- be related to increased settlement of |
sults of a two-way MANOVA comparing mytilids observed in 1990 (NAl 1991b). |
station and operational condition (1988 Peak larval abundances were reached ;

1989 and 1991) indicated that, although earlier than previously observed (Figure- !

1991 differed from 1988 and 1989 3.1.4-2). The warming trend observed [

(F-45.8. p=0.0001), differences were both locally and regionally. (Section |
consistent among stations (Station X 3.1.1) may have been a factor in stimu- |
Preop-Op: F-1.19, p-0.26). lating spawning. Because higher abun- [

'dances occurred at all stations (Table
i3.1.4-3), the ANOVA found no significant

3.1.4.2 Selected Species differences in the Station x Preop-Op

interaction (Table 3.1.4-2). implying |

Mya arenaria was identified as a se- that this change in abundance was not !

lected species because of the interest restricted to the nearfield area. f
in recreational (locally) and commercial ;

'

(regionally) harvesting of adults and

the concern that impacts to the larval 3.1.4.3 Effects of Plant Operation ;

j population could manifest themselves in ;

standing stock of harvestable clams. The effects of operation of Seabrook [

Mytilus edulis has been the most abun- Station on bivalve larvae are monitored [
dant species encountered in bivalve through entrainment sampling and compar- i

larvae investigations. Temporal and isons of both community and popu,lation ,
,

i spatial patterns of both species were characteristics over time and space. |
! examined to evaluate whether there was The estimated total number of larvae i

Ievidence of impacts induced by operation entrained in the cooling water system in

of Seabrook Station. 1991 is presented on Table 3.1.4-4. As :
Iin 1990. Myti7us edulis was the most

frequently entrained species, reflecting |
Mya arenaria its dominance in the nearshore bivalve !

larvae assemblage (Table 3.1.4-1). [
This species is discussed in detail in Hiate17a sp. and heteranomia squamula !

Section 3.3.7. were both relatively abundant in the !
entrainment collections, as they were in i

1990. !

Mytilus edulis ;
Entrainment was highest in June, re- )

As in previous years. Myti7us edulis flecting the natural peak in bivalve J

larvae reached peak abundances in summer larval abundance observed nearshore. !

of 1991 and continued to be relatively Entrainment appeared to be substantially
abundant through October when sampling lower in July 1991 than 1990 (NAl j

ceased (Figure 3.1.4-2). M. edulis 1991b). primarily due to lower entrain- |
abundances were significantly higher in
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Figure 3.1.4-2. Weekly mean log (x+1) abundance (no/m3) of Mydlus edulis larvac during
preoperational years (1978-1989, including 95% confidence intervals), and
weekly means in 1990 and 1991 at nearfield Station P2. Seabrook Operational
Report,1991. ,

'

TABLE 3.1.4-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING INTAKE (P2),
!

DISCHARGE (PS) AND FARFIELD (P7) WEEKLY ABUNDANCES OF
MYTILUS EDULIS DURING PREOPERATIONAL (1988-1989) AND
OPERATIONAL (1991) PERIODS. SEABROOK OPERATIONAL
REPORT,1991.

SOURCE OF MULTIPLE
VARIATION df SS F COMPARISONS

Preop-Op 1 2.60 23.49'" Op > Preop

Station 2 0.05 0.23 NS

| Year (Preop-Op) 1 22.80 206.20*"

( Week (Year) 72 349.39 43.89'" !

Station x Preop-Op 2 0.24 1.09 NS

Error 146 16.14
|

1

l

TABLE 3.1.4 3. ANNUALIZED GEOMETRIC MEAN ABUNDANCE (No/m3) AND UPPER
AND LOWER 95% CONFIDENCE LIMITS OF MYTILUS EDULIS LARVAE
AT STATIONS P2,PS AND P7 DURING PREOPERATIONAL YEARS AND
GEOMETRIC MEAN ABUNDANCE IN 1990 AND 1991. SEABROOK
OPERATIONAL REPORT,1991.

j

!

PREOPERATIONAL YEARS OPERATIONAL YEARS

STATION YEARS LCL I UCL 1990 1991

!P2 1982-1989 153.6 224 327.8 442 274

PS 198B-1989 79.6 169 358.7 365 296

P7 1982-1984 147.6 242 396.6 317 260

1986-1989
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TABLE 3.1.4-4. ESTIMATED NUMBER OF BIVALVE LARVAE (billions / month) ENTRAINED BY
THE COOLING WATER SYSTEM AT SEABROOK STATION DURING APRIL THROUGH
AUGUST 1991. SEABROOK OPERATIONAL REPORT, 1991.

_

bSPECIES APRa MAY JUN JUL AUG

Nytilus edulis <0.1 153.3 858.9 661.9 13.3

Modfolus modiolus <0.1 0.3 110.3 49.1 0.4

Placopecten magellanicus 0 0.2 0.5 0 0 ;

Heteranomia squamula 0 2.8 55.0 182.2 10.8
'Spisula solidissima 0 0 2.9 1.4 <0.1

Mya arenaria 0 0 0.5 0.1 0

; Mya truncata 0 1.2 5.1 0.2 0

Hiatella sp. <0.1 93.9 243.7 113.1 0.5

Macoma balthica <0.1 0 1.1 0 0

| Bivalvia <0.1 2.2 18.9 15.5 0.3

Teredo navalis 0 2.8 11.6 1.2 0.3

Solenidae

TOTAL <0.1 256.7 1308.5 1024.7 25.6

a represents lask week of April only
b represents first week of August only. Plant shut down for maintenance through

September 1991. Entrainment sampling not resumed.

!
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ment of Mytilus edulis, Hiatella sp. and tebrates. Species that alternate be-

Heteranomia squamula, tween association with the substrate and
rising into the water column on a regu-

Entrainment of bivalve larvae in Sea- lar basis are called tychoplankton, e.g. ;

brook Station has not caused discernible mysids. 1

changes in the nearshore assemblage -
;

(Secti on 3.1.4.1) . Although community Historical analysis (1978-1984 and ;

structure differed between 1991 and the 1986-1989) of the macrozooplankton as- i

tuo most recent preoperational years semblage at the nearfield Station P2 |
(1988, 1989), differences were apparent showed seasonal changes that were great- i

in all stations, including farfield ly influenced by the population dynamics i

Station P7. When compared to the entire of the dominant copepods Centropapes |
preoperational period (1982-1989) at typicus and Ca7 anus finmarchicus (NAI j
Station P2 (NAI 1991b), seasonal pattern 1990b). Other taxa, particularly mero- ;
of community structure in 1991 fell planktonic species, exerted short-term |
within the range of previous observa- influences, especially during the spring |

j tions. and summer (NAI 1985b). Because of
their lower abundances, seasonal pat- |

Abundances and seasonality of Mytilus terns of tychoplanktonic species, e.g., ;

edulis larvae were similar in nearfield mysids, amphipods and cumaceans, were
and f arfield areas in 1991. Increased not well documented by numerical classi- i
abundances in 1991 may be related to fication of the entire macrozooplankton |
elevated early spring temperatures, and assemblage. To identify seasonal pat-
the increased settlement of - Mytilids terns more clearly, the tychoplankton

observed in 1990 (NAI 1991b). However, assemblage was analyzed separately from
the warming of nearshore waters is a the mero- and holoplankton. |

! widespread regional phenomenon (Section
3.1.1) and is not attributable to the
operation of Seabrook Station. Spatial and Temporal Patterns of the

Holo- and Meroplankton Assemblage ;

i

3.1.5 Macrozooplankton In previous years, spatial and tempo-
| ral trends were evaluated separately.

3.1.5.1 Community Structure Because it has been well documented that
i patterns of abundance and dominance in

The macrozooplankton community is com- the holo- and meroplankton assemblage
prised of numerous species that exhibit were predominantly seasonally-
three basic life history strategies. influenced, the two questions were ad-

The holoplankton species, e.g. copepods, dressed simultaneously. Monthly mean
are planktonic essentially throughout abundances of holo- ar.d meroplankton at

| their entire life cycle. Meroplankton Stations P2. P5 and P7 were examined
includes species that spend a distinct from 1988 through 1991 using numerical

| portion of their life cycle in the classification and multivariate analysis
plankton, e.g. larvae of benthic inver- of variance techniques to evaluate

j|'
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| whether there were differences among pattern that allows widespread dispersal
I stations or between the preoperational of planktonic organisms, particularly I

i 'and operational periods. holoplankton and those meroplanktonic ;

species with extended larval existence. ;

i The strong seasonality previously The distances among Stations P2, P5 and ;

! observed was again evident when 1991 P7 are small relative to the area from-
.

*

i data were included (Figure 3.1.5-1). which holo- and meroplanktonic organisms !
Winter Group 1 was dominated by copepods could be recruited (via current trans- |

|
and oceanic species such as Sagitta port) to coastal New Hampshire. ;

' elegans and Oikop7eura sp. (Table 3.1.5-
1). Barnacle (Cirripedia) larvae were Numerical classification of holo- and j

abundant in late winter (Groups 2 and meroplanktonic abundances in 1988-1991 j

3). Generally spring (Group 4) and revealed no spatial differences among !

summer (Group 5) were characterized by Stations P2, P5 and P7 (Figure 3.1.5-1). |
relatively high abundances of numerous Collections from all stations were
taxa, particularly copepods and decapod grouped together within each month.

3

larvae. Summer Group 6. however, in- This conclusion was further supported by ,

cluded only _ six preoperational collec- MANOVA comparing species abundances at
tions with few abundant taxa. During these stations (p=0.42).

| this transitional period, abundances of i

decapod larvae declined while Centropa- Species composition of holo-and mero-
ges typicus reached its annual peak, planktonic components of the macrozoo-
Copepods of the genus Centropages 6 ai- plankton assemblage was similar during
nated fall collections (Groups 7 and v). the operation of Seabrook Station to the j
The seasonal shifts in - dominance ob- preoperational period examined. Collec-
served among the copepods Ca7 anus fin- tions from each month in the operational

marchicus, Centropages typicus and, to a period (August 1990 through December
!; lesser degree, Pseudoca7 anus sp. were 1991) were grouped with collections from

I consistent with observations for the the same month in the preoperational
i Gulf of Maine in general (Sherman et al. period ( Figure 3.1.5-1) . Geometric mean t

!1988). abundances of dominant taxa were gener-

ally higher in the operational year of |
Previous analyses have suggested that 1991 than in the preoperational years |

there are no spatial differences in period of 1988-1989 (MANOVA testing {
holo- and meroplanktonic assemblages in operational status: p-0.0001: note,1990 !

the study area (NAI 1991b). The geogra- excluded from testing due to mid-year |
phy of coastal New England helps to startup of plant). Of the 14 taxa and |

create the hydrographic conditions of lifestages that dominanted the holo- ;
'

the Gulf of Maine. There are no major meroplankton during various parts of the
land barriers between the Bay of Fundy annual cycle, nine (Temora 7ongicornis, !

and Cape Cod that would divert coastal Centropapes typicus. Oikop7eura. sp.,
currents offshore, although several Cirripedia, Ca7 anus finmarchicus, Cancer
embayments can affect local conditions. sp., Meganyctiphanes norvegica, Podon ;

This condition promotes a circulation sp. and Centropages sp. copepodites) j

!
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of monthly mean log (x+1) transformed abundances (no/1000 m2) of
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Station P2, discharge Station PS and farfield Station P7,1988-1991.;
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TABLE 3.1.5-1. GE0 METRIC MEAN ABUNDANCE-(No./1000m ) AND 95% CONFIDENCE LIMITS OF DOMINANT HOLO- AND

' MER0 PLANKTONIC TAXA OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASSIFICATION OF
,

MACROZ00 PLANKTON COLLECTIONS .(MONTHLY MEANS) AT INTAKE STATION P2. DISCHARGE STATION PS
AND FARFIELD STATION P7. 1988-1991. SEABROOK OPERATIONAL REPORT, 1991.

.

D b
GROUP DOMINANT SPECIESa PREOPERATIONAL YEARS OPERATIONAL YEARS

n LCL I UCL n LCL y UCL

1 Temora longicornis 21 4399.2 7240 11914.8 9 326.1 737 1666.2'

Winter Sagitta elegans 1229.3 '2290 4266.7 471.1 892 1686.8
,

,

(0.66/0.60)c Centropages typicus 602.5 1782 5263.8 1511.4 4861 15630.7
!

Pseudocalanus sp. 892.9 1582 2803.1 47.2 109 250.6
Oikopleura sp. 432.0 10F5 2576.2 172.7 529 1617.8
Centropages hamatus 348.4 891 2278.2 6.9 34 152.0

Y 2 Cirripedia 15 16349.2 54156 179381.1 36251.5 143206 565705.5
E Late Winter Calanus finmarchicus 3479.8 7681 16953.0 408.8 4169 42431.4 ,

(0.70/0.63) Oikopleura sp. 701.3 3342 15906.2 17085.4 33929 67375.2
Evadne sp. 906.4 2881 9155.7 3408.5 11169 36594.6

3 Calanus finmarchfcus 6 5132.3 11713 26729.6 not represented !

Late Winter Cirripedia 2218.0 10596 50604.4
(0.69/0.63)

4 Calanus finmarchicus 21 47593.3 74413 116345.2 6 62282.3 89177 127686.1

Spring Temora longicornis 10656.0 17203 2770.6 5509.6 17421 -55079.5

(0.74/0.72) Evadne sp. 6536.6 14291 31244.5 2505.8 14688 86067.1
Eualus pusfoius 6405.1 .10474 17126.0 2750.4 5028 9192.3 .

. Cancer sp. 3620.5 6260 10824.6 11178.5 24559 53953.3
Neganyctfphanes 502.1 2540 12836.2 6699.3 21873 71406.6 |
norvegica

.Centropages-typicus 21.1 114 595.3 3910.2 18741 89805.2 ;

Podon sp. 2717.5 5435 -10870.9 5997.2 15412 39606.4
i

I

(continued)
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TABLE 3.1.5-1. (Continued)

D U
GROUP DOMINANT SPECIESa PREOPERATIONAL YEARS OPERATIONAL YEARS

,

'

n LCL y UCL n LCL y UCL

5 Calanus finmarchicus 9 97154.0 199016 407673.3 9 23987.9 64093 171245.9
Summer Cancer sp. 39549.3 111324 313354.6 41703.6 71704 123286.4-

(0.75/0.72) Eualus pusfolus 10358.8 35392 120913.3 3978.4 13091 43070.7 :
Neganyct/phanes 8686.9 29895 102876.8 2038.3 5891 17024.4
norvegica

Centropages typicus 4565.5 17550 67454.0 80466.3 124219 191761.3
y Temora longfcornis 3232.7 9815 29793.2 11322.0 18185 29206.2

0 6 Centropages typicus 6 71764.4 269122 1009219.9 not represented

-Summer Calanus finmarchicus 11930.3 34422 99313.5
(0.75/0.66)

'7 Centropages typicus 6 46345.2 88739 169909.5- 12 152363.6 344797 780270.6
Fall Centropages sp. 3986.1 7877 15565.8 1956.1 7247 26839.1 *

(0.74/0.70) Podon sp. 1382.9 4153 12465.3 16735.7 30342 55010.0

8 Centropages 'typicus 9 22645.6 75753 253396.9 6 8252.0 75150 684322.7
Fall 'Centropages hamatus 4144.0 10822 28260.1 351.7 792 1783.9

(0.71/0.70) 'Centropages sp. 2483.7 8460 28814.2 640.4 5568 48344.0

athose taxa contributing 25% of total group-abundance in either preoperational or operational periods
b Preoperational period - Jan 1988-Jul 1990; Operational period - Aug 1990-Oec 1991
c(within-group similarity /between-group similarity)

,
i

L._- . _ _ _ _ _ _ . . _ _ _ _ _ ~ . _ - . - . . . - _ . - , . - - - - _ . - ~ . , _ - - _ . - . . . . - . . _ . . _ _ _ . _ _ _ . . , - _ _ _ _ _ _ _ _ _ . _ _ _ _ . . - _ _ _ _ -
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reached higher abundances in 1991 than entire water column. Some general ob-
in the recent preoperational period, servations can be made. however.
Calanus finmarchicus was reported to

have increased in the Northwest Atlantic The annual cycle of the tychoplankton

in 1990 (Sherman 1991). Only Centro- assemblage was characterized by changes
pages hamatus declined in abundance. -in relative abundance of the four omnie
Sagitta e7egans, Pseudoca7 anus sp., present taxa as well as two intermittent

Evadne sp. and Eua7us pusio7us were dominants (Harpacticoida and Nysis
similar in abundance between the two mixta). Abundances were lowest in win-
time periods. Differences in abundances ter (primarily February: Groups 1, 2 and
between preoperational (1988-1989) and 8)_ although the six dominants were all ;

operational (1991) periods were consis- present. In the spring, the assemblage

tent among stations (p-0.36), however, was overwhelmingly dominated by Mysis |
| indicating that broadscale events beyond mixta, whose abundance was an order of

| the influence of Seabrook Station's magnitude higher than other species -

intake and discharge structures have during its offshore migration. Summer |

occurred. collections (Groups 4,5 and 9) were |
characterized by varying abundances of |

codominant amphipods Pontogeneia inermis |
Spatial and Temporal Pat' rns of the and Oedicerotidae. Peak abundances of ;

Tychoplankton Assemblage Neomysis americana typified fall and |
early winter (Group 6) collections. ]

Abundances of tychoplanktonic species Collections from 1991 followed the same i

te_nded to vary over only one-two orders basic pattern observed in recent pre- j

of magnitude: four taxa (amphipods Pon- operational years (Figure 3.1.5-2: Table ;

togeneia inermis and Oedicerotidae: 3.1.5-2). I

cumacean Diasty7is sp.: mysid Neomysis
'

americana) were usually among the domi- Differences between the nearfield and
nants (Table 3.1.5-2). Seasonality of f arfield areas in tychoplankton assem-

.tychoplankton species assemblage is less blages from 1988 through 1991 were ap- i
|

| clearly defined by numerical classifica- parent from numerical classification i
'

tion than are seasonal patterns of the ( Fi gure 3.1.5-2) . Stations P2 and P5
holo- and meroplankton assemblage, In were usually- (85% of collections) -

general, within-group similarities are grouped together. Station P7 exhibited

lower and between-group differences are generally similar seasonal patterns to

smaller for tychoplankton groups (Figure Stations P2 and P5, but lower abundances |
3.1.5.2: Table 3.1.5-2) than for holo- of dominant taxa (Table 3.1.5-2) resul- Ii

and meroplankton groups, as noted in NAI ted in most collections from P7 (60%)
| (1991b). Apparent seasonal patterns being classified in separate groups i

likely reflect a combination of factors: (Groups 7-10). Results of numerical
intermittent swimming activity, recruit- classification were substantiated' by j
ment of new individuals and sampling MANOVA which indicated that there were |

bias introduced by use of oblique tows significant differences among stations
'

that integrated collections over the in species composition (p=0.0001) |

|
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3TABLE 3.1.5-2. GE0 METRIC MEAN ABUNDANCE (No./1000m ) AND 95% CONFIDENCE LIMITS OF DOMINANT TYCH0 PLANKTONIC
TAXA OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASS 1FICATION OF MACR 0Z00 PLANK 70N
COLLECTIONS (MONTHLY MEANS) AT INTAKE STATION P2, DISCHARGE STATION P5 AND FARFIELD STATION
P7, 1988-1991. SEABROOK OPERATIONAL REPORT, 1991.

!
DGROUP DOMINANT SPECIESa PREOPERATIONAL YEARS OPERATIONAL YEARSD

n LCL T UCL n LCL y UCL

1 Harpacticoida 7 30.7 70 157.7 3 4.6 11 26.7
Winter Pontogeneia inermis 16.2 50 149.7 2.3 27 239.5

(0.68/0.63)c Oedicerotidae 16.7 34 69.7 14.1 37 95.0
Neomysis americana 13.6 33 80.2 <0.1 32 1285.1
Diasty1fs sp. 7.3 17 39.9 <0.1 26 700.9
Pseudoleptocuma minor 6.1 13 24.9 0.7 37 863.1
Hysis mixta 0.1 2 7.0 <0.1 40 147245.1

2 Pontogeneia inermis 3 22.0 121 651.1 not represented
Winter Neomysis americana 64.5 120 222.0

(0.77/0.71) Diastylis sp. 3.6 117 3025.6
Y Oedicerotidae 10.8 115 1135.3
g; Harpacticoida 16.7 72 300.0

Pseudoleptocuma minor 3.4 71 1180.9

3 Hysis mixta 25 760.3 2326 7111.0 8 210.5 1614 12328.0
Spring Pontogeneia inermis 26.6 46 79.2 37.6 151 601.3

(0.62/0.56)
4 Pontogeneia inermis 10 395.8 663 1109.5 2 - 233 -

Early Summer Oedicerotidae 53.4 409 3080.6 - 464 -

(0.68/0.66) Neomysis americana 49.3 218 951.5 - 166 -

5 Oedicerotidae 7 134.9 474 1659.5 9 39.0 317 2520.6
Summer Pontogeneia inermis 149.9 202 273.2 113.3 182 292.6

(0.73/0.71) Harpacticoida 40.6 107 281.5 146.7 265 477.3
Diasty1fs sp. 41.4 79 151.2 14.7 49 158.8
Neomysis americana 12.3 66 340.5 47.5 111 256.1

6 Neomysis americana 20 1262.9 2386 4507.3 19 283.3 525 970.5 lFall / Winter Diastylis sp. 28.8 58 115.4 26.8 49 87.2 l

(0.63/0.61) Pontogeneia inermis 35.2 56 88.6 32.4 61 114.6

I

(continued)



TABLE 3.1.5-2. (Continued)

b D
GROUP DOMINANT SPECIESa PREOPERATIONAL YEARS OPERATIONAL YEARS

n LCL y UCL n LCL y UCL

7 Neomysis americana 13 184.3 336 612.3 4 263.6 528 1056.0
P7

(0.53/0.49)

8 Pontogeneia inermis 2 - 38 - 1 - 18 -

Spring. P7 Mysis mixta - 9 - - 21 -

(0.58/0.44) Dias tylis sp. - 6 - - 4 -

Harpacticoida - 6 - - 5 -

Ischyrocerus anguipes - 3 - - 0 -

Pseudaleptocuma minor - 1 - - 16 -

y Neomysis americana - 1 - - 10 -

E 9 Harpacticoida 4 4.0 31 205.5 2 - 9 -

Summer. P7 Oedicerotidae <0.1 6 61.8 - 76 -

(0.44/0.38) Pontogeneia inermis <0.1 4 28.3 - 7 -

Calliopius laeviusculus (0.1 3 14.0 - 2 -

Neomysis americana <0.1 2 13.8 - 6 -

10 Neomysis americana 1 - 11. - 3 <0.1 9 1161.5
Fall, P7 Gammarus lawrencianus - 10 - <0.1 1 54.5,

<0.1 1 9.4(0.34/0.32) Oedicerotidae - 1 -

Diastylis sp. - 0 - <0.1 4 36.3
Hyperfidae - 1 - 0.1 4 18.1

<0.1 2 25.6Erythrops erythropthalma 0 --

Ungrouped Calliopius laeviusculus 1 - 10 not represented-

(P7) Hancocuma stellifera - 1 -

(-/0.05)

ataxa contributing 25% of total group abundance in either preoperational or operational period
bPreoperational period - Jan 1988-Jul 1990: Operational period - Aug 1990-Dec 1991
c(within-group similarity /between-group similarity)

i
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Seventeen of twenty-two species exhibit- little consistency at Station P7, par-

ed spatial differences, most having tially an artif act of the relatively low

lower abundances at Station P7 than P2 abundances at this station. Although
or P5. Of the 13 taxa dominating season- MANOVA results indicated that different-
al groups (Table 3.1.5-2), the amphipods es between preoperational (1988-1989)

Pontogeneia inermis. Oedicerotidae, and operational (1991) years existed.

Ischyroceros angurges and sammarus low- (p-0.0001). they were consistent at the

rencianus: the cumaceans Diasty7is sp. three stations (Station X Preop-Op,

and Pseudo 7eptocuma minor: the mysids (p-0.75). These results suggest that
|

Neomysis americana and Mysis mixta; and differences are due to influences other
harpacticoid copepods occurred in sig- than the operation of Seabrook Station,

nificantly lower abundances at Station

P7 than both Stations P2 and P5.
3.1.5.2 Selected Species

Differences among stations have been

documented previously (NAI 1991b). Ca7 anus finmarchicus
Tychoplanktonic species are often
strongly associated with specific sub- Ca7 anus finmarchicus, particularly the
strate conditions. Substrate type and copepodite lifestage, has historically

complexity, as well as proximity to been a dominant macrozooplankton spe-,

Hampton-Seabrook estuary, may account cies, as observed in the community as-
for some of the observed differences, sessment (Tabl e 3.1.5-1) . Both life-
Historically, Neomysis americana, Ponto- stages are usually present (Figure
geneia inermis. Diasty7is sp. and Oedi- 3.1.5-3). In 1991, copepodite abundanc-
cerotid amphipods have had higher abun- es followed the historical (pre' opera-
dances at Station P2, where substrate is tional) pattern almost exactly, showing
sand and cobble, than at P7. where the peak abundances from April through Octo-
Substrate is mainly sand (NAI 1985b, ber: annual mean abundance (Table 3.1.5-
1988b, 1989b and 1990b). In addition, 3) was also similar to recent (1987-
Hampton-Seabrook estuary may provide a 1989) preoperational years (Table
source of N. americana to Stations P2 3.1.5-4). The April and October abun-

and P5. At Station PS, where substrate dances in 1991 were slightly higher than
is largely ledge outcrop and cobble, the upper 95% confidence levels for
densities of Diasty? fs sp. have been historical data, and September and Octo-
lower than at P2 (NAI 1988b, 1989b). ber abundances were slightly lower than

the historical confidence limits. Adul t
Seasonal groups of the tychoplankton abundances in 1991 were generally simi-

assemblage were similar between Stations lar to the historical pattern; abundanc-

P2 and P5 during preoperational and es in February, September, November and
operational periods at Stations P2 and December were, however, lower than the

P5 (Figure 3.1.5-2), but exhibited less historical confidence limits, and the

seasonal variability (fewer groups with- April abundance was higher. Annual mean
in a given month) in the operational abundance of adults in 1991 did not
period than preoperationally. There was
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Figure 3.1.5-3. I.og (x+1) abundance (no/1000 m3) of Calanusfinmarchicus copepodites
,

and adults and Carcinus maenas larvae; monthly means and 95% confidence!

! intervals over all preoperational years (1978 1984,1986-1989) and monthly
! means for 1990 and 1991 at intake Station P2. Seabrook Operational

| Report.1991.
,
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3TABLE 3.1.5-3. ANNUAL GEOMETRIC MEAN ABUNDANCE (No./1000 m ) AND UPPER AND LOWER 95% CONFIDENCE

LIMITS OF SELECTED MACR 0 ZOOPLANKTON SPECIES AT STATIONS P2, PS, AND P7 DURING
PREOPERATIONAL YEARS (1978-1984 AND 1987-1989) AND GE0 METRIC MEAN ABUNDANCES IN

| 1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991,

|

SPECIES /LIFESTAGE STATIONa PREOPERATIONAL 1990 1991

LCL y UCL x x

Calanus finmarchfcus P2 6.343 8,687 11,897 3,996 8,480
copepodites P5 7,012 9,546 12.994 3.742 8,276

(January-December) P7 4,255 6,684 10,498 2.862 4,817

Calanus finmarchicus P2 115 213 392 35 97

adults PS 37 86 201 56 101

(January-December) P7 45 171 636 13 54

Carcinus maenas P2 5.586 8,451 12,785 7,074 15.472
Y larvae PS 2,076 5,392 14.336 2,245 18.014
$ (June-September) P7 4,625 8,001 13,842 2.667 12,707

Crangon septemspinosa P2 243 329 444 198 394
zoeae and postlarvae PS 144 229 363 152 353
(January-December) P7 156 264 446 101 314

Neomysis americana P2 160 333 692 973 282

all lifestages PS 22 78 268 117 58

(January-December) P7 48 116 281 39 43

aYears sampled: P2 - 1978-1984, 1987-1991

P5 - 1987-1991
,

P7 - 1982-1984, 1987-1991

i

I

'
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MACROZ00 PLANKTON SPECIES FROM STATIONS P2. P5 AND P7 DURfNG PRE-0

OPERATIONAL (1987-1989) AND OPERATIONAL (1991) PERIODS.
SEABROOK OPERATIONAL REPORT. 1991.

b MULTIPLE
SPECIESa SOURCE d.f. SS F COMPARISONS

Calanus finmarchicus ccopepodites Preop-Op 1 0.54 1.24 NS
Month (Jear)gp)d

(January-December) Year (Preop- 2 4.07 4.71 **
44 390.58 20.54 ***

Station 2 2.15 2.49 NS
Preop-Op x Station 9 2 0.28 0.33 NS
Error 236 101.98

Calanus finmarchicus Preop-Op 1 0.06 0.06 NS
adults Year (Preop-Op) 2 16.07 7.64 ***
(January-December) Month (Year) 44 347.23 7.50 ***

Station 2 4.18 1.98 NS
Preap x Station 2 0.55 0.26 NS
Error 236 248.40

Carcinus maenas Preop-Op 1 1.20 2.39 NS
larvae Year (Preop-Op) 2 <0.01 0.00 NS
(June-September) Month (Year) 12 19.63 3.26 ***

Station 2 0.28 0.28 NS
Preop x Station 2 0.24 0.24 NS

Y Error 76 38.13
m

Crangon septemspinosa Preop-Op 1 <0.01 0.00 NS"

zoeae and post larvae Year (Preop-O 2 2.30 3.99 *Month (Year) p)(January-December) 44 356.01 28.11 ***
Station 2 2.96 5.13 ** P2-P5)P7
Preop x Station 2 0.03 0.05 NS
Error 236 67.93

Neomysis americana Preop-Op 1 5.06 8.41 **
all lifestages Year (Preop-Op) 2 29.00 24.09 PRE 0P>0P***

i (January-December) Month (Year) 44 116.00 4.38 ***
Station 2 28.78 23.90 *** P2>P5>P7
Preop x Station 2 0.18 0.15 NS
Error 236 142.05

abased on twice monthly sampling periods
bCommercial operation began in August 1990: 1990 data left out of analysis to keep a balanced design
in the ANOVA procedure.

cPreoperational (1987-1989) versus operational (1991) periods, regardless of station: 1987-1989
reflects the period of time that all three stations were sampled coincidentally.

d Year nested within preoperational and operational periods, regardless of station.
| |Monthnestedwithinyear.regardlessofstation.
' Station P2 vs. station PS vs. station P7, regardless of year.

9 nteraction between main effects.I
NS Not sionificant (p >0.05)-

,

Significant (0.05 2 p >0.01)* -

Highly significant (0.01 2 p >0.001)** -

Very highly significant (0.001 2 p)*** -
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'

differ significantly from recent (1987- mean computations were structured to

1989) preoperational years (Table represent only this peak period.

3.1.5-4). j
The ANOVA results, based on recent j

Copepodite abundances were slightly preoperational and 1991 operational {
.jhigher at Station P2 than at PS and F7 abundances, indicate that C. maenas-

in 1991 (Table 3.1.5-3), although his- abundance has not varied significantly {
torically abundances were highest at P5. among years, between preoperational and- :

However, differences among the three operational periods or among stations !

stations were not significant (Table (Table 3.1.5-4). Annual geometric mean f
3.1.5-4). Differences in adult abundanc- abundances (based on all preoperational |

es between the three stations were also data) for the three stations (Table !
insignificant. The similarity of 3.1.5-3) support the lack of spatial- |
abundances of both Ca7 anus finmarchicus differences indicated in the ANOVA re- !

copepodites and adults at the nearfield sults. However, when each station is |
stations in 1991 to preoperational abun- examined individually (Tabl e 3.1.5-3), j
dances and to farfield abundances indi- 1991 annual mean abundances were two to !

Cates that operation of Seabrook Station three times higher than the preopera- [

has had no identifiable effect on this tional mean. Overall, spatial and tem- !
species. poral (preoperational versus 1991) dif- !

'

ferences in the abundances of C. maenas
larvae were not significant, suggesting

Carcinus maenas that operation of Seabrook Station has [
had no effect on C. maenas larvae. |

Larvae of the green crab Carcinus i

maenas exhibited the same seasonal pat-

| tern of abundance at Station P2 in 1991 Crangon septemspinosa j
'

as they have historically (Figure
3.1.5-3). Abundances were lowest during Larvae and post-larvae Crangon septem-
the late f all through early spring (par- spinosa are typically most abundant at {
ti cul a rly January through April), and Station P2 between June and September: I

peaked in June through September. Mon- this was true in 1991 as well, although
'

thly larval abundances during this abundances in February through May were ;

" peak" period in 1991 were similar to higher than preoperational confidence

historical data. The May 1991 abundance limits ( Figure 3.1.5-4) . In November i

however, was substantially higher than and December, abundances were lower than
;

the preoperational s alue. Higher winter preoperational confidence limits. Mean i

temperatures in 1991 (Figure 3.1.1-1) annual abundances in 1991 at each sta- |,

| may have induced earlier spawning. tion were generally similar to preopera- *

Because the occurrence of C. maenas tional annual abundances (Table 3.1.5- !
larvae is largely limited to late spring 3). Although no differences were appar- |

and summer, the analysis of variance ent in abundances between 1991 and the !

(ANOVA) procedure and annual geometric preoperational period, there were sig-

nificant differences among years (Table t

t

i
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Figun: 3.1.5-4. Log (x+1) abundance (no/1000 m3) of Crangon sepremspinosa (zoea and
post larvae) and Neomysis americana (all lifestages); monthly means and
95% confidence irnervals over all piww.iional years (1978-1984,1986-
1989) and monthly means for 1990 and 1991; and mean percent composition
of Neomysis americana lifestages over all preoperational years (1978-1984,
1986-1989) and for 1991 at int *e Station P2. Seabrook Operational
Report,1991.
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3.1.5-4). Seasonal differences were Immature adults have typically been

also significant, as were differences present throughout the year, but most |

between stations. There was not howev- abundant in the late fall through the !

| er. a significant change in the rela- winter, with a secondary peak in June j

tionship of the abundances at each sta- and July; this was also observed in !
i

tion between the years 1987-1989 and 1991. Ovigerous and larvigerous females- |

| 1991 (Table 3.1.5-4. Preop-Op X Station make up the smallest proportion of the
'

( term), indicating the operation of Sea- N. americana population, and are typi-
! brook Station has not affected C. Sep- cally present only from April through ;

temspinosa abundances. August. These females comprised a rela- |
tively large proportion of the popula- |
tion during the spring and summer in

Neomysis americana 1991. Adults have typically been pres- '

,

! ent from January until October, and have !

i The weak bimodal pattern (based on been the most common lifestage in April
'

long-term ' average conditions) in the and in July and August. Adults
abundances of Neomysis americana (all comprised a comparatively large propor-j

'

lifestages) was even less distinct in tion of the population in May of 1991, i
1991 (Figure 3.1.5-4) from June through and a lesser proportion in January, {
December. Annual mean abundances based March, June and September. In general,

on all preoperational data at Stations monthly percent composition of each life |
P2 and P5 were similar in 1991 compared stage was similar in 1991 to preopera- i

to the preoperational period, while tional patterns.

abundances at P7 were lower in 1991
compared to the preoperational period 4

(Table 3.1.5-3) . Over all three sta- 3.1.5.3 Effects of Plant Ooeration i

tions, the annual mean abundance in 1991
!

was significantly different from that Evaluation of the nearshore popula-
| based on the period 1987-1989 (Table tions of macrozooplankton provides a
! 3.1.5-4), although differences among measure of the effect of plant opera- :

individual years were also significant, tion. The holo- and meroplankton commu-
Spatial differences were apparent in nity exhibited similar patterns in 1991

1991, and have historically been attrib- compared to recent preoperational years

uted to substrate differences and the (1988-1989), although abundances tended
distances of the stations from Hampton to be higher in 1991. Community charac-
Harbor. teristics did not vary among stations in

either time frame, suggesting any tempo- i
The seasonal occurrences of individual ral differences were regional and out-

N. americana life stages in 1991 were side the influence of Seabrook Station. )
generally similar to preoperational

|
patterns (Fi gure 3.1.5-4) . Juveniles The tychoplankton community exhibited

have typically been the most abundant consistent differences among stations j
lifestage in late spring and throughout regardless of operational status of the
the fall; this was true as well in 1991. plant. Spatial differences are likely

3-64
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due to substrate differences and proxim-
ity to the Hampton-Seabrook es t ua ry.
There was no indication that operation
of Seabrook Station has affected the
tychoplankton assemblage.

~

Overall, selected species abundances
in 1991 were similar to historical data.
No operational effects are apparent in,

either the full-preoperational period

(1978-1989 at nearfield Station P2) vs.
1991 comparisons or the 1987-1989 pre-
operational period comparisons at all

three stations.
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3.2 FINFISH uses' numerical classification, but its !

| focus has been expanded to include a j
! Common names recognized by the Ameri- comparison of intake, discharge, and

can Fisheries Society (Robins et al. farfield stations. I

1991) are used for fish taxa. The com- |

mon and scientific names for every taxon - !

j collected from 1975 through 1990 in the _E_g.g.s_s ,

|
i Seabrook ichthyoplankton and adult fin-

f
'

fish programs are listed with their Numerical classification of 195 month-
relative abundances by gear type in NAI ly ichthyoplankton samples from three

'

(1991b). No species new to the Seabrook stations based on abundances of 11 domi-
program were encountered during the 1991 nant taxa' of fish eggs resulted in eight

surveys. sample groups ( Figure -3.2.1-1) . Each
,

group was characterized by its distinct

species composition and abundances (Ta- I

3.2.1 Ichthyopl ankton ble 3.2.1-1). The distribution of sam-
ples among the groups indicates the

! 3.2.1.1 Community extent to which any factor in the-sam-

pling design corresponds to changes in

Many of the dominent ichthyoplankton the composition of the fish eggs commu-
|- eggs collected in this program are dif- nity (Figure 3.2.1-1). The time of year

| ficult to identify to the species level. was clearly the only factor that was
All larval taxa, however, are identified related to the changes in species assem-
to species level. Most of the dominant blages among the groups. Each month's

| pelagic and demersal adult finfish are samples occurred in no more than three

collected as larvae in the study area, of the nine groups. Conversely, each
although few are identified in the egg sample group consisted only of samples
stage from ichthyoplankton collections. from a brief season (one to four

months). The other factors investigated
The nearfield ichthyoplankton communi- (plant operational status, year, and !

ty has been examined in annual baseline station) were unrelated to group assign-
reports using numerical classification ment. No sample group had a dispropor-
(NAI 1982c, 1983b. 1984b, 1985b) and tionately high number of samples from j
discriminant analysis (NAI 1987b 1988b, the preoperational period, the opera-
1989b, 1990b). Species composition of tional period, any single year, or any

| both eggs and larvae exhibited distinct single station.

! seasonal changes, which were consistent
! among years. In the first cperational Samples from different stations col-

report (NAI 1991b) numerical classifi- lected in the same month tended to occur
t cation (cluster analysis) demonstrated in the same sample group. indicating a

that the 1990 community followed the high degree of similarity of fish eggs

i same seasonal patterns observed in pre- assemblages among the three stations.
( vious years. This year the community In 88% of the months in the analysis,

| analysis of fish eggs and larvae again collections from all three stations were

3-66
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Figme 3.2.1-1. Dendrogram and temporal / spatial occurrence panem of fish egg assemblages
formed by rmmerical classification ofichthyoplankton samples (monthly means
oflog (x+1) tansformed number per 1000 m9 at Seabrook intake (P2), discharge
(PS), and farfield (P7) stations, July 1986-December 1991. Seabrook Operational
Report,1991.
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TABLE 3.2.1-1. FAUNAL CHARACTERIZATION OF GROUPS FORMED BY NUMERICAL CLASSIFICATION OF SAMPLES OF
FISH EGGS COLLECTED AT SEABROOK INTAKE (P2), DIS
STATIONS DURING JULY 1986 THROUGH DECEMBER 1991.gHARGE (P5) AND FARFIELD (P7)SEABROOK OPERATIONAL REPORT, 1991.

3NUMBER OF SAMPLES AND DENSITY (EGGS /1000 m )d

PREOPERATIONAL PERIOD * OPERATIONAL PERIODe

GROUP DOMINANT TAXAc N LCL MEAN UCL N LCL MEAN UCL

1 Late Fall Atlantic cod / haddock 27 68 90 119 10 36 62 106
(0.73/0.63)b

2 Early Winter Atlantic cod / haddock 10 6 8 12 5 5 8 13
(0.69/0.63) pollock 1 3 5 <1 2 6

3 Late Winter Atlantic cod / haddock 15 4 6 8 6 2 6 12
(0.66/0.48) American plaice 1 1 2 1 2 6

4 Early Spring American plaice 15 22 38 64 3 41 54 72
(0.59/0.35) Atlantic cod / haddock 7 15 30 11 33 93

fourbeard rockling 4 8 16 0 <1 2

5 Mid-Spring cunner /yellowtail flounder 12 175 293 488 3 576 1,160 2,340
Y (0.76/0.53) fourbtard rockling 77 235 715 17 96 525
$ American plaice 54 73 97 95 111 130

Atlantic mackerel 18 37 77 30 401 5,220

6 Late Spring / cunner /yellowtail flounder 24 6,190 10,200 16.900 6 7,890 17,500 38,900
Early Stnnmer hake /fourbeard rockling 189 460 1.110 134 292 634
(0.71/0.64)

7 Summer hake 30 163 243 361 12 153 354 815
(0.68/0.64) hake /fourbeard rockling 123 205 344 121 226 422

cunner /yellowtail flounder 41 129 401 18 85 389
windowpane 43 77 134 101 158 248

8 Early Fall Atlantic cod / haddock 9 10 20 39 6 1 6 23
(0.67/0.42) hake /fourbeard rockling 4 10 25 2 7 25

hake
.

6 10 17 2 4 10
Atlantic whiting 5 8 12 4 10 21
fourbeard rockling 1 4 10 <1 1 1

4

aEach " sample" consisted of the average of tows within date and dates within month.
b(Within group /between group similarity)
cThose whose preoperational geometric mean densities together accounted for 290% of the sum of the
preoperational geometric mean densities of all taxa within the group.

dGeometric mean and lower (LCL) and upper (UCL) 95% confidence limits. ,

ePreoperational - July 1986 - July 1990: Operational - August 1990 - December 1991.

,
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cl assified in the same group (Figure- The pattern of seasonal succession of

3.2.1-1). Furthermore, in 35% of the the eight fish egg assemblages identi-

months, high similarity levels in the fied by this analysis remained consis-

collections from the three stations tent from year to year, and the period

caused them to group more closely with following the initiation of commercial

each other than with any of the other operation in August 1990 agreed very-

samples in the same group. The high well with the pattern in previous years

level of similarity among stations is (Figure 3.2.1-1). The December 1991
consistent with the observation in pre- samples indicated a slightly earlier

vious years that samples collected on transition from the Group 1 late fall

the same date at different stations cod eggs assemblage to the Group 2 early
resembled each other much more than sam- winter cod /pollock assemblage than in

ples collected at the same station one the previous five years, but transitions

week apart (NAI 1983b, 1984b). from one assemblage to another have

varied by one month in several preopera-
Similarity of the fish eggs community tional occasions as well (Figure 3.2.1-

among stations can be explained by the 1). Overall, the species composition

passive drifting of planktonic organisms and abundance of fish eggs have been

and the dynamic nature of the water very consistent between the preopera-

masses in the study area. For example, tional and operational periods. This
during February through April 1978 when conclusion is substantiated by the re-

American sand lance larvae were most sults of a multivariate analysis of
abundant, tidal current and longshore variance (MANOVA), which showed that

currents in the sampling area were typi- although there was a detectable change

cally 0.2 to 0.6 knots about 75% of the in the egg community between preopera-
time (NAI 1980d). Currents of this tional and operational periods
magnitude could transport a water mass (p<0.001), the difference was consistent
about two nautical miles in a single at nearfield and farfield stations
tidal excursion, or about 5-15 miles in (p-0.97). This result implies that
24 hours during periods dominated by there were some among-year differences

longshore flow. The distance from Sta- in the fish egg community as a whole,

tion P2 to P5 (1-2 miles) or from P2 to but because they were not limited to

P7 (3-4 miles) is short enough that nearfield stations, there is no evidence

plankton communities are transported that they are related to plant opera-

from one station to another in a matter tion. The most notable differences
of hours. Thus on the time scale of between preoperational and operational
this study, in which samples are col- periods were decreased densities of
lected and compared over weeks, months, fourbeard rockling and pollock eggs in

and years, the intake (P2), discharge the operational periods.

(PS), and farfield (P7) stations are

not, in reality, isolated from each

other.
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Larvae seasonal assemblages occurred among

years within the preoperational period.

Eight sample groups were identified but the seasonal pattern in the opera-

i i ma numerical classification of 198 tional period did not vary at all from

monthly ichthyoplankton samples from the usual preoperational pattern. The

three stations on the basis of abundan- species composition in the operational'

ces of 22 dominant taxa of fish larvae period was similar to that in the preop-

(Figure 3.2.1-2). Each sample group was erational period, although average den-

characterized by a unique set of domi- sities were not always similar between

nant species and their abundances (Table preoptrational and operational periods.

3.2.1-2). The limited nut:ber of months For example. Atlantic herring densities {
represented in each sample group (no in the late f all (Group 1) decreased

more than three) shows that the groups between the preoperational and opera-

reflect highly consistent seasonal as- tional periods, whereas Atlantic macker-

semblages (Figure 3.2.1-2). In con- el densities in early summer (Group 6) !

| trast, there was no tendency for samples increased between preoperational and !
!to group selectively according to plant operational periods. Shifts in the

operational status. year. or station. larvae community composition such as
Each sample group contained a represen- this are reflected in a significant
tative selection of samples from both operational status effect (p<0.001) in a

preoperation31 and operational periods. MANOVA for this same data set. When the
samples from several different years, operational status vs. station interac-

| and samples from all three stations. tion (Preop-Op X Station) is examined,

however, it is clear that any changes
in 97.0% of the months analyzed, all during the operational period were not

three stations were classified into the limited to the nearfield stations |

same sample group (Figure 3.2.1-2). In (p>0.99). This is an indication that !
42.4% of the months, the three stations changes in larval abundances in the i

not only fell in the same group. but operational period were not related to !
Ithey were more closely similar to each plant operation, and it is likely that

other than to any other samples of their the significant difference between pre-
group. The extremely high similarity of operational and operational fish larvae

I the larval fish community among stations communities is due to among year varia-
is due to the same circumstances dis- tion.

| cussed for fish eggs: the high degree

| of overlap among the three stations

caused by plank +.an transport over time. 3.2.1.2 Selected Species

Larval fish assemblages in the opera- Nine species of fish were selected for

tional period (August 1990 and later) detailed analyses of within-year and
followed the same seasonal progression among year patterns of larval abundance
as in preoperational years (Figure because of their numerical dominance or )
3.2.1-2). Slight variations in the importance as either a recreational or |

timing of the appearance of the various commercial species. Although larval
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TABLE 3.2.1-2. FAUNAL CHARACTERIZAT10N OF GROUPS FORMED BY NUMERICAL CLASSIFICATION OF SAMPLES OF
FISH LARVAE COLLECTED AT SEABROOK INTAKE (P2), DISCHARGE (P5). AND FARFIELD (P7) STA-
TIONS DURING JULY 1986 THROUGH DECEMBER 1991.a SEABROOK OPERATIONAL REPORT, 1991.

NUMBER OF SAMPLES AND DENSITY (LARVAE /1000 m )d3

PREOPERATIONAL PERIOD OPERATIONAL PERIOD

GROUP 00MINANT TAXAc N LCL MEAN UCL N LCL MEAN UCL

1 Late Fall Atlantic herring 30 29 50 84 12 7 15 34
(0.47/0.18)b

2 Early Winter American sand lance 14 12 24 48 3 <1 17 235
(0.53/0/48) Atlantic herring 2 4 8 0 1 8

gulf snailfish 2 4 6 1 4 8
pollock 1 3 8 <1 3 11

w 3 Late Winter American sand lance 22 226 324 463 6 105 192 350
L (0.74/0.62) rock gunnel 23 37 58 7 25 80
"

4 Early/0.62) Spring
American sand lance 17 51 80 125 3 39 75 146

(0.68 Atlantic seasnail 13 23 40 2 4 7
gulf snailfish 7 11 18 2 5 12
grubby 6 11 19 2 6 19
rock gunnel 6 10 17 1 3 7

' 5 Mid-Spring Atlantic seasnail 7 31 87 240 3 3 30 227
(0.60/0.36) winter flounder 6 18 51 1 8 55

radiated shanny 11 17 26 2 17 106
American sand lance 6 10 17 0 8 150
American plaice 4 7 13 3 10 32'

6 Late Spring / cunner 30 52 116 254 6 2 43 645
Early Summer fourbeard rockling 32 55 93 30 59 117
(0.57/0.47) radiated shanny 19 29 42 28 43 66

Atlantic mackerel 10 19 36 33 286 2.420
winter flounder 6 11 20 2 6 13

7 Late Summer cunner 12 69 146 306 12 140 467 1.550
(0.61/0.47) fourbeard rockling 19 51 132 25 38 59

hake 5 8 14 13 42 130
witch flounder 3 7 14 1 2 4

(continued)
I
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TABLE 3.2.1-2. (CONTINUED)

NUMBER OF SAMPLES AND DENSITY (LARVAE /1000 m )d3

PRE 0PERATIONAL PERIOD OPERATIONAL PERIOD'
b

| GROUP DOMINANT TAXA N LCL MEAN UCL N LCL MEAN UCL

Fall fourbeard rockling 15 1 3 5 6 3 8 19
8 Early/0.31)(0.43 cunner 1 3 6 0 1 1

windowpane 1 1 2 <1 1 2
Atlantic herring <1 1 2 <1 1 3

hake 1 1 2 1 2 3
Atlantic whiting <1 1 2 0 1 3

witch flounder <1 1 1 <1 <1 1

|Each" sample"consistedofthe'averageoftowswithindateanddateswithinmonth.(Within group /between group similarity).
cThose whose preoperational geometric mean densities together accounted for ;t90% of the sum of the
preoperational geometric mean densities of all taxa within the group.

dGeometric mean and lower (LCL) and upper (UCL) 95% confidence limits.w
L ePreoperational - July 1986 - July 1990: Operational - August 1990 - December 1991.
w

i
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,
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fish were present in every month, each species during the preoperational period !

species exhibited a period of peak abun- at all stations (Table 3.2.1-3). Analy- |
dance of three or four months and was sis of variance indicated that there was |

usually absent for part of the year. no significant relationship between the
,

These seasonal fluctuations were the abundance of larval sand lance and sam- !

primary reason for the high within-year pling location (Table 3.2.1-4:. Station)-
|

variability (NAI 1983b). or operational status (Table 3.2.1-4: ;

Preop-Op). The main effect interaction :

Two-way analyses of variance ( ANOVAs) term (Preop-Op X Station) was also not !

were used to test the statistical sig- significant, indicating that there is |

nificance of temporal (preoperational not direct effect due to operation of

vs. operational) and spatial (intake, Seabrook Station. f
discharge, and f arfield stations) dif-

ferences in log (x + 1) transformed

densities. Only collections after the Winter Flounder
initiation of sampling at all three
stations (July 1986) were included in Winter flounder larvae, which were the

the ANOVAs. The ANOVAs focussed on the fourth-most abundant of the selected
periods of peak abundance for each spe- species during the preoperational peri-
cies as identified in the historical od, were usually present from April

,

'data. through July, with the greatest abun-

dance occurring in May and June (Figure
3.2.1-3). Very few specimens were {

American Sand Lance caught between August and March. The )
period of occurrence during the opera- 1

Historically American sand lance were tional years (1990 and 1991) was similar !
usually present in collections from to the preoperational period, although |

'December through July, with peak abun- the peak in abundance in 1991 was broad-
dances occurring from January through er than usual, lasting from May through
April (Figure 3.2.1-3). The relatively July (Figure 3.2.1-3). Abundance of
long per.iod of occurrence is due primar- larval winter flounder during the opera-
ily to an extended hatching period tional period has been lower than during
(Richards 1982) and a long planktonic the preoperational period at all sta-

period for the larval stage (Bigelow and tions (Table 3.2.1-3). Densities of
Schroeder 1953). The periods of occur- winter flounder larvae have been highly
rence and peak abundances during the variable from year to year, so the lower

operational years (1990 and 1991) were values during the operational years are
very similar to the preoperational peri- not necessarily indicative of negative

| ods, but abundance in 1990 was generally effects due to Seabrook Station. The
greater than during the preoperational ANOVA results indicated that not only
period, whereas 1991 abundance was gen- was preoperational abundance greater

erally lower than during the preopera- than operational, but abundance at the

tional period (Figure 3.2.1-3). Ameri- nearfield station (P2) exceeded abun- {
can sand lance was the most abundant dance at the farfield station (Table !
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3
Figure 3.2.1-3. Mean monthly log (x+1) abundance (no./1000 m ) in preoperational
years (1975-1989, with 95% confidence limits),1990 and 1991 for. larvae of American i

sand lance, winter flounder Atlantic cod, and yellowtail flounder. at nearfield

Stations P2 and P3. Seabrook Operational Report 1991. !
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3TABLE 3.2.1-3. GEOMETRIC MEAN ABUNDANCE (No./1000 m ) AND 95%
CONFIDENCE LIMITS OF SELECTED SPECIES OF FISH
LARVAE AT STATIONS P2, PS, AND P7 OVER PRE 0PERA-
TIONAL YEARS AND GEOMETRIC MEAN ABUNDANCE IN 1990
AND 1991. SEABROOK OPERATIONAL REPORT,1991.

OPERATIONAL i

PREOPERATIONAL YEARSa YEARS _ )
|

SPECIES |
(peak period) STATION LCL MEAN UCL 1990 1991 1

!
American sand lance P2 106.5 147.9 205.3 163.9 65.7 ,

(Jan-Apr) P5 111.4 178.6 286.2 260.6 125.9 I
P7 68.1 108.9 173.8 76.1 71.7 |

Winter flounder P2 9.7 14.0 19.9 5.6 5.5
( Apr-Jul ) P5 6.7 11.2 18.4 5.5 4.8

P7 6.1 9.8 15.3 1.5 1.6

Atlantic cod P2 1.4 2.0 2.8 0.7 1.8
(Apr-Jull PS 0.9 1.6 2.6 0.8 1.7

P7 0.6 1.1 1.7 0.2 0.8 ;

Yellowtail flounder P2 2.2 3.1 4.3 0.7 1.1
(May-Aug) P5 2.1 3.6 5.9 1.6 1.0 !

P7 1.9 3.1 4.8 0.6 0.8
i

| Atlantic mackerel P2 4.6 7.3 11.3 5.9 31.7 '

(May-Aug) P5 2.5 5.4 10.5 7.5 18.5
P7 3.1 5.9 10.5 5.8 29.2

Cunner P2 32.3 49.6 75.8 274.0 105.9
(Jun-Sep) P5 40.1 74.5 137.5 191.7 81.4

P7 34.2 61.1 108.6 228.3 140.1

j Hake P2 2.5 4.1 6.3 60.9 2.1
(Jul-Sep) P5 1.9 3.4 5.4 33.9 4.9

P7 2.0 3.9 7.1 33.6 11.8

Atlantic herring P2 18.1 26.9 39.6 2.1 19.3
(Oct-Dec) P5 20.0 33.6 56.1 4.7 19.1

P7 18.6 32.5 56.3 3.2 18.6

Pollock P2 3.9 5.4 7.5 1.0 b
(Nov-Feb) P5 3.2 4.9 7.2 2.0 b

P7 1.6 2.5 3.7 1.0 b

[ aPreoperational years:
P2 - 1975-1989
P5 - 1975-1981 and 1986-1989
P7 - 1982-1989

(Years in which one or more months of the peak period were not sampled
at a station were not included in the mean)

bYearly mean not computed for pollock in 1991 because January and
| February 1992 data were not available.
'
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3
TABLE 3.2.1-4. RESULTS OF ANALYSIS OF VARIANCEa 0F LOG (x+1) TRANSFORMED ABUNDANCES (No./1000 m ) 0F

SELECTEDSPECIEg0FFISHLARvAEAMONGSTATIONSP2,PS,ANDP7DURINGPRE0PERATIONAL
AND OPERATIONAL PERIODS. SEABROOK OPERATIONAL REPORT, 1991.

SOURCE OF MULTIPLE

SPECIES VARIATION df SS F COMPARISONS

(peak period)

cPreop-Op 1 0.58 1.18 NSAmerican sand lance
Month (Year)Qp)dYear (Preop- 3 2.65 1.79 NS(Jan-Apr)

15 61.18 8.27***
Station 2 2.57 2.61 NS

fPreop x Station 2 0.77 0.78 NS
Error 172 97.67

Winter flounder Preop-Op 1 2.96 7.97** Preop >0p
(Apr-Jun) Year (Preop-Op) 3 4.94 4.44**

Month (Year) 15 73.57 13.22***
Station 2 2.85 3.84* P2 P5 P7

r

Preop x Station 2 0.34 0.45 NS
Error 172 75.65

L Atlantic cod Preop-Op 1 1.75 14.89*** Op> Preop
(Apr-Jul) Year (Preop-Op) 3 1.15 3.27*''

Month (Year) 15 8.89 5.05***
Station 2 0.46 1.95 NS
Preop x Station 2 0.11 0.46 NS
Error 161 23.97

Yellowtail founder Preop-Op 1 1.62 5.18* Preop >0p
(May-Aug) Year (Preop-Op) 2 3.30 5.27**

Month (Year) 12 21.35 5.68***
Station 2 0.05 0.09 NS
Preop x Station 2 0.26 0.42 NS
Error 172 53.87

Atlantic mackerel Preop-Op 1 17.34 21.64*** Op> Preop
(May-Aug) Year (Preop-Op) 2 5.13 3.20*

Month (Year) 12 136.84 14.23***
Station 2 0.35 0.22 NS
Preop x Station 2 0.38 0.24 NS

,

Error 172 137.84

(continued)
I
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TABLE 3.2.1-4. (Continued)

SOURCE OF MULTIPLE
SPECIES VARIATION df SS F COMPARISONS

(peak period)

Cunner Preop-Op 1 0.00 0.00 NS
(Jun-Sep) Year (Preop-Op) 2 8.64 5.85**

Month (Year) 12 121.06 13.66***
Station 2 0.69 0.47 NS
Preop x Station 2 0.18 0.12 NS,

Error 172 127.03

Hake Preop-Op 1 1.52 3.03 NS"

(Jul-Sep) Year (Preop-Op) 3 5.98 3.97**
Month (Year) 10 27.87 5.56***;

' Station 2 2.44 2.43 NS
Preop x Station 2 1.58 1.57 NS'

Error 161 80.77

Atlantic herring Preop-Op 1 17.96 43.83*** Preop >0pw
' (Oct-Dec) Year (Preop-Op) 4 25.43 15.52***
$ Month (Year) 12 53.25 10.83***

Station 2 0.58 0.70 NS
Preop x Station . 2 0.02 0.02 NS
Error 188 77.01

Pollock Preop-Op 1 1.37 7.79** Preop >0p'

(Nov-Feb) Year (Preop-Op) 3 12.83 24.30***
Month (Year) 15 16.10 6.10***
Station 2 0.56 1.58 NS
Preop x Station 2 0.03 0.09 NS
Error 210 36.95

|basedoneachspecies'peakperiodasdefinedinTable3.2.1-3Preoperational = July 1986 - July 1990: Operational = August 1990 - December 1991: 1990 data were
not included in the analysis for species where the period of peak abundance includes both July and

jpreopera(e.g..yellowtailflounder)
August

tional versus operational period regardless of station
year nested within preoperational and operational periods. regardless of station

emonth nested within year nested within preoperational and operational periods. regardless of station
interaction between main effects (status and station)

NS = not significant (p>0.05)
* = significant (0.052p>0.01)

** = highly significant (0.012p>0.001) ,

*** = very highly significant (ps0.001)

|
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3.2.1-4). The Preop-Op X Station inter- during the periods of peak occurrence

action was not significant, however, was similar among stations, but was

indicating that differences among sta- higher during the preoperational period

tions were consistent regardless of (Table 3.2.1-3) . Analysis of variance j

plant operational status and there was results supported this finding (Table |

no direct effect on this species due to 3.2.1-4: Preop-Op and Station). The-
Seabrook Station (Table 3.2.1-4: Preop- interaction term between Peeop-Op and |
Op X Station). Station was not significant (Table !

3.2.1-4: Preop-Op X Station), indicating !

a broadscale trend not directly related

Atlantic Cod to operation of Seabrook Station.

.I
Atlantic cod larvae typically exhibit- '

ed a bimodal period of occurrence with Atlantic Mackerel ;

one peak lasting from November through ;

January and a second, usually larger Atlantic mackerel larvae have histori- |

peak, lasting from April through July cally exhibited a period of occurrence .

I
(Figure 3.2.1-3). Monthly abundance of lasting from May through September with

'

larval Atlantic cod in 1990 was general- greatest densities occurring in July

ly lower than the preoperational aver- ( Figure 3.2.1-4) . The period of occur- |
age. Monthly abundance in 1991 was rence has remained similar during the ;

lower than the preoperational period operational period, although peak densi- !
during much of the year, but was similar ties in 1991 were substantially higher !

or slightly higher than the preopera- than during 1990 or the preoperational [
tional average during May, June, and mean. The geometric mean abundance of |

November. Analysis of variance indicat- larval Atlantic mackerel was also sub- !

ed that mean abundance was higher during stantially higher during 1991 than dur- i

operational years but this pattern was ing 1990 or preoperational years (Table f
'consistent at all three stations (Table 3.2.1-3). Analysis of variance indicat-

3.2.1-4: Preop-Op: Station: Preop-Op X ed that mean abundance was greater dur-
Station). ing operational years than during preop-

erational years (Table 3.2.1-4: Preop- i

Op). There was no significant differ- .|
Yellowtail Flounder ence in abundance among the three sta- |

tions- (Table 3.2.1-4: Station) and the !

Yellowtail flounder larvae were nor- interaction between Preop-Op and Station f
mally collected from May through Septem- was also not significant (Table 3.2.1-4: ;

ber, with peak abundance occurring in Preop-Op X Station) indicating. a wide- ;

June. and July (Figure 3.2.1-3). Monthly spread increase in abundance in 1991,

abundance of yellowtail flounder larvae unlikely to be related to operation of j

during the operational period has gener- Seabrook Station. [
ally been lower than during the preop- i

erational period, particularly in May

and June. Geometric mean abundance j
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Figure 3.2.1-4. Mean monthly log (x+1) abundance (no/1000 m3) in preoperational years
(1975-1989, with 95% confidence limits),1990 and 1991 forlarvae of
Atlantic mackerel, cunner, hake, Atlantic herring, and pollock at nearfield
Stations P2 and P3. Seabrook Operational Report,1991.
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Cunner 1990 included both preoperational and

operational months. This explains the '

Cunner larvae have historically been non-significance of the Preop-Op factor

collected from June through October, (Table 3.2.1-4) despite the extremely ,

with peak abundance during July and high hake densities in the summer of

August (Figure 3.2.1-4). Data from the 1990 (Table 3.2.1-3). Neither the Sta--
operational period generally followed tion term nor the Preop-Op X Station |

this same pattern, although the time of interaction term was statistically sig- ['
peak occurrence appears to have shifted nificant (Table 3.2.1-4).
to July. August, and September. Al- |

though mean abundance at all stations ,

has been higher during the operational Atlantic Herring ;

period than during the preoperational |

period (Table 3.2.1-3) . ANOVA results Atlantic herring larvae typically |

indicated this difference was not sig- occurred from October through May and ;

nificant (Table 3.2.1-4: Preop-Op). were rare for the remainder of the year -

There were no significant differences ( Fi gure 3.2.1-4) . Peak abundance usual- ;

among stations (Table 3.2.1-4; Station) ly occurred from October through Decem- '

Op a d S t nt ign can - on1 observed i arch. A m

ble 3.2.1-4; Preop-Op X Station). pattern was also observed during the I

operational period, although the timing |

of the secondary peak appears to be
,

Hake va ri a ble. Geometric mean abundan.Ce was
'

'
generally simila- to the preoperational

Historically, hake larvae were con- period (Table 3.2.1-3) . There was a j

fined to a relatively brief period of dramatic difference between mean' abun- ;

| occurrence, beginning in June ur . July, dance in 1990 ano tne mean of the preop-
,

peaking in August and September, then erational period, but 1991 values were
.

declining to near zero by November (Fig- closer to the preoperational average |

ure 3.2.1-4). Although generally simi- (Tabl e 3.2.1-3) . Preoperational abun-
,

lar to the historical pattern, the oper- dances were significantly greater than

ational period of occurrence has been operational abundances at all stations !

rather variable over the two years stud- (Table 3.2.1-4: Preop-Op X Station). )
ied. The timing of the 1990 period of

occurrence was very similar to the his-

torical pattern but abundance was far Pollock
greater in 1990 than in previous years.

The 1991 period of peak occurrence was Pollock larvae also exhibited a fall-
later thart normal (September) and abun- winter pattern of occurrence, but it was

dance was lower than normal in some generally briefer than that of herring

months yet higher in others. The 1990 larvae. Relatively large densities of

abundances for hake were excluded from pollock larvae were collected from No-

the ANOVA because the peak period in vember though February and few ' to' none;

I
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1

eere caught from March through October dates in 1991, primarily during January- '

(Figure 3.2.1-4). However, monthly July and during December.
,

| pollock catches during the preopera-
tional period were highly variable from Fifteen taxa of fish eggs and 22 taxa

j year to year, as evidenced by the broad of fish larvae were recorded from en-

| confidence limits (Figure 3.2.1-4). trainment samples in 1991. Total en , .

Catches of larval pollock were also trainment was estimated for both eggs

somewhat irregular during the operation- and larvae for January-July and 'for [
al years, with higher than usual catches December on the basis of observed densi- i
during April and May but lower than ties in entrainment sampl es and the
usual catches in November. December, and total cooling water flow (Table 3.2.1- |
January. Geometric mean abundance in 5). Atlanti c mackerel and cunner / !:

| 1990 was lower than the preoperational yellowtail flounder were the egg taxa |
mean, but this pattern was consistent entrained in the greatest numbers during |
among all stations (Table 3.2.1-3). The those months, and the greatest numbers ;

I1991 mean abundances are not yet avail- of larvae entrained were rock gunnel.

able because the period of peak abun- American sand lance, and grubby. These j
dance extends through the change of estimates of numbers entrained can be |
year. Analysis of variance indicated considered to represent total losses due i
that the 1990 (operational) abundance to entrainment (assuming the worst case |
was lower than abundance during the of 100% mortality of entrained ichthyo- ;

*
preoperational period (Table 3.2.1-4: plankton).
Preop-Op). However, there were no sig- i

nificant differences in abundance among The effect of plant operation (en-
3,

| stations (Table 3.2.1-4: Station) or trainment losses plus thermal plume
,

| among stations due to operational status effects) on coastal ichthyoplankton '

! (Table 3.2.1-4; Preop-Op X Station), so populations was evaluated by comparing ,

j there is no evidence that operation of preoperational and operational abundanc-
| Seabrook Station is affecting abundance es in the vicinity of the plant (sta-

of larval pollock. tions P2 and PS) to abundances at far- ;
'

field Station P7. Only if the relation-

ship among stations differed between |

3.2.1.3 Effects of Plant Operation preoperational and operational periods

would it be possible to implicate plant

The greatest potential effect of the operation in the change. For the fish
'

operation of Seabrook Station on ich- eggs community and the fish larvae com-
thyoplankton is expected to be mortality munity the seasonal assemblages were
of fish eggs and larvae entrained by the highly consistent between preoperational
cooling water system. Seabrook* s circu- and operational periods, and the three

lating water system was in operation 351 stations were very similar 'n their

days during 1991. The average flow rate species composition (Section 3.2.1.1) . |
ranged from 253 million gallons per day Both the eggs community and the larvae '

(MGD) in August to 591 MGD in December, community exhibited preoperational vs.

Entrainment samples were collected on 30 operational differences in abundances.

3 82
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TABLE 3.2.1-5. MONTHLY ESTIMATED NUMBERS OF FISH EGGS AND LARVAE
(IN MILLIONS) ENTRAINED BY THE COOLING WATER SYSTEM
DURING JANUARY THROUGH JULY AND DECEMBER 1991.
SEABROOK OPERATIONAL REPORT, 1991.

-

TAXON JAN FEB MAR APR MAY JUN JUL DEC
'

,

EGGS

Atlantic mackerel 1.9 55.0 611.0 5.2
Cunner /yellowtail
flounder 0.1 1.3 612.5 50.2

Cod / witch flounder 2.0 20.6 40.5 6.3
Cunner <0.1 0.1 51.6 0.5
Hake /fourbeard
rockling 0.3 6.0 27.8 1.0

American plaice 0.2 4.9 7.9 7.7 0.3
Windowpane 0.1 1.0 14.7 4.1
Atlantic cod 0.1 0.3 0.1 0.8 3.1 0.3 0.2
Fourbeard rockling <0.1 1.7 2.5 0.1
Hake 2.4 0.2
Unidentified 0.7 <0.1 0.2 1.1
Pollock 0.7 0.1 0.2
Atlantic menhaden 0.5
Cusk 0.5
Atlantic cod / haddock 0.2
Tautog 0.1 0.1

LARVAE
Rock gunnel 4.5 36.6 7.1 2.8 0.1
American sand lance 1.8 17.1 5.1 13.0 0.1 0.1 0.1
Grubby 0.2 2.9 8.7 9.7 0.9
Atlantic seasnail 0.3 2.2 1.6 11.0 0.9
Winter flounder 0.2 5.2 3.6
Atlantic mackerel 0.2 4.3 0.2
Radiated shanny 0.2 0.1 1.8 1.0 ;

Gulf snailfish 0.5 0.8 1.0 0.3 0.1 0.1
Unidentified 0.7 0.4 0.2 0.7 0.1
Atlantic cod 1.2 0.3
American plaice 0.2 0.1 0.7
Longhorn sculpin 0.5 0.1 <0.1
Atlantic herring 0.2 0.1 0.2
Fourbeard rockling 0.5
Snailfish 0.2 0.1 |

Yellowtail flounder 0.1 0.2 ,

Shorthorn sculpin <0.1 0.1 0.1 1
iWrymouth <0.1 0.1

Moustache sculpin <0.1 0.1 |

Alligatorfish 0.1 |

Lumpfish 0.1
Windowpane <0.1
Cunner <0.1 |
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but these changes were the same at near- 3.2.2 Adult Finfish

field and farfield stations, thus there

is no evidence of any impact from plant 3.2.2.1 Community

operation.
Inter-Annual Patterns in the

Although there were significant dif- Pelagic Fish Community -

ferences between preoperational and |
operational abundance for six of the Catch per unit effort (CPUE) for gill

,

nine selected species, the interaction nets (all stations pooled) was 4 fish |

effect (Preop-Op X Station) was non- per net in 1991 (Figure 3.2.2-1). CPUE

significant in all cases (Section in 1991 was similar to CPUE for the
3.2.1.2). Therefore, the differences in period 1981 through 1990. CPUE in 1991
abundance corresponding to operational was well below the highest CPUE of 29

status were consistent among all sta- fish per 24-hour set in 1980. The low
tions. Given that the farfield station CPUE in 1990 and 1991 reflects a contin-
is presumed to be beyond the zone of uation of the low and generally decreas-

influence, these results would not be ing trend in CPUE that started in 1981.

expected if operation of Seabrook Sta-

tion were affecting larval abundance. Changes in the annual composition of

the pelagic fish community were examined
,

Winter flounder was the only species by comparing CPUE of the dominant spe- |
that exhibited variable abundance among cies among years. CPUE was used to I

stations, with density at the nearfield evaluate the species composition because j
station (P2) greater than at the f ar- it provides a measure of the contribu-

field station (P7). The demersal nature tion or a species to the entire catch
of the eggs and relatively remote loca- that is independent of contributions by

tion of Station P7 could explain the other species. Five taxa accounted for
observed spatial variation. However, approximately 90% of the average preop-
the significance level of the F-test was erational gill net catch (Table 3.2.2-
not extreme. Also, due to the transient 1). During the preoperational period,
nature of ichthyoplankton, the three CPUE of Atlantic herring was greatest

stations are not isolated from each followed by blueback herring, Atlantic

other when viewed on a time scale ex- whiting, pollock and Atlantic mackerel.
'

ceeding a few hours or days. During the operational period. Atlantic i

mackerel was dominant followed by Atlan-
Eight of the nine selected species tic herring, pollock and spiny dogfish,

showed significant year to year vari- ;

ability and this undoubtedly contributed Multivariate analysis of variance was

to the significance of the operational used to examine changes in community
status factor in the ANOVA models. As composition, as measured by mean yearly
the size of the operational data set CPUE of species, between the preopera-
increases, it is probable that fewer of tional and operational periods. The
the Preop-Op comparisons will be statis- species composition of the pelagic com-
tically significant. munity during the preoperational period

3-84
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Figure 3.2.2 1. Annual total catch per unit effon (number per 24. hour set of one net, surface or bottom) in
gill nets by station and mean of stations,1976-1991. Seabrook Operational Report,1991.
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TABLE 3.2.2 1. CATCH PER UNIT EFFORT (NUMBER PER 24-HOUR SET. SURFACE AND BOTTOM) BY YEAR. AND ALL PREOPERATIONAL YEAR 5
COMs!NED FOR ABUNDANT SPECIES IN GILL NET SAMPLES FROM 1976 THROUGH 1991 AT STATIONS 01. G2. AND G3 COMBINED.
SEABROOK OPERATIONAL REPORT. 1991.

4

i

i ,

YE&B PREOP
,

| 1976 1977 1978 1979 1980 1981 1982 1983 1984- 1985 1996' 1987 1988 1989 s 1990- 1991

i

l Atlantic herring 4.67 6.33 11.66 7.39 24.03 2.81 4.02 4.02 1.13 0.86 1.89 2.35 1.51 2.44 6.06 0.08 1.30

Atlantic whiting 1.47 2.72 0.37 0.40 1.79 0.34 0.44 0.08 0.23 0.04 0.07 0.21 0.04 0.02 0.80 0.15 0.04'

Blueback herring 0.47 - 1.48 2.24 0.16 0.49 0.12 0.61 0.89 0.38 0.33 0.87 0.72 0.48 0.26 0.81 0.17 0.40
.

(Pollock 0.51 0.46 0.18 0.20 1.52 1.13 0.22 1.11 0.44 0.74 1.01 0.26 0.60 0.40 0.57 0.76 0.42

Atlantie neckerel 1.05 0.88 0.29 0.14 0.59 0.88 0.32 0.45 0.26 0.33 0.18 0.33 1.01 0.24 0.52 1.22 0.42

1>

00 Alewife 0.11 0.21 0.29 0.04 0.14 0.10 0.12 0.39 0.21 0.19 0.19 0.11 0.27 0.04 0.20 0.04 0.18
m

Atlantic menheden 0.04 0.34 0.06 0.22 0.24 0.04 0.09 0.48 0.22 'O.14 0.24 0.07 0.03 0.09 0.18 0.06 0.04

Hake species * 0.15 0.25 0.11 0.10 0.12 0.28 0.07 0.10 0.31 0.06 0.10 0.01 0.21 0.01 0.14 0.03 0.00

i Rainbow smelt 0.10 0.14 0.15 0.12 0.11 <c.01 <0.01 0.11 0.26 0.08 0.20 0.15 0.04 0.02 0.11 0.02 0.03

Atlantic cod 0.11 0.11 0.06 0.09 0.11 0.04 0.11 0.14 0.13 0.02 0.12 0.08 0.09 0.04 0.10 0.01 0.00

Spiny dogfish <0.01 0.03 0.03 <0.01 0.00 <0.01 0.03 0.08 0.12 0.17 0.37 0.01- 0.03 0.15 0.06 0.39 0.45
!

Other speeles 0.08. 0.21 0.24 0.40 0.33 0.55 0.33 0.47 0.66 0.38 0.24 0.24 0.20 0.28 0.32 0.35 0.59'

,

All species. 8.76 13.16 15.68' 9.26 29.47 6.30 6.36 8.32 4.35 3.34 5.48 4.54 4.51 3.99 9.87 3.28 3.87

i
* includes red, white and spotted hake'

,I

$

o.
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was significantly different (p<0.0001) Spatial Patterns in the Pelagic

from the pelagic community during the Fish Community
,

operational period. With the possible

exception of Atlantic herring, the year- CPUE at gill net Stations G1, G2. and
ly changes in the composition of the G3 showed similar fluctuations among

pelagic fish community in the study area years (Figure 3.2.2-1). CPUE was great -
,

| were similar to the changes in the com- est in 1980 for all stations combined !
'

I position of the pelagic fish community primarily due to large catches of Atlan-
in the Gulf of Maine (NOAA 1991a b). tic herring. Since 1980, annual CPUE at

The primary differences in the community each gill net station has fluctuated

composition in the study area beteeen within a narrow range. Species composi- ,

the preoperational and operational peri- tion was similar among stations within

ods were a decrease in abundance of the preoperational and operational peri- |

Atlantic herring and Atlantic whiting ods (Table 3.2.2-2). >

and an increase in abundance of Atlantic
mackerel and spiny dogfish (Table 3.2.2- Atlantic herring dominated the catch !
1). Atlantic herring CPUE in the study during the preoperational period at |

'

area was greatest in 1979-1980 and has Station G1, located approximately 2 km

subsequently decreased. In contrast, south of the discharge (Table 3.2.2-2).

the National Marine Fisheries Service During 1990, the first operational year, f
(NMFS) Atlantic herring abundance index Atlantic herring declined in CPUE and i

in the Gulf of Maine has risen steadily Atlantic mackerel was the dominant spe- !

since 1984 and is presently near its cies followed by pollock. Species com- t

highest recorded value (NOAA 1991b). position in 1991 was similar to the '

CPUE of Atlantic whiting in the study preoperational years, with Atlantic ;

area began to decrease in the early herring the dominant species; however. !

1980s. Atlantic whiting stocks have CPUE of Atlantic herring was smaller in ;

fluctuated in the Gulf of Maine greatly 1991 than the preoperational years. |
in the 1980's and presently the stock is During 1990. CPUE of spiny dogfish was f
considered fully exploited (NOAA 1991b). greater than the preoperational period;

.

Atlantic mackerel began to increase in although spiny dogfish CPUE returned to I
'

CPUE in the study area beginning in preoperational levels in 1991.

1987. Atlantic mackerel stocks have ;

been increasing since 1981 in the Gulf Station G2. located approximately 250 |
of Maine (NOAA 1991b). Spiny dogfish m from the discharge, showed a similar

CPUE began to increase in the study area pattern in species composition to Sta-

beginning in 1983. Spiny dogfish abun- tion Gl. Atlantic herring was the domi-

dance in the Gulf of Maine and Mid- At- nant species during the preoperational
lantic has increased steadily over at period. In 1990. Atlantic mackerel and
least the last ten years (NOAA 1991b). pollock were the dominant species. as

Atlantic herring catches declined. in j

1991 Atlantic herring was the dominant i

species again, followed by blueback

herring and pollock However, the rela-

3-87
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TABLE 3.2.2-2. CATCM PER UNIT EFFORT (NUMBER-PER-24-HOUR SET. SURFACE AND BOTTOM) BY STATION FOR
ABUNDANT SPECIES IN GILL NETS. ALL PREOPERATIONAL YEARS (1976-1989).
1990 AND 1991, DEPTHS COMBINED. SEABROOK OPERATIONAL REPORT. 1991.

STATION

91 62 G3

PREOP. PREOP. . PREOP.
SPECIES YEARS 1990 1991 YEARS 1990 1991 YEARS 1990 1991.-

;

Atlantic herring 25.11 0.33 3.75 37.67 0.17 6.83 30.34 0.50 5.00

Atlantic whiting 3.42 0.50 0.08 3.77 0.92 0.00 5.19 0.42 0.42 ;

!Blueback herring 2.74 0.50 1.42 4.16 0.58 3.17 5.49 0.92 0.17 '

Atlantie neckerel 2.38 6.42 1.17 2.64 4.50 0.17 2.98 3.75 3.67

Pollock 2.46 'O.92 0.92 3.07 2.00 2.92 3.25 6.25 1.25 t

Hake species * 0.99 0.17 0.00 0.75 0.25 0.00 0.47 0.00 0.00ts

b Atlantic menheden 1 00 0.67 0.00 0.64 0.08 0.17 1.10 0.00 0.33.

