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EXECUTIVE ST]MMARY

This report presents results of qualitative surveys of benthic algae performed in 1996 in the area

affected by thermal effluent from the Pilgrim Nuclear Power Station (PNPS). The report summarizes the

impact of the PNPS on algal distributions near the discharge canal. Field studies for 1996 were conducted

in April, June, September, and December 1996 anrl included transect surveys designed to map algal cover

in the area of water outflow. These investigatioru constitute the most recent phase of long-term monitoring

of thermal effluent effects on benthic algal communities within and just offshore of the PNpS discharge

canal. FiLeld r;urvey techniques were identical to those used in prior years. Starting in 1996, data from

each quarterly survey were compared to the historical baseline (maximum measurements recorded prior

to the 1996 survey year) for that season. Measurements greater than 15 % above the historical baseline

triggers a report to the (PATC) Benthic Subcommittee for review.

The qualitative transect studies performed to evaluate the Chondrus crispus (Irish moss) community

indicate that from October 1995 through September L996 the sizes of the denucled and totally affected areas

in the thermal plume area were consistently larger for each season surveyed than had been measured in

earlier surveys when the power plant was in full or nearly full operation (1983, 1985, 1989-1995). For

all four 1996 l;urveys, at least two parameters exceededthe 15% trigger. Chondrus denuded areas were

larger than historical maxima in April, June, and September; in December, although the denuded zone was

smaller than the historical baseline it was still the second largest ever measured for a winter survey.

Totally alfected Chondrus zones were larger than historical maxima in all four 1996 surveys. In June, the

sparse Chondrus zone extended farther than 30 m from the CTL for the first time; the divers failed to

extend their survey line to the normal Chondrus zone so that the size recorded for the total affected area

is a mininnum. This was rectified in September when it was necessary to extend the survey lne 42 m north

of the C'tL. A dense population of newly settled mussels (Mytilus edulis), even thicker than seen in

previous June surveys, was observed inJune 1996. Damage to Chondrus plants'fiom extensive mussel

settlemenLt appears to be correlated to the increase in area of denuded and total affected Chondrus zones

between the spring and summer surveys.

Iior the first time since qualitative transect surveys began in 1980 the plant operated at over 92%

(mean : 97 %) capacity for nine months in a row (July 1995 through March L996); plant capacity for seven

of the remaining nine months of 1996 stayed above 92% (mean : 95%). T'he large Chondrus denuded

and totally affected zones seen in each survey since October 1995 may be due to a combination of high

plant capacity in effect since July 1995 (mean : 92.5%), high summer water temperatures, and extremely

dense settlement by mussel larvae in late spring that totally cover and damage the algal plants.



l.O INTRODUCTION

T'he presence of hundreds of square meters of seafloor where the normally abundant red alga
species C'hondrus crispus (Irish Moss) is unnaturally absent provides evidence that the nearfield discharge
area is intensely affected by bottom scouring produced by the PNPS cooling water outflow. To study this
acutely impacted atea, a qualitative diver transect study was designed to provide maps showing the effects
of thermal effluent on nearby algal distributions. SCUBA divers perform quarterly transect surveys to
measure the extent of denudation and other reductions in size or density of the algal flora, particularly

Chondrus crispus, in the nearfield discharge area.

This report represents a continuation of longt erm (23 yr) benthic studies at Pilgrim Nuclear power

Station (PNPS) designed to monitor the effects of the thermal effluent. The 1996 monitoring program was

identical to those performed since 1992 and involved qualitative SCUBA surveys of algal cover in the

nearfield thermal plume of the effluent, within and beyond the discharge canal (Figure 1), that were

planned for March, June, September, and December. Currently, no quantitative assessments of benthic

algae or fauna are being made. Starting in 1996, quarterly reports were prepared that compared data

collected during each survey with an historical baseline that tabulated, for each parameter, the maximal

sizes measured prior to the 1996 survey season (1983 through February 1996). This Semi-Annual Report

includes cpalitative observations recorded in April, June, September, and December 1996, comparison of

these data. with the historical baseline, and a summary of the potential impact on algal distributions caused

by PNPS. Work was performed under Boston Edison Co. (BECo) Purchase Order LSP005525 in

accordance with requirements of the PNPS NPDEIS Permit No. MA 0003557,

PNPS is a base-load, nuclear-powered electrical generating unit designed to produce 670 megawatts

of electrical energy when operating at full capacity. The condenser is cooled by water withdrawn from

