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Executive Summary

) The Great Bay Estuary is one of two estuaries in New Hampshire. The system
involves seven rivers, Little Bay and Great Bay, and one-third of the watershed is located
across the Piscataqua River in Maine.

According to several assessments by various government and swate agencies, the
Great Bay Estuary is undergoing stress as is witnessed by the closing of more than half its
shellfish beds for nearly a decade. Although most sewage treatment plants have been
upgraded to at least secondary treatment status, coliform counts are high in some portions
of the rivers and the bays. There is potential for increased nutrient-loading, oil spills, and
toxic pollution from resuspended solids and from several Super Fund sites at the former
Pease Air Force base.

The Great Bay Watch is a volunteer estuarine monitoring group of adults, teachers
and stadents who have been taking samples and making analyses of several parameters,
including dissolved oxygen, temperature, water transparency, salinity, pH and fecal
‘coliform bacteria for the past five years. Their mission 1s to add information to the long

“term data base being developed for the estuary by the University of New Hampshire's
Jackson Estuarine Laboratory and the Great Bay National Estuarine Research Reserve.
Activities of the program bring attention to critical problems in water quality that are

" developing in the estuarin€ system. The Great Bay Watch is also an educational program
that has done much to inform communities around the estuary of the need to conserve this
valuable estuarine system. Staff members and volunteers participate in local, regional and
pational conferences and workshops, helping the public to become better informed
decision-makers.

The Great Bay Watch has instituted a Quality Assurance/Quality Control Program to
ensure and document that the volunteers consistently produce useful data. Attention to both
accuracy and precision are an impertant pari of the program. Thus far, the volunteer
monitors are performing at an acceptable level, providing data that is valid.

The data show that while the Great Bay estuary is still fairly healthy, it has some
specific problems that need to be addressed by appropriate actions of individuals and town
and state governments. High fecal coliform counts in some of the rivers define problem
areas that should be investigated and solved. Levels of dissolved oxygen below state

standards in the Oyster, Lamprey, and Winnicut Rivers should also be investigated.

The Great Bay Watch intends to continue its monitoring and educational program
and will actively seek funding to support its efforts. _
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General Section




The Great Bay Watchers use simple equipment to monitor dissolved oxygen,pH,
transparency and depth, salinity and temperature twice each month on the high and low
tides from April through November. They take water samples and analyze them for fecal
coliform bacteria. They also make written observations of weather conditions, cloud
cover, surface state of the water, and recreational or development activities that may be
taking place during the sampling (Appendix 1). A list of sampling kit supplies can be
found in (Appendix 3), along with a sample field data sheet (Appendix 4).

Sampling at Portsmouth Country Club - Site S (figure 5)

Other Efforts

Efforts to conserve the Great Bay estuary have taken several other forms.  After
the attempts by Aristotle Onassis in the early 1970's to build an oil refiery on the shores of
Great Bay were defeated through efforts of local citizens, the Great Bay Conservation Trast
was formed. Acting in conjunction with planners from local and state planning offices, the
Trust presented a nomination of the Great Bay proper and waters adjacent to Adams Point
for mational estarine research reserve status to NOAA. Their efforts culminated in official
designation for the Great Bay National Estuarine Research Reserve in October 1989. Four
years later, in the wake of the closing of Pease Air Force Base, about 1200 acres of the
former base became one of 500 U.S. Fish and Wildlife refuges.

Governor Gregg and Evelyn Brown, Great Bay National Estuarine Research
Reserve Dedication, October 1989 (figure 6)
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What has the Great Bay Watch found?

The Great Bay Watch has assembled a considerabie data base over the past frve
vears. The data generally indicate that the estuarine system, while not "pristne, " 1s 10 good
overall health. Salinity and temperature show the seasonality and spatial patterns
characteristic of estuaries. Highest average salinities were measured at sites closest 1o the
ocean, while the lowest (and most variable) salinities were noted in the tidal rivers, where
the influence of fresh water discharge is the strongest. Salinity seemed to increase 10 some
degree in the estuary over the period of 1990-94, with larger changes w1th1p_t}1€
estuary/tidal rivers and more subtie increases closer to the ocean. These higher salinities
are likely caused by reduced levels of precipitation and stream flow. High tide Light
penetration at various sites was characteristic of the sites’ locations (deeper penetration
closer 10 the ocean), with few noticeable changes over the period of record. D:ssolv_ed
oxygen and fecal coliform data, however, indicate some rather significant water quality
problems in some arcas, especially in some of the tidal nvers.

Most sites generally showed healthy levels of dissolved oxygen, with percent
saturation values tending to be well above the state standard for Class B waters of 75%
saturation. Sites on the Oyster and Winnicut Rivers, as well as one site on the Lamprey
River. showed recurnng low tide (early moming) oxygen depictions. These depletions
were not persistent, however, as high tide values at these sites were above the 75%
saturation level, Nevertheless, the sources causing these problems should be investigated.
The only site to have all observations above 75% saturation was Site 4 (Depot Road).
although it should be noted that only high tide (afternoon) samples are collected at this site.
Most sites showed relatively stable levels of percent saturation over the period of record,
although two sites on the Lamprey River (Sites 3 and 12) exhibited slhightly decreasing
saturation Jevels from 1990-94, especially at low tde.

Consistently hugh fecal coliform levels at low tide were found 1n the Winnicut and
Cocheco Rivers. High bacteria counts at both high and low tide were noted in the Lamprey
and Squamscott Rivers. Other 1idal nivers, inciuding the Oyster and upper Piscataqua,
show somewhat elevated fecal coliform levels. Fecal coliform data in Great Bay, Little
Bay. and in the lower Piscataqua River show fairly low counts, although occasionally high
counts have occurred 1n these areas as well. Most sites showed considerable variation in
fecal coliform levels. Because of differing methods of analysis, different bacterial
indicators, and other factors, direct application of N.H. Class B water quality standards for
swimmung, shellfishing, etc. to GBW data would not be appropriate. However, the data
do outhine where some significant water quality problems exist and point toward the need
for further investigation by state and local regulatory agencies.



How does the Great Bay Watch ensure the quality of its data?

The Great Bay Watch has a Quality Assurance and Quality Control Plan (QA/QC) -
Quality assurance (QA) is a way to effectively collect environmentai data and determine
how believable or reliable thev are. It is a process that ensures that 2 monitoring program is
adequately planned and conducted to provide data of the highest quality. Operaung
ptinciples and procedures used for data coliection, sample handling, analysis, and data
review, for the field and the laboratory, are designed to provide data that are of a known
quality. Quality control (QC) is the set of steps taken during sample collection and analysis
to ensure that the data quality meets the minimum standards established by a Qualiry
Assurance Project Plan (10).

The Great Bay Watch utilizes its own Quality Assurance Project Plan, which
closely follows the guidelines of the Environmental Protection Agency. The excerpts from
the Quality Assurance Project Plan can be found in Appendix 5. The plan includes
frequent ratning and QA/QC meetings to ensure that the volunteers are sufficiently trained
and that their techniques continue to be accurate and precise. The volunteers have heid a
total of six QA/QC sessions to date.

Split samples by QA/QC teams are performed periodically to double-check the
volunteers ‘equipment and technique. Jackson Estuarine Laboratory scientists and
technicians from Dover and Newmarket wastewater treatment facilities perform split
samples with the Watchers for fecal coliform analyses, also. The equipment is calibrated
twice a season to verify its accuracy. Calibration checks of equipment are performed by the
supervisor of the chemistry laboratory in the chemistry department of the University of
New Hampshire.

Great Bay Waich data is collected, checked and analyzed by the Great Bay Waich
Coordinator with the assistance of the Technical Advisory Commuttee. It is then
transmitted to appropriate organizations, agencies and/or individuals. Data are managed
through the use of the data and spread-sheet program, Quattro-Pro.

Analyses show that efforts to maintain high qualiry data collection techniques and
instrumentation by the volunteers have produced encouraging results. Monitors are
performing well and producing valid data. For a more detailed view of this subject, please
consult Section B of the technical portion of this report.



What is the Great Bay Watch's education program?

Educating the Great Bay Watchers and others about the value of the Great Bay
estuary as a natural resource is a primary goal of the program. Each month, the monitors
attend a three-hour meeting where they learn more about the estuary from speakers drawn
from nearby universities, the Jackson Estuarine Laboratory, the Wells and Gf_cat Bay
National Estuarine Research Reserves, local and state governmental agencies, and
organizations such as the Great Bay Trust. The speakers lecture on such pertinent topics as
standards for water quality, salt marsh restoration, the importance of preserving estuarine
habitat and pollution prevention (Appendix 5). Mounitors are encouraged to ask questions
and add any information they may have on these or related topics.

The monthly meetings also include time for instruction on specific sampling
techniques. The two technical teaching video tapes entitled How to Sample for Fecal
Coliferm Bacteria and Processing Fecal Coliform Bacterial Samples
developed by the Great Bay Watch program are valuable teaching tools. ‘They are used by
new monitors 1o reinforce techniques being leamed, as well as by volunteers who need to
review their methods. These meetings also afford opportunities for the monitors to check
equipment, calibrate instruments, access resource materials, and to ask technical questions

and exchange information (Appendix 6).

A newsletter for all the volunteers who work with Sea Grant educational programs
devotes a page to the activities of the Great Bay Watch. There are also mailings of
important dates and other information sent to the monitors as needed.

The Grea: Bay Waich: A
Citizens' Water Monitoring
Manual which is used as a basis for
volunteer monitor training is a
document that contains information
about why the samples are being
taken, the importance of each
parameter to the ecosystem, and
general geographical and ecological
information. Instructions on how to
take samples, do simple analyses such
as the dissolved oxygen test, and how
to keep the record sheet properly are
also a part of the manual (Appendix
7).

The program's commitment to
increase the involvement of high
school teachers and their students bas
resulted in the participation of seven
high schools, 10 teachers, and more
than 130 studeats over the course of
five years (Appendix 2). Students and
teachers are trained in water quality
sampling techniques and are
encouraged to attend the monthly
meetings. They also participate in
QA/QC sessions. The students gather

A Watchful Eye on the Water (figure7)

PEENCRIRPREY o

Jim F, a hemisﬂy teacher at Hewmm High ,
and two of his students test the water of the Lamprey River,
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samples, record data, and make simple analyses in the same way that the adult monitors do.
In one of the schools students perform coliform analysis of water samples from several of
the sites Several students are now pursuing careers in the sciences as a direct result of
participation in the program. Students also have the opportunity to share what they have
learned with other students, adult monitors from other programs, and officials from local,
state, and {federal governmental agencies.

The teachers are infusing the program into their regular science classes, and one has
added a marine/estuarine biology course. Several are using the program as motivation for
their students to improve their computer skills. Teachers are enthusiastic participants in the

- program and have indicated their support in many ways, including inducing their schools to
pay for sampling kits and supplies they use (Appendix 9).

The Great Bay Watch is active in public education, also. Volunteers and Great Bay
Waich staff participate in educational workshops such as the Maine-New Hampshire Water
Monitoring Fair. Training sessions and workshops for science teachers and participants in
state and national environmental conferences, special exhibits and demonstrations at local
celebrations have been effective ways to educate the public. Aduit monitors and smidents-
are often a part of these educational ocutreach efforts. In this way, the Warch increases the
public’s general awareness of the estuary as an important resource and broadens the scope
of what volunteer monitoring groups do. This is also an effective recruitment tool for
attracting new citizens to volunteer monitoring (Appendix 10).

Water Quality Monitoring Fair (figure 8)
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Who are the partners of the Great Bay Watch?

The Great Bay Watch has partnerships with many different groups. Some are
governmental agencies which include the N.H. Departments of Enviropmental Services and
Health and Human Services’ Division of Public Health. For the past four years, the N.H.
Office of State Planning's Coastal Program has shared the responsibility with monitors
from the Watch for the sampling site at the mouth of the Piscataqua River. The Program
has also had technical and financial support from the federal programs such as the Great
Bay and Wells, Maine National Estuarine Research Reserves.

From the beginning, UNH's Jackson Estuarine Laboratory scientists have assisted
at most stages of development of the program. They gave assistance in writing the original
proposal to start the Great Bay Watch. They join water quality experts from New
Hampshire Cooperative Extension to form the nucleus of the Great Bay Watch's technical
advisory commitiee.

The Great Bay and Wells National Estuarine Research Reserves are partners and
supporters of the Great Bay Waich Program. Both reserves have been sites for special
educational programs for volunteers, and continue to contribute technical assistance. The
Great Bay National Estuarine Research Reserve has also donated supplies and funding
through its managing office, the N.H. Fish and Game Department.

Technicians from the Newmarket and Dover wastewater treatment facilities have
supported the program through generous contribution of their expertise in training
volunteers and donating supplies. They have also been willing to work closely with the
high schools in their communities on the processing of feca! coliform samples.

The Great Bay Watch is working closely with Maine's Cooperative Extension
Program to develop a Northern New England Citizen Estuarine Water Monitoring Model.
That model includes a set of three general instructional video tapes and technical assistance
o groups who want to set up water quality monitoring programs. Seed money from
Maine's Shore Stewards and Partners in Monitoring program, assisted Marshwood High
School with setting up three sites along the Maine side of the Piscatagua River. Ope of
these locauons is also a Great Bay Watch site.

Great Bay Watch staff sit on the board of the Collaboration of Community
Foundations to assist communications among water monitoring groups in the Gulf of
Maine. The Great Bay Watch has also participated in programs that originate with the Gulf
of Maine Council’s Public Education and Participation Committee, including work with
the Marine Debris Committee. Recently the Public Education and Participation
Committee’s mandate has expanded to include working directly with volunteer water

monitoring groups in the Gulf of Maine Watershed, and the Great Bay Watch expects to be
an active partner in those efforts.

12
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Who provides technical advice for the Great Bay Watch?

The Great Bay Watch is guided by a Technical Advisory Committee composed of
scientists from the Wells National Estuarine Research Reserve in Maine, the UNH Jackson
Estuarine Laboratory, and N.H. Cooperative Extension, personnel from local sewage
treatment plants, N.H. Office of State Planning, and teachers. The committee meets
several times each year 1o provide oversight of monitoring techniques. to suggest areas into
which the Watch might expand, and to provide technical expertise.  Each member is very
accessible to the program and is available to answer specific questions or concerns.
(Appendix 11).

In addition, association with the New Hampshire/Maine Monitoring Fair Committee
members provides additional technical aid. This committee includes representatives from
Maine's Cooperative Extension, the Friends of Casco Bay, Maine's Division of Marine
Resources and Department of Environmental Protection, the Presumpscot River Watch and
the Shore Stewards Partners in Moritoring Program.

Who are the recipients of the Great Bay Watch data?

Data from the Great Bay Watch are being requested and utilized. In a state where
financial constraints make it dufficult to monitor estuarine waters on a regular basis, the
Great Bay Waich has filled a large gap with its work. Over the last five years, data have
been sent to 24 state and local agenctes, two regional planning offices, three scientific
laboratories and several individual researchers (Appendix 12). Great Bav Warch data are
part of a long-term data base that scientsts at Jackson Estuarine Laboratory maintain for the
Great Bay National Esmarine Research Reserve.

Who funds the Great Bay Watch?

The Great Bay Watch has received funding from multiple sources. beginning with
start-up funds from NOAA. The Great Bayv Estuarine Research Reserve, the New
Haropshire/Maine Sea Grant Marine Advisory Program, the Great Bay Conservation Trust
and the UNH Undesiguated Gifts Program have all contributed funds. The USDA's Great
Bay Hydrologic Unit has been a major supporter for the last three vears. In addition,
support has been received from the Coastal Program of the N.H. Office of State Planning.
UNH Cooperative Extension Sea Grant has provided support in terms of oversight and
funding. Financial support from the city of Dover's Conservation Commission and
contributions from individuals throughout the Seacoast indicate grassroots community
support as well as help with financing the Watch (Appendix 13).

13



What does the Great Bay Watch cost to operate? Py

The Great Bay Watch has grown from 30 volunteers the first year to more than 102
participants currently.  Both the adult and school programs have been expande
significantly. The coordinator's position became full-time and a few additional part-time
personnel have been added for technical and clerical support. Parameters such as coliform
bacteria sampling and analysis have been added, with a total of three laboratones set up to
process the samples. The eight original moritoring sites have been increased to 15.

The growth of the program has been paralleled by an increase in costs. In 1990,
the Watch's budget was $9000. By 1994, the budget had increased to about four times
the original figure, at least half of which was for salaries. In addition, in 1994, there were
several "one-time only" purchases including a refrigerator, a computer, an autoclave,
several pH meters, and production of a video.

Still, the program is inexpensive considering the fact that if volunteers had been
paid at the rate of $12 per hour for their time over the past five years, their salaries would
have totaled $123,456.

Table 1. Great Bay Watch Budget, 1994

Budgeted Expended
Personnel 36,000 35,392.02
Benefits 9,000 9,000.00 -
o
Travel 1,800 1.764.93
Equipment 2,000 1,934 .00*
Education 500 496.00
Supplies 8.200 _8,209.55%
$57,500 $56,796.50
¥(onetume only purchases)
Budget Explanation
Personne] includes the coordinator's salary as well as several technical and clerical
employees (some of whom assisted in preparing the data and doing the analysis for this
Ieport).
Benefits have been estimated, since actual figures were not readily available.
Travel includes trave! for the coordinator to attend two national meetings and several
regional, state, and local ones where she made presentations.
The supplies and equipment lines include onetime expenses: refrigerator, autoclave, pH
meters, computer and software, video production.
Education includes boat fees for an educational cruise on Great Bay for the Watchers, m
£ |
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What are some future actions the Great Bay Watch may take?

*  The Great Bay watch will continue to recruit and train adult and student monitors, as
well as updating current volunteers to ensure high quality data.

*  The Great Bay Watch will continue to collect information on the basic parameters
(temperature, light transparency, salinity, pH, and dissolved oxygen) in order to
continue to provide data for the long-term picture of the estuary. Coliform bacteria will
also be collected regularly at selected sites.

*  Other parameters and sites for monitoring, as recommended by the Technical Advisory
Committee, will be seriously considered.

