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taken, some of them in large quantities. Now they seem generally forsaken, except the eels, which
are taken in large amounts in the winter. In 1810 to 1814 the alewife fishery was carried on very
extensively, furnishing several hundred barrels yearly, which found a ready sale for the West
India trade. The fish were taken by seines at two points in the river, one just below the mills, and
the other on the “Cinder Banks” so called, at the head of the tide water’. Sometimes they were
so plenty that large quantities were taken in scoop nets.

Long after fishing had ceased to function as a means of survival, the activity lingered as a favorite
pastime. Originally the fish were naturally plentiful, but over time fish populations continued to decrease
due to dam construction and industrial waste. The river was stocked for the sake of restoring its natural
balance as well as providing recreational fishing for the various communities.

In summary, it is clear that river herring were once able to ascend the Saugus River to Lake
Quannapowitt. However, between the late 1800’s and today, the river basin has undergone significant
changes. The influxes of urban growth have resulted in increased water withdrawals from the basin,
which have impacted the magnitude and timing of flow in the Saugus River. The majority of these water
withdrawals are eventually transferred out of the Saugus River Basin to wastewater treatment plants.
Also, former wetland areas, such as Reedy Meadow, have been encroached upon due to urban growth as
seen in the topographic map comparison in Figure 2.0-1.

* The “Cinder Banks” are now known as the Saugus Iron Works slag pile.
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4.0 Spawning Habitat and Access above LWSC Diversion Dam
The Project Partners conducted site visits upstream of the LWSC Diversion Dam on the following dates:

e June 1, 2005

o July 8, 2005

e August4, 2005

*  August 26, 2005

*  September 28, 2005
e October 14, 2005

The purpose of most of the site visits was to identify upstream access to potential spawning and migratory
habitat at Lake Quannapowitt, Pillings Pond and the mainstem Saugus River in Reedy Meadow. Each
river segment that was walked and/or canoed is discussed below. For each location, the Project Partners
evaluated whether fish passage was possible and if spawning and nursery habitat was present. In addition
to the site walkovers, water chemistry data was collected at various locations as discussed later. The site
visits conducted on August 4 and September 28 were conducted to follow up on specific habitat problems
identified during the project period.

4.1 Hydrologic and Precipitation Conditions during 2005 Field Study

It is important to put the 2005 field survey into perspective before reviewing the site visit findings. The
following climate data was obtained for interpretation:

* Lynn, MA precipitation gage (daily totals)

* MA Riverways staff gage located below the Diversion Dam (daily, instantaneous gage height
readings, which were converted to streamflow via a rating curve)

» USGS Gage on the Saugus River located approximately 4 miles below the Diversion Dam (mean
daily, provisional data)

* Impoundment levels behind the Diversion Dam (daily, instantaneous)

* LWSC flow diverted from Saugus River to Hawkes Pond (daily, instantaneous)

Shown in Figure 4.1-1 is a hydrograph depicting the mean daily flow (provisional) as recorded at the
Saugus River USGS Gage for the period March 1, 2005-October 31, 2005, which covers the period of
field study. The flow on field visit dates of June 1, July 8, August 26 and October 14, 2005 was 70 cfs,
21 cfs, 1.9 cfs, and 18 cfs respectively. Also shown in Figure 4.1-1 is the total daily precipitation (in
inches) as recorded at the Lynn, MA precipitation gage.

Shown in Figure 4.1-2 are the Diversion Dam impoundment water
surface elevation and dam crest elevation, the flow diverted for
water supply and the flow discharged at the Diversion Dam (as
recorded at the Riverways gage) for the period March 1 to October
31, 2005. It is interesting to note that during the months of July
and August, LWSC did not divert any water from the Saugus River
(see photo taken of Hawkes Pond canal dated August 4, 2005) and

— & | flows below the dam were negligible (flows were reduced to
Hawkes Pond Canal | leakage). During this same period, the water levels in the

T %] Diversion Dam impoundment and in Reedy Meadow dropped
drastically Between July 20 and August 2, 2005 the water level behind the Diversion Dam dropped by
more than 40 inches.
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Not only was the magnitude of water level drop excessive, the rate of reduction was unnaturally high.
Because the rate and magnitude of water level reduction appeared unnatural, Project Partners conducted
site visits and made various phone calls to identify the cause(s).

4.2 June 1, 2005 Survey Findings

Shown in Figure 4.2-1 is a map showing the locations where the Project Partners visited, which can be
used a guide when reviewing the survey findings below. Shown in Appendix C are pictures from the
various site visits.