* Alewife 0,92 0.25 0.92 1.13 0.17 0.50 1.02 0.08 0.75
Reinbow smelt 0.52 0.00 0.25 0.51 0.25 0.00 0.69 0.00 0.08

Longhorn sculpin 0.43 0.08 0.17 0.44 0.00 0.08 0.18 0.17 0.00

Atlantic cod 0.47 0.00 0.00 0.39 0.08 0.00 0.62 0.00 0.00

Bluefish 0.35 0.08 0.50 0.35 0.0c 2.33 0.20 0.50 0.83

Spiny dogfish 0.30 3.83 0.08 0.07 0.08 2.42 0.49 0.75 2.92

All other species ' 0. 75 ' 1.67 0.92 0.99 0.92 1.75 1.28 0.83 0.50

* includes red. white, and spotted hakes

i
,

!

.
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tive abundance of Atlantic herring was community that may be exposed to im-

less than during the preoperational pingement (Table 3.2.2-3). In the pre-
,

|period. CPUE of spiny dogfish increased operational period, Atlantic herring,I

steadily from the preoperational period Atlantic mackerel and Atlantic menhaden
;

to 1990 and 1991. Spiny dogfish and were dominant. In the operational peri-'

,

bluefish CPUE was greater in 1991 than od Atlantic mackerel and Atlantic whit-- ||

the preoperational period. ing were dominant along with Atlantic
'

,

menhaden in 1990 and Atlantic herring in

km north of the discharge a ea sho

| similar patterns in species composition
as Stations G1 and G2. Atlantic herring Inter-Annual Patterns in the '

!
was the dominant species during the Demersal Fish Community

| preoperational period and CPUE of Atlan-
tic herring declined greatly during 1990 Otter trawl CPUE (fish per ten minute

,

when Atlantic mackerel and pollock were tow) for all stations and species com- |

| dominant. Atlantic herring were domi- bined during the preoperational period i

' nant again in 1991 followed by Atlantic peaked in 1981 at 95 fish / tow (Figure ;

| mackerel and spiny dogfish. 3.2.2-2). CPUE increased to a second
I peak of 61 fish / tow in 1989, but has

I Since 1980, mid-water gill nets have declined steadily since then. CPUE in !

! been set in addition to the surface and 1991, the first full operational year,

[ off-bottom nets during February. June was significantly below the preopera-

| and October to characterize the fish tional mean CPUE (p<0.0001). The de-
,

I

TABLE 3.2.2-3. CATCH PER UNIT EFFORTa FOR THE DOMINANT SPECIES CAPTURED I

IN MID-DEPTH GILL NETS OVER ALL STATIONS AND DATES, ,

PREOPERATIONAL YEARS (1980 THROUGH 1989), 1990 AND

| 1991. SEABROOK OPERATIONAL REPORT, 1991.

,

i
!

PREOPERATIONAL
SPECIES YEARS 1990 1991 ;

i

|

Atlantic herring 2.9 0.1 1.2 )
Atlantic whiting 0.5 0.4 0.3
Atlantic mackerel 0.9 2.2 1.4
Pollock 0.2 0.0 0.0
Al ewi f e 0.1 0.2 0.0
Blueback herring 0.3 0.2 0.1
Atlantic menhaden 0.7 0.6 0.0
Rainbow smelt <0.1 0.0 0.0

a number per one 24-hour set of one net (surface, mid-depth, or bottom)
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In most years sampling was curteiled at station T2 during September and October
due to presence of lobster gear.

,

Figure 3.2.2-2. Annual total catch per unit effort (mcan number per 10 minute tow) in otter trawls by
station ami mean of stations, 1976-1991. Scabrook Operational Report,1991.
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|
t crease in CPUE in otter trawls corre- were among the three most-abundant spe-

sponds with an overall decrease in de- cies each year. !

mersal fish abundance observed in
i
I Georges Bank and the Gulf of Maine (NOAA The change in species conosition that

| 1991b). Otter trawl catches are primar- occurred in the mid- 198v., and continues

( ily composed of demersal fish such as to the present appeared to be a reflec _

| flounders and members of the cod family. tion of a larger change in species com-

| The National Marine Fisheries Service position in the Gulf of Maine and not
! (NMFS) index of abundance for these due to operation of the Seabrook Sta-

| species (1963-1991) peaked in 1978 and tion. According to NMFS "... catches of

| subsequently declined to the lowest both skates and dogfish since 1986 have

recorded values in 1987 and 1988 (NOAA been the highest observed in the time

1991b). The index increased slightly series..." that began in 1968 (NOAA

since 1988 but still remains below his- 1991b).
torical levels. The decrease in CPUE ;

observed in the demersal fish community |
in the study area is likely a reflection Spatial Patterns in the Demersal

of a widespread decrease in abundance of Fish Community

| demersal fish in the Gulf of Maine and

| Georges Bank. Mean annual CPUE was similar at the
offshore stations (T1 and T3), while

| Changes in the annual species composi- CPUE at the shallower nearshore station
tion of the demersal fish community were (T2) was much lower (Figure 3.2.2-2).

examined through multivariate analysis Trawls are generally not fished at Sta- '

of variance of mean yearly CPUE of domi- tion T2 during September and October due
| nant trawl species. Species composition to high density of lobster gear in the

was significantly different between the Station area. Furthermore, the habitat

preoperational and operational periods at Station T2 is different from the
(p<0.0001). During all preoperational other trawl stations. Station T2 is in
years combined. CPUE of yellowtail shallower water with a bottom covered by
flounder was greatest followed by long- large quantities of drift algae (NAI

; born sculpin, hake sp., winter flounder 1989b). In 1991 trawls were not fished
| and rainbow smel t (Table 3.2.2-4). at Station T2 during August through

Species composition appeared to change October. These months are typically a

| in 1986 and 1987 when CPUE of skate sp. period of high abundance for demersal

| and rainbow smelt increased. Prior to species and the lack of sampling could
these years, the three most-abundant bias the results, causing a lower mean

fish were either yellowtail flounder, CPUE at Station T2.
hake sp., longhorn sculpin, Atlantic cod
or winter flounder. Beginning in 1986, Species compositi on, as measured by

|
skate sp. were among the five most-abun< CPUE, was different among stations (Ta-

' dant species every year. Similarly, ble 3.2.2-5). During both the preopera-
from 1987 through 1990 rainbow smelt tional and operational periods, yellow

|
|

3-91
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TABLE 3.2.2-4. CATCM PER UNIT EFFORT (FISH PER TEN MINUTE TOW) SY YEAR. AND ALL PREOPERATIONAL YEARS COMBINEO. FOR ASUNDANT SPECIES IN OTTER
8

TRAWL 3 1976 THROUGH 1991 AT STATIONS T1. T2 AND T3 COMSINED. SEASROOK OPERATIONAL REPORT. 1991.

Yg&B PREOP

1976 1977 1978 1979 19e0 1981 1982 1983 1984 1985 1986 1987 1988 1989 i 1990 1991

Yellowtail flounder 21.99 14.94 13.46 26.16 30.90 26.71 15.94 12.63 9.73 11.60 8.70 9.76 11.59 18.37 16.90 13.10 6.59

Lon9 orn sculpin 3.06 3.95 5.31 9.90 13.89 15.64 11.83 15.96 14.67 9.37 4.11 4.90 6.20 6.39 8.98 7.53 5.86h

Hake species 11.21 15.40 11.33 6.69 7.50 12.84 14.14 6.19 7.04 6.23 6.10 5.15 5.01 4.79 8.67 2.43 4.8)
~

' h

Winter flounder 3.21 4.01 5.43 5.75 11.65 13.87 6.84 5.13 3.94 3.77 4.64 5.60 5.38 6.56 6.19 5.37 7.00

Rainbow smelt 8.16 1.70 5.85 5.29 3.62 5.51 3.77 5.60 3.50 0.57 1.46 7.78 10.78 11.44 5.43 5.46 3.00

Atlantic cod 2.46 1.35 8.38 10.62 8.05 5.79 5.05 5.39 2.92 1.08 1.45 2.90 5.04 0.85 4.50 0.39 0.77*

Skate species' 1.60 2.37 1.32 1.35 1.44 1.93 2.51 4.45 4.10 4.59 6.41 5.52 5.56 5.21 3.34 5.36 5.46

y Atlantic whiting 3.57 1.58 2.16 2.05 1.33 2.41 3.16 0.56 0.40 0.32 3.68 0.76 0.55 0.67 1,64 0.34 1.17
e
bJ Ocean peut 1.37 2.09 2.01 1.67 1.22 2.06 1.82 2.19 2.78 1.16 1.24 1.53 1.05 0.93 1.66 1.40 0.64

Pellock O.45 0.51 0.47 3.23 6.27 2.09 1.04 0.98 0.22 0.31 1.09 1.41 0.64 0.39 1.40 2.04 2.51

1 Windowpene 0.97 1.12 0.77 0.71 2.45 2.03 1.73 2.94 3.51 2.09 2.91 3.93 4.59 3.05 2.30 3.51 2.48
.

Maddock 1.77 1.25 0.01 2.57 3.96 0.28 1.72 0.49 0.11 0.02 0.15 0.03 0.02 0.00 0.92 0.00 0.00

Other species 1.71 1.65 2.28 1.81 2.32 3.58 3.55 2.67 1419 1.41 2.51 2.96 2.60 2.33 2.32 2.45 3.27

All species 61.53 51.92 58.78 77.8 94.60 94.74 73.1 65.18 54.11 42.52 44.45 52.23 59.01 60.98 64.25 49.38 43.56
,

i

"In most years semplin9 was curteiled at Station T2 during September and October due to presence of lobster gear.
i bincludes red. white. and spotted hakes ''

* includes big, little. and thorny sketes

r

J
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TABLE 3.2.2-5. CATCH PER UNIT EFFORT BY STATION OF ABUNDANT SPECIES COLLECTED
IN OTTER TRAWLS, ALL. PRE 0PERATIONAL YEARS COMBINED (1976-1989),
1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991.

STATION

dT1 T2 T3

PRE 0P. PRE 0P. PRE 0P.
SPECIES YEARS 1990 1991 YEARS 1990 1991 YEARS 1990 1991

Yellowtail flounder 27.92 21.81 11.73 6.32 4.84 1.31 14.67 10.92 5.42

y Hake species 11.01 4.48 5.83 4.10 1.26 2.69 10.12 1.29 5.38
$ Longhorn sculpin 8.33 6.71 5.54 2.07 1.82 0.89 15.36 12.88 9.90

Atlantic cod 3.74 0.35 0.46 2.11 0.26 0.19 7.25 0.52 1.50
Rainbow smelt 4.34 4.17 1.88 8.29 7.13 5.03 4.13 5.42 2.60
Winter flounder 4.64 4.92 8.60 11.30 8.00 6.00 3.50 3.75 6.15
Atlantic whiting 2.36 0.33 0.96 0.40 0.05 0.17 1.96 0.58 2.15
Windowpane 3.22 6.73 4.27 1.71 1.71 1.36 1.88 1.73 1.52

c
Skate species 2.86 7.44 7.19 0.88 1.34 0.33 5.87 6.46 7.58

Pollock 1.03 3.04 3.27 2.88 2.87 3.72 0.53 0.40 0.83
Ocean pout 1.04 0.31 0.33 1.35 1.74 0.89 2.55 2.21 0.75
Haddock 0.75 0.00 0.00 0.10 0.00 0.00 1.79 0.00 0.00
Other species 2.54 2.79 3.27 2.42 2.42 2.81 2.01 2.10 3.54

a In most years sampling was curtailed at Stat-ion T2 during September
and October due to presence of lobster gear.

b
includes red, white, and spotted hakes

'c
includes big, little, and thorny skates
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tail flounder was the dominant species Inter-annual Pi; 3rns in the Estuarine

1 at Station T1, winter flounder was domi- Fish Community

nant at Station T2 and longhorn sculpin

was dominant at Station T3. These spe- Average CPUE for all seine stations !

cies and skate sp. were important mem- combined within the Hampton/Seabrook
;

bers of the demersal fish communities at estuary ranged from 41 to 362 fish / haul- i

each station. Abundance of skate sp. (Figure 3.2.2-3). Changes in the annual |a

was greater in 1990 and 1991 at all species composition of the estuarine !

Stations compared to the preoperational fish community were examined through

period. multivariate analysis of mean yearly

CPUE of dominant estuarine species.

Species composition during the preop- Species composition was significantly i
i

erational period at Station T1, located different between the preoperational and
approximately 4 km south of the dis- operational periods (p<0.002).
charge area, was dominated by yellowtail '

flounder, hake sp., and longhorn The three most abundant species each

sculpin. Yellowtail flounder remained year were either Atlantic silverside,;

the dominant species during 1990 and fundulus sp. , American sand lance, or j
1991, although CPUE declined. In 1990, rainbow smeit. Variations in species |
skate sp. ranked second in CPUE followed composition between the preoperational

by windowpane. Species composition at and operational periods were a result of
'

Station T1 in 1991 was similar to 1990 changes in CPUE of Atlantic silverside

except winter flounder ranked second in and rainbow smelt. Seine CPUE was gen-
abundance followed by skate sp. erally lower for the period 1982 through

j 1991 (41 to 114 fish / haul) than 1975
Winter flounder, followed by rainbow through 1981 (200 to 362 fish / haul),

smelt and yellowtail flounder were the primarily due to substantial decreases

dominant species during the preopera- in Atlantic silverside abundance begin-

tional period and during 1990 at Station ning in 1982 (Table 3.2.2-6). Rainbow
T2 located approximately 1 km south of smelt CPUE also strongly influenced
the discharge. In 1991 winter flounder yearly total CPUE. During peak years of

'

and rainbow smelt were again the domi- CPUE, such as 1976,1979 and 1990, rain-
nant species, but skate sp. ranked third bow smelt CPUE was above average,
in abundance.

,

Longhorn sculpin was the dominant Spatial Patterns in the Estuarine

i species during both the preoperational Fish Community
I and operational periods at Station T3

located approximately 4 km north of the Mean annual CPUE during the preopera-
discharge area. During the operational tional period was either highest at

period, CPUE of hake sp., yellowtail Station S3 (near the mouth of the estu-
flounder and Atlantic cod declined while ary) or there were no large differences

the importance of skate sp. increased. among stations (Figure 3.2.2-3). In
1990. CPUE was highest at Station S3 due

3-94
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a
No seine samples collected in 1985.

b seine samples not collected in April through June.

Figure 3.2.2-3. Annual total catch per unit effort (mean number per 10 minute tow) in beach seines by
station and mean of stations, 1976-1991. Seabrook Operational Report.1991.
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TABLE 3.2.2-6. CAftB PER UNIT EFFORT (NUMBER PER HAUL) BY YEAR AND ALL PREOPERATIONAL YEARS COMBINED FOR THE TEN NOST ABUNDANT SPECIES COLLECTED IN BEACE
SEINES FROM 1976 THROUGH 1991 (EXCLUDING 1985 AND 1986) AT STATIONS S1. 52 AND S3 COMBINED. SEABROOK OPERAT10FAL REPORT, 1991.

YEAR'-

PRIOP
1976 1977 1978 1979 1980 1981 1982 1983 1984 1987 1988 1989 x 1990 1991

Atlantic silverside 261.35 108.95 146.84 218.00 153.22 193.82 34.49 39.44 54.42 39.48 39.19 22.35 76.63 86.40 66.25

aFundulus species 55.04 45.58 9.48 9.62 8.55 3.74 6.07 6.46 7.99 2.35 2.73 9.85 9.44 19.77 11.10

Pollock 3.06 0.02 2.28 28.31 46.85 0.10 3.96 4.16 1.51 1.08 0.04 0.00 5.05 0.06 0.31

Alevife 0.17 2.60 0.06 65.33 0.05 0.07 0.88 0.01 0.69 0.15 0.00 0. 00 3.89 0.00 0.04

Rainbow smelt 14.71 9.40 0.11 16.71 0.06 4.67 2.78 3.40 9.77 5.48 0.15 0.67 3.66 73.40 0.94

y American sand lance 8.85 17.03 14.77 1.64 0.02 0.% 4.56 1.83 0.21 0.00 1.67 0.19 2.85 8.13 2.90

$
Atlantic herring 0.09 0.43 10.65 3.32 10.08 9.66 0.07 5.69 9.68 1.27 0.06 0.63 2.84 0.17 1.17

Ninespine stickleback 5.34 7.64 2.12 0.30 0.29 1.41 1.31 5.78 18.52 15.50 27.73 1.56 4.32 16.98 1.19

Winter flounder 2.09 3.89 3.35 5.86 6.21 3.23 3.77 2.47 3.91 1.44 1.04 1.85 2.19 1.12 1.46

Blueback herring 0.18 1.43 1.65 4.13 0.18 1.08 0.06 11.48 0.19 0.00 0.38 0.00 2.15 0.46 2.63

Other species 6.01 2.80 4.75 8.77 1.35 0.85 2.03 3.32 7.19 3.96 1.79 3.48 2.46 1.75 1.65

a includes summichogs and striped killifish

I
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! to high catches of rainbow smelt. In Species Gear Type

| 1991. CPUE was similar between Stations

] S3 and S1, and lowest at Station S2. Atlantic herring gill nets

Atlantic mackerel gill nets |
During both the preoperational and Pollock gill nets ;

operational periods, Atlantic silverside Atlantic cod otter trawl -

|
was the dominant fish at Station 51 Hakes (red, white, }

~

followed by either fundulus sp. or Amer- spotted) otter trawl
;

ican sand lance (Table 3.2.2-7). This Yellowtail flounder otter trawl ;

,
pattern _of species composition was gen- Winter flounder otter trawl j

] erally followed at Station 52, with the and beach seine |' exception of 1990 when fundulus sp. was Rainbow smelt otter trawl and |
dominant. Station 53, located in more beach seine |
saline waters, had a slightly different Atlantic silverside beach seine. f
species composition. During the preop- j
erational period, Atlantic silverside, j
rainbow smelt and ninespine stickleback Geometric mean CPUE for the preopera- |,

were the -dominant species. In 1990, tional period with 95% confidence limits !
~

q rainbow smelt were dominant followed by and geometric mean CPUE for 1990 and j

Atlantic silverside and ninespine stic- 1991 are presented in Table 3.2.2-8 for |

kleback. The year 1991 was more similar each selected species. J
to the preoperational period at Station j
S3. Atlantic silverside were again Analysis of variance (ANOVA) was used,

dominant followed by Atlantic herring to statistically test for temporal and

and winter flounder. spatial differences in CPUE for the
;

selected species. Periods with histori-

cally high coefficients of variation and

, 3.2.2.2 Selected Species periods when the selected species were
'

historically not captured were excluded

General from the analysis. This method in-
creased the power of the model to detect

Seasonal, inter-annual, and spatial significant differences among years by

variations in abundance were analyzed mirimizing within year variation. The
for nine selected species. Selection of year 1990 was classified as either pre-
species was based on two criteria: (1) operational, operational or was excluded
high abundance in at least one life from the analysis depending on the se-

,

istage and gear type: (2) importance in lection of months for analysis,

local commercial or sport fisheries.

The nine. selected species and their

primary collection methods were:
. .|

3-97
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TABLE 3.2.2-7. MEAN CATCH PER UNfT EFFORT (NUMBER PER HAUL) BY STATION OF ABUNDANT SPECIES COLLECTED IN
BEACH SEINES ALL PREOPERATIONAL YEARS COMBIF:ED (1976-1984. '1987-1989), 1990 AND 1991
APRIL THROUGH NOVEMBER. SEABROOK OPERATIONAL REPORT. 1991.

!

STATION

S1 S2- 53
,

PREOP. PREOP. PREOP. !
SPECIES YEARS 1990 1991 YEARS -1990 1991 YEARS 1990 1991 ;

Atlantic silverside 86.80 61.50 72.88 97.61 20.69 27.06 177.38 177.00 98.81 '

aFundulus species 18.09 4.62 33.31 26.42 54.50 0.00 0.07 0.19 0.00
,

American sand lance 4.37 22.94 8.62 4.80 0.12 0.00 4.27 1.31 0.06 )
'Blueback herring 7.86 1.06 7.75 0.51 0.06 0.00 1.78 0.25- 0.13
Ninespine stickleback 6.66 1.50 3.38 3.98 0.62 0.06 9.75 48.81 0.13
Atlantic herring 2.01 0.19 0.38 9.20 0.00 0.19 2.18 0.31 2.94

y- Winter flounder. 1.95 0.31 1.25 2.18 1.31 0.25 6.23 1.75 2.88
.

. E' Pollock 1.57 0.00 0.19 10.93 0.00 0.06 11.33- 0.19 0.69'
Alewife 0.82- 0.00 0.12 17.07 0.00 0.00 0.49 0.00 0.00
Rainbow smelt 0.87 0.38 0.19 2.26 0.19 1.31 14.15 219.63 1.31
All other species 2.80 0.69 0.50 3.09 1.19 0.69 E.72 3.38 3.75 :

a includes mummichog and striped.killifish

.

b

i

4

i
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TABLE 3.2.2-8. GE0 METRIC NEAN CATCH PER UNIT EFFORTa FOR SELECTED FINFISH SPECIES FOR THE
PREOPERATIONAL PERIOD (1976-1989). THEIR CONFIDENCE LIMITS. AND 1990 AND 1991 MEAN
CATCHES. SEABROOK OPERATIONAL REPORT, 1991.

PREOPERATIONAL
LOWER PERIOD UPPER 1990 1991

SPECIES STATION 95% CL i 95% CL i i

Atlantic herring G1-G3 0.96 1.03 1.11 0.05 0.39
Pollock G1-G3 0.19 0.21 0.23 0.17 0.20

Atlantic mackerel G1-G3 0.19 0.21 0.23 0.47 0.12
Atlantic cod T1 1.80 2.00 2.23 0.20 0.26

T2 0.61 0.72 0.84 0.17 0.14
T3 2.87 3.21 3.59 0.33 0.76
T1-T3 1.74 1.87 2.01 0.23 0.39

Hake species T1 3.66 4.18 4.76 2.29 2.91
T2 1.41 1.63 1.88 0.78 1.07

w T3 3,14 3.60 4.11 0.73 2.36
E T1-T3 2.83 3.07 3.32 1.20 2.11
w

Yellowtail flounder T1 18.82 20.15 21.56 16.42 7.51
T2 2.63 2.97 3.35 2.50 0.71
T3 9.73 10.43 11.17 7.81 3.56
T1-T3 8.90 9.42 9.97 7.66 3.38

Winter flounder T1 2.87 3.12 3.39 3.47 4.75
T2 5.69 6.29 6.95 4.54 3.36
T3 2.01 2.21 2.41 2.26 3.29
T1-T3 3.27 3.46 3.65 3.24 3.79

Rainbow smelt T1 0.87 1.05 1.25 1.09 0.55
T2 1.67 1.99 2.34 2.40 1.56
T3 0.62 0.76 0.91 0.87 0.87
T1-T3 1.05 1.17 1.29 1.31 0.90

Atlantic silverside S1-53 7.07 8.28 9.67 5.33 5.57

a0TTER TRAWL (T) mean catch per two 10-minute tows at each station and mean of all stations
GILL NET (G) mean catch per 24 hour set of either level (surface or bottom), a mean for all stations
SEINES (5) mean catch per haul, a mean for all stations

,
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j Pelagic Species greater than the preoperational mean for

the months of June through September.
Atlantic Herring

,

|
There were no significant differences -)

Atlantic herring monthly mean CPUE in CPUE during the selected months be- I

during the preoperational period was tween the preoperational and operational- !
highest during the spring and fall (Fig- periods and no significant differences

ure 3.2.2-4) . In 1990. catches were among stations (Table 3.2.2-9). i

much lower than the preoperational mean .

for all months except July. Catches of !

j Atlantic herring in 1991 were greater Atlantic Mackerel j

than 1990, but lower than the preopera- |
'

tional period, except for the months of Atlantic mackerel monthly mean CPUE in !

March, May and June. gill nets was historically greatest in |
June through November (Figure 3.2.2-4). |

CPUE in the selected months of the In 1990, CPUE was greater than the pre- i

preoperational period was significantly operational mean in May through July, {
greater than the operational period and and September and October. Atlantic j
there were no significant differences mackerel CPUE in 1991 was lower than the !

among stations (Table 3.2.2-9). The preoperational. mean for every month i

significant difference between the pre- except October.
'

operational and operational periods is

primarily due to the large catches of There were no significant differences

Atlantic herring in 1978 through 1980, in CPUE during the selected months be-

The Preop-Op X Station interaction term tween the preoperational and operational
was not significant. . The significant periods (Table 3.2.2-9). However, there

differences in CPUE observed between the were significant differences in CPUE
preoperational and operational periods among stations. Significantly more

occurred at both nearfield and farfield Atlantic mackerel were captured at Sta-
stations. tion G3 located north of the intake than

at Station G1 located south of the in-
take. The Preop-Op X Station interac-

Pollock tion term was not significant, indicat-

ing a consistent relationship among
Monthly mean CPUE of pollock in gill stations regardless of operational sta-

nets was typically highest during the tus.

late spring and late f all. and lowest

during the winter (Figure 3.2.2-4). The
high catches during the spring and late Demersal Species

f all were a result of annual onshore and
offshore movements. In 1990, pollock Atlantic Cod
CPUE was greater than the preoperational
mean for the months June through August. Monthly mean Atlantic cod CPUE was
Similarly, pollock CPUE in 1991 was typically highest in the spring and

3-100

- - - - . - .- - -- . - - - . . _ _ . - . . . . - . - - - -



. - _ _ - .

!

|

,

!

j Atlantic Herring j
I

l 08- if%opratur.at

3peo......
.

= -Q== 1991 .
*

Q.6 -

| f
"- ~

% ,/
,

%"

/ ,CL J3l -J g.

' '%, ,/
-

##
} 0.2 - - /1*g f f

%
f,

s / % s%,f -
#

/ s

' ' V/
a. _ _ _ ,/ _ , .. ... -- ..... ..* * *' f. s .- & ~. .~ :s 6 ' = = = ~ . . .. .

00 . . . i e i e i . . . .
JAN RB MAR APR MAY JLN JUL ALG SEP CCT tm DC

month

Pollock
l 0.8 = Psapowonaf
|
' ...... togo

- =o= 1991

0.6 -
W

'D
G-

,

i
u 0.4 -

! Oo ....

. p-u.a..m,.- m.* *0.2 =

. . ' ' ~ E.'.....sr ..
'

-

-1 .. .
o.o 6 a a a a a i i i a 6 .

JAN RB MAR APR MAY JUN JUL AU3 SEP CCT fG QC'

MONTH

Atlantic Mackerel

0.8 - Peace-renaJ
mo......

,

- .o- m, : ~.,

.* .
0.s - : '..* *

.m .- .p : '
.s - <u u. . b.*

*

8 : '.
*

.

.* : '. .' s v..

*

'. - s' , 's ,*

02 - | r.
'

.,.

s ~. *

.A -

i ,.....*
- A* .: .-

. * C' .n * ,,, c.
-

.

% s. %. .* ,/
* %me **

n,n - 7
- _

*'

4 . . . . . . . . . i

JAN RB MAR APR MAY JLN JUL ALD SEP CCr tG ED

MONTH
!
1

| |

Figure 3.2.2-4. Log (x+1) catch per unit effort (one 24.hr. set) for Atlantic herring,
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for 1990 and 1991 averaged over gill net Stations G1, G2 and G3. i

Seabrook OperationalReport.1991.
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| TABLE 3.2.2-9. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED SPECIES OF PELAGIC
| FINFISH AT ALL GILL NET STATIONS DURING PRE 0PERATIONAL AND OPERATIONAL PERIODS.

SEABROOK OPERATIONAL REPORT. 1991.

SPECIES SOURCE OF HULTIPLEa b(MONTHS USED) VARIATION df SS F COMPARISONS

cAtlantic herring Preop-Op 1 1.05 10.34** Preop >0p
(Jan-May & Aug-Dec) Year (Preop-Op) 13 27.53 20.84+**

Month (Year) 134 77.97 5.73***
Station 2 0.03 0.13 NS
Preop-Op x Station 2 0.02 0.09 NS
Error 501 50.91

dPollock Preop-Op 1 <0.01 0.04 NS
(May-Jul) Year (Preop-Op) 14 2.76 3.76+++

Month (Year) 32 1.85 1.10 NS
Station 2 0.25 2.38 NS

y Preop-Op x Station 2 0.08 0.75 NS
g Error 155 8.11
" Atlantic mackerelc Preop-Op 1 0.03 0.89 NS

(Jul-Nov) Year (Preop-Op) 13 2.32 4.86***
Month (Year) 60 7.70 3.50+**
Station 2 0.27 3.64* G3 G2 G1
Preop-Op x Station 2 0.18 2.45 NS
Error 251 9.20

aPreop-Op - Preoperational period vs. operational period
Year (Preop-Op) - Year nested within preoperational and operational peroiods
Month (Year) - Month nested within year

b NS - not significant (p>0.05)
* - significant (0.052p>0.001)

+* - highly significant (0.012p>0.001)
*** - very highly significant (ps0.001)

c1990 data deletedd 1990 classified preoperational

o

4
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f all, and lowest during the summer (Fig- preoperational period (Table 3.2.2-11). ]
ure 3.2.2-5). Atlantic cod migrate The 1987 year class of- Atlantic cod j
offshore in the summer as water tempera- appeared to be exceptionally strong as !

tures increase (Bigelow and Schroeder CPUE of YOY Atlantic cod in 1987 was
1953). Monthly mean CPUE in 1990 and significantly greater than all other i

1991 was generally lower than monthly years. The observations of Y0Y Atlantic- |
mean CPUE mean for the preoperational -cod abundance in the study area agree !
period at all stations. with the findings from the Gulf of j

,

'

| Maine. The 1986 and 1987 year classes
CPUE was significantly greater during were exceptionally strong, comprising

,

the selected months in the preopera- about 80% of the 1990 population by j
tional period primarily due to catches number and 70% by weight (NOAA 1991b). !

in 1978 that were greater than all other The Preop-Op X Station interaction term .

years (Table 3.2.2-10). CPUE was lowest was not significant, which indicates i

in the operational years of 1990 and that the significant differences among |
1991. There were also significant dif- station occurred during both the preop--

ferences among stations, with the larg- erational and operational periods. '

est catches occurring at Station T3. [
The Preop-Op X Station term was not
significant, which indicates that the Hakes !

differences among stations were consis- !

tent between the preoperational and Monthly mean CPUE of hakes was typi- ,

operational periods. These differences cally greatest in May through November |
| were probably due to differences in (Figure 3.2.2-6). Hake CPUE in 1990 and !

| habitat among the stations that occurred 1991 was generally lower than the preop- !
I during both the preoperational and op- erational period, with the exception of ;

| erational periods. The cause of the January through April CPUE in 1991. |

| significant differences between the !

.eriods There were significant differences in Ipreoperational and operational p

| operated on a larger geographic scale CPUE during the selected months between
'

than the study area because all stations the preoperational and operational peri-
were affected similarly. The differen- ods (Table 3.2.2-10). The highest hake

j ces between the preoperational and oper- CPUE occurred in the preoperational
ational periods may be due to the over- period during the years 1976, 1977 and

exploitation of commercial stocks in the 1982. The lowest hake CPUE was in 1991,
Gulf of Maine and Georges Bank. Al- the only year in the operational period.

though the spawning stock biomass and With a few exceptions, hake CPUE prior

commercial landing have risen since to 1986 was greater than hake CPUE after
,

1987, the Gulf of Maine and Georges Bank 1986. The index of red hake abundance I

Atlantic cod stocks are considered over- calculated by NMFS for the Gulf of Maine
exploited (NOAA 1991b). and northern Georges Bank has increased

steadily since 1986. Red hake stocks in.

CPUE of young-of-the-year (YOY) Atlan- these areas are considered under-ex-
tic cod was significantly higher in the ploited (NOAA 1991b). The. white hake
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Figun: 3.2.2-5. Log (x+1) catch per unit effon (one 24-hr. set) for Atlantic cod; monthly
means and 95% confidence intervals over all preoperational years (1976
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T2 and T3. Seabrook Operational Report,1991.
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TABLE 3.2.2-10. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED SPECIES OF DEMERSAL
FINFISH AT ALL TRAWL STATIONS DURING PRE 0PERATIONAL AND OPERATIONAL PERIODS.
SEABROOK OPERATIONAL REPORT, 1991.

MULTIPLESPECIES SOURCE OF Da
(MONTHS USED) VARIATION df SS F COMPARISONS

Atlantic code Preop-Op 1 2.92 66.38*** Preop >0p
(Oct-Dec) Year (Preop-Op) 14 8.85 14.35+++

Month (Year) 32 3.69 2.62***
Station 2 0.61 6.95+ T3>T1)T2
Preop-Op x Station 2 0.11 1.30 NS
Error 130 5.73

dHakes Preop-Op 1 1.64 19.31*** Preop >0p
(Jun-Oct) Year (Preop-Op) 13 7.91 7.18***

Month (Year) 60 7.21 1.42*
Station 2 0.91 5.38** T1)T3)T2

y Preop-Op x Station 2 0.17 1.03 NS
Error 193 16.36g

c'"
Yellowtail flounder Preop-Op 1 0.24 4.36* Preop >0p
(Sep-Nov) Year (Preop-Op) 14 5.11 6.73***

Month (Year) 32 2.03 1.17 NS
Station 2 3.43 31.60*++ Ti>T3)T2
Preop-Op x Station 2 0.11 1.04 NS
Error 118 6.40

eWinter flounder Preop-Op 1 0.18 3.42 NS
(Aug-Nov) Year (Preop-Op) 14 3.46 4.78**+

Month (Year) 48 5.88 2.37*++
Station 2 0.42 4.09* T2 T1 T3
Preop-Op x Station 2 0.04 0.41 NS
Error 163 8.41

(continued)
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TABLE 3.2.2-10. (Continued)

SPECIES SOURCE OF MULTIPLE
b(MONTHS USED) VARIATIONa gf 33 p COMPARISONS

Rainbow smelte Preop-Op 1 0.83 5.44+ Preop >0p
(Jan-Feb) Year (Preop-Op) 14 10.72 5.02***

Month (Year) 16 1.26 0.52 NS
Station 2 0.03 0.11 NS
Preop-Op x Station 2 0.12 0.39 NS
Error 90 13.74

aStation: T1 vs. T2 vs. T3 regardless of year or month: Preop-Op - Preoperational period vs.
operational period: Year (Preop Op) - Year nested within preoperational and operational periods,
regardless of area Month (Year) - Month nested within year, regardless of station: Preop-Op x
Station - interaction of main effectsu, b

1 NS - not significant (p>0.05)
* - significant (0.052p>0.001)o

*
** - highly significant (0.012p>0.001)

*** - very highly significant (ps0.001)

jl990classifiedoperational
1990 data deleted

*1990 classified preoperational

r
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TABLE 3.2.2-11. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED YOUNG-OF-THE-YEAR
SPECIES OF DEMERSAL FINFISH AT ALL TRAWL STATIONS DURING PREOPERATIONAL AND
OPERATIONAL PERIODS. SEABROOK OPERATIONAL REPORT, 1991.

MULTIPLESPECIES SOURCE OF b
(MONTHS USED) VARIATIONa df SS F COMPARISONS

Atlantic code Preop-Op 1 0.15 10.17** Preop >0p
(Aug-Dec) Year (Preop-Op) 15 2.70 12.05***

!!onth (Year) 68 2.14 2.11***
Station 2 0.02 0.81 NS
Preop-Op x Station 2 <0.01 0.11 NS
Error 223 3.33

dHake Preop-Op 1 0.36 5.93* Op> Preop
(Apr-Jul) Year (Preop-Op) 15 8.57 9.54***

Month (Year) 48 11.95 4.16***
Station 2 0.95 7.92** T2 T1 T3

Y Preop-Op x Station 2 0.08 0.66 NS
g Error 189 11.32

dRainbow smelt Preop-Op 1 0.05 0.35 NS
(Jan-Apr) Year (Preop-Op) 14 18.38 10.06***

Month (Year) 48 25.78 4.12***
Station 2 0.44 1.67 NS
Preop-Op x Station 2 0.08 0.29 NS
Error 181 23.62

dYellowtail flounder Preop-Op 1 5.46 58.15*** Preop >0p
(Jan-Jul) Year (Preop-Op) 15 12.12 8.60***

Month (Year) 96 14.22 1.58**
Station 2 6.45 34.37*** T1>T3>T2
Preop-Op x Station 2 0.03 0.17 NS
Error 327 30.70

(continued)
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TABLE 3.2.2-11. (Continued)

SPECIES SOURCE OF MULTIPLE
D

(MONTHS USED) VARIATIONa df SS F COMPARISONS

dWinter flounder Preop-Op 1 0.04 0.56 NS
(Jan-Apr) Year (Preop-Op) 14 5.10 5.10***

Month (Year) 48 4.69 1.37 NS
Station 2 3.18 22.26*** T2>T1>T3
Preop-Op x Station 2 0.05 0.36 NS
Error 181 12.94

aStation: T1 vs. T2 vs. T3 regardless of year or month; Preop-Op - Preoperational period vs.
operational period: Year (Preop-Op) - Year nested within preoperational and operational periods,
regardless of area: Month (Year) - Month nested within year, regardless of station; Preop-Op xw

1 Station - Interaction of main effects
bg NS - not significant (p>0.05)

* - significant (0.052p>0.001)
** - highly significant (0.012p>0.001)
*** - very highly significant (ps0.001)

c1990 classified operational
d1990 classified preoperational

e
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Figure 3.2.2 6. Log (x+1) catch per unit effort (one 24-hr. set) for hakes; monthly means
and 95% conMance intervals over all preoperational years (1976-1989)
and monthly means for 1990 and 1991 at ouer trawl Stations T1, T2 and
T3. Seabrook Operational Report,1991.
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abundance index has fluctuated without tion T1, where CPUE during May through
any consistent long-term trends since October of 1990 was greater (Figure
the early 1970s. White hake stocks in 3.2.2-7). CPUE at Station T2 was gener-
the Gulf of Maine and Georges Bank are ally lower than other stations during
considered fully exploited (NOAA 1991b). both the preoperational and operational

'

The study area and the Gulf of Maine- periods. .

!Georges Bank areas apparently exhibited
differing trends in the long term abun- CPUE of yellowtail flounder during the !

dance of hakes. Selected months was significantly great-
er during the preoperational period i

There were also significant differen- (Tabl e 3.2.2-10) . CPUE was highest in ,

ces in hake CPUE among stations (Table 1980 and 1976 in the preoperational !
3.2.2-10). CPUE at Station T1 was sig- period. CPUE in 1991 was the lowest |
nificantly greater than CPUE at the recorded during the study. There were i

other stations, probably due to differ- also significant differences in CPUE
ences in habitat. The Preop-Op X Sta- among stations. CPUE at Station T1 was !

tion interaction term was not signifi- significantly greater than CPUE at Sta-

cant. Although CPUE was significantly tion T3, which was significantly greater '

different among stations, the difference than CPUE at Station T2. The Preop-Op X [
was consistent between the preopera- Station interaction term was not signif-
tional and operational periods and is icant, indicating that the reduced CPUE
likely attributable to differences in in the operational period occurred at i

habitat. all stations, and that spatial differ- !

ences were maintained during both the
In contrast to the analysis of total preoperational and operational periods.

hake CPUE, young-of-the-year (YOY) hake The yellowtail flounder autumn survey |

CPUE was significantly greater during index for Georges Bank is in agreement- ;

the operational period. Spatial differ- with CPUE data from the study area. The |
ences were also evident. CPUE of Y0Y index was high in~ 1980 and has declined

| hake was significantly lower at Station steadily since then (NOAA 1991b). The
f T3 (Table 3.2.2-11). However, the decrease in CPUE in the study area ap- |

Preop-Op X Station interaction term was pears to be a component of a larger
act significant, indicating spatial regional decline in yellowtail flounder
relationships were consistent between abundance.
the preoperational and operational peri-
ods. CPUE of YOY yellowtail flounder fol-

| lowed the same pattern as total yellow-
i tail flounder CPUE (Table 3.2.2 11).

,

Yellowtail Flounder CPUE of YOY yellowtail flounder during
the preoperational . period was signifi-

Monthly mean CPUE of yellowtail floun- cantly greater than the operational
der was generally greater during the period, and CPUE at Station T1 was sig-

L preoperational period than 1990 and nificantly greater than the other sta-

1991, with the major exception of Sta-

!
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tions. The Preop-Op X Station.interac- Mean monthly CPUE of winter flounder

tion term was not significant. in estuarine seine catches was. greatest
in June through September (Figure 3.2.2-
9). Seine CPUE for winter flounder was

Demersal and Estuarine Soecies generally lower in 1990 and 1991 than

the preoperational period, with the-
Winter Flounder exception of July 1991.

Winter flounder monthly mean CPUE in There were significant differences in

the otter trawl was relatively constant winter flounder CPUE in seines between
each month during the preoperational the preoperational and operational peri-
period (Figure 3.2.2-8). CPUE in 1991 ods and among stations (Table 3.2.2-12).

was higher than the preoperational mean CPUE was greaR during the preopera-
at Station T2 during May through Octo- tional period primarily due to high
ber. annual mean CPUE during 1979 and 1980.

Mean CPUE at Station 53 was significant-
There were no significant differences ly greater than other stations, possibly

in winter flounder otter trawl CPUE due to the higher salinity at this sta-

during the selected months between the tion. The Preop-Op X Station interac-
preoperational and operational periods tion term was not significant.

(Tabl e 3.2.2-10) . However, there were

significant differences among stations.
CPUE at Station T2 was greater than CPUE Rainbow Smelt
at Stations T1 and T3. The Preop-Op X >

Station interaction term was not signif- Rainbow smelt monthly mean CPUE in the
icant, meaning that the significant otter trawl was greatest in December,
differences among stations occurred and January through March during both
equally during the preoperational and the preoperational and operational peri-
operational periods. ods (Figure 3.2.2-10) . During these

months, mean CPUE in 1990 was generally
CPUE of YOY winter flounder in otter equal to or greater than the preopera-

trawls exhibited the same pattern as tional mean. Mean monthly CPUE in 1991
total CPUE (Table 3.2.2-11). There were was generally less than the preopera-
no significant differences in CPUE be- tional mean.
tween the preoperational and operational
periods, and CPUE at Station T2 was Rainbow smelt CPUE in otter trawls
significantly greater than the other .during the selected months was signifi-
stations. The Preop-Op X Station term cantly greater during the preoperational
was not significant, inaicating that the period than the operational period (Ta-
station differences were consistent ble 3.2.2-10) . Annual mean CPUE in 1989
between the preoperational and opera- was the highest observed. The Preop-Op
tional periods. X Station interaction term was not sig-

nificant, which indicates that the sig-

nificant differences between the preop

n 3-112
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Seabrook OperationalReport,1991. ;
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TABLE 3.2.2-12. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED SPECIES OF ESTUARINE
FINFISH AT ALL BEACH SEINE STATIONS DURING PREOPERATIONAL AND
OPERATIONAL PERIODS. SEABROOK OPERATIONAL REPORT, 1991.

SPECIES SOURCE OF MULTIPLE
b

(MONTHS USED) VARIATIONa df SS F COMPARISONS

Winter flounder Preop-Op 1 0.67 7.22** Preop >0p

(Apr-Nov) Year (Preop-Op) 11 6.03 5.92***

Month (Year) 91 17.23 2.05***

Station 2 1.84 9.96*** S3 51 S2
Preop-Op x Station 2 0.30 1.62 NS
Error 387 35.80

Rainbow smelt Preop-Op 1 0.01 0.06 NS
(Apr-Nov) Year (Preop-Op) 11 3.31 2.03*' w

1 Month (Year). 91 22.48 1.67**
G Station 2 0.62 2.11 NS

Preop-Op x Station 2 0.17 0.59 NS
Error 387 57.32

Atlantic silverside Preop-Op 1 0.12 0.37 NS
(Sep-Nov) Year (Preop-Op) 12 17.92 4.66***

Month (Year) 28 25.41 2.83***
Station 2 3.43 5.36** S3 S1 52
Preop-Op x Station 2 1.12 1.74 NS
Error 152 48.71

,

, _ . . _ . ._ _ , ._ , . - _ _ _ . - _ . - . , _ . _ . - _. _,, . . - . . . . _ , . _. _ _ - . _ . _ _ _ _ _ _ _ . _ _ _ _ _
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(
erational and operational periods oc- erational mean for every month excepti

curred at all stations. April and December.

There were no significant differences There were no significant differences

in CPUE of YOY rainbow smelt between the in Atlantic silverside CPUE auring the i

preoperational and operational periods, selected months between the preopera- .

or between stations (Table ' 3.2.2-11) . tional and operational periods -(Table !

The Preop-Op X Station interaction term 3.2.2-12). CPUE at Station 53 was sig- |
was not significant. nificantly greater than Station 52, j

although neither station was signifi- !

Rainbow smelt monthly mean CPUE in cantly different from Station 51. The I

seines was greater in 1990 than the Preop-Op X Station interaction term was
;

preoperational period, with the excep- not significant, which indicated that ;

tion of June (Figure 3.2.2-9). In 1991, the differences among stations occurred j
rainbow smelt monthly mean CPUE exceeded equally during' the preoperational and j

the preoperational mean only in May and operational periods and are probably due |
August. Although rainbow smelt were to differences in habitat. !

captured almost every month during both f
the preoperational and operational peri- |
ods, catches were extremely v a ri able. 3.2.2.3 Effects of Plant Operation |
There were no periods of consistently !

low coefficients of variation for month- Impingement I

ly mean CPUE. Therefore, all months f
were used in the analysis of variance. A total of 1,019 fish were impinged.at !
The year 1990 was deleted from the anal- Seabrook Station in 1991 (Table 3.2.2- |
ysis because it could not be classified 13). The greatest number of fish im- |
as entirely preoperational or operation- pinged was in April through June and |
al. There were no significant differ- October through November. The impinge- |

6ences in rainbow smelt CPUE in the ment rate (fish /10 gallons of cooling |

seines between the preoperational and water pumped) was greatest in October.
|

operational pei . ads. and among stations The predominant species impinged were ]
(Table 3.2.2-12). windowpane, pollock, winter flounder,

little skate, lumpfish, longhorn sculpin
and shorthorn sculpin, each of which

Atlantic Silverside comprised 5% or more of the total number

of fish impinged. With the exception of

Atlantic silverside monthly mean CPUE pollock these are demersal species,

in the seines was greatest in August During April through June, windowpane,
through November for both the preopera- pollock and lumpfish were the 'predomi-
tional and operational periods (Figure nant species impinged. Pollock and
3.2.2-9). Monthly mean CPUE in 1991 was winter flounder were the predominant

; greater than the preoperational mean in species impinged in October and Novem-
| August and September while monthly mean ber.

CPUE in 1991 was lower than the preop-

3-117
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TABLE 3.2.2-13. NUM8ER OF ORGANISMS IMPINGED AT SEA 8R00K STATION 87 MONTM AND SPECIES DURING 1991.8
SEA 8R00K OPERATIONAL REPORT 1991.

SPECIES JAN FEB MAR APR MAT JUN JUL AUG SEP OCT NOV DEC TOTAL PERCENT

s

Windowpene 8 4 4 34 65 2 2 14 17 150 14.72 [

Pollock 1 20 45 2 - 4 37 15 124 12.17 *

'

Winter flounder 9 2 7 9 4 21 52 8 4 116 11.38

Little skete 21 2 7 5 1 7 40 7 6 96 9.42

Lumpfish 2 2 21 20 24 22 2 93 9.13

Longhorn sculpin 2 1 1 13 5 4 2 9 11 6 54 5.30

Shorthorn sculpin 4 7 4 3 8 13 1 4 3 47 4.61

See reven 1 5 13 2 1 2 5 4 9 42 4.12

Make sp. 2 8 4 13 6 33 3.24

American lobster' 2 1 4 19 3 29 2.85

Atlantic cod 1 4 3 9 3 8 28 2.75

4 Grubby 10 3 3 2 5 3 26 2.55

y Silver hake 2 11 9 22 2.16

Wrymouth 2 1 2 8 1 1 15 1.47

- Attentic meekerel 5 8 13 1w28

Seerobin opp. 4 3 5 12 1.18

Rainbow smelt 2 4 3 1 1 1 12 1.18

Yellowtail flounder 4 6 1 11 1.08

Rock runnel 1 1 5 1 2 1 11 1.08

Clearnose skete 1 8 9 0.88

Atlantic silverside 2 1 2 3 3 0.79

Teutog 5 2 1 8 0.79

Merring app. 3 4 1 8 0,79

Flounder opp. 1 3 3 7 0.69

feontinued?

i

.

+-v+ w * hw,e v-Tw- reww eyewmm yrwe yvy-w-w--e*-ewy-w %g--+- *'gWs+vr<T-u-w+eee wrw e-Mwt'1ww''-'FTh 79'ww v8 W F'v r* Ww=T w "*-14-t'' twW-



_ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ . _ . _ _ _____ _ _ _ _ _____ _ _ _ _ _ ._ _ _ _ _ _ _ . _ . . _ _

t

i

TABLE 3.2.2-13. (Continued)
r

. SPECIES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL PERCENT

Northern pipefish 1 2 3 6_ 0.59 I

Lamprey eel' 5 $ 0.49
i

Unknown 4 4 0.39
,

Threespine sticklebeek 3 3 0.29

Summer flounder 3 3 0.29 i

2 1 3 0.29 iSeasnell
.Seurel 2 1 3 0.29

|Cunner 2 2 0.20
*

2 2. 0.20Ocean peut

1 1 2 0.20 t
Spiny dogfish !

Fourspot flounder 1 1 2 0.20

W
1 1 0.10I Radiated shanny

V
1 1 0.10 jy Teutog

Cuek 1 1 0.10

Conver eel 1 1 0.10 *

1 1 0.10Northern kingfish

1 1 0.10Scup
1 1 0.10Black see bees

1 0.10Atlantic volffish

American eel 1 1 0.10

Alewife - 1 1 1 0.10

;
... ... ... ... ... . ... ... ... ... ... ... ... ...

74 41 56 149 141 103 5 0 $2 227 128 43 1919 100'

Rate (No. of fish /10' gallons pumped) 0.004 0.002 0.003 0.009 0.00s 0.006 0.000 0.000 0.007 0.014 0.007 0.002 0.005

*Dete provided by Yankee Atomic Electric Corporation.
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Windowpane, pollock and winter floun- depth gill nets These four species !

der were the three most-abundant species combined comprised less than 3% of the

! impinged in 1991 and the majority of impingement community. The four most-

these fishes were less than 30 cm in abundant fishes impinged at Seabrook

length (Figure 3.2.2-11) . Windowpane. Station, windowpane, pollock and winter

winter flounder and pollock less than 30 flounder and skate sp. were also domi-

cm are generally less than three years nant members of the demersal fish commu-
old (Bigelow and Schroeder 1953). Larg- nity (Table 3.2.2-4). Of the fish com-
er fish (30-45 cm) were more predominant -monly impinged, only pollock and winter ;

' among little skate, lumpfish, longhorn flounder were abundant in the pelagic

sculpin, shorthorn sculpin and sea ra- and estuarine fish communities. Lump-
'

ven. Approximately half of the hake sp. fish, which were the fifth most-common

impinged were less than 15 cm. All fish impinged, were not common in either !
length groups of Atlantic cod were im- the demersal, pelagic or estuarine fish

pinged; the predominant fish were be- communities. Lumpfish were impinged

tween 45 and 60 cm. primarily in the spring when the adults
d move inshore to spawn (Bigelow and

The species composition of fish im- Schroeder 1953). Lumpfish are struc-

pinged in 1991 differed from the species ture-oriented fish and the structure -

composition impinged in 1990. In 1991, provided by the intake may result in
windowpane and pollock were the two local concentrations of lumpfish. |

most-abundant species impinged as op- |
posed to lumpfish and pollock in 1990. The number of fish impinged in 1991

!Winter flounder was the third most abun- (1,019) was greater than the number
idant species in 1991, but only ranked impinged in 1990 (499). The species

eighth in 1990. Similarly, little skate composition and number of fish impinged i

and lumpfish, which ranked fourth and is influenced by the operational charac-

fifth in impingement in 1991, ranked teristics of the plant such as intake
fifteenth and first respectively in type and location, the volume of cooling
1990. Herring sp., which were the fifth water pumped, the abundance of the fish

most abundant species impinged in 1990, community exposed to impingement and
ranked twenty-third in 1991, environmental variables such as water

temperatures and storm events that af-

The species composition of the im- fett the vulnerability of the fish com-

pingement community more closely resem- munity to impingement (Grimes 1975:
bled the species composition of the Landry and Strawn 1974). The operation-
demersal fish community than either the al characteristics of the plant did not ;

pelagic or estuarine communities. The change between 1990 and 1991. The vol-
impingement community was markedly dif- ume of cooling water pumped in 1991

9ferent in species composition from the (approximately 186.8 x 10 gallons) was
community captured in mid-depth gill less than the volume pumped in 1990

9nets. Atlantic herring, Atlantic mack- (approximately 202.7 x 10 g all on s ) .
erel, Atlantic menhaden and Atlantic The abundance of the fish community
whiting were the dominant fish in mid- exposed to impingement was slightly

3-120
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!
lower in 1991 compared to 1990 (Figure also detected for several of the select- !

3.2.2-2), assuming that CPUE is a valid ed species. However, none of these '

measure of abundance and the demersal significant differences appeared attri- |

fish community is the community most butable to the operation of Seabrook
likely to be impinged. The increase in Station because the Preop-Op X Station |
fish impingement observed in 1991 may be interaction term was not significant for !
partially due to an increase in the any species. The significant differen- !

vulnerability of the fish population ces between the preoperational and oper- ;

exposed to impingement. An extremely ational periods occurred at all sta- !
!strong northeast storm occurred off the tions, indicating that a mechanism that

| coast of New England on 29 October 1991. operated on a wide geographic scale was i

; This storm may have increased the vul- responsible for the _ changes in CPUE. !

nerability of some species, especially Similarly, significant differences among |
winter flounder, to impingement. Ap- stations occurred during both the preop-

| proximately 45% of all the winter floun- erational and operational periods indi- j

der impinged during 1991 were impinged cating that differences in habitat were |

| in October, and the majority of these responsible for the oifferences in CPUE. i

were collected during and immediately j
af ter the storm (Ken Dow, YAEC, pers. CPUE was significantly different be- !

comm.). No winter flounder were im- tween the preoperational and operational '

pinged in October of 1990. Storm events periods for Atlantic herring captured in
,

have been associated with increased gill nets and winter flounder captured i
impingement in freshwater (Lifton and in otter trawls. There were no signifi- {
Storr 1977: Thomas and Miller 1976). cant differences among stations. It is )
Winter flounder impingement was associ- unlikely that the significant differen- |

ated with storm events and sudden de- ces between the preoperational and oper- |
Creases in water temperature at the ational periods were due to the opera-
Millstone Nuclear Generating Station tion of Seabrook Station because it was !

(NUSCO 1987). The mechanism for the expected that any impact caused by plant
increased impingement during storm operation would occur only at the near-

events is unknown, but it is possible field station, which would result in a

that increased wave activity and turbid- significant Preop-Op X Station interac-

ity disorients fish increasing their tion term. The cause of the significant

off-bottom activity and making them more differences between the preoperational
vulnerable to impingement. and operational periods probably func-

tiened on a larger geographic scale than |
the study area. Recent over-exploita-

Finfish Populations tion of commercial fish stocks in the
Gulf of Maine and Georges bank may be

Significant differences in CPUE were cause of the differences in CPUE ob-
.

detected between the preoperational and served between the preoperational and {
operational periods for most of the operational periods in the study area. '

selected species. In addition, signifi- |

Cant differences among stations were
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Similarly, for Atlantic mackerel cap-

tured in gill nets, rainbow smelt cap-
tured in otter trawls, and Atlantic'

silverside captured in seines, CPUE was,

significantly different only among sta-

tions. However, the magnitude of the

significant differences among stations

was constant between the preoperational
and operational periods, and therefore '

apparently not due to the operation of

Seabrook Station. Differences in habi- i

tat among stations that did not change i
between the preoperational and opera-

tional periods would account for signif-

jicant differences in CPUE among sta-

tions. |
!

For a larger group of species includ- !

ing Atlantic cod, hake sp. and yellow- :

tail flounder captured in otter trawls,
|

and winter flounder captured in seines, !

there were significant differences in !
-

CPUE between the preoperational and )
operational period, and among stations.

However, the significant differences.
j

j could not be attributed to the operation
of Seabrook Station. Significant dif-

ferences in CPUE occurred when there |
were temporal changes in the abundance
of a species that operated on a' larger '

;

i geographic scale than the study area,
! and there were differences in the habi-

tat among stations that occurred during
both the preoperational and operational
periods.

I
1
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3.3 BENTH05 conditions at low tide are more likely

to influence the structure of the estu-
3.3.1 Estuarine Benthos arine benthic communities, and are the

focus of this section.
3.3.1.1 Physical Environment

Precipitation (rain and melted snow
Salinity and Temoerature and ice) has a relatively high annual

variation (Figure 3.3.1-1). Annual
The outfall from the Seabrook Station precipitation in 1991 was close to the

settling basin runs into Browns River, fourteen-year average, although monthly
and usually contains the fresh water precipitation was low in February, May
discharge from the station's sewage and July, and high in August, following
treatment plant and runoff from rain- Hurricane Bob on August 19 and also in
fall. During the period of intake and September.
discharge tunnel construction from No-

vember 1979 through November 1983, the The overall mean monthly salinity and
outfall became saline (approximately 25 95% confidence interval from 1979-1991
ppt) and vol ume of the discharge in- at low tide in Browns River ranged from
creased (NAI 1991b). Once tunnel con- 17.0 i 3.1 ppt in April to 24.6 1 1.6
struction was completed in 1983, the ppt in August (Table 3.3.1-1, figure
discharge from the settling basin dimin- 3.3.1-1). In 1991, monthly salinities
ished to relatively low levels with no were below the 95% confidence limits of
saline component. In 1991, the total the mean in four months (Figure 3.3.1-

6annual volume of discharge (110 x 10 1). The annual salinity in 1991 was
gallons) was lower than the discharge in slightly below the lower confidence

0the preceding year (150 x 10 gallons), interval for the twelve-year study peri-
od (Table 3.3.1-2).

Weekly measurements of surface water
salinity and temperature at high and low At the Hampton Harbor station, the
slack tides in Browns River and Hampton mean monthly low tide salinity and 95%
Harbor and daily rainfall data from confidence interval during the study
Logan Airport, Boston, MA (National period ranged f rom 24.7 1 2.5 ppt in
Climatic Data Center 1991) were used to April to 29.4 1 0.8 ppt in September
investigate annual and monthly patterns. (Table 3.3.1-1). The salinity in Hamp-
The nearfield water quality station is ton Harbor was always higher and less
located in Browns River just downstream variable than in Browns River due to the
from the benthic transect, and about 0.5 moderating influence of sea water from
km downstream from the settling basin the inlet. The low tide twelve-year
outfall: the Hampton Harbor station is a average and 95% confidence interval was

~

farfield station away from the influence 27.7 0.4 ppt, and 1991 was an average
of that outfall. The most extreme water year (Table 3.3.1-2).

temperature and salinity occur at low

tide, when the water is less influenced The overall mean monthly temperature
by the tidal influx of sea water. Water and 95% confidence interval at low tide

3-124

_ -_--___-____-_



- _ _- . . . - - -- - -

: .

i i
r n
- ;

! t
'

:
' ,

( Precipitation j

10 -
-

'

. cwMn ,

|
|

I i
- m,......

y - ;'

;,.

'

, , , . .z s- . ..,

o ...,.

g ..... -.,- .. .,...

.NM \ |h D. ,., - Y..,. ..., - v, ;
..

g 2 ..

. , * ,,
, ,,

iw s,
E

O , , , , , , , , , , , ,

JAN RB MAR APR MAY JW JUL AU3 SP OCT NCN E q

IMONTH
;

I

!
I

I

Salinity
30 -

:
. '

T T- ras -

i ,, : .N .. p.. d ..F' . .*... .t.A"
'

.

% ,,,
- .,:..,,. -.....-:: ........- . .

,_ 1s -
,

..
y

E -

3 10 -
4 .

e omMn
, s- .3......

.

0 . . . . . . . . . . . .

'AN RB MAR APR MAY JUN JUL AUG SEP CCT NCN IIC

MONTH l

;

Temperature
30 -

o
r 25 -

_T_
- ... .

. . . . . , . ,, 20 - ,

' , ,,
.:s - 's

| g is - ,-, ,

m
-to - ,.

- , .

g

. . . . , , ' ,! wMn '.
.,,, mi- ......

,

0 . . . . . . . . . . . .

-JAN RB MAR APR MAY JW JUL AU3 !EP CCT NC# IIC

MONTH
|

!

!
,

Figum 3.3.1-1. Monthly means and 95% confidence limits for precipitation measund
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| |
| T AB LE 3.3.1-1. FEAN MONTHLY SE AWATER SURFACE TEMPERATURE (*C) AND 5ALIN]Tf (ppt 1
'

TAkEN IN 6RDWNS RIVER AND HAPPTON HARBOR AT HIGH AND LOW TIDE. -

'
MAY 1979 - DECEMBER 1991. SEABROOK BASELINE REftRT. 1991.

...................... ............... ........... ........................... ....................

TEMPERATURE BROWN 5 RIVER | HAMPTON HARBOR +

t
... . ..................... .......................................................... ,

HIGH T!DE | LOW TIDE | H]GH TIDE | LOW TIDE
j........... .. ......... ....................... ... .... ........................ ...

<

| MEAN | CL | MEAN | CL | MEAN | CL [ MEAN | CL i
;...................................................................................................| ;

|JAN | 1.71 0.9| 1.11 0.5| 2.7| 0.71 1.11 0.5| I

[FEB | 1.8| 0.8| 1.9 0.6 2.6 0.7 2.0 0.7 I

| | MAR j 4.31 0.8| 5.3 0.6 3. 7 - 0.4 4.4 0.6 ,

APR | 7.1 0.7) 9.6 0.6 6.3 0.6 8.3 0.5 |,

MAY. | 12.9 1.41 14.6 0.8 10.1 0.6 12.6 0.7 |
JUN | 16.3 0.91 19.4 '

O.8 13.5 0.5 16.4 0.71 '

JUL 18.4| 0.8) 22.1 1.0L 15.8 | 0.5 18.5 0.71 (

AUG 19.1' O.8 21.2 1.0 17.0 0.7 18.8 0.7 |
5EP 16.3 0.8 18.2 0.9 14.8 0.7 16.4 0.6 j
OCT 12.0 0.8 12.7| 1.2 12.0 0.6 12.0 0.7 '

NOV 8.3 0.7 7.5| 1.2 9.0 0.5 8.3 0.8
|DEC | 4.8| 1.1 1 2.6| 1.0 5.3 0.7| 3.5| 0.Bi
................... .......... ........................ ............................ ........ .... ..

.

i
'

................... ..................................................................................

'5ALINITY BROWN 5 RIVER | HAMPTON HARBOR ,

..... . ... ......................... ............. .. .... ........ .......... ..... ;
HIGH TIDE | LOW TIDE | H]GH TIDE | LOW T1DE -

i.................................... ................................ .................

| MEAN | CL | MEAN | CL j MEAN | CL | MEAN | CL i
. ........ .... ...................... .............................+.............. ......

|JAN | 31.5[ 0.6 23.1| 2.11 32.1 0.4 28.6 1.3
FEB 29.6 1.7 19.3| 2.5) 31.8 0.5 27.4 1.8

| MAR 29.1 1.3 17.6| 2.4 31.2 0.7 26.1 2.0
'

|APR 27.3 2.1 17.0| 3.1 30.1 1.1 24.7 2.5
MAY 28.9 1.5 19.3 2.5 30.0 0.71 26.41 1.4
JUN 29.0j 1.3 21.2 2.2 30.4 0.7 - 27.7 1.6
JUL 30.1] 0.8 24.0 1.3 31.0 0.4 28.9 0.6
AUG 29.8| 0.9 24.6 1.6 31.3 0.3 29.2 0.8 ;

, |5EF | 30.6| 0.8| 24.1 1.9 31.5 0.2 29.4j 0.8) || |0C1 ) 30.3| 0.8| 22.8 1.5 31.6 0.2 29.01 0.7) ;
j |NOV | 29.7| 1.2| 19.8 2.6| 31.7| 0.3 27.9| 1.11 '

'

|DEC | 30.5[ 1.3| 20.3 2.B| 31.8| 0.5 27.7| 1.7| l
.... .... .. ... .... ..... .. .... .. ............................................. .......... ....

I
i
1

1

!
I
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TABLE 3.3.1-2. ANNUAL MEAN* WITH 951 CONr1DENCE LIMIT 5b FOR TEMPERATURE (*C) AND
SALIN11V (PPT) TAKEN AT BOTH HIGH AND LOW SLACK TIDE FROM BROWN 5 RIVER
AND HAMPTON HARBOR FROM 1980-1991. SEABROOK OPERATIONAL REPORT.1991.

|

.....
-

'

| | BROWN 5 RIVER

| j. ..... ..................... . ... .... ... ..... ......... ..................... ... ................ .....

| | LOW T1DE | HIGH TIDE

|. . .. . .. ...... .. .. ...... ................... .... ... . . ..... . .. .. .. ..... .... .

| TEMPERATURE | CL | SALINITY | CL | TEMPERATURE | CL | SALINITY | CL

.... ....... ... ..+ ... . ... . . .. 4.. .........+. . ... . 4 .. .. .......... ..

,

1980 | 10.9| 5.2 25.1 1 1.9' 9.6 4.4 31.0 1.6 >

1981 | 10.6| 4.4 25.5 | 1.6 10.3 4.6 30.0 1.7
1982 | 10.7| 4.5 22.8 1.8 9.9 4.1 30.0 1.2 i

|1983 | 11.9 5.0 19.4 3.6 11.0. 4.2 28.0 1.9 .

|1984 | 11.9 5.1 18.1 3.3 10.6' 3.9 28.4 1.8

|1985 | 11.3 5.0 21.7 2.1 10.1 4.4' 30.6 0.7

|1986 | 10.3; 4.8 20.4 3.1 9.6 4.0 30.2 0.9
8

|1987 | 11.5| 5.1| 20.6 2.6 9.6 4.1 28.9 ; 1.8|
|1988 | 10.6| 5.1| 20.5 2.2 10.3, 4.0 29.8 0.7| '

|1989 | 11.5| 5.4 20.2 2.5 10.1 3.9 30.0 0.7) '

|1990' | 12.6) 5.3 19.5 2.7 10.9 4.5 29.6 1.4|
|1991 C| 12.4 | 5.0 19.4| 1.9 11.7 4.1 29.6 1.3|
|0VERALL 11.31 1.3| 21.1| 0.71 10.3| 1.0| 29.7| 0.4| ,.

... ... .... ..... ...... .. .. ........ . .... ........... ... ...... ............. .. ... . ........... .. . .. t

.... .......... ................. .......... .... .... ...................................................................

| | HAMPTON HARBOR I

i.......... ... .. ............ ............ ..................... ................................ ...........

| LOW TIDE | HIGH TIDE
|- -.. ... . .. . - -- -- . -..- ..+-.- .- . .- .. . .-. - . . - - .. -. - - .

* TEMPERATURE j CL | SALINITY | CL | TEMPERATURE | CL | SALINITY l CL
.. . . ... . ..... ..... .... ....... ...... ......... ......... ...................... .... ...... .. 4.... . . ....

1960 | 9.6| 4.4
.

29.9 1.4| 9.1' 3.6 32.0 0.5 >

1981 | 10.1| 4.4 28.9 1.1 9.3 3.8 31.5 0.4-
1982 | 10.2 4.1 27.3 1.5 9.2 3.5 31.2 0.6

[1983 | 10.4 4.3 25.5 2.4 9.9 3.4 30.1 0.9
|1984 | 10.4 4.1 25.8 2.3 9.4 3.1 30.2 0.9

19e5 | 10.6 4.2 29.1 1.0 10.1 3.3 32.2 0.3|
1986 | 10.0 3.9| 27.7 1.3 9.4 3.0 31.5 0.4|

'

1987 | 10.0| 4.3| 27.5| 2.2: 8.9 3.5| 30.7 0.9 t

: 1988 | 9.7| 3.9| 27.8| 1.0: 9.2 3.3, 31.3 0.4
| 19e9 | 10.2| 4.4| 28.0| 1.2| 9.2 3.3 31.4 0.7
| 1990 | 10.3| 4.3| 27.2j 1.2| 9.7 3.6 31.3 0.6 |

OVERALLc|
11.1| 4.0| 28.0| 0.9| 9.8 3.1 30.9 0.4'1991

10.2| 1.0| 27.7| 0.4| 9.4| 0.8) 31.2j 0.2| '

. ... . . .... .. . . . . . .. . .... . .. . .. . ................ ................ .. . ............ .. .. .

a . Annual mean-mean of 12 monthly means, except for Browns River in 1987 and 1990 when January and February monthly means were i
estimated by usin9 the overall years monthly mean f rom 1980 1990, i

b Confidence limits expressed as half the confidence interval.
|c - Overall mean-mean of monthly means. ,

|

!

l

1
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in Browns River ranged from 1.1 0. 5*C organisms was very patchy, and large

) in January to 22.1 1.0*C in July dur- population fluctuations occurred among

| ing the study period (Figure 3.3.1-1), sampling periods as is typical in estu-

; In 1991. monthly temperatures were arine habitats. The most numerous spe-
| slightly above the overall years' aver- cies inhabiting estuaries are those that !

j age for eleven months and below average are resistant and resilient to natural ;

| only in November (Figure 3.3.1-1). The changes in the physical environment. |
I annual mean temperature i: a91 was the such as fluctuating salinity, sediment j
$ second warmest of the twelve-year study grain size and temperature. The poly- !

period following 1990 (Table 3.3.1-2), chaete Streb70spio benedicti was the' |
most abundant species in the estuary.

|3
In Hampton Harbor, the overall average and comprised 7 to 9% of the total den- ;

,

] monthly temperatures and 95% confidence sity at both intertidal stations, and 14

intervals at low tide ranged from 1.1 to 22% of the total density at both {

O.5'C in January to 18.8 1 0. 7 *C in subtidal stations over all years (Table !
'

August during the study period (Table 3.3.1-3). Oligochaeta and Capite77a !
'

] 3.3.1-1). Due to its proximity to the capitata were also present in very high

inlet. the temperature range in Hampton numbers. The clam worm Hediste diver-
Harbor was not as great as Browns River. sico70r was very abundant intertidally,

,

3 The low-tide twelve-year average temper- in Browns River. The soft-shelled clam, |
| ature and 95% confidence interval from Mya arenaria, was also present in sub-

'

1 1980 to 1991 was 10.2 1.0*C (Table stantial numbers at both sampling loca-

3.3.1-2). Low-tide mean temperature in tions, especially Mill Creek (Table
1 1991 was the warmest during the twelve- 3.3.1-3).
; year study period.

{
j Total density (number of individuals /

;

; m2) of all macrofaunal organisms showed
5 3.3.1.2 Macrofauna year-to-year variations during the four- [

teen-year study period. These varia- 4

Subtidal and intertidal estuarine tions appear to be related to area-wide {
>

l benthic species composition at nearfield environmental trends, since major chang- !

i stations (3 and 3MLW) in Browns River es often occurred simultaneously in both )
] and farfield stations (9 and 9MLW) in Browns River and Mill Creek (Table

Mill Creek were typical for quiet, tidal 3.3.1-3), Annual variations in total |
creeks with fine-grained sediments on density were significant at all four !
the East Coast (Watling 1975 McCall stations (Table 3.3.1-4) with one-way
1977. Whitlatch 1977 Santos and Simon ANOVAs. In 1991, total density was well i

1980). Sediment at subtidal stations within the range of natural variability f
was generally fine sand with. organic at each station. !
carbon ranging from 1.0 to 2.7%. At f
intertidal stations the sediment usually The mean number of taxa collected )
varied between fine sand and silt with annually at each of the four stations |
organic carbon ranging from 1.6 to 5.9% ranged from 16 to 47 during the four- |
(NAI 1985b). Spatial distribution of teen-year study period (Table 3.3.1-3). !

:
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a

,

l
i TA8LE 3.3.1-3. MEAN NUM8ER OF TAXA AND TNE GEOMETRIC MEAN DENSITY (No./a ) FOR EACH YEAR AND OVERALL YEARS WITN 95%

CONFIDENCE LIMITS FROM ESTUARINE STATIONS AT BROWN 5 RIVER (3) AND MILL CREEK (9) SAMPLED FROM 1978 THROUGN 1991
(EXCLUDING 19851. SEABROOK OPERATIONAL REPORT. 1991,

t

AL W AR5*..

STATION 1978 1979 1980 1981 1982 1983 1984 1986 1987 1988 1989 1990 1991 MEAN UPPER LOWER

Mean No.
of Taxa * 3 35 41 38 42 47 32 27 38 33 38 38 35 32 37 39 34

9 26 34 47 44 34 36 21 36 21 27 25 31 30 32 35 29

3MLW 28 37 31 38 35 28 18 32 23 31 31 28 25 30 32 27

i 9MLW 28 35 35 41 36 33 21 36 16 29 29 36 25 31 33 28

MEAN 29 37 38 41 38 32 22 35 23 31 31 31 28 32 33 31

Total Density" 3 3170 4616 4978 5360 9331 2635 1244 1182 1198 3472 2583 1707 1889 2739 3538 2121

9 3619 2209 14.767 11,277 4335 4533 620 2819 726 4764 1878 2488 5373 3219 4664 2221

3MLW 4260 6136 5695 6833 8022 2723 2187 5632 1727 3936' 6940 1778 6834 4270 5393 3381

9MLW 3120 4512 6947 12.189 11.383 11.151 5131 4203 653 6115 7525 3845 3572 5038 7033 3609
y
,e MEAN 3514 4099 7344 8424 7796 4364 1715 2980 995 4467 3990 2321 3967 3711 4318 3189
t*

$ 3tr,6tespie 3 367 123 193 525 1064 552 239' 99 66 550 181 56 462 244 367 162

benedsett 9 106 26 2396- 525 81 538 16 161 49 744 167 400 1612 211 426 105

3MLN 439 505 1010 928 3584 525 535 1421 316 1306 3227 259 3301 920 1381 613
9MLW 566 434 466 2700 2354 3215 1560 1299 11' 744 399 1023 604 702 1244 395
MEAN 314 163 684 912 925 842 242 415 58 794 445 278 1105 427 565 324

011gochaeta 3 242 270 204 651 2189 556 225 95 133 768 301 156 233 311 458 211

9 16 100 2910 969 1058 1603 162 528 131 272 233 260 525 339 575 200,

3MLW 87 186 318 320 350 292 382 968 215 322 409 48 197 253 384 166

9MLW 574 810 1067 861 565 2877 572 742 161 351 2888 362 610 705 1126 441

'MEAN 119 253 671 646 .823 931 298 437 157 392 537 163 348 370 465 - 295 ;

Capitelle 3 11 63 123 473 889 '216 66 73' 57 105 72 16 33 84 144 48

capdiete 9 238 29 2453 277 291 376 28 808 113 1530 262 259 479 281 471 168

3MLW 17 29 138 244 540 208 124 197 26 . 46 27 24 10 66 105 41

9MLW -279 45 125 320 276 800 303 234 19 1068 173 466 143 214 346 132

NEAN 60 40 269 318 443 341 91 228 42 299 98 84 71 135 175 104

( cent inued a
s

i
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P

TA8LE 3.3.1-3. (Continued)

l

ALL YEAR 5*
STATION 1978 1979 1980 1981 1982 1983 1994 1986 1987 1988 1989 1990 1991 MEAN UPPER LOWER

Centferfeite 3 330 221 835 1 2 3 12 9 1 101 7 6 24 18 40 8

sp. 8 9 10 40 46 292 136 35 7 10 3 16 4- 4 75 21 44 to

3MLW 106 174 607 3 23 52 44 255 87 244 80 28 4 60 110 32

9MLW 8 298 48 43 1634 278 325 307 1 21 3 8 8 44 102 19

MEAM 42 147 183 17 64 37 34 53 5 54 to 9 16 32 46 22

Kediste 3 83 172 158 352 452 45 50 52 43 128 52 38 64 91 130 64

dtversfeeler 9 21 29 41 205 41 7 7 43 2 33 29 8 45 23 37 14

! 3MLW 800 1343 1169 1613 975 220 296 987 150 523 1235 199 1906 662 1005 437

9MLW 170 164 101 241 135 57 513 184 6 29 93 18 30 79 129 49

y MEAN 125 183 167 410 223 45 89 143 18 90 115 33 115 103 137 78
' W

y / fro arenerse 3 69 158 92 181 132 75 31 21 30 12 35 64 7 48 73 32

9. 265 427 -299 246 148- 168 157 34 53 83 69 208 48 131 192 90
I 3MLW 106 224 26 179 117 103 22 13 27 12 73 25 22 47 75 29

9MLW 100 328 62 400 141 70 86 13 73 39 425 266 102 109 167 72

MEAN 118 265 82 237 134 98 55 19 42 26 93 98 30 76 94 61

Spie setese 3 38 39 65 155 159 120 113 151 171 244 447 334 376 144 203 102

9 50 59 287 346 170 16 3 75- 6 315 236 110 158 74 141 38

3MLW. 7 9 8 6 4 8 2 46 25 46 24 26 8 12 20 7

9MLW 54 59 43 78 48 30 8 65 2 32 41 117 46 36 61 21

NEAN 30 ~ 33 51 72 51 26 10 76 16 104 102 103 70 47 62 35

" Yearly mean number of taxa * mean of three seasonal totals (where seasonal total = total number in all five 1/16 m
replicates combined)

b mean of five replicates)* Yearly moon density = mean of three seasonal means (where sessenal mean a

All years mean = mean of 39 seasonal means (3 seasons a 13 years)

;' 2

.

9

i
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!ESTUARINE
!

Annual variations in the number of taxa that peak densities occurred during any j

were significant at each station (Table season (NAI 1987b), but were not sus- |
3.3.1-4). Number of taxa in 1991 was tained. No consistent differences in j

ibelow the fourteen-year average at each densities were found between Browns
station, ranking in the lowest group River and Mill Creek stations (Table !

with the Waller comparison test (Table 3.3.1-3). Li kewise, no significant j
3.3.1-4). However, 1991 was within the differences occurred among years, except i

fourteen-year range for each station at Station 9 (Table 3.3.1-4). When f
(Table 3.3.1-3). Annual changes in the examining the yearly densities, popula- |
number of taxa were generally similar at tion fluctuations were not consistent, j

'
| all four stations for most of the study probably because they were represented

period, pa rticul a rly for years of ex- by more than one species. .0ligochaete [
tremes in salinity or precipitation. densities in 1991 were within the 95% |

'
confidence limits of the overall mean.

Streb70spio benedicti is a cosmopoli- |-
tan, opportunistic polychaete (Grassle The opportunistic polychaete Capite77a j
and Grassle 1974), and one of the first capitata was common at both intertidal !

to colonize af ter a perturbation of the and subtidal stations and typically .

environment (Rhoads et al .1978). It is showed large annual population fluctua- |
{|

the most abundant species in the estu- tions. Browns River densities were
ary, and extremely high densities oc- usually lower than densities. at Mill !

'
curred during any season at both inter- Creek (Table 3.3.1-3). Significant

tidal and subtidal stations. Such high differences were found among years at

densities were rarely sustained into the all stations except the subtidal station

next sampling period, causing tremendous in Browns River (Table 3.3.1-4 ) . In
population fluctuations (NAI 1987b). 1990 and 1991, densities in Browns River ;

With such high seasonal variation, no were very low, and a new all-time low I

significant differences among years were was set at the intertidal station in i

found at two out of four stations. 1991. In Mill Creek, the 1990 and 1991 f
Population decreases in some years coin- densities were within the range of the !
cided with low salinities, which may study period (Tables 3.3.1-3,4). |
have impeded recruitment. In 1991, [
densities -increased greatly over 1990 Cau17erfe77a sp. B is a polychaete [
lows at Browns River, and were well that was occasionally abundant in the j

'
above average at three out of four sta - estuary. It rarely sustained densities

tions (Table 3.3.1-3). Intertidal den- of over 100/mr for more than three con
sities were at least 3 times higher than secutive years. Significant differences

.,!subtidal densities when ' averaged over among years occurred at .all stations
'

all years -(Table 3.3.1-3). except th'e subtidal station in Mill

Creek (Table 3.3.1-4). -In 1991, densi- >

The i nss Oligochaeta is a species ties at both subtidal stations increased |i

complex that is abundant in the estuary, markedly, while intertidal densities
iwith no evidence of annual trends. The remained low (Table 3.3.1-3).

seasonal cycle of oligochaetes indicated i
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!
,

,m- --w - -- y - , e r -. -.