* Shoreline survey procedures may be expanded.

*  Assistance to the Lamprey River Watershed Committee will be offered as they begin to
set up their Lamprey rver monitoring program.

*  Skills and networking capabilitics for data management and analysis will be updated.

* The Quality Assurance/ Quality Control Plan will be updated and adjusted as deemed
necessary by the Technical Advisory Committee.

*  The educanonal evaluation component of the program will be expanded.
* Parmerships with town governments and regional planning offices will be pursued with

vigor. If local problems can be solved at the local level, the Watch will have served a
very important purpose.

15



What have been the major accomplishments of the Great Bay
Watch?

The spatial array of data on the water quality of the Great Bay estuarine system has
been greatly increased, helping to provide a more complete picture of the estuary for
scientists, private and public agencies, and local citizens.

Because of the Great Bay Watch's rigorous quality control efforts, it has achieved data
results comparable to those achieved by scientists from UNH's Jackson Estiarine
Laboratory, the N.H. Office of State Planning and Department of Health and Human
Services, and the Newrnarket wastewater treatmnent facility.

The Great Bay Watch is serving as an "early waming systern” by identifying several
locations where fecal coliform counts warrant further investigation by appropriate local
and state agencies. One such site has been checked by the N.H. Department of
Environmental Services and funds to begin action to alleviate the problem have been
included in that agency's budget this year. The town's budget has also been increased
1t order to approach solution of the problem.

Participation in local, state, regional, and national events inciuding conferences,
workshops, and commuttees helped to focus public anention and interest on the vital
roles of estuanies in general and Great Bay in particular.

The Great Bay Watch has educated a core of volunteers about the importance of
conserving the estary and its resources, and has provided a direct avenue for their
active participation in the process.

Expanding the program to include tugh school students and their teachers has given
educational programs a more direct link to their communities and, in the case of
Newmarket. has contributed to greater community and financial support for the school.

Parucipation in the Great Bay Watch has provided science career-related information

and expenence for students and has been a direct influence on the choice of careers for
several students who have been associated with the program.

16
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Technical Section




A: Water Quality Data and Analyses

What are the parameters that the Great Bay Watch monitors?

The Great Bay Watch measures several water quality indicators to track the overall
health of the estuary. These standard parameters are routinely measured in water quality
studies, and the volunteers use measurement techniques that are comrnonly employed in
monitoring programs throughout the country. All surface waters in the state are classified
as "Class A" (highest quality, potential drinking water supply, discharge of sewage or
wastes prohibited) or "Class B (second highest quality, suitable for fishing, swimming,
and other recreational uses) by the N.H. Department of Environmental Services (11). All
N.H. tidal waters are Class B waters. General water quality standards for each class are
established in state law (RSA 485-A:8), and where applicable, the data are compared to
those standards.

Water temperature is a basic measurement included in water quality studies not only
because it affects biological activity, but also because it affects pH (warmer temperatures
slightly increase pH) and dissolved oxygen readings (cold water holds more dissolved
oxygen than warm). Water temperatures are greatly affected by the season, with highs
occurring in the late summer and lows in winter/early spring. In an estuarine environment,
temperatures tend to be cooler and less variable close to the ocean, and warmer and more
variable in the inner estary and tidal rivers. These characteristics are well represented in
GBW data.

Salinity is another basic measurement in tidal areas. Variations in salinity Jevels
affect when and where different organisms can live in the estuary. Because estuaries are
embayments where fresh water mixes with salt water, it is not surprising that salinity
readings vary with the season. Spring rains and snow melt cause rivers to swell,
decreasing salinity in the bay. As stream flows decrease and evaporation from the bay's
surface increases during the summer months, salinities begin to rise. Salinities tend to drop
again in mid to late fall as autumn rains increase river flows. This seasonality is reflected
well in the data from most GBW sites. Salinities tend to be lower and vary greatly in the
large tidal rivers over the year and are normally higher and less variable closer to the ocean.
Safinity measured with a hydrometer and thermometer, and is expressed as parts per
thousand (ppt: parts of dissolved solids per 1000 parts sea water).

pH is a measure of the hydrogen ion concentration in water; hence, it is 2 measure
of acidity. The pH scale ranges from O to 14, with a pH of 7.0 being peutral (neither acidic
or basic). Acidic waters have pH readings less than 7, while basic (or alkaline} waters
have pH readings of greater than 7. Open ocean waters tend to bave a pH just over &,
while fresh water tends to be slightly acidic. Estuarine waters, a mixmre of fresh and salt
water, tend to have pH readings between 7 and 8. pH in Great Bay may vary slightly over
a year, but in general shows littie seasonality or year-to-year variability. Large changes in
pH can have a significant impact on estuarine life, and readings well above or well below
the 7-8 range may indicate pollution. New Hampshire standards for Class B waters
specify that pH readings should be between 6.5 and 8.0, unless naturally occurring. pHis
measured with an electronic "pocket” pH meter.

Dissolved oxygen (D.0.) is an important measure of the health of the estuary, as
aquatic animals and plants require it for survival. Several factors affect the oxygen content
of the water. Temperature (cold water holds more oxygen) and salinity (salty water holds
less oxygen) significantly affect the amount of oxygen in the water. Wind/wave action, as
well as photosynthesis in the water (by pbytoplankton and submerged aquatic vegetation),

17



can increase D.O. values. Low dissolved oxygen can .be an indicator of_ pollution from
high turbidity, which causes a decrease in photosynthesis. Excessive numeut_lpadlﬁfb :.]:;I;
result in a large amount of organic matter in the water, and the Qecomp051ul;)lil o
material reduces the oxygen content of the water. GBW sampling times are scheduled 10
occur when low tide is in the early morning, as this time tends to reflect "worst case
conditions, when neither photosynthetic activity nor colder, high tide water are present ktxp
raise the oxygen levels. Dissolved oxygen is measured with a_h«hcro-kaler utration kit
and measurements are expressed in miliigrams of oxygen per liter of water (mg/L).

While the overall oxygen content (in mg/L) in the water is important in assessing
the health of a water body, it is also useful 10 look at dissolved oxygen in terms of "percent
saturation.” Percent saturation is the ratio of oxygen concentration that is in the water to
oxygen concentration that could be in the water, at a given temperature and salinity.
Expressing dissolved oxygen data in terms of percent saturation values makes observations
from different sites taken at different times of the day and year comparable to one another,
and they arc a better indicator of whether or not a particular water bo_dy 15 showing
problems. One might expect that the highest percent saturation possible 1s 100 percent;
however, "supersaturation” (values greater than 100 percent) can occur under certain
conditions. Very high concentrations of oxygen are possible in areas with a great deal of
aquatic vegetation (oxygen production through photosynthesis), or in areas subject 1o
strong wind and wave action (addition of oxygen through “entrainment” of ammospheric
oxygen into the water). New Hampshire standards for Class B waters specify that
dissolved oxygen readings should be no less than 75 percent saturatior, unless naturally
occurTing.

ide measurements are used as a measure of the clarity of
the water. Estuarine waters are naturally turbid from the sediments and/or nutrients that
wash m from upland areas. Turbidity tends to be higher in the tidal rivers and inner
estuary, decreasing somewhat closer to the ocean (farther away from the sources of
turbidity). However, excessive rurbidity may indicate problems in the estuary. Erosion
frora shorelines and upland areas increases the turbidity of the water, as can plankton
blooms caused by high levels of nutrient loading. Compounding these problems is the fact
that turbid water decreases the amount of light penetrating through the water columg, thus
reducing photosynthesis and lowering dissolved oxygen levels. High nubidity, especially
that caused by sedimentation, can also affect the living resources of the estuary, For
cxample, oyster larvae require a clean substrate on which to settle. and deposition of
sediment on these substrates can reduce larval recruitment (settlement and growth).
Because many of the GBW sites are very shallow at low tide (and the secchi disc is often

resung on the bottom and still visible), only high tide secchi depths are evaluated in this
report.

Eecal coliform bacteria are used as an indicator of human sewage pollution. While
fecal coliforms are found in the feces of all warm-blooded animals, their presence is taken
to mean that other, more dangerous bacteria are present. Thus, thejr presence in high
numbers can indicate poliution from improperly treated sewage effluent, waste discharg?:s
from boats, improperly functioning or failed sepuc systems, untreated urban storm water,
runoff from agricultural operations, feces from wildlife, or other sources. New Hampshire
water quality standards for tidal waters utilize another kind of bacteria (enterococcei) to
determine if waters are safe for swimming. State standards for tidal shellfish wWaters
bowever, do specify acceptable levels of fecal coliforms. While dirsct application of
shellfish water standards to GBW data would not be appropniate (see "How Healthy is the
Great Bay Estuary?"), these standards can be used to give a general sense of contamination

in the estuary. Fecal coliform tests are performed using the membrage filtration (plate
count) method.
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Note: In a set of bacterial data, the average value is calculated by computing the
geometnic mean, rather than the arithmetic mean. This is the conventional manner by which
bacterial averages are reported (11). Unlike the arithmetic mean. the geometric mean more
accurately reflects the nature (or "middle road") of a data set that has a great deal of
vanability in the observations (as is often the case with bacterial data). For example,
consider a set of bacterial data comprised of 10 observauons, with eight of the observauons
equaling two colonies per 100 ml and two observations equaling 500 colonies per 100 ml
(indicative of a relatively clean water with occasionally high bacterial levels, perhaps caused
by wildlife defecating near the site). The arithmetic mean of this data set would be 102
colonies per 100 mi, which does not reflect the fact that most of observations were quite
low. The geometric mean of this data set would be six colonies per 100 ml; thus, the
geometric mean is a better representation of the bacterial data set.

In order to calculate geometric means for the GBW data, some adjustments to the
data were necessary. First, on several of the sample dates there were no fecal coliforms
detected (0 colonies per 100 ml of water sample). Zero values cannot be used in calculating
geometric means, so these observations were changed to have a fecal coliform
concentration of one colony per 100 ml. The second adjustment to the data relates to those
samnples for which coliforms were so numerous that it was impossible to count the number
of eolonies on the plate. In these cases, the minimum number of colonies present (1o
warrant a further dilution) was determined and used as an estimate of fecal coliform
concentration. For example, using a 100 mi dilution, the minimum colony count to warrant
a further dilution is 60 colonies. Therefore, the 10 ml dilution equals 600 colonies. a 1 ml
dilunon equals 6000 colonies, etc. These adjustments represent a conservative approach.
In the case of zero values, the adjustment to one colony assumes that a stray colony was
mussed in the bacterial test. In the case of high values. the adjustment utilizes the minimum
number of colonies known to be present. By these methods we are prevented from
missing colonies that were present but not observed and from overestimatirg high counts
that could not could not be documented.
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What are the results of the data analyses?

In looking at the five years of Great Bay Watch activities, there were Imafy options
on how to analyze the data and what to look for specifically. Discussions with the
Technical Advisory Committee led to the following three goals for the data analysis:

1. Generate site-by-site descriptions and comparisons — this involved calculating five-year
staustics (number of observations, mean, standard deviation, maximum value, IINIMUMD
value 1o characterize each site and make qualitative analyses of differences among the
various estuarine environments in the sampling site network. Graphs of the means and
standard deviations for all parameters are presented in the text of this section, and tables of
all descriptive statistics are presented in Appendix 14.

2. Analyze parameters for vear-to-year changes -- this involved selecting sites
representative of different estuarine environments (near ocean, in estuary, and in small and
large tidal rivers) and calculating yearly means for temperature, salinity, secchi depth,
dissolved oxygen concentration, dissolved oxygen percent saturation, and pumber of
percent saturation observations below the state Class B water standard of 75 percent
saturation. Yearly means were then plotted to determine if positive or negative changes in
water quality had occurred over the five years that the GBW has collected data. Because
dissolved oxygen is an important indicator of estuarine bealth, changes in mean levels of
dissolved oxygen (percent saturation) over the years were analyzed for all sites. Changes
in fecal coliform Jevels are not evaluated in this section, primarily because the data set for
each site is only two and half years Jong. Graphs of the year-to-year changes in mean
values are presented in the text of this section, and tables of the yearly means for all
parameters are presented in Appendix 15.

3. Determipe the location and nature of water qualitv problems — this primarily involved an

ahaly sis to determine where the bacterial and dissolved oxygen data indicated water quality
problems in the estuary.
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B What are the general characteristics of each Great Bay Watch
site?

The purpose of this section is to generally characterize each site in the sampling
network. This is accomplished by calculating descriptive statistics (number of
observations, mean, standard deviation, maximum value, minimum value) for each
parameter, utilizing all of the data in each site’s records (Appendix 16}.

Map of the Great Bay Watch Site Locations (figure 9}

& 16

‘\..

21



~ In addition, qualitative analyses of differences among the various estuarine
environments in the sampling site network are made. Graphs of the means and standard
deviations for all parameters follow the written descriptions of the sites, and tables of all
descriptive statistics are presented in Appendix 14. If the reader is interested in data from
particular days or years (such as conditions in the estuary in 8/91, after Hurricane Bob),
Appendix 17 gives a representation of all of the data collected at a particular site {Site 2},
Similar sets of graphs for ali other sites in the GBW are not included in this report but are
available from UNH Sea Grant upon request.

Site 1: Peninsula ster River, Durham. N.H.

Site 1 is located at the Smith's dock, just upstream of Bunker Creek on the Oyster
River, closer to the river's tidal mouth than to the tidal dam in downtown Durham. This
site is located downstream of the Durham Wastewater Treatment Facility. Water
temperature was somewhat moderate as compared to other sites (high and low tide means
of 17.1°C and 16.0°C, respectively), although at low tide its temperature was one of the
most variable of the sites monitored. In general, one would expect high tide samples to be
cooler than those collected at low tide, but becanse high tide samples are routinely collected
much later in the day than low tide sarnples, it is understandable why low tide temperatures
are cooler than at high tide. Of the tidal rivers tested, this site had one of the higher mean
salipities at both tidal stages, presumably due to the relatively small amount of water
flowing from the Oyster River watershed. Secchi depths were moderate compared to other
sites, with a mean of 158 cm. Levels of dissolved oxygen at high tide averaged 97.4%
saturation, but low tide values had a mean of only 76.5%. Of the 72 observations in the
data set, 29 (40%) showed conditions of oxygen depletion (values below 75% saturation).
Only one other site (Site 12) had more values below the 75% saturation level. It appears
that biological and/or chemical processes in the river deplete oXygen to some extent during
the night, bt the levels tend to rise as cool, high tide waters and increased photosynthesis
affect the site during the day. Although the recurring morning oxygen problems at this site
are a cause for concern, the fact that the problems do not persist through the day is
encouraging. Fecal coliform levels tended to be higher at low tide {mean = 42.6) than at
high tide (mean = 5.1), suggesting that pollution sources are located upstream of the site.
No large differences were apparent among the years tested, although the low tide mean for
1994 was slightly lower than the 1992 mean. As with most sites tested, very high counts
at both tidal stages were measured from time to time (field observations do not indicate any
specific sources that may have caused the high counts, such as waterfowl), although the
general trend was higher counts at low tide.

Site 2: Jackson Estuarine Great/Little N.H.

Site 2 is located at the Jackson Estuarine Laboratory on Adams Point,
approximately where Little Bay and Great Bay mect. Mean water temperature at both tidal
stages was similar to that in Little Bay, 2 little warmer than near-ocean sites, but cooler than
tidal rivers, especially those in the southern portion of the estary. High and low tide mean
salinities (26.8 ppt and 25.3 ppt, respectively) were a bit less than those in Little Bay and
showed 2 rather high degree of variability, especially at low tide. High ude secchi readings
averaged 166 cm. Dissolved oxygen levels were good at this site (high and low tide mean
saturation values of 97.5% and 91.4%, respectively), with only two observations falling
below the 75% level. Both of these observations occurred at low tide, with the lowest
value being 72.5%. Bacterial levels were low at both tidal stages (fow and high tide means
of 3.8 and 3.4, respectively). Very few samples had bacteria counts that could be
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considered as high, although one high tide sample (10/24/92) had a count of 100 per 100
ml (field observations on that day do not indicate any potential causes for the high count,
such as large numbers of waterfowl). No large differences in bacterial levels among the
three years tested were evident.

Site 3: Weinert (Lamprey River, Newmarket, N.H.)

Of the four GBW sites on the Lamprey River, Site 3, which is located at the
Weinert's dock, is closest to the river's tidal mouth. This site exhibited some of the
warmest and most variable water temperatures. Salinities were also quite low and variable
(mean at high and low tide of around 10 ppt). Site 3 had one of the lower transparency
readings (99 cin) of the sites tested, with relatively little variability. Dissolved oxygen
levels were generally satisfactory at both tidal stages (high and low tide means of 95.4%
and 85.3%, respectively), although there were seven low tide readings and one high tude
reading that fell below the 75% level. The lowest observation was 48.4%. This site
exhibited the highest mean fecal coliform counts of all GBW sites for both high and low
tide (means of 111 and 211, respectively). Although the tidal portion of the Lamprey has
long been known for high bacterial counts, it is interesting to see such high bacterial levels
at high ude as well. These high counts at high tide may suggest pollution sources
downstream of the site. Bactenia levels seemed to drop off somewhat after 1992, but were
still quite high in 1993 and 1994,

Site 4: 1 tratham/Greenland, N.H.

Site 4 is located on the southern shore of Great Bay at the Great Bay National
Estuanne Research Reserve's Sandy Point Discovery Center. Because of the extensive
mudflats exposed at low tide at this location, sampies can only be collected at high tide.
This was one of the warmer but more variable sites for water temperature. Salinities were
wm the middle range of sites observed (23.7 ppt), but were relatively variable. Transparency
was among the lowest observed (66 cm), presumably due 1o the resuspension of mudflat
sediments from wind/wave action. Dissolved oxygen averaged 101.2% saturation
(presumably due to the strong wind and wave action common at this site), with po
observations below 75%. Bacteria counts tended to be very low (mean = 4.0), although
very high counts (greater than 200 per 100 ml) were noted in May 1993 and 1994. Tt will
be wmtzresting to see if this pattern occurs in the future,

Site 5; Portsmouth Cou, Clu innicut River, Greenland, N.H.