Survey of Diversion Dam and Impoundment

Strong river flows were observed below the Diversion Dam due to heavy rains from a previous
northeastern storm. No river herring were observed, but visibility was obscured due to the high flows.
The Diversion Dam Impoundment was shallow and appeared susceptible to vegetation overgrowth
(mostly lily pads on June 1). Based on the water chemistry station low dissolved oxygen (DO) was
recorded despite high spring flows (3.8 mg/l at 0830 and 5.4 mg/l at 1230).

Survey of Saugus River inlet to Headpond

No obstructions were observed as the Saugus River flowed into the Diversion Dam Impoundment. The
Project Partners walked along Colonial Golf Course to view the transition from Reedy Meadow to
impounded water. The inlet is wide and probably shallow. The habitat transitions to freshwater marsh
immediately upstream.

Survey of Edgewater Park Area in Wakefield

There are several man-made ponds upstream of the Diversion Dam that were formerly part of an
amusement park and are now located in the industrial complex called Edgewater Park. The largest pond
(+10 acres, no name) is located very close to the mainstem Saugus River (<200 m) but with no supporting
tributaries has very little outflow to connect with the river. When the park was constructed it may not
have been difficult to provide passage to the pond and regulate outflows during critical seasons. River
herring restoration now would be difficult
due to the cost of pond and culvert
alterations, conflicting existing property
use, and permitting conflicts over . ; i -
freshwater swamp habitat between the & [ S L5 Pillings Pond
pond and river.

Survey of Pillings Pond in Lynnfield

Pillings Pond is a large (99 acres)
impoundment which is not used as a water
supply. Several substantial obstacles were
identified that would prevent river herring
restoration at this location. The
combination of present habitat conditions
and impediments to passage nearly
eliminate Pillings Pond as a target for
river herring restoration. An exception
might occur with the approval of the
Reedy Meadow Habitat Improvement
proposal by the Army Corps of Engineers.
This $12 million proposal included
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channel dredging near this location. However, the dredging alone would not address costly fish passage
work.

Bates Brook--- Bates Brook is the tributary running from Pillings Pond to the mainstem Saugus River. At
the Summer Street crossing, the flow and habitat conditions look promising. Thirty meters downstream
of the crossing the brook joins a cattail swamp and the channel is obscured. The water depth here
decreases to a few inches, making fish passage from this point to the mainstem impossible.

Dams upstream of Walnut Street

Twenty meters upstream of Walnut Street there is a small dam (~2 feet) that is remnant of the historic
Gerry’s Cider Mill. Between that location and Pillings Pond is a large dam (+10 feet) on private property
that has ongoing legal issues related to contaminated sediments. At the Pillings Pond outlet there is
another dam (4-6 feet).

Survey of Reedy Meadow

The Project Partners walked the entire length of the abandoned Boston and Maine Railroad track from
Summer Street in Lynnfield to Route 128. Three culvert locations allow water to pass under the railroad:
Beaver Dam Brook closest to Summer Street, a culvert that drains a freshwater swamp near the middle of
Reedy Meadow, and the mainstem Saugus River close to Route 128. All three culverts had limited clear
channels on both sides of the railroad track due to cattail growth. The best clearance was found at Beaver
Dam Brook where there is no upstream spawning habitat. The growth on either side of the mainstem
culverts was so thick that it obscured the river channel. Upstream passage is not possible with these
conditions. The Project Partners who visited this area 2-3 years ago were surprised at the amount of
vegetative growth that has occurred since then and the rate at which the channel has shifted to shallow
cattail swamp.

Presumably, the Saugus River system has changed dramatically in the 20" century due to flow alterations
and changes in land use. The railroad track culverts restricted water flow in the 19" century and the
construction of the Route 128 culverts during the middle part of the 20" century probably exacerbated the
restrictions to flow. Most recently, evidence of beaver ponding the flow near Route 128 is contributing to
a complete change from river habitat to freshwater swamp.

Summary of June 1. 2005 Survey

The Project Partners concluded that access to Lake Quannapowitt would not be possible without
completion of the Army Corps proposed Section 206 project for dredging and culvert reconstruction. The
Project Partners also concluded that fish access to Mill Pond and Pillings Pond would not be possible
under existing conditions. Thus, the main focus of future field study shifted to evaluating spawning
habitat in the Diversion Dam Impoundment and headpond for river herring and other species (provided
flows are sufficient to yield upstream and downstream passage).