Cape Cod Bay and subsequently returned to the Bay via a discharge canal designed to dissipate heat

through rapid mixing and dilution of the outflowing water. Two circulating pumps produce a maximum

water flow of approximately 20 m3 s-r. The PNPS cooling system may affect the benthic community in

three ways: 1) by warming ambient waters (rT:32" F), 2) through chemical discharge (mainly Clr), and,

3) by scouring of the seabed by the rapid (- 7 fos at low tide) flow regime. Increasing temperature and

chemical discharges may stress the algal community so that species composition and community structure

change; tlhe extent of such change depends upon season ofthe year and the influence of local oceanographic

conditiors. Increased current velocity directly affects the benthos by actually removing benthic organisms

and preventing settlement and recolonization; intense bottom scouring may cause rock surfaces to become

barren arrd devoid of rnacroscopic marine life.



Cape Cod Bay

t+, t

.,)r,.r

O,. .

Figure I". Location of Pilgrim Nuclear Power Station Atgal Survey Area.



2.0 FIEI,D STTJDIES

2.1 METHODS

T'he qualitative algal survey is performed by SCUBA divers in the same location and with the same
techniques that have been used since the current monitoring program began, approximately 15 years ago.
The effluent area is surveyed by two or three SCUBA-equipped biologists operating from a small boat.
For all 1996 surveys the divers were able to launch their boat from the regular fisherman's launching site
within the PNPS facility, although in December this was only possible because fishennen had cleared a
path through a field of large exposed boulders left from scouring by winter storms. For the qualitative

transect sLlrvey, SCUBA observations are made along the axis of the discharge canal. A line is stretched
across the mouth of the discharge canal (Figure 2). A weighted central transect line (CTL), marked at 10-
m intervaLls, is then attached to the center of this line and deployed along the central axis of the canal to
a distancr: of 100 m offshore. Using a compass, divers extend a 30-m measuring line, marked at l-m
intervals, perpendicular to the CTL at each 10-m mark. A diver swims along this third line, recording

changes in algal cover from the CTL through the denuded, sparse, and stunted Chondrus areas, until the

algal cover lo<lks normal. Starting in September 1996, a second 30-m measuring line was included in the

dive gear to ensure that the perpendicular transect would extend beyond the affected Chondrus zone. A

large boulder that is nearly exposed at mean low water, and that is used as a landmark by dive teams,

serves as a visual fix for the proper placement of the transect line. To en{iure consistency among the

surveys the CTL or survey is adjusted so that the boulder is always located at 65 m along and just to the

norrh of the c:TL.

T'he terminology established by Taxon (1982) and followed in subsequent years uses the growth

morpholcrgy ctf Chondrus crispus to distinguish between "denuded" and "sfunted" zones. The denuded

zone is the area in which Chondrus occurs only as stunted plants restricted to the sides and crevices of

rocks. In this arca, Chondrus is found on the upper surfaces of rocks only where the miciotopography of

the rock surfaces creates small protected areas. In the stunted zone, Chondrus is found on the upper

surfaces of rocks but is noticeably inferior in height, density, and frond development compared to plants

growing in unaffected areas. In 1991 the divers began to discriminate between a stunted zone and a

"sparse" zoner. The sparse zone is an area with normal-looking Chondrus plants that are very thinly

distributed. The normal zone begins at the point where Chondrus height and density are fully developed.

The dive team must keep in mind while taking measurements that the shallow depths northwest of the
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discharger canal hamper ncrrnal Ckondrus growth. In addition to evaluating extent and condition of alg;al
cover' the divers record any unusual events in the area, such as the occurrence ofunusually strong storrn$,
and nbte the location of any distinctive algal or faunal associations.