. . - .-

,

BENTH05
ESTUARINE

;

I

The clam worm, Hediste diversico70r, nant species. As these changes were not j
is a euryhaline species that is most site-specific, and tended to occur si-

common intertidally where there is a multaneously at Browns River and Hill i

mixture of fresh and salt water (Petti- Creek (except in 1983), they can be i

bone 1963). It is an omnivore, fre- related to area-wide environmental vari- !

quently abundant in nutrient rich areas, ables such as precipitation and corre- !

and has been considered an opportunist sponding salinity changes, temperature,
j and an indicator of pollution (Hull and abundance of predators and competi-

ii 1987). Both intertidal and subtidal tors. The largest abundances for most

stations at Browns River had substan- of the estuarine polychaetes, and high- |
tially higher densities than stations of est total density, and number of taxa in

'

comparable depth at Mill Creek (Table both Browns River and Mill Creek oc- ,

3.3.1-3). Intertidal stations had high- curred during the period of low precipi- |
er densities than subtidal stations tation and highest salinity (1980-1983). !

(Table 3.3.1-3), particularly Station By 1986, physical and biologica: parame-
3MLW in Browns River. Highly signifi- ters had returned to the pre-1980 adi- !

cant differences among years occurred at tions. In 1984 and 1987 the most pro- |
all stations except Station 3MLW, where nounced drops in density and number of |
H. diversicolor was most abundant (Table taxa which occurred during the study

3.3.1-4). Densities at Station 3MLW period seemed to be related to high
reached an all-time high in 1991, while precipitation and low salinity. These l

remaining at or below average at the biological parameters recovered, and |,

other three stations, approached the average range within one !

or two years (NAl 1991b). In 1991, a j
Mya arenaria, the soft-shelled clam, year of slightly below-average salinity !

had important recreational value until and near-average precipitation, densi-

1989, when Hampton Harbor flats were ties were typically within normal range,

closed due to coliform contamination except at Station 3MLW in Browns River

(Section 3.3.7). Mya spat (<5 mm) and a where Hediste diversico7or reached an
few yearling clams (s12 mm) are the all-time high, and Capite7 7a capitata

predominant life stages in estuarine reached an all time low. Nya arenaria

samples. Densities of Mya spat were was at an all-time low at Station 3.
statistically similar among years at The number of taxa in 1991 was below
Stations 3MLW and 9 (Tabl e 3.3.1-4 ) . average at all four stations.

Densities were usually higher in Mill
j,

| Creek than in Brow.is River (Table 3.3.1- !

j 3). Nya densities in 1991 were well 3.3.1.3 Effects of Plant Ooeration
| below average at three out of four sta-

tions, but within the range of previous Salinity and temperature monitored in
years, with the exception of Station 3. Browns River and Hampton Harbor showed

similar seasonal trends in 1991 to pre-
Substantial variability has occurred vious years. Annual mean temperatures

throughout the estuary in total density, in 1991 at low tide were well above the
,

number of taxa, and density of the domi- overall average in Browns River and
1
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Hampton Harbor, paralleling trends in Number of Taxa: General Collections
.

'

offshore temperatures (Section 3.1.1) ;

and air temperatures (Boston Globe A total of 128 taxa has been collected
1992). Salinity was affected by heavy during the preoperational study from

rains in August of 1991, following Hur- 1978 through 1989 in general collections
ricane Bob, and again in September, (NAI 1990b). No new taxa were collected
leading to lower-than-average salinities in 1990 or 1991. This number includes
during these months (Figure 3.3.1-1). plants not identifiable to the species

level that were placed in genera or !

In Mill Creek and Browns River, the higher classifications. Historically,

biological parameters measured were (through 1989) over half (51%) of these
3

highly variable seasonally and annually, taxa were red algae (Rhodophyta), with

with number of taxa, total density, and the remainder divided almost evenly

density of most of the dominant species between brown algae (Phaeophyta, 27%)
significantly different among years and and green algae (Chlorophyta 22%)(NAI

,

between stations. Results in 1991 in 1990b). This proportion is typical for i

Browns River were within the variability the New Hampshire coast (Mathieson and

observed in previous years, and similar Hehre 1986). .In 1991, the proportions
,

to Mill Creek. This indicates that were similar. More than half of the
effects from the limited plant discharge species were red algae (55%), more than
into the Browns River are not negatively one quarter brown algae (26%), and the

impacting the indigenous benthic popula- remainder (19%) were green algae (NAI ;

tion. 19925

In 1991, numbers of taxa from general <

3.3.2 Marine Macroalgae collections were below the median value :

for the preoperational period at almost .

3.3.2.1 Macroalcal Community all of the stations, although most were

within the range of previous years. |
!Number of Taxa Numbers of taxa in 1991 were the lowest

ever recorded at the nearfield intertid- t

The number of taxa is an important al Station BIMLW and mid-depth Station
;

measure of community diversity. Macro- B16. However, numbers of taxa in 1991 '

algae taxa richness is measured two increased over the low values in 1990 at ,

ways. Although a qualitative measure, eight of the twelve stations. A de- -

the number of taxa from " general collet- crease in the annual number of taxa was
,

tions" represents the maximum number first noted in 1989, when the number of !
occurring at a station during a given taxa at half of the stations was lower
season, depending on the visibility and than the lowest recorded annual value '

other factors affecting collection effi- (NAI 1990b). This trend continued in '

ciency. The number of taxa collected 1990, when the numbers of taxa were the
)

from destructive samples represents a- lot;est ever recorded at half of the
2quantitative measure in a 1/16 m area, ststions (Figure 3.3.2-1).

'id thus can be statistically tested. ;
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Figure 3.3.2-1. Preoperational (through 1989) median and range and 1990 and 1991 values of
number of taxa collected in triannual general collections at Stations B1MSL,
B 1MLW, B 17. B19, B31 (1978-1991). B5MSL, B5MLW, B35 (1982-1991),
and annual collections at B16 (1980-1984: 1986-1991), B13. B04 (1978-1984:
1986-1991) and B34 (1979-1984: 1986-1991). Seabrook OperationalReport,1991.

3-136

_ _ _ _ _ _ _ _ _ _ _ _ -



i

l
:

BENTH05
MARINE MACR 0 ALGAE

|
| In 1991, numbers of taxa were highest Number of Taxa: Quantitative Samples ,

I at the farfield intertidal (MLW) and

both shallow subtidal stations. Lowest Numbers of taxa from August quantita-
numbers of taxa were found at the deep tive samples collected at shallow sub- |
stations and high intertidal (MSL) sta- tidal and deep stations during the oper-

|
tions. During the preoperational peri- ational period were not significantly 5

od, numbers of taxa were highest in the different from the preoperational period

intertidal MLW zone, and generally de- (Tables 3.3.2-1,2), paralleling trends
,

creased with increasing depth (Figure in the general algae collections (Figure
'

3.3.2-1). This pattern was consistent 3.3.2-1). Collections at both intertid- ;

with other New Hampshire studies al (MLW) stations had significantly

(Mathieson et al. 1981). Declining lower numbers of taxa during the opera-
numbers of taxa has made spatial differ- tional period when compared to previous
ences less clear-cut. years (Tables 3.3.2-1,2), as was first i

noted in 1990. At mid-depth Stations !
!

Nearfield/farfield differences in B31 and B16. numbers of taxa during the

numbers of taxa from general collections operational period were not statistical- [
in 1991 followed previously-observed ly different from the preoperational j

trends. The numbers of taxa collected period. However, at the nearfield Sta- !

at corresponding nearfield and farfield tion B19, numbers of taxa were signifi- },

| shallow subtidal and deep stations were cantly reduced during the operational

closely related, during both the preop- period. i

erational period and in 1990 and 1991.
'In the intertidal zone, the nearfield

station (B1MLW) had fewer taxa at the Total Biomass
approximate mean low water mark and a f
greater number of taxa at mean sea level The effect of light on the quantity of

,

than its f arfield counterpart at Rye macroalgae was evident from the inverse |
Ledge (B5MLW), a trend that continued in relationship between total biomass and

,

1990 and 1991 (Figure 3.3.2-1). In the depth. During the operational period !

mid-depth zone, fewer taxa have been (1990 and 1991), August total biomass

recorded throughout the study at the values have been highest in the inter-

station near the intake (Station B16) tidal and shallow subtidal areas, and
i

than at the discharge and farfield sta- lowest at deep stations, consistant with

tions (B19 and B31). This may be due in previous years (Table 3.3.2-1). .Howev-

part to fewer annual collections at B16 er, in the intertidal zone, total

(once per year) than at B19 and B31 biomass was significantly lower during

(three times per year). In 1990 and the operational period at the nearfield '

| 1991, the number of taxa at the near- station, whereas biomass at the farfield

field mid-depth station (B19) was close station during the operational period

to that at B16 and lower than at the (1990 and 1991) was not significantly

farfield (B31) station. different from previous years (Table

3.3.2-2). Total bioma ss - i n 1991 in-
creased over the low values noted in
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TABLE 3.3.2-1. PREOPERATIONAL MEAN AND 95% CONFIDENCE LIMITS AND 1990 AND 1991 MEAN NUMBER OF TAXA,
TOTAL BIOMASS, AND CHONDRUS CRISPUS BIOMASS COLLECTED AT INTERTIDAL, SHALLOW
SUBTIDAL, MID-DEPTH, AND DEEP BENTHIC STATIONS. SEABROOK OPERATIONAL REPORT, 1991.'

PRE 0PERATIONAlc OPERATIONAL

PARAMETER / TAXON DEPTH ZONE STATIONS LCL x UCL 1990 x 1991 x'
,

L

aNumber of taxa Intertidal B1MLW 9.8 10.9 12.0 10.6 8.4
2(no. per 1/16 m ) B5MLW 16.4 17.9 19.4 13.4 14.0

Shallow subtidal B17 10.7 11.3 11.9 10.2 11.2
B35 14.2 15.2 16.2 14.2 13.2

Mid-depth B19 9.7 10.1 10.6 8.2 9.2
. B31 10.6 11.0 11.4 10.2 12.2
! B16 8.6 9.0 9.4 9.8 8.0

Deep B04 7.3 7.6 7.9 7.8 6.6
B13 7.6 7.9 8.2 8.4 6.6

y B34 7.3 7.7 8.0 7.6 7.8
a Intertidal B1MLW 1166.0 1296.3 1426.6 729.5 979.5C

Tota}) biomass* (g/m B5MLW 1080.7 1208.3 1336.0 900.8 1110.1
Shallow subtidal B17 1129.2 1200.9 1272.6 1176.6 1417.1

B35 1043.3 '1168.6 1293.9 1215.3 1181.9,

Mid-depth B19 277.2 311.3 345.3 418.9 460.0
B31 415.7 471.9 528.2 286.3 384.3
B16 688.3 779.8 871.3 665.6 525.0

Deep B04 89.3 99.7 110.0- 69.8 87.8
B13 80.6 96.0 111.5 142.7 122.9
B34 55.6 71.4 87.1 42.1 24.5

D
Chongruscrfspus Intertidal B1MLW 787.5 908.7 1029.8 363.0 884.1
(g/m ) B5MLW 644.9 787.8 930.8 404.7 688.9

Shallow subtidal B17 553.4 644.1 734.8 528.9' 575.2
B35 413.6 477.3 541.1 573.1' 338.0

.Mid-depth B19 0.3 1.4 2.5 1.1 1.1
B31 77.9 99.9 121.9 31.9 33.6

{Augustonly
Triannual samples, intertidal, shallow and mid-depth subtidal only. Rarely collected at
deep stations.

cPreoperational. 1978-1989 period (Stations B1MLW. B17, B19, B31: 1978-1989: Stations B5MLW,
; B35: 1982-1989: Station B16: 1980-1984, 1986-1989: . Stations B13 B04: 1978-1984. 1986-1989:

B34: 1979-1984, 1986-1989)

'

.-. - - - - ... _ .- _-____-- -.-. - -. _ . - . - - . . - . . - . _ _ _ _ _ _ _ - _ _ _ _ - -



_ _ _ _ _ _ _ _ - _ _ . - - - _ - - - _ _ - _ - _ - - _ - - _ _ . . - _ _ _ _ _ _ _ - - _ _ _ . _ _ . . _ _ . -_-- _ __. - __- _-_- -__ - - - _ . - - _ - - - . _ - _ - _ _ - _ _ _ _ _ _ _ . _ _ - - _ - _ _ _ _ _ _ - _ _ - _ _ _ - - _ - _

i

r
TABLE 3.3.2-2. RESULTS OF ANALYSIS OF VARIANCE OF NUMSER OF TAXA (per 1/16 m') AND TOTAL BIDMASS te per e ) 0F MACROALGAE COLLECTED IN

AUGUST AT INTERTIDAL SHALLOW SUBTIDAL AND DEEP STATION PAIRS. 1978-1991. SEABROOK OPERATIDMAL REPORT. 1991.

PARAMETER DEPTH ZONE SOURCE OF VARIATION df SS F* MULTIPLE COMPARISONS >

(Ranked in decreasing order)(STATION)

1 86.4 12.01mmu Proop>0pNumber of Taxa Intertidal Preep-Og*
(B1MLW, B5MLW) Station 1 390.8 54.31mun BIMLW>B5MLW

Year (Preop-Op)* 12 1075.9 12.46uun
dStation X Preop-Op 1 9.3 1.30 MS

Error 100 719.6

Shallow Proop-Op 1 11.6 2.60 NS
Subtidal Station 1 156.6 34.93nnu B35>B17
(817. 835) Year (Proop-op) 12 270.4 5.03 mum

Station X Preop-Op 1 0.3 0.79 NS
Error 100 448.3

u
i Mid-depth Preop-Op 1 5.4 2.79 NS

U (B16. B19. 831) Station 2 89.9 23.36muu B31 Op B31 Pro B19 Pro B16 Pro B16 op B19 Op

v2 Year (Preop-Op) 12 135.4 5.86mmu
Station X Preop-Op 2 13.2 3.42n
Error 172 331.1

Deep Proop-Op 1 1.6 1.45 NS
(504. 834. B13) St at ion 2 1.8 0.82 MS

Year (Preop-Op) 11 54.0 4.44uun

Station X Preop-Op 2 1.6 0.48 NS
Error 173 191.2

i

.-- - . _ _ _ . _ - - . - - - _ _ _ . . _ _ . - - _ - - - - - . - - _ _ - - _ _ _ _ _ _ _ - , . _ . - . ~ - - ~ . - -- -- - - -- - - . - , ~ - .. - , - , _ - - . -_ ____=_.



TA8LE 3.3.2-2. (Continued)

PARAMETER DEPTN ZONE SOURCE OF VARIATION df SS F* MULTIPLE COMPARISONS
(STATION)

Total Biomass Intertidal Preop 1 751.180.2 9.34mm
(B1MLW. B5MLW) Station 1 90.185.6 1.12 NS 81 Pre 85 Op B5 Pre B1 Op

Year (Proop) 11 12.948.741.7 13.41mmu
Station X Preop 1 811.697.6 10.09am
Error 100 8.043.731.6

Shallow Proop 1 44.040.7 0.54 NS
Subtidal Station 1 55.065.8 0.67 NS
(817. B35) Year (Preep) 11 2.434.838.5 2.48Nu

Station X Preop 1 24.431.1 0.30 MS
Error 100 8.174.732.8

Mid-depth Preop 1 98.890.7 2.51 NS
(816. B19. 831) Station 2 1,966.745.5 24.96 sus B16 Pro B16 op 831 Pre B19 op B31 op B19 Pro

LJ Year (Preop) 12 1.647.976.7 3.49 ann
i Station X Preep 2 478.333.3 6.07mu
$ Error 172 6.776,120.7

. O
Deep Preop 1 1.205.4 0.54 NS
(504. 834 B13) Station 2 66.827.9 14.88mmu B13 Op 804 Pre 813 Pro 804 op B34 Pre B34 Op

Year (Preop) 11 59.659.4 2.41mm
Station X Preep 2 25.067.3 5.58uu
Error 173 388.550.0

*Proop-Op = 1990 and 1991 vs. preoperational (1978-1989) period (Stations BIPfLtd. 817. B19. 831: 1978-1989:
Stations 85MLW. 835e 1982-1989: Station B16s 1980-1984. 1986-1989s Stations B13. 804: 1978-1984,
1986-1989: B34 1979-1984, 1986-1989)

" Stations within depth zone
* Tear nested within preoperational and operational periods regardless of area
dinteraction between main effects
*NS = Not significant (p>0.05)

m = Significant (0.052p>0.01)
su o Highly slynificant (0.01kp>.001)

Very highly s19nificant (pS.0011 ;NWN a
;

i

1
I

i

,

I

I

i
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1990, and although less than the preop- The intertidal algae community has

erational average, was within the range been stable at both nearfield and far-
of previous years (Tabl e 3.3.2-1. NAI field areas (B1MLW and B5MLW) since the
1991b). Total biomass at the shallow study's beginning (Figure 3.3.2-2. Table

subtidal stations showed no significant 3.3.2-3). Chondrus crispus was the
changes in 1990 and 1991 when compared overwhelming dominant, and Hastocarpus
to previous years. Changes in total ste77atus a secondary dominant in 1990
biomass in the mid-depth zone were not and 1991, similar to the preoperational

consistent among stations (Tables 3.3.2- period. C. crispus group 1 biomass was
1.2). Total biomass was significantly lower during the operational period in

lower during the operational period than comparison to the preoperational mean

during the preoperational period at (Table 3.3.2-3), but includes the excep-

Station B16 although still higher than tionally low values recorded in 1990 ;
2the lowest value of 368 g/m reported in (NAl 1991b).

;

1984 (NA1 1985a). However, at B19 and

B31 total biomass during the operation- At the shallow subtidal stations (B17
-- al period was not statistically differ- and B35), community composition during

ent from previous years. At the deep the operational period, as well as dur-
,

stations, total biomass was significant- ing the preoperational period. Chondrus
ly higher during the operational period crispus was also the dominant species at f
at B13 than during the preoperational this depth, with PhyJ 7ophora spp. the ;

period. At B34 however, biomass was second most abundant species, both dur-

significantly lower during the opera- ing preoperational and operational peri-
tional period than during the preopera- ods. C. crispus biomass in August 1991 s

| tional period. At nearfield station B04 has apparently recovered from lower-
'

|
there was no significant difference than-average values noted in 1990 (NAl

| between operational and preoperational 1991b). resulting in a group 2 opera-
,

biomass levels. tional mean that is similar to that of i
'

i the preoperational period.

|
Community Analysis The mid-depth area has been character-

ized by a predominance of Phy17ophora
The focus of the multivariate communi- spp., and decreased amounts of Chondrus

ty analysis was to determine if plant crispus in comparison to shallower .com-
operation had caused changes in the munities. Secondary dominants differen-

,

species assemblages typically found in tiate the three mid-depth stations. The i

each depth zone. The algae community intake station (B16) in most years has

during the operational period (1990 and been characterized by Phy17ophora spp.,
1991) was judged to be similar to previ- along with Phycodrys rubens as a second-
ous years if 1990 and 1991 collections ary dominant (Table 3.3.2-3). Moderate
at a given station were placed with the amounts of three traditionally shallow-

majority of collections from the pre- subtidal- species (Cystoclonium pur-

operational period. This was true in pureum. Ceramium rubrum and Chondrus
almost all cases, crispus) differentiate this station from

|
| 3-141 i
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TABLE 3.3.2*3. SUMMARY OF SPATIAL ASSOCIATIONS IDENTIFIED FROM NUMERICAL CLASSIFICATION (1978-1991)
0F BENTHIC MACR 0 ALGAE SAMPLES COLLECTED IN AUGUST. SEABROOK OPERATIONAL REPORT, 1991.

!
2WITHIN/ GROUP BIOMASS (g/m )

DEPTH MEAN BETWEEN
ZONE STA- DEPTH YEARS GROUP PREOPa OPc

b b
(GROUP) TIONS (m) INCLUDED SIMILARITY DOMINANT TAXA MEAN CI MEAN

: . Intertidal-
(1) B1MLW MLW 1978-19317/.32 Chondrus crispus 986188563.64'

B5MLW MLW 1982-1991 Mastocarpus ste11a2LS108389.91
Coralfina officinaifs 51.25 31.30 17.75

Shallow
Subtidal
-(2) B17 4.6- 1978 1991 .75/.55 Chondrus cefspus 774.22 111.65 660.72

B35 1982-1991 Phy11ophora spp. 204.73 61.90 348.71
y Ceramium rubrum 69.29 20.72 51.75 ,

g Cystoclonium purpureum 56.59 41.12 91.78
i to Coralifna offiernalfs 51.58 23.24 37.25
.

'iMid-depth,

Intake'

(3) B16 9.4 1980-1983; .80/.68 Phy11ophora spp. 429.87 93.92 369.02
1986-1990 Phycodrys rubens 203.80 72.19 215.46

Chondrus crispas 61.16 33.55 17.60
Cystoclonium purpureum 49.39 27.86 28.90
Ceramium rubrum '37.08 23.41 2.21
Callophyllis cristata 32.73 10.02 19.30

a 4

|. (continued)

L
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| TABLE 3.3.2-3. (Continued)

|

2WITHIN/ GROUP BIOMASS (g/m )
DEPTH MEAN BETWEEN

a cZONE STA- DEPTH YEARS GROUP gREOP OP
(GROUP) TIONS (m) INCLUDED SIMILARITY DOMINANT TAXA MEAN CI MEAN

Mid-depth
Discharge /
Intake

(4) B19 9.4- 1978-1991 .77/.68 Phy110phora spp. 201.79 34.84 279.86
12.2 Chondrus crispus 3.29 3.96 0.19

Phycodrys rubens 51.64 17.87 122.38
B16 1984.1991 Corallina officinalis 14.52 4.26 5.17

Callophy111s cristata 13.89 6.00 14.27
Ptilota serrata 15.58 5.84 8.96
Cystoclonium purpureum 5.93 4.03 29.30w

i Mid-depth
tFarfield

(5) 831 9.4 1978-1991 .81/.65 Phy11ophora spp. 213.17 64.66 190.54
Corallina officinalis 97.77 26.70 84.90
Chondrus crispus 114.80 42.26 29.71
Phycodrys rubens 22.93 5.49 15.52

Deep Intake
(6) B13 18.3 1978-1984: .67/.54 Phy11ophora spp. 68.85 23.77 109.71

1986-1991 Ptilota serrata 11.54 3.96 11.63
Phycodrys rubens 5.82 2.95 7.60

Deep Discharge /
Farfield

(7) B04 18.9- 1978-1984: .67/.54 Ptilota serrata 64.00 18.27 38.69
21.0 1986-1991 Phy11ophora spp. 10.97 5.04 10.65

B34 1979-1984: Corallina
1986-1991 officinalis 6.86 3.59 1.10

aPreop - preoperational, 1978-1989 period (Stations B1MLW, B17. B19. B31: 1978-1989: Stations B5MLW, B35: 1982-
l989: Station B16: 1980-1984. 1986-1989: Stations B13. B04: 1978-1984 1986-1989: B34: 1979-1984, 1986-1989)

bMean and 95% confidence interval
c0p- 1990 and 1991

_- . _-- -_ _ _ - - _ _ -
_ - - _ - . _. _
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| B19 and B31. However, in 1991, as in proximately 60% of the preoperational
1984, the community composition at B16 average. However, reductions in P.
was more similar to the mid-depth dis- serrata biomass occurred only at the

charge statio, (B19). In both years, farfield station: nearfield biomass |
this was due to lower-than average lev- values were similar to previous years

els of C. crispus and C. rubrum (Table (NAI 1991a, 1992).

3.3.2-3: NAI 1985a,1992) . Higher-than-

average levels of mid-depth species P. Despite its 18-m depth, the algae

rubens and Phy170phora spp. also con- assemblage at the deep intake Station

tributed to the difference in 1991 (NAI B13 was composed mainly of the mid-depth ;

1992). species Phy170phora sp. The presence of
moderate amounts of typically-deep spe-

PhyJ70phora spp. also predominated at cies Ptilota serrata suggests it is a

the discharge station B19, along with P. transition zone between mid-depth and
'

rubens. Community composition during deep areas. No change in community

the operational period was similar to composition was noted during the opera-

previous years. Community composition tional period. {,

! at the f arfield mid-depth station. while
t

! similar to other mid-depth stations, was In order to monitor the algal communi-
distinct. Phy? ?ophora spp. was the most ty for new or infrequently occurring
abundant taxor, as at the other mid- species that might bloom to " nuisance",

depth stations. Moderate amounts of levels, the occurrence of rare taxa was !

Corallina officina7is and C. crispus, also examined. Twenty-four species out [
tand low amounts of P. rubens distin- of a total of 128 occurred sparsely
|guished this area from its nearfield (less than 1.7% frequency) in the bio-

counterpart. Although this farfield mass collections from 1978 to 1989 (Ta- ;
station cannot strictly be considered as ble 3.3.2-4) . Two taxa appeared more !

a " control" station because of its dif- frequently in 1990 and 1991 than in !
'ferences from the nearfield station, it previous years. Bonnemaisonia hamifera,

is useful for monitoring area-wide a relatively uncommon taxon that was new '

trends. Community composition at B31 to quantitative collections in 1986, I

during 1990 and 1991 was similar to all occurred in small amounts eight times in :

previous years, indicating that the 1990 at three farfield stations (B5MLW,

species assemblage here shows little B35. B31) and twice in 1991 in the shal-
year-to-year variability. low subtidal (B17 B35). This species,

typical of southern Massachusetts and

Community composition at nearfield and Long Island (Taylor 1952), has been

farfield deep stations (B04 and B34) in recorded in coastal New Hampshire and

1990 and 1991 was similar to previous Great Bay (Mathieson and Hehre 1986).

years. Ptilota serrata, the dominant its occurrence at offshore sites in this
species during the preoperational peri- study may have been related to the natu-
od, continued to predominate in 1991. rally-increased water temperatures in

Average P. serrata biomass for the group the nearshore area (NAI 1991b). As B.
-

during the operational period was ap- hamifera, which is not considered a

3-145
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TABLE 3.3.2-4. A COMPARISON OF SPARSELY OCCURRING MACR 0 ALGAE TAXA IN
j AUGUST BENTHIC DESTRUCTIVE SAMPLES DURING THE PRE-

| OPERATIONAL PERIOD (1978-1989) AND THE OPERATIONAL
| PERIOD (1990 AND 1991). SEABROOK OPERATIONAL

REPORT, 1991.

I

b
SPARSELY OCCURRING TAXA SPARSELY OCCURRING TAXA

.

| 1978-1989a 1990-1991

I
|

Monostroma grevillei x

| Monostroma oxyspermum x
! Enteromorpha intestinalis x

Enteromorpha linza x
Enteromorpha prolifera x
Ectocarpus siliculosus x
Giffordia granulosa x

,

\ Sphacelaria cirrosa x
Desmarestia viridis x
Petalonia fascia
Scytosiphon lomentaria x

Dumontia contorta x,

| Ceramium desiongchampii x
Pilayella littoralis x
Plumaria elegans x
Polysiphonia denudata x ;

!Polysiphonia harveyi x
|Porphyra miniata x

Entocladia viridis x \

Spongonema tomentosum x
Cladophora sericea x
Spongomorpha spinescens x
Bonnemaisonia hamifera
Palmaria palmata x

|

|
aless than 9 occurrences out of 512 samples (1.8%) |
b
occurred twice or less during operational period (2%)

3-146
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1
nuisance organism, has occurred only at higher abundance of tacuna vincta, a'

low levels. it does not pose a threat to molluscan predator on kelps, coincided
the established algae community. Pet- with reduced kelp density in August 1990
alonia fascia, also not considered a and 1991 (Section 3.3,3: NAI 19918,

nuisance species, occurred three times 1992). L. digitata continued to be less

in 1990 and 1991 and twice during the abundant than L. saccharina at both

preoperational period. Since it com- shallow subtidal stations. 1

posed less than 1% of the total biomass
during the operational period (NAI Kelps in the mid-depth zone also
1991a, 1992), there is no evidence that showed differences in 1991 abundances,

it is becoming a nuisance species. Mean abundances of A7 aria esculenta and
Laminaria saccharina at the mid-depth

stations, B19 and 831, in 1991 were not

! Kelps and Understory Species significantly different from previous

| years (Table 3.3.2-5). Although the

| To monitor larger macroinvertebrates 1991 mean abundances for Agarum cri- -

| and macroalgae that are not adequately brosum were somewhat reduced at both |

| represented in destructive samples. stations when compared to both the.1990
transect surveys were performed at shal- and preoperational means, the reductions !

low and mid-depth stations. Inverte- were not statistically significant. !

brate results are discussed in Sections However, the abundances recorded at both !

3.3.5.7 and 3.3.5.8. Kelps are impor- stations for the month of October were {

|
tant habitat formers that are not col- substantially reduced when compared to i

lected in destructive samples. Spatial the same month in 1990 and bear close i

differences in species abundances of observation in the future (NAI 1992),

adult kelp appear primarily attributable The 1991 L. digitata abundances were

to depth differences. significantly reduced at both mid-depth
stations in comparison to the preopera- i

Some of the 1991 observations of kelps tional period. The continuing decline i

in the shallow subtidal zone were sig- at Station B19 is part of an overall
nificantly different from the preopera- trend which began in 1988 (NAI 1989b), ;

tional years (Table 3.3.2-5). At the and the reduction at Station B31 became j

shallow subtidal Station B17, the two evident in the spring of 1990 before
'

Laminaria species, L. saccharina and L. plant operation began (NAI 1991b). ;

digitata, demonstrated statistically ;

significant reductions in abundance in Kelps are sensitive to storm events i
!1991 when compared to previous years. (Witman 1985). Three of the kelps spe-

The decline began in 1989 for L. sac- cies, (Laminaria digitata at B19, L. !
charina (NAI 1991b) and in 1988 for L. saccharina at B17 and B35. Agarum cef- i
digitata (NAl 1:'89b , 1990b, 1991b). brosum at B19 and B31) showed substan- [
Although abundances of both kelp species tial reductions in October, after Hurri- j
were reduced at the f arfield station B35 cane Bob (NAI 1992). Strong bottom |
in 1991, the differences were not sig- currents may have dislodged the kelps. ;

!nificantly different. Substantially- Newly-established kelp beds have been
,

:
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TABLE 3.3.2-5. PREOPERATIONAL MEAN AND UPPER AND LOWER 95% CONFIDENCE LINITS AND RESULTS OF
'

NONPARANETRIC 01E-WAY ANOVA CONPARING NUNBERS OF FOUR KELP SPECIES AND PERCENT
FREQUENCIES OF HREE UNDERSTORY ALGAE TAXA IN 1991 TO VALUES FROM 1981-1989.4

SEABROOK OPERAT4ONAL REPORT, 1991.

L

1 PREOPERATIONAL

TAXON STATION LCL i UCL 1990 1991 df .Za
R R

i
3 Laminaria 17 169.9 213.9 257.9 77.7 32.5 1 -2.81**

digitata 35 117.2 148.9 180.6 125.3 94.4 1 -1.53 NS ,

19 105.9 139.9 173.9 202.3 19.8 1 -2.56* '

31 433.6 500.2 566.8 265.0 225.3 1 -2.71**

Laminaria 17 326.1 415.1 504.1 152.3 97.6 1 -2.46*
saccharina 35 231.2 316.4 401.6 197.5 207.9 1 --0.88 NS

J 19 10.7 59.1 107.5 11.1 13.5 1 -1.16 NS
31 72.3 95.5 118.7 42.0 57.9 1 -0.61 NS

Alaria esculenta 19 0.0 2.4 6.8 0.0 8.7 1 1.65 NS
31 32.7 75'.2 117.7 46.8 24.6 1 -1.66 NS,

1. Agarum cribrosum 19 676.3 786.6 896.9 944.1 696.9 1 -0.61 NS
e 31 309.2 366.4 423.6 405.4 269.3 1 -0.87 NS

k Chondrus crispus 17 68.1 71.8 75.4 72.5 78.3 1 0.70 NS
35 50.0 54.6 59.3 63.6- 70.3 1 1.36 NS
19 1.9 4.2 6.4 5.6 11.7 1 1.41-NS
31 16.9 '21.0 25.1 14.7 23.3 1 1.40 NS,

Phyliophora sp. 17 16.5 20.3 24.1 15.6 17.5 1 -0.70 NS,,

35 -14.1 19.2 24.2 11.9 13.1 1 -0.58 NS i

19 30.5 34.0 37.6 35.6 35.8 1 -1.40 NS
i 31 27.7 31.8 35.8' 33.3 30.8 1 0.0

Ptilota serrata 17 0.2 0.8 1.4 0.6 2.8 1 1.49 NS
35 0.1 0.6 1.0 0.3 0.8 1 0.0,

19 31.3 35.6 39.8 28.1 28.1 1 -0.70 NS
'

31 10.2 13.1 15.9 8.9 8.3 1 -1.05 NS.

i-

: NS - not-significant (p>0.05)
* - significant (0.052p>0.01)
** - highly significant (0.012p).001)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - . _ _ _ _ _ - - _ - _ _ . - . . - - . - - - - . . - - . . . . - - ... - ..._.-. - .- -.-- _ _ _ _ . .___-- - - -
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{ -observed adjacent to the transect areas, operational period (1982-1989). Table
suggesting that the kelps may have relo- 3.3.2-6 shows the occurrence of the more
cated. common species.

Measurements of percent frequency of The Bare Ledge Site, at the upper _ edge
occurrence of the three understory algae of the mid-tidal zone was characteristic

'

that were dominant at transect sites of ledge not continuously covered by
during the preoperational period (Table macroalgae. Although seasonally high in

3.3.2-5), showed differences among variability, barnacles have been common ,

!depths that were similar to those ob- in this quadrat (see Section 3.3.3 for

served from biomass collections (NAI faunal coverage). In 1991, as in previ- ,

1991b). The understory community in the ous years, during the spring, the annual . j

shallow zone historically has been domi- greens. Urospora penicilliformis and

nated by Chondrus crispus with Phy110- U10 thrix flacca (at both stations), and

phora spp. a secondary dominant, while the red alga, Bangia fuscopurpurea (Sta- >

the mid-depth community was dominated by tion BS), were the most frequently-oc-

Phy11ophora spp. A similar pattern curring species (Table 3.3.2-6). In
occurred during the operational period. 1991, B. fuscopurpurea occurred in low i
Algal frequencies during 1991 at all frequencies at Station B5 for the first

four stations were not significantly time since 1986. The annual red alga, t

i different from those observed histori- Porphyra spp. continued to be unique to ,

cally (Table 3.3.2-5). Station B1 during all seasons in fre- '

quencies similar to previous years,
*

while U. penicilliformis and U. flacca

Intertidal Communities (Nondestructive occurred at both stations in somewhat
Monitoring Program) reduced frequencies but within the pre-

operationally established ranges. <

Jn situ counts of macroalgae in fixed Small, immature perennial Fucus spp. ;

quadrats at the intertidal stations (B1 plants were found at the farfield sta- I

and 85) were conducted at locations tion in 1991 in all seasons, as has been >

representing three tidal elevations true since 1986 (NA1 1991b). Although i

between approximate MHW and MLW. The they occurred frequently (at least 87%), !

!three quadrats were situated (from high- their percent cover was low (25% or
'est to lowest elevation) on bare ledge, less). In summer Fucus spp. percent

fucoid-covered ledge, and Chondrus-cov- cover at Station B5 was noticeably re- i

ered ledge. These quadrats monitor. duced from 1990,- but was well within the

fixed locations, thus eliminating small- preoperational ranges established for
scale spatial variability and focusing each saason.
on temporal variation. During 1991,

;

with few exceptions, there was little or The Fucoid Ledge Site, in the mid-tide i

no change in algal percent frequency of zone, is situated in the area of maximum !
occurrence compared to 1990 or the pre- fucoid algae cover. In 1991 the peren- f

nial Fucus spp, was the dominant taxon |
within the quadrats, as has been true in |

i

|
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i previous years (Table 3.3.2-6). These the preoperational period at both sta-

fuccids were quite persistent and oc- tions for the third consecutive year
curred frequently, although relatively (Table 3.3.2-7, NA1 1990b) . Frequencies
low (<40%) coverages have been occasion- recorded since 1989 (NA1 1990b, Table

ally - recorded in previous years. The 3.2.2-6) for F. vesiculosus show a con-
perennial red algae Chondrus crispus and tinuous, marked decline at Station Bl.>

Mastocarpus stellatus occurred in the F. distichus ssp. edentatus, historica1-
'

understory at both stations in low ly less frequent than the two other
amounts in 1991, as was true in previous Tucus species, was only recorded at I

years: the latter species was more per- Station B1 in 1991. Coincident with the j,

!sistent and abundant. At both stations, decline of f. d. spp. edentatus F. d.

M. Ste77atus occurrences were greater spp. distichus was recorded at both
,

ithan the preoperationally-established stations for the first time in 1991.
range during April and July and at the These trends suggest that F. d. spp. j

upper end of the range in December. distichus may be replacing T. vesi- ;

This is a continuation of an increase culosus within the sample quadrats and
that began in 1990 prior to the opera- is part of an area-wide trend.

tional period. Of the other algae occur-
!

ring in these quadrats, only Porphyra The Chondrus zone quadrat in the MLW !
sp. was common (at Station B1 only) in (mean low water) zone is situated in the<

1991, consistent with previous years, area of maximum red algae cover. In |
1991, as has been true historically, |

J
As part of the nondestructive program, Chondrus crispus and Mastocarpus ste7- \

fixed line transects have been surveyed latus dominated this zone. Median per- i

in the fuccid zone since 1983 to quanti- cent frequencies exceeded 30% with no
fy the areal coverage of the fucoid differences noted between the two sta-
algae. In 1991, unlike previous years, tions, as in previous years (Table,

Ascophy17um nodosum occurred somewhat 3.3.3-6). Understory taxa fucus sp. and
less frequently at Station B5 than at Cora7 7ina officinalis were also impor- !

Bl. In 1991, the percent frequency of tant in this zone. In 1991, Fucus spp.
occurrence at B1 was higher than in 1990 was present throughout the year at Sta-

;
and during the preoperational period. tion B1 only (Table 3.3.2-6). Frequen- i

At B5, occurrence was similar to 1990 cies and percent cover estimates were )
and within the confidence limits estab- within the range of previous years. C. I

lished for the preoperational period. officina7fs occurred only at B5 in 1991,
No significant difference was detected consistent with previous years. This
between 1990 and 1991 and previous years species occurred in moderate frequencies
(Table 3. 3. 2 -'7 ) . In 1990 and 1991, in all seasons: 1991 frequencies were
Tucus vesiculosus was more frequent at similar to previous years.

farfield Station B5 than at nearfield
i Station BI: the reverse has been true

historically. The 1991 frequencies for

Fucus vesicv70 sus were lower than the
] 95% confidence limits established for

't
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TABLE 3.3.2-7. HEAN PERCENT FREQUENCY AND UPPER AND LOWER 95% CONFIDENCE LIMITS OF FUC0ID ALGAE AT TWO FIXED
TRANSECT SITES IN THE MEAN SEA LEVEL ZONE FOR THE PREOPERATIONAL PERIOD (1983-1989) AND THE
MEAN PERCENT FREQUENCY FOR 1990 AND 1991. SEABROOK OPERATIONAL REPORT. 1991.

PREOPERATIONAL

VAXA STATION LCI i UCI 1990 1991 df Za
x x

Ascophyllum nodosum B1 28.42 32.0 35.58 31.7 39.3 1 1.75 NS
B5 34.73 41.2 47.74 38.3 33.3 1 -1.32 NS

Fucus vesiculosis B1 35.68 47.4 59.08 3.7 2.0 1 -2.49*
B5 20.92 27.0 32.98 15.7 20.0 1 -1.27 NS

u

hFucusdistichus B1 8.51 16.2 23.87 50.0 14.3 1 0.04 NS
spp. edentatus B5 0.00 3.6 7.84 10.3 0.0 1 -0.61 NSw

Fucus distichus B1 -- 0.0 0.0 18.3 1 3.73***--

spp. distichus B5 -- 0.0 -- 0.0 3.7 1 3.73+++

Fucus sp. B1 1.30 7.6 13.94 20.7 32.3 1 2.17*
B5 0.00 0.6 1.40 7.3 9.7 1 3.10++

a S - not significant (p>0.05)N

* - significant (0.01<ps0.05)
- highly significant (0.001<ps.01)+0

*** - very highly significant (ps0.001)

_ _ _ _ _ . . _ _ _ __ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _
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3.3.2.2 Selected Species mass snowed some differences in compari-
|

! son to previous years. The number of
Chondrus crispus taxa collected from general collections

in the intertidal mean low water zone

Chondrus crispus (Irish moss), a red has been depressed since 1989 (NAI
algae is common to intertidal and shal- 1990b). In 1990 and 1991, numbers of

low subtidal habitats from Nova Scotia taxa (general collections) were lower 1

to New Jersey (Taylor 1952). It was the than the median value, although some |

dominant understory algal species in the recovery was evident at the farfield

I lower intertidal zone and, to a lesser station in 1991. Numbers of taxa from
extent, in the shallow subtidal zones quantitative samples were significantly

| near the Sunk Rocks (see Community Anal- lower during the operational period at

ysis section). both nearfield and f arfield intertidal

stations. Thus, the diminished number |
| In the intertidal zone. Chondrus cris- of taxa in the intertidal zone (general |

pus biomass at both stations in 1991 was and quantitative collections) appears to
'

not statistically different from values be part of an area-wide trend that began
collected during the preoperational prior to plant operation.

| period (Table 3.3.2-8) . The trend of

| decreased biomass in 1990 at both sta- Total August biomass at the nearfield

tions, which began prior to plant opera- intertidal station was significantly
;

tion in August. was apparently reversed lower during the operational period when
| in 1991, when biomass at both stations compared to the preoperational period.

j
| increased (Tabl e 3.3.2-1. NAl 1991b). This resulted from reduced biomass of

In the shallow subtidal zone. C. crispus the dominant Chondrus crispus in August i

biomass levels in 1991 were significant- collections. C. crispus first showed

ly lower than collections from the pre- reduced biomass levels in the intertidal |
operational period (Table 3.3.2-8). As area in 1989, and this continued through

| the decrease occurred at both nearfield 1990 (NAl 1991b). However, triannual

and f arfield stations (Table 3.3.2-1), collections of C. crispus in 1991 in the

! it appears to be part of an area-wide intertidal zone were not statistically

i trend. It must be noted that C. crispus different from previous years. Since
biomass at intertidal and shallow sub- the reduction of biomass of intertidal I

tidal stations was substantially reduced dominant C. crispus, while reduced in !
in November 1991 following a severe August, was not significantly different

northeastern storm (NAl 1992). when the entire year was considered, it

appears to be unaffected by plant opera-
tion. All aspects of community struc-

3.3.2.3 Effects of Plant Operation ture in the shallow subtidal (number of
taxa. total biomass, and community com-

Community structure in the intertidal position) have shown no changes during
zone was similar to previous years. plant operation. !

However, other community parameters, i

including number of taxa and total bio-

|
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2-TABLE 3.3.2-8. RESULTS OF ANALYSIS OF VARI ANCE OF CHONDRUS CRISPUS BIOMASS (g/m ) COMPARING i
'

COLLECTIONS DURING THE OPERATIONAL PERIOD (1990 and 1991) AT INTERTIDAL AND SHALLOW
SUBTIDAL STATION PAIRS WITH BIOMASS FROM 1978-89. SEABROOK OPERATIONAL REPORT. 1991.

t

SOURCE OF
PARAMETER DEPTH ZONE VARIATION df SS F' MULTIPLE COMPARISONS

aChondrus Intertidal Preop-Op 1 3.631.35 0.03 NS B1MLW)B5MLW
crispus Year (Preop-Op)c 11 12.860.806.54 11.22*** ,

Month ({ ear)
26 13.848.744.13 5.11***

.

Station 1 1.542.424.35 14.80*+* !

dStation X Preop-Op 1 59.894.83 0.57 NS,,

1 Error 249 25.941.559.34
E Shallow Preop-Op 1 188.24 5.01* Op< Preop

subtidal Year-(Preop-Op) 11 674.20 1.63 NS B17)B35
Month (Year) 26 4.759.25 4.87*++
Station 1 496.93 13.22***
Station X Preop-Op 1 2.52 0.07 NS-
Error 249 9.356.80

aPreop-Op - 1990 and 1991 vs. all previous years, regardless of station
b

,

Station pairs-within a' depth zone: intertidal .B1MLW. BMLW: shallow subtidal - B17. B35,

regardless of year or period
cVear nested within preoperational and operational periods regardless of area !
d

.; Interaction of main effects I

'NS - Not significant'(p>0.05)-
o - Significant (0.052p>0.01)

oo - Highly significant -(0.012p>0.001)

{ 000 - Very highly significant (ps.001)
_

l

_ _ . - . _ _ _ _ _ _ .--_ _._ _.___ _ _,___._ _..._ __-_._ _._ . _ _ _ _ _
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Nearfield stations in the mid-depth 3.3.3 Marine Macrofauna i

'
zone also showed differences in communi- [
ty structure that did not occur in the Studies since 1978 of the macrofaunal

! farfield area. At the discharge station invertebrates off Hampton Beach, New ;

; B19, community structure has been stable Hampshire have focused on quantitative [
' since 1978. However, the number of taxa samples from the horizontal algae-cov- !

in 1991 was lower than during the pre- ered rock / ledge habitat at paired near- ;

operational period. No changes were and farfield stations in four depth ;

: observed at farfield station B31. The zones. Macrofaunal studies include a
number of taxa during the operatiunal community analysis of intertidal and i

. period was reduced by 1-2 taxa when subtidal habitats, as well as an exami-

compared to the preoperational mean nation of populations of selected spe-

(Table 3.3.2-1). While statistically cies (Section 3.3.5). Additional data '

significant, the reduction is small and were collected during three seasons each
|

is based on only 2 sampling efforts year (excluding winter) at fixed sites
j (August 1990 and 1991). The situation at the rocky intertidal station pair. ;

does not appear to be related to plant and from panels set at the bottom at the
,

operation. mid-depth station pair to examine the |
bottom fouling community. |

The macroalgae community at the intake
Station B16 in 1991 was more similar to
the discharge Station B19 than to pre- 3.3.3.1 Horizontal Ledge Communities' '

operational collections at B16. This (Destructive Monitoring

situation is reflected in a significant- Program)

ly lower total biomass. caused by re-

duced amounts of Chondrus crispus. As Numbers of Taxa and Total Density !
this situation also occurred in 1984, it

: does not suggest a plant-related effect. Numbers of taxa and total density !

2(number of noncolonial macrofauna /m )
Community composition at the deep have been used to monitor spatial and

stations in 1990 and 1991 was similar to annual trends in the macrofaunal commu-
' previous years. However, some differ- nity. These parameters have been mea-

ences in total biomass were noted in sured in August since 1978, and have
1990 and 1991. At the deep intake sta- shown broadscale changes in relation to

tion, total biomass was s;gnificantly depth. The number of taxa generally
higher in 1990/1991 than previous years, increased from intertidal through mid-
while at the deep farfield Station, depth stations, and declined slightly at

biomass was significantly lower than the deep stations. Total density showed
previous years. No differences in total a general decrease with increasing
biomass or number of species were noted depth, mainly due to decreases in juve-
at the deep discharge station. nile Mytilidae (NAI 1991b).

In the intertidal area, the habitat at

nearfield Station BIMLW was mostly al-
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1

gae-covered ledge (predominantly Chon- number of taxa at each station during )
drus crispus) and 10% mussel (mytilid) the operational period was not signifi- ;

beds. The farfield Station (B5MLW) was cantly different than the preoperational

similar, except for the presence of mean, and the interaction between the |
boulders, and its more-protected condi- near- and farfield stations was not

tion. Although the number of taxa in significant (Table 3.3.3-2). The mean ,

the operational period (1990 and 1991) density at each station during the oper- i

was significantly below the preoperatio- ational period was slightly higher, but .

nal average, this reduction was consis- within the 95% confidence limits of the f
tent at nearfield and f arfield areas, preoperational mean, and there was no

resulting in a nonsignificant interac- significant interaction between the near-
,

tion term (Tables 3.3.3-1,2). Al though and farfield stations (Tables 3.3.3- !

the mean numbers of taxa during the 1,2). '

operational period at both stations were
significantly lower than the pre- In the mid-depth area (9-12 m), the'

operational means, they were within the habitat at nearfield Station B19 (dis- t

'range of the preoperational period (NAI charge) included algae-covered ledge and
1991b). The operational total density boulders (60%) and horse mussel beds
was significantly different from the (40%). Its farfield counterpart, B31,

preoperational at the nearfield station, had 60% horse mussel beds, algae-covered
as indicated by significant Station X rocks (30%) and about 10% cobble. Sub-

| Preop interaction (Table 3.3.3-2). The strate at the nearfield Station B16

| 1991 densities at B1MLW reached an all- (intake) was more similar to the near- (

| time low, although the 1990 densities field shallow subtidal station, primari- I
'

were near the record high (Table 3.3.3- ly algae-covered ledge (75%) with mussel
1). Since the large decrease in 1991 beds (25%), without boulders or cobble,

occurred at both near- and farfield sta- The algae at all three mid-depth sta-

tions, it is not likely to be due to tions was more diverse than the shallow-
plar' operation. er stations, but Phy? 70phora spp. gener-

ally predominated. The significant
! In the shallow subtidal area (5 m) the increase in the number of axa in the

j nearfield station had a significantly operational period was consistent at all

| higher number of taxa than the f arfield three stations (Tables 3.3.3-1,2). The
l station (Table 3.3.3-2), and the rela- numbers of taxa at all three mid-depth

tionship, evident in 1990, continued stations in 1991 were within the 95%

into 1991 (Table 3.3.3-1). The habitat C.I. of the preoperational means; howev-
at both near- and farfield stations er, in 1990, the means were very high at

i

| (B17 B35) was predominantly algae-cov- B19 and B31 (Table 3.3.3-1).
ered ledge, and a small portion of crus-
tose aigae-covered ledge. Boulders were The operational density was not sig-

| present at the f arfield station, while nificantly different than the preoper-

| Laminaria saccharina and L. digitata, ational average at Station B19 (dis-

canopy-forming kelps, occurred at both charge station) or Stations B31. Howev-

stations - (Section 3.3.2.2). The mean er, the operational density was signifi-
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TABLE 3.3.3-1. PRE 0PERATIONAL MEAN AND 95% CONFIDENCE LIMITS AND 1990 AND 1991 MEAN NUMBER OF
2 2TAXA (per 1/160 ) AND GEOMETRIC MEAN DENSITY (No./m ) FOR TOTAL DENSITY (NON-

COLONIAL MACROFAUNA) SAMPLED IN AUGUST AT INTERTIDAL, SHALLOW SUBTIDAL, mfd-DEPTH
AND DEEP STATIONS. SEABROOK OPERATIONAL REPORT, 1991.

PRE 0PERATIONAla OPERATIONAL b 1990 3991

DEPTH ZONE STATION LCL MEAN UCL MEAN MEAN MEAN

2MEAN NO. OF TAXA (No. per 1/16 m )

Intertidal B1 43 49 55 35 39 31
B5 42 48 55 41 46 36

Shallow subtidal B17 54 58 62 65 67 62
B35 51 55 59 54 56 52

Mid-depth B16 63 70 76 71 68 74
B19 60 68 76 75 86 64

w B31 45 51 56 58 71 46

G Deep B04 57 63 69 71 70 73
* B13 49 54 59 67 62 72

B34 54 64 74 64 64 64

2TOTAL DENSITY (No./m )

Intertidal B1 99,871 123,740 153,313 84,675 204,332 35,089
B5 54,446 68,141 85.281 87,247 157,695 48,270

Shallow subtidal B17 20,128 23,857 28,277 24,279 32.102 18,362
B35 23.105 29.012 36,430 34,645 37,942 31,635

Mid-depth B16 24,656 31,590 40,473 13,604 16,501 11.217
B19 10.539 12,830 15,619 21.788 33,800 14,044
B31 11,039 14.782 19,795 14,928 10,679 20,868

Deep B04 4.246 4,936 5,737 3,878 3,216 4.676
B13 4.535 6,073 8,132 7,991 11,575 5,517
B34 4.244 5,523 7,187 5,898 8,630 4.031

aPreoperational period extends through 1989 (Stations B1MLW, B17, B19, B31: 1978-1989: Statons B5MLW,

B35: 1982-1989: Station B16: 1980-1984, 1986-1989: Stations B13 B04: 1978-1984, 1986-1989:

Station B34: 1979-1984, 1986-1989)
b0perational period - 1990 and 1991

. - _ _ - _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ - _ _ _ - _ - _ _ _ - - _ _ _- . .. - - _ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ _ _ _ - -
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2 2TABLE 3.3.3-2. RESULTS OF ANALYSIS OF VARIANCE OF NUMBER OF TAXA (per 1/16 m ) AND TOTAL DENSITY (per m ) 0F MACROFAUNA
COLLECTED IN AUGUST AT INTERTIDAL, SHALLOW SUBTIDAL, AND DEEP STATION GROUPS, 1978-1991.
SEABROOK OPERATIONAL REPORT, 1991.

STATION
GROUPS CLASS VARIABLE df SS Fa MULTIPLE COMPARISONS *

PARAMETER

DNumber of Taxa B11, B5I Preop-Op 1 1,449.13 18.86+** Preop >0p
Station 1 47.91 0.62 NS

Year (Preop-Op) Op
12 6,785.21 7.36+++dStation X Preop- 1 274.07 3.57 NS

Error 100 7,682.41
DB17. B35 Preop-Op 1 112.85 1.29 NS

Station 1 695.21 7.96++ B17)B35
Y Year (Preop-Op) q 12 2.537.98 2.42**

Station X Preop-Op 1 262.75 3.01 NS-

$ Error 100 8,737.75
bB19. B31. Preop-Op 1 724.95 5.39* Op> Preop

B16 Station 2 5.940.81 22.07+++ B16 B19 B31
Year (Preop-Op) d 12 10,276.55 6.36+*+
Station X Preop-Op 2 242.38 0.90 NS
Error 172 23.146.67

bB04, B34, Preop-Op 1 1,313.16 9.55++ Op> Preop
B13 Station 2 767.40 2.79 NS

Year (Preop-Op) Op
11 10,827.61 7.16+++g

Station X Preop- 2 609.86 2.22 NS
Error 173 23,797.78

(Continued)
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TABLE 3.3.3-2. (Continued)

STATION
PARAMETER GROUPS CLASS VARIABLE df SS Fa MULTIPLE COMPARISONS'

bTotal Density B1MLW, Preop-Op 1 0.02 0.29 NS
B5MLW Station 1 0.22 3.34 NS

12 6.76 8.74***
Year (Preop-Op) OpdStation X Preop- 1 0.27 4.13* B1 Pre B5 00 B1 Op B5 Pre
Error 100 6.44

bB17, B35 Preop-Op 1 0.03 0.64 NS
Station 1 0.25 4.79 NS

12 3.26 5.30***
Year (Preop Op) OpqStation X Preop- 1 0.01 0.28 NS
Error 100 5.12

bB19. B31, Preop-Og 1 0.08 0.70 NS
w B16 Station 2 0.31 1.39 NS
!. 12 9.36 7.09**+ B16 Pre B19 00 B31 Pre B31 Op B16 Op B19 Pre

Year (Preop-Op) Opq
Station X Preop- 2 1.39 6.33**o
Error 172 18.94

bB04, B34, Preop-Op 1 0.01 0.11 NS
B13 Station 2 0.69 3.71* B13 B34 B04

11 8.88 8.68***
Year (Preop-Op) OpqStation X Preop- 2 0.22 1.19 NS
Error 173 16.10

a NS - Not significant (p>0.05)

o - Significant (0.052p>(0.01)- Highly sianificant 0.012p>.001)00

goo-Ver{highlysignificant(ps.001)
Sk! s B5kh B35. B3$ B 4? regardlesscfe!N$eYd Staton!kH Bl[Bf9,bf6 B04 B13 a e

dof year / periodinteraction between main effects
' underlining signifies no significant differences (a - 0.05) among least squares means with a paired T-test

_ _ - . . _ _ - _ _ - _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ - - - _ _ _ . . , _ _ , - .--. .- . - - - .
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cantly lower at B16 (intake), as indi- rsmmunity Structure

l cated by the significant interaction
term (Ta bles 3.3.3-1,2.) . In 1991, total The noncolonial, macrofaunal,- hard-

density was at an all-time low at B16, bottom community structure at all near-

reflecting a decreasing trend that began and f arfield stations has historically

in 1989. Large fluctuation in mytilids, shown changes related to depth (NAI

a dominant organism, contributed to the 1991b). Intertidal (B1MLW, B5MLW),

large variations in total density during shallow subtidal (B17, B35), mid-depth

) the preoperational period. Yet, the (B16, B19 B31), and deep (804, B13,

| operational mean density at each of the B34) areas were distinct in both species
' three stations was within the range distributions and abundances. In most

observed during the preoperational peri- cases, based on the similarity in spe-
;

od (NAI 1991b). cies composition, the 1991 collections

were placed in the group with the major-
In the deepest area (18-21 m), horse ity of preoperational collections from

| mussel beds comprised over 50% of the the same station (Table 3.3.3-3, Figure

| substrate at all three stations; algae- 3.3.3-1). The intertidal, shallow sub-

covered ledge was generally the next tidal, and mid-depth assemblages showed
| most frequent substrate. Boulders mixed little year-to-year variation in their

with algae- covered ledge were present community structure. Benthic assem-
at B34 (farfield) and B13 and cobble blages were less stable at deep sta-

(5%) was present at B13 (intake). Nei- tions, as evidenced by shifts in group

| ther boulders nor cobble was present at assignment by the cluster analysis.
I the discharge Station (B04). Algae at

Station B13 were predominantly Phy170- Spatial differences in community
phora spp. (like the mid-depth sta- structure among depths were indicated by
tions), but at B04 and B34 Pti7ota ser- differences in densities of dominant

rata was the numerical dominant. The taxa as well as species composition.

number of macrof aunal taxa at the deep Mytilidae was one of the dominant taxa

stations was significantly higher during in all depth zones. Less-abundant spe-
the operational period. The trend was cies, such as peracarids Ca77fopius
consistent at all three stations, as laeviusculus, Jassa marmorata, Jaera
indicated by the lack of significance of marina, and gastropod Lacuna vincta,

the interaction term. The operational accounted for the majority of the among-
means were within the range of the pre- station variability.

operational period at all stations (NAI

1991b). The total density showed no The intertidal habitat (Group 1) was

significant difference between the oper- the most distinct (between-group simi-

ational and preoperational periods, and larity of only 0.436) of all areas be-

the Station X Preop-Op interaction was cause of the overwhelming predominance
not significant (Table 3.3.3-2) . The of Mytilidae spat (69,205/m' preopera-

1991 means for total density were close tionally) and the presente of species

to the preoperational averages at all such as Nuce77a 7 api 77us, Turtonia
three stations (Table 3.3.3-1), minuta, Jaera marina, and Hya7e niissoni
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aTABLE 3.3.3-3. STATION GROUPS FORMED BY CLUSTER ANALYSIS WITH PREOPERATIONAL AND OPERATIONAL (1990-1991)
GE0 METRIC MEAN DENSITY i 95% CONFIDENCE LIMITS FOR ABUNDANT MACR 0 FAUNAL TAXA (NON-COLONIAL)

. COLLECTED ANNUALLY IN AUGUST FROM 1978 THROUGH 1991. SEABROOK OPERATIONAL REPORT, 1991.
'

.

I

PREOPERATIONAL OPERATIONAL ;

{:GROUP NO./
NAME DOMINANT 1bSIMILARITY STATIONS (YEARS) TAXA LOWER MEAN UPPER N MEAN N !

1
Intertidal B1MLW (1978-91) Mytilidae 47977 69205 99824 20 65896 4
.686/.436 B5MLW (1982-91) Jaera marina 2116 3626 6216 993 I

lacuna vincta 2035 3209 5060 3267 i

011gochaeta 1203 2030 3423 1457-
'

Turtonia minuta 1367 2707 5360 2065,
,

j y Hiatella sp. 1464 2604 4631 865
Nucella lapiilus 925 1501 2432 2663.

-
,

i C Gammarellus angulosus 181 572 1803 82 '

Gammarus oceanicus 241 564 1318 132
Anomia sp. 373 493 650 550

'

,

2 *

Shallow B17-(1978-91) Mytilidae 2905 4758 7793 20 5558 4
subtidal B35 (1982-91) Lacuna vincta 3761 5379 7694 11004

.759/.582 -Idotea phosphorea 1695 2166 2768 2090
Pontogeneia inermis 1248 1773 2518 838
Jassa marmorata 1097- 1572 2254 859-

'

Capre11a 479 701 1027 501,

septentrionalis
Idotea balthica 508 890 1559 11061

Asteriidae 385 602 940 2048 i,

; Hiatella sp. 129 186 270 93

i
~

(continued)

i

9

i

i
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TABLE 3.3.3-3. (Continued)

PRE 0PERATIONAL OPERATIONAL

GROUP NO./
NAME DOMINANT

bSfMILARITY STATIONS (YEARS) TAXA LOWER MEAN UPPER N HEAN N

3
Mid-Depth: B19 (1979-91) Mytilidae 3582 5791 9363 34 5321 8
Discharge / B31 (1979-91) Pontogeneia inermis 994 1527 2346 760
Farfield/ B16 (1980-84, 86-91) Capre71a 642 974 1476 568
Intake / B13 (1986-87, 89-91) septentrionalis

Recent Deep Anomia sp. 576 798 1105 919
Intake Hiatella sp. 520 759 1105 535

.652/.704 Lacuna vincta 276 406 597 327
i' Balanus crenatus 30 88 251 369

5 4"
Deep: B04 (1979-84, 86-91) Pontogeneia inermis 211 297 420 27 100 4

Discharge / B13 (1978-84, 88) Asteriidae 185 249 334 277
Farfield/ B34 (1979, 81-84, Anomia sp. 158 247 388 614

Intake 86-91) Tonicella rubra 132 157 187 67
.668/.652 Capre11a 99 154 238 88

septentrionalis
Mytilidae 107 184 316 142
Balanus crenatus 6 3i 111 67
Thelepus cincinnatus 8 19 44 169

5
Misc. B19 (1978) Pontoceneia inermis 83 817 7986 4 - 0

.647/.609 B31 (1978) Mytilidae 3 148 5052 -

B34 (1980) Capre11a 149 235 369 -

B04 (1978) septentrionalis
Hiatella sp. 19 166 1365 -

Lacuna vincta 36 158 670 -

Anomia sp. 84 211 528 -

Asteriidae 96 221 507 -

" Bray Curtis similarity coefficient (Clifford and Stephenson 1975) with group average agglomeration for the
clustering method (Sneath and Sokal 1973)

bwithin/between group similarity

- - . - . . - - - - - . - _ _ _ _ _ - - - - _ _ _ . . _ _ _ _ .
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Figure 3.3.3-1. Dendrogram and spatial groups by year formed by numerical
classification of August collections of marine macrofauna,
1978 1991. Seabrook Opentional Report.1991.
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(less common) that are restricted to or inermis and Hiate77a sp., which were
most abundant in the intertidal zone below it (Table 3.3.3-3). |

(Table 3.3.3-3) . Other dominants in- I

cluded the molluscs Hiate7 7a sp. spat Group 3 (primarily mid-depth stations

and Lacuna vincta, and the amphipod Gam- and the deep intake station (B13) for j
mare 7 7us angulosus. Every intertidal most yeai's .since 1986) had the lowest ;

collection taken, including the 1991 within-group similarity of the four
;

'-collections, was placed in Group 1 based major groups. It was usually character-

on similar species composition and abun- ized by a predominance of Mytilidae and ;

dance. During the operational period the amphipods - Pontogeneia inermis and [
(1990 and 1991) densities of Jaera mari- Capre7 7a septentrionalis (Table 3.3.3-

,

na, Hiate7 7a sp., Gammare7 7us angulosus, 3). Stations B31 (farfield), B19 (dis-

Gammarus oceanicus and Oligochaeta de- charge) and B16 (mid-depth intake) were |
creased, whereas Nucella 1apillus in- characterized by this assemblage every ;

creased. Densities of mytilids and the year except 1978. Since 1986. Station !

three other most common species essen- B13 (deep intake) had joined this assem-
,

'
tially showed no change (Table 3.3.3-3). blage, except for 1988. The _1991. col-

lections at all four stations were simi-
The shallow subtidal habitat (Group 2) lar to previous years, and thus placed -

includes Stations B17 and B35 and had in the same group. During the opera- ,

the highest within-group similarity tional period, numbers of amphipods t

(Table 3.3.3-3) . Mytilidae was still decreased, and ' numbers of the barnacle
7
'

the predominant taxon, although an or- Ba7 anus crenatus increased.
der-of-magnitude less abundant than in

the intertidal area. Aside from the Collections at deep Stations B04. B34

herbivorous gastropod. Lacuna v inc t a', and B13 in some years (1978-84, ^ 1988) |
and juvenile Asteriidae, dominants were comprised Group 4. The stations in |

peracarid crustaceans such as Ponto- Group 4 typically have low total density

geneia inermis, Capre77a septentrio- of macrof auna when compared to shallower f
ntlis, Idotea phosphorea, J. ba7thica, stations. Total density of Group 4 was i

ai d Jassa marmorata (Table 3.3.3-3). low due to low numbers of bivalve mol- '

'

Rtlatively high densities of the latter luscs, particularly Mytilidae and Anomia
chree species, along with the presence sp. Crustaceans such as Pontogeneia

of Ca7 7iopius laeviusculus distinguished inermis, and Capre77a septentrionans

the shallow subtidal area from other and juvenile starfish, Asteriidae.,took

areas. Stations B17 and B35 were placeo on greater importance in this depth
in this group every year. During the zone. Species with low aburdance at

operational period, juvenile Asteriidae shallower stations such as the northern
showed the largest increase in abundance red cuiton, Tonice77a rubra, and the

(due to a good set in 1990 at B35)(NAl tube-building fan worm. The7epus cincin-

1991b). All other species were within natus, ranked among the most abundant at
the 95% confidence limits of the pre- deep stations.
operational mean except J. marmorata, P.

3-165 )
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!
Group 5 consisted of only four sam- period. Their densities during the '

ples, three of which were taken in 1978 operational period were within the preo- i

at Stations B19, B31, and B04. The perational range, except for L. lit-

group was characterized by relatively torea, which reached an all-time high in
low abundances of the molluscs Mytili- December 1991 at Station Bl. Mytilid !

dae, Hiate17a sp., Lacuna vincta and spat were least abundant in the bare |
Anomia sp., and high densities of Pon- rock zone, except for a large set which '

togeneia inermis. No collections have occurreo at BS in 1990. It did not
been similar to Group 5 since 1980. reoccur in 1991, when mytilid densities

'were within the preoperational range.

3.3.3.2 Intertidal Communities Fucoid-covered ledge areas at approxi-
(Non-destructive Monitoring mately mean sea level were characterized
Program) by a heavy cover (over 80%) of the pe-

rennial algae Fucus spp. (mainly F.
Dominant intertidal species from the vesiculosus), with an understory of t

bare rock habitat (mean high water perennial red algae (Nastocarpus stella- fzone), the Fucus spp. habitat (mean sea tus and, less frequently, Chondrus cris-
level zone) and the Chondrus crispus pus)(Section 3.3.2). During both the
habitat (mean low water zone) were moni- preoperational and operational periods,
tored non-destructively at fixed sta- Mytilidae was the most common taxon at

tions on nearfield Outer Sunk Rocks nearfield Station B1, with high frequen-
(Station B1) and farfield Rye Ledge cies during all three sample periods
(Station B5) three times per year. The (Table 3.3.3-4). Mytilidae usually did
bare rock areas near mean high water not show high frequencies at Station B5,
supported low percentages of algae such where Balanus spp. were more commcn.
as Porphyra spp. at intertidal Station Likewise, Nuce7 7a lapi7 7us, an important
B1 and Fucus spp. at f arfield Station B5 mytilid predator in the fucoid zone, was

: (Section 3.3.2). The predominant macro- more frequent at Bl. It was most com-
faunal resident was Balanus spp., which monly encountered in July, during both
was most abundant in the bare rock habi- preoperational and operational periods.
tat. Ba7 anus spp. f requencies at both Other common gastropods were Acmaea |

' stations were slightly higher in April testudinalis, Littorina obtusata and .

following the spring recruitment period Littorina 7 f ttorea (almost exclusively
than in July and December (Table 3.3.3- occurring at Station B5). Frequencies
4). Preoperationally and in 1991, the in 1991 were within the baseline range
nearfield station almost always hPd a except for Acmaea testudina7fs whose
lower frequency of Ba7 anus spp. than the occurrence in April at B5 exceeded the
farfield station. Herbivorous gastro- preoperational range (Table 3.3.3-4).
pods Littorina littorea and Littorina
saxatf 715, were also important constitu- The Chondrus zone, at approximately
ents of the bare rock community, showing mean low water, was characterized by
lower frequencies in April than in July rock ledge with a thick cover of red
or December during the preoperational algae, mainly Chondrus crispus and
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T ABLE 3.3.3-4. NE01 AN AND RANGE OF PERCENT FREQUENCIES * OF THE DOMINANT FAtJ4A AT BARE ROCK, FUC010 LEDGE , AND ZONE INTERTIDAL
SITES AT STATIONS B1 IDUTER SUNK ROCKSI AND B5 IRVE LEDGEI NONITORED NONDESTRUCTIVELY OURING PREOP RAT OHAL PERIDO
11982-19891 AND IN 1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991.

BARE ROCK' FUC010 LEDGE * Ct10NDELf3 ZONE'

PERIDo* APR JUL. DFC APR JUL DEC APR JUL DEC

Aciseea .imaiudinalis PREOP B1 median 0 0 0 0 6 13 13 13 13
Irangel 101 101 to) (0-25) (0-381 16-69) 16-381 (0-25) 46-811

1900 % freq. 0 0 0 12 12 12 6 19 31
1991 % ireq. 0 0 0 6 25 0 19 12 12

PREOP B5 median 0 0 0 6 6 10 0 0 0
trenge) 10) 101 tot 10-19) 10-38) 10-381 10-441 10-131 (0-25)

1990 % freq. 0 0 0 12 38 25 12 0 0
1991 % freq. 0 0 0 25 31 12 12 6 6

Bala0us spp. PREOP B1 median 61 51 9 10 8 1 0 0 0
irangeI (C1-100) (9-88) t0-88) t0-100) I1-38) 10-63I I0-47I i 0-4 I IOl

1990 % freq. 35 35 27 19 11 1 7 7 0
1991 % freq. 41 46 48 10 3 0 0 0 <1

PREOP B5 median 89 85 72 31 23 5 0 0 0
trengel 158-2001 124-100) 15-1001 86-100) (12-100) 11-881 to) 101 10-31

1990 % freq. 96 88 59 31 21 9 0 0 0
1991 % f Nm. 95 67 11 35 26 9 0 0 0

t.a

b Littorina littotoa PREOP B1 median 0 0 0 0 0 0 0 0 0
m trenge) 101 10-13) (0-13) to) 10-6) 10-6B to) 10-13) (0-61
4 1990 % freq. 0 0 6 0 0 0 19 25 19

1991 % freq. 0 0 75 0 0 6 19 6 12

PREOP B5 median 0 13 82 10 53 9 81 100 88
IrangeI t0-6I I0-56) I13-1001 I0-38) I13-75I t0-311 175-1001 (94-100) i44-945

1990 % freq. 0 25 88 25 38 25 94 100 75
1991 % freq. 62 44 25 19 44 0 81 100 9

LiliotiDa phiustia PREOP B1 median 0 0 0 3 10 6 0 0 0
trenge) 10) 10-19) 10) 10-6) 10-25) 16-19) (0-13) 10-44) 80-131

1990 % freq. 0 0 0 25 0 25 0 0 6
1991 % freq. 12 0 0 6 19 12 0 0 6

PREOP B5 medias. 0 6 0 3 16 7 0 0 0
trangel 10-61 10-19) (0-13) 10-25) 10-44) 10-441 80-13) tot 101

1990 % freq. 0 12 6 0 12 25 12 0 0
1991 % freq. 6 19 0 12 31 37 0 0 0
1991 % freo.

Littorina sa2taillis PREOP B1 median 7 57 16 0 0 0 0 0 0
trengel 10-441 10-88) (0-881 (0) 10) 40-6) 101 (0) 101

1990 % freq. 0 0 12 0 0 0 0 0 0
1991 % freq. 37 81 0 0 0 0 0 0 0

PREOP B5 median 50 66- 75 0 0 0 0 0 0
trange) 10-100) 138-94) 16-1001 10-6) 101 10-6) 101 (0) 101

1990 % freq. 100 100 88 0 0 0 0 0 0
1991 % freq. 81 50 50 0 0 0 0 0 25

4coniinued1
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; TABLE 3.3.3-4. E contirrsed )
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BARE ROCK' FUCOID LEDGE' CHONDRlre ZONE'

PER100* APR JUL DEC APR JUL DEC APR JUL DEC

t9ytilidae PREOP 81 median 0 8 3 82 76 78 90 89 65
irangei I0-201 I 0-40 I i0-751 t37-100I t27-100) t43-100I t$4-953 171-95l E15-851

1990 X freq. 0 11 18 73 82 69 55 84 63
1991 X freq. Il 26 30 C 93 95 95 95 63

PREOP 85 median 0 15 33 8 1 5 49 63 26
Irangei I0-389 40-38I i1-759 t2-100) t0-1001 40-100I I10-72I t23-801 I0-491

1990 X freq. 30 47 26 9 16 8 46 69 15
1991 X freq. 10 6 4 5 0 11 0 27 8

Hwcella leplllus PREOP 81 median 0 0 0 6 100 25 75 100 56
Irangei IOI IOI I0-6I I0-25I I25-100i t6-50t i13-100I i100 I31-889 *

1990 X freq. 0 0 0 6 100 12 12 100 19
1991 X freq. 6 0 6 12 100 6 81 100 19

PREOP B5 medien 0 0 0 0 28 0 94 38 69
8rangei t 0-94 ) t 0-44 I I0-561 601 I6-811 I0-6) t75-100I i15-56I i56-81)

1990 X freq. 0 6 0 0 19 0 100 75 75
1991 X freq, 0 12 0 0 44 0 100 37 19

La

$ 'ttethod of cons = sting percent frewmney varies omong species s point-contact method for Mytilldee end Balaous since July 1983,
percent f remsuncy of occurrence for all other instances 1.e

oo ' PREOP period is 1982-1989, except for tus zone, where semipling beoen in April, 1985.
* Bare lodge s tation is et upper edge of rene, at approximate mean high water. Fuccid station is at approximate mean see
level mark. Chandtus zone station, first samled in 1985, is at approximate mean low water snark,,

i
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Mastocarpus stellatus. At Station B1, some Balanus balanus) typically settled |
Fucus spp. were also frequently encoun- by April. Recruitment continued in some '

tered (Section 3.3.2). Of the macro- years after the April sampling period '

f aunal species monitored Nucella lapil- and densities were higher in the August
7us and Mytilidae spat were the most samples, while in other years April f
frequently encountered at both stations s ampling occurred near the settlement

(Table 3.3.3-4). During the pre- peak (Table 3.3.3-5). By December, j
operational period, Mytilidae had medi- densities were consistently low, as !

um-to-high frequencies in April and July Balanus populations disappeared due to |
with generally lower percentages in mortality. In 1991, the Balanus set at t

December. At Station B1, Nucella was both stations was later than average, as
more abundant in July than in April or densities were low (below the baseline |
December. In 1991, both Nuce7 7a and average) in April, but above the bese-

'

mytilid spat were within' the pre- line average in August.

operational range and showed similar

seasonal patterns, except at Station B5, Anomia sp. was unique among the ses- I

where mytilids were absent in April. No sile taxa that were examined, showing a
relationship between abundance levels of pattern of late summer-fall recruitment. t

either Mytilidae or Nuce7 7a at mean low Although low densities of Anomia some- ;
water or within the fuccid habitat at times occurred on panels by August, i

mean sea level has been noted (NAI numbers were typically highest in De- ;

1987b). The gastropod, littorina lit- cember when abundances of all other
torea, occurred in high frequencies at sessile taxa were low (Table 3.3.3-5). :

only Station B5 throughout the year, and In 1991, Anomia densities were very [
j was most numerous in the Chondrus zone. close to the baseline average in Decem-
| In 1990 and 1991, it occurred with mod- ber at both stations while in April and

erate frequencies at B1 also. Acmaea August, the densities were well above

testudinalis was enumerated in low-to- the preoperational averages. |

moderate frequencies in the Chondrus ;

zone at Station B1 in all years and Hiate77a sp. is a sessile bivalve that
'

occasionally at Station BS: frequencies showed highest densities in August col-
followed the same pattern in 1991. lections and had low abundances in April

,

and December samples during the baseline
'

period. Densities in 1991 were near
3.3.3.3 Subtidal Fouling Community average at the nearfield station, and

(Bottom Panel Monitoring very high at the farfield station in :
Program) August. The 1991 seasonal pattern at '

both stations was similar to the pre- ;

Panels set at mid-depth stations (B19, operational trend (Table 3.3.3-5).
'

B31) near the bottom were sampled trian-
nually in April, August, and December to During the preoperational period,
provide information on recruitment of Mytilidae spat had generally settled on !

four sessile macrof aunal species. Bala- bottom panels by August, with numbers
nus spp. (mainly Balanus crenatus, with greatly reduced by December (Table

;
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TABLE 3.3.3-S. ESTIMATED DENSITT (per 1/4 et) AFTER FOUR MONTN5' EXPOSURE OF SELECTED SESSILE TAXA ON NARD-SUBSTRATE
BOTTOM PANELS AT STATIONS 319 AND B31 SAMPLED TRIANUALLT (APRIL, AUGUST, DECEMBER) FROM 1901-1991.
SEASROGR OPERATIONAL REPORT, 1991.

EAEOP (1981*-1994. 1986 . 1987-1989) 1990 1991b

APR AUG DEC APR AUG DEC APR AUG DEC

MEAN 50 MEAN SD MEAN SD

Relenus opp. b.e. B19 17053 13793 6403 4973 9 13 46366 3350 0 6017 11883 0

.

Sta B31 40962 22611 7917 6166 14 17 53333 700 0 14833 8617 0

Anemie sp. Sta. B19 <1 <1 31 68 1232 1136 6 125 3100 193 154 1232

Sta. B31 0 0 36 42 993 1246 6 345 1766 4 338 645
La

b Kiefelle op. Sta. B19 1 2 '3966 2595 27 31 0 6117 36 3 3450 2
4
o

sta. 831 <1 <1 11659 #0594 16 21 12 16304 49 2 23947 31

Mytilidae Sta. B19 2 3 367 247 58 57 0 1083 44 55 537 56

Sta. B31 8 11 5035 10054 36 36 20 4786 104 19 7351 112
.

*In 1981 only Belenus spp. and Anomie sp. were counted at Sta. B19. In 1982 only Selenus opp. and Anemic sp. were counted
! at both stations. In 1983 counts of all four taxa at both stations be9an. No samples were taken in 1985.

%nly December cellections were made in 1986.t

'
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1 SURFACE FOULING PANELS ]
1

3.3.3-5). The density in August 1991 peared very stable, with no major popu-

was within one standard deviation of the lation changes between the operational
preoperational average at both stations, and preoperational periods for any spe- 1

The December densities in 1990 and 1991 cies.
were near the baseline average at B19,

and above the average at B31. In 1991, the densities or frequencies

of the four dominant sessile species on

bottom fouling panels were close to the !

3.3.3.4 Effects of Plant Ooeration preoperational averages, and the season-
al patterns remained the same. In 1991,

Impact on the macrofaunal benthic the density of Hiate7 7a sp. in August

community was judged by comparing pre- was well above average at the farfield

operational and operational means for station, while the nearfield station was ;

number of taxa and total density, as close to the preoperational average. By

well as comparing the community using December 1991, the Hiate7 7a sp. densi-
cluster analysis. If the preoperational ties were within one standard deviation
and operational means at the nearfield of the preoperational average. The

and farfield stations showed the same dominant sessile species are very sta-

trend, the trend was areawide, and thus, ble, and no major population changes
not related to plant operation. If the between operational or preoperational
trends were different, as evidenced by a periods have been observed. ;
significant interaction term, signifi-

cant changes must h;ve occurred during
the operational period at a nearfield 3.3.4 Surface Fouling Panels

station in order to show an impact. All

three methods had similar outcomes. The The surf ace fouling panels program was
only parameter to change significantly designed to study both settlement pat-
between preoperational and operational terns and community development in the
periods was total density of individuals discharge plume area and in correspond-

~

at B16, the mid-depth intake station, ing farfield areas. Short-term panels
which decreased during the operational submerged for one month, provided infor-
period. However, there was no change in mation on the temporal sequence of set-
number of taxa or community structure, tlement activity, while monthly sequen-

tial panels, exposed from one to twelve
The frequencies of the dominant spe- months, provided information on growth

cies in fixed quadrats in the intertidal and successional patterns of community
zone during the operational period were structure.

generally within range of the pre-
I operational frequencies, and the season-

al patterns remained the same. Occa- 3.3.4.1 Seasonal Settlement Patterns
,

sional all-time highs or lows appeared (Short-term Panels)
| during one season, but seldom persisted

to the following season. The dominant Faunal Richness and Abundance
fauna of the intertidal community ap-

3-171
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Development of a typical fouling com- ante (ANOVA) results (Table 3.3.4-2).
munity begins with bacterial invasion, Abundances in 1991 at nearfield Station

| followed by colonization by diatoms and B04, more distant from the discharge
other microorganisms that are apparent- than B19, were higher than average in |
ly prerequisites to recruitment of lar- July and August, repeating the pattern

i

vae and spores (Wahl 1989). The in- noted in 1990 (Figure 3.3.4-1). ANOVA
tensity of recruitment on short-term results indicate 1991 abundances at B04
panels, measured by the richness and and B34 were significantly higher than |
abundance of noncolonial organisms, preoperational abundances (Table 3.3.4-

gives an indication of the potential for 2). Since the difference occurred. at
fouling community development. both nearfield and f arfield stations, it

| is unrelated to operation of Seabrook i
'

Seasonal cycles in faunal richness in Station.