Site 5 is located on the Winnicut River at the Portsmouth Country Club. Average
low tide watcr temperature was similar to many other sites (15.8°C), but was somewhat
more vaniable than other sites. High tide water temperatures averaged at 18.1 °C and were
also relatively variable. As mentioned previously, the higher water emperatures poted at
hugh tide are probably caused by the fact that low tide samples are collected in the morning
and high tide samples are collected in the afternoon. The effect of solar radiation heating
the surface waters during the day would be especially apparent at this site, whick is one of
the farthest from the ocean. Low tide salinities were one of the lowest tested (mean = 10.5
ppt), and were more variable than any other site. High tide salinities were similar to
nearby Site 4 (mean = 22.4 ppt) and a little less variable than low tide values.
Transparency values were also among the lowest observed (71 cm), with relatively little
vanability. Dissolved oxygen levels at high tide were good, averaging 97 9% and with no
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observations below 75%. Low tide readings, however, showed the worst conditions
measured at any site. Low tide mean saturation was 73.4%, with 43 of 71 observations
below the 75% level. As with Site 1 on the Oyster River, there appears to be a recurring
low tide (morning) oxygen problem at this site. These rather low saturation conditions in
the moming appeared to be rather stable (getting neither better nor worse) over the period
of 1990-94. There is a large disparity between bacteriz levels at high and low ude at this
site, with high tide mean counts around eight and low tide counts averaging 182. The very
turbid low tide water at this site has consistently high counts throughout the spring and
summer, although it appears that levels drop off to lower (but still rather high) values m the
fall. The high bacteria counts may be related to the high turbidity (perhaps resuspended
sediment) in the water, as some bacieria are known to "attach” to sediment particles.
However, it appears that sources of fecal contamination may exist upstream of the site.

Site 6 is located at Fox Point, where Little Bay's north-south crientation takes a
sharp bend to the east. The mouth of the Oyster River is located just to the west, while the
mouth of the Bellamy River is just to the north. Aside from the near-ocean sites, water
temperatures were among the lowest observed (low tide mean of 15.20C }, with lirtle
variability as compared to other sites. Salinities were among the highest tested (just over
25 ppt at low tide, and slightly higher at high tide), showing less variabiliry than sites
farther in the esmary. Transparency values were also high (mean = 250 cm). exceeded
only by the near-ocean sites, 11 and 15. Most characteristics were almost identical to those
measured at Site 7. Dissolved oxygen levels were generally good, with high and low tude
averages of 93.4% and 93.3%, respectively. There were two low tide observations and
three high tide observations that fell below the 75% level. Bacterial data indicates relatively
good water quality, with mean fecal coliform counts at high and low tide of 3.5 and 4.8,
respectively, with few differences among the years tested. The only high bacteria value
observed at this site occurred at low tide on 6/3/93, and field observations do not indicate
any obvious pollution source.

Site 7; Cedar Point (Linle Bay, Durham N.H.)

Site 7 is located at the Roshalt's dock on Cedar Point, across Little Bay from Fox
Point (Site 6). Observations of water temperature, salinity, and wansparency were pearly
identical to those at Site 6, with rather cool temperatures, relatively high salinities, and high
transparency. Dissolved oxygen levels averaged 92.4% at high tide and 91.0% at low tide.
with each tidal stage baving two observations below the 75% level. This site has shown
some interesting and quite vanable bactenial data. While the 1992-54 geometric means for
both high and low tide were rather low (9.3 and 5.5, respectively), there have been
numerous samples collected with elevated counts. In 1992, most samples showed low
levels at both tidal stages. In 1993, almost half of the samples collected showed hugher
counts at high tide rather than low tde. But in 1994, most samples showed low jevels,
although there were still a few high tide samples with very high bacterial counts. Thereisa
good deal of recreational boaung activity in this area, which may account for some of the
bacterial contamination observed. Another possible source would be the large numbers of
waterfow], which are often observed at this site.
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Site 8: Cocheco River, Dover, N H.

Data collection at Site 8 was discontinued after Site 9 was added to the program in a
nearby location. Because it is no longer part of the program, no analyses were
conducted for Site 8.

ite 9: N Cocheco River, Dover, N.H.

Site 9 1s located off the Neal/Williams property, near the mouth of Fresh Creek on
the Cocheco River and upstream of the Dover Wastewater Treatment Facility. Mean water
temperature at both tidal stages was similar to other tidal river sites (high and low tide
means of 17.39C and 169C, respectively). Low tide salinities were very low (8.9 ppt),
with some variability. High tide salinities were also low (13.8 ppt) and were among the
most variable of all sites monitored. Secchi readings were similar to but a bit less variable
than other tidal river sites (mean = 134 c¢m). Dissolved oxygen at high tide was generally
good, averaging 91.8% saturation and including three observations below 75%. Low tide
conditions were not as good, with an average of 82.6% and 10 observations below the
75% level. This site has shown very high fecal coliform levels at low tide (mean = 196.3),
and elevated levels at high tide (tnean = 4].4). Low tide samples show consistently high
bacterial counts in all years moniiored. It appears that upstream sources from the
downtown Dover area and/or areas farther upstream may be the cause. The only poticeable
change in bacterial data among the years seemed to occur in 1994, when high tide samples
fell from a 1993 geometric mean of 60.2 to a mean of 21.2. Low tide levels, however,
remained high for all three years.

Sit : ] a Rjver ve,

Site 10 is located downstream of Site 9, below the outfall to the Dover Wastewater
Treatrnent Facility and downstream of Sturgeon Creek, which empties into the Piscataqua
River from the Maine side. The diluting effects of the Piscataqua River were apparent
when comparing this site's data to those from Site 9. Low tide water temperatures were
similar to those at Site 9, while high tide water temperatures were slightly cooler at Site 10.
Salinities were markedly higher (and a bit less variable) at Site 10, with a low tide mean of
18.5 ppt (as compared to a mean of 8.9 ppt at Site 9) and a high tide mean of 25.5 ppt (as
compared to a mean of 13.8 ppt at Site 9). Transparencies were also slightly higher at Site
10 (mean = 213 cm). Dissolved oxygen levels were good at both tidal stages, with high
and low tide mecans of 98.7% and 88.9% saturation, respectively. The only two
observations below the 75% level occurred at low tide. Low tide bacteria levels were
somewhat elevated but not especially high (mean = 27.2), while high tide fecal coliform
counts were rather low (mean = 4.0). The decreased bacterial means at Site 10, as

compared to mean values at Site 9, probably represent dilution of contamination as water
muxes and moves downstream.

Site 11: i i ua River, New tle N.H.

Located at the U.S. Coast Guard station and the UNH Coastal Marine Lab in New
Castle, Site 11 is not far from where the Piscataqua River meets the Adantic Ocean. Given
this site’s proximity to the ocean, it is mot surprising that this site exhibited the coolest
water temperatures (low tide mean = 11.99C, high tide mean = 12,0°C) and the highest
salinities (low tide mean = 29.5 ppt, high tide mean = 28.7 ppt). Both temperature and
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salinity showed relatively little variability, also due to this site's proximity to the ocean.
The water was much more transparent at high tide (mean secchi depth of 369 cm) than
other sites farther ir the estuary, but it also showed more variability in this parameter than
any other site. Dissolved oXygen concentrations were generally satisfactory, although they
were quite variable. High ude observations averaged at 90.0% saturation, with five
observations below the 75% level. Low tide conditions were slightly better, with an
average saturation value of 90.9% and four observations below 75%. Bactena levels were
consistently low (high and low tide means of 2.2 and 4.9, respectively), although one low
tide sample in July 1994 showed very high fecal contamination. The cause of this high
bacterial count is not known, as no obvious sources were noted in the field observations.

Site 12: Newmarket Water Treatmeni Plant (Lamprey River, Newmarket. N.H.})

Site 12 is located on the shore just downstream of the Newmarket Wastewater
Treatment Facility and downtown Newmarket. Water temperatures were among the
highest measured, especially at high tide (mean = 18.6°C), although they were somewhat
variable as compared to other sites. Low tide salinity was among the lowest observed
{mean = 4.3 ppt). Average secchi disc readings (46 ¢cm) indicate the most turbid water of
all sites tested, with relatively little variability. Dissolved oxygen levels at high tide were
generally sausfactory, with a mean of 93.4% saturation and one observation below 75%.
Low tide conditions were not as good, with an average sanration value of 71.3% and 23
observations below the 75% level. Note that just upstream at Site 13, no low tide
observations fell below 75%, indicating a substantial change in water quality between the
two sites. It is possible that the effluent from the sewage treatment plant contributes to the
dissolved oxygen problem. This would occur because effluent often has a high
concentration of ammonium ion, which is usually oxidized into nitrate after being released
into the river. This oxidation process can deplete oxygen in the river. Biodegradation of
organic matenal by microbiological organisms may also deplete the oxygen levels. It will
be mteresting to see if this trend of low oxygen continues in the future, as the Newmarket
plant recently received a new discharge permit with limits on ammonia.

Several high fecal coliform levels were observed at this site, more commonly at
high tide (nean = 75.9) than a1 low tide (19.3). The tendency of higher counts at high tide
is the opposite of what was observed at most other sites. Only in 1993 were high tide
values consistently high. The elevated high tide counts are not surprising, given the fact
that the next downstream site, Site 3, showed elevated high tide counts as well (mean =
111.0). It 1s quite surprising, however, that the jow tide mean at this site is low, while just
upstream at Site 13 low tide counts average in the high range (mean = 163.8). It is
possible that effluent from the Newmarket Wastewater Treatment Facility kills bacteria in
the river (due to residual chlorine or another chermical constituent), thus causing the rapid
decline in Jow tide bactena levels between the two sites. However, according to the N H.
Departmment of Environmental Services, mouitoring reports from the plant indicate that the
facility consistently meets its wastewater discharge permit requirements for chlorine and
bacteria. Perhaps dilution in the downstream direction is responsible for the difference
between these two sites.
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ite 13: Marina Falls Landine at Newmnarket rey River, Newmarket, N.H.

Site 13 is located near the town docks and a small boat docking facility tn
downtown Newmarket. This site is just upstream of Site 12 and just downstream of the
dam marking bead-of-tide. Not surprisingly, many of the water quality charactenstics were
quite similar to those at Site 12 (warm temperarures, low salinities, and turbid water).
Dissolved oxygen conditions were generally good, with high and low tide saturation values
averaging 94.9% and 94.3%, respectively. Only cne value (at high tide) fell below the
75% saturation level. Consistently high fecal coliform counts at both high and low tides
(means of 101.3 and 163.8, respectively) have been observed at this site. There are several
possible sources of this bacterial contarnination. With several boats docking near this site,
perhaps overboard discharge of sewage is a factor. Swans and conmorants are commonly
seen in this area and may contribute to the observed fecal contamination. Illegal "staight
pipes” discharging raw sewage into local storm sewers and streams may also play a role.
The N.H. Department of Environmental Services is curreatly investigating this possibility
In response to both Great Bay Watch data and recent high bacterial counts in nearby
Moonlight Brook. As was the case with all four Lamprey River sites, 1994 high tide
bactena counts were somewhat lower than counts from the previous two years, while low
tide bacteria levels remained somewhat stable. Data from Site 14 indicate that upstream
sources (above the tidal dam) are not a likely cause of the contamination observed at Site
13.

4: W rey River N arket, N.H.

Site 14, the only fresh water site in the Great Bay Watch, is just upstream of the
tidal dam (and upstream of downtown Newmarket) at the Fowler's dock. Because this site
is not influenced by the cold, salty water of the ocean, it showed rather warm but quite
variable temperatures. pH was slightly lower here than at other sites. Dissolved oxygen
levels were generally good at both “high tide” (afternoon) and “low tide" (morning),
averaging 91.5% and 85.6%, respectively. There were a total of nine observations that fell
below the 75% level, with six occurring in the morming. Moming fecal coliform levels
averaged at 19.3, while afternoon observations had a mean that was slightly higher at 27.3.
Given the fact that sample collection occurs in the morning and in the aftenoon, perhaps
the data from Site 14 indicate that the river exhibits a slight increase in contamination during
the day. While the difference between the means is quite small (perhaps negligible), a
review of each set of measurements shows that "high tide” counts are ofter higher than
"low tide™ observations.

i : ] iV 10t, Maine

Site 15 is located in the lower Piscataqua River near the Patten Yacht Yard, Inc., in
South Eliot. Because monitoring began at this site in 1993, there were less data than there
were for other sites. This site is relatively close to the ocean, so its cool temperatures (low
tide mean = 149C, high tide mean = 12.5°C), high salinities (low tide mean = 27.6 PPL,
high tide mean = 30.9 ppt), and relatively clear water (high tide mean secchi depth = 408
cm) are quite charactenstic of its location. The site differs from Site 11, the site nearest the
ocean, in that temperature is a bit warmer and more variable, low tide salinity is a bit lower
and much more variable, and secchi depths are pot quite as deep. High tide salinity at this
site was actually higher than that at Site 11, which seems strange. However, differing
periods of record account for this apparent anomaly. Site 15 only has data for 1993 and
1994, whereas the period of record for Site 11 is 1991-94. 1993 was a very dry year in
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terms of precipitation and stream flow, and salinities ar most sites were slightly higher in
1993 due to these meteorologic/hydrologic conditions. Therefore, the mean values at Site
15 are slightly biased towards dry year conditions. Dissolved oxygen levels were quite
good at this site, with high and low tide saturation values averaging 96% and 95.4%,
respectively. There were two high tide observations and one low tide observation that fell
below the 75% level, Fecal coliform levels tend to be low, with high and low tde
geometric means of 3.2 and 4.9, respectively. Extremely high counts have not been
observed at this site.

Site 16: Exeter Town Docks (Sauamscott River, Exeter, N.H.

This site, located downstream of the tidal dam in downtown Exeter and just
upstream of the crew docks at Phillips Exeter Academy, is the most recent addition to the
Great Bay Watch. Only one year of data exists for this location, so making corparisons to
other sites would not be meaningful. The site is characterized by relatively high
temperatures, low salinities, and rather low water transparency. Dissolved oxygen data
were generally good, with high and low tide averaging 93.0% and 91.1% saturation,
respectively. There were three observations below the 75% level, with two occurring at
low tide. Bacterial counts for 1994 were consistently very high at both high tide (mean =
122.4) and low tide (mean = 184.5).
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What have been the changes in water quality over the past five
years?

The purpose of this section is to review the GBW data for any positive or negative changes
1In water quality over time. For the sites listed below, mean valves of the parameters were
calculated for each year, and then compared to one another to detect changes over the
period of record. This type of analysis might be considered as a coarse form of "wrend
testing.” More rigorous statistical methods are typically used to confirm the presence of
significant trends, but these methods require very large data sets to be meaningful. The
five years of GBW data provide a good base of information and make it possible to use
such methods in the future. "Trends” detected by looking at changes in the yearly means
were not assessed for statistical significance.

Because dissolved oxygen is such an important indicator of estuarine health, percent
saturation is reviewed for all sites in this section. Year-to-year changes in temperature,
salinity, and high tide secchi depths are reviewed at selected sites, chosen to be
representative of different environments in the estuary. The sites analyzed are Great Bay
{Site 2), Little Bay (Site 6), a small tidal river, the Oyster River (Site 1), a large tidal river,
the Lamprey River (Site 3), and a near-ocean site, mouth of the Piscataqua River (Site 11).
Note that the period of record for all sites is 1990-94, except for Site 11 (1991-94). Each
of these water quality parameters can be greatly influenced by meteorologic conditions in a
given year. Thus, average monthly temperature and total monthly precipitation from the
Durham, N.H. weather station are presented and utilized to help explain any year-to-year
variability in the data.

Because bacteria measurements are so variable, and because only three years of bacterial
dara exist, a rigorous year-to-year analysis of bacteria was not conducted. Such an
analysis may be more meaningful in the future, as the GBW database of bacteria continues
to grow. Some comments on the more interesting year-to-year changes in bacterial levels
are offered in the "Site-by-Site Analysis” section. Year-to-year geometric means are
presented for each site in the "How healthy is the Great Bay estuary?” section.
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Mean Dissolved Oxygen
(figure 13)
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Number of Violations

Dissolved Oxygen Saturation %:

Number of Samples below 75%
(figure 15)
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Mean High Tide Light Transparency

(figure 16)
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Air Temperature (Celsius)

Air Temperature (Celsius)
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(figure 17)
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; Annual Precipitation versus Normal Precipitation, Durham, N.H. (figure 18)
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Water Temperamure

) Low tide water temperatures in the tidal rivers (Sites 1 and 3) showed a slight
increase in the period of 1990-94. Sites in the estuary itself (2 and 6) did not show any
definite trend toward higher or lower temperatures. Site 11, the near-ocean site, showed a
small but steady decrease in temperamre, especially from 1992-94. High tide temperatures
exhibited different changes over time, with the Oyster River temperature decreasing
slightly. A decrease in temperature at nearby Site 6 {Little Bay) was more pronounced.
with the mearnt temperatures in 1990-91 warmer than the period of 1992-94. The Lamprey
River showed a temperature increase over 1990-94, especially in 1993-94. Temperatures
at Sites 2 and 11 appeared to remain fairly stable.

Changes in Mean Water Temperature (figure 19)
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Salinity

All sites appeared to show some degree of salinity increase at low tide over the
period of 1990-94. The most dramatic change occurred in the Lamprey River, which
exhibited a nearly steady increase from about 6 ppt in 1990 to 5 ppt in 1994. The other
sites also showed increases in salinity, although these changes were not as steady or
pronounced as the increase observed at Site 3. Salinities seemed to be stable for these sites
for the period of 1990-91, but then rose and remained fairly stable for 1992-94. Sites 2
and 6 {Great Bay and Little Bay) showed an overall increase in salinity of 2-3 ppt, while
the change at Site 11 (near-ocean) was closer to 1 ppt. The same types of patterns, though
a bit less pronounced, of increasing salinity were aiso observed at high tide. In general,
these increases in salinity were more dramatic farther in the estuary and more subtle closer
to the ocean. U.S. Geological Survey stream flow data indicate that the Lamprey River's
annual mean flow for 1991, 1992, and 1993 were all below normal, suggesting that
decreased stream flow is responsible for the increased salinity observed in the river. This
is consistent with the pattern of larger salinity decreases in the river and smaller changes
closer to the ocean. The lower levels of precipitation during those years (see meteorologic
data), especially in 1993, are likely the cause of the reduced stream flows, although other
factors may also have played a role.