Beginning in 1996 Quarterly Progress reports were submitted to Boston Edison company. These
reports tabulate areal results of each scuBA survey and compare them to previously measured maximal
sizes of chondrus denuded and totally affected zones, as well as other parameters, for that seasorn.
Particular attention is paid to changes in the sizes of impacted regions that exceed earlier results (prior to
1996) by more than 15%, which requires reports to be submitted to the pATC Benthic Subcommittee.
Table 1 summarizes these comparisons for 1996. The quality control (QC) protocol fbr the benthic alsal
monitoring program is attached as Appendix A"

2.2 RESTILTS

Qualitative transect surveys of acute nearfield impact zones began in January 19g0 and have bee,n
conducterl quarterly since 1983. Four surveys were performed (April 29, June 27, Septemb er 26, and
December 24, 1996) during the current reporting period, bringing the total number of surveys conducted
since 1980 to 64. Results of surveys conducted from January 1980 to June 1983 were reviewed in semi-
Annual Repott22 to BECo (BECo, 1983). A summary of surveys conducted between 1gg3 and 1gg5,
including a review of the four performed in 1995, was presented in Semi-Amual Report No. 47 (BECg,
1996)' The present report summarizes the April and June 1996 surveys, presents detailed results of the
september and December 1996 surveys, and discusses long-term trends.

Figures 3 to 7 show the results of the 1996 transect surveys performed by SCUBA divers. The
denuded z:one is essentially devoid of Chondrus cri,spus; sparse zones are those in which normal lookirlg
Chondrus is sparsely distributed; stunted zones contain smaller than normal Chondrus plants. In April
1996, the divers delineated one region that contained plants that were both thinly'distributed and stunted
in growth. In September, the dense mussel area within the denuded zone was mapped. Dislodged jetty
boulders erncountered by the divers along their transects are indicated. The landmark boulder (at 65-m) is
plotted in all figures as are positions of the most cofilmon algal and faunal species observed by the divers.

The denuded and sparse Chondrus crispus areas mapped on April 29, 1996, immediately offshore
of the PNPS, are shown in Figure 3. In April 1996, the denuded and totally affected zones were muclh
larger than during prior spring surveys. The Chondrus denuded area (1859 m2) in April was 55% larger
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than in the spring 1995 sr:rvelr a-nr|,4r% larger than the previous spring maximum of 1.3?-1.m2 seen in
March 1 99 I (Table 1)' The total affected area (2436 m'z)was only slightly larger (5%) thanin the previo's
survey, February 1996 (2328 m2), but was much larger (48Yo)than in the 1995 spring survey, and,20%olargr:r
than the liistorical spring baseline measured in April 1983. The denuded region extended approximatexy
115 m (10 m farther than ever observed before) along the transect line and, as often seen before, was
asymmetrically distributed with 66% of the denuded area north of the line. other algae present included
the warm water indicator, Gracilaria, near the discharge canal and a cold water indicator, the kelp
Laminaria, further offshore. Phyllophoraspp. was not noted by the divers. An extensive set ofjuvenile blue
mussels' Mytilus edulis, had already occured; mussels from I - 10 mm in length covered rocks, plants, and
other substrata from the 50-m mark to beyond the 100-m mark on the cTL and laterally out to a distance of
25 meters' other invertebrates included: a few starfish, Asterias forbesi; periwinkle snails, Littorina littoria,.
and three species of crab, the rock crab, Cancer irroratus, the common green crab, Carcinus rnaenas, and,
a spider crab, Libinia sp. No fish or lobsters were seen.

Results of the divers' survey for June 27,1996 are rnapped in Figure 4. The Chondrus clenuded an,C
totally affected areas were much larger than observed in prior sumlner surveys. 'lhe 

Chondnzs denuded zone
(2194 m'z) extended 125 m (10 m farther than in April) along the centraltransect line, was lg% larger than
two months earlier, in April 1996, 560A larger than in June 1995, and20o/o larger than the June 1990 sumrner
historical baseline of 1835 m'?(Table l). The sparse Chondrus area extended beyond the 30-m distanc,e
normally siurveyed by the divers; consequently, the sizes of the sparse Chondrus (>IZ7g m2) and the totally
affected zones (>3473 mt) were larger than reported. The sparse Chondrus zone (>1279 mr) was more than
twice as large than in April 1996 andhad more than tripled in area since June 1995. The total affected areia
(>3473 m2) was at least 43o/olarger than in April 1996 and more than630/o largerthan the June 1990
historical sulnmer baseline (2135 m'). Both the denuded and sparse Chondrus zones contributed to th'
asymmetrical distribution of the affected area. Gracilaria, Enteromorpha, and Chaetomorpha purpureunr