The surface area of available habitat above the Diversion Dam is approximately 5 acres as shown in
Figure 2.0-2.

4.3 July 8, 2005 Survey Findings

Mainstem Spawning and Nursery Habitat

Canoes were launched at the golf course upstream of the Diversion Dam. The road immediately upstream
of the dam constricts flow through a culvert separating the dam main headpond (hereafter referred to as
the Diversion Dam headpond) from a very small impoundment (hereafter referred to as the Diversion
Dam Impoundment) confined by the road and dam. Upstream of the road is the main body of the
headpond, which is bordered on the upstream side by an inlet from the mainstem Saugus River. The inlet
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to the main headpond is constricted by the remnants of a bridge crossing or mill (see aerial map below).
Upstream of this constriction the channel widens to a third small impoundment, which is considered the
upstream beginning of the mainstem Saugus River. The trip was to include moving through Reedy
Meadow, however, the mainstem was choked off by the growth of cattails and other vegetation less than
100 m upstream of the headpond inlet.

Diversion Dam Impoundment

The impoundment was choked with duckweed, lily pads and other aquatic plants with some open surface
area near the dam spillway. A water chemistry measurement was taken from the spillway at the same
location as June 1*. Surface and bottom DO concentrations were both 3.1 mg/L. The impoundment
provides a small area for potential spring spawning habitat and summer nursery habitat.

Diversion Dam Headpond

The headpond provides the largest surface area among |5 R : ' 3 :4:
the three impoundments, although it is severely choked [% e A 4 S {7 g ,
by lily pads and several invasive aquatic plants. A pilot e ' i th N
dredging project removed sediments recently from the | _' e pi il or Bridge Crossing

headpond, resulting in a small depression that is
approximately 4 m deep in the middle. The deepest
section was largely free of plants, and the upstream inlet
had much less vegetation due to increased water velocity

coming through the constriction. The surface DO
concentration was 3.1 mg/L at a new station established & Diversion Dam

at the depression and 0.14 mg/L at a depth of 3.4 m. The il Headpond
headpond has the potential to provide a small area of [}
spawning habitat in the spring; however the DO |, -
concentrations may limit the value for summer nursery | - '.*_‘:___4..-
habitat. T i

# et T i
Sy
L pr e |

i1 | r ‘ — ""- " Divers-ion R
' ' ‘ T 1 b 8 Dam din
Saugus River Mainstem. Diversion Dam Impoundment | % T

5

e . - B ol

This section was choked by aquatic plants in similar
densities as the headpond with the exception of the inlet
to the headpond and a thin corridor in the middle that appears to receive the majority of flow coming
through the cattail swamp. It appears to have a channel running upstream as could be observed on June
1*. Project Partners believed this channel may have suitable conditions to provide spawning habitat. It
now appears unlikely because the mats of roots were well-established and must have been present in June,
but slightly submerged. There may be some potential for providing limited spawning habitat in the
spring, but no nursery habitat exists now. A new water chemistry station was established in the open
channel of this section. The depth was only 0.6 m deep and the mid-depth DO was 1.2 mg/1.

Summary of July 8, 2005 Survey
The July 8" observations found a tremendous amount of plant growth since the June 1* visit. Clearly, the
limit of upstream passage and amount of mainstem spawning habitat observed was below expectations.

4.4 August 4, 2005 Site Visit

On August 4, 2005, Linda Hutchins (MDCR), Joan LeBlanc (SRWC), Rick Dawe (LWSC), and Tom
Lamonte (Massachusetts Department of Environmental Protection, MDEP) conducted a site visit to
identify the cause(s) of the rapid decline in the Reedy Meadow wetland water levels observed at the
Sheraton Golf Course and the Diversion Dam. The group investigated the following locations: Sheraton
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Golf Course Pond, Diversion Dam impoundment, ponds along the west side of Wakefield near Edgewater
Park and Mill River which drains Pillings Pond and Mill Pond on the east side of Lynnfield.

Based on observations made during the site visit and prior research by Joan LeBlanc and Rick Dawe, it
was believed that the potential causes of sudden water level declines in Reedy Meadow were:

* Reduced water releases from Pillings Pond to Bates Brook and Reedy Meadow via Mill Pond,
due to flow management problems experienced during the Mill Pond dredging project;

* Lack of rain since July 9 combined with hot temperatures, resulting in high evapotranspiration
rates in the Reedy Meadow wetland;

* Expanded beaver activity during 2005 effectively blocked flow into the upper pond of the Reedy
Meadow; and

*  Ground water withdrawals for golf course irrigation (although probably within permit limits and
at acceptable rates).

