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MERRIMACK RIVER MONITORING PROGRAM - 1975 

I. INTRODUCTION 

The sixth year of the Merrimack River Monitoring Program was 

initiated in April 1975. The monitoring program, developed to fulfill 

requirements contained in NPDES permit number NH 0001465 issued to 

Public Service company of New Hampshire, was designed to detect both 

spatial and temporal changes in the biotic communities of the Merrimack 

River and determine whether the thermal discharge from the Merrimack 

Generating Station resulted in any significant impacts on these com

munities. Types of studies conducted included water quality, tempera

ture, entrainment, periphyton, benthic macroinvertebrate and fisheries 

studies. Additionally, during 1975 a special plume deflector study was 

conducted which assessed the effectiveness of an oil containment boom in 

deflecting the thermal plume to the west bank of the river. It was felt 

that containing the plume would lessen chances of interfering with 

upstream migration of anadromous fish species that are planned for 

reintroduction. The monitoring program emphasizes the section of the 

Merrimack River from Garvins Falls Dam in Concord to the Hooksett Dam in 

Hooksett, New Hampshire, a distance of 5.75 miles (Figure 1). This ~ea 

of the river is generally referred to as Hooksett Pond. The Merrimack 

Generating Station is located near its center at river mile 84. 

Sampling stations were established and marked on transects 

located north and south of the mouth of the discharge canal. These are 

numbered N-1 to N-10, and S-1 to s-24, respectively. Stations N-1 

through N-6 are 500 ft apart while N-6 to N-10 are 1000 ft apart. 

Stations south of the discharge canal (S-1 to S-24) are located at 500 

foot intervals. The north stations, particularly N-10, were used to 

characterize ambient river conditions as contrasted to the thermally 

1 
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·Figure 1. Location of sampling stations, Hooksett Pond, Merrimack 
River, New Hampshire. 
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affected zone south of the discharge. Station Zero-West was established 

at the mouth of the discharge canal (western extreme of Station Zero) 

and all samples taken at that location were within the direct influence 

of the thermal discharge. The portion of the river under study is 

fairly uniform, and has an average width of 500 to 700 feet. Much of 

the river is shallow, averaging less than ten feet in depth, although 

depths of over twenty feet are found in some sections. 
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II. PHYSICAL STUDIES 

A. METHODS 

1. Flows 

Continuous river flow measurements were obtained from gauging 

station data collected at Garvins Falls (Figure 1) hydroelectric sta

tion by Public Service Company of New Hampshire. These data were re

ported as 6-hour mean discharge in cubic feet per second (cfs). 

2. Depth of Visibilit¥ 

Weekly Secchi disc visibility measurements were taken mid

stream at Stations N-10, S-4 and S-17 and at the mouth of the discharge 

canal (Zero-West). Depths at which the disc disappeared from view were 

recorded to the nearest one-half foot. 

3. Temperature 

Three types of temperature studies were conducted during the 

1974-1975 project year: a) continuous monitoring of surface tempera

tures; b) weekly temperature profiles; and c) cross-sectional temperature 

profiles in conjunction with plume deflector studies. Supplementary 

temperature data were also collected in conjunction with biological 

studies. 
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a. Continuous Monitoring 

Surface temperature monitoring was conducted by personnel of 

the Public Service Company of New Hampshire at Stations N-10, Zero-West 

and s-4. Instrumentation consisted of YSI thermivolt thermometers con

nected to Westinghouse {Hagen) signal converters and Sangamo digital 

pulse recorders. These units were linked by computer to the station 

control room and provided a nearly continuous {every 15 minutes) check 

of system operation. Calibration of the system was performed weekly. 

b. Weekly Temperature Profiles 

Weekly temperature profiles were taken at one-foot depth inter

vals at four stations (Zero, s-4, N-10, S•l7). At Stations zero and s-4, 

temperatures were taken at the mid-point and near the east and west banks 

of the river; at Stations N-10 and S-17 measurements were done only at 

mid-river. Periodic calibration of the field thermistor unit was accom

plished with a precision-grade mercury thermometer. 

c. Plume Deflector Temperature Profiles 

The oil containment boom, tested for potential use as a plume 

deflector (NAI, 1975), ext~ed from the discharge canal outwards approx

imately one-third of the distance across the river and then downstream 

5 

to Station S-3 (Figure 1). The boom skirt (that part of the boom extending 

below water level) was 2 ft deep. The device was emplaced on July 2, 

1975 and removed on July 9, 1975. 

Prior to installation of the boom, thermal cross-sectional pro

file surveys were conducted on June 26, 1975 and on July 1, 1975. Post

installation surveys were conducted on July 3 and July 7, 1975. Water 

temperatures were recorded at 1-ft depth intervals at six stations across 

the following transects: N-10, N-5, N-1, Zero through S-10, S-14, S-18, 



s-22 and S-24 (transects are indicated in Figure 1). Temperatures were 

measured using the temperature portion of a Beckman RS5-3 portable 

salinometer (accuracy ±0.5 C). Relative humidity and air temperature 

data were provided by the u.s. Weather Service office located at the 

nearby Concord, New Hampshire airport. 

Continuous temperature recorders were also used to monitor 

temperatures at fixed locations before and after emplacement of the 

boom. The monitors were located at mid-river on Transects Zero and S-3 

as well as at three equidistant stations on Transect S-5 (mid-river and 

135ft from the east bank and 135ft from the west bank). Each unit 

consisted of two thermistor probes at two different depths hard wired to 

a recording installation on shore. At Zero and S-3, the depths were 6 

inches and 4 ft. At the three stations on s-5, the depths were 6 inches 

and 2.5 ft. These monitors were installed on June 30, 1975 and were 

removed on July 9, 1975. 

B. RESULTS AND DISCUSSION 

1. Flows 

Mean monthly discharge ±1 standard deviation, and flow ranges 

during the 1975 survey period are presented in Figure 2. Mean monthly 

discharge at Garvins Falls ranged from 11,603 cubic feet per second 

(cfs) in April to 1,180 cfs in August. Similarly, average daily dis

charge ranged from 22,351 cfs on April 21 to 694 cfs on August 29. Due 

partly to the completion of the spring snow-melt, mean monthly discharge 

diminished by 41% (from 11,603 to 6,788 cfs) between April and May. As 

in 1974, August was the month of lowest flow, when 48% of the daily mean 

discharges were below 1000 cfs. In comparison to past seasons, 1975 

flows were higher than those of 1971 (NAI, 1972) and 1974 (NAI, 1975) 

and lower than the flows of 1972 (NAI, 1973) and 1973 (NAI, 1974). 

6 
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2. Depth of Visibility 

Weekly depth of visibility measurements taken during the 1975 

sampling season are listed by station in Table 1. As in previous study 

years, readings during the spring run-off period were reduced, with a 

minimum value of 2.5 feet recorded on April 21. However, due in part 

to frequent and heavy rainfall during October 1975, the autumnal depth 

of visibility values averaged less than those of the spring. Maximum 

visibility (10.5 ft) was recorded, as in past years, during late summer 

and early autumn, the period of lowest flows and lowest productivity. 

During April, May and June, Station Zero-West had lower depth of visi

bility values than did Station N-10. This trend has been observed in 

the past and may be the result of suspension of unconsolidated sediments 

associated with the mouth of the discharge canal. In general, depths 

of visibility for the 1975 study season differed little from the trends 

of previous years except during unusual circumstances such as the dredging 

operations of April 1972 and the severe flooding of July 1973. 

3. Temperature 

a. Continuous Temperature Monitoring 

Continuous temperature monitoring data for Stations N-10, Zero 

and S-4 are shown in Appendix I. Data presented are average, maximum 

and minimum daily temperatures; time of recording is also indicated. 

The highest daily average ambient temperature, 77.9°F, occurred at 

Station N-10 in July. At Station S-4, the highest average temperature 

was 85.l°F and also occurred during July. Data for Station Zero was 

incomplete for the months of June and July due to difficulties with 

data tapes. 

8 



TABLE 1. WEEKLY DEPTH OF VISIBILITY r1EASUREMENTS (FEET) BY STATION, 
HOOKSETT POND, ~·1ERRH'1ACK RIVER -- APRIL THROUGH OCTOBER 1975. 

SAMPLING 
OATES 
1975 N-10 ZERO-WEST S-4 S-17 

April 1 7.0 5.0 7.0 6.5 
7 5.0 4.5 4.5 5.0 

14 9.0 6.0 8.0 8.5 
21 3.0 3.0 2.5 2.5 
29 8.5 6.5 8.0 5.0 

May 6 5.5 s.o 5.5 s.o 
12 7.0 5.0 7.0 7.0 
19 6.5 s.o 7.0 6.0 
26 7.5 4.0 8.5 8.0 

June 2 8.5 5.0 8.5 6.5 
9 5.5 5.0 5.5 6.0 

16 4.5 4.0 4.5 4.5 
23 6.5 6.0 6.0(B) 
30 5.5 4.5(B) 6.5 6.0 

July 8 8.5(B) 5. 5 (B) 9.0 1.0(B) 

14 8.0 6. 5 {B) 8.5 8.0 
21 6.0 6.0 6.5 6.5 
28 6.5 6.0(B) 7.0 7.0 

August 4 8.0 S.O(B) 8.0 7.5 
11 9.5 6.5{B) 8.5 9.5(B) 
18 8.0 5. 5 (B) 9.0 7.0{B) 

25 8.0 4.0(B) 10.0 7.5 

Sept. 2 9.0 6.0(B) 9.0 7.0(B) 
10 9.0(B) 5.5{B) 10.5 7.0(B) 
15 9.0(B) 6.0(B) 9.5 7.0(B) 
22 9.oun 6.0(B) 9.5 7.5(B) 
30 3.0 3.0 3.5 3.0 

October 6 5.5 5.5 6.0 6.0 
16 4-0 4.0 s.o 5.0 
20 3.5 3.5 3.5 3.5 
30 6.0 5.0(B) 7.5 6.0 

*{B) signifies Bottom 
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b. Weekly Temperature Profiles 

Temperature data, taken in conjunction with weekly monitoring 

activities, are presented in Tables 2-4. Highest mean monthly surface 

temperatures (Table 2) occurred during August, the month of lowest flows 

(Figure 2). Values in Table 3 represent vertical temperature differ

ences at each station throughout the season. These surface-to-bottom 

differences were most pronounced during months of highest ambient air 

and water temperatures, July, August and September. Vertical tempera

ture differences at Station Zero-West during these months were small, 

due, in part, to relatively low flow and resulting lower level of 

encroachment by ambient water into the discharge canal mouth. Station 

Zero-West temperature profiles consistently yielded the highest average 

monthly ~t's when compared to N-10 (Table 4). Each mean peak tempera

ture difference between Station N-10 and the thermally-affected stations 

(Zero, S-4 and S-17) during July, August and September was more than 

double that of April, May, June and October. Maximum dissimilarity of 

peak temperatures between N-10 and the other three stations occurred 

during August. 

c. Plume Deflector Temperature Profiles 

PRE-INSTALLATION TEMPERATURE SURVEYS 

June 26, 1975 -- Figure 3 

Both Units I and II and 208 spray modules were operational 

during the June 26th survey. Relative humidity ranged from 40 to 100% 

(x = 65%) and air temperature ranged from so to 84°F (x = 68°F). Dis

charge averaged 1902 cfs. 

10 



STATION 

N-10 

Zero 

S-4 

S-17 

STATION 

N-10 

Zero 

S-4 

S-17 

TABLE 2. WEEKLY TEMPERATURE POitiT PROFILES: MEAII MONTHLY TEMPERATURES ( 0 F) AND RAtiGES, 
HOOKSETT POND, UERRIMACK RIVER, 1975. 

APRIL MAY JUNE 
WEST MID EAST WEST MID EAST WEST MID EAST 

Range 33.5-43.5 49.G-67.0 59.0-77.0 
Mean 38.6 58.2 67.8 

Range 41.0-54.4 33.2-43.9 33.3-44.4 60.1-75.8 49.5-67.5 50.4-68.0 71.3-90.0 59.2-88.9 59.0-77.0 
Mean 46.6 39.0 39.4 69.3 58.6 59.0 76.6 87.8 68.0 

Range 37.8-45.9 34.d-44.4 34.0-44.2 52.8-68.9 52.1-69.5 50.0-68.0 61.2-83.3 63.0-86.0 67.7-78.0 
Mean 41.7 39.5 39.4 60.9 62.5 60.5 70.7 72.0 69.7 

Range 34.1-44.8 50.5-68.1 60.0-80.3 
Mean 39.5 59.6 69.7 

JULY AUGUST SEPTEMBER OCTOBER 

WEST MID EAST WEST MID EAST WEST MID EAST WEST MID 

Range 75.5-78.8 70.9-81.4 59.2-67.0 5o.o-58.1 
Mean 77.0 76.4 63.8 53.1 

i 

EAST . 

I 

I 

Range 90.G-93.5 78.0-90.1 76.2-91.8 84.0-95.1 83.3-94.1 84.0-93.3 71.1-81.0 59.2-79.4 59.G-79.0 50.0-66.1 50.0-59.0 49.9-59.0 I 
Mean 91.5 85.4 80.8 90.6 88.8 88.8 76.0 73.0 67.2 61.0 53.6 53.6 

Range 81.5-90.0 81.o-90.3 77.2-90.0 81.3-90.3 82.1-90.5 81.2-87.3 61.7-77.0 62.4-76.0 59.0-75.1 49.8-58.5 5o.o-58.5 49.8-59.0 
Mean 85.2 85.5 82.8 86.8 87.0 84.5 69.5 70.5 69.4 54.6 55.8 54.2 

Range 80.2-85.8 78.0-88.0 59.5-71.1 49.9-58.1 
Mean 82.2 83.3 66.9 53.5 

..... ..... 



--=-=- __ -_ ------- --------~~----- o_--=="--=--=- ---== ------:::c:::;-==----=-

TABLE 3. WEEKLY TEMPERATURE POINT PROFILES: MEAN MONTHLY SURFACE-TO-BOTTOM 6t'S ( 0 F), 
HOOKSETT Porm, t1ERRU1ACK RIVER, 1975. 

APRIL MAY JUNE JULY AUGUST* SEPTEMBER OCTOBER 
STATION West Mid East West Mid East West Mid East West Mid East West Mid East West Mid East West Mid East 

N-10 0.1 0.3 0.3 0.5 1.0 0.3 0.0 

Zero 4.3 0.2 0.3 .8.3 0.4 0.6 6.0 2.3 o.o 9.2 8.4 3.0 3.8 12.2 10.7 4.6 9.3 1.9 5.9 0.4 0.3 

S-4 0.4 0.3 0.2 0.7 3.6 0.8 1.0 2.8 0.2 5.6 8.4 4.8 8.6 11.0 ·7.6 3.4 6.7 5.0 0.3 2.4 0.0 

S-17 0.1 0.5 0.5 4.5 6.5 2.0 -0.1 

* Values represent the mean of three sampling dates. 

(l) These data represent the monthly average of the 
weekly surface-to-bottom temperature difference at each profile. 

..... 
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STATION 

N-10 

Zero 

s-4 

S-17 

STATION 

N-10 

Zero 

S-4 

S-17 

STATION 

N-10 

Zero 

S-4 

S-17 

TABLE 4. WEEKLY TEf1PERATURE POINT PROFILES: t1EAN MONTHLY ~t'S ( 0 F} BY STATION, 
HOOKSETT POND, MERRiriACK RIVER, 1975. 

APRIL 
West Mtd East 

Mean Peak Mean PHk Heilft Peak 

---
5.6(J) 9.1 121 o.4 0.4 0.6 0.8 

2.9 ,_. I ... 0.9 o.8 0.8 

0.9 0.8 
--

JULY 
West Mid East 

Mean Peak Mean Peak Mean PHk 
\ ---

11.7 14.5 3.2 8.5 3.0 3.8 

5.6 8.3 2.8 8.7 3.2 5.8 

2.8 5.4 

OCTOBER I 

West Mid East• ! 

Mean Peak Mean Peak Mean Peak 
I 

---
5.1 7.9 0.2 0.5 0.2 0.4 

1.3 1.5 0.7 2.7 1.1 1.2 

0.5 0.6 I 

MAY JUNE I 

West Mid East West Mid East 
Mean Peak MHn Peak Mea11 Peak Men PNk Mean Peak Mean Peak 

--- ---
6.6 9.9 0.3 0.4 0.7 1.0 6.7 8.9 1.3 2.6 0.4 0.5 

2.4 2.5 1.4 4.1 1.9 2.3 2.6 2.9 1.7 4.2 2.2 2.2 

1.3 1.4 1.7 1.9 
-------- --

AUGUST* S£PTEM8£R 
West Mid East West Mid East I 

I 

Mean Peak Mean Pe~k Mean Peak Mean Pe;~k Mean Peak Mean Peak · 

--- ---
I 

13.3 14.2 6.0 11.9 9.6 12.3 11.0 12.7 4.3 9.4 2.7 3.4 

7.3 H.O 3.3 10.6 3.8 8.2 4.7 5.9 2.7 7.0 3.4 5.8 

3.7 6.9 2.3 3.3 

* Values represent mean of three sampling dates. 

(1) 

(1) 

These data represent the mean of all values recorded at 
a. thermally-altered vertical point profile minus the 
mean of all similar readings taken at Station N-10 
(ambient) during a month. 

These data represent the mean of the weekly peak 
temperature differences (only) between a thermally
altered station and Station N-10 (ambient) recorded 
during a month. 
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Figure 3. Isothermal cross-sections of Merrimack River sampling sta
tions, Hooksett Pond, June 26, 1975. 

I 



t- ;) 
77.5 7&.8 LLJ 4 LLJ 

LL.. 5 .. 
6 X 

t- 7 0.. 
LLJ 8 Cl -· 

I 
II 
12 

t- -
LLJ 
LLJ 
LL.. 4 .. 5 
X 
t- 6 
0.. 
LLJ 7 
Cl 

S-2 

o 100 200 500 400 sao 600 
I I I I I I I I I I I I I 

TRANSECT WIDTH, FE£T 

Figure 3. 

/ 
76.8 

·--"""" r I 

••• I 
• 

~ I 

0 

Vl 

I 
ex: 
LLJ 
t-
LLJ 
::::E: 

.. 
X 2 t-
0.. 
LLJ 
Cl 

3 

0 

Vl 
ex: 
LLJ 

I t-
LLJ 
::::E: . 
X , 
t-

2 0.. 
LLJ 
Cl 

3 

..... 
U1 



0 
I 
2 
3 
4 

1-
5 

LLI 6 
LLI 
u.. 7 .. 8 
X 
1-
a.. 

9 
LLI 10 
Cl 

II 
12 
13 
14 
15 
16 

0 

Vl 
0:: 
LLI 

2 ~ 
:::E 

X 
1-

3 fu 
Cl 

4 

5 

~ ~--?= ~ 
_,_ -• •"·" --• B _, __ , [0 
~ LLI . ,.. . . . I LLI 

u.. ~- ::E 

~ ~5 s ~ ~ ._/ ~X 
Cl . . ____.,- 2 Cl 

S-5 S-6 

0 100 200 300 400 500 600 
I I I I I I I I I I I I I 

TRANSECT ~DTH 1 FEET 

Figure 3. .... 
0\ 



~ 
-· -- •o.i: .,_. 

8-4.4 8Z.1 

r~ I- ~~ La.J 
La.J 
LL. .. 

4 ::t: 
I-

~~ ~ ... ~ ) 
NO OU.il: 

tJ a.. 
La.J 
c 

8 
S-8 

~ ~bj 
-· ·~ -· ~ .... ..., [" 
~~ I-

Vl 
0:: 

La.J La.J 
La.J I-
LL. La.J -.as ~'· ~. ~ I ::E . 711. -

::t: n I-

~- / \ / ~2 ~ 
a.. 
La.J 

/'ns c 
- -8 

9 

() 100 200 300 400 500 &00 
I I I I I I I I I I I I I 

TRANSECT WIDTH, FEET 

Figure 3. 
..... 
-.J 

-1 



0 .... 14.2 14.2 

I 
lUll 

2 IIZ.II 

3 
t-
UJ 4 
UJ 711.11 
LL. 5 

-----
. ·~ F= 7 
~ 8 .II 

0 9 

10 

0 
I 

2 
3 

t- 4 
UJ 5 UJ 
LL. 6 .. 7 :I: 
t- 8 0.. 
UJ 9 0 

10 
II 

12 
13 
14 

Figure 3. 

13.0 AI 

112.11 

111.11. 

~ ~ 

S-18 

711.11-- / 

S-24 

0 100 200 JOO 400 500 600 
I I I I I I I I I I I I I 

TRANSECT WIDTH, FEET 

0 

(/) 
0::: 

I UJ 
t-
UJ 
::::: 

r2 ~ 
L3 

0 

(/) 
0::: 

I 
UJ 
t-

2~ .. 
:I: 
t-
0.. r· ~ 

4 

...... 
CXl 



Water temperatures at the ambient station (N-5) ranged from 

76.3°F to 78.8. At Station Zero, temperatures ranged from 76.8 to 

90.8°F. At stations immediately below the canal, the heated water 

crossed the river to the east side with the highest temperatures along 

these transects occurring in the littoral zones at Stations S-1 to S-3 

East. By Station S-4, the plume had spread quite evenly across the 

river surface. Nearly all of the thermally-altered discharge water 

appeared to be limited to within 4 feet of the surface at all transects. 

Water temperatures noted at Station s-1 (76.8 to 88.2°F) were not sig

nificantly different from those at Station s-8 (77.7 to 86.5°F), al

though by s-a the depth at which higher At's were recorded began to 

decrease. Proceeding downstream from Station S-9 to S-24 water pro

gressively cooled and a trend toward temperature homogeneity was ob

served. 

July 1, 1975 -- Figure 4 

Both Units I and II and 208 spray modules were operational 

during the July lst survey. Relative humidity ranged from 30-97\ (x = 
65\) and air temperatures ranged from 45-90°F (x • 70°F). Disc~ge 

averaged 1546 cfs. 

Water temperatures at Station N-5 ranged from 75.4 to 76.6°F, 

while at Station Zero, temperatures ranged from 76.8 to 89.6°F. As in 

the June survey, the heated water crossed the river to the east side 

with the highest temperatures on these transects occurring in the lit

toral zones at Stations s-1 to S-3 East. There was limited mixing of 

the plume with the deeper ambient water through Station S-7. Beginning 

with Station S-8, relative humidity increased until water column temp

eratures at S-24 resembled those at Station N-5. 
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Figure 4. Isothermal cross-sections of Merrimack River sampling 
stations, Hooksett Pond, July 1, 1975. 
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POST-DEPLOYMENT TEMPERATURE SURVEYS 

July 3, 1975 -- Figure 5 

The experimental plume deflector was emplaced on July 2, 1975 

and a post-deployment temperature survey conducted on July 3. Both 

Units I and II and 208 spray modules were operational during the survey. 

Relative humidity ranged from 39 to 100% (x = 70%) and air temperature 

ranged from 55 to 86°F (x = 72°F). Flows averaged 1574 cfs. 

Water temperatures at Station N-5 ranged from 77.5 to 78.1°F, 

while temperatures at Station zero ranged from 78.5 to 92.8°F. Unlike 

the June 26 and July 1 pre-deployment surveys, the July 3 survey did not 

show a strong tendency for markedly higher water temperatures on the 

east bank at Station s-1 to s-3 •. This difference was primarily the 

result of the heated effluent undershooting the boom and mixing into the 

ambient water column to a greater extent than it had prior to boom 

deployment. At Stations S-18, s-22 and S-24, very little temperature 

stratification was evident. 

July 7, 1975 --Figure 6 

Both Units I and II and 208 spray modules were operational 

during the July 7 survey. Relative humidity ranged from 57 to 100% (x 
= 87%) and air temperatures from 64 to S2•F (x = 71°F). Discharge 

averaged 1476 cfs. 

Temperatures at Station N-5 ranged from 78.2 to 79.6°F, while 

temperatures at Station Zero ranged from 79.1 to 92.8°F. Once again the 

thermal plume appeared to undershoot the deflector and was not contained 

on the west bank of the river. Similar to the July 3 survey, greater 

mixing of the plume with ambient water was evident as exemplified by 

the decreased west to east surface temperature difference. Temperature 

stratification was, however, still strongly evident at Stations S-18, s-
22 and S-24 and less temperature homogeneity existed at those stations 

bhan during the pre-deployment surveys. 
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Figure 5. Isothermal cross-sections of Merrimack River sampling 
stations, Hooksett Pond, July 3, 1975. 
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Figure 6. I.sothennal cross-sections of Merrimack River sampling sta
tions. Hooksett Pond, July 7, 1975. 
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In summary, pre-deployment surveys showed temperature distri

butions generally similar to past years. With the installation of the 

boom, water which would normally be found in surface waters only, was 

more thoroughly mixed with ambient water. This had the effect of less

ening west-to-east temperature differentials at Stations S-1 to S-3. In 

general, the boom was not a successful method of containing the plume to 

the west bank. 

C. SUMMARY AND CONCLUSIONS -- PHYSICAL 

As in past years, depth of visibility readings were lowest 

during the spring months during seasonal high flows. Discharge during 

the year ranged 22,351 cfs in April to 694 cfs in August. Maximum mean 

ambient temperatures and ~t's (weekly sampling) occurred during August, 

the month of lowest flows. The plume deflector caused a greater mixing 

of the thermal effluent with ambient water, which tended to reduce the 

west-to-east temperature gradient at stations closest to the discharge 

canal. The deflector did not prove to be an effective method of con

fining the plume to the west bank of the river. 
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III. WATER QUALITY STUDIES 

A. METHODS 

1. Nutrients 

Single surface water samples were taken weekly in 1-liter 

polypropylene bottles at Stations N-10 and S•4 and monthly at Stations 

Zero-West and S-17 for nutrient analyses. Analyses were done in accord

ance with APHA (1971) techniques, to determine concentrations (in mg/l) 

of nitrates (N03), nitrites (N0
2
), total phosphates (T-P0

4
), and ortho

phosphate& (0-PO 4) • Monthly means computed from weekly data for Sta

tions N .. lO (control region) and S-4 (mixing zone) are the most mean

ingful and are discussed in detail. Values derived from monthly sam

pling at Stations Zero-West and S-17 were intended only to be indicative 

of nutrient conditions at those stations during each month. Data col

lected were used as background information in biological studies and to 

determine if the Merrimack Generating facility was having an effect on 

river nutrient concentrations. 

2. £!:!. 

Single samples for pH determinations were taken weekly in 12-

oz. glass bottles from surface waters at Stations N-10, Zero-West, s-4 

and S-17 and returned to the laboratory. An Orion Research Model 401 

specific ion meter was used to measure pH. Monthly means by station 

were calculated from weekly data and used to determine if the discharge 

from the Merrimack Generating facility was affecting Merrimack River pH. 
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3. Dissolved Oxygen 

One dissolved oxygen sample was collected weekly in a 300 ml 

glass stoppered bottle from surface waters at the following stations: 

N-10, Zero-West, S-4 and S-17. Samples were acid-fixed in the field and 

returned to the laboratory for titration. Precise determinations of 

dissolved oxygen concentrations was accomplished using the azide modi

fication of the iodometric method (APHA, 1971). 

A 24-hour dissolved oxygen and temperature survey was also 

conducted beginning August 14 using a Yellow Spring Instrument Company 

(YSI) Model 54 Oxygen Meter with probe. Regular instrument calibration 

checks were performed during the survey using the iodometric method 

described above. Stations N-10, Zero, S-4, S-17 and S-24 were sampled 

at mid-channel and west and east littoral zones at 4-hour intervals 

throughout the 24-hour period. The 24-hour survey data, as well as that 

collected during weekly samplings, was used to determine the degree to 

which dissolved oxygen concentrations were being affected by the oper

ation of the Merrimack Station. 

B. RESULTS AND DISCUSSION 

1. Nutrients 

Monthly means of 1975 nutrient concentrations are listed by 

station in Table 5. 

Mean monthly nitrate concentrations were at their highest 

levels (0.572 mg/1) during April and declined steadily to minimum 

seasonal levels in September (0.162 mg/1). Throughout July and August 

consistent levels of nitrates, ranging from 0.180 to 0.186 mg/1, were 

found at both Stations N-10 and S-4. Nitrites, which are largely indic

ators of local sewage inputs, showed relatively consistent mean monthly 

concentrations (.002 - .009 mg/1) at Stations N-10 and S-4 throughout 
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TABLE 5. MEAN MONTHLY NUTRIENT CONCENTRATION (mg/1) BY STATION, HOOKSETT 
POND, MERRIMACK RIVER, 1975. 

STATIONS 

Month N-1 0 ** Zero-West* S-4 ** S-17 * 

April N02 .002 .002 .002 <.001 
N03 .558 .620 .572 .625 
T-P04 .091 .088 .087 .100 
O-P04 .004 .007 .003 .011 

May N02 .009 .005 .006 .004 
N03 .346 .30~ .324 .291 
T-P04 .087 .087 .084 .081 
0-P04 .012 .ooo .023 .000 . 

June N02 • 008 .010 .008 .010 
N03 .239 .359 .246 .362 
T-P04 .083 .085 .083 .090 
O-P04 .036 .039 .020 .036 

July N02 .009 .011 .008 .009 
N03 .184 .180 .186 .157 
T-P04 .036 .055 .038 .047 
0-P04 .012 .016 .015 .015 

August N02 .007 .oo8 .009 .007 
N03 .180 .172 .181 .217 
T-P04 .058 .061 .059 .033 
o-Po4 .023 .016 .030 .011 

September N02 .007 .009 .007 .008 
N03 .162 .171 .163 .175 
T-P04 .058 .085 .062 .079 
0-P04 .025 .028 .022 .021 

October N02 .006 .004 .005 .004 
N03 .284 .318 .295 .312 
T-P04 .071 .073 .077 .223 
o-P04 .016 .027 .025 .191 

* One sample per month 

** Monthly means of weekly samples 
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the study season. Mean monthly total phosphate concentrations ranged 

from 0.036 mg/1 during July to 0.091 in April. Levels of total phos

phate remained fairly consistent during August and September, ranging 

from 0.058 to 0.062 mg/1. Both nitrate and total phosphate concentra

tions declined noticeably during the periods of low flows and high 

temperatures when algal productivity increased to maximum summer levels 

(July-September). Concentrations of orthophosphates unexpectedly did 

not show a similar trend, as indicated by the increase in mean monthly 

values between July and Auqust at both Stations N-10 and S-4. No major 

between station differences were noted for any of the parameters studied. 

Formerly, seasonal means .for each nutrient were computed using 

data from all four stations (N-10, Zero-West, S-4 and S-17). The 1975 

seasonal means included data from Stations N-10 and S-4 only. The 

resultant values for nitrites (N02) and orthophosphates (O-P04) were 

quite comparable to past years. However, mean seasonal nitrates (0.280 

mg/1) were lower than those of 1971 (0.393 mq/1) (NAI, 1971) and higher 

than those of 1972 (0.149 mg/l) (NAI, 1973), 1973 (0.174 mg.l) (NAI, 

1974), and 1974 (0.261 mg/l) (NAI, 1975). Similarly, total phosphates 

(0.070 mg/1) were higher than those of 1971-1974 (0.004, 0.037, 0.034 

and 0.042 mg/1, respectively). In general, concentrations of nutrients, 

particularly phosphates, in the Hooksett Pond area of the Merrimack 

River were high when compared to other rivers in the northeast (Environ

mental Protection Agency, 1974). This is very likely the result of 

inputs of wastewater from sources above the generating facility. 

2. J?.!i 

Mean monthly pH values are listed by station in Table 6. The 

lowest (5.81 in August) and highest (7.16 in October) mean monthly pH 

values of the season were encountered at Station N-10. Mean monthly pH 

over all stations in April (5.98) were lower than those for subsequent 

study months. This is in contrast to the trend toward neutrality evi-



TABLE 6. MEAN MONTHLY AND SEASONAL pH VALUES BY STATION, HOOKSETT POND, 
MERRIMACK RIVER, 1975. 

STATIONS 

MONTH N-10 ZERO-WEST S-4 S-17 

April 6.061 
5.86 5.94 6.06 

May 6.35 6.38 6.46 6.47 

June 6.18 6.25 6.33 6.21 

July 6.55 6.53 6.26 6.51 

August 5.81 6.14 6.24 6.22 

September 6. 59 6.68 6.62 6.86 

October 7.16 6.81 6.94 6.88 

Mean for 
sampling 6.38 6.38 6.40 6.46 
season 

1 
No samples for April 21 and 29 
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dent during October when the monthly mean value for all stations was 

6.95. As indicated above, Station N-10 had a higher mean monthly pH 

value in October and a lower value in August, when compared to down

stream stations. No major shifts in pH were noted on any given sampling 

date during these months. The mean seasonal pH, computed by using all 

1975 readings, was 6.40. Compared to the corresponding annual means of 

past years, the 1975 pH was lower than those of 1971 (7.07), 1972 (7.02), 

and 1974 (6.47) but higher than that of 1973 (6.20). Prior to 1971 

(NAI, 1967, 1968 and 1970) sampling techniques were not consistent with 

later years but findings were generally comparable (range of means 6.27-

6.66) to findings of later years. 

3. Dissolved Oxygen 

a. Weekly Surface Dissolved Oxygen 

Monthly means and ranges of 1975 weekly surface dissolved 

oxygen (DO) levels are listed by station in Table 7. Weekly DO con

centrations ranged from 14.1 mg/1 at Station S-17 during April to 6.6 

mg/1 at Station Zero-West in July. Concentrations at S-17 were equal to 

or greater than those of Station N-10 during all months except May and 

October. This may partially be the result of the influences of the 

Suncook River which enters the Merrimack near Station S-6 East. When 

compared to ambient dissolved oxygen levels at Station N-10, Station 

Zero-West DO levels were consistently slightly reduced throughout the 

study period. As in past years, DO concentration differences between 

the thermally-altered stations and ambient N-10 levels were smallest 

during peak temperature/low flow months. In contrast, the greatest 

differences in mean monthly dissolved oxygen between Stations N-10 and 

Zero-West occurred in April (1.7 mg/1) and October (1.5 mg/1). 

The 1975 mean DO concentrations at Stations N-10 (9.7 mg/1}, 

Zero-West (8.8 mg/1}, S-4 (9.5 mg/1} and S-17 (9.8 mg/1} were higher 

than each station's corresponding concentration from 1971 through 1974, 



STATION 

N-10 

ZERO-WEST 

S-4 

S-17 

TABLE 7. MEAN MONTHLY SURFACE DISSOLVED OXYGEN CONCENTRATIONS (mg/L) AND MONTHLY 
RANGES, HOOKSETT POND, MERRIMACK RIVER, 1975. 

APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER 

Range 12.3-13.8 8. 8-11.1 7.3-9.5 7.3-7.8 7.6-9.5 8.7-10.5 10.9-12.7 
Mean 12.9 9.9 8.5 7.5 8.3 9.4 11.7 

Range 9.8-12.4 8.1-9.5 7.0-8.6 6.6-7.0 7.2-9.0 7.7-9.8 8.8-11.7 
Mean 11.2 8.7 7.8 6.8 7.9 8.8 10.2 

Range 12.4-13.5 9.0-11.2 7.3-8.8 7.1-7.5 7.6-8.6 8.3-10.2 10.2-12.1 
Mean 12.9 9.8 8.3 7.2 8.1 9.2 11.3 

Range 12.3-14.1 8. 7-11.1 8.0-9.6 7.3-7.9 7.6-9.5 8.5-10.3 10.5-12.0 
Mean 12.9 9.8 8.9 7.6 8.4 9.7 11.3 

-------- - -------

MEAN AND 
RANGE FOR 
SAMPLING 
SEASON 

7.3-13.8 
9.7 

6.6-12.4 
8.8 

7.1-13.5 
9.5 

7.3-14.1 
9.8 

""' w 



likely as a result of higher flows noted during the late summer months. 

The only exceptions occurred during 1972 when the mean DO concentration 

at Stations N-10 (9.8 mg/1) and Zero-West (9.0 mg/1) exceeded those of 

1975. 

b. 24-Hour Dissolved Oxygen 

Results of the 1975 24-hour dissolved oxygen-temperature 

survey are listed in Table 8. Clear and warm weather conditions pre

vailed throughout the two day period, with air temperatures ranging from 

89.0°F at noon on August 14 to 61.0°F during the early morning of August 

15. Relative humidity varied from 39 to 100% during this same time 

period. Initially, daily flows averaged 1,687 cfs but diminished to 

1,201 cfs during the second day of study. Relatively cool discharge 

water temperatures reflected the fact that Unit i2 was not in operation 

throughout the survey period. 