dominated the flora at the head of the effluent canal. Rockweed, Fltcus,was seen; neither kelp, Laminaria:,

nor Phyllophora spp' were noted. A dense array (thickest seen in 25 years of monitoring) ofjuvenile blurs
mussels (A'[ytilus edulis), now grown to 5-20 mm in length, similar to that seen in prior June surveys, was
present from the 50-m mark seaward. Dense patches of starfish, Asterias forbesi, amussel predator, werr:
seen' One small winter flounder (Pleuronectes americanus), tautog (Tautoga onitis), striped bass (Morone

saxatilis), bluefish (Pomatomus saltatrix), and cunner (Tautogolabrus aclspersrzs) were seen.
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Figure 5 shows the results of the transect survey conducted on September26, 1996. The area
(2209 rszl of the denuded zone was slightly larger than in June 1996, a not unusual event, and g% largrlr
than the historical baseline (2043 mz) measured in October 1995 (Table 1). 'Ihe denuded zone extended
just beyond the 100-m mark on the transect line. The greatest lateral extent of the denuded zone was 30
m to the north of the transect line at the 70-m mark" As has been often seen in the past, the denuded zone
was asymmetrical around the transect line, with more of the area nofih (65%) of the line than south (35%)

of the line.

The area of the sparse Chondrus zone was 636 m2 in September, more than double that seen in ttre
previous lall survey (305 m2). The sparse Chondrus area extended,42mnorth of the CTL at the 60-m amd
70-m marks on the CTL, a distance farther away from the CTL than had ever been mapped previously.
The total affected area seen in September was 2843 m2 which was smaller than measured in the June 1996
survey but 21 % larger than the historical baseline (2348 m2) established in ttre previous fall survey.

Most of the algal plants that had been covered with mussels in June were beginning to recover but
Chondrus appeared colorful and healthy only beyond the impact zone. As usual, the algal species seen
within the discharge canal werc Gracilaria spp., and Cjstoclonium purpureum. The warm water alga,

Gracilaria spp., was the dominant plant species occurring close to the central transect line out to the 50-rn

mark. Rcrckweed (Fucus sp.)and the encrusting red alga, Corallina, were seen occasionally between thLe
40-m and 60-m marks, 10 to 20 meters north of the transect . Phytlophora spp. was not noted.

Mussels, averaging 1.5 cm in length, did not occur over as large an area as they had inJune birt
were stili abundant within the denuded zone within 10 meters of the CTL between the 35-m mark to about

the 75-m mark along the CTL. A few starfish (Asterias forbesi) were seen, as were snails (Littorina

littorea), rock crabs (Cancer irroratus), and green uabs (Carcinus maenus). Only one demersal fish, a

winter flounder (Pleuronectes americanzs), was observed during the entire survey.

2.2.4 DECEMBER 1996 TRANSECT SURVEY

The results of the 1996 winter dive, performed on December 24, 1996, are mapped in Figure 6.
The area (167I mz) of the denuded zone was 24% smaller than it had been in September and was well

under (-15%) the historical baseline established during the previous winter survey (Table 1) but was still

the second largest winter denuded zone measured while the power plant was in full operation. The

denuded z:one extended just beyond the 90-m mark on the transect line. The shape of the mapped denude,d

I4



zone was highly asymmetrical arorrnd the transect line with 67% ofthe area north of the line and,33%
south of the line' The greatest lateral extent of the denuded zone observed by the divers was at the 70-m
mark wherre it projected 15 m north of the transect line.

The area inhabited by sparse and stunted Chondrus (1440 m2) was more than double that measured
in september 1996 (636m2) and like the denuded zone was arranged asymmetrically around the central
transect line with most (84%) of the area north of the line, especially in a northward bulge from the 70-rn
to 80-m rnarks on the crl. The total affected area (31 rl m2) in Decembe r 1996 was 9% larger than
measured in Septembet 1996 (2845 rrp) and much larger (34%)than the historical baseline measured in
February 1996 (Table 1). The maximal extent of the totally affected area out along the crl- was equal t,o
the historical baseline, that is, near the 100-m mark on the cTL. The maximal width of the affected zone
(52 m) was greater than seen in earlier winter surveys (24% over the historical baseline of 42 m\but less
than in September.