1991 were similar to historical trends
with one exception. Number of taxa
sharply increased in April (B04) or May Biomass

;

(B19), earlier than usual, and remained
|

high through September (B04) or October Seasonal settling patterns for the ]
(B19, Figure 3.3.4-1). Number of taxa entire fouling community (motile fauna,

was higher than average during the peak colonial organisms, macroalgae) are best
period in 1991, a trend that occurred in demonstrated by changes in biomass. The
1990 both before and during plant opera- dry-weight biomass (9/ panel) for short-

|
tion (Figure 3.3.4-1). Average numbers term panels paralleled the pattern ob-

| of taxa in 1991 were significantly high- served for the seasonal distribution of
er than during the preoperational period faunal abundance and richness, although i

at both nearfield and f arfield stations it was compressed into a shorter period.
(Tables 3.3.4-1,2). Since the increase The seasonal trend in total biomass at |
occurred at both nearfield and farfield nearfield Station B19 in 1991 was simi-
stations, it is indicative of an area- lar to historical observations. The
wide trend and not related to operation highest biomass at B19 occurred in Sep-
of Seabrook Station. tember (Figure 3.3.4-1) coincident with

highest numbers of bivalves such as
The seasonal patterns of faunal abun- Mytilidae, Hiate71a sp. and Anomia sp.,

dance were similar to those of faunal and frequencies of the hydroid Tubu7 aria
richness. In 1991, as in previous sp. (Figure 3.3.4-2). Peak biomass was
years, abundances remained low from higher than that observed during the
January through April, increased in May preoperational period, although lower
and remained high through September than the levels in 1990 (Figure 3.3.4-
(B04) or October (B19. Figure 3.3.4-1). 1). At B04, the seasonal trend approxi-
Annual mean abundances in 1991 were
similar to previous years at the dis-

charge station (B19) and its f arfield

counterpart (B31 Table 3.3.4-1), a

pattern supported by analysis of vari-
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TABLE 3.3.4-1. MEANS (PER/ PANEL) AND 95% CONFIDENCE LIMITS OF SELECTED PARAMETERS AND SPECIES
ABUNDANCES AT STATIONS B19. B31. B04 AND B34 OVER THE PREOPERATIONAL YEARS AND
MEANS IN 1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991.

bPREOPERATIONAL YEARS 1990 1991
aPARAMETER / PANEL

TAXON TYPE STATION LCL iC UCL iC iC

No. of faunal taxa ST B19 8.2 9.2 10.3 11.4 12.3
B31 7.7 8.7 9.7 11.7 9.8
B04 7.6 8.5 9.5 11.0 10.4
B34 7.6 8.8 10.1 10.4 11.7

Total noncolonial ST B19 36.9 56.2 85.4 99.5 74.6
abundance B31 46.6 72.7 112.9 129.7 52.6

B04 24.7 36.8 54.6 89.1 52.1
B34 23.0 37.1 59.5 53.1 81.7

Total biomass ST B19 0.5 0.8 1.1 1.0 1.0(g) B31 0.4 0.6 0.9 1.5 0.2w
i B04 0.4 0.6 0.9 1.2 0.9
g B34 0.5 1.0 1.5 0.6 0.8

Mytilidae ST B19 20.2 32.2 50.9 61.3 44.4
B31 24.8 40.5 65.9 77.6 25.0
B04 13.1 20.2 30.9 53.0 30.4
B34 11.6 19.9 33.5 27.6 32.7

Jassa marmorata ST B19 2.4 3.3 4.6 1.3 2.4
B31 2.9 4.2 5.9 4.2 3.2
804 1.9 2.7 3.7 1.8 2.9,

'
B34 1.6 2.4 3.6 3.6 3.8

Tubularia spp. ST B19 1.2 1.9 2.9 15.8 1.6
B31 0.7 1.2 1.9 12.2 0.1
B04 1.0 1.6 2.5 16.7 2.7
B34 1.3 2.5 4.3 16.7 2.1

Biomass MS B19 97.0 143.9 190.8 72.1 262.8(g) B31 121.2 175.2 229.3 53.6 168.5
B04 84.8 131.0 177.1 34.7 176.0
B34 102.7 175.7 249.1 22.5 270.1

aST - short term MS - monthi seguential
Preoperational - 1978-1984: bul 1986-Dec 1989 except B34, which was first sampled in 1982b

cGeometric mean for total abundance, and Mytilidae and J. marmorata abundance
Percent frequency of occurrence for Tubularia sp.

_ _ - . - - - -_ . - . _ - . - _ . _ _ - _ - _ - - _ _ _ ._
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TABLE 3.3.4-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING MONTHLY NUMBER OF FAUNAL TAXA, ABUNDANCE, TOTAL
BIONASS, AND SELECTED SPECIES ABUNDANCE OR PERCENT FREQUENCY ON SHORT TERM PANELS AT
MID-DEPTH (B19. B31) AND DEEP (804, B34) STATION PAIRS DURING PREOPERATIONAL (1978-1989)
AND OPERATIONAL (1991) PERIODS. SEABROOK OPERATIONAL REPORT, 1991.

HULTIPLESOURCE OF I
PARAMETER STATIONS VARIATION df SS F COMPARISONS

aNumber of faunal B19. B31 Preop-Op 1 85.06 14.93*** Op> Preop
Year (Preop- 10 832.75 14.5?***
Month (fear)gp)

taxa
125 7.276.79 10.22***

Station 1 50.41 8.85**
Preop-Op X Station * 1 21.07 3.70 NS
Error 133 757.79

B04, B34 Preop-Op i 146.57 29.35*++ Op> Preop
Year (Preop-Op) 10 711.04 14.24*++
Month (Year) 125 5.771.03 9.25***w

i Station 1 1.62 0.32 NS
G Preop-Op X Station 1 19.62 3.93 NS
* Error 88

Noncolonial faunal B19. B31 Preop-Op 1 <0.01 0.06 NS
abundance Year (Preop-Op) 10 20.38 19.95***

Month (Year) 125 255.23 19.99*+*
Station 1 0.01 0.07 NS
Preop-Op X Station 1 0.38 3.70 NS
Error 133 13.58

B04. B34 Preop-Op 1 1.08 13.28*** Op> Preop
Year (Preop-Op) 10 12.84 15.76***
Month (Year) 125 190.93 18.75***
Station 1 0.17 2.08 NS
Preop-Op X Station 1 0.22 2.65 NS
Error 88 7.17

(continued)
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TABLE 3.3.4-2. (Continued)

SOURCE OF MULTIPLE
IPARAMETER STATIONS VARIATION df SS F COMPARISONS

Biomass B19. B31 Preop-Op 1 0.41 0.39 NS B19)B313
Year (Preop-Op) 8 18.00 2.18*
Month (Year) 103 292.16 2.75***
Station 1 4.99 4.85*
Preop-Op X Station 1 1.82 1.77 NS
Error 111 114.36

B04. B34 Preop-Op 1 0.01 0.01 NS
Year (Preop-Op) 8 18.91 2.85**
Month (Year) 103 493.32 5.77+++
Station 1 0.34 0.40 NS
Preop-Op X Station 1 1.49 1.80 NS
Error 88 73.10y

0 Mytilidae B19. B31 Preop-Op 1 0.05 0.44 NS Op Pre Op Pre
m Year (Preop-Op) 10 20.80 17.52*** B19 B31 B31 B19

Month (Year) 125 308.96 20.82***
Station 1 0.11 0.90 NS
Preop-Op X Station 1 0.64 5.39*
Error 133 15.79

B04. B34 Preop-Op 1 0.53 5.41* Op> Preop
Year (Preop-Op) 10 12.74 13.03***
Month (Year) 125 220.23 18.02***
Station 1 <0.01 0.05 NS
Preop-Op X Station 1 0.00 0.05 NS
Error 88 8.60

(continued)
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TABLE 3.3.4-2. (Continued)

SOURCE OF MULTIPLE
f

PARAMETER STATIONS VARIATION df SS F COMPARISONS

Jassa marmorata B19. B31 Preop-Op 1 0.22 2.21 NS
Year (Preop-Op) 10 6.45 6.37***
Month (Year) 125 93.01 7.35***
Station 1 0.17 1,72 NS
Preop-Op X Station 1 0.00 0.01 NS
Error 133 13.47

B04. B34 Preop-Op 1 0.29 2.27 NS
Year (Preop-Op) 10 5.43 4.28**+
Month (Year) 125 62.99 3.98***
Station 1 0.00 0.00 NS
Preop-Op X Station 1 0.16 1.28 NS
Error 88 11.15

w
'. Balanus sp. B19. B31 Preop-Op 1 0.02 0.89 NS
4 Year (Preop-Op) 10 3.46 15.49*+*
"~ Month (Year) 125 36.69 13.14***

Station 1 0.04 1.77 NS
Preop-Op X Station 1 0.01 0.51 NS
Error 133 2.97

B04, B34 Preop-Op 1 0.01 0.88 NS
Year (Preop-O 10 0.95 8.01***Month (Year) p) 125 13.76 9.26***
Station 1 0.03 2.15 NS
Preop-Op X Station 1 0.02 1.62 NS
Error 88 1.05

(continued)



TABLE 3.3.4-2. (Continued)

SOURCE OF MULTIPLE
I

| PARAMETER STATIONS VARIATION df SS F COMPARISONS

Tubularia sp. B19, B31 Preop-Op 1 0.72 4.46* Preop >0p
Year (Preop-Op) 10 9.74 6.00***
Month (Year) 125 87.81 4.33***
Station 1 1.45 8.92**
Preop-Op X Station 1 0.38 2.35 NS

i Error 133 21.59
B04, B34 Preop-Op 1 0.20 2.14 NS

Year (Preop-Op) 10 9.74 10.33***
Month (Year) 125 97.57 8.28***
Station 1 0.02 0.20 NS
Preop-Op X Station 1 0.04 0.39 NSy Error 88 8.30

0
co

aPreop-Op - 1991 v. previous years (1978-84: July 1986-December 1989 except B34, which began
in 1982) regardless of station

bYear nested within preoperational and operational periods regardless of station
cMonth nested within year regardless of station
dStation regardless of year. or period
8 Interaction between main effects
INS - Not significant (p20.05)

* - Significant (0.052p>0.01)
** - Highly significant (.012p>0.001)
*** - Very Highly Significant (0.0012p)
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BENTH05
SURFACE FOULING PANELS

mated that of earlier years, although mer months (June through September,
the peak biomass occurred earlier than Group 4). The fouling community during
previous years. As at B19 the :,easonal this time period was composed mainly of
maximum coincided with highest numbers juvenile blue mussels and other bivalves

of bivalves and greatest Tubu7 aria sp. (Anomia sp., Hiate17a sp.). The timing

cover. Biomass at both nearfield and of the summer settling community and the
f arfield stations in 1991 was not sta- density levels in 1991 were similar to

tistically different from biomass levels those observed during the preoperational
during the preoperational period (Table period. Settling activity diminished in

3.3.4-2). the fall and winter (October and Novem-
ber), as was typical of previous years.

This community (Group 5) was character-
Community Composition ized by moderate densities of Mytilidae

and low numbers of amphipod Jassa mar-
Potential changes in the fouling com- morata. Few organisms occurred on pan-

munity during plant operation were fur- els in December at the nearfield station
ther examined through the use of numeri- (Group 2), similar to trends in 1988.
cal classification. The focus of this As seasonal groups during the operation-
assessment was to determine if the sea- al period were similar to previous
sonal species assemblages observed after years, there is no indication of an
August 1990 at the discharge station impact from operation of Seabrook Sta-
(B19) were similar to previous years. tion.

Farfield Station B31 was included as a
reference for comparison. The similari- Another measure of potential plant
ty levels of the various seasonal groups effects is a comparison of community
are displayed in a dendrogram, along composition between nearfield and far-
with the months in each year that com- field areas. If community composition
pose the seasonal groups (Figure 3.3.4- was similar between the two stations.
3). Abundances of the dominant taxa in monthly collections were placed in the
each seasonal group are shown in Table same seasonal group. During the pre-
3.3.4-3 operational period, nearfield-farfield

station pairs occurred in the same sea-
Community composition of noncolonial sonal group in 19 out of 31 sample col-

organisms in 1991 was similar to previ- lections (61%. Figure 3.3.4-3). During
ous years (Figure 3.3.4-3). Settlement the operational period, community compo-
activity was low from January through sition was similar in 13 of the 17
March and only a few bivalves were col- monthly collections (76%). Similarities
lected (Groups 1 and 2), as has oc- in community composition at the two
curred historically. In the spring stations have not dramatically altered
( April and May). Ba7 anus spp. colonized during the operational period,
panels (Group 6), at both nearfield and

farfield stations, a pattern consistent

with several previous years. Peak set-
tling activity occurred during the sum-
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TABLE 3.3.4-3. GEOMETRIC MEAN ABUNDANCE (NO./ PANEL) / b; 958 CONFIDENCE LfMITS OF DOMINANT NONCOLONI AL TAXA
OCCURRING IN SEASONAL GROUPS FORMED Bi HUMERICAL CLASSIFICATION OF SHORT-TERM

'

SURFACE PANELS SET AT DISCHARGE STATION B19 AND FARFIELD STATION B31 FROM 1988-1991.
*

SEABROOK OPERATIONAL REPORT, 1991.
:

!

NUMBER OF WITHIN/PETWEEN PREOPERATIONALa OPa ,

GROUP SAMPLES GROUP DOMINANT

NUMBER SEASON PRE 0Pa OPa' SIMILARITY TAXA L gb U g-b b'

1 Winter 5 2 0.51/.40 Mytilidae 0.4 0.6 0.9 1.0 .

Hiatella sp. 0.0 0.2 0.6 0.4

2 Winter 12 4 0.47/.40 Mytilidae 18 3.0 4.5 3.7 1

; Anomia sp. 0.0 0.4 0.7 1.2 |

3 Spring 2 0 0.48/.37 Mytilidae 0.0 0.9 48.7 --
u,

; .L Pontogenela inermis 0.5 0.5 0.5 --

,

0 da Early 4 0 0.57/.54 Mytilidae 46.0 210.8 953.3 --

! Summer Hiatella sp. 4.0 32.4 174.7 --

1
'

4 Summer 16 14 0.67/.54 Mytilidae 767.4 1767.0 4094.0 2029.3
| Hiatella sp. 18.5 46.3 113.8 66.2

Nudibranchia 3.6 7.7 15.7 8.7,

' Anomia sp. 2.4 7.2 18.9 33.6

i 5 Fall 10 9 0.64/.47 Mytilidae 34.9 60.2 103.2 34.6 |
Jassa marmorata 2.0 5.3 12.1 4.4

; 6 Spring 5- 4 0.18/.36 Balanus sp. 1.1 1.5 2.0 7.3
Mytilidae 0.0 0.3 1.2 2.2

L

7 Late 3 0. 0.07/.67 Anomia sp. 0.5 0.5 0.5 -- i
'Spring

!
.

aPreop - January 1988 - July'1990
b

p.- August 1990 - December 1991O
L - lower confidence limit

! U - upper confidence limit

4
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Dominant Taxa 3.3.4-2). In 1991, abundances were not

statistically different from those from

Several dominant taxa on short-term the preoperational period (Tables 3.3.4-
panels were monitored to determine their 1,2).

long-term recruitment patterns. Itytili-

dae spat (mainly Mytilus edulis) was the The hydroid Tubularia sp. is a dense

most abundant noncolonial taxon. In summer colonizer. It is important be-

1991, as in previous years, settlement cause of its voluminous growth habits,

took place throughout the year, but which can provide a substrate (Field ,
, '

j activity was most intense from June 1982) and food source (Clark 1975) for
through September (Figure 3.3.4-2), epifaunal taxa. In 1991, the Tubu7 aria'

coincident with larval availability spp. cover reached highest frequencies

( Fi gure 3.1.4 -2) . The peak abundance of in August at Station B04 and in Septem-
mytilids at both nearfield stations was ber at B19 (Figure 3.3.4-2). In previ-

higher than average, a trend that also ous years, Tubularia sp. reached peak

occurred in 1990 (Figure 3.3.4-2) and cover between July and September (NAI !

1989 (NAI 1991b). Annual abundances 1989b). The duration of heavy. Tubularia
were significantly higher in 1991 at cover was shorter than average in 1991

nearfield Stations B19 and B04 and at at B19 (Figure 3.3.4-2). At the far-
I farfield Station B34, but were lower field station. Tubularia sp. never oc-

than average at B31 (Table 3.3.4-2). curred in high frequencies (NAI 1992),
'

Although significant differences oc- resulting in lower-than-averge annual

curred only at the nearfield Station mean (Table 3.3,4-1) . This phenomenon
B19, there is a trend of increased abun- also occurred in 1982 (NAI 1983a), 1983 i

dances at the nearfield and farfield (NAI 1984a), and 1988 (NAI 1989a). As a '

stations further offshore (B04 and B34). result, Tubularia sp. cover was signifi- !

Furthermore, mytilid abundances were cantly lower in 1991 than during the

elevated at nearfield and farfield areas preoperational period at discharge Sta-
during the two previous years. T.hus, it tion B19 and its f arfield counterpart, a

is possible but unlikely that operation difference that was part of an area-wide }
of Seabrook Station is related to ele- trend and unrelated to plant operation. !

vated mytilid abundances. There were no significant differences in
,

Tubularia cover in 1991 at Stations B04
| The amphipod Jassa marmorata (formerly and B34. :

known as J. falcata) is a common fouling i

organism (Nair and Anger 1980). This.
species lacks a larval stage, so re- 3.3.4.2 Patterns of Community {
cruitment occurs through dispersal of Development (Monthly

'

juveniles or adults through the water Secuential Panels)
,

column (Bousfield 1973). In 1991, J. i

marmorata appeared throughout the year Biomass j

but abundances were more common in the !

latter half of the year, a pattern con- Monthly sequential panels provide |
sistent with previous years (Figure information on growth and successional '

.

>
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patterns of community development. One The numb af non-colonial taxa col-

method to assess seasonal patterns of lected in '91 was higher than the pre-

community development is to examine the operational average at all four stations

monthly biomass levels. In 1991, sea- (Table 3.3.4-5) . This difference was
sonal patterns of biomass were similar statistically significant at B19 and i

to those observed during the pre- B31. The number of taxa w1s also sig-

operational period at both nearfield nificantly higher in 1990 at B19 when

stations (Figure 3.3.4-4). Biomass compared to previous years. Non-colo-
remained low through May, then increased nial abundances in 1991 were not signif-

steadily through October. Decreases in icantly different from inose collected

biomass in November occurred at both during the preoperational period at all

l stations and may have been related to a four stations, although farfield abun-

severe northeaster storm that occurred dances were substtntially higher than

at the end of October. Biomass rebound- the preoperational average,

ed in December at both stations.
No Laminaria sp. occurred on the one-

The 1991 monthly mean biomass levels year panels at the nearfield stations in

were above the preoperational average 1991, consistent with the reduced num-

from October to December at Station B04 bers in 1990 and the variability during

and from August to December at Station the preoperational period. No signifi-

B19 (Figure 3.3.4-4). This is in sharp cant differences were noted between the
contrast to biomass values observed in operational and preoperational periods

1990, which were well below average. (Table 3.3.4-5).
Analysis of variance results suggest

that biomass in 1991 was not signifi- As all parameters from one-year panels
cantly different from to previous years were similar to previous years, or if

| at both nearfield stations (Table 3.3.4- different. different at both nearfield
' 4). However, biomass at B31 was signif- and f a rfiel d stations, there was no

icantly lower than during the pre- indication of a plant-related effect.

operational period.

Dominant Taxa
Annual Community Development

Seasonal patterns of community domi-
Community development was also as- nants in 1991 were similar to those

sessed by examining biomass, species observed during the preoperational peri-
richness and abundance on surf ace panels od in most cases. Mytilidae spat set-
exposed for one year (Table 3.3.4-5) . tied heavily on panels in June at both

Year-end biomass values in 1991 were not nearfield stations (Figure 3.3.3-4).
significantly different from the pre- Frequency of occurrence remained near

operational averages, and were an order- 100% and was higher than average for the
of-magnitude higher than the 1990 val- remainder of the year. This pattern

ues. also occurred in previous years (e.g.,

1986, 1988: NAl 1988b). Mytilidae spat

3-184
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Figure 3.3.4 4. Mean biomass (g/ panel) and Mytilidae (percent frequency of occurrence)
in 1990 and 1991 compared to mean and 95% corJidence limits during the
preoperational period (Stations B04 and B19 from 1978 1984 and July.
December 19861989) on monthly sequential panels. Seabrook Operational
Report,1991.
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| TABLE 3.3.4-4. ANOVA RESULTS COMPARING MONTHLY SEQUENTfAL BIOMASS AT MID-DEPTH (B19. B31) AND
' . DEEP (B04. B34) STATION PAIRS FROM 1978-1991. SEABROOK OPERATIONAL REPORT 1991.

,

!
:

e

SOURCE 0F
fj STATIONS VARIATION df SS F MULTIPLE COMPARISONS

Op B19 Pre B31 Pre B19 Op B31 i

Mid-depth ' Preop Op 1 6,870.3 0.61 NSa

B19. B31 Year (Preop Op)b 10 3.229.896.2 28.72**+ i

cStation 1 21.545.3 1.92 NS
Month (Year)d 113 124.358.4 11.06*** ;'4

ePreop-Op X Station 1 85.597.7 7.61**
Error 123 1.383.414.9

.

Deep Preop-Op 1 19.300.5 1.69 NSw

| h B04. B34 Year (Preop-Op) 10 2.953.711.2 25.91***
* Station 1 86.500.6 7.59**

i Month (Year) 113 13.929.948.5 10.81***
Preop-Op X Station 1 18.259.6 1.60 NS
Error 88 18.148,577.6

!i

aPreop-Op'- 1991 v. previous years (1978-84: July 1986-December 1989 except B34, which began
in 1982)4

b4

Year nested within preoperational and operational periods regardless of station
j cStation regardless of year or period

di

Month nested within year regardless of station
einteraction between main effects

' fNS - Not significant (.05>p).
'

* - Significant (.01<ps.05)
i ** - Highly signi ficant ( .001<ps.01)

++* - Very Highly Significant (ps.001)
'

7
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TABLE 3.3.4-5. DRY WEIGHT BIONASS NONCOLONIAL NUNBER OF TAXA, ABUNDANCE, AND LAMINARIA SP. COUNTS ON
SURFACE FOULING PANELS SUBMERGED FOR ONE YEAR AT STATIONS B19, 831 B04, AND B34
DURING THE PRE 0PERATIONAL PERIOD (1982-1984 AND 1986 1989), IN 1990 AND 1991.

.SEABROOK OPERATIONAL REPORT, 1991.
<

PREOPERATIONAL OPERATICNAL
STATION MEAN S.D. 1990 1991

:

L

BIOMASS B19- 661.5 476.88 132.8 NS 1056.2 NS
(g/ panel)

B31 708.9 523.86 52.1 NS 725.4 NS

B04 600.9 474.66 51.1 NS- 627.5 NS

B34 823.2 570.39 60.5 NS 1136.6 NS

NUMBER OF NON- B19 21.3 4.42 34* 33*
COLONIAL TAXA. Hy ( No. / panel ) B31 25.9 4.60 24.0 NS 42*.

h B04 23.6 4.16. 24.0 NS 33 NS ,

i B34 22.9 5.05 27.0 NS 36 NS

NONCOLONIAL B19 13,905.1 7,046.48 27,625.0 NS 14,132 NS
ABUNDANCE
( No. / panel ) B31 21,967.6 18,398.27 23,265.0 NS 62,614 NS

,

B04 19.386.0 15.063.89 27,024.0 NS 27.440 NS ,

| B34 19,221.7 19.986.38 5,693.0 NS 35,432 NS

| LAMINARIA SP. B19 24.3 36.91 0 NS 0 NS
'

(No./ panel)
B31 39.3 29.24 4 NS 8 NS

| B04 14.1 34.40 2 NS 0 NS

B34 15.9 26.83 0 NS 0 NS '

I,

* 01<ps.05 when preoperational.and 1990, 1991 means tested with a single sample t-test.

(Sokol and Rolf 1969)

4-
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measurements from monthly sequential In 1991, Jassa marmorata appeared in |
panels were compared to determine if moderate percent frequencies only in |
mean lengths differed between nearfield September at B19 (Figure 3.3.4-5). In
and farfield stations in 1991. Mytilids general, f requencies were lower than the
averaged approximately 7 mm in length in preoperational average throughout the

,

!1991 at all four stations (Table 3.3.4- year, but higher than in 1990, when J.

6). Annual averages of Mytilidae spat marmorata appeared in substantial fre-

lengths were similar between nearfield quencies only in November. J. marmorata
and f arfield Stations B19 and B31 (t - occurred from June through December at

0.19, t a .0, n=22 - 2.82) and B04 and B04 in 1991. Frequencies were higher |

B34 (t - -0.10, t a .01, n=22 - 2.82), than average in most of the summer and

fall months.

i

TABLE 3.3.4-6. NEARFIELD/FARFIELD COMPARISON OF ANNUAL MEAN LENGTH (mm), :

AND STANDARD DEVI ATION OF JASSA MARMORATA AND

MYTILIDAE SPAT COLLECTED IN 1991 ON MONTHLY SEQUENTIAL ;

PANELS. SEABROOK OPERATIONAL REPORT, 1991. i
!

|

i

SPECIES 1991 B19 B31 B04 B34

:

Mytilidae spat Mean 7.4 6.8 7.1 7.5
SD 7.95 7.07 9.06 7.51 |

Jassa marmorata Mean 4.6 4.7 4.9 4.4
SD 1.39 1.27 1.87 0.70

of the remainder of 1991. Frequencies
Average lengths of Jassa marmorata decreased markedly in September and j

colonizing monthly sequential panels again in November, following severe |

measured approximately 4-5 mm in 1991 storms.
(Table 3.3.4-6) . No significant differ-

ences were found between lengths at B19 In 1991 Tubularia sp. appeared in
and B31 (t -0.15, t a .01, n-18 - July at both nearfield stations, consis--

2.88) and B04 and B34 (t-0.75, t a .01, tent with the preoperational years (Fig-
n-17 - Z.99). ure 3.3.4-5) . The amount of Tubularia

cover at Station B19 was average from
In 1991, Balanus sp. appeared at near- July through September and below average

field stations in April (B04) or May for the rest of the year. At Station
(BI9), similar to previous years (Figure

3.3.4-5). Percent frequencies of occur

rence were higher than average for most

3-188
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Figure 3.3.4 5. Monthly mean percent frequency of occunence on monthly sequential surface
panels for Jassa marmorata, Balanus sp., and Tubularia sp. at Stations B04 and
B19 in 1990 and 1991, compared to mean and 95% confidence limits during the
preoperational period (1982 1984 and July 1986-December 1989). Seabrook
Operational Report.1991.
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I I
B04, Tubularia cover was higher than included in tests of significance be- {
average from July through September: and tween preoperational and operational !

again in November and December. periods, since plant operation started

in August 1990. Densities of large !
Strongy70centrotus droebachiensis and

3.3.4.3 Effects of Plant Operation Modiolus modiolus counted by SCUBA di- ;

vers on subtidal transects were estimat- |j
The fouling community showed no evi- ed triannually. ;

'

'dence of operational impact Most pa-

rameters measured in 1991 were within i

the 95% confidence limits established 3.3.5.1 Mytilidae |
during the preoperational period. Dif-

ferences noted in 1991 occurred at both Mytilidae, composed primarily of juve-
nearfield and farfield stations, indi- nile (<25 mm) Nytf 7us edu7is, was the

cating that differences were part of a most abundant taxon at all three ;
regional trend. In one case, biomass on nearfield/f arfield station pairs. Ny - |
monthly sequential panels, a difference ti7us edu715, the blue mussel, can reach j

occurred in 1991 at the f arfield station 100 mm in length-(Gosner 1978), and is j
but not at the nearfield station. My- an important prey species for fish, sea j

tilid abundances on short-term panels stars, lobsters, and gastropods. It

were elevated in 1991 at nearfield Sta- clings to hard substrate with strong
tions B19 and B04, and farfield Station byssal threads, is an important fouling i

'
B34 but not at f arfield Station B31. organism, and forms a habitat for many

This repeats an area-wide trend of in- other species. The geometric mean den-

creased mytilid abundances in 1990 and sity for the 1978-1989 preoperational

1989. Although possibly related to period was over an order of magnitude

operation of Seabrook Station, it is higher at intertidal stations than sub-

unlikely, given these trends. tidal depths (Table 3.3.5-1).

At the intertidal (B1MLW B5MLW) and
3.3.5 Selected Benthic Species shallow subtidal (B17,B35) depths, the

1991 (operational) densities were sig-

Eight macrof aunal taxa from the area nificantly below. the preoperational ;

of the discharge-(nearfield) and from a densities at both the near- and f arfield
control area off Rye Ledge (f arfield) stations (Tables 3.3.5-1,2). The inter-
were selected for intensive monitoring action between' station and cperational

from intertidal Stations B1MLW and status was not significant. At the mid- i

B5MLW, shallow subtidal stations B17 and depth stations (B19,B31), the trend was |

B35 and mid-depth Stations B19 and B31. the reverse of the shallow stations, and

Selection of taxa was based on abun- densities were significantly higher in I

dance, and/or trophic level . Sampling 1991 than during the preoperational
[

I generally took place in three seasons: period. The density increase occurred

May, August and November. For triannual consistently at both near- and f arfield

sampling regimes, 1990 could not be stations, as indicated by the lack of

3-190
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TABLE 3.3.5-1. GEOME1RIC MEAh DE511Y (NO./50. NETER) 0F 5 ELECTED BENTHIC !PECIES :

!
SAMPLED TRIANNUALLY IN MAY AUGUST. AND NOVEMBER FROM 1978 THROUGH 1991.
SEABROOK OPERATIONAL REPORT.1991.

>

. ... ............ . ..... ......... .......... .. .. .... .......

| PREOP' | 1990 | 1991 |
|

.......................+...............j

j TAXA STATION LCL | MEAN 1 UCL |MEAN { MEAN j
......... 4.......+.......+.......+.......+.......+....... ......

MYTILIDAE B1MLW - 105260| 123874) 145780 151386 34352
'

B5MLW 60129 72491 87397 126900 24679
B17 2090 2731 3570 6774 632 ;

B35 3514 4667 6198 5583 2023

B19 1322 1816 2495 6568 4401.

931 4513 5878 7657 1555 11221|
NUCELLA B1Mt u 1647 1928 2256 3361 826|

| Lapittus B5MLW 711 855 1029 1411 488

| A51ER11DAE B17 551 631 723 1238 871

i B35 148 195 256 1680 504

) B19 97 121| 152 235 178

| 831 47 601 76' 45 4

B17 1687 1955 2266 1300 1271 tPONT0 GENE 1A i

ikER*15 B35 1674 2129 2708 1144 1170
B19 509 623 762 643 368

*

B31 326 399 487 2B1 127

JASSA B17 818 1034 1307 502 1251 .

,

MARMORATA B35 1187 : 1673 2358 1196 3226 i
'

22 36 0 0AMPilwoE B1MLW 13 i

*

RUBR](ATA j B5MLW 2- 3 6 25| 206

STR0hGvLOCfN- | B17 31: 39, 50 24| 16

1kolus DR0t- | B35 j 31 45| 631 12 19| |
BACMithsis | B19 51 71| 97 9 33|

'

| | B31 22 30' 40 20 22 !

N0010Lus | B19 95 101- 106 103 8B
bMODlotv5 | g33 g3 gg 94 7gg gg .

;

..... .............. .... ............. ........... . .............

t

'Preoperational period extends through 1989. Sampling be9an in 1978
at Stations BIMLW. B17. B19. and B31. and in 1982 at Stations B5MLW and B35.
Commercial operation began in August,1990.

b5ampling for Mociolus modiolus began in 1980. ;

t
-

1

| r

e

i
,'

!

!

!
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! TABLE 3.3.5-2. RESULTS OF TWO-WAY ANALYSES OF VARIANCE COMPARING LOG-TRANSFORMED DENSITIES OF
SELECTED BENTHIC SPECIES AT NEAR- AND FARFIELD STATION PAIRS (1MLW/5MLW. B17/B35,
B19/B31) DURING PREOPIRATIONAL (THROUGH 1989) AND OPERATIONAL (1991) PERIODS.
SEABROOK OPERATIONAL REPORT. 1991.

,

SAMPLED IN
MAY. AUGUST. NOVEMBER

STATION SOURCE OF MULTIPLEb ISPECIESa PAIRS VARIATION df SS F COMPARISONS *

CMytilidae B1MLW Preop-Op 1 6.73 54.27*** Preop >0p
(<25 mm) B5MLW Year (Preop-Op) 11 4.66 3.42*** .

Month (fear) 26 23.72 7.36*** '

Station 1 0.95 7.65** B1MLW)B5MLWePreop-Op X Station 1 0.06 0.47 NS
Error 249 30.86

i' B17 Preop-Op 1 5.99 23.58*** Preop >0p
g B35 Year (Preop-Op) 11 21.01 7.52***
a- Month (Year) 26 41.89 6.34***

Station 1 3.50 13.79*** B35)B17
Preop-Op X Station 1 0.49' 1.93 NS

'

Error 241 61.22
B19 Preop-Op 1 2.98 8.36** Op> Preop
B31 Year (Preop-Op) 11 64.73 16.50***

Month (Year) 26 34.44 3.71***
Station 1 6.23 17.47++* B31)B19
Preop-Op X Station 1 0.14 0.39 NS

,

Error 294 104.83 '

(continued)

i

_ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ . _ . . _ .-. _ _ _._. __- . . _ . . - . ._ . _ . _ _ _ . . _ . . _ _ . _ _ - . _ _ _ _ _



__ __ ___ _ _ _ _ _ _- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ .

TABLE 3.3.5-2. (Continued)

SAMPLED IN
MAY. AUGUST. NOVEMEiER

STATION SOURCE OF MULTIPLE
b I

SPECIESa PAIRS VARIATION df SS F COMPARISONS

Nodiolus modiolus B19 Preop-Op 1 62474.44 4.49* Preop >0p
(adults) B31 Year (Preop-Op) 9 1054127.19 8.42***

Month (Year) 22 591539.03 1.93++
Station 1 512.94 0.04 NS
Preop-Op X Station 1 103.70 0.01 NS
Error 750 10427369.62

Nucella lapillus B1MLW Preop-Op 1 3.10 24.29*** Preop >0p
B5MLW Year (Preop-Op) 11 6.46 4.60***

Month (Year) 26 17.22 5.18***w
1 Station 1 1.78 13.95*** B1MLW)B5MLW

Preop-Op X Station 1 0.03 0.23 NSe
" Error 249 31.83

Asteriidae B17 Preop-Op 1 1.87 20.86*** Op> Preop
B35 Year (Preop-Op) 11 16.56 16.79*** p

Month (Year) 26 17.87 7.71***
Station 1 2.95 32.91*** B17)B35
Preop-Op X Station 1 0.26 2.92 NS
Error 241 21.60

Pontogeneia inermis B19 Preop-Op 1 3.09 14.60**+ Preop >0p
B31 Year (Preop-Op) 11 6.74 2.90**

Month (Year) 26 27.10 4.93+**
Station 1 2.94 13.88+++ B19)B31
Preop-Op X Station 1 0.66 3.11 NS
Error 294 62.19

(continued)
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TABLE 3.3.5-2. (Continued)
SAMPLED IN

MAY. AUGUST. NOVEMBER
STATION SOURCE OF MULTIPLE

b I
SPECIESa PAIRS VARIATION df SS F COMPARISONS

Jassa marmorata B17 Preop-Op 1 0.53 1.56 NS
B35 Year (Preop-Op) 11 16.01 4.27*++

Honth (Year) 26 21.98 2.48***
Station 1 2.91 8.52*+ B35)B17
Preop-Op X Station 1 0.15 0.45 NS
Error 241 82.23

Ampithoe rubricata B1MLW Preop Op 1 0.30 0.77 NS
B5MLW Year (Preop-Op) 11 236.02 55.35***

Month (Year) 26 31.22 3.10***
Station 1 33.85 87.32*** B5MLW)B1MLW
Preop-Op X Station 1 31.22 80.54*** B50p B5 Pre B1 Pre B10pu,

i Errcr 249 96.52

2 Strongylocentrotus B19 Preop-Op 1 1.a9 3.01 NS
droebachiens is B31 Year (Preop-Op) 11 39.67 7.27***

Month (Year) 26 38.96 3.02***
Station 1 2.12 4.27* B19)B31
Preop-Op X Station 1 0.32 0.64 NS
Error 294 145.78

0 Log tx+1) Gensity, except for M. modiolus adults, were sampled semi-quantitatively and were compared with
rank densities.bNS - not significant (p>0.05)
* - significant (0.052p>0.01)

** - highly significant (0.012p>0.001:i

*** - very highly significant (ps0.001)
jpreoperational(through1989)versusoperational(1991) period,regardlessofstation
nearfield - Stations IMLW. B17. and B19; farfield - Stations B5MLW. B35, B31. regardless of

' year / period
interaction between main effects

IUnderlining signifies no significant differences (alpha - 0.05) among least squares means with a paired
T-test.

. _ _ _ _ _ - _ - _ _ - _ - _ ____ _ - _ _ _ __ _ _ -. - - . _ _ _ _ - _ - _ - _ _ - _ _ _
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significance in the interaction term. than preoperational densities (Tables !

The pattern of decreased mytilid density 3.3.5-1,2), as this trend occurred at ;

at intertidal and shallow.subtidal sta- both stations, the interaction (Preop-op j
tions, and increased density at mid- X Station) was not significant. At the '

depth stations, also occurred between nearfield station (B1MLW), the 1991 }
1984 and 1985 (NAI 1991b). Since all densities were within the range of pre- |
changes in mytilid density occurred at vious years (NAI 1991b), while the far- !
both near- and farfield stations, and field density (B5MLW) was at an all-time ;

reflected patterns observed in some low. The area-wide below-average densi-
'

preoperational years, it is unlikely ties in 1991 follow area-wide above-

that plant operation was a primary fac- average densities in 1990 (NAI 1991b),

tor in tnese changes. coinciding with a similar trend in my--

tilids, one of its major prey species.
,

The Mytilidae collected usually ranged !

from less than 1 mm to 25 mm in length. During preoperational years., Nuce77a '

and averaged between 2 and 3 mm. Many averaged 6.0 mm in length in nearfield [
'

of the smallest mytilids had settled on stations and 6.9 mm in farfield sta-
macroalgae rather than on the bottom or tions. In 1990 and 1991, the mean
hard substrate, a pattern also observed lengths were well below average. In I
by other investigators (Bayne 1965; 1991 (a low-density year), about 66% of ,

Suchanek 1978). The preoperational mean the Nucella were juveniles measuring 5

| length of intertidal mytilids was mm or less (NAI 1992). In 1990 (a high- I

slightly larger than subtidal mytilids density year), the proportion of juve- 1

(Table 3.3.5-3), while intertidal popu- niles was slightly higher, and reached

lation densities were much higher than 78% at the nearfield station, indicating i

subtidal densities (Table 3.3.5-1). recruitment was high (NA1 1991a). Pre- '

Densities and lengths in 1991 and 1990 vious studies have shown juveniles (2-5 i
'followed the same trend. Historically, mm) are more evenly dispersed throughout

mean mytilid lengths within each of the the year, and adult snails are active >

station pairs exhibited no significant only from May through October, retreat- ;

variability among years (NAI 1987b). In ing into crevices in the winter (Menge

1991, the lengths at all three station 1978).
pairs were within the range of previous !

years (NAl 1991b). ;

3.3.5.3 Asteriidae {
i

'

3.3.5.2 ~Nuce77a 7apf77us The Asteriidae collected are juve-

niles, too small- to be assigned to ge- |
Reaching up to 51 mm in length ( Abbott nus. Two species of both Asterf as and ;

1974), Nucella Tapf77us is an abundant Leptasterfas can occur within'the study |
intertidal gastropod drill and an impor- area (Gosner 1978). Asteriidae are |

'
tant predator, particularly on mytilid important predators 'on bivalves, partic-

. spat and barnacles (Gosner 1978). In ularly on the recently-settled stages, i
1991, densities were significantly lower as well as other mollusks and barnacles !
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TH LE 3.3.5-3. ANUAL NEAN LENGTR (R) AND 95% CONFIDENCE INTERVAL FOR SELECTED BENTEIC SPECIES .

SAMPLED TRIAINIUALLT IN MAT AUGUST AND NOVEMBER AT SELECTED BENTRIC STATIONS !

FRON 1982 TROUGH 1991. SkABROOKOPERATIONALREPORT.1991. :
i
,

,

!
t.............. . __ -- _ . . . . . . . . . . _ -

t : ! PREOP (1982-89) ! 1990 1991 1 !
!

: : - .- ........... ...:
! TAXA : STATION ! ICL ! MEAN* ! trL ! MEAN* l MEAN* 1
:... -:........................- _ .....................- :_

b
! MYTILIDAE : IMLW ! 3.l! 3.1: 3.2: 3.11 3.11
! ! SMLW ! 3.21 3.3: 3.3! 3.5: 2.7!
! 1 17 ! 2.3! 2.3! 2.4 2.2! 2.61 i

: 35 ! 2.4! 2.5! 2.5! 2.5! - 2.2: .

! ! 19 2.31 2.4 2.4! 3.0! 2.0: i

! ! 31 ! 2.71 2.81 2.9: 2.71 2.5:
1 NUCELLA - 1 IMLW I 6.71 6.9 7.0! 5.41 5.4 i
! LAPILLt'S : SHLW ! 5.81 6.0! 6.2:' 5.9: 5.4 !

! ASTERIIDAE 1 17 ! 4.81 5.0! 5.1: 3.3: 5.2! )

35 1 6.4! 6.7: 7,1! 3.0: 5.61

iwatn!A ! 19 I 5.01 5.1: 5,31 5.2! 5.4 - |
! INFRMIS 31 1 5.21 5.3! 5.4| 6.01 5.9:
1 JASSA 1 17 4.11 4.2! 4.2: 3.9| 4.51 !
! MARMORATA : 35 1 3.9! 3.91 4.0: 4.0! 4.4: }

AMPITHOE ! IHLW ! 6.7: 7.0: 7.31 -*! 9.9_: f
! RlBRICATA ! SMLW ! 7.41 7.81 8.2: 6.11 7.6! :
1 STRONGYLOCEN- | 19 ! 1.81 1.91 2.0 2.0! 1.51 j

TROTUS QROP 1 31 ! 1.8! 1.9: 2.0: 2.3| 2.01:
'

: EACHIENSIS ! ! 1 ! ! ! ! j
=........- - = _

_ -

;

|

' *Mean - sum of the 'sngths of all individuals measured in May. August, and. |
November / total number of individuals measured in that year !

Nytilidae 225 mm were considered outliers, and not used in calculations of the mean -|
* - none collected |

-

|

3-196 j

:
|

L- )



- - - - - - . .

,

BENTH05
SELECTED SPECIES

(Gosner 1978). Abundances of asteriidae Since the decline began prior to plant

were highest at the shallow subtidal operation and occurred at both stations,
station pair (B17,B35). it was related to area-wide occurrences,

i

not a local effect of plant operation.
IAsteriidae densities were significant- Differences between stations were sig-
ily higher in 1991 than their baseline nificant with the nearfield (B19) having

densities; because abundance increased a higher density than the farfie'd (B31) j

at both nearfield and farfield stations. in most years (Tables 3.3.5-1,0). |
There was no significant interaction ;

(Table 3.3.5-1,2). As in previous During the preoperational period,
years, differences between stations and ovigerous and brooding females have been {
among years, were significant, with more collected in low numbers from January j
sea stars usually occurring at the near- through September (NAI 1985b). Histori-

|field station. 1991 was the second cally, recruitment. as indicated by a

consecutive year of well above average sharp increase in density and increased

densities, coinciding with lower-than- numbers in the I to 3 mm size class, has f
average mytilid density, one of its taken place between May and July. .In !

,

major prey items at the shallow subtidal fall and winter, abundance decreased. ;

! pair. but average size increased as the popu-
,

lation grew (NAI 1985b). The 1991 mean |
In 1991, the annual average length was lengths were above the preoperational !

| well within the range of annual means average at both stations, while popula- !

| taken during the preoperational period tion densities were below the preopera- ;

(Table 3.3.5-3) . Over 50% of the speci- tional average (Table 3.3.5-3). -|
mens collected in 1991 were 1 mm or less !
at both stations, and most of these were I
collected in August (NAI 1992). 3.3.5.5 Jassa marmorata |

1

Jassa marmorata is a tube-building i

I3.3.5.4 Pontogenefa inermis amphipod, and a dominant fouling organ-
ism on hard substrates in areas with

Pontogeneia inermis (maximum length, strong tidal and wave currents (Bous-

11 mm) is a pelagic, cold water amphipod field 1973). It is a suspension feeder,

(Bousfield 1973), and a dominant species and also preys on small crustaceans.

in both benthic and macrozooplankton The 1991 annual densities of Jassa at
collections (Section 3.1.5). It clings both stations were slightly higher than

to submerged algae from the lower inter- the preoperational means, although the

tidal to depths greater than 10 m (Bous- difference was not significant (Tables
.

field 1973). In 1991, densities at both 3.3.5-1,2). Likewise, no significant )
near- and farfield mid-depth stations interaction occurred between 1991 and !
were similar to 1990 and significantly preoperational averages at the nearfield

below the preoperational average. The farfield station pair (Table 3.3.5-2),

interaction term (Preop-Op X Station) indicating stable populations at both

was not significant (Tables 3.3.5-1.2). stations.
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Most lifestages of Jassa were collect- ment occurred during this time period. f
ed at Stations B17 and B35, ranging from In 1983 and 1984, recruitment appeared
grovid females to newly-hatched young depressed, accounting for both lower

(NAI 1985b). The average length (all overall densities and larger mean size
,

'lifestages combined) during the preoper- (NAI 1985b), and the trend continued

ational period was 4.2 mm at Station B17 through 1990 (NAI 1991b). In 1991, the |
'and 3.9 mm at Station B35. In 1991, the average length measured 7.6 mm at B5MLW,

mean length at both stations was above and 9.9 at the nearfield station, where

the preoperational average (Table 3.3.5- only two specimens were collected. The

3), but within the range of annual mean relatively large mean length is due to
'

lengths in previous years (NAI 1991b). the lack of small (1-3 mm) individuals

in the population measured three times ;

annually. In 1991, small Ampf thoe com- !

3.3.5.6 Ampithoe rubricata prised 10% of the population at the
farfield station, and none occurred at

Ampfthoe rubricata (maximum length, the nearfield station (NAI 1992). !

14-20 mm) is an amphi-Atlantic amphipod
that ranges south to Long Island Sound.

It constructs a nest of tubes among 3.3.5.7 Stronoy1ocentrotus

fucoid algae and in mussel beds (Bous- droebachiensis
field 1973). It is found primarily in

intertida1 areas, but is occasionally Strongy70centrotus droebachiensis, the
common at shallow subtidal stations, green sea urchin, reaches 75 mm in diam-
Yearly densities have fluctuated signif- eter, and is an important prey species

icantly during the study period, and for lobsters, cod and other demersal
2steadily declined from about 500/m in fish, and sea stars (Gosner 1978). It

1979 to 1986 when none were collected is an omnivore, but prefers grazing on

(NAI 1991b). In 1988, populations at Laminaria saccharina over other common
the farfield station showed a slight algal species (Larson et al. 1980: Mann

increase in abundance that has continued et a7. 1984). When the macroalgae sup-
through 1991. No Ampf thoe were collect- ply is depleted, it will prey on My-
ed at Station B1MLW in 1990 and 1991, tilus edu7fs (Briscoe and Sebens 1988).
but densities were higher than average It is subject to population " explosions"
at B5MLW, as reflected in the signifi- that can denude large areas of macro- !

cant Preop-op X Station interaction algae, leaving barren rock (Breen and |
(Table 3.3.5-2). Mann 1976). Density in 1991 was slight-

ly lower at both stations, but the dif- j
Ovigerous and brooding females were ference was not significant. Likewise,

rare, but during the preoperational the interaction was not significant
period were occasionally collected from (Table 3.3.5-1,2).

April through September (NAI 1985b).

The largest numbers of small (1-3 mm) Most of the individuals collected
individuals were collected from April subtidally were juvenile, measuring less
through September, suggesting recruit- than 3 mm in diameter. Recruitment of

3-198
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newly-settled young through 1984 has 7us densities were significantly below

historically occurred in August and the preoperational averages in 1991, the
September (NAI 1985b). Average lengths decline occurred at both near- and far-
in 1991 were 1.5-2.0 mm (Table 3.3.5-3), field stations, resulting in no signifi-

and were within the range of the study cant differences in the interat. )n term

period. (Tables 3.3.5-1,2) . Since the decreases
,

were within the range of annual varia- !

In order to account for adult individ- tion, 'and occurred at both near- and !

uals that were too large to be collected farfield stations, it is not likely to |

in the benthic sampling program, sea be an effect of plant operation. {
urchins were enumerated by SCUBA divers

7

!
in the subtidal transect program. No

more than a total of 13 large (>10 mm) 3.3.5.9 Effects of Plant Operation ,

sea urchins per year were counted j
2(0.02/m ) in the first three years of in conclusion, patterns in abundance

~

sampling (NAl 1986a, 1987a, 1988a). and size distribution in selected ben-

From 1988-1990 a gradual increase oc- thic species were only slightly less- [
curred to a maximum of 70 urchins predictable than community characteris- !

2(0.14/m ) in 1990 (NAI 1988a, 1989a, tics presented in Section 3.3.3. During I

1990a). By 1991, numbers had dropped to the preoperational period, abundances !

pre-1988 levels, with a grand total of 7 have varied among years and between near- !
2

[urchins (0.01/m ) from all four tran- -and farfield stations (NAI 1991b). In
*sects sampled during three seasons (NAI 1991 (operational period), the abundance

1992). The extremely low densities of of mytilids (B19,B31 only) and asteriids ;

adult urchins in comparison to juveniles (B17,B35) was significantly higher than ,

indicate that natural forces are keeping the preoperational average. Likewise, I

this potential nuisance species under the operational (1991) abundances of ;

control. mytilids (B17,B35: B1MLW,B5MLW), Modio- !

Jus (B19,B31), Pontogeneia (B19,B31),

and Nuce77a (B1MLW,B5MLW) were signifi-
3.3.5.8 Modfo7us modfo7us cantly lower than the preoperational ,

averages. In each case, both near- and j
Modio7us modio7us, the northern horse farfield stations followed a similar

'

mussel, is a boreal species that reaches trend. Since operational increases or

a length of 15 cm (Gosner 1978) and decreases occurred at -both near - and . i
forms beds subtidally, which can survive f arfield stations. there is not evidence ' [
for several decades (Witman 1985). of plant impact, only area-wide annual1 s

Modfolus populations, like large sea variations.
urchins and macroalgae, were enumerated I

triannually by divers along randomly The only species to show a signifi- !

pre-selected, radiating transects. They cantly different trend between the near-

were most abundant at mid. depth Station and farfield stations in 1991 was Ampf-

B19 (near the discharge) and its far- thoe rubricata, which had the lowest ,

field counterpart. B31. Although Modio- preoperational mean densities. In 1991, g

i
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densities were well below the pre- Peak numbers of lobster larvae at the
operational average at the nearfield discharge station occurred in June, ,

station (BIMLW) and well above the aver- July, and August, and were rare in May. I
Iage at the farfield station (B5MLW). September and _0ctober, similar to previ-

Following the virtual disappearance of ous years (Figure 3.3.6-1). The occur-
the popul ations of both stations in rence of peak abundances of lobster

1984 A. rubricata reappeared in the larvae in the study area is consistent

farfield only in May 1990 and continues with other studies in New England, sum-

|to increase through 1991. Since the marized by Fogarty and Lawton (1983) as
decrease occurred at both stations and occurring from June through August. !

!the increase began before the plant Other studies relate first appearance

started commercial operation, differ- with a surface temperature of 12.5'C

entes may be attributed to natural tem- (Harding et al. 1983), which typically

poral and spatial variations, rather occurs in June or July in the study area [
than an impact of plant operation. ( Figure 3.1.1-1) . Increased density in i

1991 was due mainly to increases in

Length measurements have historically Stage IV larvae, the most numerous of j

been a stable indicator of population the four lifestages (Figure 3.3.6-1),

recruitment and growth, showing low Stage I larvae were the second-most [
variability among years. In 1991, the abundant lifestage both in 1991 and !
average lengths of all species were during the preoperational period. Stage !
within range of previous years (NAI 11 and Stage 111 larvae were the least '

1990b). Average Ampf thoe lengths were abundant lifestages. Stage I lobster
above average at both stations because predominated in the majority of studies, j
only two adults were collected at the mainly from southern New England, re- i

|nearfield station and only a few young viewed by Fogarty and Lawton (1983).
measuring <5 mm were collected at the although Stage IV lobsters were most

farfield station. numerous in some years in Cape Cod and
| Buzzards Bays, and Long Island Sound. A

preponderance of Stage IV larvae typi-

3.3.6 Epibenthic Crustacea fied the coast of southwestern Nova
Scotia south to New Hampshire, supplied

3.3.6.1 American Lobsters (Homarus by lobster stock in the warm southwest-

americanus) ern waters of the Gulf of Maine and
Georges Bank (Harding et al. 1983, Har-

Lobster Larvae ding and Trites 1988).

Lobster larvae densities in 1991 were
significantly higher than during the

preoperational period at all three sta- ;
'

tions, continuing a trend first observed

in 1990 (Tables 3.3.6-1,2: NAl 1991b).

There were no differences among the

three stations during the study period.
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pbuLT A$5%ANDOR CATCH PER UNIT EFFORT ./15TABLE 3.3.6-1.

ANNUAL MEAN AB NDANCE bno./1000m )E AND ADULTS. CANCER SPP.VAE. DCONFIDENCE LIM TS OF L BSTER LARVA
FEMALE JONAH AND ROCK CRABS AT NEARFIELD (P2 P5 FOR LARVAE. L1 FOR ADULTS) AND
FARFIELD (P7.L7)' STATIONS DURING PREOPERATIONAL YEARS, 1990 AND 1991.
SEABROOK OPERATIONAL REPORT. 1991. ;

PREOPERATIONAL YEARSa

SPECIES STATION LCL ib UCL 1990 1991 L

(period sampled)-
4

Lobster larvae P2 0.4 0.5 0.5 1.0 0.9
(May-Oct)- PS 0.0 0.5 1.3 0.9 0.9

P7 0.5 0.6 0.7 1.1 1.1

i . Lobsters, total L1 62.1 64.1 66.1 88.1 76.3
(Jun-Nov) L7 82.2 86.9 91.6 103.5 65.6'

Lobsters. legal-sized L1 6.9 7.2 7.5 2.6 2.4
(Jun-Nov) L7 5.6 6.0 6.4 2.7 1.6 .

i

.

Lobsters, female L1 37.1 39.0' 40.9 47.7 42.9
' [ '(Jun-Nov) L7 44.6 47.1 49.6 55.4 36.5

3 Lobsters, ovigerous L1 0.5 0.6 0.6 0.5 0.4
(Jun-Nov) L7 0.4 0.6 0.7 0.5 0.7 ;

! - Cancer sp. larvae P2 17480.5 25250.1 36472.8 9249.2 52165.3
(May-Sep)- P5 4610.3 9531.0 19702.6 8880.8 24769.3

P7 11585.0 24121.3 50222.4 15764.4 40766.3

Jonah crabs.' total .L1 11'3 12.6 13.8 14.8 11.0.

(Jun-Nov) L7 8.7 9.5 10.3 5.9 5.2
,

|- Jonah crab, females L1' 8.7 9.7 10.7 10.2 7.9
'

! (Jun-Nov) L7 6.1 6.8' 7.4 3.6 3.0

bd crab total L1 2.1 2.5 2.9 4.4 1.9-
(Jun-Nov) L7. 1.2 1.6 '1.9 4.5 3.5 ;*

Rock crab, female L1 0.3 0.5 0.7 1.2 0.5 i-
'

j (Jun-Nov) L7 0.2 0.3 0.4 0.6 1.5-

1
t

aPreoperational P2. P7. L1, L75 1982-1989. PS: 1988-1989
b2

Geometric mean for lobster larvae and Cancer spp. larvae
,

.

4
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TABLE 3.3.6-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING DENSITIES OF LOBSTER AND CANCER SP. LARVAE
COLLECTED AT INTAKE, DISCHARGE, AND FARFIELD STATIONS, AND CATCHES OF TOTAL AND
LEGAL-SIZED LOBSTERS JONAH CRAB, AND ROCK CRAB AT THE DISCHARGE STATION AND
RYE LEDGE. SEABROOK OPERATIONAL REPORT, 1991.

SOURCE OF
bSPECIES VARIATIONa df SS F HULTIPLE COMPARISONS

Lobster larvae Preop-Op 1 0.76 20.13*** Op> Preop
' (May-Oct) Station 2 0.08 1.09 NS

Year (Preop-Op) 7 0.59 2.22*
Week (Year)

.

168 36.50 5.73+++
Preop-Op X Station 2 0.01 0.13 NS
Error 382

Lobster Preop-Op 1 5997.41 6.24* L7 Pre L1 Op L1 Pre L7 Op
(total catch) Station 1 2909.80 3.03 NS
(Jun-Nov) Year (Preop-Op) 7 145343.87 21.59***

Month (Year) 45 1365568.08 31.55***
Preop-Op X Station 1 10266.12 10.67**w

I, Error 1098 2665339.88
O
" Lobster Preop-Op 1 1221.31 102.66*** Preop >0p

(legal size) Station 1 1.75 0.15 NS L1 - L7
(Jun-Nov) Year (Preop-Op) 7 3647.79 43.80**+

Month (Year) 45 6941.21 12.97***
Preop-Op X Station 1 3.71 0.31 NS
Error 1098

Cancer sp. Preop-Op 1 4.98 6.55* Op> Preop
larvae Station 2 1.69 1.11 NS
(May-Sep) Year (Preop-Op) 2 0.62 0.41 NS

Month 16 95.77 7.88**+
_'

Preop-Op X Station 2 0.16 0.10 NS
Error 96

(continued)

|

|

_ _ - _ _. - -. - . -. . . . . . - _.



- _ - - _ _ _ - . _ ._ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ - _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _

|

|

|
TABLE 3.3.6-2. (Continued)

SOURCE OF
D

SPECIES VARIATIONa df SS F MULTIPLE COMPARISONS

Jonah crab Preop-Op 1 462.95 5.63* Preop >0p
(Jun-Nov) Station 1 1404.62 17.09*** L1)L7

Year (Preop-Op) 7 15301.34 26.59+++
Month (Year) 45 58583.24 15.84*++
Preop-Op X Station 1 63.74 0.78 NS
Error 1076 88445.99

Rock crab Preop-Op 1 47.94 3.36 NS L7 Op L1 Pre L1 Op L7 Pre
(Jun-Nov) Station 1 55.53 3.89*

Year (Preop-Op) 7 3169.06 31.70***
Month (Year) 45 4626.71 7.20*++
Preop-Op X Station 1 270.37 18.93***

Y Error 1076 15367.52
U
w

aPreop-Op - Preoperational period (Lobster, Cancer larvae all stations: 1988, 1989: Adult lobster

and crabs: 1982-1989) vs. 1991 regardless of Station or month.
Station - Station differences (Lobster and Cancer Larvae: P2, PS, P7: Adult lobster: Discharge (L1) and

Rye Ledge (L7)) regardless of year, month or period.
Preop-Op X Station - Interaction of main effects.
Year (Preop-Op) - Year nested within preoperational and operational periods regardless of year, month
or Station,
Month (Year) or Week (Year) - Month or week nested within Year, regardless of Station.

bNS - Not significant (p>0.05)
* - Significant (0.052p>0.01)
** - Highly significant (0.012p>0.001)

+++ - Very Highly significant (0.0012p)
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Figure 3.3.6-1. Weekly mean log (x+1) density oflobster larvae (no/1000 m9 at Station
P2 log (x+1) density of stage 1. II. III and IV lobster larvae at Station P2 and
monthly catch per unit effort (15 traps) of adult and legal. sized lobster at
discharge Station L1 and 95% con &dence intervals during the preoperational
period (1978 1989: larvac,1975 1989: adults), and mor.thly means in 1990 and

-

1991. Seabrook Operational Report,1991. |
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Adults 1969). In addition, temperature may

affect seasonal lobster migrations

Adult lobster catch in 1991 (collected (Campbell 1986). In New Hampshire.
from June through November only) aver- adult lobsters are thought to move ir- )
aged 76.3 per 15-trap effort at the shore in spring and summer and offsho e I

discharge Station L1. The average catch in fall and winter (NHFG 1992).
was higher than the preoperational aver- f
age, al though lower than the annual Year-to-year fluctuations in lobster

catch in 1990 (Table 3.3.6-1). Adult catches are thought to be influenced by
,

catches at the farfield Station L7 were a number of f actors It has been sus- |
consistently higher than those at L1 pected that lobster densities are corre- |

'through 1990. but were lower .than those lated with numbers of larvae (Harding et

at L1 in 1991. Analysis of variance al . 1982) , but others reject this . idea

results indicate annual adult catch at (Fogarty and Idoine 1986). The availa . i

the discharge site in 1991 was not sig- bility of cobble substrate for recruit- '

nificantly different from catches during ment of early benthic phase lobsters may

the preoperational period, unlike 1991 also limit lobster populations (Wahle !

catch at the f arfield site, which was and Steneck 1991). Temperature is known j<

!significantly lower than during the to affect lobster catches. Total lob-

preoperational period (Table 3.3.6-2). ster catch in Maine (assumed to be le- .

'
gal-sized only) has been correlated with

Seasonal patterns in 1991 were similar surface water temperature, both in the

to previous years with one exception. current year and six years prior,

i

Adult catch at the discharge station (Fogerty 1988; Campbell et al. 1991).
5 increased from July through September, Higher temperatures also increase the

{decreased in October, then increased in likelihood of the molting of sublegal-,
:

November (Figure 3.3.6-1). Catches sized lobsters into a harvestable size |during the. peak periods ( August. Septem- (Fogarty 1988). Inshore lobster catches

ber, November) were higher than the in the northeastern United States have
preoperational average. The seasonal steadily increased from 1975-1990, re-

pattern of lobster catches in 1991 was flecting both an increasing population

| typical of the New England lobster fish- as well as increasing effort by fisher-

ery (New England Fishery Management men, who may be trying to offset new

Council 1983). New Hampshire Fish and size limits (NOAA 1991b). Evidence
Game (1992) also reported 1991 lobster suggests that in Maine, newly-recruited

catches from traps set in coastal New legal lobsters are almost completely
Hampshire were highest in August but harvested in the same year (Fogarty |
were substantially lower in September 1988). Thus, although regional tempera-
and October. Seasonal variations in tures were higher than average in 1990 j
lobster catch are probably in part due and 1991 (Table 3.1.1-1), they may have i

to regional temperature changes, which had no effect on this highly-exploited |
act to increase the activity level. in resource. I

turn enhancing the likelihood of being
;

caught (McLeese and Wilder 1958. Dow '
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Legal-sized Lobsters which includes both legal-sized and

sublegal-sized lobsters, were lower than |
Catches of legal-sized lobsters are in 1990, but higher than in 1989, when i

affected by the same environmental con- the last increase in the legal-size !
ditions that affect total catch as well limit was made. In a 1991 study of New |
as changes in the regulations governing Hampshire coastal areas, the majority of i
the fishery. The legal-size limit for lobsters measured between 77 and 80 mm, {
lobsters has been increased in 1984, with an average length of 78 mm (NHFG
1989, and in 1990, and is currently 1992).
defined as a carapace length of 83 mm (3
1/4*). Each increase in the legal size Female lobster catch averaged 42.9 !

reduced the proportional catch of legal CPUE at the discharge station in 1991,
.

sized lobsters (NAI 1991b, Figure 3.3.6- slightly more than half of the total

2). In 1991, the annual catch of 2.4 lobster population (Table 3.3.6-1).
lobsters per 15-trap effort at the dis- This was similar to the 1984-1989 peri- !
charge station was similar to that in od, which ranged from 54-56% (NAI f
1990 and significantly lower than the 1991b). The proportion was similar at
preoperational average of 7.2 (Tables Rye Ledge, both in 1991 and during the !
3.3.6-1,2). There was no difference preoperational period. NHFG studies j
between the nearfield and farfield sta- found that females constituted 52% of
tions, the total legal-sized population (Grout

et al. 1989).
The seasonal pattern of legal-sized !

Ilobster catches in 1991 appeared to be Egg-bearing female lobsters represent-
unrelated to seasonal patterns of adult ed a small component of the lobster

Ilobsters, with the exception of November population for 1991; berried females
(Figure 3.3.6-1). Catches remained low averaged 0.4 CPUE, ccmposing 0.5% of the -

j from June through October, then in- total catch at the discharge station.
creased dramatically in November as did Catches of ovigerous females at Rye I
total catch. In 1990, legal-sized lob- Ledge were slightly higher, averaging f
sters showed no seasonal trend, unlike 0.8 per effort or 1% of the total catch- |
the preoperational average, which mir- (Table 3.3.6-1). The percent of egg- !
rored total catches. bearing female lobsters has been vari-

able, but generally less than 1% during
the preoperational period (NAI 1991b:

Size Class Distribution Table 3.3.6-1) . Changes in legal-size

limits for fishing do not appear to have
The majority of lobsters collected in affected the proportion of egg-bearing

1991 were in the 67-79 mm (2 5/8"-3 females. NHFG studies (Grout et al.
1/8") size class, as was true in 1990 1989) found that 0.4% of the total lob-
and in previous years. Lobsters measur- sters examined during lobster surveys
ing 54-67 mm (2 1/8-2 5/8") ranked set- from 1983-1985 were berried.
ond in abundance in 1991 (Figure 3.3.6-
2). Catches in the 79-92 mm size class,

3-206
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| In 1991, 29 lobsters were impinged in station in 1991. consistent with previ- r

the plant's cooling water system. Nine- ous years (Tables 3.2.6-1,2). Female i

3 teen of these (66%) were impinged in crab catches were also lower than aver-
November, following the severe North- age in 1991, but composed approximately ,

j eastern storm. Four lobsters were im- three-quarters of the total catch at the j

pinged in 1990. This level of impinge- discharge station, similar to the aver- |';

ment does not represent a threat to the age proportion during the preoperational j
local lobster population. period. Highest catches in 1991 at the j

|
discharge station occurred from July *

| through September, but lacked the typi- .

3.3.6.2 Jonah Crab (Cancer borea7fs) cal August peak evident in the preopera- |
and Rock Crab (Cancer tional average (Figure 3.3.6-3).

irroratus) i

Rock crabs (Cancer irroratus) were }
Larvae less abundant than Jonah crabs in the |

study area, a result of intra-specific !

Cancer spp. (Cancer borealis and Can- competition (Richards et al.1983) and j
cer irroratus) larvae had significantly their preference for sandy habitat rath- |
higher peak abundances in 1991 in com- er than the cobble-rock that predomi-

|
; parison to the preoperational period at nates in the area (Jefferies 1966, Big-

{'
all three stations (Tables 3.3.6-1,2). ford 1979). Rock crab catches in 1991 ;

Average densities were at least double averaged 1.9 CPUE at the discharge site i
*

those of the preoperational period. The and were not significantly different
i seasonal trend of occurrence at P2 was from the preoperational period. Howev- J

similar to previous years. Densities er, Rye ledge catches averaged 3.5 in |
were low from January through April, 1991 and were significantly higher than j
peaked from May through September, then the preoperational average (Table 3.3.6- |

; decreased from October through December 1,2). In 1991, catches at the discharge
'

(Figure 3.3.6-3). site were highest in July, but decreased

in August and remained below average for
i the remainder of the year (Figure 3.3.6-
1 Adults 3). Female crabs composed approximately
] one-quarter of the total catch at the

i Annual Jonah crab (Cancer borea715) discharge site in 1991, consistent with

catches in 1991 averaged 11.0 CPUE at previous years (Table 3.3.6-1). Howev--

the discharge station and 5.2 at Rye er, female crabs at Rye Ledge were much
Ledge, significantly lower than the more numerous in 1991 in comparison to
preoperational average at both stations. previous years..

Hoeever,1991 catch levels at the dis--

charge site were not unusual, but were

similar to catches in 1987, and higher 3.3.6.3 Effects of Plant Operation
!

j than the low catches observed from 1982- '

1984 (NA1 1991b). Catches at Rye Ledge Differences occurred in 1991 in larval,

eere lower than those at the discharge and adult stages of the predominant
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epibenthic crustaceans. Both Cancer significant spatial or temporal differ-

spp. and lobster larvae were more abun- ences, except among weeks (Tables 3.3.7- ;

dant in 1991 than during the preopera- 1,2). !

'
tional period. Jonah crab catches were
reduced from the preoperational average. Factors influencing the timing and -

As these changes occurred at both near- magnitude of the observed pattern of i

' field and f arfield stations, they appear larval abundance are complex, including:
unrelated to operation of Seabrook Sta- adult condition at the time of spawning,

tion. Adult lobster and rock crab cat- temperature at spawning sites, location
'

ches at the discharge station in 1991 of spawning sites relative to prevailing

were not significantly different from coastal currents, water column stratifi- [

catches during the preoperational peri- cation and larval behavior. M. arenaria [

od. However, significant differences is known to spawn in the spring at tem- |
Occurred at the farfield station, which peratures greater than 4 - 6*C with a >

is remote from plant influence. summer spawning at 15- 18*C (Brosseau

1978). Length of larval life is approx- f
Legal-sized lobster catch has been imately 12 days at 20*C, but lasts up to t

substantially reduced, at least in part 21 days under cooler conditions (Turner j
due to changes in the definition of 1949). For most of their planktonic *

|
legal size. Since the trend has been period, the larvae are in the umboned ',

' the same at nearfield and f arfield sta- stage, which has been the focus of this j

tions, there is no indication of a larval study (NAl 1981c). Maximum lar-

j plant-related effect. val abundances in August and September f
| coincided with water temperatures in ;

Hampton Harbor that regularly exceeded |
3.3.7 Hva arenaria (Soft-shell Clam) 15-18*C (Section 3.3.1) . However, these ,

temperatures also occurred f requently in i

3.3.7.1 Larvae June and July, which were characterized |
by much lower larval abundances, sug-

,

Mya arenaria larvae occurred most gesting that temperature is a minimum

ueeks from May through October in pre- requirement for spawning. ;

operational years at nearfield Station 1

P2. Maximum densities were typically Recruitment of larvae of non-local
recorded in late summer or early f all, origin is likely due to currents in the

although a secondary peak usually oc- Gul f of Maine, which may move water

curred in early summer (Figure 3.3.7-1). masses and their entrained larvae sig-

Peak abundances in 1991 were observed in nificant distances before larval settle-
early September with lesser peaks in ment (NAl 1979f). The late-summer peaks

| August and Octo h r (Figure 3.3.7-1). A have been observed to be coincident with
I tuo-way ANOVA comparing 1991 (operation- northward-flowing currents. Further

al) larval abundances with previous evidence is provided by gonadal studies,

years (preoperational) at Near;; eld (P2, which demonstrated that the onset of

PS) and Farfield (P7) stations found no spawning in Hampton Harbor and Plum

i
4

!
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TABLE 3.3.7-1. GEOMETRIC HEAN DENSITY (NUMBER PER CUBIC HETER, LARVAE: NUMBER PER SOUARE FOOT
JUVENILE / ADULTS) AND LOWER AND UPPER CONFIDENCE LIMITS (LCL,UCL) 0F NTA ARENARIA
COLLECTED DURING PRE 0PERATIONAL AND OPERATIONAL (1990 AND 1991)
YEARS. SEABROOK OPERATIONAL REPORT, 1991.

bPREOPERATIONAl OPERATIONAL

LIFESTAGE AREAa LCL MEAN UCL 1990 1991 MEAN

Larvae P2 5.1 6.3 7.9 5.8 4.4 5.1
P5 4.0 6.0 9.1 6.2 7.4 6.8
P7 4.9 6.4 8.5 4.6 4.4 4.5

1-5 mm HH-1 2.0 3.5 6.0 12.8 1.5 4.9
young-of- HH-2 3.7 8.6 18.0 13.4 3.2 6.7
the-year HH-4 5.5 10.5 19.0 12.4 1.4 4.7
6-25 mm HH 1 0.4 1.7 4.3 4.0 0.2 1.4
spat HH-2 0.1 0.7 1.7 0.6 <0.01 0.3

y HH-4 1.2 3.4 8.0 4.6 0.2 1.6

$ 26-50 mm HH-1 0.5 1.6 3.5 0.3 0.7 0.5
juveniles HH-2 0.1 0.4 0.7 0.1 0.1 0.1

HH-4 0.6 1.7 3.7 1.5 0.9 1.2
>50 mm HH-1 0.3 0.6 1.0 0.4 0.6 0.5
adults HH-2 0.2 0.4 0.7 0.1 0.1 0.1

HH-4 0.3 0.5 0.8 1.9 1.4 1.6
1-12 mm Nearfield 0.0 5.7 9.1 7.8 3.3 5.2
spat Farfield 7.6 17.1 36.9 34.7 7.7 16.6

Near/HH-2 2.7 7.3 17.4 13.1 12.7 12.9
Near/HH-4 1.7 4.4 9.9 4.4 0.4 1.7

aHampton Harbor (HH) surveys compared samples taken from 1974-1991 at Flats.1, 2, and 4 in Hampton
Harbor. Number of samples varied annually, depending on abundance. Nearfield/Farfield surveys
compared samples taken from 1987-1991 at Nearfield (Hampton Harbor. Flats 2 and 4) and Farfield
(Plum Island Sound, Ipswich, MA: Lufkins Flat and Middle Ground). Five samples were taken per flat
per year in the fall. Larvae samples from weekly bivalve larvae tows; P2 and PS - nearfield,
P7 - farfield.

bHampton Harbor PREOP - 1974-1989.
Nearfield/Farfield PREOP - 1987-1989.
Larvae PRE 0P: P2 - 1978-1989; PS - 1988-1989; P7 - 1982-1989.

_ _ _ _ _ _ _ _ __
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RESULT 5 OF ANALYSIS OF VARIANCE COMPARING MFA ARENARIA LARVAL. SPAT. JUVENILE AND ADULT DENSITIES DURING
,

TABLE 3.3.7-2.
PREOPERATIONAL AND OPERATIONAL PERIODS. SEABROOK OPERATIONAL REPORT. 1991.

t

,

o

4 !
i

1

! SOURCE OF

I,

LIFESTAGE STATION / FLAT VARIATION df SS MULTIPLE COMPAR150NS'
I

.,f
Mye erenerte Nearfield (P2. P5) Preop-Op''d 1 0.27 1.47 MS

larvae' Farfield (P7) Year (Preop-op)' 6 1.75 1.62 MS
*

Week (Preop-Op X Year)' 191 255.59 7.43 nan
Station' 1 0.12 0.69 N5
Preop-Op X Station 1 0.37 2.06 NS'

Error 287 51.71-'
s

hat 1PTON MARBOR

i 1-5 mm* 1. 2. 4 Preop-op i 1.92 4.25m,

'

'

Year (Proop-Op1 2 9.60 10.62num ,

young-of- !

the year Area 16 185.41 25.64 sus

' W Preop-Op X Area 2 4.98 5.50su 4 Pro 2 Pro 2 op 1 op 4 Op 1 Pre

b Error 1377 622.40 ,

w i

i W 6-25 mm* 1. 2. 4 Preop-Op 1 2.76 11.38uuu Preep>0p
b

spat Year (Preop-Op) 2 9.68 19.93nus* *

Area 16 196.96 50.67mun 4>1>2

f Preop-Op X Area 2 1.40 2.88 N5

Error 1377 334.55 ,
'

26 -50 me" 1. 2. 4 Preop-op 1 5.09 30.39aun Proop>0p

juvenile Year (Preop-Op) 2 13.19 39.40 sus
'

Area 16 190.95 71.28suu 4>1>2
;

Preop-Op X Area 2 0.76 2.28 NS
Error 2429 406.66

!
,

*

|.

( cont inued ) ;

i

i
>

1

7

+

1 *
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TABLE 3.3.7-2. (Continued)

SOURCE OF I

LIFESTAGE STATION / FLAT VARIATION df 55 MULTIPLE COMPAR150NS
F

>50 == 1. 2. 4 Preop-Op 1 0.29 5.34s
adult. Year (Preop-Op) 2 6.42 58.40 mum

legal Area 16 34.94 39.75www
Preop-Op X Area 2 4.48 40.78mps 4 op 1 Pre 4 Pro * 1 Op 2 Pro 2 op
Error 2429 133.44

NEARTIELD/FARFIELQ '

1-12 me Hampton Harbor Preop-Op 1 0.01 0.02 NS Farfield> Nearfieldt

Plum Island Sound Year (Preop-Op) 3 2.70 1.63 NS
Area 1 4.74 8.59sa
Preop-Op X Area 1 0.004 0.01 NS
Error 93 51.31

,

W
I
bJ " Larval comparisons based on weekly sampling periods. mid-April through October NS = Not significant (p>0.053
be

; *, Size classes from 1 through >50 == were sampled annually in the Fall. Hampton Harbor Survey a = Significant (0.052p>0.011, h

analyzed data from 1974-1991. The Nearfield/Ferfield Survey analyzed data from 1987-1991. um = Highly significant (0.012p>0.001) r
r '

' Commercial operation began in August 1990. therefore the operational period includes 1990 for muN = Very highly significant (0.0012pl

spat. juveniles, and adults, but not for larvae.
operational versus preoperational period regardless of area. Larval preoperational periodd

*Yeer nested within preoperational and operational periods, regardless of area
IWeek nested within year regardless of aren
' Station or flat. regardless of year or period
hinteraction of main ef fects

,

' Underlining signifies no significant differences at alpha = 0.05
!

!

.

;

i

i

a

i

1

1
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island Sound usually followed the ap- flats (Tables 3.3.7-1, 2), indicating

pearance of larvae in offshore tows. the relatively-large 1990 set had poor

Thus, the spring and early-summer larvae survival. Although differences between

population may originate further south periods (operational and preoperational)
(NAl 1985b). This implies that these and among years and among flats were ;

offshore larval peaks may in part have a significant, the interaction term was )
more southern origin. not implying that the spatial distribu- j

tion of 6-25 mm spat was similar to ,

preoperational and operational condi-

3.3.7.2 Hampton Harbor Population tions. Flat 4 generally had the most 6- |

Studies 25 mm clams, while Flat 2 had the least, f
which contributed to the difference |

Interannual Patterns among areas. During the operational ;

period, recruitment into the 6-25 mm ;
'

The soft-shell clam population has size class was very low in 1991, but

been studied through intensive surveys high in 1990, except at Flat 2.

of clams at three flats in Hampton Har-

bor. Stations are randomly selected. Juveniles (26-50 mm), two to four ;

and the number of samples per year var- years old, had 1991 densities that were j
ies and is dependent on population size. significantly lower than the pre- |

operational average at all flats (Tables [
3.3.7-1, 2). Densities on Flat 4 were ;

'

Youno-of-the-year (1-5 mm). In 1991, highest, followed by Flats I and 2. On

the spatfall (indicated by 1-5 mm clams) Flat 1. 26-50 mm clams were more abun- '

was well below the preoperational aver- dont than they have been since 1985,

age at all three flats (Table 3.3.7-1), although density was well below the
in contrast to 1990, which was very preoperational average (Figure 3.3 7-2). |

high. ANOVA results indicate there were Relative distribution of juvenile clams |
significant differences among . years, on Flats 1, 2 and 4 were similar during

area (flats) and period (operational vs. the preoperational and operational peri-
preoperational). The interaction was ods, resulting in no significant differ-

'

significant for young-of-the-year be- ences in the interaction term (Table
cause abundances were lower during the 3.3.7-2).
operational period at Flat 4. but stayed

the same at Flats 1 and 2 (Tables
3.3.7.1.2). Adults D50 mm). Clams measuring more

than 50 mm are at least 4 years of age

(Ayer 1968). The differences amono
Spat (6-25 mm) and Juveniles ( 2 6 - 5 0 areas, years and the interaction were

mm). Trends in the 6-25 mm size class highly significant (Table 3.3.7-2).
indicate the survival success of young- Historically. Fl ats 1 and 4 have had-

of-the-year. In 1991, densities of 6-25 higher densities than Flat 2 and the
mm clams were significantly lower than trend continued into 1991. Annual den-
preoperational averages at all three sities at Flat 4 reached an all time

3-215
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high in 1990 and very high densities (>50 mm) and also cause mortality to
continued into 1991. The interaction smaller clams by disturbing the flat
between the Preop-Op time period and (perturbation). Sea gulls may also be
area was highly significant, since clams major predators, as they are commonly
at Flat 4 reached their highest densi- observed picking over clam digger exca-
ties during the Operational period, vations for edible invertebrates. Clams
while Flat 2 experienced the reverse are a major source of food for green
trend. At Flat 1. the operational and crab, particularly in the fall months
preoperational densities were not sig- (Ropes 1969). Maximum green crab abun-
nificantly different. The increased dance usually occurred in the f all (Fig-

density of adults more than 50 mm in ure 3.3.7-3a), with the highest number
length at Flat 4 can be traced back to recorded in 1984 (Figure 3.3.7-3b).
high numbers of 6-25 mm clams in 1989. Mean densities during the 1990 and 1991
and 26-50 mm clams in 1990, relative to operational period were lower than pre-
the other two flats (NAI 1990b. 1991b). operational densities in eight out of

ten months (Figure 3.3.7-3a).