Lowest DO levels were encountered at Station N-10 West during 

the 0400 sampling (5.5 mg/1), corresponding to restricted flows (H. 

Slattum, personal communication) and decreased photosynthetic activity. 

During this time, the five western littoral zone stations experienced 

the widest range of concentrations (5.5 to 7.6 mg/1) of all similar 

samplings throughout the 24-hour survey. The 1600 sampling yielded the 

highest dissolved oxygen reading of the survey (9.4 mg.l), recorded 

along the eastern littoral zone at Station S-17. Mean dissolved oxygen 

levels (over all Stations) over the 24-hour period at the east (7.9 

mg/1) and west (7.9 mg/1) littoral zones and at midstream (8.0 mg/1) 

were nearly identical. 

Station Zero-West showed the greatest reductions in dissolved 

oxygen concentrations when compared to Station N-10. In all cases these 

reductions were less than 1.0 ppm and reflected the effects of the 

inverse relationship of oxygen solubility to water temperatures. It is 

interesting to note that the mean concentrations of dissolved oxygen at 
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TABLE 8. MEANS AND RANGES OF TEMPERATURE AND DISSOLVED OXYGEN PROFILES, 
24-HOUR DISSOLVED OXYGEN STUDY, AUGUST 14-15, HOOKSETT POND, 
f·1ERRIMACK RIVER, 1975. 

1200-14 August 1975 

WEST MID-RIVER EAST 

STATION D.O. (pJIII) TEMP. ("F) o.o. (ppm) TEMP. (°F) o.o. (ppm) TEMP. ( °F) 

11-10 •a 8.4-8.4 74.1•78. 5 8.4-8.4 78.4-78.4 8.3-8.6 78.4-79.2 
*II 8.4 77.8 8.4 78.4 8.4 78.8 

Zazo R 8.o-8.5 78.6-82.6 8.4-8.5 78.1-78.8 8.5•8. 7 77.7-78.3 
II 8.2 81.4 8.5 78.3 8.7 78.1 

s-4 R 8.4-8.4 77. 7·78.4 8.2-8.4 71!1.4-81.1 8.2•8.4 78.8-80.8 
II 8.4 78.0 8.3 79.7 8.3 79.8 

1•17 R 7.6-8.0 78.6•80.6 8.2-8.3 79.0·80.4 8.5-8.9 79.3•82.4 
II 7,8 79.7 8.2 19.7 8.8 81.5 

5·24 R 8. 7-9.2 79.3-82.4 8.0-8.2 79.9-81.3 7.6-8.2 80.6-82.4 
II 9.0 110.9 8.1 80.4 -e.o 81.7 

1 600 1 1975 - 4 August 
WEST MID-RIVER EAST 

STATION O.O.(ppm) TEMP. (•F) D.O. (ppm) TEMP.(•F) o.o. (ppm) TEMP. (•f) 

11-10 R 8.8-8.9 78.6-o79. 7 8.6•8. 7 78.8-78.8 8. 7•9.2 78.8•79.2 
M 8.8 78.9 8.7 78.8 8.8 79.0 

UIIO a 8.2•8.5 79. 7•82.8 8. 7-a.a 78.6•711.8 9.0-9.0 78.6•78.8 
II 8.3 12-0 &1.8 78.8 9.0 78.8 

s-4 R 8.8-8.9 78.4-78.8 8.7-8.1 79.0•80.6 8.6·8. 7 80.1•80.6 
M 8.8 78.8 8.8 79.7 8.6 80.4 

s-17 R 8.2-8.4 79.o-79.5 8.5-lii.s 79.5·79. 7 8.2-9.4 78.8-81.0 
M 8.3 79.3 8.5 79.6 8.9 80.2 

5-24 R 8.6-8.1 79.5·79.7 8.4-8.6 79. 3·80.2 7.9-8.3 80.1-80.4 
II 8.7 79.6 8.5 79.6 8.1 80.2 

2000·14 August 1975 

WEST MID-RIVER EAST 

STATION o.o.(ppm) TEMP. (•F) D.O.(ppm) TEMP. (•F) D.O.(~) TEMP. (°F) 

11-10 R 8.4-8.5 78.8•78.8 8.6·8.8 79.2•79.8 8.6-a. 7 79.2•79.6 
II 8.5 78.8 a. 1 79.6 8.7 79.5 

ZSRO a 7.8-8.0 83.8•84.1 8.o-8.8 79. 7•83.3 8.2-8.8 79.9-111.5 
II 7.9 84.0 8.s 81.1 1.7 80.2 

5•4 R 8.2-8.4 79.6-80.7 8.4-8.6 80.1 ... 1.2 8.5-8.6 80."4-80.6 
II 8.3 80.3 8.s 80.8 8.5 80.5 

s-11 ll 8.3-8.4 78.5-80.1 8.5-8.6 79.6•80.1 8.4-8.5 79.5-80.3 
M 8.4 79.8 8.6 8o.o 8.5 80.1 

5-24 ll 1 .a-a.o 77.9-79.2 a.s-a.& 79.2•79.9 8.1-8.3 79.4-79.9 
M 7.8 78.8 8.6 79.8 8.2 79.8 

2400-14 August 1975 

WEST MIO·RIVER EAST 

STATION o.O.(pJIIIJ TEMP. (•F) D.O. (ppm) TEMP. (•F) o.O.(ppm) TEMP.(°F) 

M-10 R 7.2-7.4 78.8·78.8 7.6-7. 7 78.8-78.8 7.0-7.5 78.1•78.8 
II 7.2 78.8 7.6 78.8 7.3 78.7 

Zero R 6.9-7.0 82. 4•83. 3 7. 2-7.9 78.8·82.6 6.9-7.5 80.6•82.4 
M 7.0 82.9 7.6 so. 7 7.2 81.8 

s-4 R 7.3-7.4 79.1)-80.6 6.8-7. 7 79.7-80.8 7.3-7.6 78.8-79.7 
II 7.4 110.1 7.4 80.4 7.4 79.4 

S•17 R 7.4-7.6 79.0·80.4 7.3-7.7 79.0·79. 7 7.2-7.4 77.9•77.9 
M 7.6 80.1 7.5 79.6 7.3 77.9 

5-24 R 7.2-7.3 77.0-78.6 7.4-7.8 78.8·79. 7 7.1-7.6 78.8·78.8 
M 7.3 78.1 7.6 79.5 7.4 78.8 

Continued 
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TABLE 8. (CONTINUED) 

0400-15 August 1975 

WEST MID-RIVER EAST 

STATION D.O. (ppm). TEMP. ("F) D.O. (ppm) TEMP.("F) D.O. (ppm) TEMP. ("F) 

11-10 R 5. 5-7·' 73.9-77.9 7.1-7. 3 76.1-77.7 7.0-7.2 76.8-78.3 
M 6.6 76.9 7.2 77.2 7.1 77.8 

Zero R 6.2-6.8 78.8-89.6 6.8-7.5 78.8-89.6 6.4-7.1 78.8-87.4 
M 6. 7 87.4 7.1 83.3 6.8 82.9 

s-4 R 6.4-7.2 81.0-81.5 6.7-7.4 79.2-83.3 6.~6.9 81.5-81.9 
M 7.0 81.4 7.2 80.9 6.9 81.7 

S-17 R 7.o-7.3 77.5-78.8 7.2-7.4 78.8-78.8 7.1-7.2 77.9-78.4 
M 7.2 78.6 7.3 78.8 7.1 78.2 

5-24 a 6.6-6.8 77.o-78.4 7.2-7.3 79.3-79.3 6.8-7.4 77.9-78.8 
M 6.8 77.9 7.3 79.3 7.2 78.6 

0800-1 5 August 1975 

WEST MID-RIVER EAST 

STATION D.O.(ppm) TEMP. ("F) D.O.(ppm) TEMP. ("F) D.O.(ppm) . TEMP. ("F) 

11-10 R 7.1-7.3 76.2-77.4 7.1•7.4 76.2•77.3 7.1-7.3 16.2•77.2 
M 7.2 16.4 7.3 76.3 1.2 76.4 

Zero R 7.0-7.1 91.8•91.9 7.1-7.4 78.3-90.9 7.0-7.1 78.8-90.0 
M 7.1 91.9 7.2 84.9 7.1 88.1 

5-4 R 7.2-7.4. 79.3•84.9 7.2-7.5 78.3-87.1 7.1-7.4 79.2-84.7 
M 7.3 83.3 7.4 81.7 7.3 82 .2 

S•17 R 7.5-7. 7 80.3•81.2 7.6-7.6 81.o-8l.O 7.4-7.6 80.4•80.8 
M 7.6 81.0 7.6 81.0 7.5 80.6 

s-24 R 7.8-7.9 79.2•79.2 7.6-7. 7 79.2•79.2 7.5•7.6 78.4•78.8 
M 7.9 19.2 7.6 79.2 7.6 78.7 

1200-15 August 1975 

WEST MlD-RlVER EAST 

STATION D.O.(ppm) TEMP. ("F) D.O. (ppm) TEMP. ("F) D.O. (ppm) TEMP. ("F) 

lf•10 R 8.4-8.5 76.8-77.0 8.2-8.2 76.8-77.0 a.o-&.3 77.o-77.2 
M 8.4 77.0 8.2 77.0 8.1 77.1 

Zero a 7.6-7.9 81.5-90.5 7.8-8.2 77.0-87.8 7.6-8.4 77.4-89.1 
M 7.7 88.1 8.0 81.0 8.1 82.4 

5-4 R 8.1-8.2 81.0-82.4 7. 7-8.2 77.0-8,5.6 7.6•8.0 77.2-84.2 
M 8.2 81.9 8.0 79.6 7.9 79.8 

s-11 R 7. 7-8.2 81. 7•82.2 s'.o-8.2 81.5-81.9 8.4-8.6 80.6•80.8 
M 8.0 81.9 8.1 81.6 8.6 80.6 

5-24 R 8.8-9.2 80.6-81.1 8.0-8.4 79.9-80.6 8.o-8.2 79.5-80.6 
M 8.9 80.8 8.2 80.3 8.1 80.3 



Zero-West and N-10 differed less during the 2400, 0400 .. and 0800 sam

plings. This is possibly the result of the aerating effect of the spray 

modules on water which has had dissolved oxygen reduced by plant and 

animal respiration in the absence of any significant photosynthetic 

activity during periods of darkness. 

No dissolved oxygen concentrations were noted which were less 

than that generally considered to be critical for the maintenance of a 

warm-water fishery (5. 0 mg/1). 

C. SUMMARY AND CONCLUSIONS -- CHEMICAL 

Nitrate and total phosphate concentrations were generally 

higher than in past years. This is likely the result of one of two 

things: 1) higher inputs of wastes upstream of the Merrimack Station or 

2) smaller populations of primary producers in Hooksett Pond. pH read

ings continued a trend toward lower values noted in past years, with 

between-station differences noted in October and August when N-10 had a 

higher and lower mean monthly pH, respectively, than did downstream 

stations. The lowest dissolved oxygen value recorded during weekly 

sampling was 6.6 mg/1, noted at Station Zero-West in July; during the 

24-hour survey in August a reading of 5.5 mg/1 was recorded at Station 

N-10 west. During the summer months, Station Zero-West weekly dissolved 

oxygen concentrations were approximate1y 1.0 ppmtlower than those of 

Station N-10. No dissolved oxygen concentrations were recorded which 

were below the 5.0 mg/1, generally considered to be the minimum concen

tration for the maintenance of a warm water fishery (NTAC, 1968). With 

the exception of dissolved oxygen and pH, no between station differences 

were noted for the parameters studied. 
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IV. BIOLOGICAL STUDIES 

A. METHODS 

1. Chlorophyll a 

One surface water sample was collected weekly in a one-gallon 

polyethylene container concurrently with plankton sampling at Station N-

10, Zero-West, S-4 and s-17. Chlorophyll a determinations were made 

with a spectrophotometer using the trichromatic method (APHA, 1971). 

Laboratory results were reported as ~g/1. Data gathered were used to 

assess potential among station differences in mean monthly chlorophyll a 

concentrations as a result of the operation of the Merrimack Station. 

2. Plankton Monitoring Studies 

48 

Single plankton samples were collected weekly with a metered, 

#20-mesh (76 ~) plankton net to allow the determination of potential 

impacts of the Merrimack Station on phytoplankton and zooplankton popu

lations. Horizontal tows were taken just below the surface and at an 

approximate depth of 6 feet at Stations N-10 and S-4, while at Zero-West 

and S-17, only surface tows were taken. After collection, samples were 

preserved with 2 ml of 10% formalin solution. In the laboratory, plank

ton were identified to major groups and dominant forms and enumerated. 

While in previous years cohesive phytoplankton cell groups (i.e., algal 

filaments or colonies) were enumerated as single units, in 1975 individual 

cells were counted to provide more consistent comparisons among years. 

Forty-five Whipple disc fields (3 primaries - 15 fields each) of a 

Sedgewick-Rafter cell at 125x were examined for phytoplankton; nine 

vertical strips (3 for each primary) at SOx were examined for zooplank

ton. Abundances were expressed as cells/100 liters. 



A two-way, analysis of variance (ANOVA) was used to compare 

testing abundances and percent composition among the four stations and 

among sampling dates. A three-way fixed-effects ANOVA was used to test 

differences between near-surface and sub-surface tows at Stations N-10 

and S-4 (Sokal and Rohlf, 1969). Abundance data were transformed by ln 

(n + 1) and percent composition by the arcsin ~portion. Tukey' s 

Method (Guenther, 1964) for Multiple Comparisons was applied to sig

nificant station effects (a ~ 0.5) for surface ANOVA's. Multiple com

parisons were not used to compare dates or to test differences where 

only two alpha levels of effect existed. 

3. Plankton Entrainment 

a. Station Location and Sampling Fr!Quency 

Sampling site locations and frequency of sampling were select

ed to allow a general assessment of the magnitude of potential impacts 

of entrainment on river plankton and immature fish populations. The 

four entrainment sampling sites for the Merrimack Generatinq Station 

entrainment program were located at the intake structures, at the dis

charge weir, at a point immediately downstream from the last row of 

power spray modules (PSM's) and at the mouth of the discharge canal. 

Two samples were taken at each of the sites during each field sampling 

day. Plankton samples were collected weekly at the intake structures 

and canal mouth from June 24 through October 14, and again on October 

28. At the discharge weir, sampling occurred monthly until August 6 

when weekly sampling was instituted to more accurately monitor effects 

of entrainment on the plankton communities. In addition, to assess 

effects of turbulence caused by the spray modules, samples were taken 

monthly (July through October) in the discharge canal just downstream of 

the spray module system. 
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b. Temperature 

Surface water temperatures were taken at each station in 

conjunction with the above sampling using a precision grade mercury 

thermometer with an accuracy of ± O.l°C. From these data, the ~t's 

between the intake and the three thermally influenced stations (dis

charge weir, below PSM's, mouth of canal) were calculated. 

c. Chlorophyll a 

One gallon of surface water was collected at each entrainment 

station during sampling. Chlorophyll a levels were determined by the 

trichromatic method (APHA, 1971} and were recorded in JJg/1. Addition

ally, unsuccessful attempts were made at measurements, using Lorenzen's 

(1967) acidification treatment, of the relative degradation of chloro

phyll to its inactive form phaeophyton "a". 

d. Evans Blue and Neutral Red Stains 

Laboratory tests were conducted from May through mid-July in 

an effort to modify both the Neutral Red (a vital stain) and Evans Blue 

(a mortal stain} staining procedures for freshwater plankton live-dead 

determinations. Crippen and Perrier (1974) had previously used these 

stains to determine mortality in marine phytoplankton and zooplankton 

which had been exposed to elevated temperatures. Objectives of these 

freshwater experiments included deciding which stain better suited the 

requirements of the study, what was the most efficient staining concen

tration, and what was the minimum effective incubation period. During 

this investigative period, two replicate samples each of phytoplankton 

and zooplankton were taken weekly at each station. 

Filtered phytoplankton was collected in one-quart jars during 

a surface tow at each station, reduced to a one-half quart volume, and 

so 
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aerated overnight, then stained. A concentration of 1:350 for Evans 

Blue was found to be effective. Perrier, Shipman, and Lindsay (1976, 

unpublished) found that Evans Blue at concentrations as low as 1:200 

were effective for use with plankton from both rivers and ponds. After 

July 15, 28 cc•s of Evans Blue (at 1:350) were added to each phyto

plankton sample immediately upon collection. After a three-hour incu

bation period (Crippen and Perrier, 1974), samples were washed and 

resuspended using water collected from each respective station and 

filtered through a #20 mesh (76 ~) net. Phytoplankton were then identi

fied and enumerated as either alive or dead and notes were taken on the 

microscopic appearance of each major group. Observations of the zoo

plankton exposed to the Evans Blue Stain were also recorded for compar

ison with the Neutral Red staining technique. 

Each zooplankton sample was filtered into a quart jar attached 

to the trailing end of a i20 mesh (76 ~) net during a surface tow at 

each station. The sample was later diluted to one gallon, using fil

tered water from the respective station, and inoculated one hour after 

collection with an experimentally-determined volume of 40 cc•s of Neu

tral Red stain. After a six hour incubation period (Crippen and Per

rier, 1974), samples were filtered through a i20 mesh (76 ~) net and 

washed thoroughly with deionized water. Samples were placed in eight

dram (33 mls) vials, preserved with one ml of 37%, unbuffered formalin 

and two mls of a solution containing one molar each of acetic acid and 

sodium acetate, and stored at 3°C. During analysis notes were taken to 

describe the condition of both zooplankton and phytoplankton and to 

compare the effectiveness of the Neutral Red staining technique to that 

of Evans Blue. 

From these experiments, both stains were found to be useful 

agents for use in freshwater plankton live-dead determinations. How

ever, due to the excessive time required by the Neutral Red technique 

for sample preparation and processing, the Evans Blue staining method 

was chosen for the Merrimack River entrainment study for both phyto

plankton and zooplankton. 



e. Phytoplankton 

Qualitative microscopic analysis was made at 125x on all 

phytoplankton samples, with approximately 1000 cells counted per sample. 

Cells exhibiting no blue color in the chloroplast were regarded as 

living, while those having blue coloration were counted as dead. Gaff 

and Okong'O-Ogola (1970) distinguished living plant cells from dead ones 

by using Evans Blue and found that living cells excluded the dye, but 

dead cells were stained. Crippen and Perrier (1974) referred to Evans 

Blue as a mortal stain, because the semipermeable membranes of living 

plant cells excluded this stain, while the membranes of dead cells fail 

to stop dye penetration. Percent mortality determinations were calcu

lated for each sample by dividing the number of stained cells by the 

total cell count. Phytoplankton mortality due to entrainment was then 

expressed as the percent mortality observed at the discharge locations 

minus that found at the intake. Samples were then preserved with 10 

percent buffered formalin and stored. 

f. Zooplankton 

Evans Blue was used after July 22 for zooplankton mortality 

determinations. Two half-quart samples were collected in the same 

manner as with phytoplankton and immediately stained with 28 cc's of 

Evans Blue. After a two hour incubation period (Crippen and Perrier, 

1974), the zooplankton were filtered from the solution using a #20 mesh 

nylon net, washed free of excess dye, and resuspended in filtered water 

from their respective stations. The number of zooplankters examined was 

determined by limiting individual sample analysis time to approximately 

one hour to insure same-day processing of all samples. From July 22 to 

September 3, approximately 300 individuals were counted per sample in 

the one hour period. However, due to the sparseness of the zooplankton 

community after September 9, organism counts were reduced to 50 per 

sample. Organisms exhibiting no motility and having a bright blue color 

were counted as dead. Organisms were regarded as living when they 
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emerged unstained, exhibited the blue color only in the gut area due to 

phytoplankton ingestion, or were motile (Crippen and Perrier, 1974; 

Perrier et al., 1976, unpublished). Determinations using this semi

quantitative procedure were converted to percent mortality by dividing 

the number of dead organisms by the total count for each taxon. Zoo

plankton mortality as a result of entrainment was expressed as the 

difference between the percent mortalities observed at the intake and at 

the discharge stations. 

g. Immature Fish 

Duplicate tows were taken along the bottom at each of the four 

entrainment stations using an NAI - modified, 1/2 meter by 1 meter 

Tucker trawl (Tucker, 1951) equipped with a 505 ~ mesh nylon net. A 

one-quart jar was affixed to the end of the net to collect the filtered 

sample. As soon as possible after collections, any fish larvae present 

were counted and designated as alive or dead, based on motility. No 

stains were used durinq this portion of the entrainment sampling. Both 

live and dead larvae were preserved with 10 percent formalin in separate 

vials for subsequent species identification. 

h. Statistical Analyses 

The Wilcoxon Matched-Pairs Signed-Rank Test (Siegel, 1956) was 

used to test the change in percent mortality between the intake and the 

discharge weir over the sampling season. For diatoms, green algae, and 

total zooplankton, a series of non-orthogonal Multiple Linear Regres

sions (Snedecor and Cochran, 1967) was employed to determine if there 

was any relationship between the change in percent mortality induced by 

entrainment and ambient river temperature or ~t. The following models 

were tested: 



Model 1: ~ Mortality = a+b1 (ambient °F) + b2 (~t°F) 

Model 2: ~ Mortality = a+b1 (ambient °F) 

Model 1 effects were also adjusted for Model 2 effects to determine 

relationships between mortality and ~t, assuming ambient effects are 

held constant. 

4. Periphyton 
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Periphyton accumulators (25mm x 75mm glass slides) were in

stalled at Stations N-10, Zero-West, s-4, and S-17, where they were 

suspended at a depth of approximately two feet. Additional accumulators 

were also installed at Stations N-10 and S-4 at a depth of approximately 

6 feet. Single samples were collected weekly (short-term) and monthly 

(long-term) to determine the effects of the heated discharge upon peri-

phyton communities. Major groups of algae greens (Chlorophyceae), blue

greens (Cyanophyceae), and diatoms (Bacillariophyceae), colonizing the 

slides were identified and enumerated microscopically. The cells or 

organisms within 25 random fields per slide were examined at a magni

fication of 250x. Populations were estimated by extrapolating these 

counts to represent the total number of organisms within all possible 

fields per slide surface area. These data were reduced to average cell 

numbers per square millimeter of slide surface. Percent composition of 

each algal group for each slide was also calculated. 

Weekly and monthly 2-foot depth abundance data were analyzed 

over the 26-week sampling period using a two-way analysis of variance 

(ANOVA), after transformation of data to the log scale X.= ln (X. + 1) 
1 1 

(Kirk, 1968). Where significance was indicated (p <.OS), Tukey's 

Method for Multiple Comparisons (Guenther, 1964) was employed for sta

tion comparisons. Abundance data for the 6-foot depth (Stations N-10 

and S-4 only) were compared to surface data using a three-way ANOVA with 

depths, stations and weeks or months as treatments. 



Analysis of weekly and monthly two-foot depth percentage 

composition data was conducted using a two-way ANOVA after arcsin trans

formation (ARCSIN~ where p =proportion) (Sakal and Rohlf, 1969) 

with the same design described above for abundance data. A three-way 

ANOVA was used for analysis of depth related differences in station 

percent composition. 

5. Benthic Invertebrates 

Stations N-10, Zero-West, s-4 and S-17 were sampled with a 556 
2 em Ponar grab on June 27, August 12 and October 8, 1975. Duplicate 

samples were taken at mid-river and near the east and west banks at each 

station in order to determine impacts of the thermal plume on macro

benthic invertebrates. Samples were sieved through a #30 mesh (0.595mm) 

screen and preserved with a 10\ formaldehyde solution to which rose 

bengal stain was added to facilitate sorting. Upon return to the 

laboratory, benthic samples were sorted, represerved in ethanol, and the 

organisms were identified and enumerated. All organisms were identified 

to the lowest practicable taxa. 

6. Fish Surveys 

a. Electrofishing 

Fish were collected by shocking 1000-foot sections along both 

the east and west banks of the river at the following stations: N-9 and 

N-10; N-6 and N-7; Zero and S-1; S-4 and S-5; S-17 and S-18. A 220 V 

pulsating DC generator mounted in a 17 ft. boat was used for shocking. 

Fish collected during three separate surveys (July, August and Septem

ber) were identified, weighed, measured, and released. 
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b. Immature Fish Seining 

Seining activities were conducted when flows permitted at East 

and West banks of Stations N-10, N-7, Zero, s-2 and s-17 from early June 

through September. Numbers, species, and size ranges of immature fish 

collected in each haul of a 15-foot long, 1/4-inch stretch mesh minnow 

seine at each station were recorded. 

Since the number of hauls varied with area sampled, abundance 

of each fish species was converted to catch per haul. Typically, three 

hauls were taken at N-10 West; two were taken at N-10 East; and one was 

taken along the east and west littoral zones of Stations N-7, Zero, s-2, 

and S-17. 

c. Fyke Netting 

Peur fyke netting stations (N-10 East, N-10 West, S•3 East, 

and S-2 west) were sampled monthly from May through October to monitor 

populations of resident fish, especially smallmouth bass (Micropterus 

dolomieui}, yellow perch (Perea flavescens} and pumpkinseed sunfish 

(Lepomis gibbosus}. Mats were set twice per week for two-day periods 

for a. total of 16 n~~days each month .at et.Gh a1oaei.~n. Captured fish 

were identified, weighed, measured, and released. Where possible, scale 

samples from ten fish per "inch-class" of each species were taken for 

subsequent age determinations. Analysis of age and growth using the 

back-calculation method (Lagler, 1956} was employed to define the 

growth histories of smallmouth bass, pumpkinseed, and yellow perch. 

Data from the 1972, 1973, 1974, and 1975 seasons were used in this 

method, and results were compared to those of Wightman (1971) for 1967-

1969 populations to document whether or not any long-term growth rate 

changes had occurred since that time. Length-at-capture data were 

analyzed using a one-way analysis of variance. 
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The distribution of the major species revealed by monthly fyke 

netting was analyzed statistically using parametric 2-way analysis of 

variance in a randomized block design (Sokal and Rohlf, 1969) after the 

catch data was transformed to X.= Log (X. + 1.0). This transformation 
l. l. 

was necessary to remove the effect of heterogeneous variance usually 

associated with this type of data (Kempthorne, 1952). 

Length-weight equations of the form Log Wt (grams) = Log a + c 

\

Log total length (millimeters), which describe the general pattern of 

weight accretion as length increases and thus provide an index of robust

ness, were computed for pumpkinseed, yellow perch, and smallmouth bass 

captured netting. This technique was described in detail by 

-----
7. Preliminary Fish Toxicity Study 

This preliminary study was intended to provide general data as 

to whether the Merrimack Station effluent was acutely toxic to indigen

ous fish species. The species of fish used in the test were smallmouth 

bass, yellow perch, and pumpkinseed. Originally, largemouth bass (Microp

terus salmoides) were to be used, but due to insufficient sample sizes, 

smallmouth bass (M. dolomieui), which are caught in greater numbers), 

were substituted. Experiments were conducted during late August, early 

September and late September 1975. 

Holding nets used were of a type similar to those reported by 

Dickson et al. (1974) and Basch and Truchan (1974) and consisted of a 4-

foot by 4-foot by 8-foot, 1/2-inch square mesh, knotless nylon net 

supported by a wooden framework. Two nylon netting partitions of 3/8-

inch mesh were sewn in to divide the 8-foot long net into three equally

sized compartments, one for each species. A styrofoam float was affixed 

to the ends of each frame to help maintain position in the water. Each 

net was anchored with a triangular harness and cement blocks. The nets 

were moored to remain perpendicular to the river current during the 

tests. An adjustable anchor was attached to the downstream side of the 
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frames to compensate for the capsizing effect caused by the current. 

Two holding nets were maintained at both the control and experimental 

stations. The location of the "control" holding nets was slightly 

upstream of the intake for Unit #1 (at Station N-5) and about 100 feet 

from the western shoreline. The two discharge canal holding nets were 

moored within the mouth of the discharge canal to insure full exposure 

to the plant effluent just before it entered the river. During the 

tests, continuous temperature data were provided by the Public Service 

Company of New Hampshire temperature monitoring station in the discharge 

canal. 

All fish used in these experiments were obtained by fyke 

netting at Stations N-10 East, N-10 West, S-2 West and S-3 East. An 

attempt was made to obtain at least 15 representatives of each species 

to be tested. Smallmouth bass, yellow perch and pumpkinseed sunfish 

were segregated and stocked in each of four holding-nets. Following a 

~hree day acclimation period, any dead fish were removed and subtracted 

from the initial total. Those remaining were observed daily for the 

next ten days, and numbers of dead or obviously affected fish were 

recorded and removed. At the end of the 10-day period, the holding nets 

were brought to shore and a final tally of live, dead, and/or missing 

fish was performed. A mortality index was calculated for each species 

to compare viability of the fish at the intake and discharge sites. 

This was calculated by dividing the total number of fish that died by 

the total number fish tested, minus those that died during acclimation 

or were unaccounted for at the end of the test. 

B. RESULTS AND DISCUSSION 

1. Chlorophyll a 

Monthly means of chlorophyll a concentrations are listed by 

station in Table 9. The lowest mean monthly chlorophyll a level (1.72 

~g/1) was found during October at Station Zero-West. Greatest amounts 



TABLE 9. MEAN MONTHLY CONCENTRATIONS (ug/1) OF CHLOROPHYLL a BY 
STATION, HOOKSETT POND, MERRIMACK RIVER, 1975. 

STATIONS 

MONTH N.:.1o ZERO-WEST S-4 S-17 

April 1.82 1.81 1.97 1.85 

May 2.13 2.33 2.06 2.07 

June 4.69 3.65 4.05 4.67 

July 5.20 3.35 3.73 5.14 

August 5.49 3.28 3.74 6.66 

September 2.42 2.0"1 2.36 2.16 

October 1. 78 1.72 1. 78 2.00 

59 



were present at Station S-17 during August, when a maximum mean monthly 

concentration of 6.66 ~g/1 was noted. All stations experienced their 

greatest seasonal increase in concentrations between May and June as 

standing crop of phytoplankton increased, and their greatest decrease 

between August and September as water temperature dropped and phyto

plankton abundance lessened. 

Mean monthly chlorophyll a concentrations were lower at 

Stations Zero-West and S-4 than at N-10 from June through September. 

Maximum reductions between these stations occurred in August when flows 

were low and ambient water temperatures were high. Mean monthly con

centrations at Station S-17 approached the levels observed at N-10, 

indicating recovery in the far-field regions. Similar power plant 

influences on chlorophyll a concentrations have been observed in Lake 

Norman, North Carolina (Smith et al., 1973). 
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During past study years mean vernal (April and May) chloro

phyll a concentrations were low and quite comparable (1.62 ~g/1 in 1972, 

2.34 ~g/1 in 1973, and 2.05 ~g/1 in 1974). Corresponding autumnal 

(September and October) levels, however, have tended to decline from a 

high of 8.41 ~g/1 in 1973 to a low of 2.03 ~g/1 in 1975. Mean chloro

phyll a levels over all stations were computed for the months of peak 

standing crop (July for 1971, September for 1972 and 1973, and August 

for 1974 and 1975). Results revealed that the August 1975 peak con

centrations (4.79 ~g/1) were the lowest of the four years, and those of 

August 1974 (20.92 ~g/1) were the highest. 

2. Plankton 

Mean monthly near-surface plankton abundance by major groups 

and percent composition by station are presented in Tables 10-13 and 

Figure 7. Sub-surface abundance is illustrated in Figure 8. Appendix 

II contains the results of all statistical analyses discussed in the 

text. 
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a. Near-Surface Plankton 

Diatoms, principally Asterionella spp., Melosira spp., Fra

giliaria spp., and Tabellaria spp., dominated the early spring near

surface samples (Figure 7; Table 10). On April 14, 8S% of the total 

plankton collected at Station N-10 were diatoms. In contrast, only 1.8% 

of the August 4 near-surface plankton were diatoms. This shift was the 

result of rising water temperatures becoming less favorable for diatoms, 

but more favorable to green algae (Hawkes, 1969). 

Mean monthly diatom abundance was less at Station Zero-West 

than at N-10 from April through October, with the greatest difference 

(S8.8%) occurring in July. Mean monthly chlorophyll a concentrations in 

July were 5.20 and 3.3S ~g/1 at Stations N-10 and Zero-West, respect

ively. Downstream from the dis~harge canal, mean monthly diatom abun

dance at Station S-4 was similar to that observed at N-10, but was lower 

at S-17 than at N-10. 

A two-way analysis of variance (ANOVA) showed significant 

among-station differences (p < .OS) in diatom abundance, but not percent 

composition, when tested over the season. Tukey's method revealed 

significantly lower diatom abundance at Station Zero-West than at N-10 

(a= .OS). No other between-station comparisons were signifisant. 

As mentioned previously, seasonal growth trends exhibited by 

diatoms and green algae varied inversely (Figure 7, Table 11). During 

April and May, when diatoms were abundant, green algae comprised a low 

percentage. For example, on May 6, green algae comprised only 2.1% of 

the total plankton collected at Station S-17. In the spring, the green 

algae community appeared to respond positively to the artificially

heated environment at Station Zero-West where the green algal cell 

counts were more than three times greater than those at the other main

stream stations. These large springtime increases at-Zero-West were 

attributed to the genera Palmodictyon sp., Stigeoclonium sp., and Clad

ophora sp. which proliferated in the favorable thermal conditions of the 
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TABLE 10. MEAN MONTHLY DIATOM ABUNDANCE AND PERCENT COMPOSITION IN NEAR
SURFACE PLANKTON SAMPLES. HOOKSETT POND, MERRIMACK RIVER, 1975. 

MONTH 

April 
May 
June 
July 
August 
September 
October -
X 

MONTH 

April 
May 
June 
July 
August 
September 
October 
X 

MEAN MONTHLY ABUNDANCE 
{THOUSANDS OF INDIVIDUALS PER 100 LITERS) 

STATIONS 

N-10 0-W S-4 S-17 

6545.4 4281.3 6635.7 5690.9 
1514.9 9769.7 1939.3 1388.1 

614.1 533.6 600.2 793.6 
368.7 152.0 314.0 219.1 
101.3 711.9 159.9 119.4 

1306.8 861.0 1103.4 669.9 
1850.1 1195.8 1439.7 1018.1 
1757.3 2500.8 1741.7 1414.2 

MEAN MONTHLY PERCENT COMPOSITION 

STATIONS 

N-10 0-W S-4 S-17 

78.94 40.71 78.91 63.53 
69.98 17.38 59.49 33.49 
44.21 36.74 37.55 33.94 
35.54 16.61 27.48 22.44 
7.85 5.50 9.04 9.49 

46.10 37.62 41.35 43.88 
59.51 63.68 56.71 53.01 
48.88 31.18 44.37 37.11 

-X 

5788.3 
3653.0 
635.4 
263.5 
273.1 
985.3 

1375.9 
1853.5 

X 

65.53 
45.09 
38.11 
25.52 
7.97 

42.23 
58.23 
40.39 



TABLE 11. MEAN MONTHLY GREEN ALGAE ABUNDANCE AND PERCENT COMPOSITION 
AT NEAR-SURFACE PLANKTON SAMPLES. HOOKSETT POND, MERRIMACK 
RIVER, 1975. 

MONTH 

April 
May 
June 
July 
August 
September 
October 
X 

MONTH 

April 
May 
June 
July 
August 
September 
October 
X 

MEAN MONTHLY ABUNDANCE 
(THOUSANDS OF INDIVIDUALS PER 100 LITERS) 

STATIONS 

N-10 0-W S-4 S-17 

1093.6 3571.3 853.7 670.1 
349.1 1607.0 283.2 178.8 
418.8 561.6 584.9 743.4 
595.1 741.1 791.9 730.1 

1176.4 1048.0 1557.5 1132.9 
1453.2 1369.1 1423.0 793.3 

730.1 512.4 807.7 564.6 
830.9 1336.5 900.2 687.6 

MEAN MONTHLY PERCENT COMPOSITION 

STATIONS 

N-10 0-W S-4 S-17 

13.19 33.44 10.15 7.48 
16.13 28.59 8.69 4.31 
30.15 38.67 36.59 31.8 
57.36 80.95 69.28 74.75 
91.16 80.95 88.00 90.01 
51.26 59.83 53.33 51.92 
23.49 27.29 31.82 29.40 
40.40 49.96 42.56 41.39 

-X 

1533.8 
604.5 
577.2 
714.5 

1228.7 
1259.6 
653.7 
938.8 

X 

16.07 
14.43 
34.31 
70.59 
87.53 
54.09 
28.00 
43.58 
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discharge canal (Cairns, 1956). Unexpectedly, however, chlorophyll a 

concentrations at Zero-West remained similar to those observed at the 

other stations throughout this period. 