During this survey chondrus was repopulating the region near the cTL but appeared colorful anrJ
healthy only outside the totally affected area. The red alga, Pltyllophoraspp., was not observed by thr:
divers' (jracilaria and cystoclonium purpureum were present at the head of the effluent canal. Fucu,s
was only occasionally seen. Snails, Littorina littorea, were extremely abundant throughout the entire area
surveyed' Very few blue mussels, Mytilus edulis, were seen and consequently the starfish, Asterias forbesi,
that feed on the mussels were reduced in number. only one winter flounder (pleuronectes americanus)
was seen.

2.3 DISCUSSION

The configuration of the Chondrus crispus denuded zone that may extend even farther than 100
m beyond the discharge canal is readily apparent to SCUBA divers and easily mapped from the qualitativr:
transect survey' Stunted and sparse zones are sometimes less obvious but the sparse zones observed irr
1996 were delineated with no difficulty. For April, June, and september 1996, the areas of the denudect
and total affected zones were much larger than those seen previously (1gg3, 1gg5, lggg-1gg5) when the:
power plant was in full or nearly full operation. In June 1996, anextremely dense mussel mat, similar t.
those seen in every June survey since 1990, except for June 1991, was seen. The areas ofthe denuded ancl
totally affected zones were greater in June than they had been in April, the usual trend when early summer
growth of Chondrus is adversely affected by high mussel settlement. In December I996the area of the
Chondrus <lenuded zone was exceeded only by that measured during the previous winter survey which at:
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the time was the largest recorded since the quarterly surveys began in 1gg3. For the first time since
qualitative transect surveys began in 1980 the plant operated at over 92% (mean : 97 %)capacity for nine
months inarow (July 1995 throughMarch 1996). Inaddition, forsevenof the remaining nine months of
1996, plant capacity stayed above 92% (mean = g5%).

lthd large chondrus denuded and totally affected zones seen in each survey since october 1995
may be due to a combination of the high plant capacity that has been in effect lbr the 1g months since July
1995 (mean = 92'6%), high summer water temperatures, and extremely dense settlement by mussel larvae
in late spring that totally cover and damage the algal plants.

3.0 IMPACT OF EFFLUENT DISCHARGE AT PNPS ON ALGAL DISTRIBUTION

3.1 BACKGROTIND

Historically, operational conditions at the PNPS have provided opportunities to assess long-term
trends associated with the impact on the benthic community. Plant operations lnve included years of high
operation as well as times when there were complete shutdowns, sometimes for prolonged periods. The
longest outage in the history of the plant began in April 1986 and continued until March 1ggg. During this
period the benthic community associated with the effluent canal and nearby areas immediately offshore
experienced reduced current velocity as the use of circulating pumps was restricted to one or none (Figure
8)' In addition, the discharge water remained at ambient temperature. As a consequence, the benthic
community normally affected by these effluent parameters recovered, so that by 19gg there was essentially
no difference between the control stations and the areas near the discharge canal.

strudies conducted after the power plant resumed electrical generation at full operating capacity,
with the consequent thermal discharge and consistent use of one or both circulating pumps, assessed the
impact of plant operation on a benthic environrnent that had returned to near ambient conditions.
Quantitative faunal and algal monitoring studies, and qualitative transect surveys were conducted through
1991' In l'992, community studies of the benthic algae and fauna were discontinued. From 1992 througir
1996, the monitoring program consisted of seasonal qualitative surveys of the discharge area.

PNPS operated at very high capacity in 1995. Figure 8 shows the monthly maximum dependable
capacity (MDC) factor and circulating water pump operation of PNPS since 1gg3. The percenr MDC is
a measure of reactor output and approximates thermal loading to the marine environment. A maximum
MDc value of I00% eqtates to the highest allowable change in ambient temperature for water dischargecl
to cape cod Bay (18"caT)' In 1996, the monthly maximum dependable capacity facror was greater than

16



(o7o) rope3 Ilrcedeg SdNd I1qluoyl

8 8 e R

I
(o7o) uolleredg dun4 6u;1e1ncr;g SdNd

O
o

t l

l,n

(t)

N

il

tt),

I

(,,)
\ \ o
5 d
E t-{

E U D

b o =

J I f i

o ( n
ti 0O

9 6
I E

F l ^
- ( a

x =

c') ll
f u * oz s -

> ) G

A A

6

h

a0
F4

o
O

t 7



92% for 10 months and between 5l% and76% for 2 months. These monthly r:apacity factors resulted in

an annual capacity factor of 905% for 1996, much higher than in any previous year (second highest annual

capacity factor was 84 .4% in 1985) . In addition, both pumps were operating virtually all year.