Changes in Mean Salinity (figure 20)
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T; ncy {Secchi Depth

Changes in high tide transparency did not appear to be too dramatic for any of the
sites. Although there appears to be quite a large change at Site 11 from 1991 to 1992, there
were fewer data points for 1991 than for the other years. This likely accounts for the
difference noted in the graph. Sites 1 and 2 (Oyster River and Great Bay) showed small
increases in light penetration from the period of 1990-91 to 1992-93, with a small decrease
in 1994. Few if any overall changes occurred at Sites 3, 6, and 11 over the period of
record. '

Changes in Mean Light Penetration (figure 21)
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Dissoived Oxveen (concentration)

Mean values of the low tide oxygen content of the water appeared to fluctuate
somewhat at Sites 1, 2, and 11, with no real trends apparent. Site 6 seemed to show a
slight increase in oxygen concentration, while Site 3 (Lamprey River) showed 2 more
steady and dramatic decrease of about 1 mg/L. While these data might suggest a problem at
this site, consideration of the temperature and salinity data belps to explain the decrease.
. As stated previously, both temperature and salinity can affect the oxygen content of the
water (warmer/saltier water holds less oxygen than colder, less saline water). Site 3
exhibited a slight increase in low tide water temperature, which woulid help to lower the
dissolved oxygen content over time. Salinity also showed a steady and more dramatic
increase over the period, and this increase certamnly helps to account for the lowenng
oxygen content observed at Site 3. There were no overall changes in oxygen content at
high tide, except for Site 3, which showed a slight decrease over time. To more accurately
determine if oxygen problems are developing, changes in mean percent saturation values
have also been evaluated.

Changes in Mean Dissolved Oxygen Concentration (figure 22)
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Dissolved Oxygen {percent saturation)

Changes in the mean values of percent saturation give a better indication of whether
or not there are oxygen problems developing in the estuarine system, because the effects of
temperature and salinity are taken into account in percent saturation values. Because this
parameter is so important, changes over time at both high and low tide were evaluated for
all sites. At low tide, several sites exhibited few overall (consistent) changes, although
levels did fluctuate from year to year. These locations included Great Bay (Site 2},
Winnicut River (Site 5), Cocheco River (Site 9), Piscataqua River (Sites 10 and 11), and
Lamprey River (Sites 13 and 14). Low tide percent saturation values at the Oyster River
(Site 1) and in Little Bay (Sites 6 and 7) appeared to rise somewhat over the period of
1990-94, while Sites 3 and 12 (both on the Lamprey River) seemed to show decreases in
percent saturation. At high tide, most sites showed relatively stable levels of percent
saturation over the years tested. Levels seemed 1o rise a bit at Sites 4 (Great Bay) and 7
(Lattle Bay). At Site 14 on the Lamprey River (fresh water site), 1992-93 levels were fairly
stable, although the mean percent saturation level for 1994 was just over 80%,
approximately 10 percent lower than the mean for 1993,

Changes in Mean % Saturation (figure 23)
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How Healthy is the Great Bay Estuary?

Dissolved Oxvgen

The Great Bay Estuary appears to have quite healthy levels of dissolved oxygen,
indicating that it is not experiencing significant "eutrophication” as are some other estuaries
in the country. Most sites showed average percent saturation values well above the Class B
standard of 75%, although every site except for Site 4 (Depot Road, high tide
measurements only) showed at least one violation of the Class B standard. Sites on the
Winnjcut, Oyster, and Lamprey (only one of the four sites) rivers showed the most
violations of the 75% saruration standard. These violations typically occurred at low tide
(in the moming), but all sites showed acceptable levels of oxygen at high tide, indicating
the observed oxygen depletions are not persistent, but are recurring. A review of annual
means of percent sanuration at these sites suggests that percent saturation values were stable
or rising slightly in the Oyster and Winnicut rivers, while they were falling over the period
of record in the Lamprey River. While GBW volunteers onty sample from the water
surface (not from deeper ir the water columnn), the measurements are likely good indicators
of the oxygen content in the entire water column. The physical characteristics of the bay,
such as relatively shallow depths and strong tidal currents, ensure good mixing of surface
and bottom waters, especially in Great and Little bays and in the Piscataqua River. This
mixing is certainly a factor in preventing persistent low oxygen conditions. It also seems
likely that the rejatively low levels of development around the area are part of the reason
that persistent low oxygen conditions were not observed. Of course, this could change as
development, and therefore nutrient loading, around the estuary increases. Perhaps the
violations of the state oxygen standard are an early indication of more problems to come.
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Eecal Coliforrn Bacteria

Some of the most commonly asked questions that we hear are "Are the bactena
levels in the estuary too high?", "Is it safe to swim in Great Bay?" and "Are the shellfish
safe to eat?" It is important for the reader to understand the intended purpose of the Great
Bay Watch when asking these questions. The volunteers’ data are _uspful"for giving
generalized information about the water quality in the estuary, identifying "hot spots
where state/local regulators should investigate further, and tracking changes in the estuary’s
waler quahity over ime. GBW monitoring and data might also prove useful in locating the
sources Or activities that are creating the polintion that impacts shellfish beds. Many of the
above questions are specific “regulatory” issues that are best answered by the regulators
themselves. For cxample, state regulations for determining if tidal waters are safe for
swimming use the bacteria enterococci, not fecal coliforms, and direct comparisons
between the two cannot be made. Determining if waters are safe for shellfishing is a
complicated process that involves much more than taking water samples. Real and potential
shorehine sources of pollution must be evaluated and other factors that affect the
performance of the pollution sources and their effects on shellfish beds (hydrographic,
meteorological, and other influences) must be determined. Furthermore, water samples
must be tested by a laboratory, certified by the U.S. Food and Drug Administration, using
specific apalytical methods that are different from those used by the Great Bay Waich.
Thus, it would be inappropriate for one to use the bacterial data generated by GBW to make
a definitive conclusion on the safety of shellfish beds. However, GBW data can be viewed
in the context of water quality standards for shellfishing to get a general sense of how clean
or polluted the waters of the estuary are.

Shellfish water regulations state that for an area to be classified as "Approved”
(harvesting can occur at apy time, regardless of weather conditions or other factors), the
geometric mean of several sampies should not exceed 14 fecal coliform per 100 ml, and not
more than 10 percent of the samples should have counts that exceed 43 fecal coliform per
100 ml. Virtally all of the tidal rivers, and even some of the other stations monitored by
the GBW, would fail this test. It is important for the reader to understand that although
many of the sites would not meet the "Approved” classification, shellfish water criteria are
very strict. Waters determined to be unfit for shellfish harvesung are not necessarily
grossly polluted and may be perfecdy safe for other activities, such as swimming.

In general, the data indicate that Great Bay, Little Bay, and the lower Piscataqua
River do not exhibit severe bactenal contamination. Virtually all of the tidal rivers showed
some degree of fecal contamination, although some exhibited very high levels. For most
sites, higher bacterial levels were observed at low tide, suggesting pollution sources are
upstream of the sites. Rivers exhibiting very high levels of bacteria would include the
Winnicut, the Squamscoti, most of (the tidal section of) the Lamprey, and the Cocheco.
Recent water quality studies conducted by several state agencies and the UNH Jackson
Estuanne Laboratory also indicate high bacterial levels in the Lamprey, Squamscott, and
Cocheco rivers (13). The Winnicut River was not monitored in that study and therefore
represents a finding unique (to the best of our knowledge) to the GRW program. It
appears that further pollution source investigations and control activities in areas affecting
these rivers is warranted. The Oyster River and the upper portion of the Piscataqua River
show geometric means that are not as high as the other tidal rivers, but cap be considered to
be somewhat elevated. These rivers have exhibited some high bacteria levels over the three
years tested, although not as consistently as the other rivers
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While the data the Great Bay Watch has collected on fecal coliform levels within the
bay is relatively short-term, some interesting trends can still be noted. First, one can S&¢
that most sites show levels of contarmnination which are similar among sample years
(Figure 25). Two notable exceptions were site 3, which had much higher readings (at both
low and high tide) in 1992 than in subsequent sample years. and site 13 (low tide) which
had much higher readings in 1993 than either the previous or subsequent year. These data
also show that swimming is possible at almost all sites in almost all years, while few sites
are likely clean enough to support shelifishing.

Fecal Coliform Levels at High and Low Tide {figure 25).
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This graph shows yearly geometric mean values calculated for each of the Great
Bay Watch sites at low and high tide respectively, and allow comparisons among years at a
single tidal stage. Nevg Hampshire standards for shellfish harvestung are indicated by the
horizontal line.  Asterisks indicate sites which contained samples in which fecal coliforms

were 100 DUIMErous to count; a single asterisk represents one such occurrence, two asterisks
represents two such occurrences.
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When comparing fecal coliform levels within years at high versus low tide (Flgtltllfe
26) it becomes clear that most of the serious fecal coliform _problems arise at low, ra :ﬁ
than high tide (64 out of 72 pairs). As further evidence of thus trend, on¢ can note that
five violations of the swimmable waters rule occurred at tow tide (site 3 in 1992; sites 5,9,
10 in 1993; site 5 in 1994). These data support results found by others (_13) indicating that
riverine waters entering Great Bay are often more polluted than the bay, itself.

Geometric Mean Values for Fecal Coliformn for Each Year (figure 26).
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This graph shows geometric mean values for each of the Great Bay Watch sites at
both low and high tide in each of the three sample years, and allow comparisons within
years between tidal stages. New Hampshire standards for shelifish harvesting are indicated
by the horizontal line. ~ Asterisks indicate sites which contained samples in which coliforms

were 100 IUmeErous to count; a single asterisk represents one such occurrence, two asterisks
represents two such occurrences.
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Note: In order to calculate geometric means for our data we needed to make two types of
changes. First, on quite a few sample dates we did not detect any fecal coliforms in our
sample. Zero values cannot be used in geometric mean calcnlations, so these were changed
from zero fecal coliforms/100 ml to one fecal coliform /100ml. The second adjustment
which had to be made to our data resulted from dates for which coliform colonies were so
numerous that we were unable to count them and technical problems prevented us from
runmng additional dilutions. In this case, we determined the minimum number of colonies
present (1o warrant further dilution) and used this as our estimate. For example, using a
100mt dilution, the minimum colony count to warrant a greater dilution is 60 colonies.
Therefore, 10 ml dilution minimally equals 600 colonies, a 1 ml dilution equals 6,000
colonies, and so on. In our view, both conversions represent a conservative approach. In
the case of zero values, the change from zero to one assumes we may have missed a stray
colony. In the case of higher values, our method utilized the minimum number of colonies
known to be present. In this way we are prevented from missing colonies that were
present but not observed and from overestimating high counts we could not document
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B: Quality Assurance/Quality Control Analyses

Is the data collected by volumnteers accurate and precise?

- For purposes of this report, we wanted to focus on two areas in which the GBW's
work on Quality Assurance and Quality Control (QA/QC) have been focused. First, we
have been testing volunteer monitors at QA/QC meetings from 1592 through the present.
Second, we have utilized QA/QC teams to validate volunteer's data through the use of split
samples. It is important to note that additional efforts have been made by GBW in the
QA/QC area; these undertakings are currently being analyzed and a separate QA/QC report
will be completed shortly.

There are two factors which are of primary interest when evaluating the quality of
data collected by volunteer monitors. The first of these areas of interest i1s accuracy, or
how close are the volunteers’ measurements, on average, to what the true value is.
Accuracy is evaluated by having volunteers take measurements from a sample with a
known value, and then determining the difference between the average of these estimates
and the known value. The second area of imterest is precision, or how close are the
volunteers measurements, on average, to one another. Precision is determined by having

the volunteers measure a single sample and then determining the amount of variation among
the estimates.

Both accuracy and precision have been evaluated for the GBW volunteers. We
have held a total of six QA/QC sessions to date; two were held m 1992, three were beld m
1993 and one was held in 1994, While the number of participants per session ranged from
ten 1o twenty six, the average number of volunteers present was 19. The summary of these
results can be found in figures 27 and 28.

Results for Tests of Precision Among Volunteers (figure 27)

Data were gathered at QA/QC sessions run by the Great Bay Watch staff. All observations are included.
No outliers have been removed.

D.O. Salinity pH

' 087
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0.148 13
630 0219 13 11990 0.763 13 7.830
o 24830 0.751 13 7415 0224 13

1993 05/12 9054 0400 25 22380 4930 25 7.??6 0.22‘11 25
06/01 10720 1010 9 27.700 2.720 9 7.::3% 0. o 23
09/15 6827 0296 24 21910 2.640 24 7595 03

580  0.207 26
94272 0236 25 18400 0.367 i3 13
1 05708 36.120 0.599 14
20.063 0.601 11
36.72 1.269 i1
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Year

1692

1993

1994

Results for Tests of Accuracy Among Volunteers (figure 28)

Average results (mean were compared (o a known sample (true); the smaller the difference (Diff.) between
these two values, the greater the accuracy. Tests for which known values were not determined have been
marked with an asterisk. Data were gathered at QA/QC sessions run by the Greai Bay Watch staff. In all
cases, all pbservarions have been ncluded tn these calculations; no outliers have been removed.

ini H
Date D.O. Salinity ‘ p )
Mean True Diff. Mean True Diff Mean True Diff
07/08 8783 £900 -0.115 26030 25000 1.030 7.81% * :
12780 11000 1.780 7.873 *

07/22 8630 8900 -0.270 11.990 11000 0.990 7830 8.000 0‘179
24830 24000 0830 7435 7400 0015

0512 9034 9000 0054 22380 20000 2380 TS?G * *
06/01 10720 10.000 0.720 27.700 28.000 -0.30C 7,53}._’ 7700 0. 14E
0915 6827 6000 0.827 21910 20000 1910 7395 *

03/04 9422 9200 0222 18400 17000 1400 7380 7300 0080
36.120 33000 1.120
20063 17.000 5083
36,720 35000 L7720

Results of the QA/QC sessions are largely encouraging. Caiculations for precision
among volunteers show that variation among volunteers was fairly low. Caleulations for
accuracy among volunteers shows that at all QA/QC sessions, for all parameters tested, the
difference between the known values and the average of those obtained by the volunteers
were fairly small. Therefore, it seems clear that the most active and dedicated volunteers
can, and do, collect quality data.

To gain a sense of the quality of techniques used by the Great Bay Watch monitors,
1t 15 possible 10 compare the Watch with standards set by other volunteer monitoring
groups. For these purposes, a comparison is made to the standards of a fairly strict
program (Texas Watch) and a program that uses more relaxed standards (Friends of Casco
Bay's Citizens' Water Quality Monitoring Program in Maine).

When comparing our data to these standards a number of things stand out (figure
29). First, the Watch's ability to meet these standards seems to vary as a function of
parameter; the Watch does best with pH, next best with dissolved oxygen, and least well
with salinity. Next, we meet or exceed the standards in fifty per cent of the cases. Third,
our esumates include all observations (no outliers have been removed), therefore it is
possible that our results would apparently improve if this were done. We have, however,
resisted removing likely bad data from the QA/QC sessions as our ability to do so with field
data is extremely limited; by keeping potential outliers in the data set we have 2 more
precise representation of the abilities of our volunteers.
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Finally, as results for salinity fall somewhat below where they should be 1n all
comparisons, it does seem that this is an issue worth addressing. These last results may
show that our methods for assessing precision and accuracy for this parameter need to be
revisited or that more time should be spent training (and retraining) volunteers in the
proper methods for using hydrometers. These potential problems ard concemns
notwithstanding, the volunteers are still doing well. They are accurately and precisely
estimating salinity within approximately 1.5 parts per thousand (ppt) which, while less
good than the ideal, sill represents valuable information on the Great Bay Estary.

Efforts at QA/QC with respect 10 fecal coliform samples have also yielded
encouraging results. The average difference between samples taken by volunteers and
those validated by QA/QC teams was approximately 41 fecal coliforms per 100 milliliters
{ml), with a median value of 10. Therefore the GBW and procedures yield, on average,
results that are quite comparable to those obtained by QA/QC teams.

Figure 29 shows how the Great Bay Watch (GBW) measures up to QA/QC
standards utilized by the two other volunteer water quality monitoring groups. Texas
Waich and The Friends of Casco Bay's Citizens' Water Quality Monitoring Program in
Maine. The values in each of the data columns represent the standard deviation derived
from a nurnber of samples over a sampling season.

A Comparison of the Great Bay Watch with Two Other Volunteer Groups
(figure 29)

Acruracy _ Precision
Parameter Units GBW Texas Maine  GBW JYexas Maine
D.O. mgL 0368 0.300 0.300 0301 0.600 0.900
Salinity ppt 1.529 0.100 0.820 1420 0.100 1.000
pH su 0.103 0200 0.400 0.081 0200 0.600
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What corrections has the Great Bay Watch made to its data?

Salinity

In 1994, the standard chars utlized to convert hydrometer readings into salinity
values were changed. In order to assess the effects of the change on our dara. two tests
were conducted. In the first test data was used from the first sample vear and randomly
selected three samnples from each site . For each sample, we calculated salinity based on
bgth’the old and the pew charts, and then determined the difference in the saliniry estimates
yielded by the two chams. In all cases, the new chart resulted in a reduced estimate of
salinity (figure 30). As the mean difference between the two charts was less than 1.3 ppt
(SD = 0.081) and the maximum difference did not excesd 1.4 ppt, we concluded that these
effects did not warrant recalibration of our old data with the new charts.