4.5 August 26, 2005 Survey Findings

Mainstem Spawning and Nursery Habitat

The Saugus River experienced extremely low flow conditions in the summer 2005. In addition to limited
precipitation, the river experienced a sharp drop in flows during the last week in July. It is speculated that
the flow reduction could be attributable to the lack of precipitation, high evapotranspiration rates, beaver
activity (dams), mitigation (dredging) work at Pillings Pond, or some other unknown cause(s) as
discussed earlier. Whatever the cause, flows this low (1.9 cfs at the USGS gage on August 26, 2005)
severely limit potential mainstem nursery habitat for river herring.

Diversion Dam Impoundment

The impoundment was covered with duckweed and lost approximately a meter of depth since the last
visit. Minimal flow was passing downstream of the dam, possibly limited to leakage at the sluice gate.
The wetted area of the impoundment was roughly estimated to be 200 m® (0.05 acres). A water
chemistry measurement was taken from the spillway at the same location as the previous two visits. The
surface D.O. was 9.7 mg/l at 1507; a supersaturated value that is probably reflects the daytime influence
of photosynthesis.

Diversion Dam Headpond

The visual appearance of the headpond changed remarkably since the July 8" visit. The footprint of the
prior dredging pilot project (a deep hole in front of the golf course tee) was the only area in the headpond
with open water. Moving towards the center of the hole, there was approximately 12 m of dry shoreline
around the hole that was submerged last visit. The river channel was nearly obscured by plants and
downstream flow was barely perceptible. The wetted area of the dredged hole was roughly estimated to
be about 400 m’ (0.1 acres). The bottom DO was anoxic at 0.14 mg/l, and the surface DO was
supersaturated at 16.3 mg/l. Fish (possibly carp) were observed coming to the surface frequently and
slapping their fins.

Saugus River Mainstem
No sampling was conducted upstream of the headpond. There was no standing water to paddle a canoe
through. This area was severely choked by vegetation with minimal flow.

August 26, 2005 Summary
The low flow conditions viewed on August 26™ severely limit the potential impoundment, headpond and
main stem nursery habitat for river herring. Less than a quarter acre was available for potential nursery
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habitat on the 26™. This is a major reduction from that observed during the June visit. These conditions
were abnormally dry and not representative of normal August flow and precipitation patterns.

4.6 September 28, 2005 Site Visit

On September 28, 2005, Joan LeBlanc (SRWC), Rick Dawe (LWSC), Betty Adelson (Lynnfield
Conservation Commission), and Mike Sullivan (Beaver Solutions) conducted a site visit to evaluate the
extent of beaver activity and its relationship to flow problems in Reedy Meadow. Participants noted the
following:

*  Water levels in the Reedy Meadow headpond and the impoundment continued to be significantly low
with much of the area exposed to mud.

* A large new beaver dam had been constructed across the entire inlet to the Reedy Meadow headpond,
effectively restricting flows from upstream into the headpond down to a trickle. Water immediately
upstream of the dam had ponded up to the top of the dam. Participants noted that beaver activity had
not previously been identified in these lower portions of Reedy Meadow. Signs of beaver activity
were noted in many areas upstream of the inlet.

* Mike Sullivan of Beaver Solutions conducted a site survey of the dam and agreed to develop a report
outlining potential options that could be pursued to re-establish flow.

* Betty Adelson noted that the Lynnfield Conservation Commission would work with the Lynnfield
Department of Public Health to facilitate permitting if needed once preferred remediation steps were
identified.

» Participants also noted the need to provide the Wakefield conservation agent with an update regarding
the situation.

Following evaluation of the beaver dam at the inlet to the Reedy Meadow headpond, Rick Dawe, Joan
LeBlanc, and Betty Adelson conducted an additional site review of portions of upper Ready Meadow in
Lynnfield that are also impacted by beaver activity. Water flows and ponding were noted in several
locations in Reedy Meadow, Lynnfield.

4.7 October 14, 2005 Survey Findings

Diversion Dam Impoundment

The wetted area of the impoundment was restored due to high rains. The surface continued to be covered
with duckweed along the dam crest. Surface and bottom DO at this location were below 60% saturation
despite the lower water temperature (13 °C). A second water chemistry measurement was taken at the
culvert under the Sheraton Colonial service road. This location was also sampled at the June visit. The
water chemistry was nearly the same as at the dam spillway.