3.2 QUALITATM TRANSECT SURVEYS: 1983-L996

Results of the qualitative transect surveys from 1983 through 1996 are summarized in Figure 9.

A detailed enlargement showing the most recent 8 years (1989 - 1996) is presented in Figure 10. The total

acute impacted area (denuded, sparse, and stunted), the area of the denuded z;one only, and the monthly

PNPS capacity factor (MDC) are plotted. The difference between the denuded and total acute impact zones

represents the sparse and stunted zones.

A lag in recovery time by the acute impact zone during and following the 1984 PNPS power outage

was reported in Semi-Annual Report No. 27 (BECo, 1986). Evidence of thit; slow recovery included a

decrease in the area of the total acute impact zone that began in mid-1984 (5 months after the cessation of

power plant operations) and continued through mid-1985. Between December 1984 and December 1985,

the total affected area was the smallest recorded between 1983 and 1986, indicating a delay in recovery

in response to the absence of thermal discharge and reduced circulating water pump operation in 1984,

This delay phenomenon also held true when the situation was reversed, so that the size of the acute impact

zone began to increase only 6 to 9 months (September to December 1985) after the resumption of thermal

effluent discharge and normal circulating pump operation. These results confirmed a delay of 5-9 months

between the causal factors (cessation or resumption of thermal effluent discharge and pump operation) and

associatdd responses (decrease or increase in size of the acute impact zone). In 1987, in response to the

1986-1989 outage, increased recolonization ofthe denuded and stunted zones by Chondrus crispus made

zone boundaries difficult to distinguish (no areal differences could be discerned from September 1987

through June 1989). As in summer 1984, the large size reduction of the denuded zone between December

1986 and June 1987 was primarily the result of the shutdown of the circulating water pumps in late

February 1987 that continued into the summer (BECo, 1983). Apparently, water current scouring is a

greater stress to algal colonization than increased water temperature. Scouring denudes the substratum,

whereas elevated temperature results in stunted growth (Bridges and Anderson, 1984).

In 1988, low circulating water pump activiry caused few thermal loading and scouring effects. The

1988 transect surveys showed such an increase in recolonization of formerly denuded and stunted zones

by Chondrus, because of the continuing outage, that divers could not detect zonal boundaries or make area

measurements. In March and June 1989, divers were still unable to detect boundaries of denuded or

1 8
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stunted zones, and again no area measurements were m.acle (BECo, 1990). In September and December

1989, presumably in response to increased PNPS operations with resultant scouring of the acute impact

zone, boundaries began to be redefined and area measurements were made of the total impact zone.

During 1990, boundaries between the stunted and denuded zones became even more clearly defined

and areal measurements of both zones were made. The areas of the denuded and total impact zones in June

1990 were the largest seen since 1983 (BECo, 1991). The dramatic increase in total affected area that

occurred between April and June 1990 had not been seen before in the 1983-1990 period. The typical

pattern seen prior to 1990 was that during the spring, with warmer temperatures and increased sunlight,

algal growth flourishes, and the impact area declines even in years when the power plant is operating at

high capacity. The pattern seen in 1990 appeared to be anomalous until more recently a correlation was

made between the appearance of enormous numbers of juvenile mussels and the occurrence of large

denuded and total affected zones. The divers did note remarkable numbers of juvenile mussels present

during the June 1990 dive and thus the large affected zones result, at least partly, from damage suffered

by the Chondrus plants due to the massive settlement of mussels.

In 1991, the boundaries of the acute impact zone remained well-definecl, except that in June there

was no true stunted zone but only an area described by the divers as "sparse", that is, where the algal

plants grew normally but were thinly distributed. From March to June, the total affected area and the

Chondrus denuded zone decreased in area, a return to the typical pattern seen before 1990 (BECo , 1992).

This decrease in area continued through the October survey, perhaps aided by the power plant outage from

May into August. There was a slight increase in the affected area in December.