The Effect of the Hydrometer Table Change on Salinity (figure 30)
Results of calculations showing the effect of the hydrometer tabie change on our estimates of salinity i a
subsample of random data from the 1990 season. Temperature vaiues are given in Ceisivs while saiinitv
values are given in parts per thousand. ‘
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The second test we utilized examined the effects of the salinity chart change on our
estimates of percent saturation. For this test, we selected data from our third sample year,
which represented the widest range possible of salinity and dissolved oxygen values. We
felt that this approach was most likely to indicate whether or not there was a particular
range of our data which might be more affected by the salinity chart change. Percent
sauration values were then determined using both old and new salinity values, and the
difference between these rwo values was calculated. In all cases, the new chart resulted in
an increased estimate of percent saturation (figure 31). Once again, the differences vielded
by the two charts were not great; the average difference was less than 0.6% (SD=0.210)
and the maximum difference was 0.98%. These results did not support the decision to
recalibrate our old data.

The Effects of Hydrometer Table Change on Percent Saturation Estimates

(figure 31) Results of calculations showing the effect of the hydrometer table change on our
estimates of percent saturation (Sat.) in subsample of data from the 1992 season. Data were
selected which represented extremes of both salinity (Sal.} and dissolved oxygen (D.0.) in order to
yield greatest possible effects.

Sitte Date Tide Tem D.O. Sal Sal. % Sat. % Sat. Diff.

p. (Old) (New) (OM) (New)
1 0713 Low 210 6o 282 274 91.05 90.60 045
1 10/10 High 128 87 288 281 97.47 97.03 04
5 05/02 High 145 98 153 141 10331 10457 074
5 10/11 Low 130 62 105 10.0 62.73 62.55 0.18
5 11409 High 30 109 19.1 179 91.80 91.07 073
6 04/17 Hgh 50 107 28.4 270 10092 9064 098
g 0827 low 220 6.9 93 79 83.24 8261 063
9 0910 High 230 2.1 154 148 10293 10259 034
10 04/16 Low 55 112 103 62 94 .97 0434 0.63
14 056/01 High 160 87 28 15 80 89 8926 071
14 07/28 IHeh 245 7.6 32 19 93 .00 0238 062
14 11/0% Low 4.0 96 28 1.5 74.87 7430 057
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High Tide Light Transparency Appendix 14G

Site Name Site # | Location # of Obs. | Mean | Std. Dev. | Max | Min
Peninsula 1 |Oyster River 71 157.7 50.6  |385.0] 75.0
JEL 2 |Great Bay 73 1665 | 632 |460.0] 75.0
Lamprey River 3 |Lamprey River 70 99.1 242 1195.0] 45.0
Depot Road 4 |GreatBay 54 65.5 256 1120.0] 4.0
PCC 5 |Winn. River 85 71.2 274 |135.0] 185
Fox Point 6 |Lite Bay _ 53 2498 | 53.0 |3550]140.0
Cedar Point 7 |Little Bay 69 27771 897 |570.01115.0
(Neal _ 9 |Cocheco River 56 134.1 41.0 {2380/ 13.0
| Dube 10 | Upper Piscat. R. 47 2131 67.4 | 345.0] 60.0
CML 11 |Lower Piscat R. 43 3686 | 1082 |5350]120.0
STP 12 |Lamprey River 11 463 359 |%00] 50
Marina Falis Land_ | 13 | Lamprey River 38 1355 ] 471 1287.5] 60.0
Fowlers Dock 14 _|Lamprey River 36 1769 | 527 |300.0] 17.0
Patten Yacht Yard | 15 |Lower Piscat. K. 27 4077 | 798 |610.0]/265.0
Exeter Docks 16 uamscott River 14 74.0 376 11575] 345



Table of Yearly and Year to Year Means

Appendix 15

SITE 1 MEANS

WTEMP-UWIEMP-H DO.L DOH SALL SALH SATL SATH PH L Foma
1990 153 178 70 79 193 244 761 945 1479 600 1.00
1991 1607 1782 640 818 1945 2348 7232 9825 13714 700 0.00
1992 1507 1576 729 850 2161 2674 79.89 9821 17513 500  0.00
1993 1728 1704 652 798 2344 2755 7393 G810 17202 800 000
1994 1659 1704 702 837 2124 2614 B023 9964 15387 300 000

SITE 2 MEANS _

WIEMPLWTEMP-H DOL DOH SALL SALH SATL SATH PH Lo Fomat

oC (=18 ppm_ ppm  ppt ppt Yo Yo cm <75% < 75%

1990 159 159 79 B1 242 2583 907 933 1340 o o
1991 154 163 78 81 232 252 §79 956 1534 2 a
1992 158 159 84 B6 266 280 977 1020 1956 0 0
1993 163 162 7.7 83 268 279 B86 993 1866 0 0
1994 1539 156 79 83 264 276 918 973 1643 0 0

SITE 3 MEANS

WIEMPLWTEMP-H DO-L DOF SALL SALH SATL SATH PA T s Womt
1980 165 171 86 91 67 €5 901 961 1010 0 0
1991 165 186 82 88 96 86 851 963 967 200 000
1982 17.3 177 78 88 95 71 847 943 1003 1 0
1983 17.3 183 78 84 117 112 843 918 975 3 1
1984 174 198 72 87 150 126 812 989 1004 1 o

SITE 6 MEANS _ _

WTEMP-LWTEMP-H DO-L DO-H SALL SALH SATL SATH [P Loaat Mo
1990 142 140 78 81 248 289 873 924 2500 1 0
1991 157 152 80 81 245 278 921 947 2361 1 o
1992 156 129 85 BS 275 286 988 955 2404 0 o
1993 148 126 81 B84 267 290 930 943 2579 0 1
1994 154 133 83 81 271 291 ©598 001 2548 0 2

SITE 11 MEANS _ _

WIEMPTWIEMP-H DO-L DO-H SALL SALH BATL BATH TPH T %sa Moes
1991 118 119 81 80 284 277 8388 879 1582 0 1
1992 125 116 89 85 299 290 996 922 4100 0 1
1993  13.0 128 78 77 297 290 841 842 3871 3 3
1984 115 1.8 85 86 299 292 911 547 3959 1 0

=)
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Low Tide pH Appendix 14E

Site Name Site # | Location # 0T ODS, | Mean | Std. Dev. | Max | Min
Peninsula 1 Owster River 69 7.3 0.3 82 | 65
JEL 2 | Great Bay 68 7.7 03 | 84 | 67
Lamprey River 3 Lamprey River 68 73 0.3 8.1 59
| Depot Road 4 -[Great Bay

PCC 5 Winn. River 72 73 02 | 78 |70
Fox Point 6 |Little Bay 67 7.6 03 85 [ 65
Cedar Point 7 Little Bay 69 76 0.4 83 | 56

| Neal 9 Cocheco River 57 72 0.3 78 | 66
Dube 10 |Upper Piscat. R. 52 76 04 100 | 69
CML 11__| Lower Piscat. R. 53 76 0.4 82 | 60
STP 12 [Lamprey River 42 7.1 03 76 | 64
Marina Falls Land.| 13 _[Lamprey River 40 72 0.4 78 | 57
Fowlers Dock 14 | Lamprey River 43 72 04 82 | 62
Patten Yacht Yard | 15 __|Lower Piscat. R. 27 77 02 82 | 73
Exeter Docks 16 | Squamscott River 14 7.7 05 91 | 72
High Tide pH

Site Name Site # | Location #0f Obs. | Mean | Std. Dev. | Max | Min
Peninsula 1__|Oyster River 70 76 0.4 82 | 56
[JEL 2 |Great Bay 67 7.7 03 84 | 65 |
Lamprey River 3 ILamprey River 72 73 04 84 | 62 |
 Depot Road 4 |Great Bay 70 7.9 0.3 85 | 69 |
PCC 5 | Winn, River 73 78 0.2 84 | 72 |
Fox Point 4] Littte Bay 69 7.7 0.2 8.1 6.7
Cedar Point 7 __|Litle Bay 76 0.4 81 | 63
Neal g | Cocheco River 58 7.3 0.4 87 | 64
Dube 10 | Upper Piscat. R. 52 7.7 0.3 85 | 69
CML 11__|Lower Piscat. R. 53 76 0.4 81 | 68 |
STP 12__|Lamprey River 42 72 0.3 78 | 60
Marina Falls Land.| 13 |Lamprey River 38 7.2 02 76 | 66
Fowilers Dock 14 |Lamprey River 42 72 02 7.7 | 69
Patten Yacht Yard |15 | Lower Piscat R. 28 78 04 95 | 689
Exeter Docks 16 | Squamscott River 14 78 0.8 a5 | 70




Low Tide Air Temperature

Appendix 14F

Site Name Site # | Location #of Obs. | Mean | Std. Dev. | Max | Min
Peninsula 1 Qyster River 54 135 13.5 252 | 7.0
JEL 2 Great Bay 72 152 152 36.0 | -2.0
| Lamprey River 3 Lamprey River 68 154 15.4 280 | 0.0
Depot Road 4 _|Great Bay

PCC 5 | Winn, River 82 145 145 250 [ 6.0
Fox Point 6 |Little Bay 70 14.0 14.0 20.0 | -2.0 |
Cedar Point 7 |LitleBay 69 142 14.2 26,0 | -2.0
Neal 9 | Cocheco River 58 12.7 12.7 300 | -80
 Dube 10__ | Upper Piscat. R. 52 142 14.2 320 | -80
CML 11 {Lower Piscat. R. 52 135 135 25.0 | 0.0
sTP 12 [Lamprey River 43 18.7 18.7 3051 15
Marina Falls Land.] 13 [Lamprey River 40 18.8 18.8 300 | 2.0
Fowlers Dock 14 jLamprey River 43 17.9 179 340 | 25
| Patten Yacht Yard | 15 | Lower Piscat. R. 28 15.8 158 270 | 6.0
| Exeter Docks 16 | Squamscott River 14 16.0 16.0 200 | 50
High Tide Air Temperature

Site Name Site # | Location %ot Obs. | Mean | Std. Dev. | Max | Min
Peninsula 1__ |Oyster River 51 218 71 35.0 | 20 |
[JEL 2 |GreatBay 73 205 6.7 310 ] 35
Lamprey River 3 Lamprey River - 70 20.3 74 3201 2.0
 Depot Road 4 |GreatBay n 212 7.8 37.0 } 40
PCC S Winn. River 73 193 7.6 34.0 ] 1.0
Fox Point 6 |Litle Bay 72_ 202 7.4 37.0 ] 4.0
Cedar Point 7 Litle Bay 70 21 7.6 3701 00
Neal 9 |Cocheco River 58 18.8 7.4 320140
Dube 10 |Upper Piscat. R. 52 | 20.6 7.3 340 | 50
CML 11__ |Lower Piscat. R. 54 17.0 6.8 28.0 | 2.0 |
STP 12 {Lamprey River 41 28 8.4 3851 25 |
Marinza Falls Land.] 13 [Lamprey River 38 23 8.4 385 | 25
Fowlers Dock 14 IlLamprey River 40 21.1 75 36.0 | 25
Patten Yacht Yard 15 |Lower Piscat. R. 28 20.0 62 320 20
Exeter Docks 16 | Squamscott River 14 20.1 78 325 ] 80




Low Tide Salinity Appendix 14C

Site Name Site # | Location #0ofObs. | Mean | Std. Dev. | Max { Min
Peninsula 1 Qvyster River 73 21.0 6.9 310 : 35
JEL 2 _|GreatBay 72 25.3 56 3251 73
: Lamprey River 3 Lamprey River 67 10.4 6.3 250 1 0.0
Depot Road 4 | Great Bay

PCC 5 {Winn. River 72 105 7.2 243 | 0.1
Fox Point 3] Little Bay 70 26.1 4.8 334 | 97
Cedar Point 7 |Litle Bay 68 26.4 48 331 | 97
[ Neal 8 | Cocheco River 58 8.9 54 200 | 0.0
Dube 10__ | Upper Piscat. R. 52 185 6.8 289 { 03
CML 11 |Lower Piscat. R. 54 295 25 342 1233
STP 12 |Lamprey River 43 4.3 5.4 254 i 0.0
Marina Falls Land.] 13 Lampxey River 43 4.7 3.1 142 | 0.1
Fowlers Dock 14 | Lamprey River

Patien Yacht Yard 15 |lower Piscat. R. _ 28 2756 58 2351 79
Exeter Docks 16 | Squamscott River 14 1.9 1.7 72 | 05
High Tide Salinity .

Site Name Site # | Location # of Obs. | Mean | Std. Dev. | Max | Min
Peninsula 1 QOvster River 71 257 6.0 3289 : 76
JEL 2 |GreatBay 72 26.8 46 33.1 { 109
Lamprey River 3 Lamprey River 71 9.0 75 285 | 14
Depot Road 4 |Great Bay 71 23.7 6.8 3191 12
PCC 5 Winn. River 73 224 6.6 323 | 44
Fox Point 6 |Litle Bay 73 287 3.6 328 (162 |
Cedar Point 7 Little Bay 6% 284 3.8 339 1389
[Neal 9 {Cocheco River 57 13.8 75 272 1 0.0
Dube 10 | Upper Piscat. R. 52 255 6.4 32| 35
CML 11 Lower Piscat. R. 58 287 32 332 (183
STP 12 Lamprey River 42 6.0 59 2301 00
Marina Falls Land.| 13 {Lamprey River 42 3.0 27 13.8 1 0.0
Fowlers Dock 14 |lLamprey River

| Patten YachtYard | 15 | Lower Piscat. R. 28 30.9 20 334 {247
| Exeter Docks 16 Squamscott River id 34 3.9 1131 02




Low Tide % Saturation

Appendix 14D

Site Name Site # | Location # of Obs. | Mean | Std_Dev. [#<75% | Max | Min
Peninsula 1__jOyster River 73 76.5 9.4 200 | 96.2 |486
JEL 2 _ |GreatBay _ 73 914 8.0 20 [1123]725
 Lamprey River 3__|Lamprey River 66 853 | 102 7.6 [104.7[48.4
t Road 4 |GreatBay

PCC 5 _|Winn. River 72 73.4 10.2 43.0 1101.5)52.8)]
Fox Point 6 {Little Bay 69 93.3 8.3 2.0 113.7 ] 63.8
Cedar Point 7 |Little Bay 68 91.0 7.8 2.0 |119.4]701
Neal 9 |Cocheco River 57 82.6 B.7 10.0 957 | 525
Dube 10 | Upper Piscat R. 52 88.9 9.4 20 |[1155]67.0
CML 11 __|Lower Piscat R. 54 50.9 10.7 4.0 118.6 } 49.2
STP 12 |Lamprey River 42 713 18.5 23.0 111.3 /363
Marina Falls Land] 13 Lamprey River 43 84.3 8.4 0.0 111.0{76.0
Fowlers Dock 14 jLamprey River 41 856 11.3 8.0 109.8 | 80.9
Patten Yacht Yard] 15 [Lower Piscat. R. 26 95.4 13.8 1.0 111.5 | 40.6
Exster Docks 16 |Squamscott River 14 H.1 14.0 2.0 119.8 | 67.7
High Tide % Saturation

Site Name Site # [Location # of Obs. | Mean I'Std. Dev. [#<75% | Max ] Win
Peninsula 1 Oyster River 70 97.4 9.6 1.0 1162 | 56.4
JEL 2 _|Great Bay 72 975 7.3 0.0 113.7 1 83.5
 Lamprey River 3 L River 71 95.4 7.0 1.0 [1185]653]
Depot Road 4 _ }Great Bay 70 i01.2 9.9 0.0 117.2 1 80.5
PCC 5 |Winn. River 73 97.9 10.4 00 11821756
| Fox Point 6__JLittle Bay 73 93.4 9.6 30 |1096[627
Cedar Point 7 __|{Little Bay 67 92.4 9.5 20 j113.7]629
Neal 8 _|Cocheco River 57 91.8 11.2 3.0 116.2 | 67.1
Dube 10_ | Upper Piseat. R. 52 98.7 7.6 0.0 [113.1]841
CML 11 |Lower Piscat R. 58 90.0 10.7 5.0 112.4 | 55.2
STP 12_|L River 42 334 | 1.0 10 11185676]
| Marina Falls Land] 13 ~[Lamprey River 42 94.9 9.3 .1.0 1156 | 57.8
Fowiers Dock 14 JI River 41 81.5 14.6 30 |11297298
Patten Yacht Yard] 15 |Lower Piscat R, 27 96.0 18.3 20 _|117.0]409
 Exeter Docks 16__| Squamscott River 14 83.0 10.9 1.0 108.6 ) 72.8




Low Tide Water Temperature Appendix 14A
Site Name Site # | Location #0fObs.| Mean [Std.Dev.! Max Min
Peninsuia 1___|Oyster River 72 16.0 5.6 24.5 13 |
JEL 2___|Great Bay 72 15.9 49 24.0 5.0
| Lamprey River 3 [Lamprey River 67 17.0 4.9 24.5 55
Depot Road 4 |Great Bay
PCC 5 _ [Winn. River 72 15.8 5.6 25.0 1.0
Fox Peint 6 |Little Bay 70 15.2 4.4 _220 4.5
Cedar Point 7 litle Bay €9 15.3 42 22.5 6.5
| Neal 9__ !Cachece River 58 16.0 5.3 24.0 3.0
 Dube_ 10 __!Upper Piscat R. 52 15.9 53 24.5 4.4
CML 11__|Lower Piscat R. 57 11.9 3.4 18.0 4.0
STP 12 |Lamprey River 43 18.1 43 26.0 7.5
Marina Falls Land. 13 |Lamprey River 43 17.1 6.1 26.0 3.0
Fowlers Dock 14 |Lamprey River 43 17.5 57 250 4.0
Patten Yacht Yard 15 |Lower Piscat R. 28 14.0 3.3 19.0 7.0
Exeter Docks 16 {Squamscott River| 14 17.5 6.0 265 9.0
High Tide Water Temperature
Site Name Site # [Location #0fObs | Mean |Std. Dev.| Max Min
Peninsula 1 |Oyster River 71 17.1 50 24.5 5.3
JEL 2 ___{Great Bay 72 16.0 4.3 22.5 52
' Lamprey River 3 ]Lamprey River 72 18.5 6.2 285 45
 Depot Road 4 __|GreatBay 72 18.0 5.8 275 35
PCC 5 |Winn. River 73 18.1 6.1 280 3.0
Fox Point 6 __|Litie Bay 72 13.6 37 20.0 5.0
Cedar Point 7 ilitile Bay 70 14.8 3.8 21.0 6.0
i Neal 9 {Cocheco River 58 17.3 58 26.5 20
Dube 10 |Upper Piscat. R. 52 16.2 48 26.0 54
[CML 11 |Lower Piscat R. 58 12.0 35 18.5 4.0
§TP 12 |Lamprey River 42 18.6 58 28.0 6.0
Marina Falis Land. | 13 |Lamprey River 41 184 6.1 28.0 4.0
Fowlers Dock 14 jLamprey River 41 19.4 6.2 29.0 4.5
Patten Yacht Yard 15 |Lower Piscat. R. 27 12.5 3.3 17.0 6.0
Exeter Docks 16 __jSquamscott River| 14 18.2 68 29.5 8.0