Spatial Patterns Welch (1969) and Dow (1972) have shown
that green crab abundance increased

Annual fall surveys of 1-12 mm clams markedly following relatively warm win-
from 10 nearfield stations (Hampton ters, and data from Hampton Harbor from
Harbor) and 10 f arfield stations (Plum the past 18 years corroborate their
Island Sound. Ipswich. MA) have been findings (Figure 3.3.7-3b). During the
analyzed since 1987. A comparison of winters when the minimum temperature was
mean densities at nearfield ano farfield relatively high (1983-1989), green crab
stations indicates Mya is significantly abundance in the following fall was also
more abundant at farfield stations (Ta- high (Figure 3.3.7-3b). In 1990 and
bl es 3.3.7-1.2 ) . No statistical differ- 1991, when the minimum winter tempera-
ence between preoperational (1987-89) ture was relatively low, green crab
and operational (1990-91) time periods abundance was also low, similar to abun-

were found. Likewise, no difference dances in 1982.
among years was found (Tables 3.3.7-
1.2). Recreational cl am digging on the

Hampton Harbor flats had been a signifi-
cant source of mortality for legal sized

3.3.7.3 Effects of Predation. clams (>50 mm) through 1988. The per-
Perturbation and Disease on turbance it caused was probably a source
Harvestable Clam Resources of mortality to smaller clams as well.

Hampton Harbor flats were closed for
Clams in Hampton Harbor are subject to clam digging from April 1989 through '

predation pressure from two major sourc- December 1991 by the New Hampshire De-
es: green crab (Carcinus maenas) which partment of Health and Human Services
consume spat (1-25 mm) and juvenile (26- due to coliform contamination. With the
50 mm) Nya, and humans who dig adult Nya Hampton Harbor flats closed, the few li-

3-216
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l

cense holders in 1990 and 1991 were observed in Hampton Harbor Nya popula- ;
Irestricted to digging in New Hampshire tions (Hillman 1986, h a. 7 ) . A virus

flats associated with Great Bay and the similar to the B-type retroviruses is

Piscataqua River Estuary. As the pres- known to initiate the disease in Nya i

sure on the adult clam population was (0prandy et al. 1981). Although the in-

lifted, the estimated number of bushels fection has been observed in regions of |

per acre increased dramatically (Figure relatively-pristine waters, the rate of i

3.3.7-4). A more detailed discussion of infection may also be enhanced by pollu- ;

the estimated bushels per acre and tion-mediated deterioration of the envi-
,
+

standing crop of harvestable clams (>50 ronment (Reinisch et al. 1984). The

mm) can be found in NAI (1991b). infection rate in some Mya populations '

may reach 100 percent with 100 percent {
Another anthropogenic effect on the mortality of infected clams (Farley et !

Hampton Harbor clam population is caused al. 1986). The incidence of sarcomatous i

by clam seeding. In 1987 and 1988, neoplasms in Hampton Harbor Nya popula-
attempts by the New Hampshire Fish and tions was observed in October 1986 and j

Game Department to augment natural re- February 1987 (Hillman 1986, 1987). j
'

cruitment by seeding juvenile clams at Neoplastic infections were more preva-

Flat 5 were not successful (Morris lent in February, reaching 6% at Flat 1

1989). In fall, 1988, the local 4-H and 27% at Flat 2. Infections were
,

organization planted 30.000 seed (ap- absent from Flat 4. Assuming 100 per- ;

proximately 12 mm) clams on Flat 4 (47.9 cent mortality of infected clams (Farley ;

acres), which can be converted to rough- et al. 1986), Flats 1 and 2 may h r.'e

ly 0.01 clams /sq.f t. In late November, suffered substantial disease-related
.

1989, the 4-H planted 100.000 seed clams reductions in clam production. In 1987 j
on Flat 4, or roughtly 0.05/sq.ft. clam flat surveys did indicate, however, I

(R.Wojtusik, 4-H: UNH Cooperdtive Exten- that juvenile and adult densities fell

sion, Durham, NH; pers. comm. June by over 50% at Flat I and Flat 2 while

1992). From 1988-1990, juvenile (6-25 Flat 4 remained unchanged. In November
mm) densities increased slightly at 1989, fifteen large (>40 mm) clams were

Flats 1 and 4 (but not at Flat 2). At taken from Flat 2, and 80% had at least

Flat 4, the geometric mean density went a few neoplastic cells (verified by D.J.

from 1.41 sq.ft. in 1988 to 4.6/sq.ft. Brousseau, Ph.D.: Fairfield University:

in 1990. Since the seed were stocked in Fairfield, CT). Clams from 6 to >50 mm
low densities, it is unlikely that they have had a smaller decrease in abundance
made a measurable contribution to the at Flat 4 during the 1990-1991 opera- I

population of Flat 4 tional period, and adults >50 mm have

nearly tripled their preoperational'

| abundance in comparison to other flats

| Effect of Disease on Harvestable Clam (Table 3.3.7-1). Neoplasia may be the !

Resources cause of these spatial differences.

Sarcomatous neoplasia, a lethal form j
of cancer in Nya arenaria, has been

3-218
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3.3.7.4. Effects of Plant Operation Increases in young-of-the-year re-
cruitment in Hampton Harbor in 1990,

The Hampton-Seabrook estuary contains along with continued survival of that

the majority of New Hampshire's stock of year class in 1991, suggest that there

the recreationally-important species, are no adverse effects from plant opera-

Nya arenaria, and an extensive sampling tion, including settling pond discharge

program has been undertaken in order to and offshore entrainment. Trends at

characterize the natural variability in farfield flats in 1990 and 1991 followed
the population for all lifestages, those at nearfield stations in Hampton

Entrainment of Mya larvae has had no Harbor for spat 1-12 mm in length.

measureable effect on population levels Operational densities were similar to

as 1991 densities similar to previous preoperational densities (1987-1989),

years. Settlement densities of young- and no plant impact was detected.
of-the-year (1-5 mm) appear to bear no
relationship to the abundance or period-
icity of Mya larvae in the nearshore

waters (NA1 1982b). It would appear

that Mya veliger behavior (i.e., their

" readiness" or competency to settle)

combined with the timing of favorable

currents may be more important to set-

tiement success than sheer numbers of
larvae in the water column. Relative to
preoperationM means, . densities of
young-of-the-year were higher at all
three flats in 1990, and lower in 1991,

a reflection of the large annual varia-

tion of this size class.

Once settled, survival of young-of-

the-year (1-5 mm) Mya depends on the

level of predation from its two main

predators, the green crab and human clam
diggers, and the absence of diseases

such as neoplasia. In 1990, dramati-

cally decreased green crab catches may

have enhanced the survival of smaller
size classes (1-25 mm), in part contrib-
uting to increased densities at Flat I

and Flat 4. In 1991, however, densities

of both green crab and 1-25 mm clams

were low, suggesting that some other

mechanism was at work.
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i METHODS

I|
| 4.0 METHODS 1980 through 1990 were thoroughly de- i

scribed in the data reports for those
|

4.1 GENERAL years (NAI 1981c, 1981f, 1982a 1982b, j
1983a, 1984a 1985a. 1986, 1987a, 1988a,

;

| This study evaluates the balanced, 1989a, 1990a, 1991a). Data collected in :

indigenous population of shellfish, 1992 are summarized in this report. I
fish, and wildlife in the waters in and Data listings are unpublished, but [;

l cround Seabrook Station's intake and available from Yankee Atomic Electric
discharge. Previous reports have docu- Company Methods used prior to - 1980

mented the natural temporal and spatial were summarized and explained in detail
variability of communities and selected in previous annual reports for Seabrook

.

species. Data collected in 1990 during Environmental Studies (NAI 1976a,1976b,
;

! the months when Seabrook Station was 1977a, 1977b, 1977c, 1977d, 1978a,
operational (August-December) and 1991 1978b, 1979a. 1979b, 1979c. 1979d,
(all months) were compared to the his- 1979e. 1979f. 19799, 1980a, 1980b,
torical data base. Differences observed 1980c, 1980d, 1981a, 1981b, 1981c,
during the operational period were fur- 1981d, 1981e). !

ther investigated to determine if they !

were restricted to nearfield areas. A In-depth reports describing baseline
change was potentially attributed to conditions were written for data col-
operation of Seabrook Station only if lected through 1981 (NAI 1982c), 1982

;

these criteria were met and then only if (NAI 1983b) and 1983 (NA1 1984b). A j

other causes were eliminated. complete assessment of preoperational '

conditions was made in the 1984 Seabrook ;

Prior to 1975, the Seabrook Environ- Baseline Report (NAI 1985b). Subsequent
.

.

mental Program involved studies of spe- baseline reports (NAI 1987b, 1988b, !
| ci fi c sites (e.g., the estuary, the 1989b,1990b) have built on conclusions !

| discharge area, the intake area) or made ir ''at report, updating results ,

j specific species (e.g., Nya arenaria) in with additional data for those programs
order to (1) characterize their physical that had been maintained without inter- *

and/or biological environment and (2) ruption. Operational effects of Sea-

assess impact of proposed plant design. brook Station for the first five months |

The results of these studies were re- of operation ( August-December 1990) were !
viewed and discussed during the Environ- evaluated in NAI (1991b).
mental Protection Agency's hearings on
Seabrook Station's open cycle cooling- All studies performed during the 1990
water system (NAI 1977e EPA 1977). program were continued unchanged in the

1991 program. Phytoplankton and micro-
From July 1975 through 1989, the focus zooplankton sampling programs were rein-

of the program has been to provide pre- stated in 1990, along with ichthyoplank- |

operational characterization of the ton and bivalve larvae entrainment col-
environment in potentially affected lections. Methods for the 1990 program,

,

areas. Field and laboratory methods which are similar to the 1991 program, |
that were used for data collected during are presented in NAI (1991a).

'
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| METHODS

l i

;

Over the several years of this study have focused on a single species or

there were instances in which some sam- several species grouped together in a
ple types were collected .for only part higher taxonomic category. Components

of a year, or discontinued for a whole of and rationale for species " complexes * ;

year or years, due to program modifica- were discussed in the 1984 Data Report

tions (particularly in 1985 and 1986). (NAI 1985a), j'

This report does not include data from j
partial sampling years if they erron-

eously influence sample statistics. For 4.2 - COMMUNITY STRUCTURE
,

example, annual means of macrozooplank- :

ton selected species have not been cal- Community analyses included numerical |
culated for 1986 because samples were classification (Table 4.2-1) and multi-
not collected from January through June variate analysis of variance (Table 4.2- (
(a period of peak abundance) in that 2). Other community parameters such as '!

year. However, these data could be used total catch, abundance or biomass, and

in numerical classification and analysis number of species were also assessed for ;

of variance since samples are par- some communities.
.

ftitioned seasonally. When data were not

presented in a table or figure, it was j

| because they were either not collected 4.2.1 Numerical Classification j

| or were incomplete for that period. 1

l Numerical classification (Boesch 1977) !

j As in previous reports, conditions in was used to examine community structure -

the Hampton-Seabrook area were examined either spatially (using data collected ;

in this report at the community and from different areas), or temporally !

|species levels, both useful indicators (using data collected over time); com-

of environmental change. Community parisons were made based on species :
*structure and its variation in time and composition. Plankton (bivalve larvae,

space were investigated using numerical mi crozoopl ankton, macrozooplankton, ;

classification or multivariate analysis ichthyoplankton eggs and larvae, and

of variance. Abundance of various key benthos (macroalgae, macrofauna, surface i

species (of numerical or coumercial fouling panels) species assemblages were |
importance) previously identified as analyzed in this way (Table 4.2-1). j

" selected species" were compared tempo- :
rally or spatially using analysis of The " normal" classification forms !

,

variance (ANOVA) or non-parametric tech- groups of stations and/or sampling peri-
| niques. In several _ cases, the size or ods based on similarity levels calculat- !

growth of a selected species was exam- ed for all possible combinations of i

ined in addition to abundance or biomass stations / sampling periods and the spe- i

in order to provide a basis for detect- cies that occur there. Normal classifi- !

ing potential sublethal effects. These cations were performed using the Bray- |

methods are effective in describing Curtis similarity index (Clifford and f
general patterns and magnitudes of vari- Stephenson, 1975: Boes ch . 1977 ) . Values |
ability that have occurred. Analyses of the indices vary from 0 for absolute !

;

!

!
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i TABLE 4.2-1. SUMMARY OF COMMUNITIES AND METHODS USED IN NUMERICAL
| CLASSIFICATION. SEABROOK OPERATIONAL REPORT 1991.

COMMUNITY STATIONS DATES DATA CHARACTERISTICSa
,

Macrozooplankton P2.PS.P7 1/88-12/91 Monthly x: separated
(505 micron net) tychoplankton and holo /-

meroplankton. Tycho-
plankton: used all taxa
except Mysidacea and Am-
phipoda (22 taxa).
Holo /mero: deleted taxa
occurring in s5% of sam-
ples and general taxa.
50 taxa used-in analy-
sis.

Microzooplankton P2 1978-1984, x, surface and bottom

7/86-12/86 tows. Taxa excluded
4/90-12/91 with frequency of occur-

rence <20% and total
abundance <0.1%. 35 taxa
used in analysis.

Bivalve larvae P2.P5,P7 Apr-Oct, Half-monthly x. Deleted
| 1988-1991 1 general taxon (Bival-
| via).
|

Fish eggs P2, P5, P7 7/86-12/91 Mean of 2 tows; dates
(505 micron net) averaged within month;

excluded taxa with total
percent composition
<0.1% or percent fre-

; quency <5%: excluded 1
,

I month with (20 eggs per |
station. 11 taxa used l

in analysis !
!

(continued)

1

l

i
l
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TABLE 4.2-1. (Continued)

f

COMMUNITY STATIONS DATES DATA CHARACTERISTICSa
,

Fish larvae P2. PS, P7 7/86-12/9 Data treated as for
(505 micron net) eggs: excluded species '

with total percent com-
position <0.1% or fre-
quency of occurrence
<5%. 22 taxa used in
analysis

Benthic macro- B17,B19,B31, Aug 1978-1991 Algae: Mean of repli-

algae and macro- B1MLW cates: excluded taxa
fauna B34 Aug 1980-1984: with <12.0% frequency of ,

1986-1991 occurrence. 34 taxa t

B04,B13 Aug 1978-1984: used in analysis.

1986-1991 Square root transforma- ,

!B35,B5MLW Aug 1982-1991 tion. Macrofauna: Mean

B16 Aug 1979-1984: of replicates: excluded

1986-1991 noncolonial species with
50 or less occurrences

' based on 1978-91 data
(8.0%), and all colo-

nials. 82 taxa used in
analysis.

I Short-term sur- B19,B31 1988-1991 Monthly mean abundance
face panels of noncolonials. Ex-

cluded taxa with <8
occurrences (5%). 20
taxa used in analysis.

|

a ll data log (x+1) transformed unless otherwise noted.| '
A

|

,

i

i
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( TABLE 4.2-2. SUMMARY OF COMMUNITIES AND METHODS USED IN MULTIVARIATE |

| ANALYSIS OF VARIANCE. SEABROOK OPERATIONAL REPORT, 1991. |
|

|

COMMUNITY STATIONS DATES DATA CHARACTERISTICSa

Phytoplankton P2,P5,P7 1991 Mean of replicates.
(210 m) Taxa deleted if % comp.

<1%. 19 taxa included
in analysis.

Macrozooplankton P2, PS, P7 1988,1989. Mean of 3 replicate
(505 micron net) 1991 tows; excluded taxa with

x annual abundance for ,

all 3 stations <20 plus
4 general taxa. All
months used in analysis.

Bivalve larvae P2, P5, P7 1988,1989, Mean of duplicate tows.
; 1991 All taxa included except '

| unidentified Bivalvia.
Microzoopl ankton P2, PS, P7 1991 x, surface and bottom

tows. Deleted taxa <25%
frequency of occurrence

(all stations combined).
Fish eggs, P2, PS, P7 Jul 1986- Mean of two tows per-
Fish larvae Dec 1991 date. Taxa deleted if %
(505 micron net) comp. <0.1% or percent

frequency of occurrence
<5%.

Pelagic fish G1, G2. G3 1976-1991 Mean monthly CPUE for 13
all months dominant fish species

and all other species
combined.

Demersal fish T1, T2, T3 1976-1991 Mean monthly CPUE for 13
all months dominant fish species

| and all other species
'

combined.

Estuarine fish S1, S2, S3 1976-1984, Mean monthly CPUE for 10
1987-1991, dominant fish species
Apr-Nov and all other species

combined,

aAll data log (x+1) transformed unless otherwise noted.

4-5
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METHODS !
;

I
.

dissimilarity to 1 for complete similar- would trigger additional investigations.

ity. Samples that contained very few If community differences occurred at ,

organisms were excluded from the analy- both nearfield and farfield stations,

sis because they usually contribute they were assumed to be part of an area- f
little to the community description. wide trend, and unrelated to plant oper- !

Rare species, which generally have no ation, i

consistent pattern of occurrence and ;

'

contribute little information to the
overall analysis, were excluded from the 4.2.2 Multivariate Analysis of .

classification based on their low fre- Variance ;

quency of occurrence or low total abun- |

dance over the period of study (Table Multivariate analysis of variance|

4.2-1). In all cases, abundance data (MANOVA, Harris 1985) was used to assess
were log- or square-root transformed to simultaneously the similarity in abun-

reduce differences between large and dances of dominant taxa among nearfield ,

i small values and thus avoid overempha- and f arfield stations and between the |
| sizing the abundant species. The clas- preoperational and operational periods.

,

'

sification groups were formed from Historically, there have been few-dif-

arithmetic averages by the unweighted ferences in planktonic species assem-

pair -group method (UPGMA: Sneath and blages among nearfield intake, dis-
;

Sokal, 1973). Results were simplified charge, and farfield stations. Continu-i
r

by combining the entities based on their ation of the the trend during plant f
| similarity levels, determined by both operation would suggest that there were !

| the within-group and between-group simi- no effects of plant operation on these

larity values. Results were presented communities. MANOVA was used for necr-
graphically by dendrograms, which show field and f arfield comparisons of the

the within-group similarity, and the phytoplankton, macrozooplankton, bivalve i

similarity levels at which they link to larvae, microzooplankton and fish larvae |

the other groups. The groups were char- communities during the preoperational |

acterized by the mean abundance of domi- and operational periods. MANOVA was I

| nant taxa and total abundance (sum of also used for comparisons between pre-

| all taxa) during the preoperational and operational and operational periods for
| operational periods. Communities during the pelagic, demersal, and estuarine

the operational period (August 1990- fish communities (Table 4.2-2). Proba-
December 1991) were judged to be similar bilities associated with the Wilks*
to previous years if collections were lambda test statistic were reported (SAS

;

placed in the group with the majority of 1985a). l
seasonal (plankton, surface panels) or

station (macrofauna, macroalgae) collet-

tions from previous years. A potential 4.2.3 Other Community Methods |

impact was suggested if community dif-
ferences occurred solely during the Other parameters associated with the
operational period and were restricted entire community were evaluated. Param-

| to the nearfield area. This situation eters that reflect the total number of
| !

4-6
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METHODS ]

!

I

organisms in a collection, such as total tional and operational periods. Histor-
|

catch for finfish, and total abundance ically, pel agic fish have not shown |
or biomass in the phytoplankton, ben- area-wide differences due to their mo- I
thic, and surface panels communities bility. Although differences among '

were evaluated qualitatively or using stations for the pelagic fish were eval- '

analysis of variance (see section 4.3). uated, data from individual stations

The diversity of organisms, as indicated were not used in impact assessment.
by the number of species, was evaluated Instead, catches during the operational

in the benthic and surf ace panels pro- period for all dominant species of fish ;

| grams. As in other measures of the were compared to previous years. Dif- j

community, potential effects of plant ferences during the operational period |
| operation were indicated if a signifi- that were outside the range of previous

Icant change occurred during the opera- years warranted further scrutiny, using
'

| tional period that was restricted to the analyses outlined for selected species

i nearfield station. (Section 4.3).
!
,

| Demersal, pelagic, and estuarine fish Seasonal aspects of the phytoplankton ;
I communities are composed almost exclu- community have been monitored using

sively of a few dominant species, many total abundance and relative abundance |
of which are designated as selected of dominant species and classes. To,

species. Previous use of multivariate decrease the variability inherent in the |
' 1

analyses such as numerical classifica- phytoplankton community, taxa were di- !
tion indicated that there were basically vided into two groups: phytoplankton

'

two major seasonal assemblages (summer (210 m) and ultraplankton (<10 m), ast

| and winter), which changed based on defined by Marshall and Cohen (1983).

seasonal movements of the most abundant Ultraplankton include several classes
taxa (NA1 1982c, 1983b). In previous that are difficult to identify and enu-
reports since that time, seasonal, annu- merate, including Cyanophyceae (also

j al and spatial changes in the fish com- called cyanobacteria or blue green al-
munity have been monitored using rela- gae). In general, this group has not
tive abundance (percent composition) of been dealt with quantitatively before
dominant taxa. However, use of relative 1980 (Johnson and Sieburth 1979 Hall
abundance masks the substantial changes and Vincent 1990), and was not enumerat

in catch per unit effort (CPUE) that ed as part of this program until 1984.
many dominants have experienced in the Separation of this group from the larger
last 10 years. In # 1is report, CPUE for phytoplankton improves our a bili ty.. to
dominant demersal, pelagic, and estu- monitor both components of the communi-
arine fish species is presented as a way ty.

to evaluate the entire community. For
demersal and estuarine fish, spatial

differences have been evaluated by com- 4.3 SELECTED SPECIES / PARAMETERS
paring CPUE among stations (both quali-
tatively and through ANOVA for the se- Temporal and spatial differences for

lected species) during the preopera- the selected species and water quality

4-7
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METHOD 3

parameters were quantitatively evaluated on a geometric mean than on an arithme-

for the preoperational and operational tic mean. .Thus a geometric mean is, in

periods. Many of the selected species effect, a weighted mean, in which ex-

and physical / chemical parameters moni- treme values are given less weight than j

tored in the Hampton-Seabrook area have are typical values. For data sets that

|shown year-to-year differences that are require logarithmic transformation to

part of natural environmental variabili- meet the assumptions of a normal distri- |

ty. Given this framework, values from bution for statistical analysis, the |
tne operational period (1991 and in some geometric means faithfully portray the ,i
cases 1990) were compared to previous relationships within the data (among !

years using analysis of variance or non- years, for example), whereas arithmetic |
parametric techniques. In order to means would sometimes show a different f
facilitate interpretation of ANOVA re- pattern than that detected by the analy- !

sults, the preoperational mean and 95% sis,

confidence limits, as well as the 1990 |
and 1991 annual means tre presented for Differences in substrate, water mass |
each selected species by station. Most movement, temperature, light penetra- |
of the organisms and physical / chemical tion, depth, food availability, repro- j
parameters show seasonal patterns as ductive success or - any combination of |
well. These within-year patterns are these factors can cause variation in
shown graphically in plots of the mean species abundance and growth among sta- ;
and 95% confidence limits over all pre- tions or areas. As part of the experi-

operational years for each month. mental design, farfield stations beyond

Monthly mean values from 1990 and 1991 the influence of potential impact were f

were plotted on the same. graph to pro- established as reference or " control" i

vide a visual comparison of their magni- stations in areas as similar as poss'ble ,!

tude and seasonality. to the nearfield areas. Any change |
observed during the operational phase at !

Many of the tables comparing 0rganism nearfield stations can be compared with j
,

abundances among years or months show these farfield areas to ascertain wheth-
geometric means and confidence limits. er the change - is occurring throughout
These are calculated by: (1) log (x+1) the coastal area or just within the
transforming the data, (2) calculating nearfield area. Spatial differences in ;

the mean and confidence limits of the the selected species were evaluated as |

transformed data and (3) back-trans- part of the ANOVA design, by utilizing a
forming to the original units. Geomet- paired t-test (nearfield vs. farfield

ric means are generally somewhat lower stations), or the non-parametric Wil-
than arithmetic means (averages of un- coxon's summed ranks (or. "two-sample")
transformed data), and the difference test.

between the two means is greater in data
sets exhibiting a high degree of vari-

ability. An outlier in a data set, such

as an unusually high abundance in a
single sample, will have less influence

4-8
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METHODS

4.3.1 Analysis of Variance (ANOVA) Sampling period (Year): For data that

show seasonal trends, a variable

Analysis of variance was used to eval- was included, such as months,

uate spatial or temporal variability in weeks, or sampling period nestedt

abundance of selected species and values within years, testing whether there
,

of water quality parameters. Analysis are significant differences season-

of variance is a statistical technique ally. i
I that subdivides the total variability !

into portions attributable to different Station or Area: Partitions data into |sources (Lentner 1972). In this study, stations or areas representing

| the major sources of variability have nearfield and farfield areas, where
! been :1) spatial, among stations or applicable, regardless .of year or I

areas within stations, (2) temporal, sampling period, testing whether

among years, seasons, or sampling dates, there has been a consistent rela-
and (3) residual, any variability not tionship spatially. !
explainable by the first two sources. I

*All appropriate class variables were
The initiation of plant operation used in the ANOVAs along with the perti- ;

introduced a new source of potential nent interactions. 1

variation. All ANOVAs sought to test <

the null hypothesis that values collect- This ANOVA design specifically tests i

ed during the operational period were for potential impacts of plant opera-
:

statistically similar to previous years, tion. Differences occurring at one of

An ANOVA design was developed with the the paired stations would be reflected
|

,

assistance of Dr. Roger Green (Universi- in a significant result for the Preop-Op '

ty of Western Ontario), using the fol- Station interaction term (Preop-Op X
louing variables: Station). Significant Preop-Op X Sta-

| tion results were further investigated

| Preop-Op: Partitions data into the to determine if the change occurred at
operational period (1991 and in the nearfield station (rather than the

| some cases 1990) and all previous farfield station). If these conditions '

years, regardless of st. .'on, test- were met, a potential impact was sug-
ing whether the operational obser- gested, triggering further investiga-
vations fall within the historical tion,

variability.

The operational period was defined on
Year (Preop-Op): Partitions data into a species-specific basis. In cases

years nested within operational and where the peak period of abundance fell
preoperational periods, regardless totally within the August to December
of station or sampling period, time frame, the operational period was
testing the variability among defined as August 1990-December 1991.
years. If there was no distinct period of maxi-

mum abundance, or if the period of maxi-
mum abundance began before the August

I

i 4-9
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METHODS

start-up date, data collected in 1990 based on the coefficient of variation of
were eliminated from the analysis, and monthly mean CPUE. Monthly coefficients
the operational period was defined as of variation were examined to determine
1991. This definition avoids mixing periods of large variation in CPUE.
preoperational and operational data Periods with historically high coeffi- |

within the class variables. Annual and cients of variation and periods when the !

seasonal means for the preoperational selected speci_es were historically not :

period, 1990, and 1991 are presented in captured were excluded from the analy- {
tables and figures for comparative pur- sis. This method increased the power of I

poses. the model to detect significant differ-

ences among years by' minimizing within- |
The variables for each selected spe- year variation. i

cies or parameters are listed in Table
i

4.3-1, along with the dates and stations ANOVA was also used to ;est for dif- !
Iused in the analyses, and the data ma- ferences in catches for young-of-the-

nipulations that preceded the analysis. year (YOY) of the selected demersal fish !

species. Operation of Seabrook Station
In some cases, differences in 1991 could cause significant differences in

';

were evaluated by a one-way analysis of the catches of YOY fishes through chang-
variance among years at a nearfield es in the mortality of YOY fishes be- s

station or station group or a single tween the preoperational and operational :

sample t-Test (Sokal and Rolf 1969). In periods, or differential movements of |
some data sets that have been shown in YOY fishes between the preoperational !

previous baseline reports to exhibit no and operational periods Differ.ential !

differences among stations (e.g.. pelag- mortality or movement of YOY.-fishes in i

jit fish), or if stations are of essen- the study area might be detected as
tially equal distance from the intake reduced CPUE of all age classes, but any {
and discharge locations (e.g., estuarine reduction of the CPUE of YOY fishes !

fishes), data from all stations were would probably be masked for several |
'combined. years by the CPUE of older age classes.

Therefore, analysis of CPUE of YOY fish-
Some types of data exhibit a high es focuses impact assessment on this age !

degree of within-year variability be- class. I
cause of seasonal fluctuations. A vari- |

ety of methods were used to minimize Monthly length frequency diagrams.were
this variability. For fish larvae, as constructed for each of the selected
specimens are found only during certain demersal fish species using data pooled
seasons, a subset of the data was chosen over all years. Gill net data were no

to represent the peak period, and sam- used because of the size selectivity
pies from that period in each of the inherent in gill net catches. Modal
years were used in the analysis. Adult groups of YOY fish were identified
fish data showed high variability be- through analysis of length frequencies. |
cause of seasonal movements. - To de- Only those months where YOY fish could |
crease variability, data were subset be clearly identified as modal groups

E
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TA8LE 4.3-1. SELECTED TAXA AND PARAMETER 5 USED IN ANALYSIS OF VARIANCE OR NOMPARAMETRIC ANALOGUE. SEA 8R00K OPERATIONAL REPORT. 1990.

DATES USED DATA SOURCE OF
b VARIATION"C099fUNITY PARAMETER / TAXON LIFESTAGE* STATIONS IN ANALYSIS CNARACTERISTICS

.

Water quality Surface / bottom temp. -- P2. PS. P7 1988-1989. Monthly mean. Preop-Op,

Surface /botten salinit y -- 1991 no transformation Station.

' Surface / bottom DO -- Year.

Orthophosphorus -- Month'

Total phosphorus --

Nitrate-nitrogen --

Nitrite-nitrogen --

Ammonia-nitrogen -- .

Phytoplankton JAeletenema cesterum P2. P7 1982-84: Monthly E abundance Proop-Op. S t at ! .#n.
_

1991 Month
Year. Station

P2. PS 1979-1981s As above As above
1991

* b -

Preop-Op. Station.I Bivalve larvae Mytilus edulis L P2. PS. 1988.1989, Weekly x.

[ P7 1991 Year. Week

i Microzooplankton Kurf tenere sp. C P2. P7 1982-1984. Mean. surface and Preop-Op, Year. Stati*,a.

Eurf tenere he rdmen t A PS 1991 bottom tows Month
Pse u de c e lenu s /Ce le nu s N
Pseedecelenus sp. C.A
Oftheme sp. N.C.A

Macrozooplankton Celenus finmerchicus C.A P2. P7 1987-91 Mean abundances per Preop-Op. Station.
Cencer sp. L PS semple period. Year. Month

Careinus meenes L
Crenten septomspinese L

t. Meempsis emetteene A11

| teontinued)

e

!

. .l
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.

TABLE 4.3-1. (Continued)

DATES USED DATA SOURCE OF

CDPWWMITY PARAMETER / TAXON LIFESTAGE* STATIONS IN ANALYSIS CMARACTERISTICS* VARIATION'

ichthyoplankton Winter flounder L P2. PS. */86-12/91. Mean abundance per Preop-Op.

Yellowtail flounder L P7 selected saeple period for Year. Station.

American sand lance L months months which together Month

Atlantic cod L composed over 90% of

Atlantic mackerel L the total annual ,

Hake L abundance, excluding

Atlantic herring L years when peak

Pollock L period was only

Cunner L partially sampled or
it included both Preop
and Op months.

I

Demersal fish Winter flounder J/A. YOY T1. T2. 1/76-12/91 i CPUE ino per haul) Proop-Op. Station.'

(Otter trawl) Yellowtail flounder J/A. YOY T3 selected per date, restricted Month, Year

Atlantic cod J/A. YOY months to periods with smal-

Hakes J/A. YOY lest variation in
3 "

Rainbow smelt J/A YOY catch
H
N

Pelagic fish Atlantic herring J/A G1. G2. 1/76-12/91 i CPUE ino. per 24- Preop-Op. Station.

(Gill not) Pollock J/A G3 selected he set) per date. Month. Year
Atlantie mackerel J/A months surface bottom nets i

i averaged restricted y

to periods with smel-
1est variation in ,

'

catch

.

Estuarine fish Winter flounder J/A St. 52. 53 1/76-12/84. i CPUE (no, per seine Preop-op. Station. Year.
(Beach seine) Rainbow smelt J/A 1/87-12/91, haul). restricted Month

Atlantic silverside J/A selected to periods with smal*
months lest variation in

catch

4centinued)
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TA8LE 4.3-1. (Continued)

DATES 11 SED DATA SOURCE OF
h

C0f91 UNITY PARAMETER / TAXON LIFESTAGE* STATIONS IN ANALYSIS CHARACTERISTICS VARIATION'

Estuarine St re ele sp ie 6enedierd J/A 3. 9s 1978-1991 Mean per. sample Year .

benthon Cepitelle espitate J/A 3MLW. (except periods all months

011gochaeta J/A 9MLWs 1985) used in analysis

nye eveneria J/A
Rediste dieersite ter J/A
Ceulleriella sp. B J/A
Total density --

Nember of taxa --

Benthic leninorie seccherine -- B17 1979-1991 Mean number per Preop-Op
B35s 1982-1991 sample period andmacroa19ee leninerfs digitate --

Alerie escalente -- B19. 831 1978-1991 station, no trans-

Agerum cribesam -- B19. 831 (except 1990) formation. Wilcox-
on's summed ranks by
station

>
I Chendrus crispus -- 817, B19. B31 "1981-1991 Mean 2 frequency per Preop-Op

835 1982-1991 year. No transfor- i
[ Phyllophore opp. --

Ptilots ser*ete -- (except 19903 motion. W11comon's
-- summed ranks test.

CAendrus crispas -- 817. 81MLW 1978-1991 Mean bioessa per Proop-op. Station.

B5MLW. B35 1982-1991 sample period. . Year. Month
(except 19901 Square root transfor-

motion, shallow suba
tidals no transfor*
motion. intertidal

August.
.

.

Number of taza -- B1MLW. B17 1978-1991 Mean per station and Preop-Op. Station

Total biomass -- B19. 831 years no transfer- Year >

85MLW. B35 1982-1991 mation
B13. B04 1978-1984

1986-1991
! B34 1979-1984.

1986-1991

(continued 3
4

5

t

f
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TABLE 4.3-1. (Continued)

DATES USED DATA SOURCE OF

COPW9UM17Y PARAMETER / TAXON LIFESTAGE* STATIONS IN ANALW 35 CHARACTERISTICS * VARIAT10M"

Marine benthos. Ampithee rubrirete. J/A BIMLW. 1978-89. 1991 Abundance averaged Preop-op. Station.

selected species #scelle lepilles. J/A B5MLW 1982-89. 1991 over replicatess Year. Month
Mytilidae spat J/A 3 dates per year

lesse marmerete. J/A B17, 1978-89. 1991
Mytilidae spat. J/A B35 1982-89. 1991

Asteriidae J/A BIT, 1981-89. 1991
B35 1982-89, 1991

Pentegenede ine rm i s . .J/A B19.831 1978-89, 1991

Mytilidae spat. J/A
S t re ngyl o ce nt re tu s J/A
d re e both te ns i s

BIMLW. 85MLWs August. x per year and stationTotal density --

B17. B35s -1978-1991
819. B31. 816s (see algae

-
804 B34 B13 for yearsig

.

a~
Number of taxa -- Same as above Same as above x per year and

stations no
transformation

Roddelus medfelus J/A B19. 831 1980-1989. Mean per sample Preop-Op
1991 period. Wilcozon's

sweeed ranks test.
No transformation

Surface panels. Number of taxa -- Station pairst 1978-1984 It per station and Preop-Op.

B19. B31s 1986-1989: sampling period. Year.
short-tere Moncolonial abundance --

Bot. 834 1991 (834 All months used Month.Biomass --

Mytilidae abundance J/A initiated in analysia. Station

Jesse marmerste abundance J/A in 1982). No transformation

Belenus sp. X frequency J/A for No. of tama.
Ta bu le r t e sp. 2 frequency J/A Biomass. Selenus.

Tubulerte

icentinued)

,
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TABLE 4.3-1. (Continued)
i

DATE5 USED DATA $0URCE OF
CopMUNITY PARAMETER / TAXON LIFESTAGE* STATIONS IN ANALYSIS CHARACTERISTICS * VARIATION'

Surface panels. Blomasa (monthly) -- B19. 831s 1978-1984 I per station Preop-Op.
monthly sequential B04. B34 1986-1989. and sempling period. Year. Month.

1991 No transformation. Station
All months used in
analysis

Biomass. -- 889. 831. 804. 1982-1984. E per station Preop-Op
No. of taxa. -- B34 1986-1991 and year.

Dec. only No transformationNoncolonial abundance --

leminerte op. counts J/A t-test by
(12-month panel) station

Epibenthic #eme ru s ene r f e e nu s L P2. P5. P7 1988-1989: Weekly mean Proop-Op. Year. Week.
crustaceans 1991 Station<

Cance r spp e L F2. PS. P7 1988-1989: Monthly mean Pre s.--Op . Year. Month.
1991 Statione-

I #e ne ru s eme r s c e mo s LE. A L1, L7 1982-1989. Mean CPUE (per 15 Preop-Op. Station.

' ( Ce nee r be re e l f s A 1991 - traps) per month. Year. Month
Ce ne e r frreretas A Jun-Nov no transformation.

!

Estuarine Mye arenerte JrA Hampton, 1987-1991 Mean per year and Preop-Op. Station.
Flats 2 & es Oct only station. Year
Plum Is. Sound

Y. S. J. A Hampton 1974-1991 Mean per year and Preop-Op. Station.
Flats 1. 2, 4 Oct only strtion. Year

L P2. PS, P7 1982-1989 Mean per week and Preop-Op. Station.
1991 station Year. Week

" Life Stages N = nauplii. C = copepodite. L = 1arvae. A = adult. All = all. J/A = juveniles and adults. YOY or Y a young-of-the year,
LE = legal-sized. S = spot. J = juvenile.

b log get a+ 1 ) transformation unless otherwise stated. ,

, Preop-Ops Operational period (1991 and August-December. 1990. if appropriate) vs. previous years.

,
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METHODS

were included in the analysis. Data- commonly used multiple comparisons tests
were log (x+1) transformed prior to (i.e., more likely to find significant

analysis, differences between means). It was

selected because more conservative tests ,

Analysis of variance and related para- failed in several cases to detect any f
metric techniques make the following significant differences among means even j

iassumptions: (1) all samples are ran- when the overall F-test of the ANOVA was
domly collected, (2) samples come from a highly significant. Significant Preop-

normally-distributed population, (3) Op X Station interaction terms _ were ;

!
error terms are normally and indepen- evaluated using least square means esti-
dently distributed, and (4) variances of mates and the associated probability of f
samples are equal or homogeneous (Sokal equivalence (SAS 1985a). j

and Rohlf 1969). Random and independent [
collection of samples is a function of Several types of non-parametric tests i

experimental design. Normality of data of significance were also used. Differ-

was tested using the Kolomogorov-Smirnov ences in ranks were assessed by using

test when sample size was greater than the Wilcoxon two-sample test (Sokal and !

50 and the Shapiro-Wilk statistic when Rohlf 1969: equivalent to Wilcoxon's sum !
'

sample size was 50 or less (SAS 1985b). of rank test, SAS 1985a) or the Kruskal-

Homogeneity of variances was tested Wallis test (Sokal and Rohlf 1969). !

using the F-max test (Sokal and Rohlf Wilcoxon *5 two-sample test is a ranking
1969). If one or both of these two procedure by which two samples of un- [
assumptions was not met, the data were equal size can be compared. All data ;

transformed and re-evaluated. In most are ranked, then ranks are summed.within i

cases, transformation of the data im- samples. The differences between the |
'

proved the distribution sufficiently to summed ranks are compared using the Z
allow the use of analysis of variance. statistic. The Kruskal-Wallis test was ;

i
Loga rithmic transformations were per- used as a non-parametric alternative to |

t

| formed by adding 1 to the data used in one-way ANOVA to test among-year differ-
! the analysis and taking the base-10 ences or among-station differences. I

logarithm. Where sample sizes were This procedure ranks all pooled data,

unequal, a general linear model was used then sums ranks within a group and com- j

for the ANOVA (SAS 19858). pares differences using an H-statistic, {
distributed approximately as chi square ;

(Sokal and Rohlf 1969). !

4.3.2 Multiple Comparisons i
i

i

If a significant difference among j
means was discovered using analysis of

variance, the Waller-Duncan k-ratio t- |
test was used to test which means or i
groups of means were significantly dif- t

ferent from each other. This test is

less conservative than several other |
|
L
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ATTACHMENT 2
|

ATTACHMENT ;

SEABROOK STATION ENVIRONMENTAL STUDIES |
.

;

BIOLOGICAL PROGRAM
,

|
An annual review of the results from studies conducted through !

le91 has been completed, evaluating the potential effects of the first ,

i
1 1/2 years of Seabrook Station commercial operation on the balanced j

indigenous populations in the coastal waters of New Hampshire. The ;

fundamental approach has been to investigate whether trends in the biota f
in the nearfield area during the operational period (August 1990--

December 1991) are similar to trends observed in previous years. If !

differences occurred during the operational period, further j
investigations were made to determine if they were restricted to the ;
nearfield area or were indicative of.an area-wide trend. Any change

restricted to the nearfield area warranted additional study to ascertain

if the differences noted were related to the operation of Seabrook

Station.

Physico-chemical conditions form the foundation for a biological
assessment. The average surface temperature at plankton station P2 j

IFigure 1) in 1991 was the highest observed in the' fourteen years of !

monitoring. However, since continuous temperature data indicate that f
the thermal plume had dissipated before reaching the thermal monitoring f
Station ID, temperature increases related to Station operation would not

'

be expected at stations further away (Stations P2 and PS). Bottom

temperatures were also higher than average. Significant spacial

differences have been apparent in surface and bottom temperatures among ;

the three stations, with temperatures at P5 greater than P2, and {
temperatures at P2 greater than at P7; this relationship being |

consistent over the preoperational and operational periods. It is

likely that temperatures at Stations P2 and P5 are influenced, to some |

degree, by the Hampton-Seabrook estuary. Dissolved oxygen in both
tsurface and bottom waters was lower than average, probably a result of

increased temperature. Salinity levels ie,1990 and 1991 were lower than

average by approximately 0.5 ppt. This, however, was consistent at. i

nearfield (P2 anc PS), as well as the f ar: field station (P7), reflecting |
)

the unusually high precipitation in the fall of 1991. Nutrient levels ;

i

in 1991 were similar to previous years. |
!

i

!

*
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| The entrainment of plankton through the Circulating Water System

represents a loss to the various planktonic communities. An evaluation

of nearfield plankton communities identified that all were similar to

previous years in terms of the seasonal progressien of typical species.

Some differences were noted in species abundances in comparison to

previous years, however, these differences occurred throughout the study

i area and were act restricted to the nearfield stations. There was no

| evidence of an effect from entrainment. During 1992, bivalve larvae

density levels appeared to be higher than average. The duration of the
straight-hinged stage appears to be longer than average before it

| metamorphoses into the umboned stage. Settling on short term surface
panels appears to be delayed by approximately one month, particularly
among the bivalves. The phytoplankton community again had a typical
spring peak of skeletonema ecstatum and blue-greens during 1992.
Microzooplankton, macrozooplankton, and general algae collections to
date are similar to previous years.

1

| Discharge plume entrainment would most likely affect surface-

oriented biota such as lobster larvae, phytoplankton, shallow water

benthos, and the surface fouling community. The phytoplankton community

has historically shown high variability, both seasonally and annually.

This trend continued during the operational period. Community

composition was similar throughout the study area, suggesting that these

changes are part of an area-wide phenomenon. There was no evidence of
1

an increase in nuisance species. Lobster larvae were more abundant in

1990 and 1991 than previous years, a change that occurred at all three
i

Stations. 1

Abundances of dominant species and indices of community structure

on surface panels during the operational period were similar to previous

years, or if different, were similar between nearfield and farfield ,

stations, with one exception. Abundances of the dominant taxon

|
Mytilidae sp. were higher in 1991 only at the nearfield station.

However, 1991 densities were lower than the extremely high densities

noted prior to plant operation in 1990, representing a retur,n to near-

average conditions. The high densities of mytilids may be the result of

natural variability, or environmental conditions. Initial results from

i 1992 indicate densities are depressed throughout the region.

1
i

The intertidal and shallow subtidal benthic communities in 1990'

and 1991 were generally similar to previous years. Species composition
and abundances were consistent with trends observed in previous years.

Total August macrofauna abundance and total algae biomass were lower
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than average at the nearfield intertidal station. This was the result

of reduced levels of dominant Chendrus criscus, causing decreased

biomass and reducing the amount of substrate for attachment of fauna.
When triannual samples were considered, biomass was reduced at both

'stations (Figure 2), again indicating that this is part of an area-wide
trend rather than an effect of plant operation. The only other

nearfield difference during the operational period was a reduction in

kelps in the shallow subtidal zone, which was more pro:.ounced in the
nearfield area. Kelps have been declining in recent years, and this
trend has continued during the period of plant operation. Observations

by divers indicate that kelps have relocated to a shallower area
adjacent to the shallow subtidal station (B17),. suggesting that surface
oriented biota are not affected by plume entrainment. Changes that

occurred in 1990 and 1991 are likely due to natural variability.
,

The mid-depth and deep benthic communities are monitored:in order-
to determine if there are any effects from increased detritus resulting ,

from the discharge plume. The benthic community in the area of the
discharge was similar to previous years in terms of its species ,

composition. Community structure at the mid-depth intake station (B16),
during the operational period was different from most previous years,
however, this also occurred in 1984 and can be attributed to natural
variability. Total macrofaunal density reached its lowest point at the ,

mid-depth intake station in 1991. Total algal biomass was also lower [;

I than average at the mid-depth intake station.(B16), but higher than !

average at the deep intake station (B13);- showing some changes in the j
_

nearfield in 1991. During 1992, large numbers of green sea urchins were
'

.

still present in Ipswich, Ma. , making it dif ficult- to obtain Chondrus
samples. Higher numbers of urchins in the immediate study area have not

1

! been seen, however. Benthic samples appear lighter in volume than

!. average, continuing last years trend. Large numbers of the gammaridean ;

amphiped Ischyrocerus anouices also occurred at Station B17.

Epibenthic crustaceans, lobsters, and rock and Jonah crabs, would ;

be susceptible to the effects of larval.entrainment,. adult impingement, ;

and effects of increased detritus on benthic food sources. Twenty-nine

lobsters were impinged in 1991, most after the severe October .

I northeaster storm. Total. lobster catch in 1991 at the' discharge: !

sampling locatic (Figure 3) was similar to the preoperational average. |

Catches of legal-sized lobsters have been influenced by changes in the
4

5

( legal-size limit. '1991 catches were sLmilar to those in 1990, when the
|
[ last change in legal size limit was enacted. -Jonah crab. catches were

reduced.throughout the study area, suggesting an area-wide change. Rock j
. <

(
|

|
|

l

f
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crab catches in 1990 and 1991 were similar to previous years.
, ,

A total of 1019 fish were impinged through the operation of the

circulating Water System of Seabrook Station in 1991, an increase over
'

the 499 fish impinged in 1990. Much of the impingement occurred after a

strong northeaster storm in late October, which probably increased the

vulnerability of fish to intake entrainment and subsequent impingement.

The species impinged were typically demersal (lumpfish, flounders, and
,

little skate), although some pollock were also lost. Impingement losses

at Seabrook Station were much lower than those measured at other New

England power plants and substantially lower than losses from commercial

and recreational fishing. Since the begining of 1992, less than 400

fish have been impinged at Seabrook Station.

The demarsal and pelagic fish populaticn in coastal New Hampshire

waters is experiencing changes consistent with those noted in the Gulf

of Maine and Georges Bank. Atlantic cod, yellowtail and winter

flounder, and Atlantic whiting have been declining in the Gulf of Maine

and are considered over-exploited. Other species that were uncommon in

the early years of the study, such as spiny dogfish and skate opp., have |
become dominants; a trend also noted by the National Marine Fisheries ;

! Service. Three species, Atlantic herring, Atlantic mackerel, and j

pollock, showed differing trends in the study area in comparison to the i

Gulf of Maine. Catches of all three species, however, have remained i

stable or increased slightly during the operational period in comparison

| to recent years. There has been no evidence of an adverse effect from

operation of Seabrook Station on the coastal finfish population. During

1992, large numbers of herring were caught in gill nets in June, the

first time herring have been caught in many months (Figure 4). These

catches were not sustained into subsequent months.

i

Hampton estuary is monitored primarily to evaluate the effects of

| Seabrook Station's Settling Basin discharge into the Browns River. The

benthic community in 1991 was similar to previous years in terms of

community composition, species richness, and total abundance. The

composition of the estuarine fish community in 1991 was consistent with

previous years. Catch levels of dominants in 1991 were similar to

previous years with one exception. Winter flounder catches, which have

| historically composed only a small percentage of the estuarine fish

! assemblage, were lower than average in 1990 and 1991. This is also

I
reflected in lower catches throughout the Gulf of Maine. The soft-shell

I clam population in Hampton Harbor has historically shown changes related

to human and green crab predation as well as disease. Trends in the

i
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spat and juvenile densities are similar to recent years, suggesting that

there is no effect as a result of Station operation. Densities of

adults continued to be diminished at Flat 2 (Figure 5), but were similar

to the preoperational average at Flat 1. Flat 4 was the only area where
,

no evidence of the naturally occurring lethal viral disease sarcomatous

neeplasia was detected.

The results of the analysis of collections through 1991 show some

differences during the 1990 and 1991 operational period. None of these
ichanges, however, appear to be the result of the operation of Seabrook

Station. Most can be ascribed to natural biological variability. j

HYDROLOGICAL PROGPAM
|

i

|
' The ocean temperature monitoring program, required by the NPDES

permit, continued throughout 1991 expect during the planned station
cutage months of July-September. The program monitors temperatures both 6

inside and outside a portion of discharge plume, called the "jst-mixing I

region," as well as a reference point. The jet-mixing region is defined

as that area within 300 feet of the submerged diffuser in the direction ,

of flow.

The 1991 data were presented in a report submitted to the EPA and

NH DES in early 1992. The results demonstrated permit compliance.
Temperatures at all times were less than the NPDES permit limit of ST j

above ambient. This temperature difference is referred in the permit as

the delta-t value. In the jet-mixing region, the maximum delta-t occurs I

at 100% station power level in the winter months during isothermal ocean

| conditions. The minimum delta-t value occurs in the summer months
during thermally stratified ocean conditions. Outside the jet-mixing
region, the delta-t values do not va.ry significantly, regardless of the |

station power level or the season.

|

During 1992, temperature monitoring continued until the planned
station outage in early September. Preliminary data results are similar

to that experienced during 1991.

CHLORINE MINIMIZATION
|

|

|

Seabrook Station has continued to manage the use of sodium

hypochlorite in accordance with the chlorine minimization program
established with the agencies. During the 1991 period, chlorine

utilization followed that presented with one notable exception. During

i
_ _ - - - _. .
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February 1991, an influx in fouling of the Circulating Water System
,

condenser system due to the colonial actoproet Anouinella calreda,

resulted in the injection of chlorine to promote condenser efficioney.;
'

The chlorine plant was shut down from July through early October due to ;

the scheduled maintenance outage. During the period September through !
mid-cecember, 1991, the flow meter from the Chlorination Plant became !

defective, providing erroneously high flow rates. This provided I

'calculated demand rates that are suspect. The replacement of the meter

in December 1991 once again provided accurate flow measurements. The ;

effluent limitation for chlorine residual, however, was not exceeded as

a result of this malfunction.
I
i

'

On January 6, 1992, the chlorination of the Circulating Water

System was terminated in accordance with the schedule of chlorination in ;

!an effort to minimize chlorine usage during a period of lower demand.
|

Chlorination of the Service Water System on the other hand was continued

due its safety related functions. Circulating Water System |
chlorination, however, was resumed in February 1992 when indications of |

main condenser biofouling were indicated. Inspections of biofouling

panels positioned within the Intake Transition Structure and the
I

circulating Water System forebay identified the presence of Aneuinella
'

caleeda, a condition that occurred during the same period in 1991. The

growth of this colonial species, occurred until the resumption of

chlorination; no service Water System fouling was observed due to its

continuous chlorination.

Monitored chlorine residual during 1992, ranged from 0.08 ppm to

less than detectable from mid-February through mid-May 1992. After this |

time, a residual of 0.1 ppm at the Discharge Transition Structure was

maintained due to an increase in demand and an observed decrease in

condenser efficiency at the lower concentration. Chlorine residuals

within the Circulating Water System were maintained until the Station

outage began in September 1992. At no time during this period was the

0.20 ppm limit for chlorine discharge exceeded.

During 1992, no significant settlement or macrofouling have been

observed. Chlorine injection has effectively precluded mussel

development on system biopanels, with only minimal adult populations

being reported during inspections of system components. Barnacles and

other macrofouling species growth have likewise been minimal.

|

|

|

i

, .
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SEABROOK STATION NPDES i

1991 OCEAN TEMPERATURE COMPLIANCE REPORT :

,

1.0 INTRODUCTION i

1.1 Purpose

IThis report presents ocean temperature data that demonstrates federal / state

discharge permit compliance in the receiving waters from the thermal component of |

the Seabrook Station Circulating Cooling Water System. |

1.2 Backmund :

:
Seabrook Station is a single-unit,1,150 megawatt nuclear generating facility J

located in the New Hampshire coastal town of Seabmok. The heat dissipation system |
t

for the station is a once-thmugh, ocean intake and submerged diffuser discharge !

! !
design. Cooling wateris taken from and returned to the waters of the Atlantic Ocean !

!
via 19-foot diameterintake and discharge tunnels that extend about 7,000 and 5,500

feet offshore, respectively.

The National Pollutant Discharge Elimination System (NPDES) permit sets

thermal discharge limits during station operation [1]. Speci6cally, the thermal

component of the discharge shall not increase the temperature of the receiving waters

by more than 5'F, except in the near-field jet-miring region where the 5'F limit

applies only at the surface.

Other than the jet-miring region, defined to be water within 300 feet of the

submerged diffuser in the direction of discharge, no further detail is given to a' i

definition of receiving waters. Also, no specifics are given regarding the location of

measurement stations.

R13\11 -1- |
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The permit, however, is very clearin that the limits apply only to temperature

rises caused by the addition of heat to the receiving waters. This temperature

difference, or delta-t, is the key to demonstrate permit compliance.

1.3 Compliance Demonstration

The analysis of a two-year baseline study ci Lhe thermal field around the

discharge area prior to station operation showed permit compliance can effectively be

defined by using the monthly mean of three thermal monitoring stations [2]. The

stations include areas both inside and outside the jet-mixing region as well as a

reference point. Stations DS, ID, and T7 on Figure 1.1, respectively, correspond to

these areas. Table 1.1 lists the location of each station and the various monitcring

depths.

Th+ U.S. Environmental Protection Agency and New Hampshire Department

of Environmental Services, Water Supply and Pollution Control Division concurred

that compliance is demonstrated if the delta-t value between reference Station T7 and

those at DS and ID is 5'F or less for the monthly mean [3,4].

.

R13\11 -2-
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TABLE 1.1

Seabrook Temperature Monitorine Information -

1

#

Water Sensor Depth
Station Depth Location Designation (Ft, MLW)

(Ft, MLW)

T7 55 42*55'15"N T7UP -2, Surface Following j

70*46'46"W T7MD -28, Surface Followmg i
'T7LO -53, MLW

ID 57 42*54'00"N IDUP -2, Surface Following !
'

70*4715"W IDMD -28, Surface Following
IDLO- -53, MLW '

>

DS 54 42*53'41"N .DSUP -2, Surface Following i

70*4712"W ,

;

i

.

!

!

!

!

!

.
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2.0 RESULTS

2.1 Station and Instrument Ooeration
!
|

| Seabrook Station received its operating license in March 1990, with full-power

operation startingin August 1990. Power operation continued through the remainder

of 1990 until late July 1991, when a scheduled two month outage took place. Power

i operation restarted in October 1991 and continued through the end of 1991.
1

The average monthly percent of station operation, which accounts for

short-term power outages, is listed in Table 2.1 and shown on Figures 2.1 and 2.2.

Ocean temperature data were obtained from sensors at the three monitoring

stations via satellite telemetry during each month of station operation. Data recovery

during this period is listed in Table 2.1. The average was about 93%. Missing data

resulted from instrument malfunction and are identified on the monthly data
summary tables located in the appendix. I

'

2.2 Delta-t Values

Table 2.2 summarizes the monthly mean ofocean temperature values between

reference Station T7 and Monitoring Stations DS and ID. Positive delta-t values

mean the monitoring station is warmer than the reference; negative values mean it

is colder. Figure 2.1 illustrates the T7-DS delta-t values and Figure 2.2, the T7-ID

delta-t values.

As shown, the delta-t values for all monitoring stations for each month during '

1991 are less than 5 F. Consequently, permit compliance is demonstrated.
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The largest delta-t values, as expected, occurred at Station DS, located in the

thermal discharge jet-mixing region. These values varied depending on both station

power level and the season (Figure 2.1). The maximum monthly delta-t,3.18'F, was

| for January. This is a result of 100% station power during isothermal ocean

conditions. The minimum monthly delta-t, -0.79, at Station DS was for July. This

is a result of a lower station power level with thermally stratified ocean conditions.

| The large volume of (very) cold bottom water entrained by the discharge plume

significantly reduces the discharge plume's temperature so that at the surface this

mixed volume's temperature is actually less than the reference station.
,

|

Outside the jet-mixing region, at Station ID, there is considerably less delta-t

variation (Figure 2.2). The values,in fact, are not influenced by either station power

level or the season. This feature is the same at each measurement depth (surface,

mid, or bottom).

The appendix contains a complete tabular listing for each temperature

monitoring station.
|

|

|

I

|

|

:

i
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TABLE 2.1

Station Power Level and Ocean Temperature

1

l Percent of Operation |

Power ;

Month Level T7 ID DS

JAN 100.0 88.9 98.4 100.0 |

FEB 71.0 95.1 95.7 100.0 l

| MAR 91.4 96.2 96.8 69.8 i

APR 75.2 98.3 99.2 90.6

MAY 100.0 91.7 92.5 92.5

JUN 74.9 100.0 100.0 100.0 I

I

JUL 65.8 100.0 100.0 100.0 !

AUG 0* 100.0 58.9 100.0 I
|

* I
SEP 0 100.0 75.0 99.3

OCT 70.0 95.1 96.6 96.8

| NOV 100.0 64.4 95.6 98.3

DEC 96.0 64.9 100.0 100.0

!

* Scheduled outage.
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TABLE 2.2

l
*'

Monthly Ocean Temperature Summary.1991
i

DSUP-T7UP IDUP-T7UP IDMD-T7MD IDLO-T7LO

Month DS T7 AT ID T7 AT ID T7 AT ID T7 AT

JAN 43.65 40.47 3.18 40.33 40.50 -0.17 40.70 41.00 -0.30 41.25 42.33 -1.09

FEB 41.69 39.50 2.19 39.64 39.45 0.19 39.54 39.75 -0.21 39.55 40.66 -1.11

MAR 41.20 38.81 2.39 39.11 38.78 0.33 38.35 38.56 -0.21 38.10 38.97 -0.86

APR 44.58 43.46 1.12 43.44 43.17 0.27 41.64 41.80 -0.15 40.70 41.24 -0.55

MAY 50.77 50.37 0.40 50.53 50.37 0.16 46.60 47.10 -0.50 43.37 44.01 -0.63

JUN 56.85 56.66 0.19 56.81 56.66 0.15 52.15 52.63 -0.48 48.47 49.02 -0.55

JUL 58.24 59.03 -0.79 59.22 59.03 0.19 52.23 53.13 -0.90 48.21 48.82 -0.61

AUG 62.34 62.70 -0.36 62.06 61.83 0.23 58.92 58.79 0.13 55.55 55.26 0.29

SEP 60.19 60.25 -0.06 59.62 59.69 -0.07 56.73 56.97 -0.24 53.40 53.59 -0.19

OCT 53.37 53.03 0.34 52.84 53.03 -0.19 51.69 52.05 -0.36 50.50 50.68 -0.18
** **

NOV 51.80 48.80 3.01 48.49 48.81 -0.32 48.94 49.24 -0.29 48.92
** "

DEC 47.21 44.26 2.95 43.87 44.26 -0.40 44.34 44.79 -0.46 44.47

* Temperatures in degrees Fahrenheit.

** Data missing, instrument malfunction.
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SEABROOK OCEAN TEMPERATURE DELTA-T's
January - December 1991

Monthly Average Delta-T (F) Monthly Average Power Level (%)
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SEABROOK OCEAN TEMPERATURE DELTA-T's
January - December 1991
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3.0 CONCLUSION;i !

! .

I Based en d.e resulta pr sented in this 1991 report, and previously in 1990

[5,6], the following condusions can be made:
!

,

1. The delta-t values for all monitoring stations for each month during

| 1991 are less than 5'F. Permit compliance, therefore, is demonstrated.

I

2. The largest delta-t values occur inside the thermal discharge jet-mixing

region.

;

3. The delta-t values in the jet-miring region vary with station power level

and season. The marimum delta-t value occurs at 100% station power

in the winter months duringisothermal ocean conditions. The minimum

deltet value occurs in the summer months during strong thermally |

stratified ocean conditions. '

!

4. The delta-t values outside the jet-miring region do not vary
significantly, regardless of station power level or tne season. This ;

occurs throughout the water column and indicates that there is little or

no influence by the thermal discharge plume.

!
,

i

|
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;
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MONTHLY SUMMARY STATIONS DSUP & T7UP ;

|

DATE MEAN S.DEV MEAN S.DEV. MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7) - j

t

| 91 1 1 42.86 0.91 46.73 0.82 3.87 0.82 24 !

91 1 2 43.40 0.51 45.97 0.92 2.57. 0.61 24 !
| 91 1 3 43.38 0.75 47.89 0.73 4.51 1.03 24

,

; 91 1- 4 42.17 0.35 45.95 1.50 3.78 1.61 24 |
'

91 1 5 43.68 0.46 45.96 0.67 0.27 0.95 24- :

91 1 6' 44.15 0.27 46.26 1.01 2.11 1.01 24 |
91 1 7 43.04 0.31 46.40 0.83 3.36 0.85 24 i

91 1 8 42.51 0.16 46.09 1.04 3.58 1.04 24 j
91 1 9 41.91 0.37 45.56 0.74 3.64 D0.54 24 ;

91 1 10 41.56 0.28 45.02 0.24 3.46 0.25 24
91 1 11 40.90 0.84 44.26 0.49 3.36 0.92 24 +

91 1 12 38.17 0.64 40.76 2.61 2.60 2.54 24- .

I 91 1 13 38.40 0.34 42.61 0.49 4.21 0.56 24 ;

91 1 14 38.54 0.13 41.94 0.25 3.40 0.25 24
~

91 1 15 38.41 0.25 42.21 0.52 3.80 0.56 24
91 1 16 38.22 0.29 42.35 1.11 4.13 1.32 24 '

91 1 17- 39.07 0.37 41.52 1.60 '2.45 1.32 24 !
'

91 1 18 39.52 0.47 41.48 0.66 1.95 0.56- 13
i ,

| 91 1 19 40.03 0.22 42.46 0.65' 2.43 0.65 24
91 1 20 39.93 0.25 42.50 0.80 2.57 0.64 24 !

91 1 21 39.88 0.38 42.27 2.38 2.39 2.04 24
91 1 22_ 38.75 0.27 41.89' 1.72 3.14 1.96 24 ;

91 1 23 38.41 0.40 41.72 1.16 3.32 1.43 24 :

91 1 24 38.96 0.23 40.78 0.63 1.82 0.69 24 |

91 1 25 38.93 0.20 42.21 0.56 3.28- 0.57 24 |

91 1 26 38.51 0.59 40.84 1.20 2.33 0.79 24 !
91 1 27 38.51 0.50 42.13 1.00 3.62 0.83 21 |

91 1 28 40.51 0.56 43.36 0.65 2.85 0.96 16 I

91 1 29 40.27 0.66 43.99 0.67 3.72 1.19. '24 4

; - 91 1 30 40.72 0.44 44.12 0.64 3.40 0.88 24 !
' 91 1 31 40.47 0.42 44.57 0.60 4.10 0.77 24 :

!

MEAN S.DEV MEAN S.DEV MEAN N
| (DS) (DS) (T7) (T7) (DS-T7) !

| 1
j 43.65 0.93 40.47 0.41 3.18 722 |

|

|

|
F

4
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MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 1 1 42.86 0.91 43.38 .0.77 0.52 1.12 24
91 1 2 43.40 0.51 43.97 0.98 0.57 0.95 24 i
91 1 3 43.38 0.75 43.23 U.77 -0.16- 0.35 24
91 1 4 42.17 0.35 41.91 0.34- -0.26 0.32 24 |
91 1 5 43.68 0.46 42.94 0.83 -0.74 0.89 24 :

91 1 6 44.15 0.27 44.20 0.82 0.04 0.94 24
91 1 7 43.04 0.31 42.52 0.37 -0.52 0.41 24 '

91 1 8 42.51 0.16 42.27 0.20 -0.24 0.17 24 ;
'

91 1 9 41.91 0.37 41.69 0.26 -0.12 0.29 24
91 1 10 41.56 0.28 41.37 0.21 -0.19 0.21 24 ;

91 1 11 40.90 0.84 41.12 0.63 0.22 1.00 24 t

91 1 12 38.17 0.64 37.98 0.39 -0.19 0.58 24 !

i 91 1 13 38.40 0.34 38.47 0.75 0.07 0.98 24 .|

91 1 14 38 54 0.13 '37.97 0.51 -0.57 0.46 24. ,

91 1 15 38.41 0.25 38.38 0.61 -0.03 0.48 24
9? 1 16 38.22 0.29 38.32 0.22 0.10 0.42 24

| 91 1 17. 39.07 0.37 38.50 0.26 -0.57 0.34 24 .

91 1 18 39.52 0.47 38.68- 0.56 -0.85 0.52 13 !

91 1 19 40.03 0.22 39.36 0.41 -0.67 0.42 24
| 91 1 20 39.33 0.25 39.38 0.35. -0.56 0.28 24 !

! H91 1 21 39.88 0.38 40.00- 0.43 U.13 0.15 24 '

91 1 22 38.75 0.27 38.70 0.33 -0.05 0.17 24. ;

91 1 23 38.41 0.40 33.02 0.78 -0.38 0.95 24
3. 96 0.23 38.66 0.77' -0.31 0.84 24 -|91 1 24 8

| 91 1 25 38.93 0.20 38.62 0.26 -0.31 0.38 24 !
' 91 1 26 38.51 0.59 37.23 -1.67 -1.28 1.79 24
|- 91 1 27 38.50 0.38 39.33 1.18 0.83 1.20 10 :

| 91 1 28 40.51 0.56 40.33 0.91' -0.18 -0.96 16 )
! 91 1 29 40.27 0.66 40.40 1.14 0.14 1.45 24 '

91 1 30 40.72 0.44 41.05 0.83 0.33 0.98 24
91 1 31 40.47 0.42 40.75 0.35 0.28 0.71 24

MEAN S.DSV MEAN S.DEV 'MEAN N
(T7) (T7) (ID) (ID)'(ID-T7)

40 50 0.41 40.33 0.61 -0.17 711

|

|

|

|

|
'

|

!
!
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MONTHLY SUMKARY STATIONS T7MD & IDMD {

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 1 1 43.73 0.34 43.80 0.19 0.06 0.38 24 |
91 1 2 43.92 0.64 43.87 0.53 -0.06 0.36 24
91 1 3 43.84 0.52 43.84 0.61 0.00 0.33 24 ,

91 1 4 43.78 0.30 43.52 0.61 -0.26 0.45 24 |
'91 1 5 44.69. 0.26 44.36 0.18 -0.32 0.28 24

91 1 6 44.57 0.22 43.97 0.22 -0.60 0.24 24 .

91 1 7 43.90 0.64 43.39 0.66 -0.51 0.23 24 !

91 1 8 42.60 0.17 42.18 0.21 -0.42. 0.22 24
91 1 9 42.27 0.17 41.81 0.23 -0.46 0.27 24 I

91 1 10 41.97 0.22 41.38 0.20 -0.60 0.32 24
91 1 11 41.05 0.83 41.16 0.39 0.11 0.67- 24
91 1 12 38.61 0.28 38.14 0.42 -0.46 0.52 24
91 1 13 39.07 0.26 38.74 0.22 -0.33 0.43 24
91 1 14 38.72 0.22 38.70 0.37 -0.02 0.46 24 .

91 1 15 38.81 0.26 39.25 0.12 0.44 0.27 24
91 1 16 38.68 0.30 38.52 0.51 -0.17 0.54 24 !

91 1 17 39.59 0.42 38.83 0.35 -0.76 0.35 24 !

91 1 18 39.87 0.40 39.51 0.22 -0.36 0.23 13 |

91 1 19 40.33 0.77. 39.72 0.11 -0.60 0.79 24 |
91 1 20 40.19 0.17 39.99 0.24 -0.20 0.16 24 :

91 1 21 40.15 0.27 39.91 0.37 -0.24 0.22 24 !

91 1 22 39.71 0.23 39.25 0.23 -0.46 0.30 24 t
91 1 23 39.17 0.59 38.89 0.39 -0.28 0.89 24 i

91 1 24 39.15 0.24 38.79 0.40 -0.36 0.48 24 :
91 1 25 39.28 0.47 38.53 0.27 -0.75 0.57 24 !
91 1 26 39.07 0.99 37.63 1.01 -1.44 1.39 22 |

91 1 27 38.59 0.35 38.81 1.10 0.23 1.09 10 !

91 1 28 40.96 0.19 40.74 0.28 -0.22 0.34 16
91 1 29 40.35 0.44 40.90 0.19 0.54 0.54 24 !

'91 1 30 41.25 0.14 40.94 0.06 -0.31 0.15 24
91 1 31 41.04 0.19 40.70 0.22 -0.34 0.14 24 ;

i
MEAN S.DEV MEAN S.DEV MEAN N !
(T7) (T7) (ID) (ID) (ID-T7) |

|
41.00 0.37 40.70 0.36 -0.30 709

|

r
|

|
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MONTHLY SUMMARY STATIONS T7LO & IDLO !

i
|

!

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N 'I
'

(T7) (T7) ( ID', (ID) (ID-T7) (ID-T7)
91 1 1 43.78 0.61 43.23 0.26 -0.55 0.42 24
91 1 2 44.75 0.88 43.94 0.65 -0.81 0.42 24
91 1 3 44.94 0.53 44.35 0.42 -0.59 0.36 24
91 1 4 45.15- 0.35 43.63 0.81 -1.52 0.56 24

| 91 1 5 45.95 0.06 44.63 0.06 -1.32 0.11 24
91 1 6 46.20 0.08 44.51 0.27' -1.69 0.32 24
91 1 7 45.39 0.68 44.66 0.40 -0.73 0.56 24 |

'
; 91 1 8 43.52 0.55 42.28 0.58 -1.24 0.42 2 '.

91 1 9 43.44 0.46 42.06 0.33 -1.38 0.52 24 !
'

91 1 10 43.17 0.17 41.82 0.39 -1.34 0.36 24 !
91 1 11 41.59 0.94 41.08 0.52 -0.52 0.69 24 '

91 1 12 39.54 0.33 38.45 0.52 -1.09 0.44 21 i
91 1 13 40.13 0.05 39.38 0.18 -0.74 0.16 17
91 1 14 39.92 0.28 39.34 0.15 -0.58 0.32 24 :
91 1 15 40.77 0.39 39.37 0.06 -1.40 0.42 24 !

91 1 16 39.94 0.51 39.22 0.39 -0.72 0.36 20
91 1 17 40.65 0.39 39.03 0.51 -1.62 0.25 18

'91 1 18 40.97. 0.11 39.71 0.04 -1.26 0.11 6
| 91 1 19 40.95 0.31 39.89 0.12 -1.06 0.24 18 *

91 1 20 41.78 0.07 40.16 0.18 -1.62 0.22 21
91 1 21 41.62 0.01 40.40 0.04 -1.22 0.04 5
91 1 22 40.93 0.03 39.62 0.05 -1.31 0.05 6 ;

91 1 23 41.04 0.04 39.79 0.07 -1.25 0.06 11
'91 1 24 39.51 0.15 39.27 0.25 -0.24 0.30 9

| 91 1 25 39.86 0.36 38.53 0.41 -1.33 0.57 17 ,

91 1 26 39.06 0.72 37.67 0.85 -1.39 1.14 22
91 1 27 39.17 0.37 38.11 0.81 -1.06 0.66 9 !

19 1 1 28 41.72 0.06 40.93 0.10 -0.79 0.14 16
91 1 29 41.77 0.12 40.99 0.03 -0.78 0.11 23
91 1 30 42.36 0.11 40.95 0.01 -1.41 0.12 19
91 1 31 42.22 0.11 40.90 0.08 -1.32 0.06 12

MEAN S.DEV MEAN S.DEV MEAN N :

(T7) (T7) (ID) (ID) (ID-T7)
:

42.33 0.32 41.25 0.31 -1.09 582 )
; l
I

I

| i

I
i

I
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MONTHLY SUMMARY STATIONS DSUP & T7UP .

!
n

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i
(T7) (T7) (DS) (DS) - (DS-T7) (DS-T7) |

91 2 1 40.58 0.21 43.54 0.51 2.96 0.47 24 i

91 2 2 40.28 0.34 42.38 0.84 2.10 0.65 24 i

91 2 3 40.90 0.17 43.60 0.42 2.70 0.47 24 ;

91 2 4 41.40 0.40 44.33 0.29 2.92 0.47 24 i

91 2 5 41.25 0.33 44.26 0.45 3.01 0.43 24
91 2 6 40.84 0.24 43.89 1.84 3.05 1.74 24 |
91 2 7 40.42 0.04 44.36 0.40 3.94 0.40 24
91 2 8 40.25 0.11 44.59 0.45 4.34 0.43 24
91 2 9 40.53 0.56 44.14 0.58 3.61 0.89 19
91 2 10 40.81 0.32 44.03 0.50 3.22 0.61 24
91 2 11 40.29 0.25 44.85 0.62 4.56 0.60 24 -

91 2 12 39.67 0.17 41.48 2.19 1.81- 2.10 24
91 2 13 39.18 0.27 39.40 0.46. 0.22 0.36 24
91 2 14 39.19 0.39 39.03 0.64 -0.16 0.40 24
91 2 15 38.80 0.23 39.91 0.66 1.11 0.61 24
91 2 16 38.52 0.23 39.56 0.43 1.04 0.50 24
91 2 17 38.50 0.38 39.45 0.77 0.95 0.74 24
91 2 18 39.06 0.20 41.27 0.47 2.21 0.32 24 ,

91 2 19 37.92 0.33 39.04 1.68 1.12 1.47 24 i

91 2 20 38.24 0.33 39.77 1.35 1.53 1.09 24 j
91 2 21 38.97 0.40 40.58 0.50 1.61 0.67 24 I

! 91 2 22 39.60 0.29 40.38 0.36 0.79 0.57 24'

91 2 23 39.40 0.17 40.88 0.82 1.47 0.89 24 ;

91 2 24 38.22 0.65 40.51 0.32 2.30 0.54 24
91 2 25 38.21 0.28 40.86 2.03 2.65 2.13 24 i
91 2 26 38.43 0.15 39.92 2.15 1.49 2.03 24 )
91 2 27 38.35 0.16 41.92 1.52 3.56 1.56 24 1

91 2 28 38.38 0.57 39.87 0.69 1.49 1.22 24 )
i

l
MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

41.69 0.85 39.50 0.29 2.19 667
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MONTHLY SUMMARY STATIONS T7UP & IDUP

1

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) J

91 2 1 40.61 0.21 40.23 0.48 -0.39 0.38 20 i
91 2 2 40.30 0.36 40.69 0.89 0.39 0.73 16
91 2 3 40.90 0.17 40.56 0.53- -0.35 0.54 24
91 2 4 41.40 0.40 41.56 1.01 0.16 0.68 24
91 2 5 41.25 0.33 41.68 0.50 0.43 0.30 24
91 2 6 40.84 0.24 41.09 0.44 0.26 0.23 24
91 2 7 40.42 0.04 40.56 0.09 0.14 0.07 24
91 2 8 40.25 0.11 40.41 0.16 0.16 0.09 24
91 2 9 40.31 0.45 40.67 0.75 0.35 0.44 14
91 2 10 40.91 0.20 41.34 0.12 0.43 0.23 13
91 2 11 40.29 0.25 40.74 0.27 0.45 0.20 24
91 2 12 39.67 0.17 39.89 0.29 0.22 0.15 24
91 2 13 39.18 0.27 38.75 0.66 -0.43 0.60 24
91 2 14 39.19 0.39 39.38 0.28 0.19 0.21 24
91 2 15 38.80 0.23 39.20 0.15 0.39 0.19 24
91 2 16 38.52 0.23 38.77 0.39 0.24 0.31 24
91 2 17 38.50 0.38 38.60 1.06 0.10 1.09 24
91 2 18 39.06 0.20 39.07 0.66 0.01 0.53 24
91 2 19 37.92 0.33 38.19 0.35 0.27 0.18 24
91 2 20 38.24 0.33 38.40 0.41 0.16 0.11 24
91 2 21 38.97 0.40 39.23 0.33 0.26 0.21 24
91 2 22 39.60 0.29 39.76- 0.15 0.16 0.25 24
91 2 23 39.40 0.17 39.55 0.14 0.15 0.15 24
91 2 24 38.22 0.65 38.95 0.46 0.73 0.48 24
91 2 25 38.21 0.28 38.86 0.54 0.65 0.68 24
91 2 26 38.43 0.15 38.58 0.12 0.15 0.07 24
91 2 27 38.35 0.16 38.47 0.21 0.11 0.14 24
91 2 28 38.38 0.57 38.47 0.68 0.09 0.40 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

39.45 0.28 39.64 0.43 0.19 639



t

.

MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N ,

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
91 2 1 40.73 0.25 40.42 0.37 -0.31 0.29 20
91 2 2 40.28 0.38 40.46 0.59 0.18 0.47 16
91 2 3 41.05 0.11 40.87 0.20 -0.18 0.23 24
91 2 4 41.10 0.13 40.63 0.06 -0.47 0.14 24
91 2 5 41.01 0.33 40.59 0.31 -0.43 0.17 24
91 2 6 40.99 0.30 40.72 0.30 -0.27 0.09 24
91 2 7 40.67 0.09 40.38 0.06 -0.29 0.09 24
91 2 8 40.58 0.06 40.24 0.17 -0.34 0.18 24
91 2 9 40.85 0.14 40.16 0.80 -0.68 0.73 14
91 2 10 41.04 0.24 41.11 0.08 0.07 0.27 13
91 2 11 40.49 0.27 40.64 0.40 0.16 0.28 24
91 2 12 39.84 0.26 39.64 0.27 -0.20 0.16 18
91 2 13 39.39 0.39 39.52 0.38 0.13 0.26 23
91 2 14 39.28 0.38 39.04 0.32 -0.24 0.15 24
91 2 15 39.21 0.18 39.07 0.11 -0.14 C 21 24
91 2 16 38.62 0.20 38.81 0.25 0.19 0.20 24
91 2 17 38.61 0.35 38.88 0.62 0.27 0.52 24
91 2 18 39.10 0.17 39.31 0.23 0.21 0.35 24
91 2 19 38.46 0.25 38.47 0.38 0.01 0.21 24
91 2 20 38.69 0.41 38.69 0.46 0.00 0.22 24
91 2 21 39.25 0.34 39.53 0.24 0.28 0.50 24
91 2 22 39.71 0.15 39.44 0.16 -0.26 0.27 24
91 2 23 39.49 0.15 39.22 0.11 -0.27 0.14 24
91 2 24 38.95 0.17 38.74 0.18 -0.22 0.25 24
91 2 25 38.75 0.62 38.43 0.27 -0.32 0.52 24
91 2 26 40.11 1.58 38.27 0.06 -1.84 1.54 24
91 2 27 39.04 1.06 38.41 0.14 -0.63 1.04 24
91 2 28 38.98 0.03 38.81 0.08 -0.17 0.08 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

39.75 0.32 39.54 0.27 -0.21 632

i

,



,

MONTHLY SUMMARY STATIONS T7LO & IDLO

PE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 2 1 41.45 0.50 40.45 0.37 -1.00 0.36 14
91 2 2 41.62 0.25 41.02 0.03 -0.60 0.21 2
91 2 3 41.37 0.72 40.86 0.18 -0.51 0.79 24 i

'91 2. 4 41.78 0303 40.46 0.06 -1.32 0.07 24
91 2 5 41.34 0.34 40.38 0.48 -0.96 0.19 24
91 2 6 41.70 0.05 40.72 0.18 -0.97 0.19 7 -

91 2 7 41.57 0.04 40.63 0.02 -0.94 0.05 13
91 2 8 41.60 0.02 40.73 0.04 -0.88 0.04 24
91 2 9 41.97 0.85 40.79 0.07 -1.18 0.82 14
91 2 10 42.08 0.04 40.87 0.01 -1.22 0.03 13
91 2 11 42.38 0.43 40.94 0.04 -1.44 0.42 24,

! 91 2 12 41.91 0.41 40.03 0.65 -1.88 0.47 24 '
' 91 2 13 41.61 0.15 40.05 0.46 -1.56 0.51. 24

"91 2 14 40.53 0.40 39.06 0.39 -1.47 0.32 24
91 2 15 40.36 0.25 39.08 0.10 -1.28 0.17 24

1 91 2 16 40.02 0.12 38.79 0.13 -1.23 0.14 24 :

!' 91 2 17 40.75 0.48 38.88 0.54 -1.87 0.45 24
91 2 18 40.03 0.98 39.41 0.25 -0.62 0.76 24 |
91 2 19 39.35 0.21 38.94 0.37 -0.41 0.38 24t

l 91 2 20 39.98 0.26 39.08 0.16 -0.90 0.17 24
91 2 21 40.44 0.04 39.40 0.02 -1.05 0.04 24
91 2 22 40.53 0.07 39.36 0.18 -1.18 0.20 24
91 2 23 40.22 0.19 39.13 0.11 -1.09 0.13 24 *

L 91 2 24 39.52 0.52 38.64 0.21 -0.88 0.46 24
| 91 2 25 39.47 0.37 38.39 0.29 -1.08 0.19 24
; 91 2 26 39.19 0.12 38.14 0.09 -1.05 0.09 24
'

91 2 27 39.52 0.09 38.51 0.15 -1.01 0.11 24
91 2 28 39.62 0.04 38.75 0.05 -0.87 0.07 24 j

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

40.66 0.28 39.55 0.20 -1.11 591
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MONTHLY SUMMARY STATIONS DSUP & T7UP |
)

W I

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7) j

!

91 3 1 39.23 0.45 39.78 0.44 0.55 0.35- 24 j
91 3 2 39.97 0.39 41.72 0.72 1.76 0.76 24 !

91 3 3 40.23 0.39 42.64 1.16 2.41- 1.21 24 !
91 3 4 39.45 0.13 40.09 1.51 0.63 '1.55 24 i
91 3 5 39.25 0.10 42.53. 0.47 3.28 0.45 24 i91 3 6 39.60 0.52 42.85 0.43 3.25 0.53 21 j91 3 7 39.99 0.37 41,85 1.26 1.86 1.45 20 3

91 3 8 38.91 0.13 43.10 0.19 4.19 0.27 4 ',
91 3 9 38.73 0.19 42.42 0.30 3.69 0.31 24
91 3 10 3;.44 0.14 42.24 0.52 3.80 0.46 248
91 3 11 38.19 0.11 40.30 2.00 2.11 2.06 24 ,

91 3 12 38.27 0.19 41.17 1.67 2.90 1.59 24 '

91 3 13 37.99 0.35 <41.95 0.33 3.97 0.43 24
91 3 14 38.21' O.10 39.01 1.91 0.79 1.86 24
91 3 15 37.92 0.05 38.80 1.66 0.89 1.63 24 a,

91 3 16 f37.88 0.35 41.53 1.15 3.65 1.24 24 )91 3 17 38.33 0.52' 41.75 0.67 3.41 0.76 24 ;

91 3 18 38.84 0.12 41.47 0.99 2.63 1.03 24 j
91 3 19 38.81 0.14 40.27 1.57- 1.46 1.61 24. (91 3 20 38.49 0.22 41.49 _.43 3.01 1.49 24 5

91 3 21- 38.55 0.29 41.57 0.30 3.02 0.45 24
91 3 22 38.59 0.13 -40.97 1.66 2.38 1.76 21 !

91 3 23 DATA MISSING FOR THIS DAY
91 3 24 DATA MISSING FOR THIS DAY
91 3 25 DATA MISSING FOR THIS DAY :

91 3 26 39.29 0.83 41.45 1.94 2.16 1.31 13 ,

91 3 27 DATA MISSING FOR THIS DAY- ,91 3 28 DATA MISSING FOR THIS DAY
91 3 29 DATA MISSING.FOR THIS DAY >

91 3 30 DATA MISSING FOR THIS DAY I
91 3 31 39.05 0.36 38.83 0.33 -0.23 0.16 13 {

i

| MEAN S.DEV MEAN S.DEV MEAN N )
(DS) (DS) (T7) (T7)~ (DS-T7) i

i
41.20 1.02 38.81 0.27 2.39 524 i
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|

MONTHLY SUMMARY STATIONS T7UP & IDUP
i

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (1D-T7)

91 3 1 39.23 0.45 39.66 0.60 0.43 0.36 24
91 3 2 39.97 0.39 40.26 0.67 0.30 0.62 24
91 3 3 40.23 0.39 40.46 0.49 0.23 0.36 24
91 3 4 39.45 0.13 39.75 0.15 0.29 0.08 24
91 3 5 39.25 0.10 39.54 0.11 0.29 0.13 24 |

91 3 6 39.62 0.49 39.86 0.77 0.24 0.49 24
91 3 7 39.99 0.36 40.43 0.32 0.44 0.24 21
91 3 8 38.91 0.13 39.18 0.05 0.27 0.12 4
91 3 9 38.73 0.19 38.94 0.18 0.21 0.15 24
91 3 10 38.44 0.14 38.59 0.17 0.15 0.09 24
91 3 11 38.19 0.11 38.33 0.08 0.14 0.12 24
91 3 12 38.27 0.19 38.38 0.22 0.11 0.10 24
91 3 13 37.99 0.35 38.57 0.52 0.58 0.30 24
91 3 14 38.21 0.10 38.43 0.?1 0.22 0.07 24
91 3 15 37.92 0.05 38.13 0.09 0.22 0.05 24
91 3 16 37.88 0.35 38.13 0.28 0.25 0.13 24
91 3 17 38.33 0.52 38.91 0.53 0.58 0.49 24
91 3 18 38.84 0.12 39.22 0.24 0.38 0.20 24
91 3 19 38.81 0.14 39.08 0.12 0.27 0.15 24
91 3 20 38.49 0.22 38.72 0.15 0.23 0.12 24
91 3 21 38.55 0.29 38.87 0.71 0.32 0.49 24
91 3 22 38.60 0.13 38.99 0.39 0.39 0.41 24
91 3 23 38.40 0.11 38.64 0.12 0.24 0.07 24
91 3 24 38.22 0.06 38.37 0.06 0.15 0.05 24
91 3 25 38.09 0.08 38.27 0.08 0.18 0.07 24
91 3 26 38.94 0.86 39.10 0.92 0.16 0.65 24
91 3 27 38.98 0.22 39.29 0.31 0.31 0.42 24
91 3 28 38.90 0.25 39.79 0.80 0.90 0.97 24
91 3 29 39.17 0.37 40.07 0.45 0.90 0.44 24
91 3 30 39.04 0.17 39.48 0.51 0.44 0.39 24
91 3 31 38.83 0.40 39.06 0.39 0.23 0.21 24

MEAN S.DEV MEAN S.DEV MEAN N |

(T7) (T7) (ID) (ID) (ID-T7) l
1

38.78 0.25 39.11 0.35 0.33 721 |

1
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i

MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 3 1 39.03 0.09 38.77 0.05 -0.25 0.10 24
91 3 2 39.17 0.17 38.92 0.26 -0.25 0.19 24
91 3 3 39.47 0.36 39.29 0.43 -0.18 0.23 24
91 3 4 39.39 0.22 39.24 0.24 -0.15 0.06 24
91 3 5 39.24 0.13 39.13 0.18 -0.11 0.13 24
91 3 6 39.49 0.33 39.39 0.41 -0.10 0.37 24
91 3 7 39.50 0.32 39.43 0.23 -0.08 0.30 21
91 3 8 38.99 0.14 38.84 0.03 -0.15 0.14 4
91 3 9 38.84 0.10 38.62 0.13 -0.23 0.13 24
91 3 10 38.64 0.09 38.31 0.12 -0.33 0.17 24
91 3 11 38.26 0.11 38.02 0.10 -0.24 0.11 24
91 3 12 38.33 0.12 38.09 0.14 -0.24 0.14 24
91 3 13 38.22 0.10 37.95 0.11 -0.27 0.13 24
91 3 14 38.23 0.09 38.01 0.10 -0.22 0.09 24
91 3 15 37.89 0.06 37.65 0.01 -0.24 0.07 24
91 3 16 37.79 0.20 37.71 0.22 -0.09 0.14 24
91 3 17 37.81 0.17 37.57 0.11 H3.24 0.21 24
91 3 18 37.80 0.06 37.52 0.04 -0.28 0.08 24
91 3 19 38.27 0.30 38.26 0.42 -0.01 0.26 24
91 3 20 38.39 0.23 38.24 0.14 -0.15 0.18 24
91 3 21 38.42 0.18 38.01 0.14 -0.41 0.17 24
91 3 22 38.61 0.10 38.33- 0.11 -0.28 0.12 24
91 3 23 38.45 0.15 38.26 0.14 -0.19 0.07 24
91 3 24 38.21 0.02 38.00 0.04 -0.20 0.03 24
91 3 25 38.12 0.06 37.84 0.04 -0.28 0.05 24
91 3 26 38.16 0.04 37.94 0.14 -0.22 0.13 24
91 3 27 38.22 0.19 37.86 0.05 -0.37 0.16 24
91 3 28 38.40 0.22 38.23 0.32 -0.16 0.27 24
91 3 29 38.72 0.25 38.44 0.39 -0.28 0.37 24
91 3 30 39.01 0.11 38.86 0.31 -0.15 0.22 24
91 3 31 38.87 0.17 38.63 0.10 -0.24 0.16 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7) i

38.56 0.16 38.35 0.17 -0.21 721
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MONTHLY SUMMAR'l STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 3 1 39.62 0.05 38.77 0.08 -0.86 0.10 24
91 3 2 39.61 0.06 38.74 0.05 -0.87 0.09 24
91 3 3 39.87 0.29 38.99 0.41 -0.88 0.15 24
91 3 4 39.99 0.21 39.15 0.25 -0.84 0.08 21

. 91 3 5 39.67 0.20 38.79 0.27 -0.88 0.09 16
#

91 3 6 39.76 0.05 38.91 0.04 -0.85 0.05 24
91 3 7 39.72 0.03 38.93 0.03 -0.79 0.05 21
91 3 8 39.45 0.13 38.73 0.05 -0.73 0.13 4
91 3 9 39.41 0.13 38.49 0.14 -0.92 0.16 24
91 3 10 39.14 0.10 37.87 0.12 -1.28 0.19 24
91 3 11 39.01 0.17 37.94 0.15 -1.08 0.13 24
91 3 12 39.03 0.11 38.08 0.12 -0.96 0.07 24
91 3 13 38.72 0.19 37.81 0.19 -0.91 0.20 24
91 3 14 38.76 0.12 37.90 0.09 -0.86 0.09 24
91 3 15 38.41 0.05 37.54 0.07 -0.87 0.05 24
91 3 16 38.34 0.02 37.54 0.05 -0.80 0.05 24
91 3 17 38.27 0.04 37.40 0.08 -0.87 0.06 24
91 3 18 38.29 0.03 37.40 0.04 -0.89 0.04 24
91 3 19 38.31 0.02 37.45 0.02 -0.86 0.02 24
91 3 20 38.41 0.14 37.60 0.08 -0.81 0.08 24

. 91 3 21 38.66 0.04 37.81 0.07 -0.85 0.07 24
2 91 3 22 38.85 0.14 38.05 0.15 -0.80 0.05 24

91 3 23 38.87 0.08 38.17 0.11 -0.70 0.07 24
91 3 24 38.72 0.01 37.91 0.04 -0.81 0.03 24
91 3 25 38.63 0.05 37.76 0.06 -0.87 0.05 24
91 3 26 38.56 0.04 37.72 0.01 -0.84 0.04 24
91 3 27 38.53 0.03 37.73 0.01 -0.80 0.02 24
91 3 28 38.56 0.04 37.76 0.07 -0.80 0.06 24
91 3 29 38.67 0.04 37.93 0.05 -0.74 0.07 24
91 3 30 39.44 0.40 38.60 0.44 -0.84 0.26 24
91 3 31 39.52 0.07 38.68 0.03 -0.84 0.06 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

38.97 0.10 38.10 0.11 -0.86 710

t
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f

MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 4 1 DATA MISSING FOR THIS DAY
91 4 2 40.62 0.23 41.17 1.08 0.55 0.89 4 |91 4 3 40.20 0.27 40.00 0.48 -0.20 0.29 17

~

91 4 4 40.89 0.81 40.38 0.84 -0.52 0.68 24
91 4 5 40.39 0.49 39.84 0.41 -0.56 0.46 24
91 4 6 40.81 0.75 40.44 0.73 -0.37 0.21 24
91 4 7 41.92 0.75 41.74 0.74 -0.19 0.62 24
91 4 8 41.91 0.67 43.72 1.79 1.81 1.41 24
91 4 9 42.91 0.91 44.19 1.16 1.28 0.76 24
91 4 10 41.72 0.19 42.90 1.62 1.18 1.48 21
91 4 11 41.49 0.29 44.88 0.52 3.39 0.72 22
91 4 12 41.44 0.59 43.78 1.65 2.35 2.16 24
91 4 13 41.93 0.19 45.01 1.39 3.08 1.34 24
91 4 14 42.42 0.59 46.04 0.45 3.62 0.45 24
91 4 15 42.84 0.32 44.45 0.63 1.61 0.73 24
91 4 16 43.33 0.53 44.15 0.80 0.82 0.73 24
91 4 17 43.07 0.40 45.01 1.62 1.93 1.95 24 ;
91 4 18 42.72 0.15 45.33 1.86 2.61 1.91 24
91 4 19 42.98 0.18 45.33 1.75 2.35 1.75 24
91 4 20 43.39 0.30 45.62 1.83 2.24 1.69 24
91 4 21 43.14 0.19 42.89 0.23 -0.24 0.29 21
91 4 22 43.38 0.13 45.52 0.68 2.14 0.67 16 .

91 4 23 43.77 0.47 44.75 0.45 0.98 0.59 24 !
91 4 24 45.19 1.59 45.62 1.32 0.42 0.91 24 !91 4 25 46.15 1.09 46.46 1.31 0.31 0.93 24 |
91 4 26 47.13 1.06 47.55 0.91 0.42 0.58 24 1

91 4 27 48.63 0.66 47.70 1.14 -0.93 0.98 24 !
91 4 28 47.86 1.16 48.76 0.75 0.90 1.40 24
91 4 29 47.17 0.69 48.06 0.65 0.90 1.04 24
91 4 30 47.11 0.58 47.18 0.35 0.08 0.71 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

44.58 1.01 43.46 0.56 1.12 653
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MONTHLY SUMMARY STATIONS T7UP & IDUP i

!

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 4 1 39.28 0.17 39.53 0.22 0.25 0.10 24
91 4 2 39.95 0.56 40.20 0.56 0.25 0.32 24
91 4 3 39.98 0.42 40.11 0.50 0.13 0.25 24

.191 4 4 40.89 0.81 41.14 0.88 0.25 0.21 24
91 4 5 40.39 0.49 40.85 0.62 0.46 0.84 24
91 4 6 40.81 0.75 41.86 0.77 1.05 0.44 24
91 4 7 41.92 0.75 42.25 0.90 0.33 0.49 24 !
91 4 8 41.91 0.67 42.07 0.47 0.16 0.39 24
91 4 9 42.91 0.91 43.23 0.85 0.31 0.53 24
91 4 10 41.75 0.21 42.06 0.33 0.31 0.40 24
91 4 11 41.57 0.38 41.86 0.30 0.30 0.14 24
91 4 12 41.44 0.59 41.72 0.39 0.28 0.45 24
91 4 13 41.93 0.19 42.13 0.26 0.20 0.14 24
91 4 14 42.42 'O.59 42.57 0.54 0.15 0.23 24
91 4 15 42.84 0.32 42.99 0.27 0.14 0.29 24 |
91 4 16 43.33 0.53 43.27 0.62 -0.06 0.32 24 ,

91 4 17 43.07 0.40 43.54 0.24 - 0.47 0.42 24 |
91 4 18 42.72 0.15 42.94 0.24 0.22 0.21 24 |

91 4 19 42.98 0.18 43.40 0.43 0.42 0.30 24,

' 91 4 20 43.39 0.30 43.64 0.40 0.25 0.42 24 i

91 4 21 43.15 0.18 43.25 0.16 0.10- 0.23 24 1

91 -4 22 43.35 0.12 43.81 - 0.55. 0.46 0.51 24 I

91 4 23 43.77 0.47 43.65 0.39 -0.12 0.30 24 |
91 4 24 45.19 1.59 44.87 1.52 -0.32 0.72 24 i

91 4 25 46.15 1.09 46.70 1.30 0.55 0.73 24 !

91 4 26 47.13 1.06 47.91 1.00 0.78 0.38 24 i

91 4 27 48.63 0.66 48.21 0.74 -0.42 0.63 24 1

91 4 28 47.86 1.16 48.48 0.53 0.63 0.76 24 |

91 4 29 47.17 0.69 47.76 0.74 0.59 0.85 24 |
91 4 30 47.11 0.58 47.17 0.26 0.07 0.52 24 i

|
,

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

43.17 0.57 43.44 0.57 0.27 720 )

, ,



!

!

!
MONTHLY SUMMARY STATIONS T7MD & IDMD |

!

I
|

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N |

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
91 4 1 39.20 0.31 39.01 0.30 -0.19 0.13 24 i

l

91 4 2 38.98 0.14 38.85 0.18 -0.13 0.17 24
91 4 3 39.24 0.16 38.91 0.27 -0.33 0.21 24
91 4 4 39.02 0.08 38.79 0.10 -0.23 0.11 24

! 91 4 5 39.03 0.24 38.78 0.12 -0.25 0.20 24
91 4 6 38.99 0.21 39.00 0.35 0.01 0.50 24
91 4 7 39.53 1.04 39.49 0.79 -0.04 0.48 24 1

91 4 8 40.96 0.46 41.14 0.28 0.18 0.34 24
91 4 9 41.38 0.40 41.41 0.52 0.03 0.33 24

l 91 4 10 41.85 0.05 41.60 0.31 -0.25 0.34 3
! 91 4 11 41.35 0.22 41.40 0.22 0.05 0.11 9

91 4 12 41.34 0.47 41.21 0.25 -0.13 0.23 24
| 91 4 13 42.03 0.06 41.66 0.11 -0.36 0.12 24
! 91 4 14 42.29 0.30 42.13 0.31 -0.16 0.36 24
| 91 4 15 41.42 0.31 40.89 0.62 -0.53 0.56 24

91 4 16 41.55 0.60 40.88 0.64 -0.67 0.37 24 I

91 4 17 42.74 0.14 42.58 0.24 -0.15 0.29 24
91 4 18 42.70 0.14 42.46 0.13 -0.24 0.16 24
91 4 19 42.75 0.22 42.55 0.18 -0.21 0.15 24
91 4 20 43.40 0.21 43.20 0.41 -0.19 0.35 24
91 4 21 43.19 0.18 43.11 0.40 -0.09 0.47 24

|
; 91 4 22 42.77 0.22 43.03 0.55 0.26 0.48 24
| 91 4 23 42.39 0.21 42.21 0.26 -0.18 0.16 24
; 91 4 24 42.38 0.73 42.58 0.77 0.21 0.52 24
i 91 4 25 42.98 0.51 42.96 0.59 -0.03 0.69 24

91 4 26 42.78 0.49 42.24 0.46 -0.54 0.54 24'

91 4 27 43.30 2.71 42.83 2.08 -0.47 0.68 24
91 4 28 47.08 1.54 47.14 0.93 0.06 1.04 24

| 91 4 29 44.00 0.78 44.49 1.50 0.50 1.04 24
91 4 30 43.07 1.00 42.55 0.63 -0.52 0.87 24

,

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

41.80 0.47 41.64 0.48 -0.15 684
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|
MONTHLY SUMMARY' STATIONS T7LO fr IDLO j

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N !
| (T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 4 1 39.56 0.14 38.61 0.06 -0.95 0.15 24
91 4 2 39.40 0.05 38.55 0.05 -0.85 0.05 24
91 4 3 39.34 0.05 38.54 0.06 -0.80 0.06- 24
91 4 4 39.31 0.10 38.50 0.04 -0.81 0.09 24
91 4 5 39.09 0.09 38.42 0.04 -0.67 0.06 24

'
,

91 4 6 38.91 0.04 38.27 0.06 -0.64 0.06 24
91 4 7 39.23 0.71 38.62 0.86 -0.61 0.19 24 |
91 4 8 41.23 0.48 41.30 0.37 0.06 0.63 24

'

91 4 9 40.38 0.97 40.18 1.04 -0.20 0.73 24 !

| 91 4 10 42.31 0.24 41.47 0.20 -0.84 0.26 24
.

4 11 41.48 0.29 40.79 0.39 -0.69 0.17 24 F
! 91 <

l 91 4 12 41.43 0.60 40.64 0.52 -0.78 0.27 24
l 91 4 13 41.46 0.51 41.37 0.32 -0.08 0.34 24

91 4 14 40.90 0.22 40.59 0.29 -0.31 0.45 24
,

91 4 15 40.43 0.16 39.90 0.24 -0.53 0.14 24
91 4 16 40.60 0.19 39.80 0.18 -0.80 0.20 24
91 4 17 41.96 0.78 41.11 0.71 -0.85 0.36 24
91 4 18 42.16 0.64 42.19 0.14 0.03 0.74 21
91 4 19 42.96 0.18 42.22 0.10 -0.74 0.10 21

| 91 4 20 43.33 0.31 42.86' O.36 -0.46 0.30 24 ,

91 4 21 43.60 0.19 42.93 0.16 -0.67 0.25 23
91 4 22 42.70 0.44 42.30- 0.21 -0.41 0.49 24 .

91 4 23 41.87 0.09 41.35 0.30 -0.52 0.27 24
91 4 24 41.82 0.15 41.33 0.14 -0.49 0.21 24
91 4 25 41.79 0.03 41.53 0.13 -0.26 0.14 24 ,

91 4 26 41.79 0.02 41.37 0.08 -0.42 0.08 24 :

: 91 4 27 41.69 0.14 41.32 0.21 -0.37 0.16 24
| 91 4 28 43.09 1.54 42.16 1.21 -0.93 0.88 24

91 4 29 42.24 0.34 41.90 0.31 -0.34 0.31 24
91 4 30 41.62 0.15 41.22 0.14 -0.40 0.21 24 i

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

41.24 0.33 40.70 0.30 -0.55 713
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MONTHLY SUMMARY STATIONS DSUP & T7UP
i

!
!

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7) ;

91 5 1 47.78 0.47 47.99 0.90 0.22 0.52 24
91 5 2 48.33 0.86 48.28 0.34 -0.05 0.85 24 i

91 5 3 46.41 C.60 46.32 0.70 -0.09 0.54 24
91 5 4 46.87 0.60 46.59 0.64 -0.28 0.35 24 .

'91 5 5 47.97 0.71 50.40 1.42 2.43 1.16 24
91 5 6 48.48 0. 4 *4 48.81 0.73 0.32 0.80 24 ;

91 5 7 48.40 0.30 48.04 0.60 -0.36 0.50 24 t

'91 5 8 47.30 0.63 47.50 0.50 0.20 0.47 24
91 5 9 48.85 0.77 49.17 0.98 0.32 0.56 24 i

91 5 10 50.15 1.23 49.83- 1.27 -0.32- 0.51 24
91 5 11 51.28 1.01 50.99 1.11 -0.29 0.75- 24
91 5 12 46.43 2.38 46.65 1.28 0.22 1.50 24 |
91 -5 13 50.81 1.17 50.03- 1.13 -0.77 0.91 24
91 5 14 51.71 1.15 50.42 1.37 -1.28 0.83 21 -

| 91 5 15 DATA MISSING FOR THIS DAY ;
l 91 5 16 50.35 0.46 49.25~ 0.73- -1.11 0.37 4 !

91 5 17 46.13 1.50 47.02 1.17 0.89 1.16 24 !

91 5 18 46.24 0.66 47.34 1.95 1.10 1.39 24
91 5 19 47.42 0.70 9.55 0.84 2.14 0.48 24 i4
91 5 20 49.47 1.11 50.37 0.80 0.90 0.72 24 I
91 5 21 49.17 0.64 50.19 0.39 1.02 0.82 24

| 91 5 22 51.79 1.55 51.11 1.24 -0.68 -0.95 24
91 5 23 51.93 0.84 53.68 1.78 1.76 2.34 24
91 5 24 51.68 0.80 52.97 0.68 1.29 1.31 24
91 5 25 52.13 1.21 51.73 0.59 -0.40 1.05 24
91 5 26 53.l.5 0.70 53.'2 1.83 0.27 1.44 246 i

91 5 27 53.33 0.58 54.61 0.68 1.28 0.94 24 i

91 5 28 55.15 1.16 55.88 0.78 0.72 1.18 24 i
91 5 29 56.36 0.75 57.16 0.77 0.80 1.16 24 <

91 5 30 57.95 1.02 57.97 1.01 0.02 0.73 24
91 5 31 58.11 0.48 58.48 0.46 0.37 0.52 24

|!

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

50.'77 0.96 50.37 0.88 0.40 697
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MONTHLY SUMMARY STATIONS T7UP & IDUP
i
|
1

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N ;

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) '

I91 5 1 47.78 0.47 47.80 0.76 0.03 0.52 24
91 5 2 48.33 0.86 48.37 0.36 0.04 0.77 24 ;

91 5 3 46.41 0.60 46.43 0.69 0.02 0.50. 24 !

91 5 4 46.87 0.60 46.79 0.66 -0.08 0.33 24 i
'91 5 5 47.97 0.71 -48.17 1.10 0.21 0.56 24

91 5 6 48.48 0.42 ,4. 70 0.64 0.22 0.58 24 :8
91 5 7 48.40 0.30 48.40 0.45- -0.01 0.27 24

| 91 5- 8 47.30 0.63 47.45 0.29 0.15 0.52 24 ,

91 5 9 48.85 0.77 48.91 0.76 0.07 0.39 24 !

91 5 10 50.15 1.23 50.29 1.47 0.14 0.50 24
91 5 11 51.28 1.01- 51.20 1.03 -0.07 0.74 24 ;

l 91 5 12 46.43 2.38 46.78 1.79 0.35 1.03 24
91 5 13 50.81 1.17 50.33 1.26 -0.48 1.04 R24 i

91 5 14 51.71 1.15 51.10 1.24 -0.60 0.72 21' j
91 5 15 DATA MISSING FOR THIS DAY
91 5 16 50.35 0.46 50.73 1.17 0.37 0.71 4 -

91 5 17 46.13 1.50 46.17 1.53 0.03 0.86 24 ;

91 5 18 46.24 0.66 46.56 0.96 0.32 0.47 24 :
91 5 19 47.42 0.70 48.15 1.02 0.73 0.54 24 i

| 91 5 20 49.47 1.11 49.66 0.89 0.18 0.81 24
'

91 5 21 49.17 0.64 51.06. 0.95 1.89 1.18 24
: 91 5 22 51.79 1.55 51.39 1.52 -0.40 0.79 24 |

91 5 23 51.93 0.84 51.84 0.62 -0.08 0.47 24
91 5 24 51.68 0.80 52.77 1.02. 1.09 1.31 '24 |

| 91 5 25 52.13 1.21 52.86 0.83: 0.73 1.46 24
,

i 91 5 26 53.35 0.70 52.88 0.79- -0.47 0.80 24 ;

| 91 5 27 53.33 0.58 53.68 0.33 0.35 0.57 24
| 91 5 28 55.15 1.16- 54.78 1.18 -0.38- 0.46 24

91 5 29 56.36 0.75 56.39 0.95 0.03 0.37 24
91 5 30 57.95 1.02 58.26' O.81 0.31 0.56 24
91 5 31 58.11 0.48 58.32 0.47 0.20 0.37 24

I
MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

,

50.37 0.88 50.53 0.92 0.16 697
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MONTHLY SUMMARY STATIONS T7MD & IDMD

!

l

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N |
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 5 1 45.94 1.51 44.95 0.84 -0.99 1.09 24 1

91 5 2 44.20 1.66 43.06 1.04 -1.14 1.41 24 |
91 5 3 44.45 1.32 44.24 0.90 -0.22 1.01 24 1

91 5 4 46.61 0.52 46.20 0.84 -0.41 0.56 24 '

91 5 5 47.18 0.40 47.11 0.28 -0.07 0.36 24 {
91 5 6 47.02 0.67 46.17 0.95 -0.85 0.52 24 |

91 5 7 44.13 1.76 44.08 1.98 -0.05 0.97 21
91 5 8 43.08 1.80 42.48 1.65 -0.60 1.06 21
91 5 9 45.29 1.79 45.23 1.55 -0.06 0.78 24
91 5 10 44.17 1.36 43.42 1.19 -0.75 0.91 24
91 5 11 44.25 1.40 43.42 0.88 -0.84 0.97 24 ,

91 5 12 <41.94 0.91 41.71 0.95 -0.24 0.58 24 ?

91 5 13 43.74 0.59 42.97 0.48 -0.77 0.30 24 ,

91 5 14 44.30 0.47 43.59 0.42 -0.72 0.39 21 )
91 5 15 DATA MISSING FOR THIS DAY
91 5 16 43.98 0.22 42.29 0.16 -1.69 0.31 4 ]
91 5 17 42.81 0.89 42.35 0.60 -0.46 0.65 24 i

91 5 18 45.62 0.33 45.31 0.40 -0.31 0.48 24 '

91 5 19 46.38 0.68 46.07 0.72 -0.31 0.68 24
91 5 20 46.86 0.49 46.31 0.41 -0.56 0.59 24
91 5 21 46.35 0.49 45.85 0.38 -0.50 0.51 24
91 5 22 47.06 1.22 45.99' O.74 -1.07 0.73 24 |
91 5 23 50.21 1.30 49.97 2.18 -0.24 1.39 24 i

91 5 24 48.13 1.00 48.29 1.09 0.16 0.63 24 .

91 5 25 46.51 0.41 45.75 0.46 -0.75 0.49 24
91 5 26 50.42 2.32 50.14 2.53 -0.28 1.31 24
91 5 27 51.45 1.47 51.22 1.31 -0.24 0.65 24 :

91 5 28 53.12 0.44 53.07 0.56 -0.05 0.57 24 '

91 5 29 53.81 1.12 53.50 1.12 -0.31 0.64 24
91 5 30 54.77 1.50 54.01 1.44 -0.76 1.75 24
91 5 31 55.50 1.66 54.49 1.96 -1.01 1.36 24

'

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

!

47.10 1.06 46.60 1.00 -0.50 691
,i
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k

ONm Ly SUMMARY STATIONS T7Lo & IDLO
i

DATE MEAN S.DEV MEAN- S.DEV MEAN S.DEV N
(T7) (T7) (ID) -(ID) (ID-T7) (ID-T7) ,

91 5 1 41.76 0.22 <41.25 0.19 -0.50 0.20 24
91 5' 2 41.65 0.11 41.05 0.12 -0.61 0.18 24

i

91 5 3 41.92 0.31 41.34 0.38 -0.59- 0.26 24 i

91- 5 4 44.84- 2.61- 43.86 2.40 -0.98 0.73 24 j
91 5 5 44.88 2.07 45.61 1.99 0.73 1.61 24

I'91 5 6 41.91 0.15 41.56 0.31 -0.34 0.27 24
91 5 7 41.47 0.12 40.94 0.17 -0.53 0.11 21

- 91 5 8 41.37 0.10 40.78 0.43 -0.59 0.42: 16
91 5 9 41.78 0.29- 40.95 0.25 -0.83 0.28 24
91 5 10 41.59 -0.16 ~ 40.80 0.20 -0.79 0.19- 24
91 5 11 41.57 0.20 40.83 0.15 -0.74 0.18 24
91 5 12 41.37 0.13 '40.70- 0.35 -0.67 0.38 24
91 5 13 42.16 0.56 41.68' O.52 -0.48 0.63- 24
91 5 14 41.81 0.21 41.25 0.36 -0.56 0.49 21
91 5 15 - DATA MISSING FOR THIS DAY
91 5 16 42.63 0.13 41.69 0.15 -0.95 0.10 4-
91 5 17 41.99 0.46 41.34 0.43 -0.65 0.23 24
91 5 18 45.42 0.75 43.98 0.87 -1.44 0.48 24
911 5 19 45.33 0.88 44.98 0.45 -0.35 0.85 24
91 5 20 45.33 0.34 44.65 0.32 -0.68 0.51 24
91 5 21 45.03 0.82 44.26 0.45- -0.77- 0.72 24
91 5 22 '45.13 0.59 -44.17 0.43 -0.96 0.51- 24-
91 5 23 47.30 2.50 -46.46 2.19 0.84 2.99 24-

91 5 24 44.89 0.75 44.67 0.80 -0.22 0.40 24
91 5 25 44.14 0.39 43.51 0.42- -0.63 0.73 24
91 5 26 45.91 1.25 44.84- 1.56 .-l.06 1.11 24
91 5 27 45.95 1.07' 45.43 1.'13 -0.53 1.32 24
91 5 28 46.51 0.88- 46.05 0.76 -0.46 0.89 '24
91 5 29 47.33 1.19 46.35 1.05 -0.98- 1.36 24
91 5 30 47.33 0.99 46.46 0.94 -0.86 1.34 24
91 5 31 47.27 0.77 46.86 10.86 -0.41- 1.38 24

MEAN S.DEV MEAN. S.DEV MEAN N-
(T7) (T7) (ID) (ID) (ID-T7)

44.01 0.70' 43.37 0.69 -0.63 686
,
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 6 1 58.27 1.02 59.52 1.00 1.25 0.79 24
91 6 2 58.84 0.55 58.80 0.64 -0.05 0.55 24
91 6 3 59.51 0.83 59.81 0.91 0.30 0.66 24
91 6 4 57.19 1.03 57.10 0.85 -0.09 0.45 24 I

91 6 5 55.77 0.21 57.73 0.78 1.95 0.76 24
91 6 6 56.92 1.20 58.43 0.24 1.51 1.00 24
91 6 7 59.21 1.20 58.83 0.83 -0.38 0.96 24
91 6 8 58.56 0.43 57.98 0.14 -0.58 0.40 24
91 6 9 58.61 0.65 59.01 0.72 0.40 0.75 24
91 6 10 56.49 1.07 56.24 0.85 -0.25 1.00 24
91 6 11 54.54 1.20 54.36 1.20 -0.18 0.95 24
91 6 12 54.02 1.64 53.03 0.99 -1.00 1.10 24
91 6 13 47.76 1.69 50.23 1.25 2.47 1.31 24
91 6 14 49.99 1.69 51.15 0.74 1.17 1.24 24
91 6 15 52.75 0.93 52.74 1.16 -0.01 0.89 24
91 6 16 52.89 0.60 55.06 1.28 2.17 1.49 24
91 6 17 53.31 0.42 55.56 1.69 2.26 1.64 24
91 6 18 55.26 1.29 56.93 0.32 1.67 1.33 24
91 6 19 55.64 0.69 56.84 0.65 1.21 0.25 24
91 6 20 57.42 0.83 57.10 0.39 -0.32 0.90 24
91 6 21 57.69 0.51 56.82 0.58 -0.87 0.55 24
91 6 22 58.78 0.74 58.71 0.74 -0.07 0.94 24
91 6 23 59.85 0.98 58.87 1.19 -0.98 0.69 24
91 6 24 60.56 0.73 60.23 0.62 -0.33 0.53 24
91 6 25 61.56 1.16 59.99 1.40 -1.56 1.03 24
91 6 26 60.93 0.86 58.87 1.82 -2.05 1.59 24
91 6 27 57.92 0.75 56.73 1.56 -1.19 1.41 24
91 6 28 56.07 1.46 55.92 1.35 -0.15 1.12 24
91 6 29 55.26 1.66 55.42 1.86 0.17 1.39 24
91 6 30 58.20 1.37 57.54 1.88 -0.66 0.90 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

56.85 0.99 56.66 0.98 0.19 720
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MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 6 1 58.27 1.02 58.07 0.63 -0.19 0.50 24
91 6 2 58.84 0.55 58.71 0.44 -0.13 0.36 24
91 6 3 59.51 0.83 59.48 0.83 -0.03 0.62 24
91 6 4 57,19 1.03 57.18 0.89 0.00 0.35 24
91 6 5 55.77 0.21 56.14 0.33 0.37 0.27 24
91 6 6 56.92 1.20 57.29 1.25 0.38 0.54 24
91 6 7 59.21 1.20 58.61 1.29 -0.60 0.78 24
91 6 8 58.56 0.43 58.11 0.30 -0.45 0.39 24
91 6 9 58.61 0.65 58.22 0.88 -0.39 0.55 24
91 6 10 56.49 1.07 56.76 0.91 0.27 1.35 24
91 6 11 54.54 1.20 55.39 0.85 0.85 1.31 24
91 6 12 54.02 1.64 54.11 1.83 0.09 1.45 24
91 6 13 47.76 1.69 48.53 2.11 0.78 1.31 24 :

,

91 6 14 49.99 1,69 49.50 1.16 -0.48 0.73 24
91 6 15 52.75 0.93 52.56 1.39 -0.19 0.70 24
91 6 16 52.89 0.60 52.96 0.29 0.06 0.66 24
91 6 17- 53.31 0.42 53.08 0.35 -0.23 0.22 24
91 6 18 55.26 1.29 54.91 1.10 -0.35 0.67 24
91 6 19 55.64 0.69 55.93 0.35 0.29 0.57 24
91 6 20 57.42 0.83 58.39 1.59 0.98 0.79 24
91 6 21 57.69 0.51 58.26 0.33 0.56 0.36 24
91 6 22 58.78 0.74 58.67 0.75 -0.11 0.31 24
91 6 23 59.85 0.98 59.97 0.92 0.12 0.46 24
91 6 24 60.56 0.73 60.69 0.57 0.13 0.40 24
91 6 25 61.56 1.16 61.76 1.00 0.21 0.47 24
91 6 26 60.93 0.86 61.21 1.17 0.28 1.02 24
91 6 27 57.92 0.75 58.37 1.20 0.45 1.02 24
91 6 28 56.07 1.46 57.18 1.33 1.11 1.26 24
91 6 29 55.26 1.66 55.89 1.62 0.<63 0.81 24
91 6 30 58.20 1.37 58.31 1.55 0.11 1.12 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

56.66 0.98 56.81 0.97 0.15 720

.
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MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 6 1 56.82 0.30 56.68 0.46 -0.14 0.42 24
91 6 2 55.93 0.66 54.41 1.68 -1.52 1.83 24
91 6 3 53.75 0.96 52.32 1.79 -1.42 1.78 24
91 6 4 56.65 1.02 56.27 1.87 -0.38 1.12 24
91 6 5 55.50 0.16 55.57 0.40 0.07 0.30 24
91 6 6 55.39 0.33 55.25 0.27 -0.14 0.16 24
91 6 7 54.67 0.25 55.00 0.85 0.33 0.73 24
91 6 8 53.94 0.29 54.36 0.79 0.42 0.86 24
91 6 9 54.56 1.02 54.64 0.74 0.07 0.99 24
91 6 10 50.67 1.25 51.12 1.38 0.45 0.85 24
91 6 11 48.49 0.99 48.39 1.46 -0.10 0.91 24
91 6 12 46.97 0.54 46.47 0.80 -0.50 0.87 24
91 6 13 46.19 0.71 46.29 0.70 0.09 0.92 24
91 6 14 47.77 0.81 47.14 0.81 -0.63 0.44 24
91 6 15 49.66 1.54 48.95 1.33 -0.70 0.61 24
91 6 16 52.31 0.35 52.32 0.45 0.01 0.48 24
91 6 17 53.20 0.41 53.02 0.47 -0.18 0.12 24
91 6 18 53.34 0.19 53.25 0.33 -0.09 0.27 24
91 6 19 54.08 0.68 53.31 0.42 -0.77 0.63 24
91 6 20 53.73 0.66 53.37 0.49 -0.36 0.42 24
91 6 21 53.01 0.91 51.93 0.94 -1.08 0.98 24
91 6 22 54.90 1.65 54.19 0.81 -0.71 1.13 24
91 6 23 55.26 1.88- 53.67 1.52 -1.59 1.34 24
91 6 24 55.59 1.51 54.25 0.83 -1.34 1.42 24
91 6 25 53.98 0.88 52.30 1.67 -1.69 1.34 24
91 6 26 51.61 0.70 51.37 1.25 -0.24 1.04 24
91 6 27 49.99 0.67 49.23 0.89 -0.76 0.60 24
91 6 28 49.39 0.64 48.81 0.63 -0.58 0.90 24
91 6 29 49.66 1.49 48.97 1.63 -0.69 0.56 24
91 6 30 51.80 1.69 51.60 1.48 -0.20 0.67 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

52.63 0.84 52.15 0.97 -0.48 720
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MONTHLY SUMMARY STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 6 1 48.24 2.25 47.82 1.46 -0.42 2.06 24
91 6 2 46.62 0.34 46.41 0.62 -0.21 0.78 24
91 6 3 47.32 0.79 46.11 0.71 -1.21 1.05 24
91 6 4 54.59 4.32 52.90 4.65 -1.68 1.05 24
91 6 5 55.56 0.26 54.51 0.50 -1.05 0.59 24
91 6 6 55.11 0.24 54.07 0.09 -1.04 0.24 24
91 6 7 54.21 0.95 53.64 0.18 -0.56 0.86 24
91 6 8 48.91 1.15 50.08 1.61 1.17 1.25 24
91 6 9 50.12 0.97 50.17 0.98 0.05 1.25 24
91 6 10 46.53 1.04 46.94 1.08 0.40 0.50 24
91 6 11 45.25 0.70 45.13 0.83 -0.12 0.56 24
91 6 12 44.40 0.17 43.90 0.19 -0.49 0.20 24
91 6 13 44.29 0.76 43.79 0.63 -0.50 0.31 24
91 6 14 46.33 0.44 45.50 0.41 -0.83 0.59 24
93 6 15 47.17 0.62 45.97 0.52 -1.20 0.48 24
91 6 16 50.43 1.52 49.72 1.75 -0.71 1.28 24
91 6 17 53.08 1.76 52.34 0.49 -0.74 1.50 24
91 6 18 51.24 1.25 51.39 1.34 0.15 1.22 24
91 6 19 50.55 1.30 50.57 0.69 0.03 1.86 24
91 6 20 49.26 1.41 48.89 0.71 -0.37 1.20 24
91 6 21 48.73 0.89 47.75 0.48 -0.98 1.13 24
91 6 22 49.06 0.62 48.07' O.50 -0.99 0.72 24
91 6 23 49.14 0.63 48.21 0.59 -0.93 0.89 24
91 6 24 49.04 0.52 48.33 0.76 -0.71 0.81 24
91 6 25 48.47 0.19 48.07 0.41 -0.41 0.47 24
91 6 26 47.98 0.24 47.47 0.35 -0.50 0.36 24
91 6 27 47.42 0.36 46.89 0.34 -0.53 0.29 24
91 6 28 47.20 0.42 46.45 0.24 -0.75 0.36 24
91 6 29 46.72 0.52 46.04 0.17 -0.68 0.48 24
91 6 30 47.70 0.53 47.06 0.90 -0.63 0.85 24

i

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

49.02 0.91 48.47 0.81 -0.55 720 |

!

_ - _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,

i

MONTHLY SUMMARY STATIONS DSUP & T7DP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 7 1 56.10 0.65 55.57 0.87 -0.53 0.57 24
91 7 2 56.48 0.85 56.83 1.26 0.35 1.00 24
91 7 3 56.46 0.33 57.15 1.89 0.70 2.02 24
91 7 4 56.91 1.51 57.44 0.97 0.53 2.09 24
91 7 5 57.87 0.46 58.21 0.39 0.34 0.65 24
91 7 6 58.56 0.56 57.92 0.43 -0.64 0.48 24
91 7 7 59.64 0.23 59.04 0.60 -0.60 0.72 24
91 7 8 59.04 1.05 59.07 0.52 0.03 1.09 24
91 7 9 56.36 0.93 57.24 0.87 0.89 0.42 24
91 7 10 56.30 0.32 56.76 1.25 0.45 1.20 24
91 7 11 58.47 0.85 57.21 1.02 -1.26 1.26 24
91 7 12 59.27 0.54 58.44 0.91 -0.83 0.67 24
91 7 13 59.44 0.16 57.31 1.13 -2.14 1.14 24
91 7 14 60.26 0.69 59.41 1.22 -0.85 0.95 24
91 7 15 59.90 0.57 59.82 0.80 -0.08 0.49 24
91 7 16 61.17 0.98 59.82 1.33 -1.35 1.40 24
91 7 17 60.13 0.82 58.90 1.81 -1.23 1.31 24
91 7 18 60.98 1.53 59.38 2.65 -1.60 1.91 24
91 7 19 61.14 1.89 58.78 2.19 -2.35 1.68 24
91 7 20 63.80 0.85 59.04 2.87 -4.75 2.49 24
91 7 21 62.22 2.03 58.64 2.19 -3.58 2.38 24
91 7 22 61.08 0.93 60.25 2.36 -0.82 1.79 24
91 7 23 57.21 2.93 55.86 1.83 -1.35 1.58 24
91 7 24 56.63 2.23 55.20 1.69 -1.44 2.24 24
91 7 25 57.86 1.42 55.91 1.94 -1.95 2.22 24
91 7 26 57.60 0.65 58.16 2.02 0.56 1.87 24
91 7 27 59.88 0.88 59.71 1.02 -0.17 1.08 24
91 7 28 60.21 1.04 59.71 1.30 -0.50 0.66 24
91 7 29 60.46 0.70 60.34 0.65 -0.12 0.47 24
91 7 30 59.47 0.6b 60.23 0.68 0.76 1.04 21
91 7 31 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

58.24 1.36 59.03 0.97 -0.79 717

- _ _ _ - _ _ _ _ - _ _ _ _ _



-___ _ _ _ . .

.. .

MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 7 1 56.10 0.65 56.04 0.53 -0.06 0.41 24
91 7 2 56.48 0.85 57.04 0.54 0.56 0.81 24
91 7 3 56.46 0.33 56.83 0.65 0.37 0.47 24
91 7 4 56.91 1.51 57.38 1.19 0.47 1.04 24
91 7 5 57.87 0.46 58.66 0.32 0.78 0.52 24
91 7 6 58.56 0.56 58.23 0.48 -0.33 0.22 24
91 7 7 59.64 0.23 59.10 0.32 -0.54 0.27 24
91 7 8 59.04 1.05 59.16 0.71 0.12 0.64 24
91 7 9 56.36 0.93 57.04 1.18 0.68 0.59 24
91 7 10 56.30 0.32 56.71 0.65 0.40 0.73 24
91 7 11 58.47 0.85 58.64 1.34 0.17 0.64 24
91 7 12 59.27 0.54 59.84 0.73 0.57 0.57 24
91 7 13 59.44 0.16 58.91 0.24 -0.53 0.20 24
91 7 14 60.26 0.69 60.05 0.96 -0.21 0.48 24
91 7 15 59.90 0.57 59.97 0.39 0.08 0.42 24
91 7 16 61.17 0.98 61.14 0.78 -0.03 0.63 24
91 7 17 60.13 0.82 60.77 1.22 0.65 1.33 24
91 7 18 60.98 1.53 61.49 1.94 0.52 1.18 24
91 7 19 61.14 1.89 61.97 1.75 0.84 1.52 24
91 7 20 63.80 0.85 62.89 1.36 -0.90 1.12 24
91 7 21 62.22 2.03 61.38 1.34 -0.84 1.67 24
91 7 22 61.08 0.93 62.03 1.56 0.95 1.23 24
91 7 23 57.21 2.93 58.11 2.18 0.90 2.16 24
91 7 24 56.63 2.23 56.74 1.33 0.11 2.06 24
91 7 25 57.86 1.42 57.63 0.75 -0.23 1.10 24
91 7 26 57.60 0.65 58.70 1.62 1.10 1.41 24
91 7 27 59.88 0.88 59.70 0.90 -0.19 1.17 24
91 7 28 60.21 1.04 60.06 1.15 -0.15 0.79 24
91 7 29 60.46 0.70 60.28 0.69 -0.18 0.63 24
91 7 30 59.47 0.65 60.22 0.74 0.75 1.03 21
91 7 31 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

59.03 0.97 59.22 0.98 0.19 717

. _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i
l

MONTHLY SUMMARY STATIONS T7MD & IDMD-
|

|
:

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 7 1 51.53 1.89 51.08 1.85 -0.45 0.78 24 :

91 7 2 52.30 1.58 51.10 1.78 -1.20 0.95 24 !

91 7 3 54.20 3.11 53.44 2.82 -0.75 1.16 24 |
91 7 4 54.32 0.41- 54.01 0.34 -0.30 0.59 24 ;

91 7 5 55.30 0.54 54.61 0.46 -0.69 0.46 24 !

91 7 6 57.67 'O.90 56.67 0.89 -1.00 0.57 24 i
91 7 7 56.72 1.39 56.36 1.55 -0.36 0.79' 24 |

91 7 8 53.34 1.59 51.61 1.22 -1.74 0.97 24 |
91 7 9 -53.24 2.07- 52.47 1.73 -0.77 1.73 24- !

91 7 10 53.43 1.10-.51.62 1.35 -1.81 1.04 24 ;
91 7 11 53.04 0.76 51.51 0.46 -1.53 0.74 24 i

'

91 7 12 53.21 1.03 51.54 1.07 -1.67 0.83 '24
91 7 13 53.32 1.16 52.03- 0.83 -1.30 0.96 24 ;

91 7 14 54.01 1.40 52.76 1.47 -1.25 1.46 24 :

91 7 15 54.37 1.19 52.69 0.89 -1.67 1.08 24 ;
'

91 7 16 55.24 1.12 53.85 1.70 -1.38 1.47 24 ,

91 7 17 52.49 1.32- 51.77. 1.47 -0.71 1.21 24 !

91 7 18 51.68. 1.34~ 51.88 1.86 0.20 10.87 24
91 7 19 51.31 0.93 50.56 1.35 -0.76' O.93 24 i
91 7 20 51.77 1.01 51.81 1.52 0.04 1.16 24 i

'91 7 21 51.53 0.64 51.50 1.82. -0.03 1.41 24 !

91 7 22 52.77. 1.45 51.73 1.60 -1.04 1.32 24 ;
91 7 23 50.48 0.94 50.03 1.32- -0.45 1.08 24 :
91 7 24 49.82 0.78 49.01 0.75 -0.81 0.59 24 !
91 7 25 50.81 0.57 49.85 -1.05 -0.95 0.77 24 .

91 7 26 51.63 1.47 50.20 0.80 -1.43- 1.03 24 *

91 7 27. 52.83 1.28 52.12 1.75 -0.71 0.83 24
i

91 7 28 52.16 0.99 51.35 1.28 -0.81- 1.10 24 i

91 7 29 53.36 0.73' 52.24 0.70- -1.12 1.00 24 |

| 91 7 30 56.37 2.02 55.84 2.29 -0.54 1.19 21- i
l 91 7 31 DATA MISSING-FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN
. N'

(T7) (T7) (ID) (ID) (ID-T7)
53.13 1.19 52.23 1.33 -0.90 717

i

.

|
|

|
|

|
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MONTHLY SUMMARY STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 7 1 47.19 0.50 46.66 0.46 -0.53 0.43 24
91 7 2 47.86 0.48 47.59 1.42 -0.26 1.15 24
91 7 3 49.85 2.43 48.53 1.99 -1.32 1.18 24
91 7 4 51.91 1.30 51.20 1.29 -0.71 1.69 24
91 7 5 51.69 1.22 51.22 1.40 -0.47 2.36 24
91 7 6 48.86 1.90 49.54 1.51 0.68 2.57 24
91 7 7 48.44 0.74 48.27 0.63 -0.17 0.95 24
91 7 8 48.00 0.24 47.25 0.56 -0.76 0.49 24
91 7 9 48.04 0.64 47.02 0.79 -1.02 0.56 24
91 7 10 48.26 0.83 47.61 0.48 -0.65 0.83 24
91 7 11 48.77 0.64 47.86 0.68 -0.91 0.67 24
91 7 12 48.36 0.80 48.10 0.71 -0.26 0.72 24
91 7 13 48.59 0.35 48.06 0.58 -0.53 0.64 24
91 7 14 48.82 0.49 48.47 0.90 -0.34 0.87 24
91 7 15 49.03 0.48 48.55 0.80 -0.48 0.93 24
91 7 16 49.43 0.68 48.86 0.90 -0.57 1.27 24
91 7 17 47.97 0.38 47.92 0.46 -0.05 0.43 24
91 7 18 48.19 0.52 47.60 0.46 -0.59 0.54 24
91 7 19 48.43 0.49 47.65 0.41 -0.78 0.68 24

,

91 7 20 48.83 0.31 47.95 0.47 -0.88 0.47 24
91 7 21 48.13 0.29 47.94 0.47 -0.19 0.42 24

#91 7 22 48.55 0.51 47.99 0.40 -0.56 0.73 24
91 7 23 48.37 0.52 47.65 0.40 -0.72 0.56 24
91 7 24 48.15 0.39 47.20 0.23 -0.95 0.44 24
91 7 25 48.42 0.55 47.45 0.29 -0.97 0.46 24
91 7 26 48.30 0.36 47.71 0.20 -0.59 0.28 24
91 7 27 48.89 0.39 48.19 0.50 -0.70 0.81 24
91 7 28 48.79 0.34 48.30 0.42 -0.49 0.67 24
91 7 29 49.81 0.46 48.47 0.52 -1.34 0.56 24
91 7 30 51.09 1.30 49.68 0.93 -1.41 1.45 21
91 7 31 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

48.82 0.68 48.21 0.71 -0.61 717

..
. _ _ _ _



_ _ _ . _ _

!

MONTHLY SUMMARY STATIONS DSUP & T7UP :

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 8 1 DATA MISSING FOR THIS DAY !i

il 91 8 2 DATA MISSING FOR THIS DAY
91 8 3 DATA MISSING FOR THIS DAY
91 8 4 DATA MISSING FOR THIS DAY !

91 8 5 DATA MISSING FOR THIS DAY ;

91 8 6 DATA MISSING FOR THIS DAY
91 8 7 DATA MISSING FOR THIS DAY
91 8 8 DATA MISSING FOR THIS DAY i

91 8 9 DATA MISSING FOR THIS DAY !

91- 8 10 DATA MISSING FOR THIS DAY i

91 8 11 DATA MISSING FOR THIS DAY ,

91 8 12 DATA MISSING FOR THIS DAY i

91 8 13 DATA MISSING FOR THIS DAY
91 8 14 DATA MISSING FOR THIS DAY
91 8 15 DATA MISSING FOR THIS DAY
91 8 16 DATA MISSING FOR THIS DAY
91 8 17 DATA MISSING FOR THIS DAY ,

91 8 18 DATA MISSING FOR THIS DAY j
91 8 19 DATA MISSING FOR THIS DAY ~

91 8 20 DATA MISSING FOR THIS DAY '

91 8 21 DATA MISSING FOR THIS DAY '

91 8 22 DATA MISSING FOR THIS DAY :

91 8 23 DATA MISSING FOR THIS DAY |
91 8 24 62.41 0.72 62.45 0.34 0.04 0.56 6 :
91 8 25 62.25 0.63 62.53 0.87 0.28 H0.66 24 |
91 8 26 62.30 0.68 62.45 0.51 0.15 0.58 24 i

91 8 27 60.52 0.66 60.46 0.59 -0.07 0.79 24~
91 8 28 61.28 1.03 61.39 1.36 0.11 1.04 24 j

| 91 8 29 64.66 2.35 62.97 1.82 -1.70 1.99 24. !
! 91 8 30 65.80 0.81 64.74 1.41 -1.06 0.91 24 '

91 8 31 62.16 2.36 61.84 1.54 -0.32 1.84 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

62.34 1.05 62.70 1.15 -0.36 174

!

i

i

i

- .- - - -
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MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 8 1 DATA MISSING FOR THIS DAY
91 8 2 DATA MISSING FOR THIS DAY
91 8 3 DATA MISSING'FOR THIS DAY
91 8 4 DATA MISSING FOR THIS DAY
91 8 5 DATA MISSING FOR THIS DAY
91 8 6 DATA MISSING FOR THIS DAY
'91 8 7 DATA MISSING FOR THIS DAY
91 8 8 DATA MISSING FOR THIS DAY
91 8 9 DATA MISSING FOR THIS DAY
91 8 10 DATA MISSING FOR THIS DAY
91 8 11 DATA MISSING FOR THIS DAY
91 8 12 DATA MISSING FOR THIS DAY-
91 8 13 DATA MISSING FOR THIS DAY -

91 8 14 DATA MISSING FOR THIS. DAY
91 8 15 DATA MISSING FOR THIS DAY
91 8 16 DATA MISSING FOR THIS DAY
91 8 17 DATA MISSING FOR THIS DAY
91 8 18 DATA MISSING FOR THIS DAY
91 8 19 DATA MISSING FOR THIS DAY
91 8 20 DATA MISSING FOR THIS DAY
91 8 21 DATA MISSING FOR THIS DAY
91 8 22 DATA MISSING FOR THIS DAY
91 8 23 DATA MISSING FOR THIS DAY-
91 8 24 62.41 0.72 62.82 0.57 0.40 0.85 6
91 8 25 62.25 0.63 62.49 0.72 0.24 0.42 24
91 8 26 62.20 0.52 62.20 0.22 0.00 0.46 9 |

'

91 8 27 DATA MISSING FOR THIS DAY
91 8 28 DATA MISSING FOR.THIS DAY
91 8 29 DATA MISSING FOR THIS DAY
91 8 30 DATA MISSING FOR THIS DAY

| 91 8 31 60.76 1.49 61.04 1.07 0.28 1.14 16

MEAN S.DEV MEAN S.DEV MEAN . N l

(T7) (T7) (ID) (ID) (ID-T7)
| |
- 61.83 0.84 62.06 0.65 0.23 55 l

|

I

i



. . . -

i

MONTHLY SUMMARY STATIONS T7MD & IDMD |

;

i

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N ;

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
91 8 1 DATA MISSING FOR THIS DAY '

'91 8 2 DATA MISSING FOR THIS DAY
91 8 3 DATA MISSING FOR THIS DAY i

91 8 4 DATA MISSING FOR THIS DAY ,

91 8 5 DATA MISSING FOR THIS DAY
91 8 6 DATA MISSING FOR THIS DAY
91 8 7 DATA MISSING FOR THIS DAY |
91 8 8 DATA MISSING FOR THIS DAY
91 8 9 DATA MISSING FOR THIS DAY :

91 8 10 DATA MISSING FOR THIS DAY
l 91 8 11 DATA MISSING FOR THIS DAY

91 8 12 DATA MISSING FOR THIS DAY i

i 91 8 13 DATA MISSING FOR THIS DAY
! 91 8 14 DATA MISSING FOR THIS DAY

91 8 15 DATA MISSING FOR THIS DAY i

91 8 16 DATA MISSING FOR THIS DAY |
91 8 17 DATA MISSING FOR THIS DAY ;

91 8 18 DATA MISSING FOR THIS DAY
l 91 8 19 DATA MISSING FOR THIS DAY '

! 91 8 20 DATA MISSING FOR THIS DAY
91 8 21 DATA MISSING FOR THIS DAY
91 8 22 DATA MISSING FOR THIS DAY ;

91 8 23 DATA MISSING FOR THIS DAY !
91 8 24 58.79 0.33 60,12 0.82 1.33 0.67 6

i 91 8 25 60.28 0.64 60.13 1.06 -0.15 1.02 24 ;
'

91 8 26 58.71 0.43 58.46 0.58 -0.26- 0.29 9 '

91 8 27 DATA MISSING FOR THIS DAY
.

'

! 91 8 28 DATA MISSING FOR THIS DAY I

l 91 8 29 DATA MISSING FOR THIS DAY !

91 8 30 DATA MISSING FOR THIS DAY
91 8 31 56.60 2.09 56.93 1.65 . 0.33 1.30 16 j

i
| MEAN S.DEV MEAN S.DEV MEAN N I

(T7) (T7) (ID) (ID) (ID-T7)
58.79 0.87 58.92 1.03 0.13 55,

|

!

|

|
|

!

. -
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MONTHLY SL M Y STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 8 1 DATA MISSING FOR THIS DAY
91 8 2 DATA MISSING FOR THIS DAY
91 8 3 DATA MISSING FOR THIS DAY
91 8 4 DATA MISSING FOR THIS DAY
91 8 5 DATA MISSING FOR THIS DAY
91 8 6 DATA MISSING FOR THIS DAY
91 8 7 DATA MISSING FOR THIS DAY
91 8 8 DATA MISSING FOR THIS DAY
91 8 9 DATA MISSING FOR THIS DAY
91 8 10 DATA MISSING FOR THIS DAY
91 8 11 DATA MISSING FOR THIS DAY
91 8 12 DATA MISSING FOR THIS DAY
91 8 13 DATA MISSING FOR THIS DAY
91 8 14 DATA MISSING FOR THIS DAY
91 8 15 DATA MISSING FOR THIS DAY
91 8 16 DATA MISSING FOR THIS DAY
91 8 17 DATA MISSING FOR THIS DAY
91 8 18 DATA MISSING FOR THIS DAY
91 8 19 DATA MISSING FOR THIS DAY
91 8 20 DATA MISSING FOR THIS DAY
91 8 21 DATA MISSING FOR THIS DAY
91 8 22 DATA MISSING FOR THIS DAY
91 8 23 DATA MISSING FOR THIS DAY
91 8 24 55.65 0.64 57.01 0.11 1.36 0.64 6
91 8 25 56.71 0.78 57.14 0.35 0.43 0.80 24
91 8 26 56.18 0.34 56.74 0.47 0.56 0.78 9
91 8 27 DATA MISSING FOR THIS DAY
91 8 28 DATA MISSING FOR THIS DAY
91 8 29 DATA MISSING FOR THIS DAY
91 8 30 DATA MISSING FOR THIS DAY
91 8 31 52.41 1.74 51.94 0.80 -0.47 1.13 16

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

55.26 0.87 55.55 0.43 0.29 55

!

|

1

|

|
1

|

!



I

|
i

MONTHLY SUMMARY STATIONS DSUP & T7UP i

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 9 1 61.34 0.96 61.57 1.20 0.23 1.11 24
91 9 2 61.65 0.68 61.22 0.86 -0.43 0.46 24
91 9 3 60.27 0.91 60.07 0.59 -0.20 0.52 24
91 9 4 57.23 1.04 57.71 0.81 0.48 0.73 24
91 9 5 59.98 2.44 60.74 2.25 0.77 1.48 24
91 9 6 61.95 1.28 61.77 1.11 -0.18 0.45 24
91 9 7 63.36 0.87 63.03 0.98 -0.33 0.25 24
91 9 8 64.15 0.72 64.19 0.82 0.04 0.46 24
91 9 9 63.77 0.39 63.78 0.67 0.01 0.57 24
91 9 10 62.65 1.67 62.87 0.87 0.22 1.19 24
91 9 11 59.41 1.57 59.51 1.21 0.10 0.93 24
91 9 12 60.78 1.22 60.48 1.43 -0.30 0.92 24
91 9 13 60.71 0.87 61.06 0.79 0.35 0.57 24
91 9 14 60.35 0.70 60.10 1.01 -0.25 0.57 24
91 9 15 59.72 0.63 59.61 0.56 -0.11 0.34 24
?1 9 16 59.06 0.96 59.35 0.79 0.29 0.86 24
91 9 17 58.79 0.92 58.84 0.76 0.05 0.46 24
91 9 18 61.80 1.91 61.96 1.78 0.16 1.41 24
91 9 19 61.57 1.68 61.12 1.36 -0.45 0.62 21 *

91 9 20 61.60 1.07 61.64 0.99 0.03 0.39 24
91 9 21 61.55 0.12 61.25 0.19 -0.30 0.15 24
91 9 22 61.05 0.48 60.57 0.41 -0.48 0.28 24
91 9 23 59.45 0.46 59.24 0.87 -0.21 0.76 24 ,

91 9 24 58.42 0.79 57.59 0.97 -0.83 0.99 24
91 9 25 58.19 0.47 57.75 0.60 -0.44 0.56 24
91 9 26 58.88 0.66 58.34 0.54 -0.54 0.42 24
91 9 27 58.26 0.32 58.05 0.21 -0.21 0.26 24
91 9 28 57.37 0.41 58.27 0.82 0.90 0.82 24
91 9 29 57.46 1.19 57.65 1.02 0.20 0.59 24
91 9 30 56.86 0.79 56.45 0.78 -0.41 0.48 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

60.19 0.91 60.25 0.94 -0.06 717

|
|
l

i
|

|
|
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*

MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

!

91 9 1 61.34 0.96 61.64 0.97 0.30 1.03 24 1

91 9 2 61.71 0.71 61.37 0.83 -0.33 0.27 21 I

91 9 3 60.15 1.07 60.06 0.72 -0.10 0.70 16 <

91 9 4 57.23 1.04 57.88 0.92 0.65 1.03 24 j
91 9 5 59.98 2.44 60.60 2.15 0.62 1.06 24

,

91 9 6 61.95 1.28 61.97 0.90 0.02 0.46 24 1
91 9 7 62.49 0.08 62.19 0.14 -0.30 0.10 9 |

91 9 8 DATA MISSING FOR THIS DAY ,

91 9 9 DATA MISSING FOR THIS DAY '

91 9 10 DATA MISSING FOR THIS DAY j

91 9 11 58.96 1.41 59.37 1.23 0.41 0.53 16 :

91 9 12 60.78 1.22 60.65 1.12 -0.13 0.55 24 !
91 9 13 60.71 0.87 60.84 0.82 0.13 0.45 24 |
91 9 14 60.35 0.70 60.38 0.77 0.03 0.51 24 ,'
91 9 15 59.72 0.63 59.54 0.65 -0.19 0.36 24 |

91 9 16 58.06 0.16 58.55 0.24 0.48 0.27 9 |
91 9 17 DATA MISSING FOR THIS DAY
91 9 18 DATA MISSING FOR THIS DAY<

91 9 19 61.03 1.57 60.94 1.32 -0.10 0.63 16 i

! 91 9 20 61.60 1.07 61.69 1.02 0.08 0.31- 24
91 9 21 61.55 0.12 61.33 0.22 -0.21 0.22 24
91 9 22 61.05 0.48 60.76' O.47 -0.29 0.21 24
91 9 23 59.45 0.46 59.00 0.81 -0.44 0.49 24 ;

91 9 24 58.42 0.79 57.46 1.02 -0.96 0.92 24 r

91 9 25 58.19 0.47 57.67 0.54 -0.51 0.42 24
91 9 26 58.88 0.66 58.32 0.59 -0.56 0.35 24
91 9 27 58.26 0.32 57.91 0.23 -0.36' O.25 24 ,

91 9 28 57.37 0.41 57.94 0.76 0.57 0.70 24 i

91 9 29 57.46 1.19 57.65 0.88 0.19 0.58 24
'91 9 30 56.86 0.79 56.44 0.80 -0.42 0.39 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7) ;

,

59.69 0.84 59.62 0.81 -0.07 543
1

|

|

I
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MONTHLY SUMMARY STATIONS T7MD & IDMD i
,

;

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) ;

91 9 1 60.14 0.92 59.98 1.14 -0.16 1.32 24
91 9 2 59.59 0.40 59.78 0.59 0.20 0.53 21 t

91 9 3 55.26 0.79 55.69 1.25 0.43 0.79 16 ;

91 9 4 53.62 0.82 53.65 1.20 0.03 0.83 24 !
<

i 91 9 5 54.48 -1.56 53.88 1.35 -0.60 0.70 24 !
,'91 9 6 57.43 1.33 57.02 1.39 -0.41 0.51 24

91 9 7 59.39 1.25 59.27 1.24 -0.12 0.90 9
91 9 8 DATA MISSING FOR THIS DAY :
91 9 9 DATA MISSING FOR THIS DAY !
91 9 10 DATA MISSING FOR THIS DAY ?

91 9 11 56.28 1.66 55.97 1.76 -0.31 0.78 16
'91 9 12 57.94 1.58 57.27 2.07 -0.67 1.12 24

91 9 13 58.71 1.17 58.17 1.14 -0.53 0.59 24 !

l 91 9 14 56.81 2.04 57.07 2.15 0.26 0.87 24 |

! 91 9 15 55.04 0.65 54.52 0.77 -0.51 0.52 24 !
! 91 9 16 53.89 0.65 53.49 0.48 -0.40 0.44 9 |

91 9 17 DATA MISSING FOR THIS DAY |
91 9 18 DATA MISSING FOR THIS DAY !,

| 91 9 19 56.50 1.84 56.17 1.84 -0.33 0.77 16 ,

91 9 20 58.78 1.13 58.48 1.07 -0.30 0.61 24 |
91 9 21 60.38 1.13 60.01 1.29 -0.37 0.72 24
91 9 22 59.97 0.89 59.37 1.00 -0.60 0.93 24,

' 91 9 23 55.04 1.69 54.95 1.48 -0.09 0.38 16
91 9 24 53.33 0.18 52.95 0.43 -0.38 0.39 24 !

91 9 25 57.16 1.95 56.74 1.94 -0.43 0.34 24 .

f 91 9 26 58.69 0.34 58.24 0.26 -0.44 0.37 24 |

| 91 9 27 57.19 1.29 57.05 1.55 -0.14 0.76 24
| 91 9 28 55.82 1.04 56.15 1.88 0.33 1.05 24
l 91 9 29 55.66 1.49 56.13 1.88 0.46 0.88 24
| 91 9 30 55.41 0.58 54.76 0.43- -0.65 0.44 24 |

.

! MEAN S.DEV MEAN S.DEV MEAN N
'

(T7) (T7) (ID) (ID) (ID-T 7 )
56.97 1.14 56.73 1.26 -0.24 535
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| MONTHLY SUMMARY STATIONS T7LO & IDLO
I
i-

!
!

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N |

(T7) (T7) (IL) (ID) (ID-T7) (ID-T7) j

91 9 1 56.51 2.60 56.28 2.85 -0.23 2.55 24
91 9 2 56.46 1.59 56.99 0.77_ 0.52 1.72 21 j
91 9 3 52.11 0.26 52.69 0.55 0.58 0.70 16 i
91 9 4 51.21 0.90 51.68 0.33 0.47 0.73 24 !

91 9 5 51.52 0.84 51.14 .0.56 -0.39 0.91 24- !

91 9 6 52.56 0.61 51.64 0.58 -0.92 0.69 24 ;

91 9 7 54.55 1.07 52.73 0.54 -1.82 0.81 9 i

91 9 8 DATA MISSING FOR THIS DAY '

.

91 .9 9 DATA MISSING FOR THIS DAY [
91 9 10 DATA MISSING FOR THIS DAY j
91 9 11 52.04 .1.34 52.31 0.81 0.27 0.60 16 '

91 9 12 53.95 1.05 53.45 1.18 -0.50 1.71 24 |
91 9 13 54.33 1.08 54.01 0.64 -0.32 1.28 24
91 9 14 52.63 1.11 53.24 0.68 0.60 0.93 24
91 9 15 51.58 0.30 51.97 0.43 0.39 0.61 24
91 9 16 51.63 0.30- 51.70' O.26 0.08 0.42 9
91 9 17 DATA MISSING FOR THIS DAY-
91 9 18 DATA MISSING FOR THIS DAY !
91 9 19 52.46 0.40 52.54 0.60 0.08 0.89 16 |
91 9 20 54.07 0.93 53.26 0.84 -0.82 0.78 24- t
91 9 21 55.76 1.52 54.25 0.80 -1.50 1.50 24 !

91 9 22. 55.72 0.81 54.73 '1.25 -0.99 1.38 :2 <4 i

91 9 23 52.46 0.95. 53.01 1.10 0.55 0.42 16 |

91 9 24 51.25 0.17 51.38 0.26 0.13 0.33 24 ,

91 9 25 55.51 2.38 55.15 2.38' -0.36- 0.46 24
91 9 26 56.75 1.22 56.23 0.74 -0.52- 1.51 24 '

91 9 27 53.39 0.79. 53.98 1.33 0.59 0.84 24 ,

91 9 28 153.25 0.36 52.88 0.28 -0.38 0.32 24 |
91 9 29 52.98 0.68 52.99 0.36 0.02 0.56 24 1t

'

91 9 30 53.07 0.77 52.71 0.29 -0.36 0.66 24 |
:

i

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

53.59 0.96 53.40 0.82 -0.19 535
!
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MONTHLY SUMMARY STATIONS DSUP & T7UP

i

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 10 1 55.21 0.83 55.02 1.19 -0.19' O.66 24
91 10 2 54.70 0.84 54.21 1.35 -0.49 0.81 24 !

91 10 3 55.94 1.20 56.23 1.07 0.29 0.84 24 !
91 10 4 57.24 1.68 57.82 1.04 0.58 1.04 24 i

91 10 5 57.23 0.35 57.10 0.45- -0.13 0.35 24 i

91 10 6 56.09 0.40 55.57 0.58 -0.52- 0.36 24 I
'91 10 7 52.80 1.05 52.30 0.97 -0.50 0.41 24

91 10 8 51.61 0.43 50.73 0.29' -0.89 0.43 24 |
91 10 9 52.10 0.47 51.04 0.39 -1.06 0.54 24. !
91 10 10 52.16 0.48 51.91 0.71 -0.25 0.69' 24 ,

!91 10 11 52.85 0.67 52.28- 1.09 -0.57 0.67- 24
91 10 12 53.08 0.53 52.91 0.51 -0.17 0.25 24 )
91 10 13 52.16 0.16 51.93 0.35 -0,23 0.22 24 !

91 10 14 51.95 0.13 51.33 0.44 -0.62 0.36 24 |
91 10 15 51.90 0.30 51.79 0.41 -0.11 0.25 21 !

91 10 16 52.11 0.12 51.60 0.15 -0.51 0.15 24 !

91 10 17 52.04 0.25 51.72 0.25 -0.33 0.13 24
91 10 18 52.24 0.52 52.69 0.87 0.45 0.49 24
91 10 19 52.71 0.61 53.19 0.26 0.48 0.59 24
91 10 20 52.27 0.17 54.31 0.28 2.04 0.31 24
91 10 21 51.58 0.09 53.60 0.30 2.02 0.32 24 |
91 10 22 51.93 0.40 53.17 0.30 ~ 1.24 0.28 24 1
91 10 23 52.21 0.52 53.94 0.32 1.73 0.60 21 !

91 10 24 52.85 0.15 54.94 0.09 2.09 0.20 4 !
91 10 25 53.33 0.62 55.13 0.34 1.80 0.71 24 !
91 10 26 54.31 0.80 55.17 0.31 0.86 0.82 24 !

91 10 27 53.65 0.41- 55.00 0.50 1.34 0.58 24 |
91 10 28 52.64 0.48 53.39 1.53 0.75 1.27 24 !
91 10 29 51.26 0.14 54.11 1.01 2.85 1.12 24 i
91 10 30 50.61 0.17 50.69 1.24 0.09 1.15 24 |
91 10 31 50.87 0.13 50.94 0.98 0.07 0.98 24 :

:

i

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7) |

53.37 0.63 53.03 'O.49 0.34 718
h

e
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MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 10 1 55.21 0.83 54.99 1.27 -0.22 0.71 24
91 10 2 54.70 0.84 54.41 1.00 -0.29 0.59 24
91 10 3 55.94 1.20 56.17 0.94 0.23 0.73 24
91 10 4 57.24 1.68 57.41 1.15 0.17 1.08 24
91 10 5 57.23 0.35 57.02 0.47 -0.21 0.35 24
91 10 6 56.09 0.40 55.71 0.50 -0.38 0.42 24
91 10 7 52.80 1.05 52.78 0.70 -0.02 0.43 24
91 10 8 51.61 0.43 51.05 0.37 -0.56 0.25 24
91 10 9 52.10 0.47 51.37 0.37 -0.73 0.42 24
91 10 10 52.16 0.48 52.09 0.65 -0.07 0.61 24
91 10 11 52.85 0.67 52.52 1.04 -0.33 0.57 24
91 10 12 53.08 0.53 52.99 0.37 -0.09 0.29 24
91 10 13 52.16 0.16 52.11 0.17 -0.05 0.13 24
91 10 14 51.95 0.13 51.58 0.26 -0.37 0.15 24
91 10 15 51.90 0.28 51.60 0.44 -0.30 0.23 24
91 10 16 52.11 0.12 51.78 0.14 -0.33 0.14 24
91 10 17 52.04 0.25 51.77 0.26 -0.28 0.15 24
91 10 13 52.24 0.52 52.21 0.52 -0.03 0.17 24
91 10 19 52.71 0.61 52.55 0.51 -0.17 0.22 24
91 10 20 52.27 0.17 52.11 0.20 -0.16 0.16 24
91 10 21 51.58 0.09 51.70 0.35 0.11 0.34 24
91 10 22 51.93 0.40 51.87 0.48 -0.06 0.24 24
91 10 23 52.21 0.52 52.49 0.56 0.28 0.39 21
91 10 24 52.85 0.15 52.92 0.24 0.07 0.16 4
91 10 25 53.33 0.62 53.40 0.63 0.06 0.49 24
91 10 26 54.31 0.80 53.76 0.50 -0.55 0.61 24
91 10 27 53.65 0.41 53.71 0.40 0.06 0.34 24
91 10 28 52.64 0.48 52.47 0.66 -0.16 0.30 24
91 10 29 51.26 0.14 50.97 0.21 -0.29 0.10 24
91 10 30 50.61 0.17 49.97 0.47 -0.63 0.46 24
91 10 31 50.87 0.13 50.61 0.15 -0.27 0.19 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

53.03 0.49 52.84 0.52 -0.19 721



.
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MONTHLY SUMMARY STATIONS T7MD & IDMD

!

!'

DATE MEAN 5.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) |
1

91 10 1 53.57 1.64 53.73 1.50 0.15 0.38 24 |
91 10 2 51.59 0.50 51.49 0.39 -0.10 0.65 24 *

91 10 3 52.23 0.40 51.62 0.45 -0.61 0.43 24 f

'91 10 4 52.94 0.54 52.47 0.80 -0.47 0.54 24
!91 10 5 53.73 0.91 53.35 0.56 -0.39 0.61 24

91 10 6 53.19 1.05 52.37 0.68 -0.82 0.70 24 j

91 10 7 51.23 0.61 50.86 0.69 -0.37 0.48 24 i

91 10 8 51.16 0.40 50.36 0.34 -0.81 0.39 24 |
91 10 9 51.81 0.32 51.12 0.25 -0.70 0.26 24 i

91 10 10 51.20 0.67 50.71 0.33 -0.49 0.46 24 ;

91 10 11 51.60 1.27 51.17 1.00 -0.43 0.43 24 i

91 10 12 52.44 1.03 52.30 0.89 -0.14 0.62 24 !