During L992, the divers were unable to discern a Cltondrus stunted region. Except for June, they

noted zones containing normal but sparsely distributed Chondrus plants. An enormous set of mussels that

had reached 0.5 cm in length by June, totally obliterated the boundary between the denuded and sparse

areas. Parallel to results seen in 1990, the areas of the denuded and total acute impact zones in June 1992

were larger than any seen (except for 1990) since 1983, and the dramatic increase in total affected area that

occurred between April and June 1990 happened again in 1992. Thus, the pattern seen in 1990 no longer

needs to be considered anomalous but may be related to oceanographic conditions that lead to a large

settlement of mussel larvae and consequent damage to the Chondrus plants (BECo, 1993).

In 1993, the June mussel set that hampers Chondrus growth was not as dense as those that occurred

in 1990 or 1992, so that the denuded zone was smaller in June than it had been in April, the opposite of

the situation seen in 1990 and 1992 (BECo, 1994). The area of the denuded zone in September was

slightly larger than it had been in September of 1990 and 1992, but the denuded zone in December was
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much larger than in previous years. In addition, the total affected area in December was the largest seen

since 1983, rivaling the areas measured in the summers of 1990 and 1992; this may be partly due to the

very early date (Dec. 2) of the survey and partly to damage imposed by a heavy infestation of the

encrusting bryozoan M embranipora membranacea.

In 1994, the denuded and total affected Chondrus areas in all four seasons were similar in size to

those found during prior surveys at times of full or nearly full power plant oper:ation (BECo, 1995). The

dense mussel settlement seen in June obscured the boundary between the denuded and sparse/stunted

regions and damage caused by the mussels to the Chondrus plants contributed to the enlargement of both

Chondrus zones between the April and June survey. The three-month fall power plant outage (September

through November) appeared to have had no effect on the size of either the denuded or total affected

Chondrus zone.

In 1995, the sizes of the denuded andtotal affected Chondrus areas were withinthe ranges seen

in earlier surveys only for the early May and late June surveys (BFCo, 1996). The impacted areas

measured in October 1995 and February 1996 were much larger than those measured during any earlier

fall and winter survey and most closely approximated the impacted areas seen in September and December

1993. The two-month (April/May) spring power outage appeared to have no effect on the size of the

Chondrus affected areas seen in May or June. However, the high plant operating capacity in effect from

June 1995 through February 1996, in conjunction with a high mussel set in June, may have contributed

to the largest denuded and totally affected Chondrus zones seen since the current monitoring program

began in 1983.

in 1996 , the sizes of the denuded and totally affected Chondrus areas continued to increase over

the historical baseline measurements (1983 through the 1995 survey season, i.e. February 1996) except

that in December 1996 the denuded zone decreased to less than the winter historical baseline measurement

although it was still the second largest winter denud.ed zone observed. The large Chondnzs denuded and

totally affected zones seen in each survey since October 1995 may be due to a combination of the high

plant capacity that has been in effect for the 18 months since July 1995 (mean :92.6%), high summer

water temperatures, and extremely dense settlement by mussel larvae in late spring that totally cover and

damage the algal plants.
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4.0 CONCI,LISIONS

The sizes of the denuded and totally affected Chondrus areas of the acutely
impacted region for April, June, and September were larger than had been
observed during prior surveys at times of full power plant operation.

By December i996 the area of the Chondrus denuded zone had decreased in size
to less than that measured in February 1996 but was still the second largest winter
denuded zone observed since 1983.

The areas of the denuded and total affected zones were greater in June than in
April, the trend usually observed when early summer chondrus growth is
adversely affected by high mussel settlement.

The high plant capacity in effect from July 1995 through December 1996, in

combination with an extremely dense mussel settlement in June, and higher than

usual summer water temperatures, may have contributed to the largest denuded

and totally affected Chondrus zones measured since the present monitoring

program began in 1983.
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A?PENDIX,4.

Quality Control (QC) Protocol for Qualitative Transect Surveys at PNpS Outfall Area

I Field Operation planning

Field equipment is organized by the scientist in charge of dive operations; for 1997 ,the chief diver
will be Mr' George Hampson, or his designate, of the Woods Hole oceanographic Institution. Mr. Hampson
has been a diver or chief diver on every quarterly survey at the PNPS outfall site since April 1990. The
survey equipment includes a boat and associated safety equipment; anchor and line; buoy and diver safefy
line; SCUBA gear, including a collecting bag; 100-ft kevlar line to be deployed across the mouth of the
discharge aanal; the weighted 100-m central transect line (CTL), marked at l0-m intervals; two 30-m
measuring tapes; compass; clipboard; data sheets on plasticized paper; two #l pencils.