Diversion Dam Headpond

The wetted area of the headpond was near bankfull volume and appeared similar to the July visit. The
aquatic vegetation growth was substantial but the biomass appeared to have declined since the July and
August site visits. A beaver dam was observed at the headpond inlet. Water was freely flowing over the
crest at this discharge. There was evidence of substantial beaver activity around the inlet, including
ongoing efforts to cut down large birch trees.

Saugus River Mainstem

No sampling was conducted upstream of the headpond inlet. The standing water in the open channel had
improved to similar levels as seen in July. There was a segment of open channel upstream of the dense
cattail swamp that blocked Project Partners canoe travel in July. The area of open channel was not
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extensive and may have been in a similar size range as the area available immediately upstream of the
headpond inlet.

4.8 Water Chemistry Results

The Massachusetts Surface Water Quality Standards (MSWQS) designate the most sensitive uses for
which the surface waters of Massachusetts shall be enhanced, maintained and protected. In addition, the
State prescribes minimum water quality criteria required to sustain the designated uses. All surface
waters in the State are segmented and classified as one of six classes. The Saugus River is classified as a
Class B river. Shown in Table 4.8-1 is an abbreviated set of water quality criteria that apply to the Saugus
River. This can be used as a guide when reviewing the water quality sampling conducted by Project

Partners.

Table 4.8-1: Abbreviated Water Quality Criteria for Saugus River

Standard

Class B Warmwater Fishery Criteria

Class B Cold Water Fishery Criteria

Dissolved Oxygen and
Percent Saturation

- Shall not be less than 5.0 mg/l unless
background conditions are lower

- Levels should not be lowered below
60% of saturation

- Shall not be less than 6.0 mg/l
unless background conditions are
lower

- Levels should not be lowered below
75% of saturation

Water Temperature

Shall not exceed 28.3 degree C

Shall not exceed 20.0 degree C

pH

Between 6.5 — 8.3 Standard Units and no
more than 0.5 SU outside of the
background value

Between 6.5 — 8.3 Standard Units and no
more than 0.5 SU outside of the
background value

Total Phosphorus

Shall not exceed the site-specific limits
necessary to control accelerated or cultural
eutrophication

Shall not exceed the site-specific limits
necessary to control accelerated or
cultural eutrophication

Water chemistry data from the four visits to the Saugus River are reported in Table 4.8-2. Sampling did
not proceed as planned due to the very low flow levels encountered during the field visits and the
unexpected impediment to upstream canoe travel by the cattail swamp. The channel upstream of the
headpond inlet had so little flow in August and September that Project Partners could not access the inlet
stream by canoe. In short, water chemistry sampling and habitat reconnaissance could not be
accomplished further upstream.

Sampling consisted of measuring water temperature, dissolved oxygen (DO) concentration, percent
saturation, pH, specific conductivity and turbidity. Measurements were made with a calibrated YSI 6820.
Sample depths were within a third of a meter from the bottom or within a third of a meter from the
surface. There were five sampling stations as shown in Figure 2.0-2.

DO concentrations commonly vary over a 24-hour cycle, as aquatic plants emit oxygen (photosynthesis)
during the day and respire, or use oxygen, at night (produce CO,). The lowest DO levels typically occur
at dawn. For the water quality data collected on the Saugus River above the Diversion Dam, the primary
parameter of concern was low DO concentrations and percent saturation. No DO measurements exceeded
60% saturation except two supersaturated measurements in August that were influenced by
photosynthesis. It is important to consider that the Diversion Dam impoundment is bordered by a golf
course, which most likely fertilizes the greens with runoff entering the Saugus River.

The excessive aquatic plant growth raises additional concerns over eutrophication. Bottom measurements
at the headpond station where dredging has created a deep bowl were hypoxic in both July (0.14 mg/l)
and August (1.14 mg/l). Other than DO, the parameters measured were within water quality criteria
specified for Class B waters by Massachusetts Surface Water Quality Standards.
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Table 4.8-2 Water Chemistry measurements made at the Saugus River for the feasibility study on
improving anadromous fish passage and habitat.