From July through September, the period of highest algal 

standing crop, green algae, comprised primarily of Eudorina spp., 

Sphaerocystis spp. and Pediastrum spp., made up as much as 98.2% of the 

total algal population. During this period mean monthly chlorophyll a 

concentrations reached a maximum, while nitrate and total phosphate 

declined to their lowest co~centrations, likely as a result of algal 

uptake. 

A two-way analysis of variance showed that neither abundance 

nor percent composition of green algae differed significantly (p > .OS) 

among stations when the entire season was considered. 
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Bluegreen algae (Figure 7, Table 12) generally occurred in 

lower numbers than diatoms and green algae through most of the study 

season. Peak abundance was reached in April and May, but declined 

during the summer months. Percent composition of bluegreens ranged from 

68.2% at Station Zero-West on May 6, to 0% at Stations N-10 and S-17 

during August, and at N-10, Zero-West and s-4 during September. These 

apparent disappearances of bluegreen algae cannot be explained. 

A two-way ANOVA and multiple comparison showed that among

station differences in percent composition were significant (p < .01), 

with higher percentages of bluegreen algae occurring at Station Zero

West than at N-10 over the study season. No significant abundance 

differences among stations were found for bluegreen algae (p <.OS). 

The zooplankton community (Figure 7, Table 13) was sparse, as 

in past years. Zooplankton were least abundant at all stations (minimum 

= 138 individuals/100 liters) during May, when rotifers and copepod 

nauplii were predominant. During the late summer and fall months, 

zooplankton abundance gradually increased as ambient water temperatures 



TABLE 12. MEAN MONTHLY BLUEGREEN ALGAE ABUNDANCE AND PERCENT COMPO
SITION IN NEAR-SURFACE PLANKTON SAMPLES. HOOKSETT POND, 
MERRit~CK RIVER, 1975. 

MONTH 

April 
May 
June 
July 
August 
September 
October -
X 

MONTH 

April 
May 
June 
July 

MEAN MONTHLY ABUNDANCE 
(THOUSANDS OF INDIVIDUALS PER 100 LITERS) 

STATIONS 

N-10 0-W S-4 S-17 

620.6 2661.4 878.8 2565.8 
228.1 2976.9 904.4 2445.2 
78.6 243.0 213.0 350.3 
20.0 28.7 9.0 2.2 

.o 169.4 339.4 .o 

.o .o .0 19~7 

231.1 49.8 100.8 199.7 
168.4 875.6 306.5 797.6 

MEAN MONTHLY PERCENT COMPOSITION 

STATIONS 

N-10 0-W S-4 S-17 

7.49 25.31 10.45 28.64 
10.54 52.97 27.75 58.99 

5.67 16.73 13.33 14.99 
1.93 .78 .79 .23 

-X 

1681.7 
1638.7 

221.2 
14.9 
52.2 
4.9 

145.3 
537.0 

X 

17.98 
37.57 
12.68 

.94 
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August .00 13.09 2.33 .00 3.83 . 
September .00 .00 .oo 1.29 .33 
October 7.44 2.66 708.30 10.40 182.20 
X 4.73 15.94 108.98 16.18 36.51 



TABLE 13. MEAN MONTHLY ZOOPLANKTON ABUNDANCE IN NEAR-SURFACE PLANKTON 
SAMPLES. HOOKSETT POND, MERRIMACK RIVER, 1975. 

MONTH 

April 
May 
June 
July 
August 
September 
October 
X 

MEAN MONTHLY ABUNDANCE 
(INDIVIDUALS PER 100 LITERS) 

STATIONS 

N-10 0-W S-4 

611.0 567.8 504.8 
141.3 258.3 353.0 
431.6 584.0 529.4 
673.8 602.5 467.5 
439.3 637.5 429.8 
757.3 838.0 1024.0 

1135.2 1014.0 1019.6 
598.5 643.1 618.3 

S-17 -X 

467.0 537.7 
137.8 222.6 
589.2 533.6 
652.0 599.0 
320.3 456.7 
454.3 768.4 
962.0 1032.7 
511.8 592.9 
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, 
cooled. In October the numbers of rotifers, cladocerans and copepod 

nauplii combined yielded the most substantial mean·monthly zooplankton 

community at each station during the 197S season. 
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Results of a 2-way ANOVA (p < .OS) and Tukey's method for 

multiple comparisons, showed zooplankton to be more abundant over the 

season at Station Zero-West than at N-10. Similarly, Brauer, Neill, and 

Magnuson (197S) found that Lake Monona, Wisconsin, zooplankton were more 

abundant in waters near a thermal outfall than in control regions. 

b. Sub-surface Plankton 

Trends noted during the sub-surface plankton surveys generally 

resembled those of the near-surface surveys (Figure 8)~ three-way ANOVA 

yielded no significant depth differences for any of the taxa studied. 

These deeper (6 ft) tows were taken below the depth of maximum thermal 

influence at Station S-4. 

The diatoms, Asterionella spp., Tabellaria spp., and Fragil

aria spp. dominated samples taken during the spring and early summer~ 

Melosira spp. prevailed in late summer samples collected when ambient 

temperatures were high and flows were minimal. Results of a three-way 

fixed-effects ANOVA (Sokal and Rohlf, 1969) showed no significant among

station differences in diatom abundance or percent composition (p > .OS) 

over the season. 

Green algal abundance reached its peak at Stations N-10 and s-
4 during September. Estimates of abundance and generic composition 

paralleled those of the near-surface samples, again producing no sta

tistically significant differences between these sites. 

As with the near-surface samples, bluegreen algae nearly dis

appeared during the summer months, and became re-established in October. 

During each month when bluegreens were present, numbers of cells at 
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JULY 

DIATOf·1S 

BLUE-GREEUS 

ZOOPLAUKTON 

Figure 8. Mean monthly plankton abundance in sub-surface (6ft.) samples. 
Hooksett Pond, Merrimack River, 1975. 
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Station S-4 exceeded those at N-10. Results of statistical tests (3-way 

fixed-effects ANOVA, Tukey's Test) indicated that these observed differ

ences were significant (p < .OS). 

Unlike the near-surface samples where the greatest zooplankton 

abundance occurred in October, the largest mean monthly sub-surface 

zooplankton community (principally rotifers and copepod nauplii), 

occurred at both stations during September. No statistically signif

icant among-station differences in abundance or percent composition were 

noted. 

c. Summary and Conclusions 

Dominant phytoplankton genera encountered during the 1975 

season included Asterionella spp., Fragilaria spp., Tabellaria spp., 

Melosira spp., Eudorina spp., Sphaerocystis spp., Pediastrum spp., and 

Oscillatoria spp. Rotifers, copepods, and cladocerans constituted the 

bulk of the primary consumers feeding upon the phytoplankton. 

In general, as in past study years, the most pronounced 

changes in the indigenous plankton community of Hooksett Pond occurred 

at Station Zero-West. Diatoms, which dominated the spring and early 

summer phytoplankton community, constituted a higher monthly percentage 

of the community at N-10 than at Zero-West from April through October. 

Previous years• data show similar decreases at the discharge canal 

mouth. Although green algae showed large springtime increases at Zero

West, among-station differences over the season were not significant. 

Monitoring studies from 1971 through 1973 showed a decreased green algal 

abundance at Zero-West, but no station differences were seen in 1974 

(NAI, 1972; 1973; 1974). Bluegreen algae occurred in higher percentages 

at Station Zero-West than at N-10 throughout the 1975 season. This 

dominance at the discharge canal mouth also appeared in 1973, but not in 

1972 or 1974. Zooplankton, sparse as in past years, was more abundant 

at Station Zero-West than at N-10. Previous years• monitoring since 



1972 failed to show any station differences in zooplankton occurrence. 

3. Entrainment 

The entrainment portion of the Merrimack River Monitoring 

Program was designed to generally assess the magnitude of potential 

impacts of entrainment on river plankton populations. Tables 14-17 

present mortality data for diatoms, green algae, bluegreen algae and 

total zooplankton populations at the four sampling stations (intake, 

discharge weir, below power spray modules, discharge canal mouth). 

Water temperatures and chlorophyll a concentrations are also presented 

in these tables. Results of statistical analyses discussed in this 

section are contained in Appendix III. 

a. Phytoplankton 

BACILLARIOPHYCEAE 
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Dominant diatom genera during the 1975 study period were 

Melosira, Asterionella and Tabellaria. Ambient river temperatures 

ranged from 51.8° to 81.8° during the season, while ~t's between the 

intake and the discharge weir varied between 0.0° and 23.4°F (Table 14). 

Diatom percent mortality at the intake ranged from 0% to 5.9% and from 

0% to 16.6% at the discharge weir. 

Results of the Wilcoxin Matched-Pairs Signed-Rank Test (Sie

gel, 1956), used to test the change in percent mortality of diatoms 

between the intake and the discharge weir over the sampling season, 

indicated a significant (p < .OS) increase in mortality. Two linear 

reqression models were then employed to determine if the mortality as a 

result of entrainment was related to ambient river temperature, the 



TABLE 14. WEEKLY WATER TEMPERATURES, CHLOROPHYLL a CONCENTRATION AND PERCENT MORTALITY OF DIATOMS AT FOUR 
ENTRAINMENT SAMPLING STATIONS. HOOKSETT POND, MERRIMACK RIVER, 1975. 

A% 

INTAIC£ S MORTALITY DISCHARGE 
MORTALITY 

DISCHARGE FROM 
Nil lENT OISCtWIGE J,NTAIC£ WEIR lNTAIC£ 

SAMPLING TEll' W£fR TEll' AT REPLICATE 1 REPLICATE 2 MEAN Clll a REPLICATE 1 REPLICATE 2 MEAN CHL a TO WEIR j 
DATE (•F) (-F) (•F) • ll«lRT • N ll«lRT • ll«lRT • (~g/1) N ll«lRT • N SMORT. ll«lRT • (~g/1) (D%-IS) 

6/24 76.0 1593 1.1 --- --- 1.1 
! 

7/2 76.0 68 4.5 --- --- 4.5 11.07 ' 

7/9 79.4 102.7 23.3 593 2. 7 170 10.6 4.5 10.76 269 16.4 299 1£>.8 16.6 8.82 >12.1 

7/15 73.8 403 1.0 367 5.5 4.4 2.27 

7/22 81.8 227 o.o 585 0.2 0.1 1.57 

8/1 80.6 119 0.0 163 9.9 5.2 ---
8/6 80.6 86.0 5.4 61 o.o 90 6.7 3.9 5.42 *12 100.0 *12 100.0 100.0 2.40 NA 

8/12 77.0 96.8 19.8 64 o.o 16 o.o 0.0 4.44 --- --- 89 0.0 0.0 3.57 o.o 
8/19 75.2 98.6 23.4 158 o.o 107 0.0 o.o 6.12 134 7.5 94 o.o 4.4 4.93 +4. 3 

9/3 68.0 89.6 21.6 71 o.o 57 o.o o.o 3.06 8 o.o 26 0.0 o.o 2. 74 o.o 
9/9 68.0 91.4 23.4 111 8.2 52 0.0 5.9 3.57 65 o.o 100 0.0 0.0 2. 21 -6.5 

9/16 62.6 n.o I 14.4 376 o.o 329 0.0 0.0 2.23 300 10.7 148 9.5 10.3 1.96 >10.2 

9/23 64.4 86.9 22.5 205 o.o 239 0.0 0.0 2.94 220 15.5 287 o.o 6. 7 2.88 +6. 7 

9/30 95 0.0 1.95 103 2.0 46 0.0 1.4 1.86 
i 

59.9 79.7 19.8 o.o 167 0.0 +l.l 

10/7 57.2 57.2 9.0 451 o.o 553 o.o 0.0 1.37 640 0.0 466 o.o 0.0 1.56 0.0 

I 

10/14 56.3 75.2 18.9 672 0.9 596 2.4 1.6 3.08 941 3.2 753 5.4 4.2 2.22 +2.6 

10/28 51.8 51.8 o.o 736 o.o 612 o.o 0.0 1.97 684 o.o 792 0.0 0.0 1.02 0.0 

B£LOII lllllULES CANAL MOUTH I 
SAMPLING REPLICATE 1 REPLICATE 2 11911 MEAN REPLICATE 1 REPLICATE 2 ~g/1 MEAN 

DATE #'s SMORT. N SMORT. CHL a ll«lRT. N SHORT. N SHORT. CHL. a ll«lRT • 

6/24 862 21.0 --- --- --- 21.0 

7/2 47 21.3 --- --- 5.33 21.3 

7/9 113 10.6 376 6.4 7.20 8.5 105 7.6 209 o.o 6. 72 3.8 

7/15 369 4.1 329 6.1 1.45 5.1 

7/22 25 20.0 107 15.9 1.09 18.0 

8/1 34 o.o --- --- --- 0.0 

8/6 40 15.0 33 6.1 2.60 10.6 

8/12 0 0 1.49 --- 58 o.o 12 o.o 2.33 0.0 

8/19 57 0.0 28 0.0 6.07 0.0 

9/3 32 12.5 38 o.o 2.99 6.2 

9/9 166 18.1 73 o.o 2. 76 9.0 87 0.0 85 27.1 3.48 13.6 

9/16 236 o.o 215 o.o 2.44 o.o 
9/23 107 1.9 128 0.0 3.14 1.0 

9/lO llO o.o 128 0.0 1.87 o.o 
10/1 392 o.o 378 o.o 1.53 0.0 

10/14 639 1.1 666 1".5 2.65 1.3 724 0.0 740 o.o 2.82 o.o 

10/28 628 0.0 571 o.o 0.96 0.0 

-...! 
N 



TABLE 15. WEEKLY WATER TEMPERATURES, CHLOROPHYLL a CONCENTRATION AND PERCENT MORTALITY OF GREEN ALGAE AT FOUR 
ENTRAINMENT SAMPliNG STATIONS. HOOKSETT POND, MERRIMACK RIVER, 1975. 

AS 
IIIRTALITY 

INTAKE S IUtTAI..ITY DISOIARG£ DISCHARGE FROM 
AMBIENT DISCHARGE INTAKE WEIR INTAKE 

SAMPliNG TEMP WEIR TEMP AT REPLICATE 1 REPLICATE 2 MEAN Cllla REPLICATE 1 REPliCATE 2 MEAN CHI.. a TO WEIR 
DATE ("F) ("F) ("F) N %MORT. N liiDIT. %MORT. (.,g/1) " SIIIRT. N liiO!f. SIIIRT. (p g/1) (OS-IS) 

6/24 76.0 1281 0.5 --- --- 0.5 

7/2 76.0 899 0.3 --- --- 0.3 11.07 

7/9 79.4 102.7 23.3 1067 1.4 814 0.0 0.8 10.76 1194 12.2 122!1 2. 7 7.4 8.82 +6.7 

7/15 73.8 675 14.9 691 7.3 11.0 2.27 

7/22 81.8 966 1.9 722 0.9 1.5 1.57 

8/1 80.6 911 8.2 1129 4. 7 6.3 ---
8/6 80.6 86.0 5.4 974 5.0 966 o.o 2.5 5.42 1096 32.6 1021 13.3 23.2 2.40 +20.7 

8/12 17.0 96.8 19,8 933 3.3 1001 2.8 3.0 4.44 1016 67.4 924 76.2 71.6 3.57 +68.5 

8/19 75.2 98.6 23.4 944 2.4 901 2.4 2.4 6.12 923 11.9 910 13.1 12.5 4.93 HO.O 

9/) 68.0 89.6 21.6 938 1.9 912 2.9 2.4 3.06 1002 14.4 1001 11.5 12.9 2.74 +10.6 

9/9 68.0 91.4 23.4 879 11.2 978 8.1 9.6 3.57 1078 12.9 925 6.9 10.1 2.21 +0.5 

9/16 62.6 77.0 14.4 721 18.6 744 20.2 19.4 2.23 718 6.2 930 16.9 12.2 1.96 -7.2 

9/23 64.4 86.9 22.5 760 22.7 809 20.7 21.7 2.94 889 27.4 848 26.2 26.8 2.88 +5.1 

9/30 59.9 79.7 19.8 31 0.0 75 0.0 o.o 1.95 63 4.8 56 1.8 3,4 1.86 +l. J 

10/7 57.2 57.2 0,0 200 0.0 167 5.1 2.3 1.37 83 15.7 . 246 o.o 3.9 1.56 -0.5 

10/14 56.3 75.2 18.9 112 o.o 24 3),4 5.9 3.08 111 0.0 113 0.0 o.o 2.22 -5.9 

10/28 51.8 51.8 0.0 144 o.o 161 o.o 0.0 1.97 232 0.0 208 0.0 0.0 1.02 o.o 

BELIII MODUlES CAHAl IO!TH 

SAMPLING REPliCATE 1 REPliCATE 2 pg/1 ION REPLICATE 1 REPLICATE 2 pg/1 MEAN 
DATE N SI«<RT • It %MORT. Clll a SI«<RT • N SI«<RT • N Slt!RT • Cll.. a SHORT. 

6/24 2399 43.9 --- --- --- 43.9 

7/2 878 ].0 --- --- 5.33 3.0 

7/9 1347 14.9 994 4.7 7.20 10.6 972 o.o 1272 6.8 6. 72 3.4 

7/15 1229 16.5 793 16,6 1.45 16.5 

7/22 1000 11.4 772 25.1 1.09 21.2 

8/1 • 995 28.4 1025 22.9 --- 25.6 

8/6 999 16.6 974 16.4 2.60 16.5 

8/12 1087 5.4 1029 6.5 1.49 6.0 997 9.8 1166 8.3 2.33 9.0 

8/19 978 11.9 973 13.7 6,07 12.8 

9/3 1086 3.4 996 5.9 2.99 4.6 

9/9 843 11.1 973 11.7 2.76 u.s 928 5,8 906 3.8 3.48 4.8 

9/16 837 7.9 847 7. 7 2.44 7.8 

9/23 935 1.8 902 5.5 3.14 3.6 

9/30 209 1.9 267 0.0 1.87 1.0 

10/7 140 0.0 215 0.0 1.51 o.o 

10/14 220 18.6 259 19.3 2.65 19.0 145 16.6 69 11.6 2.82 14.1 

10/28 327 o.o 218 3. 7 0.96 1.8 
~-· 

-..! 
w 



TABLE 16. WEEKLY WATER TEMPERATURES, CHLOROPHYLL a CONCENTRATION AND PERCENT MORTALITY OF BLUEGREEN ALGAE AT FOUR 
ENTRAINMENT SAMPLING STATIONS. HOOKSETT POND, MERRIMACK RIVER, 1975. 

AS 
J«lRTALITY 

INTAKE DISOIARGE DlsatARGE FROM 
Alii lENT DISCIIARGE INTAKE WEIR INTAKE 

SAMPllltG TEMP WEIR TEMP AT IIEPliCATE 1 REPliCAT£ 2 MEAN CHla REPliCAT£ 1 REPliCATE 2 MEAN Clll.a TO WEIR 
DATE ("F) (•f) ("F) " SHORT. II SHORT. SHORT. (119/1) II SHORT " SHORT. SHORT. '" g/1) 

(OS-IS) 

6/24 76.0 

7/2 76.0 11.07 

7/9 79.4 102.7 23.3 10.76 8.82 

7/15 73.8 2.27 

7/22 81.8 40 0.0 --- --- o.o 1.57 

8/1 80.6 ---
8/6 80.6 86.0 5.4 5.42 2.40 

8/12 77.0 96.8 19.8 4.44 3.57 

8/19 75.2 98.6 23.4 6.12 4.93 

9/3 68.0 89.6 21.6 3.06 2. 74 

9/9 68.0 91.4 23.4 3.57 2.21 

9/16 62.6 71.0 14.4 2.23 1.96 

9/23 64.4 86.9 I 22.5 2.94 2.88 

9/30 59.9 79.7 19.8 860 60.5 710 so. 7 55.9 1.95 960 64.6 598 ll.S 51.9 1.86 -4.0 

10/7 57.2 57.2 0.0 295 13.6 310 6.5 9.9 1.37 320 12.5 190 52.6 27.4 1.56 +15.5 

10/14 56.3 75.2 18.9 190 0.0 370 u.s 8.9 3.08 --- --- lJO 71.0 77.0 2.22 +68.1 

10/28 51.8 51.8 o.o 60 0.0 165 o.o 0.0 1.97 ioo 25.0 --- --- 25.0 1.02 +25.0 

BELOW lllllULES CANAl IIIUTII 

SAMPLING REPLICATE 1 REPLICATE 2 119/1 MEAN REPLICATE 1 REPliCATE 2 llg/1 MEAN 
DATE N SHORT " SltlRT • atl.a SHORT " SltlRT " SHORT Clll. a SHDRT 

6/24 ---
1/2 5.33 

7/9 7.20 6.72 

7/15 1.45 

7/22 220 o.o 100 o.o 1.09 o.o 
8/1 ---
8/6 1.49 2.60 

8/12 2.33 

8/19 6.07 

9/3 2.99 

9/9 2.76 3.48 

9/16 2.44 

9/21 3.14 

9/30 610 63.9 660 50.0 1.87 57.0 

10/7 182 54.9 220 45.4 1.53 50.2 

111/14 300 33.3 103 61.2 2.65 so o.o 200 o.o 2.82 o.o 
10/28 -- -- 8 100.0 0.96 100.0 

...J 

.1::> 



TABLE 17. WEEKLY WATErt TEMPERATURES AND PERCENT MORTALITY OF TOTAL ZOOPLANKTON AT FOUR ENTRAINMENT SAMPLING 
STATIONS. tlOOKSETT POND, MERRIMACK RIVER, 1975. 

AS 
IIORTALITY 

INTAIC£ S lllRTALITY DISCHN16E FIIOM 
AMIIIEIIT DlsatAIK INTAKE 

SAMPliNG TDI' WEIR TfiiP AT REPLICATE 1 REPLICATE 2 MEAH REPLICATE 1 REPLICATE 2 MEAN TO WEIR 
DATE (•F) (•f) ("F) H SMORT. II ICMORT. IMIRT H %111RT • • IMORT. ICMORT. (DS-U:) 

6/24 76.0 127 9.4 -- --- ---
1/2 76.0 ll7 16.1 U1 12.9 14.5 

7/9 79.4 102.7 23.3 112 22.3 107 28.9 25.5 100 55.0 107 49.5 52.J +23. 2 

7/15 73.8 104 24.0 71 25.3 24.5 

7/22 81.8 100 42.0 105 20.0 30.1 

8/1 80.6 310 28.1 318 33.3 30.7 

8/6 80.6 86.0 5.4 JOB 29.2 340 40.6 35.2 330 29.4 327 32.4 30.') -4.3 

8/12 17.0 96.8 19.8 309 23.0 ll1 27.9 25.6 346 78.9 )04 84.9 81.7 +56.1 

8/19 75.2 98.6 23.4 345 57.2 142 43.6 50.4 327 41.0 )JO 41.9 41.5 -8.9 

9/l 68.0 89.6 21.6 94 47.9 52 48.1 47.9 51 31.4 50 32.0 31.7 -16.3 

9/9 68.0 91.4 23.4 71 8.1 69 10.0 9.0 68 7.3 64 14.0 10.6 -2.1 
' 

9/16 62.6 77.0 lt.4 17 15.6 81 16.0 15.8 57 24.6 n 19.4 21.7 +5.9 

9/23 64.4 86.9 22.5 ll9 15.2 172 11.7 13.2 71 45.1 95 33.7 38.6 .. 2.54 

9/30 59.9 79.7 19.8 49 8.2 72 2.8 4.9 61 14.8 57 17.6 16.2 +11.2 

10/7 57.2 57.2 o.o 50 14.0 54 31.5 23.1 48 16.7 51 19.7 18.2 -7.8 

10/14 56.3 75.2 18.9 54 7.5 50 14.0 10.6 50 38.0 49 20.5 29.3 <-12. 9 

10/:18 51.8 51.8 0.0 

B£LOII MOOIILES CANAL IWTK 

SNIPlJIIG REPliCATE 1 REPLICATE 2 MEAft REPLICATE 1 REPLICATE 2 MEAN 
OAT£ N »>IRT, • SMORT. SIIJRT. II StOlT. N %11JRT. %11JRT. 

6/24 137 43.1 110 31.8 37.4 

7/2 

7/9 

7/15 

7/22 

8/1 311 29.3 325 30.5 29.9 

8/6 447 10.5 353 8.5 9.5 

B/12 306 21.2 393 22.4 u.s 367 22.3 ))8 26.3 24.3 

B/19 311 31.8 326 ]4.4 33.1 

9/l 300 51.3 50 56.0 53.6 

9/9 100 8.0 76 U.2 10.6 53 30.2 72 B.l 19.2 

9/16 81 24.7 12 30.6 27.6 

9/23 101 15.8 196 18.4 17.1 

9/30 69 4.3 93 4.3 4.3 

10/7 69 23.2 55 25.4 24.3 

10/14 53 15.1 52 30.8 :u.o 51 9.8 61 6.6 8.2 

10/28 --- --- --- --- ---

-...1 
Ul 



magnitude of the temperature change (~t) between the intake and the 

discharge, or a combination of the two factors. This analysis revealed 

that diatom mortality was significantly (p < .05) related to ambient 

river temperature and ~t acting in conjunction, and with ~t when ad

justed for ambient effects. There was no significant relationship with 

ambient temperature only. These results suggest that the magnitude of 

the increased temperature experienced by diatoms between the intake and 

the discharge does influence the resultant mortality. Ambient river 

temperature appears to further influence mortality by acting synergis

tically with the ~t factor. Hatfield, Pfeiffer and Wurtz (1966) found 

that Susquehanna River diatoms passed through condensers with temper

ature increases of ll°C in 10 seconds, were not killed so long as the 

maximum temperature was below 33.5°C (92.3°F). However, since only 
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three of our sampling dates showed discharge weir temperatures greater 

than 92.3°F, this observed mortality difference may reflect varying ther

mal histories between the two study areas. 

In general, percent mortality for diatoms on a given sampling 

date increased from the intake to the discharge, and subsequently de

creased below the spray modules and at the canal mouth. This is to be 

expected since the diatom population should commence proliferation in 

the discharge canal (Hatfield, Pfeiffer and Wurtz, 1966). One exception 

to the trend occurred on 9 September when the observed mortality at the 

four sampling stations was lowest at the discharge weir. Since this was 

a date with a high ~t, sampling error appears to be the most plausible 

explanation for this non-characteristic data. 

CHLOROPHYTA 

Dominant green algae genera during the 1975 season were Eudor

ina, Spirogyra, Pediastrum, Spbaerocystis and Dictyospbaerium. Green 

algae mortality at the intake varied between 0% and 21.7%, and between 

0% and 71.5% at the discharge weir. As shown for diatoms, the increase 

in green algae mortality from the intake to the discharge weir through

out the season was significant (p < .OS). However, linear regression 



r 

analysis revealed that the increased mortality was not significantly 

correlated with ~t or with ambient river temperature, but the presence 
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of a significant increase in mortality suggests that some other factor 

such as mechanical or chemical stress was the primary reason for entrain

ment-induced mortality. This is further supported by considering that 

the more fragile physical structure of the green algae, principally the 

filamentous forms is more susceptible to mechanical damage than forms 

such as the diatoms which have silicified cell walls. 

Although there is some variability in the data, particularly 

in Septemb~ and October when the amount of green algae sampled was low, 

general trends across the four sampling locations showed increased 

mortality from the intake to the discharge with subsequent recovery at 

the spray modules and the canal mouth (Table 15) • 

CYANOPHYTA 

Bluegreen algae, primarily Oscillatoria, were first collected 

in the September 30 samples. Analysis of the intake samples revealed 

that 55.8% of the indigenous blueqreen community was dead before entrain

ment. This could have been caused by surface runoff introducing blue

greens of terrestrial origin (temporary pools and puddles) into the 

river (Smith, 1950). After September 30, bluegreen algae mortality 

ranged from 0\ to 9.9\ at the intake and from 25% to 77% at the dis

charge weir. It was assumed that the predominance of bluegreen algae 

in the discharge samples resulted from turbulent scouring of the resi

dent discharge canal population by the effluent. 

Statistical analyses were not performed on the bluegreen algal 

mortality since they were present on only four sampling dates. Trends 

in the data (Table 16) do indicate a higher mortality at the discharge 

weir than at the intake. There is no conclusive trend apparent between 
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the discharge weir and the canal mouth. 

TOTAL PHYTOPLANKTON 

Chlorophyll a concentrations are included in Tables 14-16. 

However, since the acidification technique of Lorenzen (1967) which 

corrects chlorophyll a estimates for phaeophyton "a" was not used, these 

data cannot reflect the magnitude of entrainment mortality. Instead, 

these values are presented as an indicator of phytoplankton standing 

crop. 

In general, there is a trend of decreasing chlorophyll a 

concentrations over all stations from July to OCtober. This corresponds 

with the trends noted in the river plankton monitoring program, and is 

probably related to decreasing water temperatures. The highest concen

trations (10-11 ~g/1) occurred at the intake in early July, but the 

magnitude of these values suggests possible sampling or analytical 

errors. After elimination of the questionable samples, results of a 

Wilcoxon Matched-Pairs Ranked-Sum Analysis (Siegel, 1956) showed that 

chlorophyll a concentrations at the discharge canal mouth were signif

icantly (p < .OS) lower than those at the intake over the sampling 

season. Chlorophyll a values observed during the river monitoring 

survey also reflected this trend from June through September. 

The impacts of entrainment on phytoplankton as reported in the 

literature are varied. Storr (1974) found that the change in phyto

plankton and zooplankton mortality from intake to discharge was not sig

nificant at two nuclear generating stations on Lake Ontario although 

operational temperature rises often varied by 7°C between the stations. 

He concluded that phytoplankton show very low mortality at temperatures 

under 35°C, and that mechanical stress plays an important role in total 

mortality. 

On the other hand, Verduin (1973) found that declines in 



phytoplankton metabolism in the presence of thermal additions was 

related to lethal temperatures rather than mechanical damage in the 

condensers since decreases in metabolic rate were most severe when 

ambient temperatures exceeded 27°C (80.6°F). 

Gurtz and Weiss (1974) found a relationship between intake 

temperature, ~t and primary productivity of phytoplankton populations 

entrained at the Wylie coal-fired plant on Lake Wylie, North Carolina. 

Relatively constant inhibitions of productivity occurred for a 10° to 

20°F increase, regardless of initial temperature, although there was a 

trend toward greater inhibition when ambient temperatures were greater 

than 83°F. A ~t of 30°F produced successively greater productivity 

inhibition with increasing ambient temperatures. Smith, Brooks and 

Jensen (1974), however, reported little evidence for any loss of primary 

productive capacity for entrained freshwater phytoplankton populations 

due to passage through the condenser systems at the Marshall Steam 

Station, North Carolina. 

Patrick (1974) reviewed literature relevant to entrainment 

studies, and concluded that temperature increases toward the optimum 

range for growth of a particular species increase algal diversity and 

biomass if the change is not too large. However, temperature shifts at 

the upper limit of the tolerance range are deleterious. The effects of 

thermal increases can be harmful if the ~t is large, if exposure is 

continued for several hours, or if the water temperature approaches the 

upper tolerance limit. 

In general, algal populations entrained through the Merrimack 

Station cooling system during the 1975 season were temporarily affected 

by factors such as temperature, mechanical abrasion, and turbulence, but 

the extent of damage varied with time of year and composition of the 

community. 
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b. Total Zooplankton 

Zooplankton populations sampled in 1975 were dominated by 

copepod adults and nauplii, cladocerans and rotifers. Percent mortality 

at the intake ranged from 4.9\ to 50.4\ and from 10.6\ to 81.7\ at the 

discharge weir. Results of statistical analyses indicated that there 

was no significant increase in zooplankton mortality between the intake 

and the discharge weir. As shown in Table 17, on five sampling dates, 

the percent mortality in the discharge weir was less than that observed 

at the intake. This could be the result either of sampling error or of 

sampling resident discharge canal plankton populations in addition to 

those emerging from the Merrimack plant. The mortalities observed at 

the discharge canal mouth were similar to those observed at the intake. 

In general the zooplankton community appeared to be more resilient than 

the phytoplankton in surviving environmental variation induced by the 

Merrimack Station cooling system discharge. 

c. Immature Fish 

Numbers of immature fish collected during two weekly Tucker 

trawl tows at each station are shown in Table 18. As the data illus

trate, fish were found in tow samples on June 24, July 9, 15, 22 and 31, 

1975 and only at the intake and canal mouth stations. Fish collected 

during the survey period were all Lepomis spp. (sunfish). 

Twenty-one dead Lepomis spp. were collected on July 9 at the 

intake area where the ambient temperature was 79.3°F. Thirteen living 

and eight dead sunfish were collected on the same date at the discharge 

canal mouth, where water temperature was 93.9°F. On July 31, all fish 

caught at the canal mouth were dead and in a state of decomposition at 

the time of collection. No fish were collected in the discharge canal 

itself on any of the sampling dates. 



TABLE 18. RESULTS OF IMMATURE FISH ENTRAINMENT SURVEYS, HOOKSETT POND, 
MERRIMACK RIVER, 1975. 

INTAKE DISCHARGE CANAL 

LIVE DEAD LIVE DEAD 

24 June 61 

6.95 mm2 

9 July 21 13 8 

8.45 nun 17.85 nun 9.33 nun 

22 July 1 (uniden.) 

8.0 nun 

31 July 13 

5.46 nun 

1 
Lepomis spp. unless otherwise noted 

2 
Mean length of all captured fish 
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The small numbers of fish caught during the immature fish 

sampling program precludes an evaluation of the potential impact of the 

Merrimack Station. The absence of appreciable numbers of fish in sam

ples taken at the intake structure may be related to behavioral traits. 

For instance, Richardson (1913), found that larval forms of largemouth 

bass, suckers and certain minnows remain in the littoral zone where they 

maintain tight aggregations. Faber (1967) was unsuccessful in his 

attempts to capture larval largemouth and smallmouth bass in open water 

areas and therefore assumed that their larvae were littoral in habit. 

The relatively infrequent collection of a few individuals from one genus 

(Lepomis spp.) in Merrimack River entrainment sampling may have been an 

indication of successful entrainment avoidance by fish inhabiting 

Hooksett Pond. The total absence of fish in samples taken in the dis

charge canal and of live fish near the intake structure would tend to be 

supportive of this. Further studies in 1976, which will be conducted 

during months of higher larval fish abundance will provide additional 

data from which, hopefully, more meaningful conclusions can be drawn. 

d. Summary and Conclusions 

Entrainment of diatoms caused significant mortality between 

the intake and the discharge weir. However, the data reflect a recovery 

of the diatom population with a resultant decrease in percent mortality 

from the discharge weir to the discharge canal mouth. Diatom mortal

ities at the canal mouth approached the values observed at the intake. 

The river plankton monitoring program found that although mean monthly 

diatom counts were reduced between Stations N-10 and Zero-West, among

station differences over the season were not significant. Diatom counts 

at s-4 were similar to those at N-10 for the months surveyed. 

As with the diatoms, green algae experienced increased mor

tality from the intake to the discharge, with subsequent recovery at the 

spray modules and canal mouth. Results of river plankton sampling 

showed that green algae responded positively to the artificially-heated 



r 
I 83 

environment, particularly in April and May. During these months green 

algal cells at Zero-West were present in much higher numbers than at the 

other mainstream stations. 

Entrainment data for bluegreen algae is inconclusive since 

bluegreens appeared in only four samples. However, the river monitoring 

program showed that blueqreen algae occurred in significantly higher 

percentages at Station Zero-West than at N-10 throughout the study 

season. Among-station differences in abundance, however, were not 

significant for bluegreens. 

The zooplankton community, as in previous years, was sparse. 