Low Tide Dissolved Oxygen Appendix 14B
Site Name Site # | Location # o1 Obs. | Mean | Std. Dev. | Max | Min
Peninsula 1 |Ovster River 73 6.9 1.6 1131 4.2
JEL 2 |Great Bay 73 7.9 14 114157
[Lamprey River 3 _|Lamprey River 66 8.0 17 120 | 4.6
Depot Road 4 JGreat Bay
PCC 5 |winn. River 72 7.0 1.6 109 | 42
Fox Point 8 [Little Bay 69 8.1 1.2 11.6 | 6.0
Cedar Point 7 _ |Little Bay 68 7.8 1.1 116 1 5.8
| Neal 9 |Cocheco River 57 7.9 1.6 11.3 ] 46
Dube 10 |Upper Piscat. R. 52 8.0 1.1 11.2 § 6.0
CML 11 _|Lower Piscat. R. 55 83 1.3 119 1{ 47
STP 12 [Lamprey River 42 6.6 1.7 10.1 | 3.3
Marina Falls Land] 13 }Lamprey River A3 9.1 1.8 138 | 6.1
Fowlers Dock 14 iLamprey River 41 8.1 1.5 1181 59
Patten Yacht Yard 15 [lowerPiscat R. | 26 8.5 1.5 11.0 | 3.3
Exeter Docks 16 uamscott River 14 8.7 1.0 106174
High Tide Dissolved Oxygen
Site Name Site # [Location # of Obs. | Mean | Std. Dev. | Max | Min
Peninsuia 1__]Oyster River 70 8.2 1.2 129 | 54
JEL 2 _iGreat Ba 72 8.3 1.1 114 ] 65
| Lamprey River 3 _|Lamprey River 71 8.8 1.6 126 | 56
| Depot Road 4 __|Great Bay 71 8.7 1.3 120] 65
PCC 5 |Winn_River 73 8.3 1.3 12.0 ] 60
Fox Point 6 |Little Bay 73 8.2 1.1 109 | 55
Cedar Point 7__|Litle Bay 68 7.9 1.1 109 | 53
| Neal 8 ;Cocheco River 57 8.3 1.4 119 5.6
Dube 10 | Upper Piscat. B. 52 8.4 1.0 11231 7.0
CML 11 |Lower Piscat. R. 57 8.2 1.3 123 { 47
STP 12 |Lamprey River 42 8.8 1.6 12.4 | 4.8
Marina Falls Land] 13 ILamorey River 42 9.0 1.6 125 [ 7.0
Fowlers Dock 14 iLampwey River 41 8.5 1.7 128 ] 3.3
Patten Yacht Yard 15 _|[lLower Piscat. R. 28 85 1.7 108 | 33
Exeter Docks 16 | Squamscott River 14 92 | 12 11277




Financial Supporters

1989 - 1991
1992

1990 - 1993
1990 - 1993
1990 - 1992
1990 - 1993
1990 - 1993

1991 - 1993
1991 - 1993
1992 - 1993
1992 - 1993
1991 - 1994
1992 - 1994
1992 - 1994
Total:

N.O.AA.

U.N.H. Cooperative Extension Water Resources
Dover Conservation Commission

Great Bay National Estuarine Research Reserve
University of New Hampshire's Undesignated Gifts
N.H. Coastal Program, Office of State Planming
Maine/N.H. Sea Grant Marine Advisory Program

Dover Wastewater Treatment Plant

N.H. Fish and Game Department

Great Bay Estuarine Trust

Newmarket Wastewater Treatment Facility
Great Bay Hydrologic Unit

Individuals and Families

Schools
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$ 8,900.00
$12,000.00
$ 950.00
3 6,000.00
$ 4,500.00
$19,524.00

5 6,485.00
$ 6,120.00

$ 300.00
$ 2,000.00
$ 300,00
S 300,00
$60.000.00
$ 62500
$ 1.800.00
$129,804.00



Technical Advisory Committee Members: Appendix: 11

Dr. Michele Dionne, Research Director, Wells National Estuwarine
Research Reserve. Research interests: fish ecology, aquatic plant-animal
interactions, aquatic habitat structure, ecological indications of aquatic habitats.

Joyce Hammer, Technician, Newmarket Wastewater Treatment Facility.
Conducts and analyses fecal coliform, dissolved oxygen, chlorine levels, and biological
oxygen demand(B.0.D.) tests.

Dr. Steve Jones, Research Associate Professor, Jackson Estuarine
Laboratory, University of New Hampshire. Bacteriologist in the Dept. of
Natural Resources at UNH. Conducts research on fate and processes affecting
nutrient and microbial ronpoint sources pollution in coastal areas; shellfish sanitation
and processing; ecology of indigenous estuarine bacterial pathogens; bioremediation of
toxic compounds.

Amy Lindsay, Chemistry Lab Supervisor, University .of New
Hampshire. Coordinates laboratory courses, keeps inventory, and writes lab
curricula.

Chris Nash, Principal Planner, N.H. Office of State Planning. N.H.
Coastal Program staff member - wetlands regulation and restoration, water quality
(noapoint source poliution), shelifish resource management and other aspects of coastal
zone management and planning,

Jeff Schloss, Coordinator Lakes Lay Monritoring Program and Water

Resources Specialist, Cooperative Extension, University of New

Hampshire. Research Scientist with UNH Freshwater Biology Group. Voiunteer

mMOenItormg program management and sampling protocols. Watershed water quality

Ec;lnitqﬁng and modeling; applied limnology GIS applications for water quality
ysis.

Joyce Tugel, Science Teacher, Marshwood High School in Eliot, Maine.
A chemistry teacher for 5 years, One of her main interests is incorporating "real-life”
science into the existing curriculum. Prior to becoming a teacher, she was a research
scientist in environmental biogeochemistry for more than 10 years.



Data Recipients

NH Deparmment of Environmental Services
Department of Transportation

Martin & Eddy Consultants Waltham, MA

Great Bay National Estuarine Research Reserve
U.S. Senate
Jackson Estuarine Laboratory
N.O.A.A. (Lobster Research in Great Bay)

] ackson Estuarine Laboratory
UNH Cooperative Extension, Water Resources
NH Office of State Planning Coastal Program
UNH Natural Resources Department
Teachers and students in the program
Non-Point Source
UNH Ph.D. Candidate

Department of Environmental Services

Appendix 12

Normandeau Associates

Kittery Waste Water Facility
Updare

Sandy Point Interpretive Signs
N.H. Senator Gregg

Steve Jones

Steve Jury

Rich Langan

Frank Mitchell

W. Chris Nash

UNH Students

Eric Williamns
Jody Berman
Edward Schmidt

’ln}



Public Presentations

International:

Coastal Convergence Conference, New Brunswick Canada

National;

National Marne Educators Associanon

EPA Natonal Water Quality Monitoring Conference

Regional:

State:

Gulf of Maine Scientist Conference

Sea Grant Staff and Cooperators

Gulf of Maine Marine Educators Association Conferences

(GOMMEA)
Sea Grant Site Review

Sea Grant Marine Advisory Meetings
1992, 1993

Monitoring Fairs for Maine and New Hampshire
National Geographic Teachers Meeting
Sea Grant Water Quality Meeting

Training for Teachers and GOMMEA at Sandy Point
Discovery Center

Elderhostel Demonstrations
Estuaries Day, (Ducker's Day locally)

New Hampshire Science Teachers Association

Coastal Forum

Wet and Wild Teacher Workshop at Odiome State Park

Discover Wild N.H.

Celebrate Odiome Day

Appendix: 10A
Sep. 1991
Aug. 1991-1994
1992, 1994
Jan. 1991
Apr. Oct. 1991
Oct. 1994
Oct. 1991-1994
Oct. 1992
Apr.
Mar. 1992-1994
May, Oct. 1992
Oct. 1993
June 1994
June, luly 1994
Sep. 1991-1994
Mar. 1991-1994
Nov. 1992
Apr. 1991
May 1991
May 1991, 1994
hme 1991,93-94



UNH Ant GAllerys’ Brown Bag Lunch Series
Great Bay Safety Day at Great Bay Marina
Conservation Week, Newington Schools

St. Thomas Aquinas Career Day

Gundalow at Prescott Park (6 weeks) July,
Stuart Farm, Rockingham County

New Hampshire Dept. of Environmental Services
UNH Marine Docent Program

Farm and Forest Day

Aliernanve School, Manchester

Earth Day Celebration, Hampton Academy
Display and Explanation at Somersworth Earth Day
Display at Great Bay Marine Education Show
Recruiting Booth at Strawberry Festival, So. Berwick, ME
Display at Somersworth Chiidren’s Festival
Coastal Clean-up

Raymond Area Rotary Club

Active Retirement Assoctation

Newmarket Planning Board

Teacher Training at Exeter AREA High School
Display at Market Square Day

Area Conservation Commissions: Oct.,
Hampton, Stratham, Durham, Newington
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May
May
May
Oct.

Aug.

Sep.
Apr.
Sep.

Feb.

Apr.

June

Nov.

1992
1992-1993
1992

1992, 1994
1952

1992

1992
1992-1994
1992-1994
1993

1993

1993

1993

1993

1993
1992-1994
1991, 93
1994

1994

1954

1994

1954



Marshwood High School

MARILYN F. WOODSID MINISTRATIVE DISTRI .3 THOMAS M. O'MALLEY
PRINCIPAL E SCHOOL AD bl CTNO- 35 ASSISTANT PRINCIPAL

204 DOW HIGHWAY
ELIOT, MAINE 03903-1498

(207) 439-5600

1< November [%%<

T¢ Wnom it May Ccncern:

The CGreai Bay Watch Frogram has pecomeé an integral part of
my commitment to teaching bcth science ang values 1o nigh schcooi
students. It has enabied me to cevelop cutreacn 1nlo the
communitvy; my students have come to see their eiders in & new
iignt as they work aiongsice them as waterl menitors. as well,
the aguits in tne community can see that "kids these cazys" aren t
all bas. There are many ideaiistic, cptimistic young peopie that
ceserve toc be in the ssotlight.

As & chemisiry teacher, I have apgreciated how the Great Bay
Watch Program has heipec me bring sclence o life. My stucdents
have presentea our water monitoering project.at lccal feirs, and
heve gone before the Eiict Conservation Commission 10 shiare cur
cdata. Both the Eliect and Scuin Berwick Conservaticn Commissicns
nave given us financial support, &nc cur program continues ic

Qrow.

The Eliot Conservation Commissicn has askec us to heip them
with & tocai problem. They a&re concerned about the use cf rcec
salt and its eifect on plants and crasses. My siudentis will test
the saiinity cf water in suspect areas before rozd salit 1S
sppiied, and then will test again during snow thaws.

I pian to continue using the Great Bay Watcn Program as &
means to werk with studentis on real issues. I hope to cevelicp

region-wide connecticns viz teiecommunications netwcrks where
moth Maine and New Hampsnhire watershed data can e sharec.
compareca, &nd contrasted. As we progress, 1 wani us te ceontinue
helping the community answer questjions of environmentai concern
py providing our technical expertise.

e 820l
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Exeter AREA High Schoo
Linden Stree
Exeter, NH 0383:
603-778-777-
12/6/94

Exeter AREA High School has an extensive activity based science
urriculum. The Great Bay Watch was an exploratory program this year,
ut it will be integrated into our Biology 1l curriculum for the 85 - 96
chool year.

In addition to the water monitoring, the program promotes many
itrinsic qualities that introduce the student to citizen environmental
articipation and citizen action. Also, | would like to thank Ann Reid for
er help and guidance in promoting Site #16.

Si}cerely,
o~ Moplpnr

Brian J. Wazlaw



Phillips Exeter Academy

Depariment of Sciance

January 21, 1995
To Whom [t May Concern:

The Great Bay Watch has been a tremendcus hands-on
field and laboratory experience for my ecology students in the
spring and fall terms. They look forward to going down to the
Exeter Town Docks twice a month in all kinds of weather and are
pleased to be conducting university-level research. In July and
August, my summer session ecology class also takes part in the
project.

The training provided to myself and Brian Wazlo, of the
Exeter Area High School who shares the site with us, has been
first rate and the level of accuracy demanded is high. I believe
that programs such as this one serve as examples of education at
its best. Not only do the students and teachers benefit from the
sampling and associated lab work, but as well are treated to
informative monthly meetings each with a guest speaker. The
Great Bay Watch is a top notch vounteer monitoring program
and I recommend it to all area teachers of courses such as mine.

Sincerely,

Clrnily T LAk

Christopher R. Matlack
Instructor in Science

70 Main Street Exewcr, New Hampshire 03833-2460 Tel (603) 772-4311 Fax (503) 778-9563



Saint Thomas Aquinas

HIGH SCHOOL !

January 12, 1995

Dear Great Bay Watch:

This is a letter of thanks for all you have done for me and our Saint Thomas
Agquinas Environmental Club. Qur association with The Great Bay Watch for this third
year has again been rewarding for my students and myself. It's wonderful to see the
students have such enthusiasm for "doing something" to improve the environment. In
addition, it's been a great way to get some of my Chemistry students involved by having a
real world applicatior of the chemistry they have learned.

By the way, I'd like you to know that this year one of my senior volunteers has
decided to pursue a career in Environmental Science. She has applied to three colleges
that have programs in either Environmental Engineering or Environmental Science. I'm
sure she'll be accepted at all three of her choices for two reasons. Of course she'’s a very
bright and dedicated student, but secondly, because of her Great Bay Watch experience,
she's has the experience and insight into Environmental Science that few of next year's
first year college students will have. I'm willing to bet that this will give her a great >
competitive edge for her acceptance to college. -

Since the end of the data collecting season, the students and I have completed two
of the five additional experiments that we discussed. I am currently involving our
Computer Club with the project by asking them to graphically and statistically analyze
the data and then prepare a report for you. This project will continue sometime soon
after our midterms next week. ['m shooting for completion of the project before the
beginning of the next sampling season.

Thanks again for keeping us posted on all of the activities going on around the
area besides just the Great Bay Watch meetings. You do a fantastic job coordinating all
of the volunteers by keeping us trained and informed.

Sincerely,

B7 B,
Bill MeGrew, Ph.D.
Chemistry Instructor

A




Oyster River High School

55 COE DRIVE
DURHAM, NEW HAMPSHIRE 03824-2299
TEL. 868-2375

December 28, 1994

To Whom it May Concern:

Oyster River High School has become more community oriented through our
participation in the Great Bay Monitoring Program. Our students have
coliected data and shared their data with citizens who are also concerned
about the quality of our environment. Through communications with land-
owners, preseniations to classmates and the Durham Conservation
Commission, our students have played an active role speaking for the
concerns of the bay! The heaith of our local estuary has become more than
an occasional article of concern in the newspaper, it is a continuous

effort. Students, parents, and teachers see us heading out to sample four
times a month, sometimes before or after school. The janitors wonder
what we're up to, armiving at school before everyone else. We have braved
adverse weather conditions, retrieved our data sheets from the low-tide
mud, and navigated through a major reconstruction project. For our
"watchers”, it's all an act of pride, caring for the river that flows through
our town. They receive only small rewards for their actions, it is not a
course requirement. OQur watchers are freshmen through seniors, science-
conscious, but not necessarily the most advanced in ability. They have
become proud of their affiliation as they impact the earth in a positive
way!

As a science teacher, the Great Bay Watch Program demonstrates “real”
science. Soiving "rea!” probiems is so much more exciting than following
a "cookbook™ lab! Students care about their methods and the accuracy of
their data. Good data is necessary for relevant interpretations. Students
question their results as they take the measurements, not because it was
a homework assignment. Then they can compare their measurements to
data from last year or the year before, to try and explain any changes. My
students have created a spread sheet to record their data. It allows
watchers immediate access to their backlog of inforrnation. They have
experienced the value of a computer as more than just a word processor.
They can analyze their data with graphs, and then compare year to year.



Why does the salinity change with the tide? Why does the dissolved
oxygen vary through the seasons? Our discussions as we sample and
titrate are reminiscent of some of my "best”™ chemistry classes. Students
alive with curiousity, and concerned with valid explanations. Students
who care about the "quality” of their world and learning.

The Great Bay Watch Program offers a taste of what science education
could be! | am now struggling with ways of involving all my students in
experiences that have these same values. Environmental awareness,
concern for "quality of life", citizenship, and productive science involving
many disciplines ail wrapped-up into one. | would like to help education
reform into this type of experience. Great Bay Watching has demonstrated
an effective way of making it all happen!

Sincerely,

@m@ A AMQhkie— .

Barbara A. Hopkins
Chemistry



Letters of Support from Teachers Appendix 9

Jim Fabiano

Barbara Hopkins
Christopher R. Matlack
Bill McGrew

Joyce B. Tugel

Bnan J. Waziaw

Newmarket High School
Oyster River High School
Phillips Exeter Academy
St. Thomas Aquinas
Marshwood High School
Exeter AREA High School



- - - Z't
Newmarket Jr.-St. High Schiool Rﬁ‘;‘f_ﬁlcia; °
213 South Main Street

Newmarket, N.H. 03857-1898 James H. Giucs g

Assistani Principal

(603) 639-3271

Great Bay Watch

Kingman Farm

UNH

Durham, NH 03824 Febroary 9. 1995

To Whom It May Concem:

The only way 1o equate the success or failure of any program is io
observe how the program influenced its members. Great Bay
Watch, an environmental program sponsored by the University of
New Hampshire, only has 1o observe its past members to

understand how successful it has been for Newmarket High School.
Its graduates now are successfully completing courses at Smith
College, The University of Hawaii, Tufts College, The University of
New Hampshire, and multiple other colleges and universities
across the country.