Water

Water Water Water Specific Water
Depth Temp DO DO (% Water Cond. | Turbidity

Date Station Time (m) (deg ©) (mg/1) sat.) pH (mS/cm) | (NTU)
6/1/2005 Dam 1230 *S 15.26 5.46 54.5 7.03 0.51 -
6/1/2005 Dam 1235 1.3 15.27 5.37 53.6 6.99 0.51 -
6/1/2005 Culvert 830 S 14.61 3.85 38.0 6.92 0.51 -
6/1/2005 Culvert 835 1.0 14.51 3.71 36.5 6.96 0.51 -
7/8/2005 Dam 820 S 18.58 3.11 333 6.95 0.66 3.3
7/8/2005 Dam 825 0.9 18.60 3.12 33.5 6.95 0.65 3.8
7/8/2005 | Headpond 940 S 18.60 3.12 334 6.95 0.65 2.9
7/8/2005 | Headpond 945 3.4 10.30 0.14 1.2 6.86 0.54 16.0
7/8/2005 Channel 915 0.6 17.71 1.23 12.9 6.90 0.65 4.7
7/8/2005 Inlet 925 0.6 17.86 1.83 19.3 6.92 0.65 2.9
8/26/2005 Dam 1507 S 2242 9.73 112.4 7.10 0.60 5.0
8/26/2005 | Headpond 1516 S 21.63 16.32 185.6 7.55 0.57 5.7
8/26/2005 | Headpond 1525 14 18.25 1.14 12.1 6.61 0.56 14.4
10/14/2005 Dam 1158 S 13.10 5.94 56.6 6.95 0.68 1.4
10/14/2005 Dam 1206 0.9 13.10 5.87 56.0 6.94 0.68 2.6
10/14/2005 Culvert 1218 S 13.16 6.03 57.6 6.95 0.68 1.0
10/14/2005 Culvert 1226 0.7 13.10 591 56.3 6.95 0.68 14

Station Description:

Dam: on the upstream side of the dam crest next to the spillway gate house

Culvert: on the upstream side of the main culvert (carries channel flows) on the Sheraton Colonial service road.
Headpond: in the dredged area of headpond upstream of the service road.

Inlet: at the inlet of the headpond that connects to the upstream mainstem channel.

Channel: in the mainstem channel approximately 75 meters upstream from the inlet.

*S- surface sample

4.9 Water Chemistry and Habitat Conclusions

The combination of low DO and vegetation growth in the main stem channel result in low availability of
potentially suitable river herring spawning and nursery habitat upstream of the Diversion Dam in 2005. If
passage is provided at the Diversion Dam, the area available for potential spawning and nursery habitat
for river herring appears to include only the described impoundment, headpond and mainstem sections.
These three locations were severely dewatered in August and September, but possessed potential
spawning and nursery habitat in June, July and October. The potential production from these habitats is
limited because they are small (about 5 acres-see Figure 2.0-2), shallow, and prone to poor water quality
under low flows. An important question to evaluate is how typical was the summer of 2005 and how
frequently are these poor conditions present for river herring restoration? As described earlier, the flow
conditions present in August and September of 2005 were well below normal flow ranges based on the
USGS gage flow data.
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5.0 Fish Sampling Surveys
5.1 2005 Fish Sampling

As part if its commitment to provide matching support, the SRWC collaborated with the following
Project Partners to implement a fish monitoring project along the Saugus River during 2005: Corporate
Wetlands Restoration Partnership -- GE Foundation, Saugus Iron Works National Historic Site, and the
Massachusetts Division of Marine Fisheries (DMF).

Project Description

During March, April and May 2005, a Fyke net was set four days and checked three days per week in the
main stem of the Saugus River. The primary focus of this portion of the project was to identify the
presence and size of smelt populations in the Saugus River. The fish monitoring project also included
using a box trap designed by DMF to catch and release juvenile American eels five days per week during
April, May and June. Both sampling sites were located in the main stem of the Saugus River adjacent to
the Saugus Iron Works National Historic Site. Brad Chase of the DMF coordinated all of the sampling
protocols, equipment and procedures utilized during this project.

Staff and Volunteer Involvement

Staff and volunteers worked together to set nets and traps, as well as to identify and count fish species.
During this period, staff made any necessary adjustments to equipment and sampling procedures, and
received training and support from DMF scientists regarding identification of fish species. Once training
was completed and equipment needs were met, the project was opened up to involvement from volunteers
from General Electric and the SRWC. A breakdown of staff and volunteer support for the project is
shown below.