Entrainment results indicated no significant increase in zooplankton 

mortality between the intake and the discharge weir. Trends within the 

data suggest no other mortality within the discharge canal. Zooplankton 

were found to be more abundant at Station Zero-West than at N-10 through

out the season in the river plankton monitoring program. 

Chlorophyll a concentrations, used only as an indicator of 

phytoplankton standing crop, decreased from the intake to the discharge 

canal mouth when viewed over the sampling season. The river plankton 

monitoring program showed similar chlorophyll a changes from June through 

September, although all monthly mean concentrations at the s-4 and S-17 

stations approached the control (N-10) values. 

Thus, an overview of the four plankton taxa studied, it 

appears that entrainment caused increased mortality in diatoms and green 

algae, and that in all cases, the plankton populations exhibited some 

amount of recovery within the discharge canal. This generally resulted 

in plank~~~ abundances below the canal mouth nearly equivalent to that 

at the intake. 

The immature fish sampling program yielded only a few fish per 

sample which was insufficient to evaluate the potential impact of the 

Merrimack Station. However, the total absence of fish in discharge 
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canal samples, and the presence of live fish near·the intake suggested 

successful avoidance of entrainment by the resident fish species. 

4. Periphyton 

a. Weekly Sampling 

Weekly periphyton slides were analyzed to determine poten

tial impacts of the thermal plume on initial periphyton accumulation. 

A two-way ANOVA was used to determine among-station differences at the 

2-foot depth for diatoms, green algae, and bluegreen algae collected 

after one week of immersion (Appendix IV). Results of this analysis 

and Tukey's Method for Multiple Comparisons (Guenther, 1964) showed 

84 

that over the 26-week sampling period Station Zero-West had significantly 

fewer diatoms than Station S-17 (a= .OS). No other abundance differ

ences were found. 

Periphyton abundance at the 2-foot and 6-foot depths of Sta

tions N-10 and S-4 were compared using a 3-way ANOVA (Appendix IV) and 

Tukey's Method for Multiple Comparisons. Abundance of bluegreen algae 

and total organisms, when compared over depths and weeks, were signifi

cantly greater at S-4 than at N-10. When analyzed within depths the 

abundance of bluegreens but not total organisms was greater at Station 

s-4 than N-10. This increased abundance of bluegreens is probably re

lated to their ability to flourish in areas of high water temperatures 

(Cairns, 19S6; Patrick, 1969). Significant (p < .OS) differences across 

depths occurred for total organisms and diatom abundance. In each case, 

more organisms were found at the 2-foot depth (p <.OS), probably as a 

result of higher light intensity and/or increased growth related to the 

higher surface temperatures. 

An ANOVA comparing percent composition data among-stations 

(2-ft depths) showed significant differences for diatoms and green algae 
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(p < .01). Tukey's Method for Pairwise Comparisons revealed that diatom 

percent composition was greater at both stations N-10 and S-17 than at 

zero-West (a= .05) (Figure 9), while green algae percent composition 

was higher at Zero-West than at N-10 and s-17 (a= .05). These results 

were similar to those of Cairns (1956) who ranked diatoms as a group 

having a low thermal tolerance, followed in order of increasing toler

ance by the green and blueqreen algae. Analyses of depth-related dif

ferences in station percent composition data using the 3-way ANOVA 

showed no significant among-station differences (p > .05). 

b. Monthly Sampling 

Results of monthly periphyton studies are shown in Figures 

10 to 12. Supplementary data on statistical analyses are presented in 

Appendix IV. Of particular interest in 1975 was the low abundance of 

diatoms an4 nearly complete absence of bluegreen algae in samples col

lected during July, AU<]ust and September, when compared to past years. 

A corresponding shift to green algae dominance was noted. In general, 

productivity, in terms of numbers of cells, were low during these months 

when compared to 1974 (NAI, 1975), 1973 (NAI, 1974) and 1972 (NAI, 

1973). 

Station, depth, and monthly differences for both abundance and 

percent composition of periphyton orqanisms were analyzed statistically 

for the 1975 season using ANOVA techniques. Only orqanisms that were 

present in sufficient quantities (diatoms, green algae and total organ

isms) were considered in this analysis. As would be expected, the time 

factor was highly significant, indicating the high degree of seasonal 

change noted in Figures 10 to 12. The depth effect was significant in 

only one instance: the abundance of green algae was greater at the 2-

foot depth than at the 6-foot (p < .OS). No other statistically sig

nificant differences were noted. 
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Figure 10. Abundance of periphyton organisms collected monthly at 
2 foot depth, Hooksett Pond, Merrimack River, 1975. 
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c. Summary and Conclusions 

In summary, 1975 weekly periphyton abundance data showed 

little evidence of significant thermal impacts at either the 2- or 

6-foot depth. Higher total numbers of organisms (including bluegreen 

algae) at Station S-4 were potentially related to the thermal discharge 

as were the lower percentage of diatoms and higher percentage of green 

algae at Station Zero-West. Analysis of monthly data showed no statis

tically significant differences among stations over the study season. 

During 1974 statistically significant reductions in diatom abundance 

were found in both weekly and monthly slides at Station Zero-West (2-

foot) and S-4 (6-foot depth) and were generally consistent with past 

years. Higher flows during 1975 could have served to mitigate impacts 

noted in past years. 

5. Benthic Macroinvertebrates 

Results of the 1975 benthic invertebrate surveys (June 27, 

August 12, October 8) are presented in Tables 19-21. As in the years 

1970-1974, dipterans, especially chironomids, and oligochaetes were the 

dominant groups found during 1975. The percentage composition of these 

organisms ranged from 79.3% to 96.5% at Station N-10 in October and 

June, respectively. The relative abundance of these organisms generally 

declined from June to October, in part because of a relative increase in 

the numbers of molluscs, both clams (Pelecypoda) and snails (Gastro

poda). Dominance of the benthic macroinvertebrate fauna by oligochaetes 

and dipterans is expected in situations like Hooksett Pond, which is 

characterized by low flow velocities and relatively high levels of 

productivity (Reid, 1961). 

Lowest total number of organisms for all samples combined was 

collected during August (L = 8458); highest occurred in June (L = 12,543); 

and an intermediate number was obtained during October (L = 9005). In 

contrast with 1973 and similar to 1974, total numbers of organisms were 
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TABLE 19. RESULTS OF BENTHIC INVERTEBRATE SURVEY, HOOKSETT POND, MERRIMACK RIVER, JUNE 27, 1975. 
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TABLE 19. (Continued) 
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TABLE 20 RESULTS OF BENTHIC INVERTEBRATE SURVEY, HOOKSETT POND, MERRIMACK RIVER, AUGUST 12, 1975. 
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TABLE 20. 

STATION I TEMP. 
8/12/75 •f 

II- lOB 
A 
8 

N-1011 
A 
8 

11-lON 
A 
B 

s-78.3 
M-78.5 
8-78.4 

s-7&.9 
M-71.8 
B-77.9 

s-7s.o 
11-77.7 
a-77.5 

Ze~o-B I s-ao. 4 
A N-80.4 
8 8-80.8 

zero-11 I s-&9.8 
A. M-79.3 
8 B-78.2 

zero-w 
A 
8 

S-4E 
*A 

8 

S-4M 
A 
8 

S-4M 
A 
8 

s-us 
A 
8 

s-17M 
A 
8 

S-17N 
A 
8 

s-92.1 
M-83.8 
B-78.9 

s-84.0 
M-84.0 
a-80.1 

s-sa.8 
M-78.2 
B-78.0 

S-87.0 
M-86.4 
B-84.2 

S-81.4 
J!l-81.8 
B-81.2 

5-83.1 
11-78.8 
8-78.1 

S-81.0 
J!l-80.0 
B-79.0 
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TABLE 21 .. RESULTS OF BENTHIC INVERTEBRATE SURVEY, HOOKSETT POND, MERRIMACK RIVER, OCTOBER 8, 1975. 
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H-10 B 
A 
B 

H-10 H 
A 
B 

M-10 II 
A 
B 

Zero B 
A 
B 

Zero II 
A 
B 

Zero II 
A 
8 

S-4 B 
A 
8 

S-4 M 
A 
8 

S-4 H 
A 
B 

S-17 B 
A 
8 

s-11 H 
A 
8 

S-17 II 
A 
8 

TABLE 21. 

S-56.9 
11-56.3 
B-56.1 

S-56.0 
11-55.9 
B-55.9 

S-56.3 
11-55.8 
B-55.8 

s-56. 7 
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S-56.1 
M-56.0 
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8-57.4 
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relatively constant throughout the three sampling periods. In 1973, 

total numbers ranged from 5064 during June to 21,654 during October. In 

1974, total numbers collected during each of the three surveys were 

9146, 8536, and 10,791 in June, August and October, respectively. 

The data in Tables 19 to 21 indicate that, as in past years, 

total numbers of organisms collected at mid-channel were lower than 

numbers on the east and west sides of the river. This is expected as 

the lllOre rapidly flowing water at mid-channel results in a less suitable 

substrate for oligochaetes, dipterans, clams and detritus feeding 

snails, than in the littoral zones where currents are of a lesser mag

nitude. Previous sediment studies (NAI, 1970) indicated that the mid

channel portion of the river has a coarser, less organically-enriched 

substrate than does the shore. Such substrate usually results in a less 

suitable habitat for benthic macroinvertebrates (Gaufin, 1973). HOw

ever, of the few mayflies (Ephemeroptera) collected in June and August, 

the numbers of Epheron spp. and Ephemerella spp., were generally higher 

in the mid-channel areas. These organisms are bottom clinging forms, as 

contrasted to burrowing forms (Needham et al., 1935). 

DUring the June 27 macrobenthic invertebrate sampling, Station 

N-10 produced the highest number of organisms collected during 1975 (E = 

4642). Station Zero (E • 1428), s-4 (E = 3129) and S-17 (t • 3309) all 

produced fewer organisms than did the control station. Diversity of 

macrobenthos (number of taxa) was also less at southern stations. 

Station S-17 was the least diverse followed by S-4, Zero and N-10. The 

confluence of the discharge canal and river (Zero-west) contained a 

slightly greater number of taxa (23) than the western side of Station N-

10 (20). For the most part, many of the same taxa wue represented at 

both stations. Numbers of taxa collected which were common to only one 

of these stations (i.e., Psychomysidae at N-10) were too low to allow 

meaningful comparisons. 

In August, the month highest ambient temperatures were re

corded during benthic sampling, the number of organisms collected at 
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Station N-10 (E = 1080) was less than collected at Zero {E = 1504), S-4 

(E = 2967) and (E = 2869). The number of taxa at Station Zero-West (24) 

was again similar to Station N-10 West {25). As in June, numbers of 

organisms in taxa unique to either location were low. A slightly lower 

number or taxa did occur at Station Zero as a whole (east, mid and west) 

and at S-4 and S-17. 

During October, Station Zero produced the lowest number of 

organisms (r = 536). Both Stations S-4 (E = 3966) and S-17 (E = 2785) 

had higher numbers of benthos than did Station N-10 (E = 1724). Numbers 

of taxa were less at Station Zero (26) than at N-10 (45) but were com

parable to N-10 at the remaining downstream stations. 

In summary, with the exception of October, Station Zero pro

duced the lowest numbers of benthic macroinvertebrates of all stations 

sampled. This is generally consistent with the findings of 1972 (NAI, 

1973), 1973 (NAI, 1974) and 1974 (NAI, 1975). During the August and 

October surveys, Stations s-4 and S-17 had greater numbers of benthos 

than did Station N-10. Numbers of taxa collected at Station Zero were 

lower than at other stations during August and October and in June, 

lower at S-17 than at other stations. In general, the results of the 

1975 benthic surveys reflected in part natural fluctuations in the 

macroinvertebrate community, combined with between station habitat 

differences, and possible thermal effects. The majority of macrobenthos 

at all stations in Hooksett Pond (dipterans and oligochaetes) are rela

tively resistant to elevated temperatures (Markowski, 1959; Trembley, 

1961; Mann, 1965; Proffitt, 1969) which would make it less likely that a 

readily discernible impact would occur among these organisms. Bottom 

substrate at Station Zero (particularly the west bank) consists of a 

coarse sand which is a result of past discharge canal dredging activity 

and the high rate of flow from the Canal itself. Sand is a poor habitat 

which generally will support only a few representatives of a few species 

(Hynes, 1970). Because of this it is difficult to separate thermal/ 

chemical effects from those caused by substrate, particularly at Station 

Zero. 
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6. Fisheries Surveys 

The following section discusses results of the electrofishing, 

immature fish seining, and fyke netting programs for the 1975 sampling 

period. A finfish species list compiled from all sampling techniques 

appears in Appendix V. 

a. Electrofishing 

Sixteen fish species (1,975 individuals) were captured during 

the July, August and OCtober electrofishing periods. Tables 22 to 24. 

contain the number of each species sampled at the six stations as well 

as the surface, mid-depth, and bottom water temperatures for each 

sampling period and are used to illustrate the relationship between the 

Merrimack Station discharge and the distribution of fishes in the Hook

sett Pond littoral zones. 

Pumpkinseed (Lepomis gibbosus), redbreasted sunfish (L. auri

tus), yellow perch (Perea flavescens), white sucker (Catostomus commer

soni), and largemouth bass (Hicropterus salmoides) were the most abun

dant species captured during the sampling period. Pumpkinseed were 

consistently the most abundant, while the rank of each other species 

within the top five varied. The relative abundance of white suckers 

decreased throughout the season, while that of largemouth bass increased. 

The mean number of individuals per station for the five pre

dominant fish species is presented in Table25. These stations have 

been grouped according to their relation to the thermal discharge: 

i.e., control, mixing zone and far-field regions. 



TABLE 22. 

STATION 

N-9/N-10 East 

West 

N-6/N-7 East 

West 

Zero/S-1 East 

West 

Old Canal ----

S-4/S-5 East 

West 

S-17/S-18 East 

West 

TOTAL 
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MERRIMACK RIVER, 1975. 
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TABLE 21. CATCH PER ELECTROFISHING STATION, AUGUST 26 - 27, HOOKSETI POND, 
MERRIMACK RIVER, 1975. 
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S-17/S-18 East 17.5 75.5 73.0 37 5 4 9 1 
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TABLE 24. CATCH PER ELECTROFISHING STATION. OCTOBER 9. 10. AND 13. HOOKSETT POND. 
MERRIMACK RIVER. 1975. 
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TABLE 25. MEAN # INDIVIDUALS PER ELECTROFISHING STATION FOR PREDOMINANT 
FISH SPECIES, HOOKSETT POND, MERRIMACK RIVER, 1975. 

SAMPLING SAMPLE REDBREAST 
PERIOD GROUP* PUMPKINSEED SUNFISH 

July - Control 4.00 5.25 
August Mixing 24.80 16.00 

Far-Field 4.50 8.50 

August control 9.00 3.50 
Mixing 51.80 11.00 
Far-Field 25.50 16.50 

October Control 16.00 2.75 
Mixing 48.20 7.20 
Far-Field 22.00 3.00 

* Control • N9/Nl0 and N6/N7 
Mixing • 0/S1, Old Canal and S4/S5 
Far-Field • Sl7/Sl8 

YELLOW LARGEMOUTH 
PERCH BASS 

4.25 3.00 
5.00 6.40 
1.00 0.50 

5.50 5.00 
4.40 9.20 
2.00 5.00 

5.25 7.25 
4.20 14.20 
1.50 o.oo 

(4 stations) 
( 5 stations) 
(2 stations) 

WHITE 
SUCKER 

14.25 
0.60 
0.00 

16.25 
0.60 
0.50 

7.00 
1.80 
0.00 

The two sunfish species and largemouth bass were predominant in the 

mixing zone and far-field regions. Yellow perch were found infrequently 

downstream of the mixing zone, while white suckers predominated in the 

regions north of the discharge canal. 

The greatest number of species was collected at Stations N-9/N-

10 and N-6/N-7 during July (10 species), at S-4/S-5 in August (11 species), 

and at N-6/N-7 during October (13 species). Fewer species were always 

encountered at other stations and dates. 

Catch per electrofishing station within the temperature ranges 

experienced during 1975 is plotted in Figure 13. Catch per station was 

computed by dividing the total number of individuals captured within a 
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Figure 13, Catch per unit electrofishing effort per 4°F interval, 
Hooksett Pond, Merrimack River, 1975. 
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4°F temperature class (measured at mid-depth) by the number of stations 

sampled within that class throughout the season. This removed the bias 

exerted by unequal electrofishing effort among the temperature classes. 

Unlike the bimodal distributions exhibited by the 1974 data (NAI, 1975), 

there was no observable relationship between water temperature and 

distribution of the six major fish species in Hooksett Pond. The wide 

temperature range (52.8 - 87.4°F) throughout the 1975 field season is 

one reason a distinct distribution pattern was not observed. In addi

tion, temperature ranqes during the October and the July and August 

electrofishing periods did not overlap. 

Distinct relationships between fish distribution and water 

temperature are sometimes used as indicators of thermal preference for 

each species; however, as pointed out by Stauffer et al. (1975), Fergu

son (1958), and Barans and TUbb (1973), other factors such as thermal 

history, light, feeding activity, social behavior, age and sex of the 

fish, and dissolved oxygen concentrations can also influence temperature 

preferenda and fish distribution. The difficulty of randomly sampling 

complex environments also makes the field observation of thermal pre

ferences very difficult (Stauffer et al., 1975). On the other hand, the 

absence of a distinct distributional pattern related to thermal inter

vals may suggest that indeed the effect of temperature plays a lesser 

role in fish distribution compared to other factors such as habitat 

availability. Data from previous years' research on Hooksett Pond 

reinforce this conclusion (NAI, 1973; 1974; 1975). 

b. Immature Fish Seining 

Seine hauls were employed to illustrate the distribution of 

young fishes in relation to the Merrimack Station discharge. Seining 

yielded a total of 9,609 specimens representing 14 species. Total catch 

was distributed as shown in Table 26. These data are expressed as 

catch-per-unit-effort by species in Table 27. White suckers (Catos

tomus commersoni) and shiners (Notropis spp.) were the two predominant 
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TABLE 26. NUMBERS OF INDIVIDUALS CAPTURED BY SEINING, 
HOOKSETT POND, MERRIMACK RIVER, 1975. 

NORTH SOUTH 
N-10 N-7 ZERO S-2 S-17 

East 862 2,534 52 250 148 

West 1,839 142 2,084 1,492 206 

Total 2,701 2,676 2,136 1,742 354 
5,377 2,096 

106 

TOTAL 

3,846 

5,763 

9,609 
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TABLE 27. CATCH PER MINNOW SEINE EFFORT, 1975. BASED ON WEEKLY HAULS AT 5 STATIONS. 

NUMBERS IN PARENTHESES REPRESENT NUMBER OF HAULS IN MEAN, HOOKSETT POND, 
~ERRIMACK ~IVER, 1975. 

NORTH SOUTH MEANS -
MONTH/SPECIES N-10 N-7 ZERO S-2 S-17 X NORTH X SOUTH x 

May 

Lepcmi.s gibbosus • 1.70(10) 0.00(4) o.oo (4) 0.00(4) 0.25(4) 1. 21 (14) 0.12(8) 0.69(26) 
L. auri.tus 0.70 0.00 o.oo 0.00 0.25 .0.50 0.12 0.31 
Etheostoma nigl"UUII 0.30 0.00 o.oo o.oo o.oo 0.21 f).OO 0.12 
Notzoopis spp. 34.59 1.50 o.oo o.oo 0.00 25.14 0.00 13.54 
Iatalurus natalia o.oo 0.25 0.00 o.oo o.oo 0.07 0.00 0,04 
La1'11ae present absent absent absent absent 

June 

Lepomis gibbosus 0.05(201 0.00(8) 0.88(8) 0.00(8) 0.00(8) 0.04(28) 0,00(16) 0.15(52) 
Pe:roa flavesoens 8.85 0.88 0.88 1.62 2.00 6.57 1.81 4.23 
MiozooptePUB salmoides 1.45 1.38 2.75 0.88 0.00 1.43 0.44 1.33 
Etheostoma nigl'UIII 1.35 0.00 10.50 2.50 0.75 0.96 1.62 2.63 
Catostomus OOtmlel'soni 18.75 167.50 87.50 43.25 0.38 61.25 21.82 53.15 
Notzoopis spp. I 52.45 28.38 59.88 86.25 24.25 45.57 55.25 50.75 
Lepomis auzoi tus o.oo 0.00 0.50 4.88 0.00 o.oo 2.44 0.83 
Notemigonus orysoleuoas o.oo o.oo 0.12 o.oo 0.00 0.00 0.00 0.02 
Iotalurus natalia o.oo o.oo 0.00 0.12 o.oo 0.00 0.06 0.02 
Eso:x: niger- o.oo o.oo 0.00 0.25 0.50 0.00 0.38 0.12 
Semotilus sp. o.oo 0.00 0.00 0.12 0.00 0.00 0.06 0.02 
La1'11ae present* present* present* absent* present* 

July 

MiozooptePUB saZmoides 0.67(15) 0.33(6) 0.50(6) 1.00(6) 0.67(6) 0.57(21) 0.83(12) 0.64(39) 
Miazoopter>us dolcnrleui 0.40 o.oo 1.67 0.33 o.oo 0.28 0.17 0.46 
Eso:x: niger- 0.07 o.oo o.oo o.oo o.oo 0.05 0.00 0.02 
Etheostoma nigl"UUII 6.73 0.50 3.50 3.17 0.17 4.95 1.67 3.72 
catostomus OOtmlel'BOni 0.67 2.17 o.oo 0.17 o.oo 1.10 0.08 0.62 
Iotalurus nebulosus 0.07 o.oo o.oo o.oo 0.00 0.05 o.oo 0.02 
Notl'Opis spp. 43.73 163.83 0.33 92.67 25.83 78.05 59.25 60.31 
Lepomis auFi tus o.oo 0.17 0.33 0.00 0.67 0.05 0,33 0.18 
Lepomis gibbosus o.oo 0.00 0,33 0.50 0.67 0.00 0.58 0.23 
Semotilus spp. o.oo 0.00 0.67 o.oo 0.00 o.oo o.oo 0.10 
Larvae absent absent obsent absent abseat 
--· -

* Larvae becominq 1arqe enouqh to be identified. Continued 
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TABLE 27.. (Continued) 

r«>NTH/SPECIES NORTH 
Auqust N-10 N-7 

Lepomi.a gibboaus 0.12 (25) 0.70(10) 
Lepomi.a auri tuB 0.12 0.00 
Mi.Cl'OptePUB salmoides 0.12 0.10 
Mi.cropteroua dolomieui 0.40 0.00 
Etheoatoma nigrum 0.56 0.30 
Ictalurous nebulosus 0.28 0.00 
Catostomua conrneraoni 0.04 0.00 
Notropia spp. 0.68 0.40 
IctaZ.urous natalia 0.00 0.00 
Notuz>ua insignia o.oo 0.00 
Larvae absent absent 

I 

September 

Mi.croptqrous salmoides 0.05(20) 0.00(8) 
Micropterous do lomieui 0.05 o.oo 
Etheostoma nigrum 0.10 0.00 
Notropia sp. o.oo o.oo 
Gatostomus oommersoni o.oo 0.00 
Lepomis gibbosus o.oo 0.00 
Larvae absent absent 

SEASON MEANS 

Catoatomus commersoni 4.29(90) 37.58(36) 
Eao:t: niger 0.01 o.oo 
Etheoatoma nigrum 1.63 0.17 
IctaZ.uroua nebul.osua 0.09 o.oo 
Lepomis auritua 0.11 0.03 
L. gibboaua 0.23 0.19 
Mi.Cl'Opteroua do Zomieui 0.09 0.00 
M. aalmoides 0.48 0.39 
Notemigonua crysoleuoaa 0.00 o.oo 
Notropis spp. 22.98 33.89 
Peroa flaveacens 1.97 0.19 
Semotil.ua spp. 0.00 0.00 
Noturoua insignia 0.00 o.oo 
Ictalurous natalia ' 0.00 0.03 

·--_;-=-::::_~~-:::::::::.=-..-.- =- ---· 
----

SOUTH -
ZERO S-2 S-17 X NORTH 

0.10(10) 0.40(10) 0.90(10) 0.28(35) 
0.70 o.8o 2.00 0.08 
o.oo 0.90 0.10 0.11 
0.10 0.50 0.10 .0.28 
o.oo 0.00 o.oo 0.48 
0.00 0.00 0.10 0.20 
0.00 o.oo o.oo 0.03 
0.30 0.30 0.10 0.60 
0.00 0.20 0.30 0.00 
0.00 0.00 0.10 0.00 
absent absent absent 

0.12(8) 0.00(8) 0.00(8) 0.04(28) . 
0.25 0.00 o.oo 0.04 
o.oo 0.00 o.oo 0.07 
0.12 o.oo o.oo o.oo 
0.00 0.12 0.00 o.oo 
0.00 0.50 o.oo o.oo 
absent absent abseBt 

19.44(36) 0.17(36) 0.08(36) 13.80(126) 
o.oo 0.06 0.11 <0.01 
2.92 1.08 0.19 1.21 
o.oo o.oo 0.03 0.06 
0.36 1.31 0.69 0.09 
0.28 0.31 0.39 0.22 
0.36 0.19 0.03 0.13 
0.72 0.61 0.14 0.45 
0.03 o.oo o.oo o.oo 

13.47 34.69 9.72 26.10 
0.19 0.36 0.44 1.46 
0.11 0.03 0.00 o.oo 
o.oo o.oo 0.03 0.00 
o.oo 0.08 0.08 o.oo 

- - - -·--

MEANS 

X SOUTH 

0.65(20) 
1.40 
0.50 
0.30 
0.00 
0.05 
o.oo 
0.20 
0.25 
0.05 

0.00(16) 
o.oo 
o.oo 
o.oo 
0.06 
0.25 

4.88(72) 
0.08 
0.64 
0.01 
1.00 
0.35 
0.11 
0.38 
0.00 

22.21 
0.40 
0.01 
0.01 
0.07 

= 
X 

0.37(65) 
0.58 
0.22 
0.26 
0.26 
0.12 
0.02 
0.43 
0.08 
0.02 

0.04(52) 
0.06 
0.04 
0.02 
0.02 
0.08 

11.92(234) 
0.03 
1.30 
0.04 
0.38 
0.27 
0.16 
0.47 

<0.01 
22.96 
0.94 
0.02 

<0.01 
0.03 
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species caught during the 1975 season. Notropis spp. dominated the 

monthly catches from May through July, but were found principally at the 

north stations during May. After June, their distribution among the 

north and south stations was rather homogeneous, although during July 

fewer were caught at Station Zero than at either the north or south 

stations. Overall, more white suckers were captured at north stations 

than at south stations, although this was primarily due to their pre

dominance at N-7 during June and July. This contrasts with the 1974 

season when suckers were more prevalent at the southern stations during 

June and July. No white suckers were caught while seining in May; their 

distribution throughout Hooksett Pond was homoqeneous during August and 

September. 

Pumpkinseed, which were second in total abundance during 1974, 

and juveniles of other important species such as smallmouth bass, large

mouth bass, and yellow perch were found less frequently in 1975 than 

young Notropis spp. and white suckers. Pumpkinseed were the most abun

dant species at the southern stations and at Station zero except during 

the month of May. Smallmouth bass were first taken by seining during 

July, and were evenly distributed throughout Hooksett Pond for the 

remainder of the season. Largemouth bass were found primarily at 

northern stations and Station Zero in June, but were present in slightly 

greater numbers at the southern stations during July and August. Yellow 

perch were seined only in June, when they were most abundant at Station 

N-10. 

Larval and post-larval fishes were observed at most stations 

during June. The larvae were large enough to be captured by seine and 

included in the catch-per-effort statistics beginning in July. No 

larvae were observed after June at any station (Table 27) • This was 

expected since all major species in Hooksett Pond spawn during the 

spring and early summer. 

In years prior to 1974, the area under the direct influence of 

the discharge (Station zero to S-2) became devoid of juvenile fishes 
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when water temperatures reached their annual maximum (85-90°F) during 

July (NAI, 1974). Juvenile abundance in 1975 followed this trend; the 

relatively high numbers of juveniles seined in June fell off sharply 

during July and August when the water temperatures in the vicinity of 

the discharge rose to 87-95°F. Centrarchid abundance, which rose in 

July and August of 1974 (NAI, 1975) did not exhibit a similar increase 

in 1975. This may be indicative of poor 1975 nesting success caused by 

abnormally high, cold waters during the June nesting period (Figure 2). 

As with the electrofishing data, catch-per-unit of seine 

effort within various temperature ranges was computed for the five most 

abundant species and is presented in Figure 14. As in 1974, fallfish 

(S. corporalis) were not included because of their infrequent occur

rences in the seine hauls. Modal temperatures based on seine data for 

these five species during 1974 (NAI, 1975) and 1975 are listed below: 

SPECIES 

Lepomis gibbosus 
Perea flavescens 
Micropterus dolomieui 
Catostomus commersoni 
Notropis hudsonius 

1975 

86.0-89.9 
74.0-77.9 
86.0-89.9 
70.0-73.9 
82.0-85.9 

1974 

89.0-92.9 
69.0-72.9 
89.0-92.9 
77.0-80.9 
77.0-80.9 

In general, there was good correlation between the modal 

temperatures observed during 1974 and 1975 for pumpkinseed and small

mouth bass; apparent preferred temperatures do not coincide as well for 

the other three species. There was also a correlation between the modal 

seining temperature and the 1974 electrofishing modal temperature of 69-

710F (NAI, 1975) for white suckers. However, since catch data for a 

species is influenced by its relative susceptibility to the sampling 

gear as well as its actual distribution throughout the physical environ

ment, the correlation of temperature modes between electrofishing and 

seining samples may be an artifact of sampling bias. In 1975 as in 

1974, the two centrarchid species, Micropterus dolomieui and Lepomis 

gibbosus, were seined at the highest temperatures. 
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Figure 14. Catch per unit seining effort per 4°F interva1,_Hooksett Pond, 
Merrimack River, 1975. 
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As reported for 1974 (NAI, 1975), it is difficult to compare 

the results of electrofishing with those of seining because of the 

different sizes of the individuals captured by each method. In addi

tion, the 1975 samples cannot be compared because there was no definite 

thermal distribution in the electrofishing samples to correlate with 

modes in the seining samples. 

c. Fyke Netting 

Fyke netting was employed to illustrate the distribution of 

larger fishes Within Hooksett Pond in relation to the Merrimack Station 

thermal discharge. This method during 1975 yielded 2855 specimens 

representing 18 species (Table 28 ) • One rainbow trout (Salmo gaird

neri), a species not previously captured from Hooksett Pond by fyke 

netting, and a brook trout (Salvelinus Eontinalis), which has not been 

collected in this river section since 1968 (Wightman, 1971) were both 

taken during 1975. In addition, walleye pike (Stizostedion vitreum) and 

tadpole madtom (Noturus gyrinus), species captured previously but absent 

from the 1974 samples, were also taken during 1975. 

Brown bullheads, pumpkinseed, white suckers, yellow perch, 

redbreast sunfish, and smallmouth bass were the most frequently captured 

species during 1975 (Table 28). White perch were also abundant. Brown 

bullheads and white suckers predominated at the north statio~s, while 

pumpkinseed and suckers were predominant at the southern stations. In 

1973 and 1974, pumpkinseed were the most abundant species south of the 

discharge; brown bullheads predominated both north and south in 1972. 

Analysis of variance (ANOVA) (Kirk, 1968) was employed to test 

the hypothesis that fish distribution in Hooksett Pond was not homogen

eous and that any lack of homogeneity may have been related to the 

thermal discharge. Results of ANOVA tests comparing catch-per-unit

effort among various locations are presented in Tables 28-32. In 

general, a significant north/south difference in these tables indicates 
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TABLE 28. MONTHLY MERRIMACK RIVER FYKE NET CATCH TOTALS, BY STATIONS. HOOKSETT POND, 
MERRIMACK RIVER, 1975. 

May 29 - June 6 JWle 25 - 27 July 23 - 25 Auq. 20 - 22 Sept. 17 - 19 Oct. 31-Nov. 5 

1* 

Anguilla rostrata / 1 

Catostomus conmersoni J 13 

Eso:x: niger / 0 
/ 

IctaZurus nata Us J 2 

I. nebuZ.osus / 4 

Lepomis auri tus ../ 0 

L. gibbosus / 2 

Microptel'UB doZomieui / 1 

M. salmoides/ 0 

Morone americana~/ 1 

Notemigonus crysoZeucas -'o 
Noturus gyl'inus 0 

Noturus insignis ./ 0 

Perea flavescens / 26 

Sa Zmo gail'dnel'i / 0 

Salvelinus fontinalis/ 0 

Semotilus corpora Us J 0 

Stiaostedion vitreum v 0 
TOTAL 

2* :r* 4* 1 

0 0 2 1 

17 )8 6,/ 60 
\ 

0 0 0 1 

0 0 1 3 

1 5 4 24 

1 0 5 ] 

2 41 52 10 

4 3 ~~~ (!) 
0 0 0 0 

0 7 10 7 

0 1 0 0 

0 0 0 0 

1 0 0 5 

19 0 34 :p 
0 0· 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 1 

* S'l'A'l'ION COOE 

1 • N-lOW 
2 .. N-10E 
3 • s- 2w 
4 - s- 3E. 

2 3 4 1 

0 0 0 1 

2 58 4 l7 

0 1 0 2 

0 0 0 3 

4 87 15 32 

0 1 0 2 

7 86 13 10 

2 2 11 0 

0 0 0 0 

1 12 0 10 

0 18 3 0 

0 0 1 0 

0 0 0 0 

7 7 12 9 

0 0 1 0 

1 0 0 0 

0 0 0 1 

0 0 0 0 

2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

0 0 1 1 0 0 0 0 0 0 0 .o 0 0 0 

6 24 6 13 11 11 1 125 18 ll 17 4 18 0 0 

1 0 0 2 0 0 2 1 3 0 1 0 3 0 0 

3 0 0 4 5 0 0 6 9 0 0 2 1 0 0 

20 8 5 204 34 0 47 366 94 1 12 11 38 0 0 
~ 

2 0 7 7 17 2 5 7 40 1 8 0 0 0 21 

7 8 13 12 28 61 23 39 37 25 25 7 10 2 49 

16 2 19 7 17 2 10 1 15 0 4 0 1 0 0 

0 0 1 5 2 0 0 4 2 1 0 1 0 0 0 

1 4 0 6 1 2 0 4 4 16 o. 1 0 0 0 

0 0 1 0 0 0 0 6 0 0 0 1 2 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

10 0 4 (7 11 2 5 30 36 1 5 9 13 0 3 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 1 0 0 0 0 0 1 0 2 0 2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTALS 

North South Grand 

4 3 7 

314 196 510 

13 4 17 

38 1 39 

832 184 1016 

79 so 129 

171 398 569 

65 63 128 

14 2 16 

36 51 87 

9 24 33 

0 1 1 

7 0 7 

209 73 282 

0 1 1 

1 0 1 

8 3 11 

1 0 1 

1801 1054 2855 

~ 

...... 
...... 
w 
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TABLE 29. ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES 
OF PERCA FLAVESCENS (AFTER LOG TRANSFORMATION). HOOKSETT 
POND, MERRIMACK RIVER, 1975. 

SOURCE OF 
VARIATION 

Month (M) 

Station (S) 
N/S 
E/W 
N/S x E/W 

M X S 

Error 

MONTH 

May 
June 
July 
August 
September 
-
X 

DEGREES OF MEAN 
FREEDOM SQUARE 

4 1843.1616 

3 4174.8448 
1 11422.8778 
1 26.9363 
1 1074.7200 

12 1296.1478 

18 405.7770 

TABLE OF MEANS 

NE NW 

.703270 1.113943 

.326606 .953571 

.544068 .477121 

.565166 .437530 

.981893 .900530 

.624200 .739049 

X = .678602 
N 

X = .331845 s 

LOCATION 

SE SW 

~ .867200 
.598640 .422549 
.301030 .000000 
.349485 .176091 
.349485 .088046 

.355253 .310777 

X = .496804 
E 

~ = .513643 

F 
** 4.542 
.... 

10.289** 
28.151NS 

0.066NS 
2.649 

* 3.194 

-
X 

.709147 

.575341 

.330555 

.382068 

.599988 

= X •.505223 

114 
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TABLE 30. ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES 
OF ICTALURUS NEBULOSUS (AFTER LOG TRANSFORMATION). HOOKSETT 
POND, ~1ERRIMACK RIVER, 1975. 