Every time I communicate with these past students they, without

exception, ask about a program that influenced not only their % 3
academic lives but also their sense of community and commitment .
towards their environment. They inquire about the younger

students they tawght and about old friends they met. They are still

interested in our Great Bay and how it is being protected for the

community they only temporarily left. But most important they

thank me for allowing them to feel the importance of ecological

values and emjoy a feeling of accomplishment that only a program

based on self-esteem could produce.

Personally, I am prond to have been part of such a program. It has
allowed me to grow in my capacity to teach.

Sin/;:erely,
[ SJepfpesne ™

- J. G. Fabiano



TEMPERATURE Appendix 8C
Discussion

Although temperature is one of the easiest measurements to
perform, it is probably one of the most important parameters to be
considered. It dramatically affects the rates of chemical and biochemical
reactions within the water. Many biological, physical, and chemical
principles are temperature dependent. Among the most common of these
are the solubility of compounds in sea water, distibution and abundance
of organisms living in the estuary, rates of chemical reactions, density,
inversions and mixing, and current movements. Because the Bay and its
tributaries are so shallow, their capacity to store heat over time 18
relatively small. As a result, water temperature fluctuates considerably.

The temperatures of surface and subsurface water usually diifer.
With increase in depth the water generally becomes colder. This results
in thermal stratification of deeper water and can lead to density
differences. Vertical temperature profiles are fairly predictable. During
the spring and summer months, the surface waiers are warmer than the
deeper waters, due to the warmth of the sun. In the fall, the warming
radiation of the sun begins to diminish. As the surface water cools, 1t
increases in density, becoming heavier. Once the surface water becomes
colder and denser than the watérs toward the bottom, it begins to sink
and vertical mixing occurs. Wind and tide may speed up the process.
This mixing action can bring nuwients up from the bottom into higher
water where more plants and organisms may use it to advantage. During
the winter, the water temperature becomes relatively constant from
surface to bottom until March, when the process of surface warming
begins again.

Temperature is reported in degrees Celsius. You can make
conversions either way using the following formulas:

Fahrenheit to Centigrade: subtract 32 degrees from F. temp.; divide
by 9; multply by 5.

Centigrade to Fahrenheit: divide Centigrade temperature by 5; multply
by 9; add 32.

13.



Appendix 8D

Equipment: armored thermometer (for water); air thermometer.
rocedure:

1. Check thermometers for continuous fluid - no breaks.
2.  Hang the air thermometer in a nearby bush, out of the sun.
3. Rinse sampling bucket twice by filling it halfway and
disposing of contents in an area away from sampling spot.
Let water flow through the tube and then clamp tube shut.
4. Take water sample with bucket, hang armored
thermometer in bucket and record readimg after 3-5 minutes.
5. Record air temperature making sure to use celsius scale.

»



Great Bay Watch Manual Excerpts

Great Bay Watch

A Crtizens Water Monitoring Program

Manual
TABLE OF CONTENTS

Maps
Piscataqua River Basin
Great Bay Estiarine System and Site Locations

Introduction
‘Why Monitor?
Safety First

Forms--Getting Started
Equipment Check List
Sampling Procedure Summary
Field Data Sheet
Cumnulative Data/Site
Personal Time & Mileage
Coliform Laboratory Report Form

Parameters To Be Tested and What They Tell Us
T
Turbidity
pH
Salimity
Dissolved Oxygen

Procedures—~How To Do The Tests
Te:
Turbidity
pH
Salinity (Using a Hydrometer)
Corresponding Densities and Salinities (Table 1)
Dissolved Oxygen and MSDS (safety sheets)
Membrane Filtration for Coliform Bacteria

Foommotes

Appendices:

1. Dates to Remember (Sampling and Mtg_ Sched )

1I. Calendar for Sampling Dates & Collection
Time Corrections

IH. Description of the Great Bay Estuarine System

IV. Tip Sheet

Appendix: 8

2pgs.
12pgs.
17pgs.



SO YOU THINK YOU WANT TO MONITOR?

WHY MONITOR?

Have & specific problem.

{Determine cause and decide
whether regualtion or enforcement

Appendix 8B

Need or want inio on current
status and future irends.

is needed.)

I

DECIDE WHAT TO MONITOR
l i

Land Use Living Resources General
*Erosion *Submerged Agquatic Vegetation *Weather
*Sedimentation *Fish Catch Statistics *Rainfall
*"Wetlands *Fish Kills *Rain pH
*Boating {marinas) *Shellfish Harvests
*Animizs & Plants *Shelifish Health

*Plankton

*Bacteria

[ WATER QUALITY |
Phvsicz! Characteristi Constituents
*Temperature ' *Dissolved Oxygen
*pH *Nutrienis
*Turbidity *Collect semples for Lab
*Salinity anzlysis
*Color - Coliform bacteria
*Tides - Chiorophyll
*Dischzrge Color - Toxics

- Others
WHERE TO MONITOR

(Site Location)

J

At Shoreiine

Nearshore Waters

Middie oi Siream/River




Sample Monthly Meeting Agenda

1st Wednesday 7:30 -- 9:00 pm
at Kingman Farm/UNH

1) Regular Items and Activities
- Sign in on the attendance sheet
- Turn in your data sheets
- Pass in your time and mileage sheets
- Do an equipment check list
- Pick up more blank data sheets
- Replenish supplies for next sampling trip

2) Lecturers
- Rich Langan: Jackson Estuarine Laboratory
- Chris Nash: Office of State Planning
Topic: Oyster River Watershed Study and Results

3) Information Exchange
- Watchers news
- Calendar update
- Video: "Processing Fecal Coliform Samples”
- Request for assistance at Public Meeting

Appendix 7



Education Program Topics And Speakers Appendix 6A
The following topics and lecturers we've had at monthly meetings

). What is the National Wildlife Refuge? What is Planned for Great Bay?
- Alan Anderson - Great Bay National Wildlife Refuge

2. Monitoring and Restoration of Salt Marshes
- Alan Amman - Natural Resource Conservation Service

3. Clear Water Act and Possible Legal Actions for Local Violations
- Jed Callen - Adjunct faculty, attorney at law, Manchester

4. Estuarine Habitats
~ - Dr. Clayton Penniman - Naragansett Bay Project & Jackson Estuarine
Laboratory

5. Pollution Prevention by Companies, Agencies, as well as Individuals
- Stephanie D'Agostino - Department of Environmental Services

6. National Research Projects Sponsored by Sea Grant
- Brian Doyle - Program Leader UNH Cooperative Extension, Sea Grant

7. What are the Educational Programs at Sandy Point? What is the Great Bay Waich’s
Role?
- Betsy Franz - Great Bay Narional Estuarine Research Reserve

8. How Many and Where are the Juvenile Fish Located in Great Bay?
- Kelly Gestring - Zoology Department, UNH

9. Adopt a Beach Program and Piscataqua Region Marine Debris Council
- Sherry Godlewski - Office of State Planning

10. What is the National Wildlife Refuge? What is Planned for Great Bay?
- Jim Halpin - Grea: Bay National Wildlife Refuge

11. Bacterial and Viral Indicators in Great Bay Used to Detect Pollition Sources
- Dr. Stephen Jones - Jackson Estuarine Laboratory

12. Aquaculture Possibilities, Explanation of the Status of Shellfish Around the
Estuary
- Dr. Rich Langan - Jackson Estuarine Laboratory

13. Water Quality in the
- Dr. Aaron Margolin - UNH Microbiology

14. Seaweed Importance in a Healthy Bay
- Dr. Arthur Mathieson - Jackson Estiarine Laboratory

15. Gulf of Maine Council Projects
- Sharon Meeker - Marine Education Specialist

16. Mapping Skills for Shoreline and Watershed Surveys



7.

18.

19.

20.

21

22,

23

24,

- Frank Mitchell - UNH Cooperative Extension Water Resources

b

Appendix 6B
Importance of Quality Assurance/Quality Control
- W. Christopher Nash - UNH Natural Resources & NH Office of State
Plansing

What is Happening with Voluntser Monitoring in Maine?
- Webster Pearsall - Maine Office of State Planning

History of Research on the Great Bay Estuary
- Paul Pelletier - Captain, RV Gulf Challenger

Solar Eclipses
- Roger Rivers - Rivers Camera Store

Why is Volunteer Water Monitoring Important?

- Jeffrey Schloss - UNH Cooperanve Extension Water Resources, Lakes Lay
Monitoring Program

Eel Grass Beds in Great Bay Overview
- Dr. Fredrick Short - Jackson Estuarine Laboratory

Results from Phase I Final Report: An Eswarine Ecological Risk Assessment for
PNSY, Kittery Maine
- Jim Tayon - PNSY Environmental AFFAIRS

Suspended Sediments Research, Bathymetry of Grear Bay
- Dr. Larry Ward - Jackson Estuarine Laboratory

What is the NERR System? What's Happening in Great Bay?
- Peter Wellenberger - Great Bay National Estzarine Research Reserve



M. PROJECT DESCRIPTION Appendix 5C

The Great Bay Estuary (Figure 1) has been known for years as a place of great
beauty and abundant resources. The drainage area of Great Bay is 374 square miles, while
the watershed of the entire Great Bay Estuarine System (including Great Bay, Little Bay,
and the Piscataqua River) is 930 square miles, with roughly two-thirds of the drainage area
in New Hampshire and one-third in Maine (Short 1992). Surface water temperatures are
variable on a daily and seasonal basis, with a range of -2.0°C to 27°C in Great Bay proper
(Short 1992). Salinity can be as high as 30 parts per thousand in the summer/fall and can
approach 0 parts per thousand during high spring runoff events (Short 1992). The strong
tidal currents, coupled with the shallowness of the bay, are conducive to mixing, which
limits vertical stratification for most of the year, though partial stratification can occur
during high runoff events (Short 1992). In the winter, much of Great Bay itself can freeze
over, Time series analyses of hydrographic trends in the estuary for the period of 1973 to
1982 showed that water temperature decreased 0.17 Celsius degrees per year, while
salinity (at Dover Point) rose 0.34 ppt per year (Loder et al. 1983). These trends to colder,
saltier water may indicate either local river-flow changes or regional rends affecting the
Guif of Maine. Trend tests on data for a longer period of record may or may not show
similar trends.

Several federal, state, and local government activities are evident in the estiary's
watershed. In October 1989, the estuary achiéved status as a National Estuarine Research
Reserve, which encompasses 4,471 acres of tidal waters and mudflats, 800 acres of
upland habitats (salt marshes, tidal creeks, islands, woodlands, and open fields}, and
approx.imm*.ly 48 mles of shoreline (NHOSP 1989). The NH Department of
Environmental Services designated the Great Bay Drainage as a priority watershed area in
the NH Nonpoint Source Management Plan, developed in accordance with Section 319 of
the Clean Water Act (NHDES 1990). A Hydrologic Unit Project in Great Bay, initiated by
the U.S. Department of Agriculture - Soil Conservation Service and involving other
agencies such as the Agricultural Conservation and Stabilization Service, the Conservation
Districts of Rockingham and Strafford Counties, the University of New Hampshire
Cooperative Extension, and the NH Department of Environmental Services - Water Supply
and Pollutior: Control Division, began in 1990 and is scheduled to be completed in 1994.
The overall goal of the project is to reduce the effects of nonpoint source polhution in
244,030 of the total 563,200 acres of the estuary’s watershed. This area includes parts of
23 cities and towns in the Lamprey, Exeter, and Oyster River Hydrologic Units.



particular sampling period collected prior to the 1993 season were not collected on the same

Appendix 5D

day.
E. Parameter Table
# Samplest | Analytical Sample Holding
Parameterd Units per Year Method Preservation Time
| Air Temp. °C 390 thermorneter nfa Immediate
Water Temp. °C 390 thermometer n/a mmmediate
Salinity ppt 390 hydrometer n/a Immediate
pH pH units 390 field pH meter na Immediate
Tuvidity cm 390 Secchi disk nfa itmymediate
micro-Winkler chemical fixed sample:©
Dissolved O3 | mg/L 3% titration fixarion 6-br max.
Fecal # of colonies membrane store cool 6-8 hours;¢
Coliform _ per 100 ml 390 fileration at < 10°C 12 hour max

a) water is sample matrix for all parameters

b) maximum number of samples for the entire program, based on 14 sites and 15
sampling dates (H and L tde sampling)
c) all D.O. samples are fixed immediately in the field and are typically analyzed (titrated)

in the field, though

(hltered) within 12 hours of collection.

some volunteers bold the fixed sample in a cool, dark place for later
titration within the specified storage time

d) storage tme may vary for samples from different sites, but all samples are analyzed

A



Quality Assurance Project Plan

GREAT BAY WATCH
A CTTIZEN WATER MONITORING PROGRAM

prepared by

W. CHRISTOPHER NASH
ANN S. REID
UNH SEA GRANT COOPERATIVE EXTENSION
UNIVERSITY OF NEW HAMPSHIRE, DURHAM, NH

DATE

APPROVALS:

Appendix 54

B. Sharon Meeker, Principal Investigator

Brian Doyle, Project Director
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Air Temperature ... ..-....-c--°" C

Turbidity cm cm o cm
disappear appear average

Water Depth . ... .---ooemmr cm
Water Temperature .........--: C
in Dbucket

Therm. =
Caiibration Correction Facler

Correcied Temperature

pH Meter #

Salinity:

Add Test 1

other

Satinity Correction Factoy

Boitle Number, . .. ... .. - e o

write observations

side... -
=a\foke sure to sign by 2 QA/QC checked member

P
e —t—
et
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e

Hydrometer #___ .

water Temp(Jar) c
Density glce
Salinity {ppl)

|

Corrected Salinity

(ppt)

Dissolved Oxygen:

and Tes 2

TOTALDO:
(mg/L (ppm)}
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Appendix 4B
(Updated 343/94)
GREAT BAY WATCH FIELD DATA CONTINUED...

PLEASE DESCRIBE CONDITIONS AT YOUR SITE TODAY:

Water: Calm Ripple Waves Whitecaps

Weather: Clear Pannly Cloudy Overcast Fog/Haze
. Showers _ . Downpour Snow __ Other

Activities: Fishing Qystering Boating Huniing

Other

PLEASE WRITE AN OBSERVATION NARRATIVE

Time spent doing

Ficldwork: 1} 2) 3 4y Signarure:
Lab werk: 1) 2) _® 4)
Trave!l: 1} 2) 3 4} Daie;

TOTAL TIME

*Time from home andfor school aund back
coents for Time and Mileage Sheets!!!

.2



Appendix 3

Great Bay Watch
EQUIPMENT PRICE LIST

The following equipment is provided to each citizen monitoring team and includes all materials
needed to perform the water quality tests prescribed by the program.

$_10.00

$_ 400
$_18.00__
$_20.00__
$__6.50____
$__3.00____

$_10.00___

Tool Bor #

Alr thermometer with string

Armored thermometer

Hydrometer with case

Hydrometer jar (plastic 500ml cylinder)

Water sample collection container with rope, tubing, clamp
and spigot attached

Secchi disk with measure line attached

pH meter #
Screw driver
6 small bottles with caps:  rinse/tap rinse/buffer

test/tap testbuffer

rinse/sample
test/sample
pH buffer

Dissolved Oxygen Titration kit

-]

|
[
11
{1
1t
(N

%6‘!6&?96969

i
|
!
I
[
|

ra

119
[
I 11
[ A

AN~ AN~
O WoOODOODOO
OO0 O00QO0OQCO0

&999'9!%&9

Graduated buret

Glass rods

BOD Bottle (glass) and stopper
100ml graduated cylinder
Piastic beaker

1 box Magnese Sulfate piliows Count
1 box lodide-Azide pillows Count
1 box Sulfamic Acid pillows Count

1 bottle Starch solution
1 bottie of Sodium Thiosulfate
1 finger nail clipper or scissors

Safety ltems

Container
Bandaids
Antiseptic
Eyewash

Protective glasses

Miscellaneous

$__3.50____
$.___.50____
$__recycied

Clipboard

#2 Pencil

1 waste container {1 galion plastic milk container)

Plastic container for purified water (pH test and clean-up)
Clean cloth for drying equipment

GBW badge

GBW Manual (notebook and data sheets)

TOTAL Signature:




Great Bay Watch Schools, Teachers and Students

Winpacunnet High School Teachers: Date Started
Site 4 Eric Nash 1990
Paul La Course
Students: 78
1| Abbondante. Nick 41} Kim. Victor
2| Backstrom Frika 42| LaPome. Todd
3| Bednar, Catherine 43[Larochelle. Erik
4| Bederley. Taryn 44| LeBrecht. Jill
J|Bird. 1 estie 45]Levcelle, Monique |
6/Blodgett, Sarah 46] Luther, Deborah
7{Botlorn, Jeff 47| MacDow. Chris
8| Bresette_Josh 48| Manglin. Keith
9| Buckly. Carolyn 49| Mathews. Kristen
10| Burness. Tom 50| Mazurkicwicz, Mat
111 Burns, Kris 51{ McClelland. Fred
12| Carbonnean, Live 52| Morgen Mike
13|Champagne Lorinda 53| Munie, Andrew
14| Charlotte 54| Nason. Pete
15| Chris 55{Nason. Sean
16, Clifford. Jean 56| Nee. Cher
17| Coats, Liz 57| Newcomb, Lisa
18| Coomey. Bill 58/ O'Grady. Beth
19| Cote, Jeff 59] ORourke. Jason
20| Conlliard. Tim &010m
21]Cronin, Kim 61]Polizzo. Jeff
22| Danner, Scott 621 Pounder
23 Denio. Nate 63| Preston. Rich
24| Deoshire. Kim 64] Reasom. Mary Karg
25| Des Coasta, Lori 65| Reeisch Sean
26 Desrochers. Chris 66] Robinspn. Mike
27| Destochers. Loren 67| Ross. Jess
28| Doyle. Mary 68 Savage Todd
29| Dumont. Brizn 69| Scieic._Jon
30| Durham. Brent 70| Seamon_ Tara
31 Dan 71| Sellar. Jen
32| Fowler, Becky 73] Souney. Joe
33|Erolo. julie 73| Sullivan. P.
34} Gerry, Kristen 74| Tettier, Jen
35| Gibadlo, Cari 75| V. Brian
36| Gratlon. Amamda 76| Vanderwvi. Brian
37 Haley 77| W. Tory
38| Houston_ Kristen 78| Williams. Jason
39| Jedrey. Ellen e e
400 Joyner. Lori
41|K. Sezn
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Great Bay Watch Schools, Teachers and Students Appendix 2A