Description No. of Participants
SRWC Staff 2

Saugus Iron Works Staff 3

DMF Staff/Interns 4
Volunteers from General Electric 5

Other Volunteers 6

Revere High School Students 8

Total Participants 28

Sampling Results
During the spring of 2005 a total of 941 fish were caught and released over the four months of fish
monitoring in the Saugus River. These results are summarized in Table 5.1-1

Table 5.1-1: Fish Sampling Results (2005)

Species Numbers Captured
Rainbow Smelt * 141

American Eel (adult) 8

American Eel (juvenile) * | 420

Fourspine Stickleback 185

Threespine Stickleback 54

Mummichog 21

White Sucker 38

Yellow Perch 48

White Perch 11
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Species Numbers Captured
Redfin Pickerel 4

River Herring 11

Total Catch: 941

* target species

Results indicate that there is a small smelt fishery in the Saugus River and the catch diversity was
encouraging as several estuarine, diadromous, and freshwater fish species were represented.
Additionally, several Project Partners have viewed a small herring run from the Saugus River to Camp
Nihan Pond in recent years. The SRWC, DMF, and Saugus Iron Works National Historic Site have all
indicated their interest in conducting this project over the next several years. This multi-year approach is
needed to provide more adequate data regarding the presence and timing of diadromous fish species in the
Saugus River watershed.

5.2 1989 Fish Sampling

Fish sampling in the freshwater portion of the Saugus River was conducted in 1989 as part of study
conducted by Hudsonia. Hudsonia conducted fish sampling using electroshocking or seines at five
locations in the Saugus River. Sampling was conducted on May 25, August 9 and October 10, 1989 to
identify the presence and abundance of fish in the river. Stunned or netted fish were identified to species
level in the field and released.

Nine species of fishes in seven families were collected during the study as shown in Table 5.2-1.

Table 5.2-1: Fish Sampling Locations and Number of Fish collected (Hudsonia)

Station | Sampling Sampling Dates and Species (No. of Species) Collected
Location Species May 25 Aug9 Oct 10
1 Confluence Redfin Pickerel 2 2 0
of Saugus Chain Pickerel 1 0 0
and Mill Bluegill 1 0 0
Creek White Sucker 2 0 0
American Eel 0 4 3
2 at Route 1 American Eel 1 1 3
Bridge Yellow Perch 0 0 3
3 Lynn Fells American Eel 3 1 2
Parkway Banded Sunfish 2 0 0
Redfin Pickerel 0 1 0
Yellow Perch 0 1 0
4 Downtown American Eel 5 7 4
Saugus Mummichog 8 8 ca. 100
5 Saugus American Eel 19 11 7
Ironworks Fourspine Stickleback 2 1 2
White Sucker 0 5 8
Mummichog 0 0 36

5.3 American Eel

The USFWS in coordination with the National Marine Fisheries Service (NMFS) completed its
evaluation of the petition to list the American eel as either threatened or endangered under the
Endangered Species Act. The Services determined that substantial biological information exists to
warrant a more in-depth examination of its status. This finding will commence with a status review of the
species, and once the review is complete, the Services will determine whether to propose listing the
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species. In summary, American eels could be listed as either threatened or endangered and thus dam
owners may be required to install upstream and downstream passage to increase their range of available
habitat.

An evaluation of American eel passage was not part of this contract. However, Project Partners have
expressed an interest in improving passage for all diadromous fish and eel have been identified as a
species occurring in the Saugus River that is anecdotally reported to have experienced substantial
reductions in abundance in recent decades.
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6.0 Target Species Life Cycles

There are several issues that should be addressed before upstream and downstream fish passage facilities
are installed at the Diversion Dam. A general understanding of the life cycle of migratory fish, their
habitat needs, and flow needed to facilitate upstream and downstream migration is needed. It should be
noted that emphasis was placed on river herring (i.e., alewives and blueback herring) as they have been
observed and documented below the Diversion Dam. Among other species of diadromous fish
historically referenced in the Saugus River, rainbow smelt, American eel and white perch have been
recently documented (Chase, in preparation; and the present Fyke net study), and Atlantic salmon,
American shad and sea lamprey have not been documented.

River Herring Life Cycle

Shown below is a periodicity chart, which summarizes when various life stages of river herring would be
expected to be present in the Saugus River on a monthly basis. This information is helpful when
determining flow needs for various life stages throughout the year.