SOURCE OF DEGREES OF MEAN 
VARIATION FREEDOM SQUARE 

Month (M) 4 4519.2288 

Station (S) 3 11045.7344 
N/S 1 16192.310 
E/W 1 3529.156 
N/S X E/W 1 13415.737 

M X S 12 4431.6816 

Error 18 432.7779 

Total 37 

TABLE OF MEANS 

MONTH NE' NW 

May .088046 .477121 
June .301030 .909771 
July .736743 .928666 
August .94604.7 1.712032 
September 1.18a425 1.962139 
-
X .652258 1.278037 

N 10 9 

~ = .948680 

xs = .535829 

LOCATION 

SE sw 
.397940 .301030 
.661109 1.355692 
.326606 .471004 

1.085863 .0000 
.602060 .088046 

.638802 .443154 

9 10 

XE = .645884 

X = .838625 w 

F 
** 10.422 

** 
25.523** 
37.415* 
8.155** 

30.999 

** 10.240 

-
X 

.275535 

.806901 

.615755 

.935985 

.960416 

= X =.742254 

38 
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TABLE 31. ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES 
OF MICROPTERUS DOLOMIEUI (AFTER LOG TRANSFORMATION). 
HOOKSETT POND, MERRIMACK RIVER, 1975. 

SOURCE OF 
VARIATION 

Month (M) 

Station (S) 
N/S 
E/W 
N/S x E/W 

M X S 

Error 

MONTH 

May 
June 
July 
August 
September 
-
X 

DEGREES OF MEAN 
FREEDOM SQUARE 

4 382.7729 

3 3336.6016 
1 2.1400 
1 9846.4800 
1 161.1848 

12 942.1132 

18 394.0960 

TABLE OF MEANS 

NE NW 

.238560 .176091 

.238561 .088046 

.678490 .000000 
• 715682 .389075 
.676091 .088046 

.509477 .145158 

~ :a .336905 

X :z .332158 s 

LOCATION 

SE sw 
-~--

-------._, 

(3979~0 r .54406.8) 
.565166 .150515 
.759257 .150515 
• 349485 .150515 
.287016 .000000 

.479976 .199122 

X = .495503 
E 

~ = .173560 

F 

0.971NS 

•• 
8.466NS 
o.oos •• 

24.985NS 
0.409 

• 2.391 

-
X 

.356548 

.260572 

.397066 

.401189 

.262788 

= X =.334532 

116 
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TABLE 32. ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES 

OF LEPOMIS GIBBOSUS (AFTER LOG TRANSFORMATION). HOOKSETT 
POND, MERRIMACK RIVER, 1975. 

SOURCE OF DEGREES OF MEAN 
VARIATION FREEDOM SQUARE F 

Month (M) 4 1822.6864 2. 718NS 

* Station (S) 3 3329.8432 4.965** 
N/S 1 8475.7559 12.638NS 
E/W 1 1173.8960 1.750NS 
N/S x E/W 1 339.8777 0.507 

* M X S 12 1954.0896 2.914 

Error 18 670.6346 

Total 37 

TABLE OF MEANS 

LOCATION 
-

MONTH NE NW SE sw X 

May .176091 .000 1.217483 1.132113 .638982 
June .422549 .458227 .621519 1.348287 .712645 
July .422549 .539590 .608741 .451545 .505606 
August • 764136 .598640 .826606 1.162655 .838009 
September 1.007470 1.016711 .838346 .645017 .876886 
- = X .558559 .580704 0 778656 .947922 X =.718396 

~ = .569049 ~ = .662815 

xs = .867743 ~ = . 773977 

117 
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TABLE 31 ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES 
OF CATOSTOMUS COMMERSONI (AFTER LOG TRANSFORMATION). 
HOOKSETT POND, MERRIMACK RIVER, 1975. 

SOURCE OF 
VARIATION 

Month {M) 

Station {S) 
N/S 
E/W 
N/S X E/W 

M X S 

Error 

Total 

MONTH 

May 
June 
July 
August 
September 
-
X 

DEGREES OF MEAN 
FREEDOM SQUARE 

4 3171.0352 

3 3145.3024 
1 
1 
1 

12 1544.0406 

18 1808.6960 

37 

TABLE OF MEANS 

NE NW 
--

.650514 ::74036~ 
....____ . ·--

.176091 .661109 

.389075 .877937 

.520696 .437530 

.627636 1.461362 

.472802 .846248 

~ = .649697 

-X = .567155 s 

--

LOCATION 

SE sw 
'~7875~ -r~olo~ 

.287016 ...... 881713 

.389075 .690105 

.088046 .520696 

.650514 .940406 

.456450 .666790 

~ = .465056 

~ = .751796 

F 

1.753NS 

1.739NS 

0.854NS 

-
X 

.653701 

.501482 

.586548 

.391742 

.919980 

X ==.608427 

118 
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that the mean catch per fyke net-night, averaged over the season, dif

fered significantly between stations north and south of the discharge. 

Similarly, east/west significance indicates that the mean catch on one 

river bank was greater than on the other. Significance of the east/west 

x north/south interaction term indicates a general inconsistency in the 

pattern of the catch rates at the four stations with peak catches occur

ring at different locations at different times. This interaction sig

nificance suggests species mobility because the greatest numbers do not 

occur consistently at any sampling location. Variation among months is 

expected~ this represents the contributions of recruitment and mortality 

to the monthly catches. Significance of the month x station interaction 

term further indicates an inconsistent pattern in the catch at each 

location throughout the fyke net season. 

Monthly differences were significant (p < .01) for yellow 

perch and brown bullheads, but were not significant (p > .OS) for small

mouth bass, pumpkinseed or white suckers. In contrast to this, monthly 

differences were significant (p < .OS) for all five species during 1974 

(NAI, l97S). During 197S, yellow perch were captured in greatest num

bers durinq May, while brown bullheads were most frequently netted 

during September (Tables 29 and ;30) • Brown bullheads were least abun

dant during May, whereas fewest yellow perch were captured in July. 

A progressive seasonal increase in number of fish captured 

reflects recruitment and growth of the younq fish, which become more 

vulnerable to fyke netting as the season progresses. The high capture 

rate of yellow perch during May l97S, which was not noticed in 1973 or 

1974 (NAI, 19741 l97S), may have been the result of increased activity 

during the spawning period. An autumnal decline in smallmouth bass 

catch which was observed in 1972 through 1974 (NAI, 1973, 19741 l97S) 

also occurred during l97S (Table 31). Reasons for this decline may 

include (l) reduced abundance due to mortality (natural, sport fishing, 

and injury related to previous fyke netting and handling) (2) reduced 

catchability as a result of either decreasing water temperatures as the 

season progresses, which would tend to reduce smallmouth bass activity, 
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or the learning on the part of the fish (net avoidance). 

Station differences were significant (p < .OS) for all major 

species except white suckers. This indicates that suckers occurred at 

all of the stations in approximately equal abundance when averaged 

throughout the fyke netting season. Analysis of station differences by 

partitioning into north/south and east/west components revealed that 

north/south differences were significant (p < .01) for yellow perch, 

pumpkinseed and brown bullheads, but were not significant (p > .OS) for 

smallmouth bass. East/west differences were significant for smallmouth 

bass (p < .01) and brown bullheads (p <.OS), but were not significant 

for yellow perch or pumpkinseed. The interaction term was significant 

only for brown bullheads (Table 30). Of the three species which exhi

bited significant north/south differences, yellow perch and brown bull

heads were captured more frequently to the north, while pumpkinseed 

predominated south of the discharge (Tables 29,30,32 ). During 1974, 

yellow perch were caught in significantly greater numbers south of the 

discharge canal (NAI, 1975). As in 1974, the interaction terms for 

smallmouth bass and pumpkinseed were not significant, implying little 

movement around the pond. This adds further credence to the arguments 

expressed previously that the distribution of these species is affected 

more by available habitat than by changing water temperature. Unlike 

1974, however, the interaction term for yellow perch was not significant 

in 197S, suggesting that yellow perch did not move around Hooksett Pond 

in response to changing temperatures as reported for the 1974 study year 

(NAI, 197S). Neill and Magnuson (1974), Ferguson (19S8), and Kelso (1974, 

1976) report that yellow perch and brown bullheads exhibit this form of 

thermoregulatory behavior. 

Constants computed for the length-weight relationship, log 

Weight (g) =log c + n log Length (mm), for the three major fish species 

in 197S are presented in the following table: 
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SPECIES STATION Loge n r N 

Lepomis gibbosus N-10-E -4.83 3.08 .97 89 
N-10-W -4.72 3.03 .97 77 
s- 3-E -4.03 2.70 .95 161 
s- 2-w -4.46 2.91 .98 217 

Micropterus dolomieui N-10-E -5.12 3.12 .99 55 
N-10-W -4.15 2.73 .99 10 
s- 3-E -4.99 3.06 .99 52 
s- 2-w -4.60 2.91 .99 8 

Perea flavescens N-10-E -4.84 2.97 .96 93 
N-lo-W -4.49 2.82 .96 107 
s- 3-E -4.49 2.82 .95 69 
s- 2-w -3.75 2.49 .93 12 

The magnitude of the slope (n) in this relationship reflects the con

dition or robustness of the fish, a higher slope indicates a greater 

weight gain relative to a constant increase in length. However, since 

juveniles usually display a lower slope than older individuals, vari

ation in the length-weight slope may also result from changes in age 

composition of the samples. Comparison of the robustness of the fish 

from the four fyke net stations reveals only a few differences. Low 

values at Station N-10-W for smallmouth bass and at Station s-2-w for 

yellow perch probably result from small sample sizes at these locations. 

The low slope for pumpkinseed at Station S-3-E may reflect the pre

ponderance of younger individuals captured at that location (Table 36). 

With these few exceptions, length-weight relationships were similar 

throughout Hooksett Pond in 1975. Similarly, among-station differences 

were slight in 1974 (NAI, 1975). 

Length-at-capture data for smallmouth bass, yellow perch, and 

pumpkinseed captured by fyke netting during 1975 are presented in Table 

34· These data represent mean lengths at capture and the results of 

one-way analysis-of-variance (Kirk, 1968) grouped by species and season. 

For this analysis, June, July, and August samples were grouped "summer" 

and September and October samples grouped "fall". These tests were 

employed to test the hypothesis that the size distribution of fishes 

within a given species varied among locations in Hooksett Pond and that 
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this heterogeneity may have been related to plant operation. 

As Table 34 indicates, length-at-capture differences among 

stations were not significant (p > .05) for all tested contrasts in

volving srnallrnouth bass. For fall-caught yellow perch, specimens cap

tured at northern stations averaged significantly larger (p < .001) than 

those at s-2-w. For all other summer and fall comparisons, differences 

were not significant (p >.OS). For pumpkinseed, significant length-at

capture differences (p < .001) were observed between north and south 

stations (p < .01) during the fall. All other comparisons were not 

significant. 

Prior to 1974, young specimens of all three species were more 

abundant south than north of the discharge, whereas older individuals 

were more evenly distributed. In 1974 the older yellow perch and pump

kinseed also predominated south of the discharge (NAI, 1974; 1975). As 

shown in Tables 34-37, the distribution of these three species in 1975 

varied from that observed previously. Both younger and older smallrnouth 

bass were sampled evenly throughout Hooksett Pond. All pumpkinseed age 

groups predominated south of the discharge, while both older and younger 

yellow perch were most abundant north of the discharge. These data not 

only reinforce the species distributions previously established (Tables 

29-33), but also indicate the homogeneous distribution of all age groups 

throughout Hooksett Pond in 1975. 

Back-calculated length comparisons using data from earlier 

study years was evaluated to detect any location-specific differences in 

growth history which may have been related to plant operation. Table 38 

a-c presents mean back-calculated lengths at annulus formation for 

srnallmouth bass, yellow perch, and pumpkinseed. The values for the 

years 1967 to 1969 were adapted from Wightman (1971). When using tables 

of mean back-calculated lengths, it must be remembered that each value 

is influenced by the lengths of several year-classes. Therefore, vari

ation within particular growing seasons are not clearly delineated in 

any particular year. Because of this, when looking for growth changes 
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TABLE 34. TABLE OF MEAN TOTAL LENGTHS (mm), WITH SIGNIFICANCE LEVELS 
FOR MERRIMACK RIVER GAMEFISH LENGTH-AT-CAPTURE DATA FROM 
THE 1975 STUDY PERIOD. NUMBERS IN PARENTHESES REPRESENT 
THE NUMBER OF OBSERVATIONS IN EACH MEAN. HOOKSETT POND, 
MERRIMACK RIVER, 1975. 

STATIONS 

SPECIES SEASON N-10E N-10 S-3E S-2W 

Smallmouth bass Summer 263.2(40) 240.2( 9) 262.1(49) 284.5 ( 9) 
Fall 262.7(16) 304.8 ( 1) 263.5( 4) --- ( 0) 

Yellow perch Summer 180.7(47) 184.6(72) 176.1(61) 171.6 ( 11) 
Fall 220.0(48) 221.9 (39) 209.6( 8) 160.0 ( 1) 

Pumpkinseed Summer 149.0(44) 143.4(34) 142.6(94) 169.4(195) 
Fall 123.8(46) 130.2(44) 116.0(74) 116.4( 27) 

OVERALL NORTH 
SIGNIF. VERSUS NORTHEAST SOUTHEAST 

ALL SOUTH VERSUS VERSUS 
SPECIES SEASON STATIONS STATIONS NORTHWEST SOUTHWEST 

Smallmouth bass Summer NS NS NS NS 
Fall NS NS NS 

Yellow perch Summer NS NS NS NS 
Fall NS .001 NS .001 

Pumpkinseed Summer .001 NS NS .001 
Fall NS .01 NS NS 
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TABLE 35. MONTHLY AGE DISTRIBUTION, BY SPECIES AND STATION, FOR 
MERRIMACK RIVER SMALLMOUTH BASS CAPTURED BY FYKE NETTING 
DURING 1975. 

AGE 

MONTH STATION 0 1 2 3 4 5 6 7 8 

May N-lOW 1 
N-lOE 1 1 1 1 
s-2w 1 2 
S-3E 1 4 1 1 1 

June N-lOW 1 
N-lOE 1 2 
S-2W 1 
S-3E 1 4 4 2 

July N-lOW 
N-lOE 3 1 2 2 5 2 
s-2w 1 1 
S-3E 1 1 6 3 7 1 

August N-lOW 1 1 1 4 
N-lOE 1 5 4 6 1 
S-2W 1 1 
S-3E 1 3 3 2 

September N-lOW 1 
N-lOE 1 5 1 3 1 4 
S-2W 
S-3E 1 1 1 

October N-lOW 
N-lOE 
S-2W 
S-3E 

All N-lOW 3 1 1 5 
N-lOE 4 4 12 8 16 5 5 
S-2W 1 1 1 4 1 
S-3E 1 5 3 9 9 11 11 1 

TOTAL 2 13 8 21 19 31 22 6 0 
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TABLE 36.. MONTHLY AGE DISTRIBUTION, BY SPECIES AND STATION, FOR 
MERRIMACK RIVER PUMPKINSEED CAPTURED BY FYKE NETTING 
DURING 1975. 

AGE 

MONTH STATION 0 1 2 3 4 5 6 7 

May N-lOW 2 
N-lOE 1 
S-2W 5 7 1 8 13 6 1 
S-3E 8 23 6 6 3 1 1 

June N-lOW 1 1 3 3 2 
N-lOE 1 2 1 2 1 
S-2W 2 6 11 11 33 11 6 
S-3E 1 3 2 1 

July N-lOW 5 2 3 
N-lOE 3 1 2 1 
S-2W 1 4 3 
S-3E 1 4 5 3 

August N-lOW 6 2 2 2 
N-lOE 9 5 9 4 
S-2W 2 9 17 21 9 
S-3E 1 3 8 9 2 

September N-lOW 1 4 11 11 6 3 
N-lOE 1 3 23 6 3 
S-2W 1 16 7 
S-3E 1 9 4 5 6 

October N-lOW 1 2 3 l 
N-lOE 1 2 5 1 
S-2W 2 
S-JE 5 25 14 4 

All N-lOW 2 18 19 18 15 5 
N-lOE 1 17 33 12 17 7 
S-2W 8 20 39 43 70 26 7 
S-3E 13 51 37 30 22 10 1 

TOTAL 24 106 128 103 124 48 8 
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TABLE 37. MONTHLY AGE DISTRIBUTION, BY SPECIES AND STATION, FOR 
MERRIMACK RIVER YELLOW PERCH CAPTURED BY FYKE NETTING 
DURING 1975. 

AGE 

MONTH STATION 0 1 2 3 4 5 6 7 

May N-10W 2 6 6 2 4 5 
N-lOE 3 4 6 3 3 
S-2W 
S-3E 3 9 12 8 1 1 

June N-10W 3 9 6 8 4 1 
N-lOE 1 1 3 2 
S-2W 1 5 3 
S-3E 1 3 6 6 2 

July N-10W 1 2 3 2 1 
N-lOE 3 2 5 
S-2W 
S-3E 2 1 1 

August N-lOW 3 3 1 
N-10E 4 5 1 
S-2W 1 1 
S-3E 1 1 1 1 1 

September N-lOW 3 4 1 7 3 4 
N-lOE 6 9 9 5 3 
S-2W 1 
S-3E 1 2 1 1 

October N-lOW 2 5 1 
N-lOE 1 4 3 2 
S-2W 
S-3E 1 1 

All N-lOW 2 15 23 11 24 19 8 
N-lOE 1 11 19 20 21 11 5 
S-2W 1 6 4 1 
S-3E 3 12 16 18 12 6 1 

TOTAL 0 6 39 64 53 57 37 14 
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TABLE 38 a. MEAN BACK-CALCULATED LENGTHS (mm) AT ANNULUS FORMATION 
FOR SMALLMOUTH BASS, HOOKSETT POND, MERRIMACK RIVER, 
1975. 

STATION ANNULUS 1967* 1968* 1969* 1972 1973 1974 

NORTH 1 111.8 148.8 193.1 162.9 

2 152.4 149.9 185.4 200.2 237.2 206.4 

3 213.3 198.1 223.5 247.0 271.2 237.0 

4 266.7 259.1 294.6 295.8 292.4 262.6 

5 348.0 309.9 307.3 337.8 315.9 287.5 

6 358.1 350.5 358.1 374.6 381.2 319.0 

7 383.5 396.2 388.6 400.8 

8 442.0 414.0 428.0 

9 

SOUTH 1 104.1 91.4 109.2 99.3 157.8 145.7 

2 167.6 139.7 167.6 163.3 212.3 196.9 

3 218.4 228.6 213.4 224.7 259.2 237.6 

4 274.3 266.7 292.1 252.8 289.0 279.6 

5 337.8 287.0 317.5 317.9 307.4 317.4 

6 375.9 363.2 345.6 333.4 335.0 

7 365.0 355.0 

8 402.0 

9 

* Adapted from Wightman (1971) 

l.L. I 

1975 

117.6 

164.8 

206.3 

256.2 

298.0 

322.0 

333.5 

398.0 

414.0 

118.3 

164.0 

207.8 

252.4 

298.5 

326.0 

363.5 
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TABLE 38 b. MEAN BACK-CALCULATED LENGTHS (mm) AT ANNULUS FORMATION 
FOR YELLOW PERCH, HOOKSETT POND, MERRIMACK RIVER, 1975. 

* Adapted from Wightman (1971) 
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TABLE 38 c; MEAN BACK-CALCULATED LENGTHS (mm) AT ANNULUS FORMATION 
FOR PUMPKINSEED, HOOKSETT POND, MERRIMACK RIVER, 1975. 

STATION ANNULUS 1967* 1968* 1969* 1972 1973 1974 

NORTH 1 58.4 66.0 66.0 85.9 100.7 95.4 

2 99.1 101.6 109.2 117.0 125.5 118.8 

3 147.3 144.8 144.8 133.5 144.0 141.0 

4 180.3 170.2 162.1 164.7 157.4 

5 171.3 179.6 171.6 

6 178.1 186.8 177.3 

7 189.2 185.5 

8 198.0 

9 

SOUTH 1 60.9 73.7 63.5 96.1 102.8 111.9 

2 109.2 101.6 119.4 119.9 130.3 134.5 

3 134.6 147.3 144.8 138.7 149.3 151.2 

4 180.3 172.7 175.3 152.6 162.1 163.5 

5 170.9 173.0 172.1 

6 172.2 179.6 178.1 

7 192.7 175.0 205.0 

8 195.0 215.0 

9 

* Adapted from Wightman (1971) 

1975 

71.7 

97.1 

120.2 

147.6 

170.0 

182.1 

71.0 

101.4 

132.1 

158.8 

175.2 

185.4 

173.9 

201.0 

213.0 
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in Hooksett Pond fishes as related to the operation of Merrimack Gener

ating Station Unit II, which became operational in May 1968, it is 

necessary to view Table 38a-c as the results of both pre- and post

operational seasons. All lengths presented for 1967 and 1968, and all 

but Age I for 1969 were influenced by pre-operational seasons. Post

operational seasons influenced all lengths presented for 1972 through 

1975. There is also, however, a small component of pre-operation years 

contributed by the fish older than Age V in 1972. With each successive 

year through 1975 this component became smaller as the older fish were 

removed from the population through mortality. Therefore, this discus

sion of age and growth of Hooksett Pond fishes emphasizes Age I to IV 

individuals, and assumes that the influence of growing seasons_before 

1968 on total length at annulus formation is minimal in the fishes 

collected after 1969. Table 38 a-c represents length-weight relation

ships for the three major species caught by fyke-netting from 1972 

through 1975. 

Back-calculated lengths for smallmouth bass (Table 39 a) show 

a peak for Ages I-III in 1973. Since this peak occurs in the groups 

from both north and south of the discharge, the cause is probably not 

related to Merrimack Station operation. Rather, it may have been caused 

by the fish sampling program. Before 1974, all fish were sexed by 

dissection and therefore removed from the population. Enough individ

uals may have been removed to significantly reduce the population such 

that growth rates of the remaining individuals increased. Cessation of 

sexing the fish in 1974 may then have allowed the populations to increase 

and thus lower their growth rates to those observed in 1975. 

Wightman (1971) reported variable growth for smallmouth bass 

from 1967 to 1969, with most age-classes growing faster south of the 

discharge during 1968 and 1969. Our data show that back-calculated 

lengths for Ages II-IV reached a maximum during 1972 and 1973, and then 

in 1974 and 1975 approached the values observed by Wightman (1971) for 

1967 to 1969 (Table 38a). By 1975 the lengths-at-annulus approximated 
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those of 1967 and 1968 for the group captured north of the discharge, 

and were slightly smaller than the 1967 values south of the generating 

plant. Smallmouth bass older than Age IV in 1975 were smaller at annu

lus formation than similar age bass captured during 1967 both north and 

south of the thermal discharge. Individuals collected at the northern 

stations duril'.'; 19"12 through 1974 had larger back-calculated lengths at 

~:. •• u~i I through III than those collected at the southern stations. In 

1975, lengths at annulus formation were almost identical for northern 

and southern groups. 

Length-weight relationships for smallmouth bass collected from 

northern stations during 1972 through 1975 revealed a very consistent 

slope approximating 3.0 {Table 39 a). There were low values at Station 

N-lOE in 1973 and at N-lOW in 1974, but the small number of fish col

lected at these locations makes the use of their length-weight relation

ships somewhat unrealistic. This same consistency was observed at the 

southern stations, except that the slope was slightly higher than those 

of the northern populations during 1972 and 1973. 

Age-and-growth analysis for yellow perch {Table 38 b) revealed 

the same trend as that found for smallmouth bass; a maximum in length at 

annulus formation for Ages I to III occurred during 1972 throuqh 1974, 

although 1973 values were slightly lower than those of 1972 or 1974. As 

with the smallmouth bass, sexing of the perch through 1973 may have been 

the probable cause. By 1975, the length-at-annulus values for yellow 

perch at both northern and southern stations approached the 1967-1969 

values for Aqe II, but were somewhat lower than the 1967-1969 values at 

Ages III to VI. During 1972, 1974, and 1975 Age I to V lengths were 

slightly larger in the northern group. During 1973 the lengths were 

more variable, with those from the north being larger at Ages III to v. 
Wightman (1971) reported that the yellow perch south of the discharge 

had a smaller back-calculated length than those from the northern sta

tions; since this phenomenon was observed before 1968 it was felt that 

this was not the result of thermal effects. 
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Length-weight relationships for northern stations from 1972 to 

1975 had slopes varying from 2.56 in 1974 to 3.16 in 1972 (Table 39 b). 

Slopes for the southern groups ranged from 2.51 to 3.13. Although the 

overall range of values was the same for the four years, the maxima and 

minima do not coincide. Therefore, these values may reflect the natural 

variation in the length-weight relationship for the Hooksett Pond yellow 

perch population. 

Age-and-growth analysis for pumpkinseed (Table 38 c) revealed 

length maxima in 1973 and 1974 as was observed for yellow perch and 

smallmouth bass. For pumpkinseed, however, this peak was evident only 

at Annuli I and II. 1972 through 1974 values for lengths at Annuli I 

and II were higher than those of 1967 to 1969, but the 1975 lengths at 

the same annuli approximate the 1967 to 1969 values. Above Annulus III, 

the 1972 to 1975 lengths were consistently smaller than those from 1967 

to 1969 north of the discharge. At the southern stations the same holds 

true above Annulus IV. This indicates that as of 1975 the pumpkinseed 

were slightly smaller at a given age than the pumpkinseed from the same 

regions in 1967. The difference, however, is slight. Wightman (1971) 

reported little variation in pumpkinseed length among stations from 1967 

to 1969, although there was a tendency for southern fish to be slightly 

larger at Ages II and III. This trend continued into the 1972 to 1975 

study period, when lengths at Annuli I to IV were slightly larger for 

fish captured at southern stations. 

Slopes calculated for the length-weight relationships at the 

northern stations ranged from 3.03 to 3.44, excluding (because of the 

small sample size) the 2.54 obtained at N-lOW for 1974 (Table 39c). In 

the south the range was lower: 2.57 to 3.28. This lower slope may have 

been the result of (1) increased metabolic demand caused by the warmer 

water, (2) the greater density of pumpkinseed south of the discharge 

competing for available resources, or (3) a combination of the two. 

Whichever is the case, the difference in length-weight relationships 

between northern and southern pumpkinseed groups was quite small. 
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TABLE 39 a. LENGTH-WEIGHT RELATIONSHIPS FOR SMALLMOUTH BASS, 1972-1975 
HOOKSETT POND, MERRIMACK RIVER. 

YEAR STATION LOG C n r N 

1972 N-10E -6.58 3.19 .89 42 

N-10W -5.88 2.94 .98 48 

S-3E -6.22 3.07 .97 20 

S-2W -6.34 3.11 .99 42 

1973 N-10E -4.19 2.77 .92 3 

N-10W -5.59 3.30 .98 48 

S-3E -4.93 3.02 .99 52 

S-2W -s. 77 3.37 .98 30 

1974 N-10E -5.24 3.17 .99 35 

N-10W -3.43 2.45 .99 4 

S-3E -5.24 3.17 .99 47 

S-2W ~4.08 2.69 .98 52 

1975 N-10E -5.12 3.12 .99 55 

N-10W -4.15 2.73 .99 10 

S-3E -4.99 3.06 .99 52 

S-2W -4.60 2.91 .99 8 
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TABLE 39 b. LENGTH-WEIGHT RELATIONSHIPS FOR YELLOW PERCH 1972-1975, 
HOOKSETT POND, MERRIMACK RIVER . 

YEAR STATION LOG C n r N 

1972 N-10E -6.55 3.16 .93 63 

N-10W -6.53 3.16 .96 111 

S-3E -5.81 2.85 .97 22 

S-2W -6.35 3.09 .93 113 

1973 N-10E -4.16 2.67 1.00 2 

N-10W -4.78 2.92 .95 49 

s-3E -3.83 2.51 .81 87 

S-2W -5.29 3.13 .84 41 

1974 N-10E -3.90 2.56 .93 86 

N-10W -- -- -- 1 

S-3E -6.18 3.56 .96 83 

S-2W -5.07 3.08 .95 117 

1975 N-10E -4.84 2.97 .96 93 

N-10W -4.49 2.82 .96 107 

S-3E -4.49 2.82 .95 69 

S-2W -3.75 2.48 .93 12 
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TABLE 39 c. LENGTH-WEIGHT RELATIONSHIPS FOR PUMPKINSEED. 1972-1975, 
HOOKSETT POND, MERRIMACK RIVER. 

YEAR STATION LOG C n r N 

1972 N-10E -6.90 3.44 .90 27 

N-lOW -6.06 3.05 .93 33 

s-JE -6.13 3.12 .98 39 

S-2W -5.60 2.88 .92 187 

1973 N-10E -5.17 3.25 .95 8 

N-10W -5.07 3.17 .94 40 

S-3E 97 

S-2W -5.31 3.28 .89 128 

1974 N-10E -4.92 3.13 .96 69 

N-10W -3.61 2.54 .81 6 

s-3E -4.07 2.75 .96 133 

S-2W -3.64 2.57 .90 322 

1975 N-lOE -4.83 3.08 .97 89 

N-lOW -4.72 3.03 .97 77 

S-3E -4.03 2.70 .95 101 

S-2W -4.46 2.91 .98 217 
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d. Summary and Conclusions 

Electrofishing during 1975 essentially reinforced conclusions 

of earlier years. That is, certain species such as pumpkinseed, 

largemouth bass and redbreast sunfish tend to be captured more fre

quently at warmer temperatures than do such species as yellow perch, as 

would be expected based on published temperature preferences. These 

conclusions were further reinforced by data based on seining. However, 

as has been stated for several years previous to 1976, habitat dif

ferences between areas north and south of Merrimack Station most likely 

contribute substantially to observed differences in fish density, age 

structure, and community composition. 

Fyke-netting, which is the most quantifiable sampling tech

nique employed in the Merrimack Monitoring Program, indicated that 

pumpkinseed were most abundant south of the Merrimack Station discharge, 

bullheads and yellow perch most abundant north of the plant, and that 

smallmouth bass and white suckers were distributed in a less predictable 

fashion. East-west differences were less noticeable. These results are 

generally consistent with those of earlier years in that pumpkinseed have 

been predictably more abundant south of the plant with other species 

being distributed in a less obvious manner. Again, however, the effect 

of habitat differences north and south of the plant must be weighed 

along with temperature differences before any cause-effect relationships 

are postulated. 

Back-calculated age and growth analysis was performed using 

smallmouth bass, pumpkinseed and yellow perch. This technique, which 

has not been utilized for Hooksett Pond fishes since the New Hampshire 

Fish and Game Studies of 1967-1969, was employed to determine whether or 

not any long-term growth alterations have occurred in Hooksett Pond game 

fish populations. In general, growth rates for 1972-1975 were found to 

be similar to those of earlier years. A peculiar increase observed for 

the years during 1972-1973 was attributed to population reductions 

associated with the destructive sampling involved in sexing specimens 

during the monitoring program's earlier years. 
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7. Preliminary Fish Toxicity Study 

A preliminary fish toxicity study was performed to determine 

if conditions in the discharge water of the Merrimack Generating facil

ity were acutely toxic to representative fish species. This study was 

conducted three times during 1975; August 22-September 4; September 4~ 

September 17; and September 17-September 29. Results are presented in 

Table 40 to 42. Continuous temperature monitoring data for each of the 

series are presented in Table 43. 

During the first test of the series (August 22-September 4), 

almost all of the control fish died during the three-day acclimation 

period (Table 40 • This rapid mortality was likely a result of over

crowding, especially of pumpkinseed, and of stress caused by collection 

and handling. The treatment fish at the discharge canal also exhibited 

high mortality during the acclimation period. All yellow perch and 

pumpkinseed as well as half (5) of the smallmouth bass died during this 

initial period, yet all of the remaining smallmouth bass present (4) 

survived the remainder of the test. 

In the second series of tests (September 4-17), initial con

trol mortality was not as great as in the first series (Table :41). 

During the actual test, however, over half of the yellow perch and 

pumpkinseed control fish died. Approximately half of the yellow perch 

and pumpkinseed treatment fish died during the initial acclimation 

period. During the actual test, however, mortality was no greater than 

3 out of 9 for any of the three species. A number of treatment fish 

were unaccounted for at the end of this test, perhaps because of pre

dation by other test fish (pen partitions had become unattached and 

mixing of species was occurring) or birds (great blue herons were 

perched on the pens, wire mesh tops were subsequently constructed). 

During,the acclimation period for the third test (September 

17-29), all control smallmouth bass and most of the control yellow perch 

(31) and pumpkinseeds (37) survived (Table42 ). The acclimation period 
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TABLE 40. PRELIMINARY FISH TOXICITY STUDY, FIRST SERIES. HOOKSETT POND, MERRIMACK RIVER, 
AUGUST 22-SEPTEMBER 4, 1975. 

Number MORTALITY INDEX: 
Dead in Number Number number dead 
3-day dead in Number alive total - dead during 

Total acclimation remainder unaccounted at end acclimation - un-
Species Location Tested period of test for of test accounted for 

Smallmouth intake 10 9 1 - 0 1/1 = 100% 
bass 

" 

Yellow perch intake 11 11 0 - 0 0/0 = 100% 

Pumpkinseed intake 51 51 0 - 0 0/0 = 100% 

$ma1lmouth discharge 10 5 0 1 4 0/4 = 0% 
bass 

Yellow perch discharge 6 5 0 1 0 0/0 = 100% 

Pumpkinseed discharge 20 20 0 - 0 0/0 = 100% 

l___ ______ 

i 

I-' 
w 
()) 



"' 

TABLE 41. 

Species 

Smallmouth 
bass 

Yellow perch 

Pumpkinseed 

Smallmouth 
bass 

Yellow perch 

Pumpkinseed 

·-

PRELIMINARY FISH TOXICITY STUDY, SECOND SERIES, HOOKSETT POND, MERRIMACK RIVER, 
SEPTEMBER 4-17, 1975. 

Number t10RTALITY INDEX: 
Dead in Number Number number dead 
3-day dead in Number alive total - dead dur1ng 

Total acclimation remainder unaccounted at end acclimation - un-
location Tested period of test for of test accounted for 

intake 11 0 1 5 5 1/6 = 16.7% 

intake 18 5 7 3 3 7/10 = 70% 

intake 20 1 10 4 5 10/15 = 66.7\ 

discharge 12 1 1 1 9 1/10 = 10% 

discharge 20 11 3 6 0 3/3 = 100% 

discharge 20 10 1 7 2 1/3 = 33.3% 

~~------ ~------ ~-· ~--

I 
I 

~ 

...... 
w 
1.0 
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TABLE 42. 

Species Location 

Smallmouth 
bass intake 

Yellow perch intake 

Pumkinseed intake 

PRELIMINARY FISH TOXICITY STUDY, THIRD SERIES, HOOKSETT POND, MERRIMACK RIVER, 
SEPTEMBER 17-29, 1975. 

Number MORTALITY INDEX: 
dead in Number Number number dead 
3-day dead in Number alive total-dead during 

Total acclimation remainder unaccounted at end acclimation - un-
Tested period of test for of test accounted for 

8 0 0 - 8 0/8 = 0% 

32 1 3 - 28 3/31 = 9.7% 

38 1 5 - 32 5/37 = 13.5% 

I 

! 

I 

I 

I 

I I 

Smallmouth i 
I 

bass discharge 12 0 12 
. 

0 12/12 = 100% 
I -
I 
I 

Yellow perch discharge 26 Q 8 16 1 0 16/17 = 94.1% 
I 

Pumpkinseed discharge 32 10 17 1 4 17/21 = 81% 
I 

Restocked from intake to discharge after fish kill I 
I 

I 
Smallmouth I 

bass 3 0 0 - 3 0/3 = 0% I 

I 

Yellow perch 15 1 9 1 4 9/13 =69.2% I 

Pumpkinseed 16 1 1 - 14 1/15 = 6.7% 

---- - - - ----------I -.-- -- .. 

1-' 
~ 
0 



TABLE 43. RESULTS OF CONTINUOUS TEMPERATURE MONITORING-- PRELIMINARY 
FISH TOXICITY STUDY. HOOKSETT POND, MERRIMACK RIVER, 1975. 