91 10 13 51.90 0.61 51.37 0.79 -0.53 0.69 24 !
91 10 14 51.57 0.55 51.11 0.30 -0.46 0.49 24 '

91 10 15 51.78 0.30 51.36. 0.37 -0.42 0.36 24' i
91 10 16 51.29 0.53 51.12 0.53 -0.18 0.32 24 !
91 10 17 52.23 0.30 51.81 0.39 -0.42 0.22 24 !
91 10 18 52.29 0.14 52.10 0.14 -0.20 0.15 24 :
91 10 19 52.31 0.12 52.15 0.17- -0.17 0.19 24 '

91 10 20 52.52 0.12 52.23 0.17 -0.30 0.14 24 i

91 10 21 52.20 0.15 51.89 0.23. -0.31 0.28 24
91 10 22 52.38 0.09 51.92 0.10 -0.46 0.07 24 *

91 10 23 52.24 0.07 52.08 0.30 -0.16 0.34 21
91 10 24- 52.30 0.02 52.12 0.44 -0.18 0.43 4
91 10 25 52.11 0.15 52.00 0.22 -0.11 0.27 24 |
91 10 26 51.92 0.21 51.77 0.20 -0.15 0.32 24 i
91 10 27 51.79 0.19 51.65 0-28 -0.14 0.29 24
91 10 28 52.54 0.45 52.25 0.42 -0.29 0.19 24 '

91 10 29 51.58 0.14 51.27 0.23 -0.30 0.14 24
91 10 30 50.94 0.16 50.40 0.31 -0.53 0.25 24 i
91 10 31 51.16 0.14 50.73 0.12 -0.42 0.16 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7) -

52.05 0.45 51.69 0.44 -0.36 721
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MONTHLY SUMMARY STATIONS T7LO & IDLO
!
I
t

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) .

91 10 1 51.39 1.71 52.02 1.24 0.63 0.84 24 i

| 91 10 2 49.42 0.50 49.63 0.40 0.22 0.77 24 |
| 91 10 3 50.36 0.31 50.00 0.34 -0.36 0.55 24

91 10 4 50.30 0.29 50.26 0.31 -0.04 0.47 24
| 91 10 5 50.73 0.28 50.51 0.34 -0.22 0.30 24 |

91 10 6 50.72 0.43 50.60 0.36 -0.13 0.38 24 i
r91 10 7 49.42 0.44 49.75 0.37 0.33 0.30 24

91 10 8 49.65 0.31 49.16 0.17 -0.49 0.33 24
91 10 9 50.52 0.30 50.01 0.28 -0.51 0.40 24
91 10 10 49.36 0.26 49.65 0.40 0.30 0.38 24
91 10 11 49.78 0.90 49.29 0.42 -0.49 O.77 24 i

'

91 10 12 50.13 0.67 49.78 0.59 -0.35 0.50 24
| 91 10 13 49.99 0.26 49.53 0.28 -0.46 0.48 24 4

I 91 10 14 50.04 0.35 49.39 0.18 -0.66 0.26 24
91 10 15 50.53 0.39 50.15 0.62 -0.38 0.56' 24 i

91 10 16 49.87 0.49 49.78 0.25 -0.09 0.34 21 '

91 10 17 51.05 1.07 -50.62 1.14 -0.44 0.35 24
91 10 18 52.14 0.39 51.99 0.14 -0.15 0.41 24|

' 91 10 19 51.59 0.16 51.44 0.14 -0.15 0.23 24 ;

91 10 20 51.65 0.13 51.52 0.16 -0.13 0.26 24 i
91 10 21 51.89 0.21 51.62 0.24 -0.28 0.26 24 !
91 10 22 51.91 0.21 51.70 0.14 -0.21 0.14 24 r

91 10 23 51.29 0.36 51.52 0.04 0.23 0.34 21 |
91 10 24 50.94 0.16 51.07 0.14 0.12 0.17 4 |
91 10 25 50.83 0.22 50.78 0.16 -0.05 0.17 24 i
91 10 26 50.66 0.21 50.57 0.07 -0.09 0.20 24 |
91 10 27 50.51 0.19 50.44 0.08 -0.07 0.18 24
91 10 28 51.69 0.88 51.45 0.86 -0.24 0.22 24 !

91 10 29 51.37 0.13 51.06 0.26 -0.31 0.21 24
91 10 30 50.83 0.43 50.18 0.37 -0.65 0.46 16t

| 91 10 31 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

50.68 0.42 50.50 0.35 -0.18 686
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MONTHLY SUMMARY STATIONS DSUP & T7UP

|

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 11 1 51.03 0.02 51.95 1.72 0.92 1.71 21 i

| 91 11 2 51.16 0.06 54.31 0.34 3.15 0.31 13
| 91 11 3 51.56 0.22 54.52 0.45 2.96 0.32 16

91 11 4 51.31 0.11 54.93 0.50 3.62 0.55 24
91 11 5 50.86 0.27 54.21 1.92 3.35 1.85 24
91 11 6 50.47 0.10 53.63 1.07 3.16 1.13 24
91 11 7 50.21 0.14 53.82 0.34 3.61 0.40 24
91 11 8 50.00 0.13 53.88 0.51 3.89 0.49 24
91 11 9 49.57 0.13 52.47 1.93 2.90 1.93 24
91 11 10 49.12 0.11 52.61 0.33 3.49 0.37 24
91 11 11 48.32 0.40 49.39 1.67 1.06 1.84 24
91 11 12 47.94 0.17 51.29 0.26 3.35 0.32 24
91 11 13 48.05 0.04 51.53 0.16 3.48 0.16 24
91 11 14 47.80 0.18 51.25 0.49 3.45 0.46 24
91 11 15 48.13 0.12 50.88 0.50 2.75 0.54 24
91 11 16 48.36 0.09 51.33 0.89 2.97 0.83 24
91 11 17 48.30 0.08 51.90 0.49 3.60 0.50 24
91 11 18 48.19 0.07 50.96 0.46 2.77 0.43 24
91 11 19 47.85 0.20 50.52 0.46 2.67 0.46 24
91 11 20 48.03 0.29 51.17 0.49 3.13 0.40 24
91 11 21 48.99 0.57 51.55 0.64 2.56 0.47 24
91 11 22 49.12 0.34 51.49 1.61 2.37 1.52 24

| 91 11 23 48.56 0.10 50.10 1.99 1.54 2.01 24
91 11 24 48.13 0.14 51.88 0.74 3.74 0.79 24
91 11 25 47.98 0.16 50.35 0.84 2.37 0.96 24
91 11 26 47.92 0.17 51.42 1.42 3.50 1.48 24
91 11 27 46.36 0.60 50.14 1.13 3.78 0.81 24
91 11 28 47.01 0.84 50.12 0.60 3.11 0.69 24
91 11 29 48.22 0.11 51.55 0.63 3.32 0.67 24
91 11 30 47.69 0.56 51.08 1.56 3.38 1.35 24

MEAN S.DEV MEAN S.DEV MEAN N
'

(DS) (DS) (T7) (T7) (DS-T7)

51.80 0.87 48.80 0.22 3.01 698
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| MONTHLY SUMMARY STATIONS T7UP & IDUP
!

I
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''

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

91 11 1 51.03 0.02 50.53 0.46 -0.50 0.46 21 4

91 11 2 51.16 0.06 51.26 0.94 0.10 0.89 13
91 11 3 51.56 0.22 51.19 0.51 -0.38 0.61 16 |

91 11 4 51.31 0.11 51.16 0.97 -0.15 0.90 24 '

91 11 5 50.86 0.27 50.59 0.47 -0.27 0.35 24
91 11 6 50.47 0.10 50.22 0.60 -0.24 0.67 24
91 11 7 50.21 0.14 50.28 0.56 0.07 0.61 24 i

91 11 8 50.00 0.13 50.16 0.78 0.16 0.81 24 '

91 11 9 49.57 0.13 49.24 0.42 -0.33 0.37 24 :

91 11 10 49.12 0.11 48.30 0.67 -0.82 0.69 24 |
91 11 11 48.32 0.40 47.65 0.57 -0.67 0.37 24 ;

91 11 12 47.94 0.17 47.57 0.46 -0.38 0.32 24 i

91 11 13 48.05 0.04 47.82 0.21 -0.23 0.24 24 i

91 11 14 47.80 0.18 47.64 0.27 -0.17 0.26 24 !
91 11 15 46.13 0.12 47.62 0.50 -0.52 0.53 24 -

91 11 16 48.36 0.09 47.58 0.50 -0.78 0.43 24
91 11 17 48.30 0.08 47.80 0.18 -0.50 0.22 24 ;

91 11 18 48.19 0.07 47.61 0.86 -0.58 0.83 24 !
91 11 19 47.85 0.20 47.46 0.75 -O.39 0.81 24 !

91 11 20 47.98 0.28 47.93 0.64 -0.05 0.60 21 i

91 11 21 49.28 0.47 49.18 0.29 -0.10 0.34 16 |
91 11 22 49.12 0.34 48.67 0.58 -0.46 0.45 24
91 11 23 48.56 0.10 48.03 0.11 -0.52 0.12 24 I

91 11 24 48.13 0.14 47.73 0.17 - G.4 0 0.08 24
91 11 25 47.98 0.16 47.46 0.35 -0.51 0.31 24
91 11 26 47.92 0.17 47.27 0.45 -0.66 0.48 24 {

91 11 27 46.36 0.60 46.60 0.98 0.24 0.86 24 !

91 11 28 47.01 0.84 47.09 0.59 0.08 0.99 24 i

| 91 11 29 48.22 0.11 48.17 0.75 -0.05 0.74 24
| 91 11 30 47.69 0.56 47.37 0.94 -0.32 0.83 24
1 !

MEAN S.DEV MEAN S.DEV MEAN
. N

(T7) (T7) (ID) (ID) (ID-T7) :

48.81 0.21 48.49 0.55 -0.32 687
.
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MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

!
91 11 1 51.30 0.04 50.95 0.18 -0.35 0.18 21
91 11 2 51.48 0.11 51.00 0.08 -0.48 0.07 13
91 11 3 51.72 0.08 51.51 0.05 -0.21 0.10 16
91 11 4 51.78 0.21 51.64 0.08 -0.14 0.20 24
91 11 5 51.27 0.42 51.04 0.44 -0.24 0.32 24
91 11 6 50.83 0.13 50.53 0.11 -0.30 0.19 24
91 11 7 50.89 0.19 50.71 0.05 -0.19 0.21 24

| 91 11 8 50.64 0.33 50.40 0.18 -0.23 0.29 24
| 91 11 9 49.88 0.14 49.54 0.38 -0.34 0.34 24 !
' 91 11 10 49.51 0.09 48.75 0.54 -0.76 0.57 24

91 11 11 48.81 0.26 48.34 0.35 -0.47 0.22 24
91 11 12 48.34 0.07 48.15 0.30 -0.19 0.32 24

| 91 11 13 48.38 0.08 48.24 0.17 -0.15 0.15 24 |
| 91 11 14 47.98 0.21 48.31 0.15 0.33 0.24 24
i 91 11 15 48.42 0.14 48.28 0.28 -0.14 0.37 24
| 91 11 16 48.78 0.14 48.38 0.18 -0.40 0.20 24
| 91 11 17 48.58 0.08 48.19 0.13 -0.39 0.16 24
i 91 11 18 48.36 0.14 47.90 0.54 -0.46 0.54 24

91 11 19 48.24 0.21 47.29 0.20 -0.95 0.29 24
91 11 20 47.95 0.21 48.13 0.52 0.18 0.55 21
91 11 21 48.85 0.06 48.59 0.06 -0.27 0.06 16

| 91 11 22 49.14 0.27 48.93 0.40 -0.21 0.25 24
91 11 23 48.83 0.09 48.49 0.09 -0.34 0.07 24
91 11 24 48.45 0.15 48.21 0.13 -0.24 0.10 24
91 11 25 48.46 0.06 48.20 0.10 -0.26 0.12 24
91 11 26 48.47 0.29 48.04 0.30 -0.43 0.48 24
91 11 27 47.66 0.39 47.47 0.71 -0.18 0.82 24
91 11 28 48.43 0.52 48.23 0.50 -0.20 0.21 24
91 11 29 49.05 0.07 48.62 0.13 -0.43 0.14 24
91 11 30 48.41 0.32 48.07 0.26 -0.33 0.23 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

49.24 0.18 48.94 0.25 -0.29 687

i

|

I

|
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MONTHLY SUMMARY STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T') (ID-T7)

91 11 1 DATA MISSING FOR THis DAY
91 11 2 DATA MISSING FOR THIS DAY
91 11 3 DATA MISSING FOR THIS DAY
91 11 4 DATA MISSING FOR THIS DAY
91 11 5 DATA MISSING FOR THIS DAY
91 11 6 DATA MISSING FOR THIS DAY
91 11 7 DATA MISSING FOR THIS DAY
91 11 8 DATA MISSING FOR THIS DAY
91 11 9 DATA MISSING FOR THIS DAY
91 11 10 DATA MISSING FOR THIS DAY
91 13 11 DATA MISSING FOR THIS DAY
91 11 12 DATA MISSING FOR THIS DAY
91 11 13 DATA MISSING FOR THIS DAY
91 11 14 DATA MISSING FOR THIS DAY
91 11 15 DATA MISSING FOR THIS DAY
91 11 16 DATA MISSING FOR THIS DAY
91 11 17 DATA MISSING FOR THIS DAY
91 11 18 DATA MISSING FOR THIS DAY
91 11 19 DATA MISSING FOR THIS DAY
91 11 20 DATA MISSING FOR THIS DAY
91 11 21 DATA MISSING FOR THIS DAY
91 11 22 DATA MISSING FOR THIS DAY
91 11 23 DATA MISSING FOR THIS DAY
91 11 24 DATA MISSING FOR THIS DAY
91 11 25 DATA MISSING FOR THIS DAY
91 11 26 DATA MISSING FOR THIS DAY
91 11 27 DATA MISSING FOR THIS DAY
91 11 28 DATA MISSING FOR THIS DAY
91 11 29 DATA MISSING FOR THIS DAY
91 11 30 DATA MISSING FOR THIS DAY

_ - _ _ _ _ _ _ - _ _ _ _ __
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

91 12 1 48.19 0.38 50.51 1.34 2.32 1.06 24
91 12 2 48.04 0.21 51.15 1.23 3.10 1.14 24
91 12 3 46.90 0.57 49.81 1.52 2.90 1.13 24
91 12 4 46.48 0.34 49.12 0.83 2.55 1.05 24

1 91 12 5 46.27 0.38 48.31 0.60 2.04 0.46 24-
| 91 12 6 45.53 0.93 49.25 1.61 3.72 2.31 24

91 12 7 44.41 0.73 47.41 1.61 3.00 1.85 24
91 12 8 44.99 0.98 49.04 1.16 4.05 1.05 19'

i

91 12 9 45.47 0.35 48.39 1.67 2.92 1.46 21 ;

91 12 10 45.15 0.67 49.70 0.68 4.55 0.48 19
91 12 11 45.16 0.47 48.97 0.42 3.81 0.61 24
91 12 12 45.99 0.46 49.10 1.44 3.11 1.71 24
91 12 13 46.93 0.64 49.46 0.79 2.53 0.39 24 .

91 12 14 47.35 0.94 51.10 0.49 3.75 1.23 24 '

91 12 15 46.98 0.25 48.83 0.83 1.85 0.92 24
91 12 16 46.66 0.19 49.49 0.79 2.83 0.95 24
91 12 17 44.12 0.56 48.66 0.95 4.54 0.86 24
91 12 18 42.90 0.58 46.45 0.78 3.56 1.10 24
91 12 19 42.67 0.26 47.33 0.71 4.66 0.80 24
91 12 20 43.19 0.07 46.68 0.42 3.49 0.38 24
91 12 21 43.01 0.10 45.68 0.51 2.67 0.58 24

, 91 12 22 42.76 0.36 46.22 0.59 3.45 0.61 24 -

| 91 12 23 42.23 0.45 44.74 0.82 2.51 0.84 24
91 12 24 42.39 0.26 43.98 0.38 1.59 0.35 24
91 12 25 41.29 0.39 44.66 0.72 3.37- 1.02 24 ,

91 12 26 41.23 0.12 44.33 0.93 3.10 0.90 24
'

91 12 27 41.24 0.36 43.39 0.84 2.15 0.97 12 4
91 12 28 41.75 0.29 43.91 0.45 2.15 0.48 24
91 12 29 41.84 0.25 44.29 0.66 2.45 0.81 24
91 12 30 41.15 0.11 41.10 0.70 -0.05 0.70 24
91 12 31 40.40 0.31 43.63 1.17 3.23 1.23 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

47.21 0.89 44.26 0.42 2.95 731

|

{
l

!

|

|
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MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N .

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) |

91 12 1 48.19 0.38 47.98 0.52 -0.20 0.44 24
91 12 2 48.04 0.21 47.72 0.17 -0.33 0.21 24
91 12 3 46.90 0.57 46.39 0.43 -0.52 0.45 24
91 12 4 46.48 0.34 45.85 0.42 -0.62 0.54 24 .

91 12 5 46.27 0.38 45.36 1.18 -0.91 1.21 24 |
'

91 12 6 45.53 0.93 45.32 0.78 -0.21 1.11 24
91 12 7 44.41 0.73 43.39 0.68 -1.02 0.68 24
91 12 8 44.99 0.98 45.75 1.60 0.76 0.93 19
91 12 9 45.47 0.35 45.17 0.48 -0.31 0.34 21 ,

91 12 10 45.15 0.67 45.87 0.60 0.72 0.46 19 :
91 12 11 45.16 0.47 45.31 0.34 0.15 0.30 24
91 12 12 45.99 0.46 45.48 0.43 -0.51 0.30 24 |
91 12 13 46.93 0.64 46.63 0.50 -0.30 0.35 24
91 12 14 47.35 0.94 47.83 1.18 0.48 0.71 24 |

'

91 12 15 46.98 0.25 46.26 0.47 -0.72 0.54 24
91 12 16 46.66 0.19 45.93 0.82 -0.73 0.89 24 i

91 12 17 44.12 0.56 44.07 0.83 -0.05 0.49 24 j
91 12 18 42.90 0.58 42.38 0.49 -0.52 0.70 24 1

91 12 19 42.67 0.26 42.20 0.22 -0.47 0.18 24 '

91 12 20 43.19 0.07 42.25 0.68 -0.94 0.68 24 ,

91 12 21 43.01 0.10 41.87 0.49 -1.14 0.50 24 !
91 12 22 42.76 0.36 42.38 0.60 -0.39 0.56 24 |

91 12 23 42.23 0.45 42.22 0.59 -0.01 0.84 24
91 12 24 42.39 0.26 42.19 0.39 -0.20 0.35 24
91 12 25 41.29 0.39 41.12 0.48 -0.17 0.35 24
91 12 26 41.23 0.12 41.31 0.46 0.08 0.52 24
91 12 27 41.24 0.36 40.47 0.44 -0.77 0.43 24
91 12 28 41.75 0.29 40.55 0.65 -1.20 0.55 24
91 12 29 41.84 0.25 41.20 0.29 -0.64 0.37 24
91 12 30 41.15 0.11 40.61 0.23 -0.54 0.30 24
91 12 31 40.40 0.31 39.79 0.42 -0.62 0.38 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

44.26 0.42 43.87 0.58 -0.40 731

|
|
|

|
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MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) |

91 12 1 48.74 0.10 48.56 0.35 -0.18 0.41 24 ;

91 12 2 48.71 0.27 48.26 0.20 -0.45 0.17 24
91 12 3 47.42 0.31 46.75 0.48 -0.67 0.34 24
91 12 4 47.12 0.26 46.49 0.24 -0.63 0.32 24' )
91 12 5 46.55 0.34 46.22 0.66 -0.33 0.57 24 '

91 12 6 47.08 0.74 46.92 0.21 -0,15 0.77 24
91 12 7 45.29 0.36 45.26 0.96 -0.03 0.84 24
91 12 8 45.81 0.58 46.67 0.50 0.86 0.54 22
91 12 9 46.54 0.30 46.47- 0.10 -0.07 0.36 5
91 12 10 45.72 0.08 45.54 0.08 -0.19 0.05 4
91 12 11 46.30 0.49 45.95 0.54 -0.35 0.24 24
91 12 12 47.43 0.22 47.14 0.20 -0.30 0.36 24
91 12 13 47.98 0.18 47.16 0.15 -0.82 0.23 24

'91 12 14 48.01 0.20 47.73 0.10 -0.29 0.19 24
91 12 15 47.37 0.10 46.76 0.39 -0.61 0.33 24
91 12 16 46.94 0.21 46.35 0.41 -0.59 0.42 24
91 12 17 45.05 0.61 44.74 0.74 -0.31 0.30 24 |

91 12 18 43.65 0.61 43.05 0.43 -0.60 0.59 24 |
91 12 19 43.39 0.51 42.57 0.24 -0.81 0.58 24 |

91 12 20 43.41 0.08 42.89 0.11 -0.53 0.15 24
91 12 21 43.21 0.08 42.58 0.30 -0.63 0.28 24
91 12 22 43.02 0.37 42.59 0.21 -0.44 0.48 24
91 12 23 42.79 0.14 42.69 0.38 -0.10 0.43 24
91 12 24 42.63 0.30 42.71 0.46 0.08 0.45 24

| 91 12 25 41.84 0.48 41.33 0.50 -0.50 0.42 24
'

91 12 26 41.32 0.14 41.07 0.58 -0.25 0.59 24
*

| 91 12 27 41.29 0.36 40.26 0.16 -1.02 0.45 24
91 12 28 41.90 0.33 40.31 0.27 -1.59 0.39 24
91 12 29 42.04 0.24 41.04 0.29 -0.99 0.35 24
91 12 30 41.29 0.13 40.76 0.19 -0.53 0.26 24
91 12 31 41.01 0.14 40.48 0.11 -0.53 0.21 24

<

MEAN S.DEV MEAN S.DEV MEAN N !

(T7) (T7) (ID) (ID) (ID-T7) |
|

44.79 0.30 44.34 0.34 -0.46 703

|

| :

l
! '
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' MONTHLY SUMMARY STATIONS T7LO & IDLO '
,

i
i

j DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N j
j (T7) (T7) (ID) (ID) (ID-T7) (ID-T7) ;

91 12 1 DATA MISSING FOR THIS DAY !
'

91 12 2 DATA MISSING FOR THIS DAY
91 12 3 DATA MISSING FOR THIS DAY I

i 91 12 4 DATA MISSING FOR THIS DAY
91 12 5 DATA MISSING FOR THIS DAY ,

'

91 12 6 DATA MISSING FOR THIS DAY !

91 12 7 DATA MISSING FOR THIS DAY ,

91 12 8 DATA MISSING FOR THIS DAY !
1 91 12 9 DATA MISSING'FOR THIS DAY j

91 12 10 DATA MISSING FOR THIS DAY :
91 12 11 DATA MISSING FOR THIS DAY ;

i 91 12 12 DATA MISSING FOR THIS DAY ',

91 12 13 DATA MISSING FOR THIS DAY |

| 91 12 14 DATA MISSING FOR THIS DAY |

! 91 12 15 DATA MISSING FOR THIS DAY .

d 91 12 16 DATA MISSING FOR THIS DAY I
91 12 17 DATA MISSING FOR THIS DAY !

l 91 12 18 DATA MISSING FOR THIS DAY -

91 12 19 DATA MISSING FOR THIS DAY !

91 12 20 DATA MISSING FOR THIS DAY !
91 12 21 DATA MISSING FOR THIS DAY !

4

91 12 22 DATA MISSING FOR THIS DAY i

i 91 12 23 DATA MISSING FOR-THIS DAY i
i 91 12 24 DATA MISSING FOR THIS DAY :
"

91 12 25 DATA MISSING FOR THIS DAY |
91 12 26 DATA MISSING FOR THIS DAY |
91 12 27 DATA MISSING FOR THIS DAY :
91 12 28 DATA MISSING FOk THIS DAY !

91 12 29 DATA MISSING FOR THIS DAY '
'

91 12 30 DATA MISSING FOR THIS DAY :
91 12 3J DATA MISSING FOR THIS DAY '

:

,

J
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Pg1of5

ne following is a list of 1992 EPA NPDES exceedences. Included are the causes and actions either taken or
ac _- - + to help ensure subsequent sample compliance.

DATE! EXCEEDENCE CAUSE
POINT : MEASURES

-

Oil Separator NPDES permit renewalis addressingg , 9,
01/30 Vauk 88 Parameter. UnaW to neutrahLimit 6.0 - 9.0

OSV #1 (022) inputs.

02/06 OSV #1 (02) ** ^ * ** ^ *
6. - 9.0

" 'P02/13 OSV #1 (0=) See Above See Above
60-9.0

32/20 OSV tl (Or) See Above See Above -
. 90

Weir was already raised to highest
Elevated pH due to algal psition to limit flow, unable to batch

Settling Basin pH = 9.6
02/26 pwt , vy ra sn w basin due to eter coMhions.

(002) Limit 6.5 - 8.0
caused basin to overflow. Implementauon of DCR 90-52 would

have helped alleviate this exceedence

pH = 9.0
Settling Basin Limh 6.5 - 8.0 See Above (pH)g, See Above
(002) Turbidity = 33 NTU Turbidity due to site run off

Limit < 25 NTU
,

NPDES permit renewalis addressingpH = 9.8
02/27 OSV #'. (00) * Con 88 Parameter. UnaMe to sus ;Limk 6.0 - 9.0

anputs.
)

Weir was already raised to highest !
Elevated pH due to algal position to limh flow, unable to batch {Scaling Basin pH = 9.0

02/28 growth, heavy rainalsnow basin due to winter conditions. i(002) Limit 6.5 - 8.0 '

caused basin to overflow Implementation of DCR 90-52 would
have helped alleviate this exceedence.

E02/29 ** * ** * *nk 6.5 - 8.0

E **03/01 ** * I'* * *6.5 - 8.0

d Setthng Basin pH = 9.0
03/02

(0M) Limit 6.5 - 8.0

8 asin PH " 9.103/03 See Above See Above
(002) Limit 6.5 - 8.0

Bash
03/04 ** * * ** ^ **unit 6.5 8.0

g Bask
03/05 3** * ** 3** ^ **imh 6.5 - 8.0 |

;

NPDES perms renewalis addressing ' jH=97i 03/05 OSV ft (021) Secondary Plant Leakage this parameter. Unable to neutralizeLimit 6.0 - 9.0
inputs.

a member of the Northeast Utiuties system !

!

_ __ - _ . . .- ___ -- - - . _ --. _ ~ _. . . . . _ - _ - , , _ . _ . _ _ , _ . . - . . . . . . . , . , . . _ . _ . . . . _ . . . . . - . . . . , , _ . . . . -
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DATE EXCEEDENCE CAUSE
POINT MEASURES

_

Weir wu aircady raised to highest
Elevated pH due to algal pesition to limit ficw, unable to batch

Settling Basin pH = 9.7
03/06 gr wth, heavy rains / snow bu,m due to winter conditions.

(002) Lima 6.5 - 8.0
caused bain to overflow Implementation of DCR 90-52 would

have helped alleviate thts exceedence.

03.'07 8 " ** ^ * ** ^ *
mut 6.5 - 8.0

I "" I" " ' '03/08 See Above See Above
(002) Lima 6.5 - 8.0

I **03/09 ** ^ * *#^"*
ima 6.5 - 8.0

, 2 Ming 34sm . H = 9.3.x.J # '*
(002) Limit 6.5 - 8.0

.

I "" I" " ~ See Above See Above03/11
(002) Limit 6.5 - 8.0

Perm m* 8a renmgpH = 9.8
03/12 OSV #1 (0:2) *" #7 '*"I I* E*'****##* * * "*"*#*Limit 6.0 - 9.0

mputs.

pH = 9.5
03/19 CSV #1 (0:2) ' * * ^ " * ** ^ *

Limit 6.0 - 9.0

Weir was already raised to highest
Elevated pH due to algal position to limit flow, unable to batchSettling Buin pH = 9.3

03/23 gr wth, heavy rains / snow basin due to winter conditions.
(002) Limit 6.5 - 8.0

caused basm to overflow Implementation of DCR 90-52 would
have helped alleviate this exceedence.

Settling Buin pH = 9.3
03/24 ' * * * * * ** * **

(002) Limit 6.5 - 8.0

Suspect the bypass valve was
Chlorine analyzer bypass

3,,,g, inadvertently bumped open. Valvee" - ppm valve wu fouM open causing
03/24 Treatment wu isolated and then laterLtmit s 5.0 ppm a no flow / low chlorine readp repositio ted to preclude " bumping"

condition .

,

Weir was already raised to highest
Elevated pH due to algal position to limit flow, unable to batchSettling Buin pH = 9.3

03/25 gr wth, heavy rains / snow basin due to winter conditions.
(002) Limit 6.5 - 8.0

caused basin to overflow Implementation of DCR 90-52 would
have helped a!!cviate this exceedence.

NPDES permit renewalis addressingH = 9.8
03/26 OSV #1 (022) See ndary Plant Leakage this parameter. Unable to neutralize

Limit 6.0 - 9.0
inputs.

Weir was aircady raised to highest
PosMon to M now, unable to batch

Elevated pH due to algal
I " * " I" " "* " " * * * ' * "''

03/26 growth, heavy rains / snow
(002) Limit 6.5 - 8.0 Implementation of DCR 90-52 would

caused buin to overflow
have helped alleviate this execedence.

!

a rnember of the Northeast Ut!Iities system

- - _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _
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I

DISCHARGE PREVENT 1YEDATE EXCEEDENCE CAUSEPO M MEASURES
|

SetEng Buin pH = 9.1g3f;7 See Above See Above
(002) Lunn 6.5 - 8.0

ng 8 pH = 9.0
03/28 See Above See Above

(002) Limit 6.5 - 8.0

03/29 s asm PH = 8.9 See Above See Above
(002) Lima 6.5 - 8.0

* 3 *** I" " ''03/30 5d Above See Above
(002) Limit 6.5 - 8.0

Se:Eng um pH = 83
03/31 See Above See Above

1 (002) Limit 6.5 - 8.0
|

i Se ng 25 n TH = 9.2" 01 See above See Above
...

(002) Limit 6.5 - 8.0

Seuling Basin pH = 9.2
04fo2 See Above See Above

(002) Lunn 6.5 - 8.0

pH = 9.9 E*#* """ * #*" * E
04/02 OSV #1 (022) Sec ndary Plant Leakage this parameter. Unable to neutralizeLimit 6.0 - 9.0

inputs.

Weir was aircady raised to highest

Scaling Basin pH = 8.8 Elevated pH due to algal position to limit flow, unable to batch
04/03 growth, heavy rains / snow buin due to pump problems.(002) Limit 6.5 - 8.0

caused basin to overflow Implementation of DCR 90-52 would
have helped sueviate this ex:eedence.

Scaling Basin pH = 8.9 See Abovegg, 3, %
(002) Lima 6.5 - 8.0

I Secling Buin pH = 8.904/05 See Above See Abovei (002) Wit 6.5 - 8.0
.

Seeling Basin pH = 9.004/06 See Above See Above(002) Limit 6.5 - 8.0 i

i
i

SenEng Basin pH = 9.1 i04/07 See Above See Above(002) Limit 6.5 - 8.0

i Senling Buin weir wu raised to its

04/08 *" "E "" P" " g est posh to Em'n now.See Above
| (002) Lima 6.5 - 8.0 Batching operations in progress to

ssolate flow over weit.

H=98 NPDES permit renewalis addressing
04/09 OSV #1 (022) Sec ndary Plant Leaksge this parameter. Unable to neutralizeLimit 6.0 - 9.0

inputs.

04/16 OSV #1 (022) ** ^ ** * *unn 6.0 - 9.0

04/23 OSV #1 (T-.2) ** * * ** *unn 6.0 - 9.0

E""'[0-9.004/30 OSV #1 (0:2) See Above See Above

a member of the Northeast Utilities system
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|

DISCHARGE PREVENTIVEDATE EXCEEDENCE. CAUSEPONT MURES
I

pH = 9.6
05/07 OSV #1 (022) See Above See Above

Lunn 6.0 - 9.0

05/14 OSV #1 (02) '*# ^ " ** ^ "
6 - 9.0

05C1 OSV #1 (022) ** ^ ** ** ^ "
ima 6.0 - 9.0

FN"''05C8 OSV #1 (02) See Above See Above
Larna 6.0 - 9.0

06/04 OSV #1 (022) '** ^ * ** ^ *
ima 6.0 - 9.0

a'i = 10.0" ' I '. C ' :1,
bimit 6.0 - 9.0

*^ " '# ^

06/18 OSV #1 (00) ** * * ** ^ "
uni 6 - 9.0

{""06C5 OSV #1 (022) See Above See Above-90
. ~ . , -

07/02 OSV #1 (022) ** ^ ** ** ^ "ima 6.0 - 9.0

07/16 OSV #1 (022) "^ * ** ^ "tm 6.0 - 9.0

'
07C3 OSV #1 (022) See Above See Above0 - 9.0

07/30 OSV #1 (022) See Above See Above90

RES 92-390 wss submitted to scope a
nm aeraden symm for SU bgoons.

Plant was operating with only
e cunent symm suUen NuentSewsge one lagoon in service due to

08/05 Treatment IP* a ures. is has been placd"
maintenance on the otherLuna s 45 ppm on HOLD temporartly to determine jPhnt ,3

the cost effectiveness of Station,7g
operation of the STP vs. tying into the
Town of Seabrook line.

NPDES permit nenewalis addressing

[H = 9.9 Secondary Plant Leakage this parameter. Unalste to neutralize08/06 OSV #1 (022) .

g , 9,
inputs.

08/13 OSV #1 (022) ** * ** ** ^ "6.0 9.0

0
OSCO OSV #1 (02) See Above See Above0 94

"
08/27 OSV #1 (0:2) "^ ** ** ^ **6.0 9.0

pH = 10.0
09/03 OSV #1 (02) ** ^ * ** ^ **Limit 6.0 - 9.0

a member of the Northeast Utilities system

,
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i

DISCHARGE PREVENTIVEDATE EXCEEDENCE CAUSEPOINT MEASURES |
Sewsge r wn, surp seasoW M SW cpendons were sumBOD = 47 ppm

09/16 Treatment um ver goons - a speeMeadon, prevendve measures notLimit s 45 ppm
Plant natual phenomenon applicable.

A tanker with stagnant, air All future discharges of this nature
saturated p table water was will be sampled for compliance pnorpH = 5.6

09/04 OSV #3 # *'E* * * * " * I# 3* ** "*"I ' 'Limit 6.0 - 9.0
This was pH depressed Non-compliance sources will be
water, neutralized for permit compliance.

pH = 10.0 NPDES permit renewalis addresstng
10/29 CSV #1 (022) See ndary Plant Leakage this parameter. Unable to neutralizeLimit 6.0 - 9.0

the inputs.

H 9.8
E. =60 30ITC! OSV #1 (02) S:e Abeve See Abeve
Lima

1T02 OSV #1 (022) *^ ** ** ^ **
0 9.0

pH = 10 '
12/09 CSV #1 (0:2) ** ^ ** " ^ **Limit 6.0 9.0

-

pH = 9.6
12/22 OSV #1 (0:2) "^ "* '** ^ **Limit 6.0 - 9.0

pH = 9.9
12f30 OSV #1 (022) See Above See AboveLima. 6.0 - 9.0

1

|

|
!

1

a member of the Northeast Utilities system

!
!
.
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ATTACIPIENT 5

Odii Ea'oEx.Ys03874j
, Telephone (603) 4 74-9521iiii5EE Af;[anfic=

Energy Service Corporation

N Y E- 93006

March 19,1993

Mr. Edward K. McSweeney, Chief
Wastewater Management Branch
United States Environmental Protection Agency
John F. Kennedy Building
Boston, Massachusetts 02203

References: (a) Seabrook Station NPDES Permit No. NH0020338

(b) North Atlantic letter NYE-93002 dated January 20, 1993, " Ocean
Temperature Compliance Program Modification," R. J. DeLoach to
T. E. Landry

S ubject: 1992 Ocean Temperature Compliance Report

Dear Mr. McSweeney:

Enclosed is a report summarizing ocean temperature data acquired during the period
of January 1, 1992 to December 31, 1992. This report is submitted to demonstrate
compliance with the thermal component of the station discharge as required by Part I
A.I.n(2) of the NPDES permit. Compliance is demonstrated using the methodology
described in our March 7,1986 letter, and approved by the EPA on May 22,1986.

a modification to the ocean temperatureNorth Atlantic previously requested
compliance program on January 20, 1993 [ Reference (b)]. The proposed program
modification involved a reduction in the number of ocean temperature monitoring stations
from the current three stations to two stations. North Atlantic renews its January 20,1993
request to modify the ocean temperature compliance program and would greatly appreciate
a response from the EPA on this matter in the near future.

Should you have any questions regarding the enclosed report, please contact Mr.
James M. Peschel, Regulatory Compliance Manager, at (603) 474-9521, extension 3772.

Very truly yours,

* Y''-
R. J. beLoachI

Executive Director -
Engineering and Licensing

RJ D: ALLlact

Enclosure

a member of the Northeast Utilities system

- - - - - _ _ - _ - _ _ _ _ _ _ - - _ . - _
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United States Environmental Protection Agency March 19,1993
i

: Attention: Mr. Edward K. McSweeney, Chief Page two'

,

!
,

cc: Mr. Ted C. Feigenbaum
Senior Vice President and

.

Chief Nuclear Officerj

North Atlantic Energy Service Corporation j
j

P.O. Box 300 |
1 Seabrook, NH 03874
*
,

.i Mr. T. E. Landry
' Permit Compliance Section

Environment Protection Agency.

'|,

John F. Kennedy Building
.

Boston, M A 02203

i

Mr. Jeffrey G. Andrews, Supervisor
iIndustrial Permits Section
iDepartment of Environmental Services

Water Supply and Pollution Control Division
State of New Hampshire
6 Hazen Drive, P.O. Box 95
Concord, NH 03301 ,

,
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North Atlantic
March 19,1993 [,

,

ENCLOSURE TO NYE-93006 -

1992 OCEAN TEMPER ATURE COMPLI ANCE REPORT

:
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1

i SEABROOK STATION NPDES
|
1

| !

1992 OCEAN TEMPERATURE COMPLIANCE REPORT
|

!

1
:

1.0 INTRODUCTION

1.1 Purpose

This report presents ocean temperature data that demonstrates federal / state discharge

permit compliance in the receiving waters from the thermal component of the Seabrook Station
Circulating Cooling Water System.

1.2 Background

Seabrook Station is a single-unit,1,150 megawatt nuclear generating facility located in
|

|
the New Hampshire coastal town of Seabrook. The heat dissipation system for the station is a

once-through, ocean intake and submerged diffuser discharge design. Cooling water is takenI

|

from and returned to the waters of the Atlantic Ocean via 19-foot diameter intake and dischargei

tunnels that extend about 7,000 and 5,500 feet offshore, respectively.

:
The National Pollutant Discharge Elimination System (NPDES) permit sets thermal| :

discharge limits during station operation [1]. Specifically, the thermal component of the|
.

discharge shall not increase the temperature of the receiving waters by more than 5"F, except

in the near-field jet-mixmg region where the 5'F limit applies only at the surface.|

|

Other than the jet-mixmg region, defined to be water within 300 feet of the submerged
|

diffuser in the direction of discharge, no funher detail is given to a defimnon of receivmg
'

,

i
|

waters. Also, no specifics are given regarding the location of measurement stations.t

-1-
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|
-

.

!

,

The permit, however, is very clear in that the limits apply only to temperature rises q

caused by the addition of heat to the receiving waters. This temperature difference, or delta-t, |'

|

|is the key to demonstrate permit compliance.
!

1.3 Comoliance Demonstration
,

The analysis of a two-year baseline study of the thermal field around the discharge area

prior to station operation showed permit compliance can effectively be defmed by using the

monthly mean of three thermal monitoring stations [2]. The stations include areas both inside'

and outside the jet-mixing region as well as a reference point. Stations DS, ID, and T7 on

Figure 1.1, respectively, correspond to these areas. Table 1.1 lists the location of each station

and the various monitoring depths.

i
l

|
The U.S. Environmental Protection Agency and New Hampshire Department of

Environmental Services, Water Supply and Pollution Control Division concurred that compliance
'

! is demonstrated if the delta-t value between reference Station T7 and those at DS and ID is 5"F

or less for the monthly mean [3,4].

!

l

2-
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TABLE 1.1 !
'

.

Seabrook Temoerature Monitoring Information j

I

Sensor Depth |Water Depth
!

Station (Ft, MI.W) Location Designation (Ft, MLW)
- i

2, Surface Following |T7 55 42*55'15"N T7UP -

70*46'46"W T7MD -28, Surface Following i

i

T7LO -53, MLW

ID 57 42*54'00"N IDUP -2, Surface Following

70*47'15"W IDMD -28, Surface Following

IDLO -53, MLW j

DS 54 42*53'41"N DSUP -2, Surface Following |
:

70*47'12"W o

!

,

4

!

!
i

|-

:
!

!

!

:

!

-3-

.

- - - , , . - - , , , . _ . . , - e , , - . , , . . , - - . - .,, - , - . . . , , , , w,



l

i

I N
%

. .. .
, m --

.

Y E LE:GE
>. _

.

- c ..,.

L! TILE
,.

,

u .. . BOARS
'' f HEAD

.
,

i .., .

. ~ . . .
.

Y

C .5 1 NAUTICAL VlLE p ,

C i 2 KILCMETERS '~.

SCALE

CCNTCUA DE. TH .N ME~=RS

1 0

5 37
9 ..

. . .

' ,
18'

GREAT SCARS HEAD ..~ _

. e Stacon Ti *

'i N HAMPTC i 37
'

-

EEACH .

__

..
.

ERCWNS RIVER . nue./

EWf 5%\ h '

~..s;.G ,. .e sta=n 10
.

~~

) Qf .: : .

M SUw o Osc a p

K.: e s:avon cscAcn00k,j -', 'wE3,p;,7 . j|,
q- *x" . . . .

OTATION - , , _ _ ,

'' ~~~
HAMPTCN f ''~~

EEACH 19
MAR 5CR $5;5Rocg .

EEACH .
' **

- ...

.

-

R 1. .

18'
| N 4N

. ..
. ' ..-

r s(
\ 73%s,/N

& ;

i

.

* . *..

+ _ . - . .

SAUSBURY EEACH

Figure 1.1 ,

!

l

L CD ATA CD13'3EA8 kUJCR !

|

|

!
|

|
i



' 2.0 RESULTS

.

I

2.1 Station and Instrument Ooeration
|

Seabrook Station received its operating license in March 1990, with full-power operation

startmg in August 1990. Power operation during 1992 continued through the year until early

| September, when a scheduled two-month outage took r%ce. Power operation restarted in
I

November and continued through the end of 1992.

The average monthly percent of station operation, which accounts for short-term power

outages, is listed in Table 2.1 and shown on Figures 2.1 and 2.2.

Ocean temperature data were obtained from sensors at the three monitoring stations via

satellite telemetry during each month of station operation. Data recovery during this period is

listed in Table 2.1. The average was about 85%. Missing data resulted from instrument

malfunction and are identified on the monthly data summary tables located in the appendix.
:
!

.

| 2.2 Delta-t Values

!

Table 2.2 summarizes the monthly mean of ocean temperature values between reference

Station T7 and Monitoring Stations DS and ID. Positive delta-t values mean the monitodng

station is warmer than the reference; negative values mean it is colder. Figure 2.1 illustrates

the T7-DS delta-t values and Figure 2.2, the T7-ID delta-t values.

As shown, the delta-t values for all monitoring stations for each month during 1992 are
|

|
less than 5'F. Consequently, permit compliance is demonstrated.

The largest delta-t values, as expected, occurred at Station DS, located in the thermal

discharge jet-mixmg region. These values varied depending on both station power level and the

season (Figure 2.1). The maximum monthly delta-t,3.27*F, was for February. This is a result ,

!

-5- !
;

I
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.

of 100% station power during isothermal ocean conditions. The minimum monthly delta-t, -

0.62, at Station DS was for July. This is a result of thermally stratified ocean conditions. The

large volume of cold bottom water entrained by the discharge plume significantly reduces the

discharge plume's temperature so that at the surface this mixed volume's temperature is actually
,

less than the reference station.

Outside the jet-mixmg region, at Station ID, there is considerably less delta-t variation

(Figure 2.2). The values generally are confined to between il F and are not influenced by

either station power level or the season. This feature is the same at each measurement depth

(surface, mid, or bottom).

The appendix contains a complete tabular listing f_ r each temperature monitoring station.o

-6-
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TABLE 2.1

1992 Station Power Level and Ocean Temwrature

i Data Availability

Station Temperature Data Available (%)
Month Power

T7 ID DSLevel (%)

JAN 100.0 60.7 100.0 100.0

I FEB 100.0 75.3 90.5 100.0

MAR 100.0 61.1 61.1 88.3 ,

APR 100.0 66.7 66.1 36.6

MAY 100.0 85.7 85.6 57.4

JUN 100.0 100.0 100.0 100.0

JUL 100.0 100.0 100.0 96.2

AUG 99.7 100.0 98.9 98.0

SEP 79.3* 66.1" 100.0" 99.1"

OCT 0* 0" 0" 0"

NOV 63.3* 66.5 " 100.0" 98.9"

DEC 82.9 64.7 99.9 98.2

.

* Scheduled Outage (9/7/92 - 11/14/92) |
** Annual Maintenance and Recalibration (9/15/92 - 11/11/92)

-7-
|
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'

.

i
.

TA111.112.2

Monthly Ocean Ten 1perature* Summary.1992

.

DSUP'I7UP IDilP/I7UP IDMD "I7MD IDI.0-T71.0

Month DS T7 AT ID '17 AT ID T7 AT ID T7 AT

JAN 42.84 39.78 3.06 39.34 39.78 -0.44 39.99 40.46 -0.47 39.48 39.81 -0.33
.

FEB 40.54 37.26 3.27 37.05 37. I I -0.06 37.40 ** - 37.36 37.51 -0.I6'

'

. MAR - 40.90 37.68 3.22 ** 37.7l - 37.41 ** - 37.57 37.61 -0.04
i

** 40.97 - 40.34 ** - 39.72 39.66 0.06APR -42.67 39.66 3.02

MAY 50.94 50.58 0.36 49.19 50.60 -1.41 46.61 46.64 -0.03 43.15 42.96 0.20

JUN 53.49 53.31 0.18 52.81 53.31 -0.49 - 49.34 49.63 -0.29 46.47 46.33 0.14

JUL 56.86 57.48 -0.62 57.63 57.57 0.06 51.68 52.35 -0.67 47.57 47.31 0.26

53.77 54.31 -0.54 50.14 49.58- 0.5653.06-AUG 60.09 58.45- 1.63 ** -

SEP 57.25 54.84 2.41 53.97 54.97 -1.01 51.97 52.52 -0.55 49.63 49.43 0.20 i

OCT *** *** *** *** - *** *** - *** *** *-
-

NOV 48.21 45.67 2.54 45.37 45.70 -0.34 45.74 45.82 -0.09 47.52 .47.89 -0.37

DEC 45.17 42.10 3.06 41.47 42.09 -0.62 41.97 42.50 -0.54 42.37 ** -

* Temperature in degrees Fahrenheit.
** Data missing, instrument malfunction.

*** Annual maintenance and recalibration.

!

>

-8-
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SEABROOK OCEAN TEMPERATURE DELTA-T's
January - December 1992

,

Monthly Average Dello-T (F) Monthly Average Power Level (%)
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SEABROOK OCEAN TEMPERATURE DELTA-T's
January - December 1992

Monthly Average Della-T (F) Monthly Average Power Level (%)
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i' 3.0 CONCLUSTONS
!

.

:

Based on the results presented in this 1992 report, and previously in 1990 and 1991 |
:

[5, 6, 7), the following conclusions can be made: !
:

:

1. The delta-t values for all monitoring stations for each month during 1992 are less |

than 5'F. Permit compliance, therefore, is demonstrated. |
|
!

2. The largest delta-t values occur inside the thermal discharge jet-mixing region. |
!
,

3. The delta-t values in the jet-nuxing region vary with station power level and j
season. The maximum delta-t value occurs at 100% station power in the winter !

months during isothermal ocean conditions. The minimum delta-t value occurs

in the summer months during strong thermally stratified ocean conditions. !

.

'b

4. The delta-t values outside the jet-mixing region do not vary significantly,
|:

regardless of station power level or the season. . This occurs throughout the water |
t

column and indicates that there is little or no influence by the thermal discharge j
Iplume.

i

|

>

'

&
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- MONTHLY SUMMARY STATIONS DSUP & T7UP

'

|

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

92 1 1 40.10 0.42 44.12 0.28 4.02 0.53 24 ,

92 1 2 39.27 0.44 43.31 1.47 4.04 1.47 24
92 1 3 40.10 0.35 44.09 1.63 3.99 1.83 24
92 1 4 40.65 0.15 40.35 0.14 -0.30 0.09 24
92 1 5 40.67 0.12 42.10 2.16 1.44 2.06 24
92 1 6 40.71 0.06 44.82 0.48 4.11 0.51 24
92 1 7 40.93 0.22 44.54 0.84 3.61 0.67 24
92 1 8 41.12 0.04 44.82 0.45 3.70 0.47 24
92 1 9 40.66 0.27 44.18 0.41 3.53 0.36 24
92 1 10 40.46 0.22 43.91 0.56 3.44 0.45 24
92 1 11 40.88 0.10 44.05 0.38 3.17 0.42 24
92 1 12 40.01 0.27 42.61 0.88 2.60 0.94 24
92 1 13 39.58 0.83 42.19 0.41 2.61 0.74 24
92 1 14 39.90 0.30 42.34 1.03 2.44 1.06 24
92 1 15 40.14 0.19 42.27 0.64 2.13 0.71 24
92 1 16 40.41 0.32 43.89 0.55 3.48 0.66 24
92 1 17 39.81 0.95 42.31 1.25 2.51 0.75 24
92 1 18 39.01 0.72 42.33 1.13 3.32 0.91 24

i 92 1 19 39.21 0.71 40.96 0.83 1.75 0.89 24
92 1 20 38.82 0.99 42.46 1.35- 3.63 1.25 24
92 1 21 39.82 0.23 41.03 0.95 1.20 1.09 9
92 1 22 DATA MISSING FOR THIS DAY
92 1 23 DATA MISSING FOR THIS DAY
92 1 24 DATA MISSING FOR THIS DAY
92 1 25 41.06 0.10 44.33 0.57 3.27 0.53 14
92 1 26 39.74 1.37 42.33 2.31 2.58 1.20 24
92 1 27 37.37 0.21 41.76 2.54 4.39 2.64 24
92 1 28 38.02 0.40 40.03 2.38 2.01 2.68 24
92 1 29 37.92 0.48 42.41 0.53 4.49 0.59 24
92 1 30 38.78 0.38 42.11 0.57 3.33 0.82 24
92 1 31 39.34 0.17 43.33 0.58 3.99 0.55 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

42.84 0.98 39.78 0.39 3.06 647

I

I

|
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MONTHLY SUMMARY STATIONS T7MD & IDMD
I
,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
92 1 1 40.79 0.40 40.24 0.29 -0.54 0.29 24
92 1 2 40.90 0.65 40.26 0.57 -0.64 0.40 24
92 1 3 40.95 0.41 40.54 0.55 -0.41 0.22 24 I

92 1 4 40.78 0.14 40.28 0.20 -0.50 0.16 24
92 1 5 40.84 0.09 40.42 0.12 -0.42 0.08 24
92 1 6 40.87 0.06 40.60 0.13 -0.27 0.11 24
92 1 7 41.25 0.12 41.01 0.18 -0.23 0.26 24
92 1 8 41.26 0.06 40.81 0.04 -0.45 0.06 24
92 1 9 40.84 0.20 40.17 0.30 -0.67 0.26- 24
92 1 10 41.07 0.26 40.33 0.21 -0.74 0.39 24
92 1 11 41.00 0.10 40.18 0.18 -0.82 0.21 24
92 1 12 40.21 0.21 39.44 0.51 -0.77 0.53 24
92 1 13 39.84 0.77 38.79 0.26 -1.05 0.85 24
92 1 14 39.68 0.23 39.96 0.63 0.28 0.57 24
92 1 15 40.46 0.34 39.81 0.25 -0.65 0.49 24
92 1 16 41.39 0.26 39.90 0.22 -1.49 0.37 17
92 1 17 40.47 0.94 39.65 0.37 -0.83 0.83 18
92 1 18 DATA MISSING FOR THIS DAY |

92 1 19 DATA MISSING FOR THIS DAY :

92 1 20 DATA MISSING FOR THIS DAY !
'

92 1 21 DATA MISSING FOR THIS DAY
92 1 22 DATA MISSING FOR THIS DAY

|

92 1 23 DATA MISSING FOR THIS DAY'

92 1 24 DATA MISSING FOR THIS DAY
92 1 25 41.27 0.11 40.52 0.20 -0.74 0.21 14
92 1 26 40.59 0.73 40.23 0.52 -0.36 0.51 24
92 1 27 39.32 0.20 39.24 0.30 -0.09 0.18 24
92 1 28 38.76 0.50 38.50 0.60 -0.26 0.33 24

| 92 1 29 39.44 0.29 39.23 0.41 -0.21 0.25 24
92 1 30 39.88 0.21 39.85 0.09 -0.03 0.21 24
92 1 31 39.80 0.18 39.95 0.10 0.15 0.15 24

MEAN S.DEV MEAN S.DEV MEAN N |
(T7) (T7) (ID) (ID) (ID-T7)

40.46 0.31 39.99 0.30 -0.47 553

1
1

I

!
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MONTHLY SUMMARY STATIONS DSUP & T7UP*

'

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N |
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7) j

!

92 1 1 40.10 0.42 44.12 0.28 4.02 0.53 24 ;

92 1 2 39.27 0.44 43.31 1.47 4.04 1.47 24 !

92 1 3 40.10 0.35 44.09 1.63 3.99 1.83 24 |
92 1 4 40.65 0.15 40.35 0.14 -0.30 0.09 24 :

92 1 5 40.67 0.12 42.10 2.16 1.44 2.06 24 !

92 1 6 40.71 0.06 44.82 0.48 4.11 0.51 24
92 1 7 40.93 0.22 '44.54 0.84 3.61 0.67 24 i

92 1 8 41.12 0.04 44.82 0.45 3.70 0.47 24 !

92 1 9 40.66 0.27 44.18 0.41 3.53 0.36 - 24 |

92 1 10 40.46 0.22 43.91 0.56 3.44 0.45 24-

92 1 11 40.88 0.10 44.05 0.38 3.17' O.42 24
92 1 12 40.01 0.27 42.61 0.88 2.60 0.94 24 ;

92 1 13 39.58 0.83 42.19 0.41 2.61 0.74 24 !

92 1 14 39.90 0.30 42.34 1.03 ' 2. 4 4 - 1.06 24 ~ 1

92 1 15 40.14 0.19 42.27 0.64 2.13 0.71 24
92 1 16 40.41 0.32 43.89 0.56 3.48 0.66 24-
92 1 17 39.81 0.95- 42.31' 1.25 2.51 0.75 24 ,

92 1 18 39.01 0.72 42.33 1.13 '3.32 0.91 24 - |

92 1 19 39.21 0.71 40.96 <0 . 8 3 . 1.75 0.89 24 i

92 1 20 38.82- 0.99 42.46 1.35 3.63 -1.25 24 |

92 1 21 39.82 0.23 41.03 0.95 1.20 1.09 9 |
'

92 1 22 DATA MISSING FOR THIS DAY
92 1 23 DATA MISSING FOR THIS DAY- ;

92 1 24 DATA MISSING FOR THIS DAY |
92 1 25 41.06 0.10 44.33 0.57 3.27 0.53 14 ;

92 1 26 39.74 1.37 42.33 2.31 2.58- 1.20 24 <

92 1 27 37.37 0.21 41.76 2.54 4.39 2.64 24 - |

92 1 28 38.02 0.40 40.03 2.38 2.01 2.68 24
92 1 29 37.92 0.48 42.41 0.53 4.49 0.59 24

'
92 1 30 38.78- 0.38 42.11 0.57 3.33 0.82 24-
92 1 31 39.34 0.17 43.33 0.58 3.99 0.55 ,24

|

j MEAN S.DEV MEAN S.DEV MEAN N-

1
~

(T7) (T7) (DS-T7)1 (DS) (DS)

d 42.84 0.98 39.78 0.39 3.06 647-
J

.
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MONTHLY SUMMARY STATIONS T7UP & IDUP

!,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N j

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) |'

1

92 1 1 40.10 0.42 39.78 1.00 -0.32 1.28 24 |
1

92 1 2 39.27 0.44 38.95 0.35 -0.32 0.43 24
92 1 3 40.10 0.35 39.35 0.51 -0.75 0.21 24 !

| 92 1 4 40.65 0.15 40.15 0.14 -0.50 0.14 24
'

' 92 1 5 40.67 0.12 40.14 0.15- -0.53 0.09 24
92 1 6 40.71 0.06 40.35 0.29 -0.36 0.29 24 :

92 1 7 40.93 0.22 40.58 0.25 -0.35 0.26 24 j

92 1 8 41.12 0.04 40.63 0.12 -0.49 0.12 24 j

| 92 1 9 40.66 0.27 40.37 0.60 -0.29 0.64 24- |
!

| 92 1 10 40.46 0.22 39.93 0.21 -0.54 0.20 24
'

i 92 1 11 40.88 0.10 40.03 0.20 -0.85 0.23 24
! 92 1 12 40.01 0.27 39.70 0.70 -0.31 0.77 24 ,

'

92 1 13 39.58 0.83 39.51 0.55 -0.07 0.98 24
92 1 14 39.90 0.30 40.16 0.69 0.27 0.83 24 :

'

92 1 15 40.14 0.19 39.57 0.19 -0.57 0.31 24
92 1 16 40.41 0.-32 39.69 0.24 -0.71 0.17 24 e

92 1 17 39.81 0.95 38.55 1.51. -1.26 1.53 24
!

i

| 92 1 18 39.01 0.72 38.17. 0.90 -0.83 1.06 24
92 1 19 39.21 0.71 37.46 0.90- -1.75 0.66 24 i

92 1 20 38.82 0.99 39.48 1.37 0.65 1.25 24 f

92 1 21 39.82 0.23 39.97 0.33 0.15 0.40 9

92 1 22 DATA MISSING FOR THIS DAY :

92 1 23 DATA MISSING FOR THIS DAY ,

92 1 24 DATA MISSING FOR THIS DAY (
'

92 1 25 41.06 0.10 40.39 0.26 -0.67 0.32 14
92 1 26 39.74 1.37 39.52 0.95 -0.22 0.86 24 ;

I

92 1 27 37.37 0.21 37.34 0.26 -0.03 0.11 24
92 1 28 38.02 0.40 37.69 0.41 -0.33 0.41 24 |

92 1 29 37.92 0.48 37.49 0.39 -0.43 0.38 24 |

92 1 30 38.78 0.38 38.35 0.76 -0.43 0.55 24 ;

92 1 31 39.34 0.17 39.03 0.27 -0.32 0.31 24 j
i
e

i

! MEAN S.DEV MEAN S.DEV MEAN N |

(T7) (T7) (ID) (ID) (ID-T7) |!

!

39.78 0.39 39.34 0.52 -0.44 647 ,

!

!
!

!

!

i

|
:

-!

!
!

!
,

5

s

| !

!

|
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MONTHLY SUMMARY STATIONS T7MD & IDMD'

f
'

| ~

|

i DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
92 1 1 40.79 0.40 40.24 0.29 -0.54 0.29 24 !

92 1 2 40.90 0.65 40.26 0.57 -0.64 0.40 24
92 1 3 40.95 0.41 40.54 0.55 -0.41 0.22 24
92 1 4 40.78 0.14 40.28 0.20 -0.50 0.16 24
92 1 5 40.84 0.09 40.42 0.12 -0.42 0.08 24
92 1 6 40.87 0.06 40.60 0.13 -0.27 0.11 24
92 1 7 41.25 0.12 41.01 0.18 -0.23 0.26 24
92 1 8 41.26 0.06 40.81 0.04 -0.45 0.06 24
92 1 9 40.84 0.20 40.17 0.30 -0.67 0.26 24
92 1 10 41.07 0.26 40.33 0.21 -0.74 0.39 24
92 1 11 41.00 0.10 40.18 0.18 -0.82 0.21 24
92 1 12 40.21 0.21 39.44 0.51 -0.77 0.53 24 ,

92 1 13 39.84 0.77 38.79 0.25 -1.05 0.85 24
92 1 14 39.68 0.23 39.96 0.63 0.28 0.57 24
92 1 15 40.46 0.34 39.81 0.25 -0.65 0.49 24
92 1 16 41.39 0.26 39.90 0.22 -1.49 0.37 17
92 1 17 40.47 0.94 39.65 0.37 -0.83 0.83 18
92 1 18 DATA MISSING FOR THIS DAY
92 1 19 DATA MISSING FOR THIS DAY
92 1 20 DATA MISSING FOR THIS DAY
92 1 21 DATA MISSING FOR THIS DAY
92 1 22 DATA MISSING FOR THIS DAY
92 1 23 DATA MISSING FOR THIS DAY

| 92 1 24 DATA MISSING FOR THIS DAY
92 1 25 41.27 0.11 40.52 0.20 -0.74 0.21 14
92 1 26 40.59 0.73 40.23 0.52 -0.36 0.51 24

,

| 92 1 27 39.32 0.20 39.24 0.30 -0.09 0.18 24
| 92 1 28 38.76 0.50 38.50 0.60 -0.26 0.33 24

92 1 29 39.44 0.29 39.23 0.41 -0.21 0.25 24 !

92 1 30 39.88 0.21 39.85 0.09 -0.03 0.21 24
92 1 31 39.80 0.18 39.95 0.10 0.15 0.15 24

i

MEAN S.DEV MEAN S.DEV MEAN N

(T7) (T7) (ID) (ID) (ID-T7) i

40.46 0.31 39.99 0.30 -0.47 553

l

,

, x
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hMONTHLY SUMMARY STATIONS T7LO & IDLO
- !

!

DATE MEAN S.DEV MEAN S.DEV -MEAN- S.DEV- N I

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
92 1 1 DATA MISSING FOR THIS DAY- |
92 1 2 DATA MISSING FOR THIS DAY !

92 1 3 DATA MISSING FOR THIS DAY !

92 1 4 DATA MISSING FOR THIS DAY - !

92 1- 5 DATA MISSING FOR THIS DAY |

- 92 1 6 DATA MISSING FOR THIS DAY |

| 92 l' 7 DATA MISSING FOR THIS DAY !

92 1 8 DATA MISSING FOR THIS DAY !
'

92 1 9 DATA MISSING FOR THIS DAY
92 1 10 DATA MISSING FOR THIS DAY :

92 1 11 DATA MISSING FOR THIS' DAY -,

i l

92 1 12 DATA MISSING FOR THIS DAYi

92 1 13- DATA MISSING FOR THIS DAY !

92 1 14 DATA MISSING FOR THIS DAY |

92 1 15 DATA MISSING FOR THIS DAY
92 1 16 DATA MISSING FOR THIS DAY
92 l'17 DATA MISSING FOR THIS DAY ;

92 1 18 DATA MISSING'FOR THIS DAY !

92 1 19 -DATA MISSING FOR THIS DAY !

92 1 20 DATA MISSING FOR THIS DAY .;
92 1 21 DATA MISSING FOR THIS DAY i

92 1 22 DATA MISSING FOR THIS DAY
92 1 23 DATA MISSINGLFOR THIS DAY. |

''

t 92 1 24 DATA MISSING FOR THIS DAY
92 1 25 41.08 0.20 40.43 0.40 -0.64 0.30 14 i'

92 1 26 40.11 0.61' 39.63 0.26 -0.48 0.82 24 |

92 1 27 39.75 0.13 38.93 0.58 -0.81 0.61 24
92 1 28 39.09 0.75 38.71 0. |B 1 -0.38 0.30 24
92 1 29 39.47 0.20 39.32 0.37 -0.15 0.19 24

,

| 92 1 30 39.77 0.08 39.89 0.06- 0.12 0.12 24

| 92 1 31 39.92 0.20 39.84 0.12 -0.08 0.12 24

i

: - MEAN S.DEV MEAN S.DEV MEAN N
! (T7) (T7) (ID) (ID)-(ID-T7)

39.81 0.31 39.48 0.37 -0.33 158

|
;
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MONTHLY SUMMARY STATIONS DSUP & T7UP
,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

92 2 1 DATA MISSING FOR THIS DAY
92 2 2 DATA MISSING FOR THIS DAY
92 2 3 DATA MISSING FOR THIS DAY
92 2 4 DATA MISSING FOR THIS DAY
92 2 5 DATA MISSING FOR THIS DAY
92 2 6 DATA MISSING FOR THIS DAY
92 2 7 DATA MISSING FOR THIS DAY
92 2 8 DATA MISSING FOR THIS DAY
92 2 9 DATA MISSING FOR THIS DAY
92 2 10 DATA MISSING FOR THIS DAY
92 2 11 DATA MISSING FOR THIS DAY
92 2 12 DATA MISSING FOR THIS DAY
92 2 13 DATA MISSING FOR THIS DAY
92 2 14 DATA MISSING FOR THIS DAY
92 2 15 DATA MISSING FOR THIS DAY
92 2 16 DATA MISSING FOR THIS DAY
92 2 17 DATA MISSING FOR THIS DAY
92 2 18 36.96 0.04 40.36 1.88 3.41 1.90 3
92 2 19 37.15 0.14 39.58 1.95 2.42 1.88 24
92 2 20 37.12 0.13 41.18 0.52 4.06 0.50 24
92 2 21 37.09 0.21 41.19 0.75 4.10 0.77 24
92 2 22 37.13 0.07 41.16 0.47 4.04 0.48 24 I

92 2 23 37.24 0.23 41.60 0.48 4.36 0.42 24
92 2 24 37.07 0.10 38.45 2.04 1.38 2.03 24
92 2 25 36.98 0.07 42.02 0.40 5.04 0.40 24
92 2 26 37.04 0.16 40.25 1.85 3.21 1.78 24
92 2 27 37.38 0.44 40.28 0.64 2.90 1.04 24
92 2 28 37.91 0.22 40.45 0.87 2.54 0.91 24
92 2 29 37.82 0.14 39.76 1.62 1.95 1.68 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

40.54 1.12 37.26 0.16 3.27 267

1

!

|

|

|



i-

_

i -,

| MONTHLY SUMMARY STATIONS T7UP & IDUP
,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) i

92 2 1 DATA MISSING FOR THIS DAY ;

l 92 2 2 DATA MISSING FOR THIS DAY
'

| 92 2 3 DATA MISSING FOR THIS DAY
92 2 4 DATA MISSING'FOR THIS DAY !

92 2 5 DATA MISSING FOR THIS DAY
'

| 92 2 6 DATA MISSING FOR THIS DAY
| 92 2 7 DATA MISSING FOR THIS DAY i

| 92 2 8 DATA MISSING FOR THIS DAY
| 92 2 9 DATA MISSING FOR THIS DAY '

| 92 2 10 DATA MISSING FOR THIS DAY
92 2 11 DATA MISSING FOR THIS DAY
92 2 12 DATA MISSING FOR THIS DAY f

92 2 13 DATA MISSING FOR THIS DAY
92 2 14 DATA MISSING FOR THIS DAY
92 2 15 DATA MISSING FOR THIS DAY !

92 2 16 DATA MISSING FOR THIS DAY [
!92 2 17 DATA MISSING FOR THIS DAY

92 2 18 36.96 0.04 37.00 0.11 0.04 0.15 3
92 2 19 37.15 0.14 37.02 0.18 -0.13 0.15 24
92 2 20 37.12 0.13 37.24 0.18 0.12 0.12 24
92 2 21 37.06 0.22 36.86 0.89 -0.20 0.96 20
92 2 22 DATA MISSING FOR THIS DAY
92 2 23 DATA MISSING FOR THIS DAY
92 2 24 DATA MISSING FOR THIS DAY !

92 2 25 DATA MISSING FOR THIS DAY
92 2 26 DATA MISSING FOR THIS DAY ;

'

92 2 27 DATA MISSING FOR THIS DAY
92 2 28 DATA MISSING FOR THIS DAY
92 2 29 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

37.11 0.13 37.05 0.34 -0.06 71

,

I

p

9

I

____ _____ _ _ . _ - _ _ _ _ _ _ .
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MONTHLY SUMMARY STATIONS T7MD & IDMD j
'

i i
i !

!DATE MEAN S.DEV MEAN S.DEV MEAN. S.DEV N
(T7) (T7) (ID) (ID)1(ID-T7) (ID-T7) i

92 2 1 DATA MISSING FOR THIS DAY
92 2 2 DATA MISSING FOR THIS DAY j

92 2 3 DATA MISSING FOR THIS DAY !

92 2 4 DATA MISSING FOR THIS DAY |
92 2 5 DATA MISSING FOR THIS DAY j
92 2 6 DATA MISSING FOR THIS DAY i

92 2 7 DATA MISSING:FOR THIS DAY l

92 2 8 DATA MISSING FOR THIS-DAY- !
'

92 2 9 DATA MISSING'FOR THIS DAY- |

92 2 10 DATA MISSING FOR THIS DAY .!
92 2 11 DATA MISSING FOR THIS DAY ,

92 2 12 DATA MISSING FOR THIS DAY !

92 2 13 DATA MISSING FOR THIS DAY |

92 2 14 DATA MISSING FOR THIS DAY !

92 2 15 DATA MISSING FOR.THIS DAY
92 2 16 DATA MISSING FOR THIS DAY ;

92 2 17 DATA MISSING FOR THIS DAY |

92 2-18 DATA MISSING FOR THIS DAY |
92 2 19' DATA MISSING FOR THIS DAY :
92 2 20 DATA MISSING FOR THIS DAY J {
92 2 21 DATA MISSING FOR THIS DAY. ;

92 2 22 DATA MISSING-FOR THIS-DAY :

92 2 23 DATA' MISSING FOR THIS DAY :|
92 2 24 EDATA MISSING FOR THIS DAY ''

92 2 25 DATA MISSING FOR THIS DAY !
-

92 2 26 DATA MISSING FOR THIS DAY !
'

92 2 27 DATA MISSING FOR THIS-DAY
92 2 28 DATA' MISSING FOR THIS DAY
92 2 29 DATA MISSING FOR-THIS DAY t

I
,

be

>
,

i
!
t

i

i
t

|

t

,

i

:

[

i

-

I
-
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MONTHLY SUMMARY STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

92 2 1 DATA MISSING FOR THIS DAY
92 2 2 DATA MISSING FOR THIS DAY
92 2 3 DATA MISSING FOR THIS DAY
92 2 4 DATA MISSING FOR THIS DAY
92 2 5 DATA MISSING FOR THIS DAY
92 2 6 DATA MISSING FOR THIS DAY
92 2 7 DATA MISSING FOR THIS DAY
92 2 8 DATA MISSING FOR THIS DAY
92 2 9 DATA MISSING FOR THIS DAY
92 2 10 DATA MISSING FOR THIS DAY
92 2 11 DATA MISSING FOR THIS DAY
92 2 12 DATA MISSING FOR THIS DAY
92 2 13 DATA MISSING FOR THIS DAY
92 2 14 DATA MISSING FOR THIS DAY
92 2 15 DATA MISSING FOR THIS DAY
92 2 16 DATA MISSING OR THIS DAY
92 2 17 DATA MISSING ?OR THIS DAY
92 2 18 36.85 0.05 36.88 0.07 0.03 0.11 3
92 2 19 37.01 0.14 36.95 0.07 -0.06 0.15 24
92 2 20 37.28 0.10 37.24 0.10 -0.04 0.09 24
92 2 21 37.37 0.08 37.39 0.07 0.03 0.10 24
92 2 22 37.42 0.07 37.38 0.06 -0.05 0.07 24
92 2 23 37.43 0.07 37.45 0.05 0.01 0.08 24
92 2 24 37.13 0.14 37.15 0.51 0.01 0.47 24
92 2 25 37.23 0.04 37.07 0.04 -0.16 0.05 24
92 2 26 37.46 0.11 37.27 0.14 -0.19 0.06 24
92 2 27 37.92 0.29 37.73 0.19 -0.19 0.13 24
92 2 28 38.34 0.03 37.66 0.10 -0.68 0.10 24
92 2 29 38.16 0.25 37.70 0.12 -0.46 0.27 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

37.51 0.11 37.36 0.13 -0.16 267

:

|
,

!
'

l

|

|
|

1
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MONTHLY SUMMARY STATIONS DSUP & T7UP
,

,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
~

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
92 3 1 37.11 0.33 39.59 1.20 2.49 1.02 21
92 3 2 36.85 0.30 40.93 0.35 4.08 0.39 16
92 3 3 36.42 0.20 40.43 0.57 4.01 0.53 24
92 3 4 36.74 0.38 40.83 0.61 4.09 0.40 24
92 3 5 37.18 0.42 41.02 0.66 3.85 0.52 24
92 3 6 37.56 0.15 41.38 1.14 3.82 1.24 24
92 3 7 37.72 0.08 40.55 1.57 2.83 1.59 24
92 3 8 37.93 0.12 40.65 1.68 2.72 1.65 24
92 3 9 38.19 0.26 41.51 0.81 3.32 0.75 24
92 3 10 38.39 0.12 41.36 0.41 2.97 0.46 13
92 3 11 38.45 0.11 40.23 0.52 1.78 0.46 13
92 3 12 37.74 0.19 39.31 0.37 1.58 0.38 24
92 3 13 37.94 0.21 40.29 0.44 2.35 0.35 24 ;

92 3 14 37.80 0.11 40.88 0.59 3.08 0.57 24 |
92 3 15 37.74 0.24 41.92 0.48 4.18 0.48 24 1

'92 3 16 37.14 0.17 41.29 0.33 4.15 0.33 24
92 3 17 37.03 0.26 40.51 0.65 3.48 0.84 21
92 3 18 DATA MISSING FOR THIS DAY
92 3 19 DATA MISSING FOR THIS DAY
92 3 20 DATA MISSING FOR THIS DAY
92 3 21 DATA MISSING FOR THIS DAY
92 3 22 DATA MISSING FOR THIS DAY
92 3 23 DATA MISSING FOR THIS DAY

i

92 3 24 37.13 0.05 40.97 0.13 3.84 0.09 4 :
92 3 25 37.42 0.29 40.74 0.46 3.32 0.53 24 |
92 3 26 37.98 0.52 40.33 0.75 2.35 1.12 13 I
92 3 27 38.47 0.39 40.59 0.94 2.12 1.01 24
92 3 28 38.40 0.19 42.00 0.57 3.60 0.72 24
92 3 29 37.88 0.08 42.15 0.50 4.27 0.49 24
92 3 30 38.16 0.28 41.58 0.32 3.42 0.41 24
92 3 31 38.58 0.11 40.92 1.65 2.34 1.70 24

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

40.90 0.71 37.68 0.22 3.22 533

l

|

.

|

|
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'MONTHLY SUMMARY STATIONS T7UP & IDUP *

:

t

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N !
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) |

t

92 3 1 DATA MISSING FOR THIS DAY !
'

92 3 2 DATA MISSING FOR THIS DAY
92 3 3 DATA MISSING FOR THIS DAY -

92 3 4 DATA MISSING FOR THIS DAY
92 3 5 DATA MISSING FOR THIS DAY I

92 3 6 DATA MISSING FOR THIS DAY,

92 3 7 DATA MISSING FOR THIS DAY |

92 3 8 DATA MISSING FOR THIS DAY
92 3 9 DATA MISSING FOR THIS DAY
92 3 10 DATA MISSING FOR THIS DAY !

92 3 11 DATA MISSING FOR THIS DAY
f

92 3 12 DATA MISSING FOR THIS DAY
92 3 13 DATA MISSING FOR THIS DAY ,

92 3 14 DATA MISSING FOR THIS DAY |

92 3 15 DATA MISSING FOR THIS DAY
i92 3 16 DATA MISSING FOR THIS DAY

92 3 17 DATA MISSING FOR THIS DAY ;

92 3 18 DATA MISSING FOR THIS DAY !

92 3 19 DATA MISSING FOR THIS DAY
92 3 20 DATA MISSING FOR THIS DAY,

| 92 3 21 DATA MISSING FOR THIS DAY
92 3 22 DATA MISSING FOR THIS DAY-
92 3 23 DATA MISSING FOR THIS DAY
92 3 24 DATA MISSING FOR THIS DAY i

92 3 25 DATA MISSING FOR THIS DAY
92 3 26 DATA MISSING FOR THIS DAY r

92 3 27 DATA MISSING FOR THIS DAY
92 3 28 DATA MISSING FOR THIS DAY r

: 92 3 29 DATA MISSING FOR THIS DAY ;

92 3 30 DATA MISSING FOR THIS DAY
92 3 31 DATA MISSING FOR THIS DAY ,

i

1

f

,

;

|

i

!

F

,
.
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MONTHLY SUMMARY STATIONS T7MD & IDMD
,

.

DATE- MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

92 3 1 DATA MISSING FOR THIS DAY
92 3 2 DATA MISSING FOR THIS DAY ;

92 3 3 DATA MISSING FOR THIS DAY j

92 3 4 DATA MISSING FOR THIS DAY 1

92 3 5 DATA MISSING FOR THIS DAY J

92 3 6 DATA MISSING FOR THIS DAY '

92 3 7 . DATA MISSING FOR THIS DAY
92 3 8 DATA MISSING FOR THIS DAY
92 3 9 DATA MISSING FOR THIS DAY ;

'

92 3 10 DATA MISSING FOR THIS DAY
92 3 11 DATA MISSING FOR THIS DAY ,

92 3 12 DATA MISSING FOR THIS DAY |

92 3 13 DATA MISSING FOR THIS DAY !

92 3 14 DATA MISSING FOR THIS DAY ;

92 3 15 DATA MISSING FOR THIS DAY
'

92 3 16 DATA MISSING FOR THIS DAY !
'

92 3 17 DATA MISSING FOR THIS DAY
92 3 18 DATA MISSING FOR THIS DAY !

r

! 92 3 19 DATA MISSING FOR THIS DAY
92 3 20 DATA MISSING FOR THIS DAY ,

!92 3 21 DATA MISSING FOR THIS DAY
I92 3 22 DATA MISSING FOR THIS DAY

92 3 23 DATA MISSING FOR THIS DAY
92 3 24 DATA MISSING FOR THIS DAY
92 3 25 DATA MISSING FOR THIS DAY
92 3 26 DATA MISSING FOR THIS DAY
92 3 27 DATA MISSING FOR THIS DAY ;

92 3 28 DATA MISSING FOR THIS DAY
92 3 29 DATA MISSING FOR THIS DAY
92 3 30 DATA MISSING FOR THIS DAY |
92 3 31 DATA MISSING.FOR.THIS DAY ;

:
i

i

!

i

;

i

!

. - _.
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MONTHLY SUMMARY STATIONS T7LO & IDI4

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

92 3 1 37.11 0.32 37.15 0.44 0.03 0.63 21
92 3 2 36.68 0.37 36.39 0.47 -0.29 0.53 16
92 3 3 36.68 0.28 37.03 0.22 0.35 0.35 24
92 3 4 37.10 0.38 37.18 0.25 0.08 0.34 24
92 3 5 37.50 0.14 37.57 0.11 0.07 0.15 24
92 3 6 37.62 0.17 37.60 0.08 -0.02 0.15 24
92 3 7 37.77 0.07 37.66 0.06 -0.11 0.11 24
92 3 8 37.75 0.02 37.68 0.04 -0.07 0.03 24
92 3 9 37.75 0.02 37.67 0.03 -0.08 0.02 24
92 3 10 37.80 0.05 37.71 0.05 -0.09 0.07 24
92 3 11 37.89 0.04 37.83 0.07 -0.06 0.04 13
92 3 12 38.01 0.17 38.01 0.33 0.00 0.38 24
92 3 13 38.11 0.23 38.22 0.30 0.11 0.41 24
92 3 14 37.87 0.19 37.89 0.26 0.02 0.37 24
92 3 15 38.00 0.11 37.78 0.17 -0.22 0.21 24
92 3 16 36.97 0.42 36.85 0.34 -0.12 0.51 24
92 3 17 37.40 0.42 37.17 0.27 -0.23 0.24 21
92 3 18 DATA MISSING FOR THIS DAY
92 3 19 DATA MISSING FOR THIS DAY
92 3 20 DATA MISSING FOR THIS DAY
92 3 21 DATA MISSING FOR THIS DAY
92 3 22 DATA MISSING FOR THIS DAY
92 3 23 DATA MISSING FOR THIS DAY
92 3 24 37.49 0.03 37.36 0.06 -0.13 0.06 4
92 3 25 37.49 0.04 37.35 0.07 -0.14 0.10 24
92 3 26 37.29 0.05 37.43 0.03 0.14 0.06 24
92 3 27 37.90 0.24 37.71 0.15 -0.19 0.25 24
92 3 28 37.88 0.15 37.74 0.07 -0.14 0.21 24
92 3 29 37.78 0.07 37.81 0.04 0.03 0.07 24
92 3 30 37.82 0.05 37.79 0.04 -0.03 0.07 24
92 3 31 38.16 0.25 38.06 0.26 -0.10 0.16 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

37.61 0.17 37.57 0.17 -0.04 555

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _

MONTHLY SUMMARY STATIONS DSUP & T7UP
.