Ovster River High Scbool Teachers: Date Started:
Site 1 Barbara Hopkins 1993
Laura Parsons
Students: 16
1| Bianca 11] Loomis, Jeremy
2| Bonacorsi. Jen 12| Parsons. Kim
3| Conrad, Ren 13| Richmond. Chnis
4 Curry. Eva 14| Sleeper. Tray
5)Curry, Garrets ' 15} Taylor, Tye
6| Foster. Jake 16} Woiick. Nicole
71 Friend-Gray, Bl
8| Jackson, David
9 Jacqueline. Trotta
10[Lang, Jeff
St. Thomas Aquinas High School Teachers: ~ Date Started:
Site 10 Dr. Wiliam McGrew 1993
{Students: 17
1| Boldebook . Holly 10} Marcean. Michelle
2] Carbol. Jason 11{Morse. Kim
3| Carroll, Sayah 12| Munck. Cathy
4| Castonguay. Sarah 13| Sanders. Heather
5 CandleManssa 14| Small. Mathew
6| Collins, Michelle 15] Soars. Becky
7 Callen, immy 16] Snflivan, Brian
8! Demers, Jason 17| Swire. Bob
9| Kcefe, Kate
Newmarket Higk School Teachers: Date Started
Sites 12, 13, 14 Jim Fabiano 1992/
Sharon DeGiovani
Stodents: 26
1|Beers, Kim 151 Gasior. Robest
| 2|Bentley, Cart 16{ LeBeiu, B
3| Brown, Kevin 17} LeBean, Rose
4; Buntrick. Christie 18| Mangeon, Kennethy
5| Carmichael, Sarzh 19| Miller, Rick
6| Clak. Richard 20| Niichols, Jessica
7{Coles. Kelly 21} Paimer. Heather
8| Common, Peter 22| Prescon, Hillary
9| Conture. Dan 23] Sanders. Sarah
10{ Doshier. Rebecca 24 Stillwel].(ln@
11| Fllion, Kai 25|Toland. Amanda |
12| Fortin, Dave 6| Y Char
13| Foster. Abby
14| Foster. Derek




Appendix 2B

Great Bay Waitch Schools, Teachers and Students
Marshwood High School | Teachers: [Date Started:
Joyce Tugpel
Site 15 Jeff Gardoer 1993
Stondents: 38 Pat Tracy
Elaine Stevens
1] Andrews, Bill Brian Mazanis
2|Bunting, Li | Elaine Burnham
3| Eisner, Tara Manreen Marten
4|Fiizsirmmons, Hank
5|Foye, Jeff
6| Gallagher, Justin
71 Getchell Josh 23! Raymond. Leskie
8 Jenuy 24|Roy, Rachel
9| Haude, Stephanie 25| Sanborm, Daniel
10| Henningsen, Michelle 26] Saurman, Kelly
11[Hod 27{Scaerba, Kelly |
12| Bolen Susie 28| Sevenson, Bjoran
13| Bunter, Beth 29!Shapleigh, Anne
14| Huntress David _ 30| Skelton, Selina
15| James, Scott 31} StClair Jenn
16| Jennings Ammy 32| Stevens, Elaine |
17{Joncus, Kate 33| Stewart, Jenina
18/ Klods, Dan 34| Stewart, Sara
19 Andrea 35, Thotn, Chris
20{ Mathews. Sean 36| Tillary, Jessica
21| McN: 37| Upton, Jeff
22| Mewer, Ricky 38| Vozzellz, Marcy
Exeter AREA High School Teachers: Date Started:
Site 16 Brian Wadaw - 1994
Stadents: Bill Perkins
Phillips Exeter Academy Teachers: Prate Started:
Site 16 Chris Matlack 1994
Students: 25
1] Aalto, Emil 14]Kini, Inya
2| Ardigo, Mary 15|Miller. Greg |
3| Berlin, Heather 16 Pertel, Heather
5 Lawra 18|Simper, Anna
6| Donohoe, Libby 191 Somerville, Bill |
|G Alison 20iSong, Soyoun
3| Gould, Jeff 21} Svenson, Christinaj
5| Healey. Darrah 22| Takado, Yoshitake
10[Jones, Corbett 23| Trainer, Kristen
11| Kiers, Toby 24| Williams, Chase
12|Kim, Christina 25| Win, Jennifer
13{Kim, James




Great Bay Watch Adult Volunteers

5 YEARS

Baird, Barbara
Bassett, Don
Bermar, Jody
Curtis, Claire
England, Valerie
Gestring, Kelly
Jene, Jack

Jette, JTane

Jones, Sylvia
Lilty, Dick
Lourie, Ibby
McCarthy, Susan
Nash, Eric
Penhale, Dr. William
Smith, Marjorie
Smith, Peter

4 YEARS

Allard, Mary
Allard, Robert
Hill, Barbara
Nash, Chris
Neal, Nell
Sizemore, Liz
Tugel, Joyce

DOCK OWNERS

Dube, Bill

Weinert, Rick

Fowler, Ben

Marina Falls Landing ar Newmarket
Smith, Peter and Marjorie

Rosholt, Ed

Patten Yacht Yard Inc.

TJackson Estuarine Laboratory

Newmarket Wastewater Treatment Facility

3YEARS

Fabiano, Jim
Glidden, James
Glidden, Jean
Haskins, Joan
Johnson, Howard
Rivers, Marlene
Sargent, Steven
Scruton, John
Stacey, Emie
Swisher, Michelle
Tibbius, Ensley
Waltz, David
Warren, Party
Welch, Sherry

1 YEAR

Adams, Tracy
Anania Paula
Briggs, Michaz]
Chaves, Beth
Cheetam, Kristine

D'Agostino, Stephanie

Laif, Nilsen
Lawrence, Tim
Lorenz, Mary

Mac Taggart, Helen
Perkins, Bill

Pran, Al

Scruton, John
Stanton, Mary
Trow, Barbara
Wallace, Steve

0.5 YEAR

Perlman, Norma

Appendix 1

2YEARS

Briggs, Alice
Briggs, Bob
Casullo, Joanne
Chambertand, Don
Fantimer, Raymond
Ferdinand, Bill
Fortier, Jan
Fortier, Mike
Francis, Karen
Frisella, Phyllis
Gardner, Jeff
Gray, George
Grimes, Marianna
Hanson, Joleen
Hennessey, Temry
Heyden, Teena
Hopkins, Barbara
Jurgens, Rominy
Kirby, Lane
Kram, Wilham
Langdon, Jerry
Leone, Manic
Matlack, Chris
McGrew, Dr. William
Morrissey, Frank
Mullin, Peggy
Munson, Jobn
Murphy, Nancy
Parsons, Laura
Pender, Exin
Porter, Barbara
Porter, Jud
Rakoske, Connje
Rakoske, John
Spauiding, Edward -
Taylor Ann

Ward, Charles
Waziaw, Brian
Wilson, Bill
Wilson, Ruth
Wisell, Todd



Appendices

L. Great Bay Watch Adult Volunteers
2. Great Bay Watch Schools, Teachers and Students
3. Equipment Checklist

s

Field Data Sheet
5. Quality Assurance Project Plan
6. Education Program Topics and Speakers
7. Sample Monthly Meeting Agenda
8. Great Bay Watch Manual (Excerpts)
9. Letters of Support from Teachers
10. Public Presentations
11. Technical Advisory Committee
12. Data Recipients
13. Financial Supporters
14. Tables of Descriptive Statistics
15. Tables of Yearly and Year to Year Means
16. Data Tables for all Sites
17. Data Graphs from Site 2
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Appendix 16A

Site 1 - Peninsula, Oyster River
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_Site 2 - Jackson Estuarine Laboratory

Appendix 16B
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Site 3 - Lamprey River (Weinert)

Appendix 16C
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Appendix 16D

_Site 4 - Depot Road, Sandy Point
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Appendix 16E

_Site 5 - Portsmouth Country Club
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Appendix 16F

Site 6 - Fox Point
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Site 7 - Cedar Point
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Site 8 - Rakoske (inactive)
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_Site 9 - Cocheco River (Neal)
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Appendix 167
_Site 10 - Piscataqua River {Dube)
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Appendix 16K
Site 11- Coastal Marine Laboratory, Newcastie
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Site 12 - Newmarket Sewage Treatment Plant (Lamprey River)
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Site 13 - Docks (Newmarket Marina, Lamprey River)
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Appendix 16N
Site 14- Lamprey River above Dam (Fowiers)
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Site 15 - Patten Yacht Yard, inc., So. Eliot
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Site 16 - Exeter Town Docks
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082 180 W5 ez
10065 1ng g 103
TR0 1me ns L]
110754 30 4.0 &3

SAll SALH SATL SATH ped pH  FECALL  FECALH  LPL LR-H DEFTHL DEFTHE ATEMPW,  ATEMPH
-t pat = 1Y CRUNQOME. CFUAQOML o= om o 3 oe o
T6 06 BiZ W08 L0 73 Nzo wO W0 1575 ©0 b () o
12 6 =z wrw 73 N 00 100 100 1245 1000 w0749 %o 140
tE G2 MM L4 YR OTY 0.0 2000 #80 e Ee 320 "ns 17.0
0s TE 1av A4 TOBSE 76 Td 1108 000 ®o 1050 Ko o o =0
29 51 1da 16 7S AS 0o 260.0 0o I e 00.9 -1} »5
1% 23 1954 15 TE L1 w0 100.0 05 5 W0 2040 250 20
29 105 WM RN TE LS 0.0 0.0 “®E ME 70 &= 280 s
12 113 170 XA s 85 20 130.0 »BO o 700 ] 20 e
10 0b 2080 IS TE T4 4 W00 ne 205 a0 150
15 19 778 1gr TE VS Te 665 0o 32040 40 210
154 1@ T2 O O&Em 1M 77 ME 525 =D 570 2950 %o 00
88 07 0F WX -@Nr 73 73 e 500 90 H1% 1) a5 70 4o
b S N 4€¢ 786 T2Ed T3 O 25 T8O "o 20.0 160 150
12 85 05 BRI W Tz 72 E TN Y] 5o 0.0 59 LX)




*Low Tide
WHigh Tide

la (Smith),

Peninsu

Site 1

1991

AON Ale3
190 8.
100 Aueg
1deg ejeT]
ydeg Ajeq
finy aje

Bny Ae3

Alnr eje)

Ainr Aueg
sun eje’
aunp Aueg
Aewyy a1e
Aey Aiseg
|udy a1eq
ludy Aje3

Sample Date



Site 1: Peninsula (Smith)- Oyster River
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Site 1: Peninsula (Smith), Oyster River
Fecal Coliform Counts (per 100 ml)
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1992 Fecal Coliform Counts (per 100 ml)
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Site 5: Portsmouth Country Club
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Site 9: Cocheco River (Neal)
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992 Fecal Coliform Counts (per 100 mi)

200

150 |

100

50

0 A8

04,1 6/92 D520 0571 5492 |DR/01/92 D6/ 15/02 [0B/29/52 137/14/92 107/28/92 DB/ 12/92 [08/26/92 [09/11/92 loo/26/92 |10:10V92 [1024/52{11/08/92

Lolede 2 2 456 | 20 o i1s850! B70| 1680 )

High'l'ideq n | 2 288 | 460 | 200 | 40(4670| 20| 9 | 3

1993
200

150

100}

50

04-‘211'93'05’@83 05/20/93 | 06M03/53 | 06/23/53 | 07/06/83 | 07/22/53 | 08/0T/63 | 081 5/83 | 0GVD2/53 | 0GV20/93 | 10/04/83 [ 10/18/0 | 11/0993

280 60 120

0426/04 | 05/1 /D4 mlm 06/ 2394 07111794 |07/25/44 | 0BDS/D4 | 0B/22/04 | DNDT/04 | D9/21/94 | 1 0V06/D4 | 10720094 114'1)?.’94]

Low Tide E 10 20 | 90 0| 10 {1,690 0

Il-ighTtds. 30 | 160 | 220 | 590 | 100 1 ¢




Sample Date

oy Aew e

3
g s
=< .m“nma = AON Aue3l
r T
m - ] 1o eEn
= A 100 Ae3
Q
= \deg ele
..m — W 1deg Aue3
2 —nl_. Testoond Bny e)en
.nnu _m o Bny Ape3
c > L
| m o 5] Ainp e1en
.mslv Q. ™ Anp Ages
—m m w] eunp ajen
m ~— =1 aunp Apel
-
3]
=

Aey Apeg

] |udy eren)

{udy Ape3

11992

Site 13

10r
9



t Newmarket,

ing a
(Lamprey River) Water Temperature (" C)

Falls Land

na

Mar

Site 13

4% Low Tide
W High Tide

gy

]

v

AON Aueg
w100 elen
100 Aeg

] des eren

PO— \deg Aje3

Aepy ALeg
% tady ele

30y

51 1992

.| 1994

Sample Date



~1)

™)

Site 13: Marina Falls Landing at Newmarket,
(Lamprey River) - Salinity (ppt)

~-Low Tide
B High Tide

15}

10¢ 3 :

5 o o0 P Mgil-milimlimiemc
T R B o -— -

"= > > e 2 22 9 9 B & 8 8 B
= = a ) c P = | o 7] 7] Q =z
8 8 £ = 3 3 5 5 € < o @B 5 o =
< < - O 2 > © > @ > @& = ®|W =
> 2" = - = ) - « = o = - bl o
= -— — o — "('6 m S ) | o] a LL - 18]
o __“} ]ﬂ - I.?I _1 (31 w w ~
Ll

Sample Date



Marina Falls Landing at Newmarket,

Site 13

—
&
o

—~ £

o
2
r O
> 5
muu
o
£ 0
© =2

=1 O

~ W
n
]

AoN AlB3

Z Low Tide

190 8le
®1 00 Asel
o] deg ejeT
oY ideg Aueg
Bny ele
] by Ae3
Anp 8jen
Ainr Ae3
aunf a8
eunr Aye3
Kepy @i

Ay Apel

e udy 8len

udy Aue3

1994

Conmmla Mats



=~f.7

=y

140

Site 13: Marina Falls Landing at Newmarket,
(Lamprey River)
Saturation (%)

120

1992

100 [ L

140

120

120

100}

80f

1993

1994

40

Early April
Late April
Early May I

Late May [

Early June [

l.ate June [

Early July Lo
Late July [
Early Aug [
Late Aug [

Sample Date

Early Sept

Late Sept B ==

Early Oct

Late Oct

»..Low Tide
B High Tide

Early Nov [Li:



Site 13: Marina Falls Landing at Newmarket
1992 Fecal Coliform Counts (per 100 ml)
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Site 14: Lamprey River above the dam (Fowler)
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Site 15: Patten Yacht Yard, Inc., So. Eliot
Fecal Coliform Counts (per 100 ml)

1993

1994

200

150 F

100
LowTide £ 10 | 30 t0 | 30 o 0 6| o 3 2 | 6 4
HighT.do‘ 0 0 o {10 |2 0} 0 3 50 | 4 1

200

150

100

50 -

mﬂmw OA/25/M wm]wz:usa a7/ wmlm|m CORIT/04 | 002194 | 1 0/DED4 | 1020004 11!0?:94'

Low Tide [ 15 | 18 5 4 7 4 8 5 3 7 2 0
Higthde.l 21 5 8 1 1 9 2 3 0 2 o




sLow Tide
WHigh Tide

Exeter Town Docks

Site 16

1 AON Ape3
1 WO elg]
B 100 Ape3

Bny o1e

ey Ape3

A e

Sample Date



o @
82
i =y
go
=1
2
C\I......
o O
A -
c g
2 3
= 8
| -
S a
e
$ g
W =
'lr
© o
(1]
2=
o

&

1des Aueq

Ainr @€
Anp Aue3
eun( eje’
™ ounr Ape3

Ao oje

udy eleq

" o P



:Low Tide
RHigh Tide

Exeter Town Docks

Salinity (ppt)

Site 16

AON Ape3
100 8le
100 Aue3
g 1deg ele
N 1des Ape3
| 6ny e1e
peeT| bny Apeg

™ Ainr eje]

Sample Date

$ Ane Aue3

™ sun( 8je

sunr Ape3
5 Aepy el

1 Aew Aue3
] wdy ejen

mdy Ape3

1994

35
30
25
201
15
10
5
0




- v v

______ AON Ale3
190 8je
100 Aue3
1deg eje
ideg Ape3
Bny ejeq
Bny Ajeg
Anr ey
Ainp Apeg

Exeter Town Docks

Dissolved Oxygen (ppm)

sunp ey
sunr Aueg

=] Aepy ejen

Site 16

Aew Ale3

] udy elen

1 judy Apesg

N TR R S NP W —
”2086420

—

1994

Sambnla Data



... Low Tide

W High Tice

Exeter Town Docks

Saturation (%)

Site 16

™ sunp 81e7

sunp Age3

kew eie
Rew Arey
< udy a1ed
&)
» judy Aye3
g R 8 8 8 %

Al PR 4




1994

200;
150
100}

50

0

Site 16: Exeter Town Docks
Fecal Coliform Counts (per 100 ml)

Twm! gl ]

D624

OI07/84

DV21/94

100

10/20/94

11/07/94

'Loando I 12

200

TNTC

10

Il-igh Tml} B0

110

TNTC