STANDARD 
RANGE MEAN VARIANCE DEVIATION 

AUGUST 25 - SEPTEMBER 4 

70.04-84.68 80.70 3.367 1.924 

SEPTEMBER 7-17 

70.10-83.12 76.89 12.681 3.735 

SEPTEMBER 20-29 

69.86-79.58 74.14 5.876 2.555 
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for the treatment fish was over and the actual test had begun when a 

number of dead fish were noted within the discharge canal. At this 

time, treatment fish exhibited the following mortality: 12 of 12 

smallmouth bass, 14 of 16 yellow perch, and 7 of 21 pumpkinseed. 

Apparently pumpkinseed were better able to survive the causative agent 

than either of the other two species. Continuous temperature monitoring 

data (Table 43) appeared to rule out temperature as a causative agent as 

no temperature extremes or rapid temperature changes were noted during 

the test. It is therefore believed that the high mortality noted was 

the result of a chemical agent. In an attempt to continue the test with 

an adequate number of fish, one of the control pens was brought down

stream from the intake and placed in the discharge canal. Of the treat

ment fish in this new pen, the only species which exhibited substantial 

mortality was the yellow perch (9 of 14). 

In summary, the first two tests were inconclusive because of 

high control mortality during acclimation in the first test, and during 

the actual test period of the second test. In test three, however, a 

significant and abrupt mortality was observed among the smallmouth bass 

and yellow perch test fish and, to a lesser degree, the pumpkinseed test 

fish. When one of the control fish pens was relocated to the discharge 

canal, only the yellow perch exhibited substantial mortality (9 of 13), 

though this could be related to stress caused by towing the pen down

river from the control station. Results indicate that the major impact 

of the causative agent was of short duration. 

The 1975 fish toxicity test were of a preliminary nature and 

will be resumed during July and August of 1976, incorporating changes 

based on experience gained during 1975. For example, 1) more pens will 

be employed in 1976 (one pen per species at each location, to provide 

greater holding volume for each fish and prevent interspecific mixing of 

fish) and 2) control pens will be placed closer to shore to reduce 

exposure to current. 
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SUMMARY: MERRIMACK RIVER MONITORING PROGRAM 1975. 

As in past years, concentrations of nutrients in Hooksett Pond 

showed no major between-station differences and generally paralleled 

seasonal trends in phytoplankton biomass. In 1975 total phosphate, and 

to a lesser degree, nitrate levels were higher than in earlier studies. 

This could be the result of nutrient input above the generating station 

and/or a lower biomass of primary producers (phytoplankton and periphy

ton) noted at all stations during the study season. LOw concentrations 

of chlorophyll a in river samples supported this hypothesis. 

With the exception of August and October, mean monthly pH 

showed no between-station differences and generally were below neutral

ity. Dissolved oxygen concentrations were slightly reduced at Station 

Zero-West when compared to N•lO, but in general were higher at all 

stations than in past years. These higher concentrations appeared to be 

related to greater flows during the late summer months of 1975. The 

lowest dissolved oxygen concentration noted was 5.5 mg/1. 

Concentrations of chlorophyll a in 1975 were lower than those 

of 1971-1974. Among-station differences were found, with Station Zero

West and s-4 tending to have lower concentrations than did Station N-10. 

The greatest reduction was found durinq Auqust, the month of lowest 

flows and hiqhest ambient temperature. Levels of chlorophyll a qen

erally followed the trends noted for phytoplankton populations. 

Results of plankton studies showed responses of organisms to 

vary amonq groups. Entrainment data showed higher mortality at the dis

charge weir than at the intake structure for both diatoms and green 

algae, with a trend toward recovery noted at the canal mouth. These 

data were largely substantiated by the river plankton data which showed 

a slight reduction of diatoms at Station Zero-West with numbers at Sta

tion S-4 comparable to those at N-10. Blue-green algae occurred in 
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limited numbers at all stations in 1975. Significantly greater numbers 

of blue-green occurred at Station Zero-West than at Station N-10 over 

the season. Zooplankton showed no significant entrainment mortality and 

were found in higher numbers at Station Zero-West than at N-10 in river 

monitoring studies. 

Periphyton data indicated that productivity, in terms of 

numbers of cells, was lower during the summer months than during the 

same period in past years. Weekly slides showed a higher abundance of 

total organisms at Station S-4. A lower percentage of diatoms and 

higher percentage of green algae were found at Station Zero-West than at 

N-10. Monthly data showed no statistically significant differences 

among stations over the season. 

Benthic macroinvertebrate surveys produced results similar to 

past years. Dipterans and oligochaetes dominated all samples. Reduc

tion in total numbers of organisms and taxa were noted during some 

sampling months, primarily at Station Zero. As in the past, habitat 

differences between stations did not allow the drawing of definitive 

conclusions concerning the degree of impact of the Merrimack Station. 

Electrofishing and seining results reinforced findings of past 

years in that certain species (pumpkinseed, largemouth bass, redbreast 

sunfish) tended to be captured more frequently at warmer temperatures 

than do species such as yellow perch. Fyke netting indicated that 

pumpkinseeds were most abundant south of the Merrimack Station dis

charge, bullheads and yellow perch were most abundant north of the 

plant, and that smallmouth bass and white suckers were distributed in a 

less predictable fashion. Habitat differences north and south of the 

plant undoubtedly played a role in all of the fisheries surveys. 

Results of the preliminary fish toxicity study revealed an 

abrupt mortality during the September 17-29 test. It was felt that the 

causative agent was chemical in nature and likely moved down the canal 

as a "slug" of short duration. 
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PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK N-10 

------------------------------------------------------------------------------MAX. DAILY MIN. NO. 
DAY TEf'1P. TH1E AVE. TEMP. TIME INT 

--------- ----- ----- -----
1 MAY 75 '+7.96 1600 '+7.91 '+7.8'+ 1930 33 
2 MAY 75 '+8.38 900 '1-7.95 '1-7.60 1730 96 
3 MAY 75 50.5'+ 1915 '1-9.30 '1-8.02 15 96 
q. MAY 75 50.'+2 15 '+9.'1-3 '+8.'92 23'+5 96 
5 MAY 75 '+9.10 23'+5 '+8.25 '+7.'1-2 1015 96 
6 MAY 75 50.8'+ 1800 '+9.87 '1-9.04 5'+5 87 
7 MAY 75 50.90 215 50.6'1- 50.30 2015 92 
8 MAY 75 52.82 2130 51.75 50.54 15 96 
9 MAY 75 51f..26 1715 53.35 52.52 730 91 

10 MAY 75 sq..9s 1'+45 5'+.'1-3 sq..1q. 430 96 
11 MAY 75 55.52 1530 5'1-.63 53.84f. 5'+5 96 
12 MAY 75 56.78 1530 55.68 54f..7'+ 115 96 
13 MAY 75 56.90 1615 56.36 55.82 15 96 
1&f. MAY 75 57.7'+ 23'+5 56.87 55.aa 15 96 
15 P.1AY 75 58.64f. 17'+5 57.91 57.14 900 96 
16 MAY 75 59.00 1615 58.52 sa.oq. 2'+00 96 
17 MAY 75 60.80 1715 59.2'1- 57.86 515 96 
18 MAY 75 61.q.6 1615 60.34 59.60 6'+5 96 
19 MAY 75 63.86 174f.5 61.85 59.90 300 96 
20 MAY 75 65.72 1815 63.95 62.12 630 96 
21 MAY 75 66.80 1700 65.78 6&f..6'+ 700 96 
22 MAY 75 66.q.q. 100 65.87 65.06 930 96 
23 MAY 75 68.2'+ 2'1-00 66.61 65.18 730 95 
2'+ MAY 75 70.16 1700 69.05 68.06 715 96 
25 MAY 75 70.10 1715 69.19 68 .... 8 815 9' 
26 MAY 75 68.84f. 15 68.10 67.'f.O 8'f.S 96 
27 MAY 75 68.36 1!515 67.76 67.40 1030 71 
28 MAY 75 69.20 16'f.5 68.10 66.50 915 55 
29 MAY 75 69.62 1700 68.02 65.96 6'1-5 96 
30 MAY 75 69.56 1230 68.70 67.82 615 96 
31 MAY 75 69.68? 15&J5 68.39 67.58 6&J5 96 

AVERAGE 60.11 59.15 58.23 

STND DEV. 7e80 7.62 7.1f. .. 

ALL TEMPERATURE READINGS IN DEGREES F 
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PUBLIC SERVICE COr"lPANY 0F NEW HaMPSHIRE I, 
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I'' '• ENVIRONMENTAL TE'"IPERATURE TAPE ME~Rir~ACK RIVER ,, ,I . -- -- MK 1\J-10 
II I ·-------------------------------.. --------------------------------------------· ,Ill ,. 

I; 

:I, 

:I 
'i 

I, 
'' 

I 
I 

I 

I , 
I 

~II 

( 

I 

\ .. 

0/\Y 

---------
1 JUN 75 
2 JUN 75 
3 JUN 75 
~ JUN 75 
5 JUN 75 
6 JUN 75 
7 JUN 75 
8 JUN 75 
9 JUN 75 

10 JUN 75 
11 JUN 75 
12 JUN 75 
13 JUN 75 
1LJ JUN 75 
15 JUN 75 
16 JUN 75 
17 JUN 75 
18 JliN 75 
19 JUI\I 75 
20 JUN 75 
21 JUN 75 
22 JUN 75 
23 JUN 75 
24 JUN 75. 
25 JUr.J 75 
26 JUN 75 
27 JUN 75 
28 JUI\I 75 
29 JmJ 75 
30 JUN 75 

AVERAGE 

STND DEV. 

MAX. 
TEMP. TIME -----
69.08 1730 
70.0~ 183!) 
6.::le1~ 15 
68.12 15~5 
65.78 1530 
6~.70 15 
62.~2 15 
61.52 30 
60.32 1900 
61.28 1730 
63.68 1715 
62.90 15 
62.06 30 
61.9~ 2330 
62.12 230 
63.08 19'+5 
65.48 1845 
67.82 1830 
69.92 1830 
71.12 1645 
71.5~ 1815 
72.56 1730 
75.68 1815 
77.~2 1530 
78.38 17~5 
78.50 1615 
78.44 1645 
78.98 1730 
79.28 1600 
88.58 730 

69.39 

7.22 

ALL TEI"'PERATURE 

DAILY Mil''• NO. 
AVE. TEMP. TIME Ir.JT ----- -----

F.-8.69 F.8.30 2~00 96 
68.8~ 67.52 600 96 
68.13 67.'52 2300 93 
65.91 65.00 23~5 5~ 
6~.98 ~~.22 530 96 
63.~7 62.36 2~00 96 
61.89 61.&JO 6&f.5 96 
60.58 59.36 21.JOO 96 
59.59 58.76 630 96 
60.02 58.6&f. 630 9&f. 
61.86 60.08 615 96 
62.&f.9 62.06 2330 96 
61.66 61.3&f. 19&f.5 96 
61.~5 61.16 730 96 
61.67 61.16 1000 96 
61.94 61.?.2 530 96 
6~.08 62.&J8 745 94 
66.58 65.42 15 96 
68.61 67.28 600 96 
69.83 68.72 645 96 
69.94 68.36 700 96 
71.04 69.50 700 96 
73.36 71.18 645 96 
75.82 7'+.12 645 96 
77.08 75.68 7LJ5 96 
76.83 74.90 730 96 
76.73 7~.96 730 96 
77.17 75.38 715 96 
77.70 76.70 915 96 
83.&f.2 78.02 1600 .96 

68.0~ 66.75 

6.60 6.03 

READINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY QF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK N-10 

~----------------------------------------------------------------------------MAX. DAILY MIN. NO. 
DAY TEMP. TIME AVE. TEMP. TIME II\IT 

--------- ----- ----- ----- ---
1 JUL 75 93.7'+ 915 87.72 78.98 1615 96 
2 JUL 75 93.38 800 85.6'+ 77.36 2100 96 
3 JUL 75 88.70 800 82.69 77.36 2115 88 
... JUL 75 89.06 6'+5 81.20 76.~6 1530 96 
5 JUL 75 8~.86 800 78.39 76.22 1515 96 
6 JUL 75 78.50 715 77.21 76.'+0 1'+15 96 
7 JUL 75 78e7'+ 1100 77.39 76.64 1700 96 
8 JUL 75 81.92 9'+5 78.'+2 76.58 1630 96 
9 JUL 75 78.4'+ 530 77.82 76.52 1200 50 

10 JUL 75 NO DATA rOR THIS DAY 
11 JUL 75 80.36')( 1630 79.66 78.38 1115 52 
12 JUL 75 79.22 15 78.53 77.36 2345 96 
13 JUL 75 77.78 1300 77.27 76.94 600 96 
1Lf. JUL 75 76.88 15 75.73 7'+.78 2Lf.OO 96 
15 JUL 75 75.50 1515 74.'+5 73.6Lf. 730 96 
16 JUL 75 7'+.00 15 72.53 71.72 23'+5 96 
17 JUL 75 72.80 2330 71.90 70.88 700 96 
18 JUL 75 75.92 1815 7'+.26 72.80 15 96 
19 JUL 75 77.60 1830 76.30 75.02 600 96 
20 JUL 75 78.08 16Lf.5 77.~0 76.76 700 96 
21 JUL 75 78.7'+ 17'+5 77.73 76.76 7'+5 96 
22 JUL 75 79.6'+ 1630 78.51 77.~8 7'+5 96 
23 .JUL 75 79.82 1730 78.7'1- 77.60 715 96 
2Lf. .JUL 75 80.12 1700 79.12 78.1Lf. 700 96 
25 JUL 75 79.3'+ 15 78.'+8 77.72 2'+00 96 
26 JUL 75 77.72 15 76.7'+ 75.138 815 96 
27 JUL 75 77.12 1630 75.131 7'+.36 730 96 
28 .JUL 75 76.70 1600 75.80 7'+.'+2 730 96 
29 JUL 75 76.88 1600 75.99 74.96 715 96 
30 J~L 75 77.8'+ 17'45 76.23 74.36 7'+5 96 
31 JUL 75 79.46 1715 77.71 76.0'+ 730 96 

AVERAGE 79.96 77.8&f. 75.95 

STNO DEV. 5.o8 3.27 1.92 

ALL TEMPERATURE READINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK N-10 

----~--------------------------------------------~------------------------' 

DAY 

1 AUG 75 
2 AUG 75 
3 AUG 75 
'+ AUG 75 
5 AUG 75 
6 AUG 75 
7 AUG 75 
8 AUG 75 
9 AUG 75 

10 AUG 75 
11 AUG 75 
12 AUG 75 
13 AUG 75 
11f. AUG 75 
15 AUG 75 
16 AUG 75 
17 AUG 75 
18 AUG 75 
19 AUG 75 
20 AUG 75 
21 AUG 75 
22 AUG 75 
23 AUG 75 
24 AUG 75 
25 AUG 75 
26 AUG 75 
27 AUG 75 
28 AUG 75 
29 AUG 75 
30 AUG 75 
31 AUG 75 

AVERAGE 

STND DEV. 

~-1AX. 

TEMP • Tir"'IE -----
81.'92 
aq..oa 
83.78 
82.22 
82.88 
80.36 
77.q.2 
73.6'+ 
7q..o6 
75.62 
77.72 
78.38 
78.92 
79.22 
78.56 
78.38 
77.5'+ 
77.00 
76.10 
74.96 
71f..72 
73.6'+ 
72e98 
71e12 
69.38 
69.20 
71elf.8 
72e7«+ 
7le90 
70.16 
67.58 

76.05 

1800 
1815 
1330 
101f.5 
1500 

15 
15 
15 

17'+5 
1730 " 
1615 
1615 
1615 
1530 
1630 
16q.5 

15 
1630 
1615 
1530 
11f.OO 
1500 
1700 

15 
11f.q.5 
1830 
1615 
11f.15 
1"'15 

15 
16'+5 

DAILY 
AVE. -----

7'9.8'4-
82.08 
82.83 
81.22 
80.'4-2 
78.92 
75.56 
72.60 
72.52 
7'+.02 
75.98 
76.82 
77.31 
77.93 
77.1f.1 
77.15 
76.1f.4 
75.99 
75.03 
73.79 
73.01 
72.53 
71.62 
70.01 
68.93 
68.61 
6'9.96 
70.86 
70.89 
68.71 
66.55 

t.IJIN. 
TEMP. TIME -----
77.60 
80.18 
81.92 
7'9.58 
78.98 
77.'+2 
73.6'+ 
71.78 
70.88 
72.20 
7'+.5'+ 
75.32 
75.68 
76.6'+ 
76.22 
75.68 
75.86 
75.08 
7'+.12 
72.7'+ 
71.'+8 
71.06 
70.46 
68.66 
68.60 
68.00 
68.60 
69.26 
1o.oq. 
67.oq. 
65.30 

73.37 

6"'5 
715 

2'+00 
23'+5 

BOO 
231f.5 
21f.OO 
2'+00 

730 
530 
700 
700 
715 
700 
71f.5 
730 

2'+00 
800 
730 

2q.oo 
6q.5 

23'+5 
6q.5 

2'+00 
200 
6'+5 
6'+5 
700 

"'"'5 2'4-00 
815 

ALL TEMPERATURE READINGS IN DEGREES F 

NO. 
INT 

96 
'96 
96 
96 
96 
96 
'96 
96 
'96 
'96 
96 
'96 
'96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
'96 
'96 
'96 
'96 
96 
96 
'96 
96 
96 
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PU9LIC SERVICE COMPANY OF NEW HAMPSHIRE 

tNVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- 1'-iK N-10 

.. -~--~----------------------------~--------------------------------------------MAX. DAILY MIN. NO. 
DAY TEMP. TIME AVE. TEMP. TIME INT 

--------- ----- ---- ----- -----
1 SEP 75 67.40 1630 65.90 6'f..28 900 96 
2 SEP 75 67.10 1900 66.20 65.30 1030 95 
3 SEP 75 67.10 1515 66.36 65.54 745 96 
q. SEP 75 &7.3'f. 1430 66.1'f. 64.82 615 96 
5 SEP 75 68.54 1645 67.08 65.54 715 96 
6 SEP 75 68.00 1600 67.18 66.62 71f.5 96 
7 SEP 75 68.42 1615 67.21 66.02 6'+5 96 
8 SEP 75 67.52 1615 66.80 66.02 900 96 
9 SEP 75 67.76 1-.oo 66.83 66.14 930 96 

10 SEP 75 68.96 1530 65.83 61f..58 830 96 
11 SEP 75 66.98 16'f.5 65.73 64.1+6 81+5 96 
12 SEP 75 66.26 1545 65.71+ 65.18 2330 96 
13 SEP 75 66.50 1600 65.31 6'f..28 730 96 
l'f. SEP 75 65.18 15 63.89 62.60 21+00 96 
15 SEP 75 63.20 1500 62.21 61.22 815 96 
16 SE:P 75 62.00 11f.45 61.'+1 60.50 715 96 
17 SEP 75 61.94 1700 61.11 60.20 8'f.5 96 
18 SEP 75 62.2'+ 1530 61.25 60.32 715 96 
19 SEP 75 61.52 15 61.32 61.0&f. 2'f.OO 95 
20 SEP 75 62.12 1600 61.64 61.0'+ '+5 96 
21 SEP 75 63.86 1815 62.8'f. 62.06 645 96 
22 SEP 75 64.10 2100 63.48 62.78 600 96 
23 SEP 75 64.oct 15 63.1'+ 62.'+8 2345 96 
24 SEP 75 62.48 15 61.54 60.56 2330 96 
25 SEP 75 6o.5o 15 59.83 59.42 23'+5 96 
26 SEP 75 59.(f.8 15 59.15 58.94 845 96 
27 SEP 75 60.50 15'f.5 59.85 59.18 15 96 
28 SEP 75 60.32 15 59.61 59.12 2400 96 
29 SEP 75 59.36 16'f.S 58.80 57.98 845 96 
30 SEP 75 59.72 16'f.5 58.99 58.28 800 96 