'

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

92 4 1 38.92 0.76 40.42 1.48 1.50 0.89 24
92 4 2 39.21 0.25 42.15 1.67 2.94 1.50 24
92 4 3 38.81 0.20 42.82 1.71 4.01 1.81 24
92 4 4 38.65 0.20 41.97 0.58 3.32 0.50 24
92 4 5 38.87 0.22 42.16 1.38 3.29 1.47 24
92 4 6 39.28 0.25 41.45 1.93 2.17 2.03 24
92 4 7 39.67 0.46 42.89 1.44 3.21 1.33 24
92 4 8 39.98 0.26 43.35 0.60 3.38 0.68 24
92 4 9 40.28 0.44 43.73 0.46 3.45 0.40 24
92 4 10 41.11 0.32 43.08 0.49 1.97 0.62 24
92 4 11 41.20 0.47 45.20 1.92 4.00 1.65 24
92 4 12 40.37 0.30 43.21 1.46 2.84 1.25 9
92 4 13 DATA MISSING FOR THIS DAY
92 4 14 DATA MISSING FOR THIS DAY
92 4 15 DATA MISSING FOR THIS DAY
92 4 16 DATA MISSING FOR THIS DAY
92 4 17 DATA MISSING FOR THIS DAY
92 4 18 DATA MISSING FOR THIS DAY
92 4 19 DATA MISSING FOR THIS DAY
92 4 20 DATA MISSING FOR THIS DAY
92 4 21 DATA MISSING FOR THIS DAY
92 4 22 DATA MISSING FOR THIS DAY
92 4 23 DATA MISSING FOR THIS DAY
92 4 24 DATA MISSING FOR THIS DAY
92 4 25 DATA MISSING FOR THIS DAY
92 4 26 DATA MISSING FOR THIS DAY
92 4 27 DATA MISSING FOR THIS DAY
92 4 28 DATA MISSING FOR THIS DAY ,

92 4 29 DATA MISSING FOR THIS DAY
92 4 30 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

42.67 1.26 39.66 0.34 3.02 273

.



|

'

MONTHLY SUMMARY STATIONS T7UP & IDUP -

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

92 4 1 DATA MISSING FOR THIS DAY
92 4 2 DATA MISSING FOR THIS DAY

,
92 4 3 DATA MISSING FOR THIS DAY

| 92 4 4 DATA MISSING FOR THIS DAY
| 92 4 5 DATA MISSING FOR THIS DAY
! 92 4 6 DATA MISSING FOR THIS DAY
' 92 4 7 DATA MISSING FOR THIS DAY

92 4 8 DATA MISSING FOR THIS DAY
92 4 9 DATA MISSING FOR THIS DAY

, 92 4 10 DATA MISSING FOR THIS DAY
I 92 4 11 DATA MISSING FOR THIS DAY

92 4 12 DATA MISSING FOR THIS DAY
92 4 13 DATA MISSING FOR THIS DAY
92 4 14 DATA MISSING FOR THIS DAY
92 4 15 DATA ''ISSING FOR THIS DAY
92 4 16 DATA MISSING FOR THIS DAY
92 4 17 DATA MISSING FOR THIS DAY
92 4 18 DATA MISSING-FOR THIS DAY
92 4 19 DATA MISSING FOR THIS DAY
92 4 20 DATA MISSING FOR THIS DAY
92 4 21 DATA MISSING FOR THIS DAY
92 4 22 DATA MISSING FOR THIS DAY
92 4 23 DATA MISSING FOR THIS DAY
92 4 24 DATA MISSING FOR THIS DAY

,

| 92 4 25 DATA MISSING FOR THIS DAY
'

92 4 26 DATA MISSING FOR THIS DAY
92 4 27 DATA MISSING FOR THIS DAY
92 4 28 DATA MISSING FOR THIS DAY
92 4 29 DATA MISSING FOR THIS DAY
92 4 30 DATA MISSING FOR THIS DAY

i
|

|

|

|

l
_ _ - - - - _ _



MONTHLY SUMMARY STATIONS T7MD & IDMD !'

!

>
.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) i

92 4 1 DATA MISSING FOR THIS DAY
92 4 2 DATA MISSING FOR THIS DAY ,

92 4 3 DATA MISSING FOR THIS DAY !

92 4 4 DATA MISSING FOR THIS DAY >

!92 4 5 DATA MISSING FOR THIS DAY
92 4 6 DATA MISSING FOR THIS DAY |
92 4 7 DATA MISSING FOR THIS DAY

'

'
92 4 8 DATA MISSING FOR THIS DAY
92 4 9 DATA MISSING FOR THIS DAY 1

92 4 10 DATA MISSING FOR THIS DAY
92 4 11 DATA MISSING FOR THIS DAY !
92 4 12 DATA MISSING FOR THIS DAY -

92 4 13 DATA MISSING FOR THIS DAY
92 4 14 DATA MISSING FOR THIS DAY

#92 4 15 DATA MISSING FOR THIS DAY-
92 4 16 DATA MISSING FOR THIS DAY
92 4 17 DATA MISSING FOR THIS DAY
92 4 18 DATA MISSING FOR THIS DAY i

92 4 19 DATA MISSING FOR THIS DAY
92 4 20 DATA MISSING FOR THIS DAY I

92 4 21 DATA' MISSING FOR THIS DAY '
92 4 22 DATA MISSING FOR THIS DAY
92 4 23 DATA MISSING FOR THIS DAY
92 4 24 DATA MISSING FOR THIS DAY
92 4 25 DATA MISSING FOR THIS DAY
92 4 26 DATA MISSING FOR THIS DAY
92 4 27 DATA MISSING FOR THIS DAY
92 4 28 DATA MISSING FOR THIS DAY
92 4 29 DATA MISSING FOR THIS DAY
92 4 30 DATA MISSING FOR THIS DAY

,

i

i

t

?

-

,

,

t

_ _ _ _ _ _ _ _ _ _ _ _ . _
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l

MONTHLY SUMMARY STATIONS T7LO & IDLO -

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

| 92 4 1 38.27 0.03 38.23 0.11 -0.05 0.09 24
92 4 2 38.42 0.42 38.14 0.07 -0.28 0.39 24
92 4 3 38.17 0.11 38.14 0.17 -0.03 0.10 24
92 4 4 38.19 0.04 38.12 0.04 -0.07 0.05 24

| 92 4 5 38.44 0.27 38.28 0.22 -0.16 0.07 24
92 4 6 39.03 0.09 38.94 0.22 -0.09 0.15 24
92 4 7 39.05 0.05 39.28 0.21 0.23 0.20 24
92 4 8 38.53 0.20 38.70 0.12 0.17 0.09 24
92 4 9 38.83 0.32 39.07 0.31 0.23 0.33 24
92 4 10 38.21 0.07 38.30 0.13 0.09 0.09 24
92 4 11 39.94 1.15 40.51 0.88 0.57 0.48 21

,

| 92 4 12 39.77 0.10 39.65 0.13 -0.11 0.20 16
92 4 13 39.75 0.04 39.74 0.07 -0.01 0.06 24

| 92 4 14 39.89 0.02 39.78 0.04 -0.10 0.04 24
! 92 4 15 39.92 0.09 39.86 0.10 -0.06 0.17 24
| 92 4 16 39.85 0.13 39.89 0.10 0.04 0.19 24
' 92 4 17 40.16 0.30 40.09 0.25 -0.07 0.21 24

92 4 18 40.04 0.10 40.01 0.14 -0.02 0.13 24
92 4 19 39.96 0.10 39.89 0.05 -0.07 0.11 24
92 4 20 39.90 0.01 39.89 0.05 -0.01 0.05 24
92 4 21 39.63 0.32 39.94 0.11 0.32 0.23 24
92 4 22 38.94 0.10 39.30 0.25 0.36 0.20 24
92 4 23 38.95 0.20 38.96 0.13 0.01 0.11 24
92 4 24 39.95 0.34 40.40 1.02 0.45 0.88 24
92 4 25 41.67 0.65 41.80 0.71 0.12 0.35 24
92 4 26 41.35 0.16 41.33 0.06 -0.02 0.19 24
92 4 27 41.28 0.19 41.44 0.27 0.15 0.21 24
92 4 28 41.46 0.05 41.39 0.08 -0.06 0.06 24
92 4 29 41.48 0.03 41.32 0.05 -0.15 0.04 24
92 4 30 40.92 0.58 41.26 0.07 0.34 0.53 24

MEAN S.DEV MEAN- S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

39.66 0.21 39.72 0.21 0.06 709

.

|



, . . ___ . . . . - . _

,

n

MONTHLY SUMMARY STATIONS DSUP & T7UP i

.

|
'

DATE MEAN S.DEV MEAN S.DEV MEAN .S.DEV N

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
:

92 5. 1 DATA MISSING FOR THIS DAY l

92 5 2 DATA MISSING FOR THIS DAY !

92 5 3 DATA MISSING FOR THIS DAY
*

92 5 4 DATA MISSING FOR THIS DAY
92 5- 5 DATA MISSING.FOR THIS DAY ;

92 5 6. DATA MISSING FOR THIS DAY ;

92 5 7 DATA MISSING FOR THIS DAY
92 5 8 DATA MISSING FOR THIS DAY
92 5 9 DATA MISSING FOR THIS DAY
92 5 10 DATA MISSING FOR THIS DAY ;

!
92 5 11 DATA MISSING FOR THIS DAY '

92 5 12 DATA MISSING FOR THIS DAY
92 5 13 DATA MISSIUG FOR THIS DAY !

92 5 14 51.23 2.36 50.55 0.77 -0.68 2.64 19 i

l92 5 15 49.99 0.40 51.26 1.05 1.27. 1.00 24
92 5 16 49.68 0.28 50.68 0.60 1.00 0.79 24 j
92 5 17 50.20 0.54 50.78 0.95 0.58 0.56 .24 ;

92 5 18 48.45 0.44 48.83 0.55 0.38 0.53 24 ;
|

92 5 19 48.90 0.60 50.47- 1.06 1.53 0.88 24
92 5 20 50.63 1.73 50.52 1.27 -0.11 1.09 24

'

92 5 21 52.05 1.02 50.13 1.55 -1.92 1.77 24
92 5 22 53.11 1.42 49.69. 1.49 -3.42 1.33 24 i

92 5 23 53.28 1.17 50.94 2.38 -2.34 2.22 24 ;

92 5 24 50.18 0.42 51.08-. 1.68 0.90 1.66 24 !

92 5 25 48.63 0.58 51.53 1.69 2.90' 1.56 24 :

92 5 26 48.25 0.42 51.22 0.67 2.97 0.37' 24 |

92 5 27 49.41 0.70 52.43 0.26 3.02 0.62. 24
92 5 28 51.01 0.81- 52.51 0.69 1.50 0.92 24
92 5 29 52.27 0.94 52.17 0.73 -0.10 0.84 24
92 5 30 52.14 0.48 51.95 0.84 -0.19 0.91 24 1

92 5 31 .51.22 0.49 50.09 0.71' -1.13 0.84 24
,

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

!
' 50.94 1.05 50.58 0.82 0.36 427

|

1

!

.

I

l
, - __ _ _ . _ _ , . __ .'
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MONTHLY SUMMARY STATIONS T7DP & IDUP '

'

1

'

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7)- (ID) (ID) (ID-T7) (ID-T7) ;

92 5 1 DATA MISSING FOR THIS DAY. t

I

92 5 2 DATA MISSING FOR THIS DAY
92 5 3 DATA MISSING FOR THIS DAY
92 5 4 DATA MISSING FOR THIS DAY

|'92 5 5 DATA MISSING FOR THIS DAY
92 5 6 DATA MISSING FOR THIS DAY |
92 5 7 DATA MISSING FOR THIS DAY
92 5 8 DATA MISSING FOR THIS DAY j

92 5 9 DATA MISSING FOR THIS DAY
92 5 10 DATA MISSING FOR THIS DAY :

92 5 11 DATA MISSING FOR THIS DAY !

92 5 12 DATA MISSING FOR THIS DAY }

92 5 13 DATA MISSING FOR THIS DAY ,

92 5 14 51.78 2.15 51.18 1.41 -0.59 3.19 16 :

92 5 15 49.99 0.40 48.74 0.60 -1.26 0.62 24 ;

92 5 1G 49.68 0.28- 47.62 1.05 -2.06 1.14 24 L

92 5 17 50.20 0.54 49.57 1.72 -0.63 1.53 24 !

92- 5 18 48.45 0.44 47.06 1.10 -1.39 1.21 24 ,

92 5 19 48.90 0.60- 46.81 2.22 -2.09 2.06 24 i

92 5 20 50.63 1.73 47.71 2.17 -2.93 2.11 24 ,

92 5 21 52.05 1.02 49.14 1.99 -2.91 1.57 24 i

92 5 22 53.11 1.42 49.66 2.21 -3.45 2.45 24
92 5 23 53.28 1.17 50.84 2.12 -2.45 2.09 24
92 5 24 50.18 0.42 47.74 2.44 -2.44 2.49 24 t

92 5 25 48.63 0.58 47.70 1.70 -0.93 2.17 24 t

i 92 5 26 48.25 0.42 48.65 0.56 0.40 0.47 24 ;

92 5 27 49.41 0.70 50.62 1.44 1.21 1.50 24
92 5 28 51.01 0.81 50.40 1.07 -0.61 0.99 24
92 5 29 52.27 0.94 51.33 0.91 -0.94 .1.21 24
92 5 30 52.14 0.48 51.22 0.93 -0.91 0.91 24
92 5 31 51.22 0.49 50.16 0.65 -1.06 0.85 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

| 50.60 0.81 49.19 1.46 -1.41 424 ;

i
|
: i

t
,

| ,

i

i

'

t

!

! :
i

!
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,
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1

MONTHLY SUMMARY STATIONS T7MD & IDMD ]
'

!
l

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N |
'

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) i
!

92 5 1 DATA MISSING FOR THIS DAY !
'

92 5 2 DATA MISSING FOR THIS DAY
92 5 3 DATA MISSING FOR THIS DAY
92 5 4 DATA' MISSING FOR THIS DAY
92 5 5 DATA MISSING FOR THIS DAY 1

92 5 6 DATA MISSING FOR THIS DAY !
92 5 7 DATA MISSING FOR THIS DAY ;

92 5 8 DATA MISSING FOR THIS DAY
92 5 9 DATA MISSING FOR THIS DAY .

92 5 10 ' DATA MISSING FOR THIS DAY !

92 5 11 DATA MISSING FOR THIS DAY' I

92 5 12 DATA MISSING FOR THIS DAY !3

92 5 13 DATA MISSING FOR THIS DAY ;

92 5 14 49.30 3.71 47.53 0.70 -1.77 3.52 16 !

92 5 15 48.12 0.80 48.34 1.43 0.22 0.75- 24 i

92 5 16 47.32 1.49 47.23 1.76 -0.09 1.83 24 !

92 5 17 45.75 0.60 45.50 0.56 -0.25 0.84 24 !
; 92 5 18. 45.16 0.56 44.99 0.39 -0.18 0.37 24 I

92 5 19 47.57 0.85 47.64 1.03 0.07 0.57 24 !
92 5 20 44.94 -0.87 45.09 1.55 0.14 1.13 24 _j
92 5 21 43.74 1.01 43.63 1.11 -0.11 0.66' 24 '

92 5 22 42.69 0.29 42.92 0.42. 0.23- 0.46 24~ ;

| 92 5 23 42.45 0.19 42.64 0.63 0.20 0.58 24 ;

92 5 24 46.37 3.90 46.51 4.18 0.14 0.77 24 !

92 5 25 47.86 0.57 48.48 1.18- 0.62 1.12 24 f
'92 5 26 48.34 0.45 48.07 0.65- -0.26 0.38 24

92 5 27 49.38 0.69 49.17 0.28 -0.21 0.49 24 7

92 5 28 49.31 0.56 49.51 1.15 0.20 1.10 24 i

92 5 29 47.97 0.30 48.15 1.13 0.18 1.04 24 ;
92 5 30 48.12 0.52 47.97 0.53 -0.15 0.59 24 1

92 5 31 46.05 0.76 45.89 1.17 -0.16 0.85 24 *

$
\
iMEAN S.DEV MEAN S.DEV MEAN N

(T7) (T7) (ID) (ID) (ID-T7) j

46.64 1.01 46.61 1.10 -0.03 424

i

,
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MONTHLY SUMMARY STATIONS T7LO & IDLO '!
'

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
92 5 1 39.87 0.21 40.58 0.44 0.71 0.60 24 !
92 5 2 40.56 0.78 40.70 0.64 0.13 0.46 24 |
92 5 3 40.91 0.65 40.95 0.50 0.04 0.71- 24 !

92 5 4 40.87 0.50 40.77 0.34 -0.11 0.28 24
92 5 5 43.11 1.45 43.62 1.85 0.51 0.82 24 .

!

92 5 6 44.25 0.68 44.01 0.64 -0.24 0.31 24
92 5 7 44.12 0.29 44.46 0.53 0.35 0.61 24
92 5 8 43.70 0.88 43.94 0.30 0.23 0.89 24 !

'
! 92 5 9 43.71 1.19 43.89 0.89 0.19 1.52 24
i 92 5 10 45.15 1.06 44.22 1.14 -0.93 0.53 24 ;

92 5 11 45.37 0.64 45.23 0.77 -0.14 0.75 24
92 5 12 44.82 1.03 44.73 0.37 -0.09 1.05 24
92 5 13 43.44 2.11 44.91 0.85 1.47 1.94 24
92 5 14 43.28 3.10 42.24 0.52 -1.04 3.12 24 !-

92 5 15 41.54 0.39 41.96 0.48 0.42 0.52 24
| 92 5 16 41.90 0.67 42.03 0.58 0.13 0.46 24

,

! 92 5 17 42.84 0.82 42.71 0.50 -0.14 0.50 24
1 92 5 18 42.14 0.57 42.42 0.67 0.28 0.63 24

92 5 19 42.70 0.74 42.24 0.36 -0.46 0.71 24'
92 5 20 41.12 0.21 41.51 0.40 0.39 0.40 24 .

92 5 21 40.70 0.26 41.09 0.16 0.39 0.25 24
'

| 92 5 22 40.88 0.16 41.09 0.22 0.21 0.26 24
' 92 5 23 40.73 0.10 40.95 0.26 0.22 0.21 24

,

92 5 24 41.34 1.22 42.09 2.72 0.74 2.33 24
,

92 5 25 45.41 0.87 46.49 1.47 1.08 1.41 24
92 5 26 47.47 0.65 46.93 0.62 -0.54 0.53 24 i

92 5 27 47.15 1.25 47.72 0.52 0.57 1.49 24
92 5 28 45.63 0.71 44.90 0.49- -0.73 0.76 24

| 92 5 29 44.35 1.08 44.39 0.34 0.04 1.00 24 !

92 5 30 41.61 0.63 43.48 1.01 1.87 0.87 24'

92 5 31 41.02 0.14 41.53 0.32 0.52 0.29 24

'

MEAN S.DEV MEAN S.DEV MEAN N '

; (T7) (T7) (ID) (ID) (ID-T7)
42.96 0.81 43.15 0.67 0.20 744

|

|

|

i
__ -



MONTHLY SUMMARY STATIONS DSUP & T7UP
,

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

92 6 1 50.97 0.28 51.22 0.58 0.25 0.72 24
92 6 2 52.38 1.12 54.12 0.89 1.74 1.52 24
92 6 3 51.26 0.51 53.23 0.47 1.98 0.68 24 ,

92 6 4 53.19 1.06 53.29 1.05 0.10 0.98 24 '

92 6 5 52.60 0.29 52.67 0.30 0.07 0.28 24
!92 6 6 53.22 0.39 55.56 1.24 2.34 1.17 24

92 6 7 54.40 1.47 56.08 0.42 1,68 1.30 24
92 6 8 56.06 1.47 55.17 0.70 -0.89 1.03 24

'

92 6 9 55.19 0.63 56.08 0.54 0.89 1.03 24
92 6 10 54.03 0.85 56.80 0.65 2.77 1.18 24
92 6 11 55.17 0.88 56.52 0.79 1.35 0.49 24 .

'92 6 12 55.08 0.91 55.75 0.69 0.67 0.98 24
92 6 13 53.68 0.58 54.05 0.66 0.37 0.85 24 |
92 6 14 52.29 1.17 52.86 0.79 0.57 1.08 24

'

92 6 15 52.29 1.20 53.09 1.29 0.80 0.81 24
92 6 16 53.72 0.99 54.31 0.77 0.59 1.22 24
92 6 17 55.04 1.18 54.27 1.16 -0.76 1.28 24 ,

92 6 18 55.94 1.05 54.26 0.93 -1.69 1.13 24
92 6 19 51.16 1.08 51.50 0.37 0.34 1.01 24
92 6 20 51.10 0.85 51.34 0.68 0.24 0.73 24
92 6 21 52.76 1.34 51.31 1.21 -1.46 1.05 24 ,

92 6 22 53.34 1.99 51.19 0.90 -2.15 1.91 24
92 6 23 51.28 0.74 52.03 0.54 0.75 0.49 24
92 6 24 51.30 0.41 53.14 0.42 1.84 0.71 24
92 6 25 52.33 0.95 52.00 0.60 -0.32 0.88 24
92 6 26 53.40 0.96 52.54 1.11 -0.86 1.22 24
92 6 27 53.83 1.18 51.92 0.73 -1.91 1.06 24
92 6 28 54.77 1.18 52.92 0.78 -1.85 1.30 24
92 6 29 55.37 1.28 53.39 0.74 -1.98 0.87 24 |
92 6 30 52.07 1.43 52.01 0.68 -0.06 1.11 24

,

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

53.49 0.76 53.31 0.98 0.18 720
i

.
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MONTHLY SUMMARY STATIONS T7UP & IDUP -

t

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) ;

'

92 6 1 50.97 0.28 50.70 0.25 -0.27 0.21 24
92 6 2 52.38 1.12 51.13 1.00 -1.25 1.12 24 i

92 6 3 51.26 0.51 51.31 1.07 0.05 0.90 24
92 6 4 53.19 1.06 52.26 1.27 -0.93 0.91 24 i
92 6 5 52.60 0.29 52.79 0.72 0.19 0.87 24 '

92 6 6 53.22 0.39 52.08 0.40 -1.14 0.72 24 [
| 92 6 7 54.40 1.47 52.89 0.81 -1.51 1.09 24 >

92 6 8 56.06 1.47 54.39 0.72 -1.67 1.38 24
92 6 9 55.19 0.63 54.67 0.74 -0.52 0.55 24 i

92 6 10 54.03 0.85 54.76 1.00 0.73 0.91 24
92 6 11 55.17 0.88 55.67 0.97 0.50 0.79 24
92 6 12 55.08 0.91 56.41 0.77 1.33 1.19 24
92 6 13 53.68 0.58 53.28 0.77 -0.40 0.95 24 i

92 6 14 52.29 1.17 51.64 0.88 -0.64 1.14 24 ,

92 6 15 52.29 1.20 52.43 1.42 0.14 0.97 24
92 6 16 53.72 0.99 53.65 1.07 -0.07 1.12 24 i

i 92 6 17 55.04 1.18 55.38 0.96 0.34 1.03 24 (
| 92 6 18 55.94 1.05 54.81 1.44 -1.13 1.06 24 |

'

| 92 6 19 51.16 1.08 49.91 1.13 -1.25 1.18 24
| 92 6 20 51.10 0.85 50.04 0.84 -1.06 0.78 24
! 92 6 21 52.76 1.34 51.71 1.66 -1.05 1.05 24 :

'
92 6 22 53.34 1.99 53.26 1.91 -0.08 1.53 24

i

! 92 6 23 51.28 0.74 51.47 1.27 0.19 1.01 24 ;

92 6 24 51.30 0.41 52.15 0.65 0.85 0.61 24 ;

92 6 25 52.33 0.95 52.03 0.78 -0.30 0.75 24
92 6 26 53.40 0.96 53.14 1.22 -0.26 1.06 24

| 92 6 27 53.83 1.18 53.14 0.52 -0.69 1.29 24
!

! 92 6 28 54.77 1.18 52.83 0.48 -1.94 1.25 24
92 6 29 55.37 1.28 53.50 0.81 -1.87 1.64 24 ;

92 6 30 52.07 1.43 50.93 0.92 -1.14 1.21 24
'

|

!
MEAN S.DEV MEAN S.DEV MEAN N |

(T7) (T7) (ID) (ID) (ID-T7) !
i
'

53.31 0.98 52.81 0.95 -0.49 720

!

| |
! i

! l
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MONTHLY SUMMARY STATIONS T7MD & IDMD
.

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

92 6 1 50.10 1.99 50.26 1.47 0.16 0.59 24 |
'

92 6 2 50.31 0.47 50.47 0.70 0.15 0.66 24
92 6 3 49.83 0.53 49.88 0.56 0.05 0.38 24 !

92 6 4 48.82 0.93 48.76 1.17 -0.06 1.01 24 1

92 6 5 52.66 0.75 52.19 1.07 -0.47 0.78 24
92 6 6 52.68 0.62 52.49 0.51 -0.19 0.39 24
92 6 7 52.36 0.77 52.41 0.58 0.05 0.64 24
92 6 8 51.36 0.42 50.84 0.24 -0.53 0.51 24
92 6 9 51.65 0.90 51.62 0.61 -0.03 0.76 24
92 6 10 52.76 1.22 52.54 0.95 -0.22 0.78 24
92 6 11 52.49 0.87 52.31 1.35 -0.18 0.90 24
92 6 12 50.69 0.38 50.23 0.42 -0.46 0.27 24 [
92 6 13 49.30 0.40 49.22 0.44 -0.07 0.40 24
92 6 14 48.28 0.20 48.19 0.23 -0.09 0.27 24

| 92 6 15 49.71 1.63 48.82 1.36 -0.90 0.95 24 ,

92 6 16 51.00 0.89 50.58 0.75 -0.41 0.64 24 ;

92 6 17 49.86 0.62 49.42 0.63 -0.44 0.69 24
92 6 18 48.75 0.62 48.65 1.00 -0.10 0.57 24 '

92 6 19 47.12 0.64 47.03 0.90 -0.09 0.78 24
92 6 20 46.40 0.30 46.17 0.41 -0.23 0.42 24>

'

92 6 21 46.72 0.52 46.43 0.74 -0.30 0.45 24 i

92 6 22 47.08 0.80 47.05 1.29 -0.03 1.03 24
92 6 23 48.35 0.93 48.42 0.97 0.08 0.92 24
92 6 24 49.68 0.72 49.27 0.53 -0.41 0.52 24

,

'
92 6 25 48.80 0.86 48.04 0.66 -0.76 0.49 24

'92 6 26 48.44 1.52 47.49 1.65 -0.95 1.11 24
92 6 27 48.29 0.62 47.31 0.65 -0.98 0.51 24 '

92 6 28 49.08 0.79 48.37 0.67 -0.71 0.86 24 -

92 6 29 49.17 0.70 49.03 0.49 -0.15 0.60 24 ,

92 6 30 47.03 0.61 46.65 0.78 -0.38 0.74 24 ;

I

MEAN S.DEV MEAN S.DEV MEAN N !
(T7) (T7) (ID) (ID) (ID-T7) t

49.63 0.77 49.34 0.79 -0.29 720

!

!

,
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' '

MONTHLY SUMMARY STATIONS T7LO & IDLO
.

<

l

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N ;

I (T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
'

92 6 1 45.72 3.78 44.81 3.42 -0.90' 2.03 24
92 6 2 47.49 1.69 48.17 1.28 0.68 2.34 24
92 6 3 44.68 1.42 44.99 1.44 0.32 1.75 24
92 6 4 43.84 0.75 43.87 0.51 0.03 0.78 24 i

92 6 5 49.87 3.31 49.62 3.03 -0.26 2.23 24 >

'

92 6 6 50.97 0.81 51.41 0.65 0.44 0.71 24
92 6 7 49.84 0.81 50.34 0.20 0.50 0.78 24 .

92 6 8 48.77 0.18 48.74 0.28 -0.03 0.30 24 !
92 6 9 49.11 0.27 48.90 0.37 -0.20 0.21 24

~

92 6 10 49.31 0.26 49.37 0.35 0.06 0.31 24
92 6 11 48.99 0.38 49.02 0.18 0.03 0.45 24
92 6 12 47.90 0.56 48.53 0.35 0.64 0.49 24
92 6 13 46.33 0.26 46.81 0.56 0.48 0.44 24
92 6 14 46.57 0.17 46.32 0.24 -0.25 0.31 24 !
92 6 15 46.84 0.62 46.73 0.45 -0.11 0.63 24
92 6 16 46.47 0.29 46.41 0.47 -0.05 0.51 24 i

92 6 17 45.74 0.44 46.11 0.19 0.37 0.40 24 !

92 6 18 46.01 0.34 45.94 0.36 -0.07 0.39 24 !

92 6 19 44.37 0.52 45.09 0.46 0.72 0.36 24 I

92 6 20 43.77 0.20 44.11 0.15 0.33 0.19 24
92 6 21 44.05 0.42 44.17 0.44 0.12 0.42 24
92 6 22 44.51 0.27 44.39 0.33 -0.13 0.33 24 :

92 6 23 44.63 0.33 44.81 0.25 0.18 0.27 24 !

92 6 24 46.10 0.63 45.85 0.73 -0.26 0.59 24
92 6 25 44.55 0.70 45.07 0.43 0.52 0.60 24
92 6 26 44.22 0.42 44.56 0.42 0.34 0.64 24 ;

92 6 27 44.76 0.38 44.95 0.60 0.19 0.76 24 |

92 6 28 44.60 0.21 45.04 0.29 0.44 0.45 24 ;

92 6 29 45.13 0.37 44.98 0.32 -0.15 0.35 24 i

92 6 30 44.70 0.21 44.86 0.26 0.16 0.23 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

! 46.33 0.70 46.47 0.63 0.14 720

!
i
,

|-
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!

MONTHLY SUMMARY STATIONS DSUP & T7UP !.

;

- !
!

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7) !

;

92 7 1 52.53 1.85 51.56 1.14 -0.97 1.23 24
92 7 2 53.77 0.74 54.03 1.24 0.26 0.79 24
92 7 - 3 54.27 0.63 54.54 1.22 0.27 1.14 24
92 -7 4 52.99 0.76 53.69 0.91 0.70 0.64 24
92 7 5 52.54 0.51 53.17 1.12 0.63 0.93 24 6

92 7 6 54.40 0.92 54.25 0.84 -0.14 0.97 24 !
92 7 7 55.14 0.70 55.49 0.81 0.35 0.64 24 :

92 7 8 56.01 0.74 55.13 1.83 -0.88 2.06 24 !

92 7 9 54.14 1.80 54.25 2.35 0.11 1.07 24
!92 7 10 52.87 0.85 53.67 1.35 0.81 0.82 24

92 7 11 55.74 1.55 55.67 1.91 -0.07 1.07 21 :

i 92 7 12 DATA MISSING FOR THIS DAY !
| 92 7 13 DATA MISSING FOR THIS DAY |
; 92 7 14 56.80' O.13 56.23- 0.41 -0.57 0.52 4 |

92 7 15 57.01 0.26 58.68 0.71 1.68 0.51 24 |
l 92 7 16 57.98 0.88 59.67 l'20 1.69 0.59' 24.

i 92 7 17 58.84 0.65 60.26 0.44 1 42 0.98 20
| 92 7 18 60.55 1.24 59.55 0.94 -0.99 1.09 24
! 92 7 19 62.79 1.08 60.63 1.10 -2.16 1.15 24

92 7 20 64.83 0.68 62.78 1.23 -2.05 1.13 21
92 7 21 62.43 0.19 59.32 0.22 -3.11 0.30 4 :

92 7 22 63.20 0.74 61.97 1.63 -1.23 1.23 20 |
| 92 7 23 61.77 0.31 59.63 1.20 -2.14 1.32 24 ;

! 92 7 24 61.91 1.03 60.13 1.86 -1.78 1.69 24
92 7 25 62.03 0.62 59.63 1.91 -2.40- 1.59- 24 -

| 92 7 26 60.69 0.70 57.09 1.43 -3.60 1.41 24 |
| 92 7 27 56.69 0.79 55.86- 1.14 -0.83 1.10 24 :

92 7 28 55.38 1.38 54.95 1.05 -0.43 0.82 24 i
'92 7 29 57.72 1.04 56.01 1.02 -1.71 0.86 24

92 7 30 57.14 1.99 55.48 2.04 -1.65 0.55 12
92 7 31 60.57 0.40 58.88 2.68 -1.69 2.45 19

T

I

MEAN S.DEV MEAN S.DEV MEAN N !
(DS) (DS) (T7) (T7) (DS-T7) i

| 56.86 1.27 57.48 0.87 -0.62 625
l

I
| |

i
'

|

|
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!
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MONTHLY SUMMARY STATIONS T7UP & IDUP
-

,

>,

\|

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N ,

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) {
!

92 7 1 52.53 1.85 49.99 1.15 -2.54 1.46 24
92 7 2 53.77 0.74 52.55 1.50 -1.21 1.06 24
92 7 3 54.27 0.63 53.30 0.81 -0.98 1.12 24 !

| 92 7 4 52.99 -0.75 53.30 0.55 0.'31 0.45 24 !

92 7 5 52.54 0 . 5 '. 53.32 0.74 0.78 0.83 24 |
'

92 7 6 54.40 0.92 54.49 0.95 0.09 0.71 24 !

92 7 7 55.14 0.70 55.51 0.78 0.37 1.00 24 i

92 7 8 56.01 0.74 56.73 1.10 0.72 0.84 24 i

92 7 9 54.14 1.80 54.65 2.54 0.50 1.76 '24 |

92 7 10 52.87 0.85 53.79 1.52 0.92 1.62 24
92 7 11 55.74 1.55 55.90 1.65 0.16 0.62 21

'
92 7 12 DATA MISSING FOR THIS DAY

| 92 7 13 DATA MISSING FOR THIS DAY i

92 7 14 56.80 0.13 56.69 0.35 -0.12 -0.46 4'

92 7 15 57.01 0.26 57.05 0.54 0.04 0.50 24 L

92 7 16 57.98 0.88 58.20 1.01 0.22 0.83 .24
92 7 17 58.89 0.61 59.45 1.30 0.56 1.04 24
92 7 18 60.55 1.24 61.25 1.82 0.70 0.99 24 :

92 7 19 62.79 1.08 62.53 1.76 -0.26 1.89 24
92 7 20 64.83 0.68 61.91 2.91 -2.92 2.65 21
92 7 21 62.43 0.19 60.39 0.68 -2.04 0.50 4 ,

92 7 22 63.30 0.72 63.57 2.38 0.28 2.05 24 r

| 92 7 23 61.77 0.31 60.30 1.40 -1.47 1.30 24 !

92 7 24 61.91 1.03 61.70 2.53 -0.21 2.08 24
92 7 25 62.03 0.62 62.67 1,66 0.65 1.25 24
92 7 26 60.69 0.70 59.95 1.68 -0.74 -1.21 24 >

| 92 7 27 56.69 0.79 56.58 1.66 -0.11 1.30 24
l 92 7 28 55.38 1.38 57.67 2.08 2.28 1.51 24
l 92 7 29 57.72 1.04 58.65 2.27 0.93 1.91 24

92 7 30 57.80 1.95 59.20 3.60 1.40 2.02 18
j92 7 31 60.80 0.61 62.31 1.32 1.51 0.94 24

i MEAN S.DEV MEAN S.DEV MEAN N
i (T7) (T7) (ID) (ID) (ID-T7)
, !

! 57.57 0.87 57.63 1.53 0.06 644 :

!
i

!

1

!

;

,
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r
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MONTHLY LSUMMARY STATIONS T7MD E . IDMD.

:.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) . (ID-T7) |
1

1

i 92 7 l' 47.51 0.98 46.75 0.84 -0.76 0.82 24 !
J 92 7 2 50.50 1.41 50.03 1.32' -0.47 .1.39 24 j

92 7 3 50.88 1.43 50.27 1.31 -0.61 0.78 24- ;
;

92 7 4 49.36 1.25 49.10 1.02 -0.26 0.77 24- |

92 7 5 50.52 1.60 49.15 1.32. -1.37 1.06 24 !

92 7 6 50.79- 0.63 50.21 0.70 -0.57 0.92 24 !

92 7 7 51.98 1.05 51.16 0.89 -0.82 0.64 24 |
92 7 8 52.64 0.92 52.12 0.86 -0.51 0.84- 24 )

92 7 9 50.12 2.12 49.91 2.08 -0.21- 0.69 24 i

92 7 10 50.15 1.59 49.69. 2.00 -0.46 1.35 ~24 !

92 7 11 52.37 1.34 51.19 1.41 -1.18 . 0.72 .21
92 7 12 DATA MISSING FOR THIS DAY'
92 7 13 DATA MISSING FOR THIS DAY
92 7 14 53.09 0.44 52.15 1.27 -0.94 1.70 4

92 7 15 55.83 0.79 55.21 0.87 -0.61 0.67 24
. 92 7 16 56.35 1.56 56.18 1.69 -0.17 0.76- 24

92 7 17 57.20 0.58 56.45 0.90 -0.75 0.84 .24'

92 7 18 55.12 1.45 54.27 1.36 -0.85 0.80 24 i

92 7 19 54.84 1.05 54.34 1.12 -0.50 1 18 24 |.d

- 92 7 20 56.05 1.05 55.11 2.17 -0.94 2.12 21~
)

92 7 21 52.60 0.38 51.32 0.34 -1.28 0.;23 4

92 7 22 55.04 1.80 54.14 2.20 -0.90 0.96 24
92 7 23 53.52 1.30 52.10 1.07 -1.41 0.95 24 t

'

92 7 24' 53.94 1.52 53.68 1. ;B 5 --0.26 1.18 24 :

92 7 25 53.38 1.23 52.75 1.46. -0.63 1.22 24
92 7 26 51.92 0.86 51.14 1.09 -0.77 0.80- 24
92 7 27 50.08 0.75 49.65 0.57 -0.42 0.62 24.

92 7 28 50.22- 1.33 49.37 1.14 -0.85 1.31 -24 ;

92 7 29 50.83 1.14 50.54 1.09 -0.29 0.85 24 I

92 7 30 49.53 0.82 49.05 0.57 -0.48 0.74 .18 |
92 7 31 52.46. .3.33 51.59 2.25 -0.87 1.38 24 :

>

1

MEAN S.DEV MEAN S.DEV MEAN N !

(T7) (T7) (ID) (ID) (ID-T7) ;

i

52.35 1.23 51.68 1.27 -0.67 644 i
:

; ;
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MONTHLY SUMMARY STATIONS T7LO & IDLO
>

.

!

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

92 7 1 44.87 0.31 45.01 0.45 0.14 0.64 24 <

92 7 2 45.17 0.30 45.52 0.66 0.35 0.59 24 [
92 7 3 46.03 0.63 46.03 0.64 0.00 0.63 24 i

92 7 4 46.68 0.46 46.60 0.50 -0.09 0.36 24 ;

92 7 5 45.81 0.75 45.88 0.33 0.08 0.79 24 :

92 7 6 46.82 0.48 46.98 0.72 0.15 0.51 24
92 7 7 47.69 0.90 47.52 0.64 -0.17 1.17 24
92 7 8 48.14 0.46 48.48 0.84 0.34 1.10 24 i

92 7 9 46.74 1.18 47.13 1.15 0.39 0.53 24 '

92 7 10 45.88 0.40 46.03 0.72 0.15 0.88 24
92 7 11 47.35 0.65 46.98 0.34 -0.37 0.71 21
92 7 12 DATA MISSING FOR THIS DAY

'

92 7 13 DATA MISSING FOR THIS DAY
92 7 14 47.89 0.12 47.95 0.47 0.06 0.46 4
92 7 15 49.37 0.65 49.52 1.14 0.15 1.14 24
92 7 16 49.80 1.62 49.45 0.64 -0.36 1.56 24 .

'
92 7 17 50.05 1.25 50.70 1.34 0.65 1.77 24
92 7 18 47.60 0.51 48.29 0.71 0.69 0.87 24
92 7 19 48.23 0.90 48.30 0.78 0.08 0.96 24
92 7 20 49.00 0.65 49.50 0.75 0.50 0.68 21
92 7 21 47.84 0.20 47.81 0.43 -0.03 0.62 4
92 7 22 47.91 0.52 48.32 0.67 0.41 0.54 24 ;

92 7 23 47.96 0.38 48.39 0.69 0.44 0.66 24
92 7 24 48.35 0.44 48.50 0.50 0.15 0.70 24 i

92 7 25 48.32 0.29 48.51 0.45 0.19 0.58 24 -

92 7 26 47.56 0.27 48.05 0.34 0.49 0.46 24 '

92 7 27 46.38 0.56 47.23 0.46 0.85 0.72 24
92 7 28 45.83 0.49 46.43 0.56 0.60 0.96 24
92 7 29 46.26 0.66 46.82 0.59 0.55 0.74 24
92 7 30 46.22 0.29 46.74 0.44 0.51 0.55 18
92 7 31 47.26 0.87 47.47 0.60 0.20 0.82 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

47.31 0.59 47.57 0.64 0.26 644

i
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t
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MONTHLY SUMMARY STATIONS DSUP & T7UP
.

1

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

1992 8 1 55.85 4.01 56.67 2.39 0.82 2.40 21
1992 8 2 52.78 1.28 55.18 0.70 2.40 1.17 23
1992 8 3 52.46 0.84 55.02 0.68 2.56 0.78 24
1992 8 4 53.18 0.66 54.99 0.72 1.81 0.63 17
1992 8 5 51.48 0.82 53.56 0.61 2.09 0.89 16
1992 8 6 53.55 1.84 54.48 1.00 0.93 1.51 24
1992 8 7 55.35 1.13 55.35 1.14 0.00 1.10 22
1992 8 8 56.60 0.65 56.35 0.97 -0.25 0.65 24
1992 8 9 57.10 0.39 56.36 0.90 -0.73 0.73 24
1992 8 10 56.56 0.68 59.61 0.40 3.05 0.88 24
1992 8 11 57.11 0.48 57.35 0.71 0.24 0.78 23
1992 8 12 58.30 0.90 58.27 1.20 -0.03 0.92 24
1992 8 13 58.30 0.38 61.01 0.83 2.71 0.82 24
1992 8 14 59.10 0.86 62.48 0.48 3.37 0.99 24
1992 8 15 59.62 0.32 62.62 0.77 3.00 0.88 20
1992 8 16 59.30 0.05 63.03 1.75 3.73 1.74 12
1992 8 17 59.70 0.31 64.33 0.37 4.63 0.30 24
1992 8 18 60.46 0.59 64.89 0.32 4.44 0.57 24
1992 8 19 61.02 0.58 64.30 0.41 3.27 0.80 24
1992 8 20 60.36 0.31 63.47 0.48 3.11 0.56 24
1992 8 21 61.19 0.69 63.84 0.86 2.66 0.93 24
1992 8 22 62.09 0.81 63.53 0.71 1.44 0.80 24
1992 8 23 63.40 0.80 64.05 1.23 0.65 1.29 24
1992 8 24 63.85 1.25 63.49 1.20 -0.36 0.97 24
1992 8 25 62.05 1.58 62.39 1.27 0.34 1.05 24
1992 8 26 63.93 1.69 63.06 2.08 -0.87 1.33 24
1992 8 27 65.86 0.47 66.48 0.91 0.62 0.93 24
1992 3 28 64.93 1.33 63.28 1.47 -1.65 1.98 24
1992 8 29 57.11 2.45 58.44 1.97 1.33 0.94 18
1992 8 30 53.75 1.75 56.57 1.33 2.82 0.92 24
1992 8 31 51.28 1.40 54.90 1.07 3.62 1.03 24

1

MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (DS-T7)

!

60.09 1.00 58.45 1.01 1.63 700 l

;

Prepared by kb
Reviewed b

-
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MONTHLY SUMMARY STATIONS T7UP & IDUP
,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
1992 8 1 DATA MISSING FOR THIS DAY
1992 8 2 DATA MISSING FOR THIS DAY
1992 8 3 DATA MISSING FOR THIS DAY
1992 8 4 DATA MISSING FOR THIS DAY
1992 8 5 DATA MISSING FOR THIS DAY
1992 8 6 DATA MISSING FOR THIS DAY
1992 8 7 DATA MISSING FOR THIS DAY
1992 8 8 DATA MISSING FOR THIS DAY
1992 8 9 DATA MISSING FOR THIS DAY
1992 8 10 DATA MISSING FOR THIS DAY
1992 8 11 DATA MISSING FOR THIS DAY
1992 8 12 DATA MISSING FOR THIS DAY
1992 8 13 DATA MISSING FOR THIS DAY
1992 8 14 DATA MISSING FOR THIS DAY
1992 8 15 DATA MISSING FOR THIS DAY
1992 8 16 DATA MISSING-FOR THIS DAY
1992 8 17 DATA MISSING FOR THIS DAY
1992 8 18 DATA MISSING FOR THIS DAY
1992 8 19 DATA MISSING FOR THIS DAY
1992 8 20 DATA MISSING FOR THIS DAY
1992 8 21 DATA MISSING FOR THIS DAY
1992 8 22 DATA MISSING FOR THIS DAY
1992 8 23 DATA MISSING FOR THIS DAY
1992 8 24 DATA MISSING FOR THIS DAY
1992 8 25 DATA MISSING FOR THIS DAY
1992 8 26 DATA MISSING FOR THIS DAY
1992 8 27 DATA MISSING FOR THIS DAY
1992 8 28 DATA MISSING FOR THIS DAY
1992 8 29 DATA MISSING FOR THIS DAY
1992 8 30 DATA MISSING FOR THIS DAY
1992 8 31 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

53.06 1.60 DATA MISSING FOR THIS DAY

!

? |

| !

,
Prepared by > ;

| _-v |

Reviewed b pO15t
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MONTHLY SUMMARY STATIONS T7MD & IDMD

.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
1992 8 1 50.05 1.57 49.63 0.90 -0.42 1.12 24
1992 8 2 49.27 0.60 49.30 1.06- 0.03 0.64 24
1992 8 3 48.95 0.32 48.82 0.46 -0.12 0.46 24-
1992 8 4 48.87 0.47 48.43 0.51 -0.44 0.44 21
1992 8 5 48.49 0.55 48.07 0.68 -0.42 0.73 16
1992 8 6 48.96 0.56 48.40 0.83 -0.56 0.69 24
1992 8 7 50.63 0.80 49.78 0.85 -0.85 0.70 24 i

1992 8 8 50.58 0.78 50.35 0.80 -0.23 0.79 24
1992 8 9 51.01 0.91 50.75 0.73 -0.25 0.78 24'

1992 8 10 54.86 1.19 54.65 11.20 -0.21 1.15- 24 |
| 1992 8 11 52.18 0.92 51.59 0.76 -0.59 0.79 24 |

1992 8 12 53.34 1.10 52.27 1.21 -1.06 0.83 24 i

1992 8 13 57.07 1.86 56.83 1.63 -0.25 0.87 24 |
1992. 8 14 58.22 0.62 57.90 0.74 -0.32 0.75 24

i 1992 8 15 58.56 1.05 57.25 2.30 -1.30 2.72 24 ,

1992 8 16 59.43 0.25 56.98 3.29 -2.45 3.47 24 ;

1992 8 17 59.40 0.16 59.13 0.26 -0.28 0.25 24 ;

1992 8 18 59.77 0.47 59.41 0.41 -0.36 0.27 24 :

1992 8 19 59.60 0.33 59.36 0.51 -0.25 0.41 24
'

! 1992 8 20 59.02 0.58 58.21 0.78 -0.81 0.58 24
1993 8 21 58.54 0.79 58.22 1.46 -0.32 0.85 24 |'

l 1992 8 22 57.54 1.16 57.05 1.79 -0.49 1.18 24' i

! 1992 8 23 57.64 1.39 57.27 2.08 -0.37 1.09 24 :
'

I 1992 8 24 56.02 1.25 55.83 1.97 -0.19 1.06 24
! 1992 8 25 54.12 1.03 53.51 1.30 -0.60 0.82 24 i

| 1992 8 26 55.06 1.35 54.20 1.44 -0.86 0.84 24 !

[ 1992 8 27 56.31 1.09 55.43 0.94' -0.88 0.74 24 j

L 1992 8 28 55.51 1.19 54.50 1.24 -1.00 0.95~ 24 -i
i 1992 8 29 52.89 1.94 51.74 1.89 -1.15 2.08 24 !

1992 8 30 50.16 1.03 50.20 1.56 0.04 0.93 24 !

1992 8 31 48.97 1.25 49.18 1.63 0.21 0.73 24 !
}
?

MEAN S.DEV MEAN S.DEV MEAN N

| (T7) (T7) (ID) (ID) (ID-T7) i

i

I 54.31 0.92 53.77 1.20 -0.54 '733 -

I :

I
l ?

I

!

|

!
;

;

Prepared by b6
Reviewed b ,
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MONTHLY SUMMARY STATIONS T7LO & IDLO
.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7)' (ID-T7)

1992 8 1 46.66 1.05 47.31 0.92 0.65 0.61 24
1992 8 2 46.29 1.23 46.45 0.40 0.16 1.42 24
1992 8 3 47.04 0.31 47.06 0.30 0.02 0.46 24
1992 8 4 46.57 0.44 46.77 0.29 0.20 0.41 21
1992 8 5 45.05 0.24 45.95 0.21 0.90 0.29 16
1992 8 6 46.23 0.50 46.09 0.58 -0.14 0.40 24 '

1992 8 7 47.12 0.44 47.15 0.76 0.03 0.56 24 !

l 1992 8 8 47.45 0.36 47.42 0.61 -0.03 0.53 24 i

1992 8 9 48.02 0.78 48.15 0.84 0.13 0.81 24 j

1992 8 10 48.69 0.68 49.00 1.39 0.31 1.63 24 i

1992 8 11 47.44 0.49 48.20 0.63 0.76 0.51 24 |l

1992 8 12 47.83 0.47 47.97 0.48 0.14 0.81 24

1992 8 13 49.68 0.94 48.80 0.92 -0.88 1.02 24 r

1992 8 14 49.79 0.88 50.16 0.71 0.37 1.11 24 |
'

1992 8 15 50.73 1.99 51.99 4.73 1.27 3.68 24
1992 8 16 56.87 3.19 60.74 2.55 3.87 5.35 24 -

1992 8 17 56.61 0.83 57.06 0.68 0.45 1.21 24
1992 8 18 57.35 0.30 57.46 0.47 0.11 0.68 24 :

1992 8 19 56.02 1.37- 56.28 0.89 0.26 1.39 24 :

! 1992 8 20 50.81 2.23 52.47 1.87 1.65 2.41' 24 |

f 1992 8 21 50.75 1.38 50.59 0.65 -0.16 1.35 24 |

i 1992 8 22 49.82 1.35 50.06 0.51 0.24 1.13 24 i

1992 8 23 50.36 1.01 50.24 0.91 -0.12 1.08 24 i

1992 8 24 49.80 0.76 50.15 0.30 0.35 0.76 24 l

| 1992 8 25 49.14 0.58 49.70 0.46 0.56 0.52 24

| 1992 8 26 49.39 0.66 49.93 0.84- 0.54 0.64 24 !

| 1992 8 27 50.00 0.40 50.24 0.65 0.24 0.80 24 i

1992 8 28 50.61 1.45 50.82 1.05 0.21 0.78 24
1992 8 29 49.22 0.93 53.23 5.88 4.01 5.24 24 !

1992 8 30 47.60 0.51 48.11 0.76 0.50 0.83 24 |

1992 8 31 46.12 0.70 46.85 0.51 0.74 0.56 24 ;
,

MEAN S.DEV MEAN S.DEV MEAN N

(T7) (T7) (ID) (ID) (ID-T7) ,

!

49.58 0.92 50.14 1.06 0.56 733

:
f

.
!

|

|
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!MONTHLY SUMMARY STATIONS DSUP & T7UP
.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)|

1992 9 1 50.64 1.10 53.68 0.77 3.04 1.19 24
1992 9 2 51.37 0.93 54.44 1.15 3.07 1.33 24
1992 9 3 52.05 0.60 55.57 0.76 3.52 0.76 24
1992 9 4 52.50 0.23 56.97 1.17 4.46 1.19 24
1992 9 5 54.34 1.65 56.29 0.23 1.96 1.59 24
1992 9 6 56.27 0.25 56.49 0.24 0.22 0.28 24
1992 9 7 56.22 0.51 57.93 1.23 1.71 1.27 24

; 1992 9 8 56.28 0.26 58.08 0.97 1.80 0.92 24

| 1992 9 9 56.67 1.29 58.68 1.15 2.01 0.82 24
1992 9 10 56.79 0.85 58.16 1.13 1.38 0.86 24
1992 9 11 55.55 0.72 57.33 1.06 1.79 0.69 24
1992 9 12 55.28 0.68 58.59 0.97 3.31 0.62 24

| 1992 9 13 56.29 0.79 59.18 0.84 2.88 0.52 24
1992 9 14 57.00 0.42 59.56 0.68 2.56 0.49 24

'

| 1992 9 15 56.18 0.46 58.62 0.48 2.43 0.23 9
i 1992 9 16 DATA MISSING FOR THIS DAY

1992 9 17 DATA MISSING FOR THIS DAY ,

1992 9 19 DATA MISSING FOR THIS DAY
1992 9 20 DATA MISSING FOR THIS DAY

f

I 1992 9 21 DATA MISSING FOR THIS DAY
1992 9 22 DATA MISSING FOR THIS DAY
1992 9 23 DATA MISSING FOR THIS DAY
1992 9 24 DATA MISSING FOR THIS DAY

| 1992 9 25 DATA MISSING FOR THIS DAY
1992 9 26 DATA MISSING FOR THIS DAY
1992 9 27 DATA MISSING FOR THIS DAY

| 1992 9 28 DATA MISSING FOR THIS DAY
|

1992 9 29 DATA MISSING FOR THIS DAY
1992 9 30 DATA MISSING FOR THIS DAY

MEAM S.DEV MEAN S.DEV MEAN N

(DS) (DS) (T7) (T7) (DS-T7)

57.25 0.86 54.84 0.72 2.41 345'

,

|

|
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/
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MONTHLY SUMMARY STATIONS T7UP & IDUP !

:
,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
1992 9 1 50.64 1.10 48.80 1.43 -1.83 2.30 24 '

1992 9 2 50.92 0.80 51.61 0.83 0.69 0.90 10
1992 9 3 52.05 0.60 50.32 0.76 -1.73 0.71 24
1992 9 4 52.50 0.23 51.25 0.60 -1.25 0.75 24 |

1992 9 5 54.34 1.65 51.29 0.77 -3.04 1.10 24
1992 9 6 56.27 0.25 52.60 0.60 -3.66 0.55 24
1992 9 7 56.22 0.51- 53.93 0.65 -2.30 0.62 24

*

1992 9 8 56.28 0.26 54.50 0.66 -1.78 0.51 24
1992 9 9 56.67 1.29 55.34 1.05 -1.33 1.02 24
1992 9 10 56.79 0.85 54.87 0.98 -1.92 1.15 24 '

i 1992 9 11 55.55 0.72 55.24 0.61 -0.31 'O.56 24 e

1992 9 12 55.28 0.68 56.16 1.23 0.88 0.86 24 >

1992 9 13 56.29 0.79 57.75 1.16 1.46 0.53 24 ;

1992 9 14 57.00 0.42 59.01 1.06 2.00 0.89 24
-

1992 9 15 56.18 0.46 57.95 0.59 1.77 0.34 9 ,

j 1992 9 16 DATA MISSING FOR THIS DAY
1992 9 17 DATA MISSING FOR THIS DAY :

1992 9 19 DATA MISSING FOR THIS DAY !

1992 9 20 DATA MISSING FOR THIS DAY !

1992 9 21 DATA MISSING FOR THIS DAY ;

1992 9 22 DATA MISSING-FOR THIS DAY,

1992 9 23 DATA MISSING FOR THIS DAY !

1992 9 24 DATA MISSING FOR THIS DAY ,

1992 9 25 DATA MISSING FOR THIS DAY [
1992 9 26 DATA MISSING FOR THIS DAY ,

1992 9 27 DATA MISSING FOR THIS DAY |
,

1992 9 28 DATA MISSING FOR THIS DAY
1992 9 29 DATA MISSING FOR THIS DAY>

1992 9 30 DATA MISSING FOR THIS DAY-
.

'

MEAN S.DEV MEAN S.DEV MEAN N

(T7) (T7) (ID) (ID) (ID-T7)
54.97 0.71 53.97 0.86 -1.01 331

.

!

!

!

!.

:
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MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

| (T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
1992 9 1 48.73 1.08 48.24 1.09 -0.48 1.04 24
1992 9 2 49.69 1.16 49.12 1.10 -0.57 0.84 24
1992 9 3 50.83 0.92 50.21 1.19 -0.63 0.85 24
1992 9 4 52.29 0.40 52.39 0.50 0.10 0.52 24
1992 9 5 52.48 0.21 52.20 0.31 -0.28 0.25 24
1992 9 6 53.34 0.40 52.88 0.32 -0.47 0.22 24
1992 9 7 53.72 0.22 53.30 0.21 -0.42 0.32 24

;

! 1992 9 8 53.69 0.20 53.23 0.27 -0.46 0.29 24
1992 9 9 53.35 0.31 52.81 0.49 -0.54 0.33 24
1992 9 10 53.19 0.69 52.56 0.74 -0.63 0.45 24

| 1992 9 11 51.55 0.33 50.90 0.37 -0.65 0.38 24
1992 9 12 53.45 1.13 52.09 1.36 -1.36 0.66 24
1992 9 13 54.73 0.87 53.89 1.37 -0.84 0.74 24

t

1992 9 14 54.18 0.84 53.68 0.98 -0.50 0.83 24'

1992 9 15 52.69 0.85 52.37 0.67 -0.33 0.46 9
1992 9 16 DATA MISSING FOR.THIS DAY
1992 9 17 DATA MISSING FOR THIS DAY
1992 9 19 DATA MISSING FOR THIS DAY
1992 9 20 DATA MISSING FOR THIS DAY
1992 9 21 DATA MISSING FOR THIS DAY

| 1992 9 22 DATA MISSING FOR THIS DAY
1992 9 23 DATA MISSING FOR THIS DAY
1992 9 24 DATA MISSING FOR THIS DAY
1992 9 25 DATA MISSING FOR THIS DAY ;

1992 9 26 DATA MISSING FOR THIS DAY
1992 9 27 DATA MISSING FOR THIS DAY
1992 9 28 DATA MISSING FOR THIS DAY
1992 9 29 DATA MISSING FOR THIS DAY
1992 9 30 DATA MISSING FOR THIS DAY

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

52.52 0.64 51.97 0.73 -0.55 345

Prepared by [M
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MONTHLY SUMMARY STATIONS T7LO & IDLO

|
|

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
I 1992 9 1 45.59 0.27 46.05 0.26 0.46 0.40 24

1992 9 2 46.61 0.45 46.72 0.46 0.11 0.35 24
1992 9 3 47.87 0.85 47.60 0.76 -0.27 0.51 24
1992 9 4 51.20 1.10 51.26 1.39 0.06 0.70 24
1992 9 5 51.09 0.42 51.41 0.19 0.32 0.28 24

( 1992 9 6 50.78 0.43 51.59 0.43 0.81 0.76 24
1992 9 7 51.29 0.29 51.24 0.41 -0.05 0.37 24'

1992 9 8 51.11 0.16 51.02 0.44 -0.09 0.38 24
1992 9 9 50.25 0.83 50.45 0.31 0.20 0.69 24
1992 9 10 49.79 0.77 50.13 0.27 0.34 0.56 24
1992 9 11 47.68 0.56 48.78 0.67 1.10 0.55 24

| 1992 9 12 48.82 0.70 48.47 0.41 -0.35 0.55 24
| 1992 9 13 49.76 0.75 49.63 0.52 -0.13 0.87 24
| 1992 9 14 49.99 0.57 50.19 0.63 0.21 0.82 24

1992 9 15 49.76 0.63 50.29 0.49 0.53 0.35 9
1992 9 16 DATA MISSING FOR THIS DAY
1992 9 17 DATA MISSING FOR THIS DAY
1992 9 19 DATA MISSING FOR THIS DAY
1992 9 20 DATA MISSING FOR THIS DAY
1992 9 21 DATA MISSING FOR THIS DAY
1992 9 22 DATA MISSING FOR THIS DAY
1992 9 23 DATA MISSING FOR THIS DAY
1992 9 24 DATA MISSING FOR THIS DAY'

1992 9 25 DATA MISSING FOR THIS DAY
1992 9 26 DATA MISSING FOR THIS DAY

| 1992 9 27 DATA MISSING FOR THIS DAY
| 1992 9 28 DATA MISSING FOR THIS DAY
I 1992 9 29 DATA MISSING FOR THIS DAY

1992 9 30 DATA MISSING FOR THIS DAY .

t

i MEAN S.DEV MEAN S.DEV MEAN N

(T7) (T7) (ID) (ID) (ID-T7)
49.43 0.59 49.63 0.51 0.20 345
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MONTHLY SUMMARY STATIONS DSUP & T7UP i

!
,

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N |
'

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
I

1992 11 1 DATA MISSING FOR THIS DAY
1992 11 2 DATA MISSING FOR THIS DAY

'

1992 11 3 DATA MISSING FOR THIS DAY
1992 11 4 DATA MISSING FOR THIS DAY
1992 11 5 DATA MISSING FOR THIS DAY ,

1992 11 6 DATA MISSING FOR THIS DAY i

1992 11 7 DATA MISSING FOR THIS DAY
1992 11 8 DATA MISSING FOR THIS DAY
1992 11 9 DATA MISSING FOR THIS DAY
1992 11 10 DATA MISSING FOR THIS DAY ,

1992 11 11 46.96 0.06 48.01 0.08 1.06 0.11 8 !

1992 11 12 46.89 0.19 47.77 0.10 0.88 0.17 10 !

1992 11 13 47.06 0.35 47.87 0.32 0.81 0.25 23 i

1992 11 14 46.01 0.32 47.40 0.42 1.39 0.46 24
'

1992 11 15 46.43 0.51 47.46 0.38 1.03 0.63 '24 ,

1992 11 16 45.61 0.13 47.45 0.27 1.84 0.28 24
1992 11 17 45.81 0.37 47.72 0.74 1.90 0.86 24 .'

1992 11 18 45.61 0.15 47.76 0.98 2.15 0.98 24
1992 11 19 45.61 0.47 47.99 0.62 2.38 0.68 24
1992 11 20 44.70 0.23 48.02 1.11 3.32 1.11 24 ;

1992 11 21 44.78 0.34 48.08 0.66 3.30 0.66 24 ;

1992 11 22 46.13 0.58 48.42 0.55 2.28 0.83 24
1992 11 23 46.16 0.17 50.60 1.01 4.44 0.96 24 ,

1992 11 24 45.75 0.16 50.02 0.82 4.27 0.81 24 !

1992 11 25 45.51 0.26 48.50 0.67 2.99 0.72 24 i

1992 11 26 45.31 0.08 49.21 1.23 3.89 1.23 24
1992 11 27 45.13 0.18 48.60 1.41 3.46 1.50 24
1992 11 28 45.62 0.19 46.44 0.19 0.82 0.19 24 i

1992 11 29 44.62 0.43 47.67 0.42 3.05 0.51 24 !

1992 11 30 45.25 0.34 48.78 0.34 3.52 0.33 24 ,

;

MEAN S.DEV MEAN S.DEV MEAN N -

!

(DS) (DS) (T7) (T7) (DS-T7)

48.21 0.62 45.67 0.28 2.54 449
|
1

i
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MONTHLY SUMMAR.Y STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
1992 11 1 DATA MISSING FOR THIS DAY
1992 11 2 DATA MISSING FOR THIS DAY
1992 11 3 DATA MISSING FOR THIS DAY
1992 11 4 DATA MISSING FOR THIS DAY
1992 11 5 DATA MISSING FOR THIS DAY
1992 11 6 DATA MISSING FOR THIS DAY
1992 11 7 DATA MISSING FOR THIS DAY
1992 11 8 DATA MISSING FOR THIS DAY
1992 11 9 DATA MISSING FOR THIS DAY
1992 11 10 DATA MISSING FOR THIS DAY
1992 11 11 46.98 0.10 47.08 0.25 0.10 0.26 16
1992 11 12 46.98 0.25 46.79 0.19 -0.19 0.16 13
1992 11 13 47.08 0.35 47.18 0.33 0.10 0.35 24
1992 11 14 46.01 0.32 45.97 0.49 -0.04 0.52 24
1992 11 15 46.43 0.51 46.06 0.44 -0.37 0.50 24
1992 11 16 45.61 0.18 45.76 0.50 0.15 0.46 24
1992 11 17 45.81 0.37 45.71 0.42 -0.11 0.55 24
1992 11 18 45.61 0.15 44.54 0.44 -1.07 0.50 24
1992 11 19 45.61 0.47 44.39 0.33 -1.22 0.59 24
1992 11 20 44.70 0.23 44.08 0.70 -0.62 0.72 24
1992 11 21 44.78 0.34 44.51 1.18 -0.28 1.04 24
1992 11 22 46.13 0.58 46.16 0.56 0.03 0.56 24
1992 11 23 46.16 0.17 45.59 0.37 -0.57 0.32 24
1992 11 24 45.75 0.16 44.97 0.25 -0.78 0.25 24
1992 11 25 45.51 0.26 45.47 0.72 -0.04 0.75 24
1992 11 26 45.31 0.08 45.12 0.46 -0.20 0.43 24
1992 11 27 45.13 0.18 45.23 0.17 0.10 0.26 24
1992 11 28 45.62 0.19 44.91 0.25 -0.71 0.15 24
1992 11 29 44.62 0.43 44.48 0.50 -0.14 0.69 24
1992 11 30 45.25 0.34 44.59 0.20 -0.67 0.36 24

i
'

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

45.70 0.28 45.37 0.44 -0.34 461
|

|
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|
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MONTHLY SUMMARY STATIONS T7MD & IDMD.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N {(T7) (T7) (ID)
(ID) (ID-T7) (ID-T7)1992 11 1

DATA MISSING FOR THIS DAY1992 11 2

DATA MISSING FOR THIS DAY1992 11 3

DATA MISSING FOR THIS DAY1992 11 4

DATA MISSING FOR THIS DAY1992 11 5

DATA MISSING FOR THIS DAY1992 11 6

DATA MISSING FOR THIS DAY1992 11 7

DATA MISSING FOR THIS DAY1992 11 8

DATA MISSING FOR THIS DAY1992 11 9
1992 11 10 DATA MISSING FOR THIS DAY1992 11 11 47.31 0.24 DATA MISSING FOR THIS DAY1992 11 12 47.42 0.17 47.06 0.12 -0.36 0.14 10

47.29 0.03 -0.01 0.24 16
t 1992 11 13 46.64 0.41 46.69 0.43 0.05 0.35 24

1992 11 14 45.97 0.25 45.94 0.38 -0.02 0.35 24
1992 11 15 45.77 0.39 46.33 0.47 0.55 0.30 24
1992 11 16 45.65 0.28 45.92 0.44 0.27 0.36 24
1992 11 17 45.40 0.46 45.74 0.28 0.34 0.29 24
1992 11 18 45.10 0.59 45.09 0.63 -0.01 1.15 24
1992 11 19 45.92 0.20 45.13 0.26 -0.79 0.41 24
1992 11 20 45.87 0.12 45.47 0.33 -0.40 0.42 24
1992 11 21 45.51 0.26 45.41 0.25 -0.09 0.38 24
1992 11 22 45.38 0.33 45.53 0.22 0.15 0.23 24
1992 11 23 45.93 0.42 45.70 0.29 -0.23 0.21 24
1992 11 24 45.85 0.16 45.36 0.24 -0.49 0.21 24
1992 11 25 45.63 0.09 45.44 0.12 -0.20 0.15 24
1992 11 26 45.45 0.28 45.55 0.08 0.10 0.25 24
1992 11 27 45.67 0.16 45.61 0.07 -0.06 0.19 24
1992 11 28 45.72 0.14 45.61 0.10 -0.12 0.18 24
1992 11 29 45.89 0.10 45.67 0.13 -0.22 0.19 24
1992 11 30 45.80 0.09 45.48 0.11 -0.32 0.10 24

MEAN S.DEV MEAN S.DEV MEAN(T7) (T7) (ID) (ID) (ID-T7) N
45.82 0.26 45.74 0.25 -0.09

458
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MONTHLY SUMMARY STATIONS T7LO & IDLO
.

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY1992 11 1
DATA MISSING FOR THIS DAY1992 11 2

DATA MISSING FOR THIS DAYJ 1992 11 3

DATA MISSING FOR THIS DAY1992 11 4

DATA MISSING FOR THIS DAY1992 11 5
DATA MISSING FOR THIS DAY1992 11 6
DATA MISSING FOR THIS DAY1992 11 7

DATA MISSING FOR THIS DAY1992 11 8
DATA MISSING FOR THIS DAY

1992 11 11 47.97 1.49 47.71 0.09 -0.27 1,51 161992 11 9

47.18 0.05 -0.55 0.96 91992 11 10

DATA MISSING FOR THIS DAY1992 11 12 47.73 0.92

DATA MISSING FOR THIS DAY1992 11 13
DATA MISSING FOR THIS DAY1992 11 14
DATA MISSING FOR THIS DAY1992 11 15

1992 11 16 DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY1992 11 17
DATA MISSING FOR THIS DAY1992 11 18
DATA MISSING FOR THIS DAY1992 11 19
DATA MISSING FOR THIS DAY1992 11 20
DATA MISSING FOR THIS DAY1992 11 21

1992 11 22 DATA MISSING FOR THIS DAY
1992 11 23 DATA MISSING FOR THIS DAY
1992 11 24 DATA MISSING FOR THIS DAY
1992 11 25 DATA MISSING FOR THIS DAY

DATA MISSING FOR THIS DAY1992 11 26
DATA MISSING FOR THIS DAY1992 11 27
DATA MISSING FOR THIS DAY1992 11 28

1992 11 29 DATA MISSING FOR THIS DAY
1992 11 30

N

MEAN S.DEV MEAN S.DEV MEAN

(T7) (T7) (ID) (ID) (ID-T7)
25

47.89 1.21 47.52 0.07 -0.37
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN. S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

1992 12 1 45.31 0.20 48.48 0.64 3.17 0.56 24
1992 12 2 45.06 0.63 47.55 1.73 2.50 1.30 24
1992 12 3 43.97 0.09 44.68 0.72 0.72 0.72 24
1992 12 4 44.11 0.32 46.56 0.75 2.45 0.54 24
1992 12 5 44.27 0.35 48.55 1.03 4.28 1.06 24
1992 12 6 43.40 0.27 47.28 1.11 3.88 0.91 24
1992 12 7 43.50 0.37 46.86 0.66 3.36 0.45 24
1992 12 8 43.64 0.28 47.11 0.69 3.47 0.64 24
1992 12 9 42.07 0.65 45.21 0.21 3.14 0.74 24- i

"

1992 12 10 41.66 0.49 46.50 0.41 4.84 0.63 24
1992 12 11 40.72 0.41 43.66 2.56 2.93 2.80 24 !

1992 12 12 41.28 0.62 41.72 0.51 0.44 0.50 21
1992 12 13 40.18 0.16 40.94 0.21 0.76 0.23 13 |

1992 12 14 40.14 0.10 40.86 0.15 0.72 0.21 21 ;

| 1992 12 15 39.93 0.10 41.29 0.35 1.35 0.28 24 )

! 1992 12 16 40.60 0.45 42.21 0.33 1.61 0.29 24
| 1992 12 17 41.30 0.15 44.24 1.21 2.94 1.12 24 ,

1992 12 18 41.85 0.21 46.51 0.62 4.66 0.56 24 :

| 1992 12 19 41.82 0.19 45.50 1.00 3.68 1.11 24 |
,

j 1992 12 20 41.71 0.42 45.02 0.59 3.31 0.54 24 -

1992 12 21 42.21 0.11 46.60 0.45 4.39 0.39 24 :

.

1992 12 22 41.75 0.47 45.37 0.61 3.62 0.93 24 ;

| 1992 12 23 42.43 0.18 46.26 0.59 3.82 0.59 24 2

1992 12 24 42.61 0.16 45.92 1.01 3.31 1.01 24 !

1992 12 25 41.78 0.71 44.92 1.06 3.15 0.85 17 :

1992 12 26 41.35 0.69 44.72 0.54 3.36 0.77 24 !
1992 12 27 41.47 0.39 44.75 0.55 3.28 0.82 24 !

1992 12 28 41.66 0.12 44.70 0.59 3.04 0.66 24 !

1992 12 29 41.01 0.43 45.16 0.61 4.15 0.78 24 ,

1992 12 30 41.13 0.52 44.55 2.24 3.42 1.83 24 ;

1992 12 31 39.98 0.22 43.55 1.89 3.57 2.10 24 |

|

MEAN S.DEV MEAN S.DEV MEAN N

(DS) (DS) (T7) (T7) (DS-T7)

| 45.17 0.83 42.10 0.34 3.06 720

i
'
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MONTHLY SUMMARY STATIONS T7UP & IDUP j

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) ;

1992 12 1 45.31 0.20 45.13 0.50 -0.18 0.60 24 l
1992 12 2 45.06 0.63 44.58 0.77 -0.48 0.68 24 |

1992 12 3 43.97 0.09 43.13 0.09 -0.83 0.12 24
1992 12 4 44.11 0.32 43.50 0.33 -0.61 0.38 24
1992 12 5 44.27 0.35 43.38 0.33 -0.89 0.32 24
1992 12 6 43.40 0.27 42.65 0.29 -0.75 0.29 24
1992 12 7 43.50 0.37 42.88 0.37 -0.63 0.53 24
1992 12 8 43.64 0.28 42.60 0.55 -1.04 0.63 24
1992 12 9 42.07 0.65 41.56 0.63 -0.51 1.09 24
1992 12 10 41.66 0.49 41.22 0.66 -0.44 0.47 24
1992 12 11 40.72 0.41 40.32 0.90 -0.40 1.16 24
1992 12 12 41.20 0.63 40.37 0.43 -0.83 0.48 24
1992 12 13 40.48 0.45 39.77 0.21 -0.70 0.35 21
1992 12 14 40.14 0.10 39.58 0.10 -0.55 0.17 21
1992 12 15 39.93 0.10 39.72 0.31 -0.21 0.24 24
1992 12 16 40.60 0.45 40.47 0.40 -0.12 0.37 24
1992 12 17 41.30 0.15 40.88 0.45 -0.42 0.50 24
1992 12 18 41.85 0.21 41.16 0.31 -0.69 0.17 24
1992 12 19 41.82 0.19 41.01 0.63 -0.81 0.62 24 ,

'

1992 12 20 41.71 0.42 41.55 0.64 -0.16 0.90 24
1992 12 21 42.21 0.11 41.65 0.35 -0.55 0.39 24
1992 12 22 41.75 0.47 41.97 0.89 0.23 1.13 24
1992 12 23 42.43 0.18 41.28 0.67 -1.15 0.67 24
1992 12 24 42.61 0.16 41.68 0.39 -0.93 0.44 24
1992 12 25 41.78 0.71 41.56 0.76 -0.21 0.76 17
1992 12 26 41.35 0.69 40.99 0.73 -0.36 0.70 24
1992 12 27 41.47 0.39 39.93 0.23 -1.54 0.41 24
1992 12 28 41.66 0.12 39.59 0.36 -2.07 0.42 24
1992 12 29 41.01 0.43 40.60 0.63 -0.42 0.84 24
1992 12 30 41.13 0.52 40.88 0.99 -0.25 0.67 24
1992 12 31 39.98 0.22 39.48 0.20 -0.50 0.12 24

MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

42.09 0.35 41.47 0.49 -0.62 731

|

|
I

! ,
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1

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N i

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
1992 12 1 45.47 0.16 45.22 0.08 -0.25 0.13 24
1992 12 2 45.03 0.09 45.06 0.21 0.02 0.24 24 |

1992 12 3 44.45 0.40 44.29 0.68- -0.17 0.39 24
1992 12 4 45.33 0.26 45.67 0.72 0.34 0.68 24 !
1992 12 5 44.80 0.37 44.95 0.91 0.15 0.72 24 !

1992 12 6 43.62 0.23 43.25 0.17 -0.37 0.30 24 !

1992 12 7 43.84 0.29 43.88 0.19 0.03 0.30 24 '

1992 12 8 43.80 0.26 42.96 0.40 -0.84 0.33 24 i

1992 12 9 43.19 0.33 42.11 0.31 -1.08 0.42 24
1992 12 10 41.70 0.44 41.47 0.77 -0.23 0.54 24 ,'1992 12 11 40.93 0.41 40.58. 0.75 -0.34 1.02 24
1992 12 12 41.41 0.62 40.73 0.44 -0.67 0.43 24 |
1992 12 13 40.73 0.43 40.14- 0.25 -0.59 0.29 21 ;

1992 12 14 40.37 0.05 39.97 0.07 -0.40 0.08 16-
1992 12 15 40.34 0.35 40.07 0.23 -0.27 0.30 24 !
1992 12 16- 41.65 0.58 40.78 0.38 -0.87 RO.32 24
1992 12 17 42.24 0.13 41.50 0.22 -0.73 0.18 24 |
1992 12 18 42.29 0.11 41.66 0.17L -0.62 0.15 24
1992 12 19 42.12 0.17 41.50 0.22 -0.62 0.35 24 -|

,

! 1992 12 20 42.39 0.17 41.77 0.39 -0.62 0.30 24 i
5

1992 12 21 42.41 0.15 42.01 0.10- -0.40 0.22 24
1992 12 22 42.50 0.23 42.14 0.17 -0.36 0.27 24
1992 12 23 42.84 0.12 42.24 0.30 -0.60 0.32 24

| 1992 12 24 42.81 0.16 42.01 0.21 -0.81 0.24 24 )

i 1992 12 25 42.17- 0.48 41.77 0.47 -0.41 0.69 13 '

1992 12 26 41.45 0.73 41.34 0.61 -0.11 0.64 2:4 6

|
1992 12 27 41.68 0.38 40.15 0.25 -1.52 0.41 24- !

- 1992 12 28 41.86 0.10 39.85 0.22 -2.00 0.26 24
1992 12 29 41.20- 0.37 40.18 0.42 -1.02 0.56 24 !
1992 12 30 41.05 0.33- 40.46 0.43 -0.59 0.33 24 5

1992 12 31 40.85 0.31 40.30 0.29 .-0.56 0.20 24 ,

t

MEAN S.DEV MEAN S.DEV MEAN N 1

(T7) (T7) (ID) (ID) (ID-T7)
42.50 0.30 41.97 0.36 -0.54 722
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MONTHLY SUMMARY STATIONS T7LO & IDLO .
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!
6

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV. N !

(T7) (T7) (ID) (ID) (ID-T7) (ID-T7) [

1992 12 1 DATA MISSING FOR THIS DAY |

1992 12 2 DATA MISSING FOR THIS DAY .

1992 12 3 DATA MISSING FOR THIS DAY |
1992 12 4 DATA MISSING FOR THIS DAY i

1992 12 5 DATA MISSING FOR THIS DAY !

1992 12 6 DATA MISSING FOR THIS DAY !

1992 12 7 DATA. MISSING FOR THIS DAY 'i
1992 12 8 DATA MISSING FOR THIS DAY !

-1992 12 9 DATA MISSING FOR THIS DAY |

1992 12 10 DATA MISSING.FOR THIS DAY |

1992 12 11 DATA' MISSING FOR THIS DAY !
1992 12 12 DATA MISSING FOR-THIS DAY

'

t

1992 12 13 DATA MISSING FOR THIS DAY [

1992 12 14 DATA MISSING FOR THIS DAY i
1992 12 15 DATA MISSING FOR THIS DAY ;

;
1992 12 16 DATA MISSING FOR THIS DAY
1992 12 17 DATA MISSING FOR THIS DAY.
1992 12 18 DATA MISSING FOR THIS DAY ,

1992 12 19 DATA MISSING-FOR THIS DAY f

1992 12 20 DATA MISSING FOR THIS DAY !
'

1992 12 21 DATA MISSING FOR THIS DAY
1992 12 22 DATA MISSING FOR THIS DAY :

1992 12 23 DATA MISSING FOR THIS DAY
1992 12 24 DATA MISSING FOR THIS DAY !
1992 12 25 DATA MISSING FOR THIS DAY !

1992 12 26 DATA MISSING FOR THIS DAY |

1992 12 27 DATA MISSING FOR THIS DAY
1992 12 28 DATA-MISSING FOR THIS DAY ;

1992 12 29 DATA MISSING FOR THIS DAY ,

1992 12 30 DATA MISSING FOR THIS DAY !

1992 12 31 DATA MISSING FOR THIS DAY
f
,

!

|
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