Every attempt will be made to perform the dives as scheduled for March, June, September, and
December. Windows of opportunity, considering times of high tide (less cunent for the divers to contend
with) and other commitments for both boats and personnel, will be blocked out in advance of each scheduled
month. Enough leeway will be planned to allow some flexibility for bad weather days. A trainee diver will
be included for each field operation to decrease the possibilities for postponements caused by illness or
conflicting schedules during the appropriate months.

2 Pre- ancl Post-dive Briefings

The chief diver and ENSR data manager, Isabelle Williams, will hold pre- and post-dive briefings.
The pre-dive briefing (may be made by telephone) will be the opportunity for determining the dive schedule,
for reviewing data collection, and for informing the dive team whether or not any additional observations
are requested. At this time, emphasis will be placed on the importance of the divers exploring the limits, and
defining them, of the entire affected area so that a comprehensive survey map can be produced. The post-
dive briefing (in person) will give the chief diver the opportunity to tell the data manager his immediate
impressions about the region surveyed and whether any problems were encountered that need to be corrected
before the next dive.

3 Data Collection

A diver swimming perpendicularly away from the CTL, along the measuring line, records the
distance away from the CTL line that changes in algal cover occur, from denuded to sparse and/or stunted
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Chondrus areas, and from sparse and/or stunted Chondrus to normal-looking Chondrus.positions of other
algal species, especially Gracilaria, a warm-water indicator, and kelp (Laminaria), a cold water indicator,
are noted. Positions of animals, including mussels, starfish, crabs, and fish, and any unusual activities are
also indicated.

For 1997 and beyond, detailed observations will be made of Chondrus, including notes on
robustness, color, occurrence ofepiphytes, and qualitative descriptions ofdensity and height. The divers
will look for the presence of Plryllophora,the second dominant algal species in this community, throughout
the survey area; if necessary, they will collect an algal sample from the normal Chondrus zone for
examination in the laboratory. Particular attention will be paid to the boundaries of the high-density mussel
set that appears to often occur in late spring or early summer.

A sample blank data sheet is shown. A separate sheet is used for the north and south sides of the
CTL. As the diver swims away from the CTL, distances and notes are recorded on the data sheet from left
to right. For ease in working in an underwater environment algal cover is coded as indicated on the data
sheet :  1-denuded;2-  s tunted;3 -  sparse;4-normal .  CodesformusselcoverareMl  -vervdense:M2-

separated clumps; M3 - absent.

4 Data validation

The diver recording data during the field survey is responsible for reviewing his work at the end of

the survey to ensure that the data arc complete and accurate. The chief diver will submit to the data manager

the original field notes and a survey report, previously reviewed for accuracy and completeness by other

memberd of the dive team, that includes the data on the total extent of the denuded and stunted Chondrus

zones as well as a general description ofthe area surveyed, including notes on flora and fauna observed. The

data manager is responsible for reconciling data in the submitted field report to those recorded on the original

data sheets. The data manager will discuss any questions that may arise with the chief diver. The data

manager is responsible for constructing maps based on the survey data and for calculating the total areal

extent of the denuded and totally affected Chondrus regions. All calculations performed by hand are

checked for accuracy. The data manager is responsible for proof-reading the final computer-generated maps

against the original maps for accuracy. All reports generated by the datamanager will be reviewed by the

ENSR Project Manager, Dr. James Blake.

5 Observation

The data manager will plan to accompany the divers on several of their field trips in 1997 . She will
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tend the boat and be on hand to accept any samples collecterl during those dives and to hear immediately the
impressions of all divers about the conditions of the outfall area, as well as ensure that the entire affected
area has been surveyed.

6 Meetings

The project and/or data manager will attend full Administrative-Technical Committee and Benthic
Subcommittee meetings when appropriate. This will help ensure communication between ENSR and the
A'T Committee so that the qualify of the benthic survey will be maintained as guided by the committee.
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