AVERAGE 64.3'+ 63.41 62.5'+ 

STND DEV. 3.15 2.88 2.72 

ALL TEMPERATURE READINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE 

' 
~~~ :; ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK PIVER -- MK N-10 "I 

~( --------~-----------------------------------------------------------------MAX. DAILY MIN. NO. 
DAY TEMP. TH"'E AVE. TEMP. TIME INT :'·1 

il'l --------- ----- ----- ----- ---
,, 

1 OCT 75 60.11t 1630 59.53 58.82 800 93 
! I ~I 2 OCT 75 60e11t 15 59.68 58.34 2400 95 
I 'I 3 OCT 75 sa.q.o 1515 57.89 57.38 800 96 
I It OCT 75 58.22 1430 57.'+7 56.8Lf. 61.f.5 96 

5 OCT 75 57.26 1330 56.83 56.24 730 96 
6 OCT 75 57.68 161.f.5 57.00 56.30 51.f.5 96 
7 OCT 75 57.1Lf. 15 56.62 55.88 231.f.5 96 
8 OCT 75 56.Lf.8 1500 55.77 55.10 730 96 

' I 
9 OCT 75 55.70 1300 55.13 S'+.56 61.f.5 96 

I. 10 OCT 75 ss.oq. 15'+5 51.f..35 53.66 900 96 I 
' 11 OCT 75 5&+.50 1100 5&f..28 ~3.e'f. 23&f.5 96 

12 OCT 75 53.90 15 53.51 ~3.18 2330 96 
13 OCT 75 53.30 1&f.OO 53.06 52.58 715 96 
1&f. OCT 75 5&f..20 1600 53.52 ~2.88 715 96 
15 OCT 75 5Lf..56 1600 5&f..03 53.36 715 96 
16 OCT 75 55.3'+ 1&f.30 54.76 5q..2Et 6q.s 96 
17 OCT 75 55.22 1330 5&f..71.f. Sl.f.e38 6&f.5 96 
18 OCT 75 54.68 3'+5 51.f..18 53.72 23tf.5 96 

I·'' 
19 75 53.72 15 52.75 52.10 2330 96 ! ,ill OCT 

I' I 
20 OCT 75 52.0&f. 15 51.3tf. 50.66 2tf.OO 96 ,, 
21 OCT 75 50.66 15 50.19 &f.9.82 2300 96 , I 

• ~ \ I : ' , 
22 75 50.81t 22'+5 50.11 '+9.1.f.6 600 96 ''I . OCT i' ·r \ 

!!i i! 
23 OCT 75 51.26 1530 50.77 50.12 715 96 

I'' 2tf. OCT 75 51.7'+ 1500 51.28 ~0.60 730 96 
i ,,! 25 OCT 75 51.86 1815 51.67 51.1.f.tf. tf.15 96 

, 'I· 26 OCT 75 52.16 1300 51.91.f. 51.56 2tf.OO 96 I' ,I 27 OCT 75 51.62 1515 51.18 50.66 830 96 
1![', 28 OCT 75 51.1'+ 1q.q.5 50.73 50.36 8tf.5 96 

I 29 OCT 75 51.08 1630 50.5'+ '+9.88 715 96 
30 OCT 75 51.02 15 50.12 q.8.71.f. 23&f.5 96 

I 31 OCT 75 Lf-8.68 15 &f.7.'+8 q.6.58 2300 96 
I , 
I 
\Ill AVERAGE Sl.f..18 53.62 53.00 

STND DEV. 2e97 3.00 2.98 

I ALL TEr1PERATURE READINGS IN DEGREES F 
I, 

I I 
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PUBLIC SERVICE COMPANY OF NEW 1-ft\MP~HIRE 

ENVI~ONME~TAL TE~PERATURE TAPE -- MERRIMACK RIVER -- r~K N-10 

--------------~--------------------------------------------------------------
!":AX. DAILY !"'iM. NO. 

CAY TEMP. TIME AVE. TE!I':P. TIME INT 

--------- ----- ----- -----
1 NOV 75 ~6.52 15 ~6.15 lf.5.7~ 800 96 
2 NOV 75 cn.oo 1530 ~6.37 lf.5.62 730 36 
3 NOV 75 ~7.96 1~15 ~7.18 46.58 815 95 
~ r~ov 75 ~9.10 1~00 ~8.37 47.48 15 96 
5 NOV 75 ~9.16 1~45 48.74 lf.8.32 830 96 
6 NOV 75 q.a.5o 30 ~8.07 47.5~ 800 96 
7 f\IOV 75 ~6.20 23tt5 47.73 lf.7.06 815 96 
8 NOV 75 1+9.6&f. 1700 48.86 48.1&f. 30 96 
9 NOV 75 50.12 1715 49.58 ~6.92 715 96 

10 1\fOV 75 so.oo 15 4CJ.71 lf.9.40 800 96 
11 NOV 75 lf.9.76 15 lf.9.34 lf.8.98 2315 96 
12 NOV 75 48.92 15 48.19 &f.7.72 900 96 
13 NOV 75 48.26 12~5 48.09 47.90 330 96 
1~ NOV 75 ~8.02 15 47.55 46.52 2330 96 
15 NOV 75 ~6.46 15 lf.5.55 ~~.96 2330 96 
16 NOV 75 ~~.96 30 44.16 ~3.46 2345 96 
17 NOV 75 43.40 15 42.90 42.!1t0 900 96 
18 NOV 75 43.16 l&Jif.5 42.69 42.20 800 96 
19 NOV 75 &J3.16 19~5 42.70 ~2.08 800 96 
20 NOV 75 'f-3.52 1515 43.09 ~2.~0 845 96 
21 NOV 75 ~lf..OO 2330 43.38 Cf-3.0~ 11.00 96 
22 NOV 75 ~~.oo 15 '+3.7~ ~3.3~ 2~00 96 
23 NOV 75 43.26 15 42.56 ~2.02 2345 96 
24 NOV 75 'f-2.02 15 41.17 40.52 2400 96 
25 r~ov 75 Cf.0.70 1300 40.48 ~0.1.6 845 96 
26 NOV 75 Cf.0.58 1430 Cf.0.29 39.98 845 96 
27 NOV 75 'f-0.16 15 39.91 39.50 2~00 96 
28 NOV 75 39.50 15 39.12 38.84 2400 96 
29 NOV 75 38.84 15 38.19 37.82 830 96 
30 NOV 75 38.60 2315 38.09 37.76 845 96 

AVERAGE 'f-5.2&f. 44.73 4~.21 

STNO OEV. 3.70 3.68 3.~1 

ALL TEMPERATURE READINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY nF NEW HAMPSHI~E 

ENVIRONMENTAL TEMPERATURE TAPE -- ~ERRIMACK RIVER -- MK N-10 

-------------------------------------------~------------------------------

DAY 

---------
1 DEC 75 
2 DEC 75 
3 DEC 75 
~ DEC 75 
5 DEC 75 
6 DEC 75 
7 DEC 75 
8 DEC 75 
9 DEC 75 

10 DEC 75 
11 DEC 75 
12 DEC 75 
13 D~C 75 
1~ DEC 75 
15 DEC 75 
16 DEC 75 
17 DEC 75 
18 DEC 75 
19 DEC 75 
20 DEC 75 
21 DEC 75 
22 DEC 75 
23 DEC 75 
2~ DEC 75 
25 DEC 75 
26 DEC 75 
27 DEC 75 
28 DEC 75 
29 DEC 75 
30 DEC 75 
31 DEC 75 

AVERAGE 

STND DEV. 

MAX. 
TEMP. TIME -----
~o.o'+ 
39.32 
38.5&+ 
37.10 

~JO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
~0 DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 
1\10 DATA 

38.75 

le25 

1~30 

15 
15 
15 

FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 
FOR THIS 

DAILY 
AVE. 

-----
39.52 
38.85 
38.03 
36.~4 

DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

38.20 

1.32 

MIN. 
TEMP • TIME 

38.60 
36. 4.~ 
37.16 
36.02 

37.56 

1.21 

15 
2400 
234? 

930 

ALL TEMPERATURE READINGS IN DEGREES F 

NO. 
INT 

96 
96 
96 
55 



r 159 

PUBLIC SERVICE C:)~1Pl\f'JY JF "!EW r-!MiP~HI~E 

l ------=~~~~=~~~~~~=-~::~:~:~=~~-~~:=-==-~=~:~~:=~-~~~=~-==-:~-~=~--------------
. f\.1 A X • D L\ I L Y 1111 I I" • I•J 0 • 

DAY TE:..-,p. TIFE 1\VE. TEMP. T I~'-lE INT 

--------- ----- ----- -----
1 JAN 75 '·JI) DATA FOR T~IS DAY ... JA.N 75 NO [H\TA FOR THIS DAY t! 

3 JAN 1~ !'JO DATA FOR T ... IS DAY 
Lj. .JAN 75 NO DATA FOR THIS DAY 
5 JAN 75 NO !JATA FOR THIS DAY 
6 JAN 75 NO Qi\TA FOR THIS OL\Y 
7 JAN 75 1\10 DATA FOR THIS DAY 
~ JAN 7~ _,~.70 1801) 61.'30 47.~6 1130 51 
9 JAN 75 65.1~ 240~ 59.07 48.14 10'5 96 

10 JAN 75 70.70 240(' 63.02 50.~4 1015 96 
11 JAN 75 71.66 2145 66.38 55.16 1045 96 
3.2 J.AN 75 71.96 100 56.1A ''8. C!8 1945 96 
13 JA.N 75 66.32 2245 57.84 51.6~ 415 90 
1.4 JAN 75 68.24 2245 62.77 51.02 ~30 95 
15 JAN 75 6~.30 1QS 62.44 51.7Lf. ~45 94 
16 JAN 75 63.,6 2000 63.77 51.74 915 96 
17 JAN 75 68.66 15 61.58 50.06 915 96 
lB JA"J 75 F-8.84 2400 67.7-9 G-7.~2 715 96 
19 JAN 75 69.08 45 54.34 50.~6 1~15 96 
20 JAN 75 66.98 2315 58.00 48.20 930 96 
21 JAN 75 E-8.5'+ 17:50 ~7.27 t=;€..26 930 9F.s 
22 JAN 75 oBe18 45 63.79 52.LJI) 930 96 
23 J.C.N 75 67.82 2331') 63.30 ~2.28 1?45 96 
24 JJ\N 75 70.28 16.30 67.71 63.62 915 9~ 

25 JAN 75 f,8.3b 15 ~5.02 ::':6.08 1200 96 
26 JAN 75 41.~8 30 3S.66 '5.06 830 96 
27 JI\N 75 40.88 1eoo 38.29 34.2A 900 96 
28 JAN 75 70.40 2030 5Lf..08 38.~6 800 96 
29 JAN 75 70.Lf.& 1&00 68.94 64.40 2115 '36 
30 JI\N 75 6'3.~'+ 2'i00 66.99 ~4.52 630 96 
31 JAN 75 70.25 151+5 69.62 &,6.54 500 96 

AVER/\GE 66.(f-8 59.83 51.~9 

STND OEV. 7.99 8.92 9.~&f. 

ALL TEi"IPER ATUKf READINGS II~ DEGREES F 
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PU!3LIC St:R ''ICE C Of"iP /\NY OF NEI·J H~iWSHI~E 

E:NV I RON~·lEr>.lT Al TEr-~PEK fl TURE TAPE -- l_,ERRIMACK RIVER -- r<~ K s-o 
----------------------------------------------------------------------------

'· 
IJ: 

I , 

I, 

I 

I· 
I, 
I' 
1! 

I' II II 'I 

1 ij )I 111 

'I ,, ' 
1

·;' ;111,
1
,1 

,'I' II 
i:: :I ( 
• :, ' 1,,,, \ 
:1: I ,II' . 

I I Ill ' i I ' ~ 
i !. ' f ': !! ' ,. 

I ' 
I ,,1 :II,• 

! II:,., 
1

1 
Ill , I 

.I 

i 
II' 
I 

'! 

,. 

:I 

L 
·I 

I 

L 
J:,, 

r"1AX. 
DAY TEi•IP. Till'iE 

--------- -----
1 FEB 75 69.92 15 
2 FEB 75 42.62 1215 
3 FE9 7S 66.20 2400 
4 FEB 75 72.02 1845 
5 FEB 75 71.60 '+5 
6 FEB 75 71.54 2330 
7 FEB 75 71.60 1~ 
8 FEA 75 71.18 21+00 
9 FEB 75 71.30 100 

10 FEB 75 69.14 2230 
11 FEF3 75 70.52 2400 
12 FEB 75 71.12 115 
13 FEB 75 70.0'f. 1215 
14 FEB 75 65.72 15 
15 FE'3 75 69.71.1- 2200 
16 FEB 75 69.20 15 
17 FEB 75 66.02 1200 
18 FEB 75 42.32 15 
19 FEB 75 't2.26 1600 
20 FEB 75 42.98 1530 
21 FEB 75 47e3U 2lf.OO 
22 FEB 75 S5.0lf. 230 
23 FEB 75 68.24 2245 
24 FEF3 75 70.58 1700 
25 FEB 75 70.513 30 
26 FEB 75 59.90 15 
27 FEB 75 '+1.60 2045 
28 FEB 75 65.38 2330 

AVERAGE 63.09 

STND DEV. 11.2'+ 

ALL TEMPERATUHF.: 

DAILY "1 I 1\!. NO. 
AVE. TD~P. TI~'iE !NT 

----- -----
56.22 41.00 2345 94 
41.44 40.34 '515 91 
54.70 40.70 445 8d 
69.95 66.4'+ 1.5 92 
66.56 53.78 945 92 
66.47 51.86 915 92 
66.18 5'f..62 845 91 
6e.1o 63.20 7~0 91 
59.7q 50.12 1330 9?. 
61.83 Lj.3.0f.l. 845 93 
66.78 56.?.~ .::q. 5 91 
65.67 53.42 815 88 
69.00 66.n2 2400 90 
57.39 49.76 700 8.3 
65.62 57.98 15 90 
54.0?. 49.~8 1945 91 
52.3!1 42.50 2Lj.OO 95 
Lf.1.4Lj. L~ 0 • 82 545 92 
Lj.0.22 35.42 930 93 
Lf.0.83 '37.04 8Lj.5 95 
40.33 35.2Lj. 615 93 
Lj.1.87 35.18 23tf.5 32 
53.56 :34.9Lj. 300 89 
66.70 ~7.56 530 89 
67.65 60.32 2400 90 
't3.84 ~0.22 1100 87 
39.02 34.52 945 93 
Lf.6.37 ~5.12 C:l45 f\~ 

55.85 47.61 

11.11 10.29 

READINGS I i~ DEGREES F 
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PUBLIC SEq VICE crH.II~A!\IY OF' NEt-J HA'Y!PSH!qE 

ENVIRON:'IIENTAL TE,\IIPE~f, TURC: TAPE -- r.-1 E q fU r-1 A C K R I 11E~ -- i·'iK s-o 
~---------~-------------------------------------------------------------------

M!\X. DAILY "'li~·!. r·.JO. 
DAY TEt"lP. TH'IE AVE. TEi"iD. TI~1E IHT 

--------- --- .. - ----- -----
1 MAR 75 67.88 23q5 6".5.18 'il.f..C:6 t;l5 .35 
2 MAR 75 67.9'+ 15 57.6.; 4-9.C!Lf. 11'-'5 38 
3 r~AR 75 &6.5& 22Lf.5 5'3. 72 49.16 630 d~ 

Lf. f_,.AR 75 66.56 15 60.52 Lf.9.40 8'-1-'5 95 
5 MAR 75 58.52 1700 55.1Lf. ~6.~2 945 96 
6 Ml\R 75 69.50 231.)0 6~.36 50.72 600 95 
7 MI\R 75 70.31+ 1730 6Lf..99 '52.16 930 96 
8 f-1AR 75 71.00 115 61.f..80 r:;s.~s 11)15 95 
a :-1AR 75 65.54 2~0 56.05 !f-7.91) 10:31) 95 J 

10 MAR 75 69.,2 231.f.5 sq.6~ 48.56 515 94 
11 MAR 75 71.36 23.30 66.23 '53.30 930 96 
12 MAR 75 71.2'f. 15 6Lf..63 !i3.7B 8Lf.S 915 
13 r1AR 75 71.7d 14Lf.5 66.85 ~Lf..oq qq.5 95 
1Lf. MAR 75 70.6'+ 130 66.0Lf. '52.~Lf. 915 95 
15 flo1AR 75 70.Lf.O 15 65.11.!- '51.56 900 95 
16 MAR 75 70.22 130 56.63 52.22 2130 ~5 
17 MAR 75 71+.8'+ l630 &c:;.16 51.66 A45 91 
18 MAR 75 75.02 2315 71.15 61.76 915 96 
19 r.,AR 75 74.96 15 6$3.76 60.62 915 96 
20 t"'AR 75 71.72 15 66.01 56.75 930 96 
21 i"lAR 75 66.62 15 'f.A.1Lf. 39.56 1030 96 
22 !1'1AR 75 41.66 545 33.62 35.60 1'515 96 
23 MAR 75 39.1~ 15 32.85 31.0Lf. P.OO 96 
24 MAR 75 42.26 2015 3S.Lf.1 32.12 200 9F-
25 MAR 75 4~.72 1G'+5 42.19 3·~. 30 1145 96 
26 MAR 75 53.30 1230 50.77 Lf-3.~4 15 9E 
27 "1J\R 75 5!1.00 1700 Lf.I3.2Lf. 46.~8 6Lf.5 96 
28 MAR 75 52.64 1730 50.65 48.32 100 96 
29 MAR 75 53.84 1030 52.33 49.6Lf. ?.345 96 
30 MAR 75 57.08 1815 5i+.57 Lf-9.52 45 96 
31 MAR 75 55.52 115 50.80 47.5Lf. 2300 96 

AVERAGE 62.99 57.03 Lf-~.85 

STND OEV. 10.86 7.27 

ALL TEMPERATURE REAOI~GS IN DEGREES F 



h' 
1"1 
I, ,,, 
I' 
I 
: I 

162 

PUBLIC SERVICE COf"lP AIJY OF NEW H t. ;'1° ~t-ii R E· 

E"NVIROW.I!Ern.AL T E r.;y E R I\ T U R E TAPE: -- r"'S::~R H11\CK RIVEr~ -- i.I!K s-o 
---------------------------------------------------------------------------. 

lllj/\X. DAILY MIN. !\!0. 
DAY TEI''IP • TH'IE AVE. TE~P. TIME INT 

--------- ----- ----- -----
1 APR 75 50.96 2315 49.79 47.84 15 96 
2 APR 75 50.90 15 4.3. 96 36.32 2400 95 
3 APR 75 51.02 2400 43.04 35.42 400 96 
4 APR 75 51.08 15 49.30 47.54 2000 96 
5 APR 75 4B.2o 600 47.23 44.90 2000 96 
6 APR 75 48.50 1445 47.54 45.32 15 96 
7 APR 75 50.48 15:3o 49.10 47.30 15 96 
8 APR 75 52.40 1530 50.47 48.92 630 96 
9 APR 75 50.48 15 49.85 48.68 2100 9'f. 

10 APR 75 52.0'f. 1330 50.82 49.40 115 96 
11 APR 75 55.10 1715 '· 5.3.87 51.7'f. 15 96 
12 APR 75 57.32 11.1-30 55.7'f. 'i4.7'+ 15 61 
13 APR 75 l\10 D"'TA FOR THIS DAY 
1'f. APR 75 NO OATA FOR PHS DAY 
15 APR 75 5!:!".'f.O 1'f.'f.5 57.83 57.32 1600 38 
16 APR 75 58.82 130 57.85 56.30 21 1~5 96 
17 APR 75 58.34 1'+'5 57.61 57.02 1130 96 
18 A·PR 75 58.94 500 57.01 53.18 1330 96 
1<? APR 75. sc;.1z 20Lf5 58.46 56.36 1415 96 
20 APR 75 ~9.30 15 55.14 49.22 2400 96 
21 APR 75 so.oo 1815 '+9.40 43.32 200 96 
22 APR 75 55.00 1600 51.91.1- 49.6'+ '+5 96 
23 APR 75 59.36 1730 5he01 53.06 15 96 
21.1- APR 75 57.98 22'+5 56.68 54.~2 930 96 
25 APR 75 65.18 1315 58.11 '55.76 11'+5 95 
26 APR· 75 59.42 345 57.02 52.6'+ 2400 96 
27 APR 75 52.22 15 47.43 45.20 1100 96 
28 APR 75 49.22 145 47.51 '+'f-.42 1015. 96 
29 APR 75 51.56 2330 48.51.1- 43.~8 . 1015 96 
30 APR 75 52.34- 1600 51.05 48.20 930 96 

AVERAGE 54.36 52.08 1.1-3.41 

STND OEV. q..45 4.60 5.61 

ALL TE1·1PERATURE READINGS IN DEGREES F 
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PUBLIC SERVICE C ,') rv1 P A 1'J Y OF "It: I·! H 1' r·1 P s H I R E 

ENV I ~nNrJJ(r~TAL TE r·'tPERA. TUHE TAPE -- m:RRP11 ACK RIIJER -- i"~K ~-o 

··----------~-------------~---------------------------------------------------
f~AX • DAILY 1111 t r,,. r'.!a. 

DAY TE:'1P. TI:"1E l\VE. TEMP. TH1E INT 
--------- ----- ----- -----

1 !'-1AY 75 56.42 1300 52.91 49.46 715 95 
2 MAY 75 !J3.6U 15 52.09 '+9.22 'iOO 96 
3 MAY 75 ~5.3'+ 1645 .53.3'\ 1:\1.20 .'\15 96 
4 I"'! A Y 75 55.16 1900 51.83 4~.'56 1200 96 
5 MAY 75 62.48 1730 58.56 =51.~0 45 96 
6 f"!tl y 75 71.66 2330 65.'J5 61.Ci2 715 87 
7 MAY 75 71.66 &f.l5 69.38 63.P.6. 1130 87 
8 MAY 75 75.50 1515 ss-.33 64.34 45 9t:i 
a MAY 75 68.90 1500 6n.16 -;9.A&f. 8&f.5 96 " 10 f'iAY 75 &CJ.26 1300 66.96 1;1.52 915 96 

11 MAY 75 69.98 1515 67.28 63.20 '515 96 
12 MAY 75 71.06 1430 68.09 61.P2 2400 96 
13 f"'AY 75 61.3'f. 15 59.56 58.58 615 96 
14 MAY 75 61.88 1615 59.35 54.80 730 96 
15 MAY 75 75.62 1600 71.36 61.82 15 96 
16 MAY 75 7~.62 ]615 73.41 70.34 730 96 
17 MAY 75 7'+.84 ·1soo 71.59 67.!1;2 '+45 96 
18 MAY 75 74.78 18:30 72.4CJ 69.62 930 96 
19 fllj t\ y 75 78.02 1630 74.74 71.~6 630 96 
20 I~AY 75 75.68 15 67.07 1';2.;:>4 8::50 96 
21 MAY 75 83.60 1545 77.58 S9.lq. 15 9G 
22 i"'AY 7~ 81e4'f. 15.30 ao.os 78.~6 815 96 
23 MAY 75 es.oLf. 1630 ~1.26 78.71.f. 530 96 
24 :llfAY 75 83.'+8 1300 80.20 71.~0 23 ... 5 96 
25 MAY 75 71.'+8 1600 70.34 69.26 730 96 
26 MAY 75 82.9'+ 2230 73.0~ 65.54 715 96 
27 MAY 75 8341!8'f. 1715 80.32 73.64 545 96 
28 NAY 75 8~·12 21Lf.5 80.76 77.54 645 96 
29 MAY 75 85.10 1415 81.59 75.50 715 I 96 
30 MAY 75 84.38 1530 S0.92 71.78 6't5 96 
31 1'-1AY 75 87.02 17'+5 83.66 78.'+-4 630 96 

AVERAGE 73.23 69.70 64.tl9 

STND DEV. 9.98 9.55 9.09 

ALL TEMPERATURE READINGS I fJ DEGREES F 
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PUBLIC SERVICE CC'f•lPI\fJY OF •\)[\.-! HII.MP~HI~E 

f "J V I R 0 "J ,..., E i\' TAL TE~'If"'EH .'\ TURC TAPE -- 11.1ERR I MACK RIVER -- f'1K s-o 
.----------------------------------------------------------------------------

i"iAX • DAIL'f i"' tr-J. [1~0 .-

DAY TEi"lP. TII"1E 1\VE. TEMP. TIME I !\IT 

--------- ----- ----- -----
1 SEP 75 81.14 1645 77.70 70.04 345 36 
2 SEP 75 81.86 2230 80.23 78.1:?2 745 36 
3 SEP 75 8le8G 15 79.87 78.nA 1345 9t=. 
4 SEP 75 82.52 1930 80.58 78.6A 630 96 
5 SEP 75 83.12 1830 81.33 7'3.40 ·900 96 
6 SEP 75 83.54 2030 $31.66 110.72 815 96 
7 SEP 75 83.12 1930 ·Ci1.1'f. 78.62 2400 96 
8 SEP 7~ ~1·20 2400 77.57 72.68 530 96 
9 SEP 75 82.76 130 ao.es 79.70 1200 36 

10 SEP 75 eo.oo 1930 7~.95 77.(,6 1130 95 
11 SEP 75 82.34 204!!' 79.87 77.36 915 96 
12 SEP '75 82.46 1615 81.09 79.70 23Lf.5 96 
13 SEP 75 79.58 15 75.61 74.30 745 96 
1Lf. SEP 75 75.08 15 73.50 71.12 1100 96 
15 SEP 75 73.22 1830 71.88 70.10 91)0 96 
16 SE:P-75 7::5.88 2315 72.03 70.64 830 96 
17 SEP 75 74.00 1630 73.33 72.50 1015 96 
18 SEP 75 73.40 15 71.34 G6.62 2030 96 
19 SEP 75 76.04 1615 75.44 7t.qo 15 95 
20 SEP 75 78.26 2300 76.57 75.2~ I.J.30 96 
21 SEP 75 79.58 1630 73.3.q 76.A2 24-00 136 
22 S!P 75 76.76 15 74.95 73.52 11Lf.5 96 
23 SEP 75 77.12 '+-15 76.77 76.40 2300 96 
24 SEP 75 76.46 15 74.9~ 72.20 2245 96 
25 SE~ 75 7~.7'+ 30 71.39 70.1'~ 745 96 
26 SEP 75 72.20 2345 71.42 70.82 215 96 
27 SEP 75 74.30 1630 73.20 72.20 15 96 
28 SEP 75 73.2d 15 72.25 71.48 2400 96 
29 SEP 75 73 ·1 0 . 1800 71.46 69.Mi 745 96 
30 SEP 75 74.21.J. 1945 71.58 69.1)8 745 96 

AVERAGE 77.97 76.23 74.24 

STNO DEV. 3.C35 3.70 3.93 

ALL TEi~lPERATURF.: READIF:JGS I!~ DEGREES F 
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PUYLIC .3ERviCE C 0 1'" p i~ f.J Y elF ~ .. lEW HI.I.'·H:::i~HIRE 

:·II 
/I Ef~V I~ ()i~·'"'E~JT AL TE";IPER 1\ TURE TAP~ -- "'IE 'H~ I '"1 A C "< RT\/Eq -- f·i !< s-o 

,!II ,,. --------------------------------------------------------------------------il' i'1AX • !)AILY "''I"'. ~JO • ,., 
01\Y TE:"tP • TP·!E ',' l\VE. TE!U:P. TIME Ir-.IT 

--------- ----- ----- -----
1 OCT 75 76.1€, 1615 74-.2~ 72.]U ~15 96 
2 OCT 75 74.78 1~ 7.~.'51 59.12 2400 '35 
3 OCT 75 ~8.10 1'5 55.6~ 54-.~0 34-5 96 
l~ OCT 75 55.9!+ 1445 55.17 "''+.44 1=',45 95 
5 OCT 75 55.25 16Pi 5'+.46 ~3.60 715 9fo 
6 OCT 75 55.70 1515 54.6~ '33.72 745 96 
7 OCT 75 5'+.74 1530 53.9~ ~3.12 830 96 
8 OCT 75 58.82 2400 54.32 ";2. '•6 715 95 
9 OCT'7S 6r:1.38 1700 67.45 ~9 •. ~4- 15 9; 

10 OCT 75 . 69.32 1'+4'5 67.67 65.P,I.f. e3o 96 
I . - 11 OCT 75 69.62 1945 6~.96 67.C!4- 15 96 

'','1 12 OCT 75 69.32 15 67.10 (,3.68 R30 96 
I 13 OCT 75 68.1.f.~ 1415 66.'+0 62.00 900 96 

)Ill 
1'+ OCT 75 68.12 1830 6t;.16 61.76 730 96 

'11',1 15 OCT 75 70.82 170(l 67.20 62.24 630 96 
'I 16 75 69.38 15 . 68.02 6'+ .•~6 6'+5 96 ! i··r OCT 
'I 17 75 615'.86 2345 67.65 1;2.~6 9e', 

i! 1 ·1!1 

OCT 700 
18 OCT 75 69.62 15· 55.29 62.42 800 96 

II 1

1 ,'II 19 OCT 75 E.8.3G 100 6'3.97 58.04 730 '9G Ill 20 OCT 75 . €,9.20 1530 65.57 59.42 715 36 

1'1•1r ( 
21 OCT 75 68.42 15 62.40 58.58 830 36 
22 OCT 75 ~~o DATA FOR THIS DAY 

II 11'1 23 OCT 75 fi!O DATA FOR THIS DAY 
I 1:1 

r,, r~·! 2'+ OCT 75 NO DATA FOR THIS DAY 
25 OCT 75 ~~0 DATA FOR Tl-fiS DAY 

I''' 
26 CCT 75 NO UATA FOR THIS IJJ\Y 

i.l 
I{ 27 OCT 75 ~\10 DATA FOR THIS DAY r, ; I ~ , 

I, i'l 28 OCT 75 49.16 1830 47.80 27.;8 1545 33 
1;1. 29 OCT 75 48.26 15 '+7.2'+ 45."32 2?.30 93 

30 OCT 75 52.22 930 50.4·9 ~5.12 1345 55 

: ;I I 31 OCT 75 NO DATA FOR THIS !JAY 
I 

I AVERAGE 64.12 61.84 57.07 
I 

I 'I : : 

STND OEV. 8e31 7.88 9.R.'+ ' ' 

I ·il 

I ·.· , I! ALL TE!o/IPERATURE READlf'JGS HJ DEGREES F 

·I .. 
I I ~ 

r, 
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.I I,• 

·,'II I 
I ', 



167 

PUgLIC SE~"ICE c I) [•1 ? /I. : J y ·'JF r·JEH H!\i"!PSHr~E 

Ei'! VI q 0 •·~ ""lE !'H 4 L TE "!?ERr~ TURE Tt\PE -- ''l E q i~ II"'' A C K RIV~R -- r~K s-o 
·----------------------------------------------------------------------------

r"'AX • OAILY ~u:•. r~o. 

DAY TE..!•:p • TH'iE 1\VE. TE~P. TIME INT 
--------- ----- ----- -----

1 ~'-JOV 75 r.Jo DATA FOH THIS DAY 
2 ~.;ov 75 f-JO flAT!\ FOR Tl-:iiS fJAY 
3 rvOV 75 t.t-6.10 1530 "1-"i.25 41.1-.F-4 1115 52 
4 rvcv 75 46.7iJ 1415 45.61 '+4. 78 30 96 
5 "JOV 75 5i.f..02 231'5 4'3.3?. 45.~0 5::50 96 
I; NOV 75 56.13 2t.JOO 53.91. '53.12 1015 9e 
7 IJOV 75 75.68 2200 6~.11 ';5.64 1000 96 
e. I'JOV 75 79.01.!- 161S 77.72 75.50 15 91 
9 I'JOV 7S r·JO DATA FOR THIS DAY 

10 NOV 7S NO D.:\TA FOR THIS DAY 
11 t•JOV 75 '\JO rlATA FOR THIS DAY 
12 NOV 75 NO DATA FOR THIS DAY 
13 NOV 75 '\'0 DATA FOR THIS DAY 
14 NOV 75 75.20 1'+45 74.00 73.40 2000 38 
15 NOV 75 74.'90 315 74.4-3 74.12 15 13 
16 t·JOV 75 NO DATA FOH THIS DAY 
17 NOV 75 f\JO DATA FOR THIS DAY 
18 r~ov 75 •Jo DATA FOR THIS OAY 
1'9 NOV 75 75.oe 231;.5 7.3.96 73.'+6 17]5 3Lf. 
20 r~ov 75 7S.26 30 73.75 72 .1'+ ~'+5 96 
21 NOV 75 75.38 2315 74.27 73 .1. 0 1900 96 
22 NOV 75 75.5o 115 72.3'+ 70.?;Lf. 13'+5 . 96 
23 NOV 75 73.46 400 73.01 72.26 2'3'+5 96 
24 NOV 75 72.26 15 71.'+2 70.64 1200 96 
25 rwv 75 72.62 1830 72.00 71.~6 1&f.5 96 
26 !\JOV 75 72.74 13'+5 68.07 52.58 2400 96 
2.7 NOV 7':5 ~2.52 15 49.27 48.74 1030 96 
28 !~OV 75 4.13.80 30 '+q.'+If 4~.08 qoo 96. 
29 NOV 7'5 48.1'+ 15 47.56 '+7.12 900 96 
30 NOV 75 1+7.8'+ 2.ttor 47.09 '•5. ~8 1900 96 

AVERAGE 6'+.87 62.77 G0.60 

snm DE\/. 12.70 12.51 12.67 

ALL T Ef"IPE" A TUkE READINGS HJ DEG~EES F 
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PUBLIC SO~ \liCE C:"'!f·1PANY OF ~lEV.! H /\ ~'-loS t-i I R E 

ENV I :'(QN'"l['•JT AL TE'·it'EF\A TL'_RE T/\PE -- !A E ~~ R I I '.I! t\ r: t< PI\fE;~ -- r~K s-o 
·---------~----------------------------------------------------------------

MAX. DAILY MH'· 1\JI). 
!J/\Y TE:"!P • TL-"lE .IWE • TE.-1P. TP'!E !NT 

--------- ----- ----- -----
1 DEC 75 49.34 l o1+5 48.96 48.02 15 95 
2 DEC 75 70.82 2400 60.52 49.04 1:; 96 
3 DEC 75 71.72 900 71.06 ~9.911 2400 96 
4 QEC 75 70.16 20rJ 67.39 62.~6 930 96 ,. 
5 DEC 75 72.32 ~3'+5 70.50 69.32 815 9~ 
6 DEC 75 75~013 2015 73.29 72.08 630 96 
7 DEC 75 73.22 15 70.AO 6 7 • L~6 91.J.S 96 
8 DEC 75 73.82 2015 72.49 71.60 815 96 
9 DEC 75 73.58 15 55.82 L~lf..GO 2145 96 

10 !)~C 75. '+5.9~ 1800 Lf.5.40 4Lf..P.4 30 96 
11 DEC 75 6F..20 2400 52.71 I.J.5.26 400 96 
12 DEC 75 69.72 530 64.4S f, 0 • L~ 1.J. 1800 96 
13 f.lEC 75 70.40 2315 64.Lf.7 t;3.C2 1500 96 
14 !JEC 75 71.12 500 59.50 Lf.4.24 2'+00 96 
15 DEC 75 57.32 2400 45.50 4'+.00 415 96 
16 DEC 75 72.20 2345 69.10 59.66 15 96 
17 DEC 75 73.64 2315 71.95 68.66 930 ~6 

18 OEC 75 73.58 15 72.2?. 59.98 2400 36 
19 DE"C 75 71.18 7£+5 69.97 58.1+-8 2000 96 
20 OF:C 75 71.60 4't5 66.91 c:;a.r~G 1415 96 
21 !JEC 75 70.3'+ 15 t+q.12 L+l.54 2400 96 
22 DEC 75 6C'.OO 2400 52.40 41.00 500 96 
23 DEC 75 70.16 1815 613.80 66.0~ 330 . 96 
2Lf. DEC 75 70.76 2115 67.Pq "62.~6 sno 96 . 
25 'JEC 7::> 72.02 2145 70.5F3 65.48 30 96 
26 DEC 75 72.02 2030 70.~6 69.54 ~30 96 
27 DEC 75 70.76 15 59.96 56.!:i4 2fl30 96 
28 DEC 75 6!1.93 1615 60.21 159.1.8 15 96 
29 DEC 75 12.2u 1600 69.60 - 60.M3 30 96 
30 OEC 75 72.62 1345 71.60 70.46 23'~5 96 
31 DEC 75 73.L+O 1200 72.39 70.40 15 54 

AVERt\GE 69.20 64.04 59.49 

STNO or::v. 6.80 a.AG 10.50 

ALL TEf-1PERATURE READH-JGS I IJ !JEGREES F 
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I 

PUBLIC SERVICE COMPANY oF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK S-4 

~------------------------------------------------------------------------~---· MAX. DAILY MIN. NO. 
DAY TE~1P. TH·1E AvE. TEMP. TIME INT 

--------- ----- ----- ----- ---
1 APR 75 NO DATA FOR THIS DAY 
2 APR 75 NO OATA FOR THIS DAY 
3 APR 75 NO DATA FOR THIS CAY 
4 APR 75 NO DATA FOR THIS DAY 
s APR 75 NO DATA FOR THIS DAY 
6 APR 75 NO DATA FOR THIS DAY 
7 APR 75 NO DATA FOR THIS DAY 
8 APR 75 NO DATA FOR THIS DAY 
9 APR 75 NO DATA FOR THIS DAY 

10 APR 75 ~JO DATA FOR THIS CAY 
11 APR 75 NO DATA FOR THIS DAY 
12 APR 75 NO DATA FOR THIS DAY 
13 APR 75 NO DATA FOR THIS DAY 
14 APR 75 NO OATA FOR THIS DAY 
15 APR 75 42.86 1730 lf.2.75 lf.2e20 1615 32 
16 APR 75 44.36 1730 lf.3.22 42.20 730 96 
17 APR 75 45.56 1830 44.31 43.16 800 96 
18 APR 75 lf.5.56 1430 44.66 43.64 800 96 
19 APR 75 44.96 730 44.63 44.42 1400 96 
20 APR 75 44.60 15 43.76 42.92 2300 96 
21 APR 75 42.92 15 41.91 41.21f. 2345 96 
22 APR 75 lf.3.'+6 1600 lf-1.42 lf.0.3lf. 715 96 
23 APR 75 43.88 2400 lf-2.56 41.24 730 96 
24 APR 75 44.00 2400 lf-3.79 43.64 845 96 
25 APR 75 45.62 2315 4lf..65 43.94 800 96 
26 APR 75 46.10 1345 45.58 45.1'+ 800 96 
27 APR 75 45.32 1900 44.64 lf.3.88 800 96 
28 APR 75 45.14 30 44.59 lf-4.12 2400 96 
29 APR 75 45.02 1545 44.12 43.04 715 96 
30 APR 75 46e28 1715 45.08 43.82 745 96 

AVERAGE lf.4.72 43.85 43.05 

STNO DEV. 1.06 1.17 1.30 

ALL TEMPERATURE READINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK S-4 

-----------------------------------------------------------------------
DAY 

1 MAY 75 
2 MAY 75 
3 MAY 75 
'+ MAY 75 
5 MAY 75 
6 MAY 75 
7 MAY 75 
8 MAY 75 
9 MAY 75 

10 MAY 75 
11 MAY 75 
12 MAY 75 
13 MAY 75 
1'+ MAY 75 
15 MAY 75 
16 MAY 75 
17 MAY 75 
18 MAY 75 
19 MAY 75 
20 MAY 75 
21 MAY 75 
22 MAY 75 
23 MAY 75 
2'+ MAY 75 
25 MAY 75 
26 MAY 75 
27 MAY 75 
28 MAY 75 
29 MAY 75 
30 MAY 75 
31 MAY 75 

AVERAGE 

STND OEV. 

'+8.68 
'+8.32 
50.60 
50.36 
49.64 
52.40 
52.46 
55.16 
56.60 
57.38 
58.22 
59.36 
58.40 
59.00 
61.22 
61.34 
62.8Lf. 
6'+.04 
65.78 
67.16 
73.52 
73.0'+ 
76.9'+ 
76.22 
70.9'+ 
76.70 
77.72 
78.50 
79.70 
80.06 
82.64 

10.93 

Tir•lE 

1530 
1300 
1800 

'+5 
2'1-00 
1630 
1500 
1630 
1715 
1315 
1730 
15'+5 
1530 
1500 
1815 
16'+5 
1800 
17'+5 
.18'+5 
1730 
1415 
1100 
1700 
1200 
1715 
1945 

300 
2130 
1900 
1600 
1900 

DAILY 
AVE. -----

'+7.12 
'+7.78 
'+9.22 
'+9.26 
48.57 
50.90 
52.09 
53.'+0 
55.21 
56.20 
56.'+3 
57.'+8 
57.17 
57.50 
59.62 
60.38 
60.85 
62.03 
63.33 
65.0'+ 
68.'+'+ 
68.8'+ 
70.96 
72.67 
69.39 
70.18 
75.25 
75.3'+ 
75.80 
76.37 
78.9'+ 

MIN. 
TEMP. 

46.0'+ 
'+7.00 
47.72 
48.32 
'+7.72 
49.52 
51.50 
51.'+'+ 
53.96 
55.46 
55.10 
56.06' 
55.94 
56.06 
57.38 
59.66 
58.52 
60.80 
61.0'+ 
62.8'+ 
64.9'+ 
66.44 
66.38 
69.26 
68.30 
67.04 
72.26 
68.60 
67.88 
68.66 
73.88 

59.21 

8.26 

ALL TEMPERATURE READINGS IN DEGREES F 

TIME 

500 
2115 

30 
2345 

945 
15 

2315 
145 
630 
715 
530 
430 

2215 
615 

45 
100 
130 
800 
415 
715 
200 

1000 
745 
715 
700 
815 
700 

10'+5 
930 
730 
800 

NO. 
INT ---
95 
96 
96 
96 
96 
96 
79 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
96 
78 
96 
96 
96 
96 
96 
96 
96 
96 
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PURLIC SERVICE COMPANY OF NEW HM1PSHIRE 

ENVIROII.Jfii!Ei\ITAL TEr.I!PERATURE TAPE -- MEf~RIMACK RIVER -- l".t< S-4 

---------------~------------------------------------------------------------· 
MAX. DAILY III!IN. NO. 

DAY TEr'IP. THilE AVE. TEfii!P. TIME IrJT 

--------- ----- ----- -----
1 JUN 75 81.74 15 78.77 75.€,2 400 ~6 

2 JUN 75 79.94 100 72.09 68.60 930 96 
3 JUN 75 70.10 2230 69.08 67.~A 2345 96 
4 Jl}r..j 75 75.98 600 71.4A 66.q,(l 900 96 
5 JUN 75 72.62 1545 71.10 ~8.60 1115 96 
6 JUN 75 72.02 200 66.33 62.48 2130 96 
7 JliN 75 65.5'1- 200 63.34 62.36 2200 96 
8 JU"'J 75 64.tt.O 915 63.19 60.74 2245 96 
9 JUN 75 64.94 1900 62.82 61.22 800 96 

10 JliN 75 67.64 2100 62.97 61.04 71f.5 96 
11 JUN 75 74.30 1630 68.68 62.1;6 800 96 
12 JUN 75 70.88 15 G8.65 66.~0 2145 95 
13 JUN 75 69.08 1630 67.48 65.00 2115 96 
14 JUN 75 6(,. 62 '+5 65.48 64.&f.6 2200 96 
15 JUN 75 66.86 1515 65.Cf.3 64.46 100 96 
1& JUN 75 66.98 164!\ 65.65 6'+.3Cf. 1030 96 
17 JUN 75 68.96 1700 67.08 65.30 145 96 
18 JUN 75 74.00 2145 70.24 67.40 415 96 
19 JUN 75 76.82 1945 72.59 69.20 545 96 
20 JUN 75 77.18 1600 72.00 69.50 945 96 
21 JUN 75 71.36 1800 70.35 69.08 615 96 
22 JUN 75 73.04 1~00 71.19 69.32 630 96 
23 JUN 75 75.98 1730 73.30 70.A.8 615 96 
24 JUN 75 80.90 1'f.l5 76.69 71f..5q. 530 96 
25 JUN 75 87.q.4 1'f.OO 6'f..31 77.96 30 96 
26 JUN 75 87.86 1'f.15 84.8q. A1.74 1130 96 
27 JUN 75 S8e16 2030 84.93 81.32 645 96 
28 JUN 75 86.72 100 80.73 78.38 700 96 
29 JUN 75 90.38 1700 86.12 79.46 15 96 
30 JUN 75 86.66 1715 8'+.33 81.56 4'f.5 96 

AVERAGE 75.16 72.04 69.28 

STND DEV. 7.92 7.28 6.56 

ALL TEI"'PERA TUHE READINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY OF NnJ HAII1PSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK S-~ 

----------------------------------------------------------------------------MAX. DAILY MIN. NO. 
DAY TEMP. TH1E AVE. TEMP. TIME INT ------ .. --- ____ .. ----- -----

1 JUL 75 87.38 2100 8~.58 81.62 7Lf.5 96 
2 JUL 75 88.9lf. 1500 86.07 81.38 900 96 
3 JUL 75 88.76 30 87.'+1 .13'+.92 1315 96 
q. JUL 75 90.20 1'+'+5 88.0'+ 85.40 7'+5 96 
5 JUL 75 91.3'+ 17'+5 89.2~ 96.96 700 96 
6 JUL 75 92.'f.2 1600 89.91 86.60 2330 96 
7 JUL 75 91.3'+ 15'+5 89.16 87.98 'f.S 96 
8 JUL 75 91.10 16&f.5 83.'+3 87.~8 715 96 
9 JUL 75 90.26 11'+5 86.52 55.88 1230 52 

10 JUL 75 91e9&f. 1'+30 90.72 88.9&f. 2315 47 
11 JUL 75 91.04 1715 89.75 88.6&f. 630 96 
12 JUL 75 90.02 1600 88.71 86.8&f. 1115 96 
13 JUL 75 89.lf.2 13&f.5 87.67 86.00 1130 96 
1'f. JUL 75 87.08 215 83.20 78.86 2015 96 
15 JUL 75 79.q.o 200 78.22 77.2q. 13&f.5 96 
16 JUL 75 77.78 1315 76.53 75.56 19'f.5 96 
17 JUL 75 77.'+2 2315 75.87 7'+.48 715 96 
18 JUL 75 81.56 2300 78.7'+ 75.26 845 96 
19 JUL 75 81.92 23'+5 80.98 ao.oo 12q.s 96 
20 JUL 75 83.96 1915 82.2'+ 80.78 1300 96 
21 JUL 75 88.52 1930 8'+.4&f. 81.A6 1'+45 96 
22 JUL 75 87.q.q. 1'+00 86.01 93.90 945 96 
23 JUL 75 87.56 1300 85.56 ~2.94 7'+5 96 
2q. JUL 75 86.66 2'f.OO 8&f..21 80.72 815 96 
25 JUL 75 a8.q.o 1830 86.5&f. 8'+.38 2330 96 
26 JUL 75 aq..o2 15 82.62 60.66 1045 96 
27 JUL 75 aq..q.q. 13'+5 82.01 78.86 830 96 
28 JUL 75 85.52 15Lf.5 83.q.5 80.8Lf. Lf.OO 96 
29 JUL 75 86.8~ 930 8Lf..40 82.52 1300 96 
30 JUL 75 88.58 22&f.5 85.89 83.78 630 96 
31 JUL 75 90.56 23&f.5 88.'+2 86.&f.8 730 96 

AVERAGE 87.15 85.oq. 81.87 

STND DEV. 4e09 3.98 6.27 

ALL TEMPERATURE RE.ADINGS IN DEGREES F 
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PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK S-4 

--------------------------------------------------------------------------------MAX. DAILY Mn,r. NO. 
DAY TEMP. TIME AVE. TEMP. TIME INT 

--------- ----- ----- -----
1 AUG 75 «33.80 1430 90.63 87.50 1645 96 
2 AUG 75 94.22 2200 «32.00 90.14 530 96 
3 AUG 75 94.52 1600 93.03 91.52 2400 96 
4 AUG 75 91.94 1845 91.06 90.02 800 89 
5 AUG 75 93.50 1615 90.75 88.40 1000 96 
6 AUG 75 87.86 15 82.26 80.36 2345 96 
7 AUG 75 80.48 30 78.66 76.94 2400 96 
8 AUG 75 83e54 1945 78.29 75.50 915 96 
9 AUG 75 84.92 2200 82.86 ao.5q. 5q.s 96 

10 AUG 75 87.62 2330 83.,9 80.90 930 96 
11 AUG 75 90.32 1915 87.07 82.76 1215 96 
12 AUG 75 90.26 2215 87.33 84.50 1600 96 
13 AUG 75 9o.4q. 2115 88.10 86.06 1000 96 
14 AUG 75 89.24 215 83.57 79.28 1615 96 
15 AUG 75 87.86 2345 84.71 ~o.oo 15 96 
16 AUG 15 87.74 '+5 85.45 83.18 1015 96 
17 AUG 75 85.28 1500 84.06 83.30 1715 96 
18 AUG 75 87.92 1715 84.52 82.58 1000 96 
19 AUG 75 .as. 76 100 84.30 82.28 1000 96 
20 AUG 75 84.56 1515 83.19 81.62 2100 96 
21 AUG 75 83.72 2215 81.56 79.64 830- 96 
22 AUG 75 84.20 1500 81.41 77.96 1930 96 
23 AUG 75 82.76 2345 80.53 78.44 945 96 
2Cf AUG 75 83.30 200 80.9Cf. 79.40 945 96 
25 AUG 75 83.00 1930 81.60 80.'+2 730 96 
26 AUG 75 82.64 45 81.'1-5 79.58 12'+5 96 
27 AUG 75 95.66 1815 80.46 79.16 8'+5 80 
28 AUG 75 85.76 1345 S0.62 73.70 1330 96 
29 AUG 75 82.16 15 80.CJ4 79.46 1115 96 
30 AUG 75 81.20 815 7&.51 75.26 1900 96 
31 AUG 75 78.92 1930 75.'1-2 71.00 1045 96 

AVERAGE 86.93 83.84 81.33 

STND DEV. 4e53 4.37 4.79 

ALL TEMPERATURE READINGS IN DEGREES F 
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PUALIC SERVICE COMPANY OF NEW HAMPSHIRE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK RIVER -- MK S-~ 

~-----------------------------------------------------~--~---------------------.. MAX. DAILY MIN. NO. 
DAY TEMP. TIME AVE. TEMP. TIME lf'.JT 

--------- ----- ---- ----- ----- ----
1 SEP 75 79.76 2030 75.70 70.52 1200 96 
2 SEP 75 78.~~ 15 77.31 75.98 1100 56 
3 SEP 75 NO DATA FOR THIS DAY 
~ SEP 75 78.86 18~5 76.83 7~.78 1215 5~ 

5 SEP 75 80.8~ 2100 78.6~ 75.38 1300 96 
6 SEP 75 81.1~ 21~5 78.87 76.16 1030 96 
7 SEP 75 80.72 2015 78.~7 7S.os 1100 96 
8 SEP 75 77.18 23'+5 75.13 72.26 10'+5 . 96 
9 SEP 75 80.~2 3Cf.5 77.15 7~.06 1'+'+5 96 

10 SEP 75 77.60 30' 7~.86 71.96 1615 95 
11 SEP 75 77.78 1830 75.35 72.68 500 96 
12 SEP 75 78.38 16~5 76.32 73.70 2300 96 
13 SEP 75 75e02 '+5 72.55 69.26 23'+5 96 
1'+ SEP 75 72e50 100 70.13 65.72 1800 96 
15 SEP 75 71.36 1615 69.95 68.12 715 96 
16 SEP 75 71.66 1830 70.17 68.72 2'+00 96 
17 SEP 75 72.38 1'+15 69.76 66.20 2'+00 96 
18 SEP 75 71.Cf.2 1730 68.81 63.50 2'+00 96 

.. 19 SEP 75 72e56 2230 70.25 65.12 15 9Cf. 
( 20 SEP 75 73.61f. 1'+30 71.38 66.32 21f.5 96 

21 SEP 75 75.68 1615 72.95 69.38 2115 96 
22 SEP 75 73.16 1230 70.83 68.00 2100 96 
23 SEP 75 72.86 1'+'+5 69.55 67.22 171f.5 96 
2'+ SEP 75 68.30 515 66.37 63.56 1'+15 96 

.I 25 SEP 75 67.'+6 2115 65.99 6'+.'+0 930 96 
1\1 

26 SEP 75 68.2'f. 330 66.15 6'+.6'+ 2330 96 
1: 27 SEP 75 66.71f. 230 63.08 61.0'+ 730 96 

r1 
28 SEP 75 63.26 30 62.61 61.76 1115 96 
29 SEP 75 63.80 17'+5 62.70 61.58 1230 96 

111
1 

30 SEP 75 6'+.88 2200 63.58 62.42 615 96 I, ,. 
' ·./ 
'I 

AVERAGE 73.65 71.'+2 66.60 

STND DEV. 5.37 5.10 '+.81 

ALL TEMPERATURE READII\JGS IN DEGREES F 
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.-----------------------------------------------------------------------------
. ·- ( 

, 'CT 10:. 
? "'l:T 75 
~ C T 75 
'· .J"T 75 
r· ~ C T 7') 

.=, ·~ C T 1=5 
7 ·:.·c r 7S 
t: ~'::T 7'5 
s :cr 75 

~. 'J 'C T 7 ~ 
11 ;~~cr 75 

j7. JCT 75 
:~ ·JeT 7.:; 

l:; •JC T 75 
~s ·Jrr 75 
17 t)C"T 7'-J 
, f) ·::cr 7S 
~- '1 C.CT 7S 
?n 'J':T 
?1 ::r:r 
.,., ~rr 

?,?:. :: r: T 
:::-~ ~"'CT 

:::~' "'':"T 
;:c.. JCT 
27 ·')C' T 

7'5 
,~, 

7=, 
1C. 
7~ 

7':-
7S 
7 .... 

·../ 

:;:.~ 1CT 75 
2° r1C r '1':
~ 0 :•r: T 7'5 
::1 nc-r 75 

~TSJ JE'J. 

. ~ '·<. 
Tl: 0 • 11 ;-

~.t;. 0·..! 
·:~,.~[; 

:-r:..~ ... 
~7.f16 

,~.2j 

.0.:7.f=.:.'3 

.... 7.:32 
64.70 
SC..32 
.;~.'+:3 

50.96 
:,-.9.75 
;.,u.o3 
Sl.7'1 
.=.t.46 
~ •. ?.6b 

:,E\.34 
5F.3.S 
"'1-~2. 
51.50 
~~~.34 

~~3.Q!J 

'5?.71·-f. 
5?-.00 
~2.16 

::.1.56 
:.1.20:. 
0:1.25 
!.4-C?.L+f. 

1'-1.:';0 

1315 
15l'O 
141'5 
l~j,Ci 

1 ':· Ci 0 
l 7'-!·5 

5J0 
]C:, 

?2~5 

2015 
l71.f5 
~2:lr:: 
l.Y-:5 

2?·0 ., ,.. ... 
l'3-t-5 
211'":\ 
?.21-8 

l500 
] c:: 
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PUBLIC SERVICE COMPANY OF NEW HA.MPSHIRE 

( ENVIRONMENTAL TEMPERATURE TAPE -- ME~RIMACK RIVER -- !'11< s -4 

------------------------------------------------------------------------· MAX. DAILY MIN. NO. 
DAY TEI"lP. TIME AVE. TEMP. TH1E INT 

--------- ----- ----- -----
1 NOV 75 NO DATA FOR THIS DAY 
2 NOV 75 :\10 DATA FOR THIS DAY 
3 NOV 75 48.20 1430 '+7.80 47.00 1030 55 
4 NOV 75 49.58 1445 48.63 47.72 15 96 

:I' 5 NOV 75 50.18 1445 '+9.42 48.74 800 96 
6 NOV 75 50.2'+ 1515 49.55 48.92 815 96 
7 NOV 75 52.04 2~00 49.69 U8.38 900 96 
8 NOV 75 5&f..08 1~15 51.99 50.42 500 96 
9 NOV 75 52.46 1930 51.85 51.26 745 96 

10 NOV 75 52.04 15 51.26 50.60 915 96 
11 NOV 75 50.96 15 50.52 so.oo 2345 96 

I 12 NOV 75 50.84 2345 49.82 48.86 945 96 
1'1 13 NOV 75 50.78 115 50.47 50 .l.2 2145 96 
I. 

14 NOV 75 50.2'+ 15 49.12 47.36 2400 96 
i 15 NOV 75 &+7.30 15 46.22 45.44 2400 96 

16 NOV 75 45.62 15 45.17 4&+.72 2215 96 
17 NOV 75 45.32 2000 44.88 4&+.06 830 96 
18 NOV 75 45.50 1715 45.04 4'f..72 615 96 
19 NOV 75 '+5.98 2315 45.23 44.00 800 96 
20 NOV 75 '+6.40 2115 45.92 45.:38 1000 96 
21 "JOV 75 &+7.18 745 46.29 45.20 800 96 

I 22 NOV 75 46.40 15 45.70 '+4.90 2345 96 
I 

:il 23 NOV 75 45.08 45 44.09 43.3&+ 2345 96 
I, 24 NOV 75 43.76 30 43.10 42.68 1230 95 
,, ' 

25 NOV 75 43.64 1730 43.07 42.68 115 96 
26 NOV 75 43.52 1545 42.60 40.76 2345 96 
27 NOV 75 40.82 15 40.30 39.92 2330 96 
28 NOV 75 39.92 15 39.52 39.26 2400 96 
29 NOV 75 39.26 15 38.53 38.12 845 96 

I, :1 30 NOV 75 38.96 2400 38.39 38.12 315 96 
I 
! 

AVERAGE 47.01 46.22 45.45 

STND DEV. 4.18 4.00 3.87 

ALL TEMPERATURE READINGS IN DEGREES F 

' ! 
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PUBLIC SERVICE COMPANY OF 1\JEI..J Hl\MPSHiqE 

ENVIRONMENTAL TEMPERATURE TAPE -- MERRIMACK QIVER -- MK S-4 
---------------------------------------------------------.------~---------------

MAX. DAILY 1'1II\I. NO. 
DAY TE1'1P. TIME ~vE. TEMP. TIME I!\IT 

--------- ----- ---- ----- -----
1 DEC 75 ~o.6~ 1500 39.9~ 38.96 15 96 
2 DEC 75 ~1.48 1600 40.30 39.14 845 96 
3 DEC 75 41.66 315 40.81 39.86 2245 96 
4 DEC 75 3~·86 15 38.15 32.,6 1500 96 
5 DEC 75 39.26 1500 36.70 35.66 845 96 
6 DEC 75 ~0.26 1845 3A.34 36.!\6 845 96 
7 DEC 75 39.86 45 38.85 37.40 2215 96 
8 DEC 75 38e81.f. 15 36.55 ~5.12 2115 96 , DEC 75 38.60 !500 35.13 34.22 945 96 

10 DEC 75 36.14 1445 35.18 34.40 1515 61 
11 DEC 75 NO DATA FOR THIS DAY 
12 DEC 75 NO DATA FOR THIS DAY 
13 DEC 75 NO DATA FOR THIS DAY 
14 DEC 75 NO DATA FOR THIS DAY 
15 DEC 75 1\10 DATA FOR THIS DAY 
16 DEC 75 NO DATA FOR THIS DAY 
17 De::c 75 NO DATA FOR THIS DAY 
18 DEC 75 NO DATA FOR THIS DAY 
19 DEC 75 NO DATA FOR THIS DAY 
20 DEC 75 NO DATA FOR THIS DAY 
21 DEC 75 NO DATA FOR THIS DAY 
22 DEC 75 NO DATA FOR THIS DAY 
23 DEC 75 NO DATA FOR THIS DAY 
24 DEC 75 NO DATA FOR THIS DAY 
25-DEC 75 NO DATA FOR THIS DAY 
2fi DEC 75 NO DATA FOR THIS DAY 
27 DEC 75 NO DATA FOR THIS DAY 
28 DEC 75 NO DATA FOR THIS DAY 
29 DEC 75 NO DATA FOR THIS DAY 
30 DEC 75 NO DATA FOR THIS DAY 
31 DEC 75 NO DATA FOR THIS DAY 

AVERAGE 39.66 37.99 36.42 

STNO OEV. 1e60 2.04 2.35 

ALL TEMPERATURE READINGS IN DEGREES F 
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APPENDIX I I. 

TABLE 1 A. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF DIATDr~S 
FR0~1 SURFACE TOWS, 1975, AFTER LOGe {x + 1) TRANSFORMATION 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

1 Date 30 6.68124 26.54159 ** 
2 Station 3 0.65406 2.59833 
3 Date*Station 90 0.25172 
4 TOTAL 123 1.82971 

TABLE 1 B. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF GREENS 

1 
2 
3 
4 

FROM SURFACE TOWS, 1975, AFTER LOGe (x + 1) TRANSFORr1ATION 

SOURCE OF D. F. t·1EAN SQUARE F-RATIO 
VARIATION 

Date 
Station 
Date*Station 
TOTAL 

30 
3 

90 
123 

1.51803 
0.33936 
0.28663 
0.58826 

5.29604 * * 
1.18394 

TABLE 1 C. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF BLUE-GREENS · 
FROM SURFACE TOWS, 1975, AFTER LOGe (x + 1) TRANSFORMATION 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

1 Date 30 126.18573 10.28703 * * 
2 Station 3 3.93328 0.32065 
3 Date*Station 90 12.26648 
4 TOTAL 123 39.84841 

TABLE 1 D. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF YELLOWGREENS 
FROM SURFACE TOWS, 1975, AFTER LOGe (x + 1) TRANSFORr4ATION 

1 
2 
3 
4 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Date 
Station 
Date*Station 
TOTAL 

* p < .05 
** p < .01 

30 
3 

90 
123 

73.12608 
17.93056 
11.38885 
26.60627 

6.42084 * * 
1. 57440 
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TABLE 1 E. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF TOTAL PHYTOPLANKTON 
FROt1 SURFACE Tm~s, 1975, AFTER LOGe (x + l} TRANSFORMATION. 

SOURCE OF 
VARIATION D. F. ~1EAN SQUARE F-RATIO 

1 Date 30 2.30333 16.14310 * * 
2 Station 3 0.20419 1.43110 
3 Date*Station 90 0.14268 
4 TOTAL 123 0. 67117 

TABLE 1 F. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF ZOOPLANKTON 
FROt4 SURFACE TOWS, 1975, AFTER LOGe (x + 1) TRANSFORf4ATION. 

SOURCE OF 
VARIATION D. F. t4EAN SQUARE F-RATIO 

1 Date 30 2.10493 9. 73041 * * 
2 Station 3 0.66899 3.09252 
3 Date*Station 90 0.21632 
4 TOTAL 123 0.68800 

TABLE 1 G. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF DIATDr•1S 
FROM SURFACE TOWS, 1975, AFTER ARCSIN~ p TRANSFORf1ATION 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Date 30 0.21625 10.82905 * * 
2 Station 3 0.06085 3.04709 * 
3 Date*Station 90 0.01996 
4 TOTAL 123 0.06884 

TABLE 1 H. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF GREENS 
'1 FROM SURFACE TOWS, 1975, AFTER ARCSIN'l p TRANSFORMATION 

' II ' I 

! 
·'' 

: . ~ ,~ I 

I 

I I 
I 

I I 

,, 
11,1 

:1' •:1 
, I ~ , 

I 

1 
2 
3 
4 

SOURCE OF 
VARIATION D.F. r4EAN SQUARE F-RATIO 

Date 30 0.40666 22.21496 * * 
Station 3 0.00282 0.15432 
Date*Station 90 0.01830 
TOTAL 123 0.11264 



r 

TABLE 1 I. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF BLUE-GREENS 
FROM SURFACE TO~JS, 1975, AFTER ARCSIN~ p TRANSFORt-·1ATION. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Date 30 0.19852 9. 20855 ** 
2 Station 3 0.08932 4.14326 ** 
3 Date*Station 90 0.02155 
4 TOTAL 123 0.06637 

TABLE 1 J. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF YELLOW-GREENS 
FROM SURFACE TOWS, 1975, AFTER ARCSIN~ p TRANSFO~~TION. 

1 
2 
3 
4 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Date 
Station 
Date*Station 
TOTAL 

30 
3 

90 
123 

0.09269 
0.02611 
0.00691 
0.02830 

13.41365 ** 
3.77840 * 

TABLE 1 K. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF DIATOMS 

1 
2 
3 
4 
5 
6 
7 
8 

FROM SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
LOGe (x + 1) TRANSFORMATION 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Date 30 7.16077 26.51094 ** 
Station 1 0.22024 0.81540 
Depth 1 0.00169 0.00626 
Date*Station 30 0.25114 0.92981 
Date*Depth 30 0.10531 0.38992 
Station*Depth 1 0.05429 0.20103 
Date*Station*Depth 30 0.27010 
TOTAL 123 1.90159 
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TABLE 1 L. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF GREENS 

1 
2 
3 
4 
5 
6 
7 
8 

FRQr4 SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
LOGe (x + 1) TRANSFORI-1ATION 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Date 30 1.63285 11 .83207 * * 
Station 1 0.06753 0.48936 
Depth 1 0.17424 1. 26259 
Date*Station 30 0.18948 1.37305 
Date*Depth 30 0.17626 1. 27724 
Station*Depth 1 0.05244 0.38005 
Date*Station*Depth 30 0.13800 
TOTAL 123 0.52351 

TABLE 1 M. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF BLUE-GREENS 
FROM SURFACE AND BOTTDr·1 TOWS AT N-10 AND S-4, 1975, AFTER 
LOGe (x + 1) TRANSFORMATION 

1 
2 
3 
4 
5 
6 
7 
8 

SOURCE OF 
VARIATION D. F. 

Date 30 
Station 1 
Depth 1 
Date*Station 30 
Date*Depth 30 
Station*Depth 1 
Date*Station*Depth 30 
TOTAL 123 

MEAN SQUARE 

111.12321 
3.86883 

10.12174 
13~97673 
16.40835 
4.63846 

13.54019 
37.96816 

F-RATIO 

8.20692 ** 
0.28573 
0.74753 
1. 03224 
1.21183 
0.34257 

TABLE 1 N. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF YELLOW-GREENS 
FROM SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
LOGe (x + 1) TRANSFORMATION 

1 
2 
3 
4 
5 
6 
7 
8 

SOURCE OF 
VARIATION D. F. 

Date 30 
Station 1 
Depth 1 
Date*Station 30 
Date*Depth 30 
Station*Depth 1 
Date*Station*Depth 30 
TOTAL 123 

r~EAN SQUARE 

79.57910 
3.79380 
2.20548 
5.85279 
9.45016 
1.78684 
8.21728 

25.20948 

F-RATIO 

9.68435 * * 
0.46169 
0.26840 
o. 71225 
l. 15004 
0.21745 
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TABLE 1 O. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF TOTAL PHYTOPLANKTON 
FR0f4 SURFACE AND BOTTm1 TOHS .1\T N-1 0 AND S-4, 1975, AFTER 
LOGe (x + 1) TRANSFORMATION. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Date 30 2.10099 58.28830 ** 
2 Station 1 0.12189 3. 38177 
3 Depth 1 0.00053 0.01495 
4 Date*Station 30 0.09835 2. 72877 * * 
5 Date*Depth 30 0.05282 1.46560 
6 Station*Depth 1 0.09485 2.63146 
7 Date*Station*Depth 30 0.03604 
8 TOTAL 123 0.55986 

TABLE 1 P. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF ZOOPLANKTON 
FROM SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
LOGe (x + 1) TRANSFORNATION 

' 
SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Date 30 1.99098 8.63819 ** 
2 Station 1 0.45347 1.96745· 
3 Depth 1 0.00955 0.04146 
4 Date*Station 30 0.29310 1.27169 
5 Date*Depth 30 0.16158 0.70107 
6 Station*Depth 1 0.02919 0.12666 
7 Date*Station*Depth 30 0.23048 
8 TOTAL 123 0.65672 

TABLE 1 Q. ANALYSIS OF VARIANCE FOR PERCENTAGE OF DIATOMS 

1 
2 
3 
4 
5 
6 
7 
8 

FRDr4 SURFACE AND BOTTOf4 TOWS AT N-10 AND S-4, 1975, AFTER 
ARCSINV p TRANSFORMATION. 

SOURCE OF 
VARIATION D. F. 

Date 30 
Station 1 
Depth 1 
Date*Station 30 
Date*Depth 30 
Station*Depth 1 
Date*Station*Depth 30 
TOTAL 123 

MEAN SQUARE 

0.25297 
0.00764 
0.00982 
0.01048 
0.00569 
0.00744 
0.01097 
0.06852 

F-RATIO 

23.04866 ** 
0.69638 
0.89544 
0.95534 
0.51888 
0.67873 
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TABLE 1 R. ANALYSIS OF VARIANCE FOR PERCENTAGE OF GREENS 

1 
2 
3 
4 
5 
6 
7 
8 

FROM SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
ARCSINV p TRANSFORMATION 

SOURCE OF 
VARIATION D. F. t1EAN SQUARE F-RATIO 

Date 30 0.39181 39.84774 * * 
Station 1 0.00043 0.04406 
Depth 1 0.01946 1.97992 
Date*Station 30 0.01056 1.07490 
Date* Depth 30 0.00959 0.97613 
Station*Depth 1 0.00362 0.36872 
Date*Station*Depth 30 0.00983 
TOTAL 123 0.10307 

TABLE 1 S. ANALYSIS OF VARIANCE FOR PERCENTAGE OF BLUE-GREENS 

1 
2 
3 
4 
5 
6 
7 
8 

FROM SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
ARCSINv p TRANSFO~~TION 

SOURCE OF 
VARIATION D. F. 

Date 30 
Station 1 
Depth 1 
Date*Station 30 
Date*Depth 30 
Station*Depth 1 
Date*Station*Depth 30 
TOTAL 123 

MEAN SQUARE 

0.11786 
0.07517 
0.00121 
0.01937 
0.01149 
0.00191 
0.01265 
0.03999 

F-RATIO 

9.31092 ** 
5.93854 * 
0.09593 
1. 53033 
0.90781 
0.15107 

TABLE 1 T. ANALYSIS OF VARIANCE FOR PERCENTAGE OF YELLOW-GREENS 

1 
2 
3 
4 
5 
6 
7 
8 

FROM SURFACE AND BOTTOM TOWS AT N-10 AND S-4, 1975, AFTER 
ARCSINV p TRANSFORtvtATION 

SOURCE OF 
VARIATION D. F. t1EAN SQUARE F-RATIO 

Date 30 0.10698 24.28582 * * 
Station 1 0.01691 3.83914 
Depth 1 0.00010 0.02450 
Date*Station 30 0.00568 1. 29071 
Date*Depth 30 0.00409 0.92990 
Station*Depth 1 0.00026 0.06129 
Date*Station*Depth 30 0.00440 
TOTAL 123 0.02969 
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APPENDIX III, TABLE 1. RESULTS OF WILCOXIN MATCHED-PAIRS SIGNED-RANKS 
TEST (ONE-TAILED TEST) COMPARING % ~40RTALITY 
AT INTAKE AND DISCHARGE WEIR. 

SPECIES N T p 

Diatoms 8 4 0.0273 

Green Algae 11 12 .OS>p>.025 

Bluegreen Algae 4 SAMPLE TOO SMALL 

Total Zooplankton 11 17 >.OS 
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APPENDIX II I. 

TABLE 2. RESULTS OF LINEAR REGRESSION COMPARING THE CHANGE IN PERCENT 
MORTALITY BETWEEN THE INTAKE AND THE DISCHARGE WEIR TO AMBIENT 
RIVER TEMPERATURE AND THE EXPERIENCED 6t. 

DIATOMS 

Model lt 

SOURCE OF ss MS F R2 

* Regression 2 4767.637 2383.818 6.213 0.5799 
Deviation 9 3453.008 383.667 
TOTAL 11 8220.645 

Model 2tt 

SOURCE OF ss MS F R2 

Regression 1 1980.498 1980.498 3.174NS 0.241 
Deviation 10 6240.145 624.014 
TOTAL 11 8220.643 

Model 1 Adjusted For Model 2 

SOURCE OF ss MS F R2 

Regression 1 2787.139 2787.139 * 5.129 0.339 
Deviation 10 5433.506 543.3506 
TOTAL 11 8220.645 

Continued 
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TABLE 2. (Continued) 

GREEN ALGAE 

Model 1 

SOURCE OF ss MS F R2 

Regression 2 1518.331 759.165 2.350NS 0.2774 
Deviation 9 2907.255 323.028 
TOTAL 11 4425.586 

Model 2 

SOURCE OF ss MS F R2 

Regression 1 1449.515 1449.515 4.871NS 0.328 
Deviation 10 2976.071 397.6071 
TOTAL 11 4425.586 

Model 1 Adjusted For Model 2 

SOURCE OF ss MS F R2 

Regression 1 68.816 68.816 0.158NS 0.050 

Deviation 10 4356.77 435.677 
TOTAL 11 4425.586 

Continued 
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TABLE 2. (Continued) 

TOTAL ZOOPLANKTON 

Model 1 

SOURCE OF ss MS F R2 

Regression 2 412.186 206.093 0.426NS 0.0962 
Deviation 8 3871.023 483.878 
TOTAL 10 4283.199 

Model 2 

SOURCE OF ss MS F R2 

Regression 1 118.357 118.357 0.256NS 0.0276 
Deviation 9 4164.840 462.760 
TOTAL 10 4283.199 

Model 1 Adjusted For Model 2 

SOURCE OF ss MS F R2 

Regression 1 293.829 293.829 0.663NS 0.0686 
Deviation 9 3989.370 443.263 
TOTAL 10 4283.199 

t 
Model 1 ~ Mortality = a + b1 (Ambient °F) + b

2 
(At °F) 

tt 
Model 2 ~ Mortality = a + b

1 
(Ambient °F) 

* p <.OS 
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APPENDIX IV. 

TABLE 2A. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF DIATOMS 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS 
AFTER LOG (X+1) TRANSFORMATION, 1975. MERRIMACK 
RIVER MONfTORING PROGRAM, 1976. 

SOURCE OF 

191 

VARIATION D. F. MEAN SQUARE F-RATIO 

Weeks 24 1.13270 2.905625 ** 
Stations 3 1.28768 3.303183 * 
W X S 72 0.38983 

Total 99 

TABLE 2B. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF CHLOROPHYTA 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER LOG

8 (X+1) TRANSFORMATION, 1975. MERRIMACK RIVER MONITORING 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Weeks 24 11.48890 3.637926 ** 
Stations 3 7.20702 2.282081 
W X S 72 3.15809 

Total 99 

TABLE 2C. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF CYANOPHYTA 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER LOG 
(X+1) TRANSFORMATION, 1975. MERRIMACK RIVER MONITORING 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Weeks 18 68.19812 6.294667 ** 
Stations 3 6.89985 0.636854 
W X S 54 10.83427 

Total 75 

Continued 



TABLE 2D. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF ZOOPLANKTON 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER LOGe 
(X+l) TRANSFORMATION, 1975. MERRIMACK RIVER MONITORINu 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

192 

1 Weeks 24 20.62120 2.370906 ** 
2 Stations 3 6.95207 0.799309 
3 W X S 72 8.69760 

Total 99 

TABLE 2E. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF ZOOFLAGELLATES 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER LOGe 
{X+l) TRANSFORMATION, 1975. MERRIMACK RIVER MONITORING 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 7 5.40972 1.708390 
2 Stations 3 8.42247 2.659817 
3 W X S 21 3.16656 

Total 31 

TABLE 2F. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF TOTAL PERIPHYTON 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER LOGe(X+l) 
TRANSFORMATION, 1975. MERRIMACK RIVER MONITORING 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

1 Weeks 24 2.75843 20.348406 ** 
2 Stations 3 0.08733 0.644216 
3 W X S 72 0.13556 

Total 99 

* 0.05 > p > 0.01 
** p :: o:-o1 -
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TABLE 2G. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF DIATOMS 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER 
ARCSINJP TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Weeks 24 0.30595 13.7074 
Stations 3 0.12414 5.5618 
W X S 72 0.02232 

Total 99 

TABLE 2H. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF CHLOROPHYTA 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER 
ARCSIN/P TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Weeks 24 0.26751 14.02044 

** 
** 

** 
Stations 3 0.11186 5.8626934 ** 
W X S 72 0.01908 

Total 99 

TABLE 2I. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF CYANOPHYTA 
FRm4 WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER 
ARCSINJ'if' TRANSFORf~ATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Weeks 18 0.51881 12.477392 
Stations 3 0.00953 0.22919672 
W X S 54 0.04158 

Total 75 

Continued 

** 
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TABLE 2J. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF ZOOPLANKTON 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER 
ARCSIN v"f TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 
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Weeks 24 0.02279 2.9293059 ** 
Stations 3 0.00570 0.73264781 
W X S 72 0.00778 

Total 99 

TABLE 2K. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF ZOOFLAGELLATES 
FROM WEEKLY TWO-FOOT DEPTH PERIPHYTON PANELS AFTER 
ARCSINR TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 7 0.00386 1.2697368 
2 Stations 3 0.00993 3.2664473 
3 W X S 21 0.00304 

Total 31 
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TABLE 2L. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF DIATOMS 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON 
PANELS AFTER LOG (X+1) TRANSFORMATION, 1975. 
MERRIMACK RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Weeks 25 1.30281 6.985950 
Stations 1 0.00001 0.00005362 
Depths 1 4.17369 22.380234 
t-1 X S 25 0.57393 3.077538 
WxD 25 0.13068 0.700735 
S X D 1 0.14140 0.758218 
W X S X D 25 0.18649 

Total 103 

TABLE 2M. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF CHLOROPHYTA 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER LOGe(X+l) TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORINu PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 25 7.40841 6.971375 
2 Stations 1 1.86292 1. 753023 
3 Depths 1 0.02495 0.023478 

12 W X S 25 2.43576 2.292070 
13 WxD 25 0.39531 0.371990 
23 S X D 1 0.71173 0.669744 

123 W X S X D 25 1.06269 

Total 103 

Continued 

** 

* 
** 

** 

* 
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TABLE 2N. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF CYANOPHYTA 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON 
PANELS AFTER LOG (X+1} TRANSFORMATION, 1975. MERRIMACK 
RIVER MONITORINGePROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

1 Weeks 19 99.10091 14.548161 
2 Stations 1 44.95786 6.599881 
3 Depths 1 16.70999 2.453051 

12 W X S 19 17.11185 2.512045 
13 WxD 19 6. 72077 0.987636 
23 S X D 1 28.67993 4.210256 

123 W X S X D 19 6.81192 

Total 79 

TABLE 2P. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF ZOOPLANKTON 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER LOGe(X+l} TRANSFORMATION, 1975. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

1 Weeks 25 19.41296 3.771045 
2 Stations 1 0.39089 0.075932 
3 Depths 1 15.78215 3.065745 

12 W X S 25 6.70655 1. 302774 
13 W X D 25 9. 37779 1.821673 
23 S X D 1 13.86312 2.692966 

123 W X S X D 25 5.14790 

Total 103 

Continued 

** 
* 

* 

* 

** 
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TABLE 2Q. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF ZOOFLAGELLATES 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER LOG (X+1} TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 8 6.35066 2.874447 
2 Stations 1 4.16017 1.882984 
3 Depths 1 1.13881 0.515450 

12 W X S 8 3.02415 1.368796 
13 WxD 8 2.21596 1.002992 
23 S X D 1 11.26151 5.097205 

123 W X S X D 8 2.20935 

Total 35 

TABLE 2R. ANALYSIS OF VARIANCE FOR THE ABUNDANCE OF TOTAL PERIPHYTON 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER L0Ga(X+1) TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 25 3.42734 40.231717 
2 Stations 1 0.44646 5.240756 
3 Depths 1 2.04904 24.052588 

12 W X S 25 0.18801 2.206949 
13 WxD 25 0.07216 0.847048 
23 S X D 1 0.01174 0.137809 

123 W X S X D 25 0.08519 

Total 103 

* 0.05 > p > 0.01 
** p < 0.01 

** 

** 
* 
** 
* 
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TABLE 2S. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF DIATOMS 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON 
PANELS AFTER ARCSIN v'P TRANSFORMATION, 1975. 
MERRIMACK RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Weeks 25 0.26747 16.551361 
Stations 1 0.05612 3.472772 
Depths 1 0.09020 5.581683 
W X S 25 0.04172 2.581683 
WxD 25 0.00664 0.410891 
S X D 1 0.00454 0.280940 
W X S X D 25 0.01616 

Total 103 

TABLE 2T. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF CHLOROPHYTA 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER ARCSINv'P TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

1 Weeks 25 0.30021 28.188732 
2 Stations 1 0.00052 0.048826 
3 Depths 1 0.02968 2.786854 

12 W X S 25 0.03050 2.863849 
13 W X D 25 0.00923 0.866666 
23 S X D 1 0.01609 1.510798 

123 W X S X D 25 0.01065 

Total 103 

Continued 

** 

* 
* 

** 

** 
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TABLE 2U. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF CYANOPHYTA 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER ARCSINv'P TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 19 0.65862 21.650887 
2 Stations 1 0.08018 2.635765 
3 Depths 1 0.00522 0.171597 

12 W X S 19 0.05548 1.823800 
13 WxD 19 0.01660 0.545693 
23 S X D 1 0.03308 1.087442 

123 W X S X D 19 0.03042 

Total 79 

TABLE 2V. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF ZOOPLANKTON 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER ARCSINJ1r TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

1 Weeks 25 0.02863 5.703187 
2 Stations 1 0.00274 0.545816 
3 Depths 1 0.06010 11.972111 

12 W X S 25 0.00807 1.607569 
13 WxD 25 0.01090 2.171314 
23 S X D 1 0.00485 0.966135 

123 W X S X D 25 0.00502 

Total 103 
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** 

** 

** 

* 

Continued 



TABLE 2W. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF ZOOFLAGELLATES 
FROM WEEKLY TWO-FOOT AND SIX-FOOT DEPTH PERIPHYTON PANELS 
AFTER ARCSIN P TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION 

1 Weeks 
2 Stations 
3 Depths 

12 W X 5 
13 wxo 
23 5 X 0 

123 W X 5 X 0 

Total 

* 0.05 > p > 0.01 
** p < 0.01 

D.F. MEAN SQUARE F-RATIO 

8 0.00645 3.241206 
1 0.00261 1. 311557 
1 0.00307 1. 542713 
8 0.00288 1.447236 
8 0.00323 1.623115 
1 0.01321 6.638190 
8 0.00199 

35 

200 

* 
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TABLE 3A. ANALYSIS OF VARIANCE OF NUMBER OF DIATOMS/mm2 
AT TWO-FOOT DEPTH ON MONTHLY PERIPHYTON PANELS 
AT STATIONS N-10, ZERO-WEST, S-4 AND S-17, 1975. 
MERRIMACK RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE 

Months 5 1. 54739 
Stations 3 0. 07722 
M X S 15 0.41327 

Total 23 

TABLE 38. ANALYSIS OF VARIANCE OF NUMBER OF CHLOROPHYTA/mm2 
AT TWO-FOOT DEPTH ON MONTHLY PERIPHYTON PANELS AT 
STATIONS N-10, ZERO-WEST, S-4 AND S-17, 1975. 
MERRIMACK RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE 

Months 5 2.77279 
Stations 3 0.09499 
M X S 15 0.33712 

Total 23 

F-RATIO 

3.744 
0.187 

F-RATIO 

8.225 
0.282 

TABLE 3C. ANALYSIS OF VARIANCE OF TOTAL NUMBER OF ORGANISMS/mm2 
AT TWO-FOOT DEPTH ON MONTHLY PERIPHYTON PANELS AT STATIONS 
N-10, ZERO-WEST, S-4 AND S-17, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Months 5 1.67676 10.013 
Stations 3 0.08217 0.491 
M X S 15 0.16745 

Total 23 

* Significant at 0.05 > P > 0.01 
** Significant at a ~ 0:01 -

* 

** 

** 
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TABLE 3D. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF DIATOMS 
FROM MONTHLY TWO-FOOT DEPTH PERIPHYTON PANELS AT 
STATIONS N-10, ZERO-WEST, S-4 AND S-17 AFTER ARCSIN 
v'lf TRANSFORMATION, 1975. MERRIMACK RIVER 
MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Months 5 0.32794 10.6578 
Stations 3 0.00956 0.3107 
M X S 15 0.03077 

Total 23 

TABLE 3E. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF CHLOROPHYTA 
FROM MONTHLY TWO-FOOT DEPTH PERIPHYTON PANELS AT 
STATIONS N-10, ZERO-WEST, S-4 AND S-17 AFTER ARCSINJ1> 
TRANSFORMATION, 1975. MERRIMACK RIVER MONITORING 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Months 5 0.27895 12.537 
Stations 3 0.01511 0.679 
M X S 15 0.02225 

Total 23 

** 

** 

** p < 0.01 
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TABLE 3F. ANALYSIS OF VARIANCE OF NUMBER OF DIATOMS/mm2 

TABLE 3G. 

AT TWO-FOOT AND SIX-FOOT DEPTHS ON MONTHLY 
PERIPHYTON PANELS AT STATIONS N-10 AND S-4, 1975. 
MERRIMACK RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Months 4 0.67622 4.9176 
Stations 1 0.12125 0.8817 
Depths 1 0.66818 4.8590 
M X S 4 0.58092 4.2250 
M X D 4 0.15059 1.0950 
S X D 1 0.00605 0.044 
M X S X D 4 0.13751 

Total 19 

ANALYSIS OF VARIANCE OF NUMBER OF CHLOROPHYTA/mm2 
AT TWO-FOOT AND SIX-FOOT DEPTHS ON MONTHLY PERIPHYTON 
PANELS AT STATIONS N-10 AND S-4, 1975. MERRIMACK 
RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Months 4 6.23650 30.067 
Stations 1 0.06875 0.331 
Depths 1 1.81468 8.749 
M X S 4 1.87140 9.022 
MxD 4 1.30864 6.309 
S X D 1 0.00037 0.002 
M X S X D 4 0.20742 

Total 19 

** 

* 
* 

Continued 



TABLE 3H. ANALYSIS OF VARIANCE OF TOTAL NUMBER OF ORGANISMS/mm2 
AT TWO-FOOT AND SIX-FOOT DEPTHS ON MONTHLY PERIPHYTON 
PANELS AT STATIONS N-10 AND S-4, 1975. MERRIMACK 
RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 

204 

VARIATION D. F. MEAN SQUARE F-RATIO 

1 Months 
2 Stations 
3 Depths 

12 M X S 
13 MxD 
23 S X 0 

123 M X S X 0 

Total 

* 0.05 > p > 0.01 
** p < 0.01 -

4 1.44374 14.404 ** 
1 0.03886 0.388 
1 0.32938 3.286 
4 0.42611 4.251 
4 0.25535 2.548 
1 0.00115 0.011 
4 0.10023 

19 
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TABLE 3I. ANALYSIS OF VARIANCE FOR THE PERCENTAGE OF DIATOMS 
FROM TWO-FOOT AND SIX-FOOT DEPTH MONTHLY PERIPHYTON 
PANELS AT STATIONS N-10 AND S-4 AFTER ARCSINv1' 
TRANSFORMATION, 1975. MERRIMACK RIVER MONITORING 
PROGRAM, 1976. 

SOURCE OF 
VARIATION D. F. MEAN SQUARE F-RATIO 

Months 4 0.26226 20.267 
Stations 1 0.02213 1. 710 
Depths 1 0.01223 0.945 
M X S 4 0.07126 5.507 
M X D 4 0.00309 0.239 
S X D 1 0.00001 0.001 
M X S X D 4 0.01294 

Total 19 

TABLE 3J. ANALYSIS OF VARIANCE FOR THE PERCENTAG OF CHLOROPHYTA 

1 
2 
3 
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FROM TWO-FOOT AND SIX-FOOT DEPTH MONTHLY PERIPHYTON PANELS 
AT STATIONS N-10 AND S-4 AFTER ARCSIN/P TRANSFORMATION, 
1975. MERRIMACK RIVER MONITORING PROGRAM, 1976. 

SOURCE OF 
VARIATION D.F. MEAN SQUARE F-RATIO 

Months 4 0.35479 35.657 
Stations 1 0.01024 1.025 
Depths 1 0.00259 0.260 
M X S 4 0.05112 5.138 
M X D 4 0.01732 1. 741 
S X D 1 0.00319 0.321 
M X S X D 4 0.00995 

Total 19 

* 0.05 > p > 0.01 
** p < 0.01 -

** 

** 