Table 6.0-1: General River Herring Life-Cycle Periods

Species Life Stage Month
Jan | Feb
Spawning Adults
River Herring Juve.niles.
Out-migrating
adults/juveniles

River herring are anadromous (i.e., they migrate from saltwater to freshwater to spawn) and their life
cycle is largely driven by water temperature. Spawning runs in Massachusetts generally occur during mid
to late spring. Spawning habitats vary for the two species; blueback herring generally prefer swift-
flowing sections of streams with rocky substrates, whereas alewives generally prefer shallow slow-
moving rivers or ponds with sand, gravel or vegetated substrate. Both species release large numbers of
eggs (e.g., 60,000 to 400,000) and incubation times are relatively short (e.g., few days to a couple of
weeks). Adults generally migrate back to the sea shortly after spawning, but small numbers may continue
their out-migration during the summer months. After hatching, juvenile river herring form large schools
and continue their growth and development in freshwater. The out-migration of juveniles is largely
driven by water temperature and generally occurs between September and early November.

If a fishway is installed, adult river herring would have access to potential spawning habitat in the
impoundment above the Diversion Dam. Assuming adults spawn within the Diversion Dam
Impoundment, the location of egg deposition will be important relative to water level management. For
instance, there could be instances when egg deposition occurs when the impoundment is full, but could
then be lowered resulting in potential exposure of eggs and desiccation. Typically, fry emerge from eggs
in less than one week. In short, water levels in the impoundment must be managed to prevent exposure of
eggs and to facilitate upstream and downstream passage. Recent water level operations are examined
later in this study.

After spawning occurs, healthy adults generally migrate back to the ocean. River herring are surface
oriented, meaning they will seek downstream passage along the water’s surface. If the water level in the
impoundment drops below the spillway crest, the only method of downstream passage available is
through the sluice gate at the dam. However, because the gate opening is submerged (under pressure),
river herring are not likely to pass through it. Modifications to the spillway structure will be required to
ensure safe downstream passage of both adult and juvenile river herring.
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Juvenile herring will rear and grow during the summer, before migrating to the ocean in the fall. The
timing of their out-migration typically coincides with heavy rainfall, high water, and most importantly
water temperature declines. Again, juveniles are surface oriented and modifications to the spillway would
be needed to pass juveniles downstream.

One fundamental issue needs to be explored to determine if fish passage is possible at the Diversion Dam.
Sufficient flow is necessary to facilitate upstream and downstream migration. This issue is explored in
Section 7.0.

American Eel Life History

The life history of the American eel differs significantly from almost all other fish found in the United
States. Eels are among the few catadromous species, meaning that they live in fresh water but reproduce
in salt water. They range from Venezuela to Greenland and, surprisingly, all come from the same genetic
stock (the term for this is "panmictic"). They come together in the Sargasso Sea to spawn.  After
spawning the parents die.

After spawning, eggs hatch into leptocephali — long, flat, leaf-like larvae — that float like plankton. They
drift with the currents for about a year before metamorphosing into "glass eels" and moving into coastal
areas. It is this period of drift that distributes the eels through their wide geographic range. Glass eels are
transparent and two to three inches in length — they travel into fresh water streams and migrate up-river,
gaining their yellow/green pigmentation as they grow. Glass eels begin entering Massachusetts estuaries
in March. Most of the eel's life is spent in this stage (called the "yellow eel") in fresh or brackish waters
where it feeds on an assortment of foods, including crustaceans, fish, insect larvae, plankton, mice and
almost anything else.

When eels reach an appropriate size, and have enough stores of fat (this can take five to 25 years,
depending on sex and location), they metamorphose into "silver eels" and begin the long migration back
to the Sargasso Sea to complete their life cycle. When the adult is mature, it ceases feeding and in the
autumn begins a nocturnal movement towards the sea to spawn.

Reports from the 1800s indicate that the Saugus River has historically provided habitat for American eels,
and 1989 fish surveys (located in Section 5.2) show that a population of American eels continues to spend
it freshwater life in the Saugus River. Anecdotal evidence suggests that American eels have been seen
ascending the Diversion Dam to access habitat upstream from the dam. American eel are quite adaptable,
able to swim through water or wriggle over wet surfaces. The presence of American eel upstream from
the Diversion Dam would indicate that there is suitable flow in the Saugus River to provide adequate
habitat.
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7.0 Quantify Saugus River Hydrology at LWSC Diversion Dam

7.1 Hydrologic Assessment Methodologies

Two assessments were conducted to quantify the available inflow to the Diversion Dam. The first
method, Assessment Method 1, relies on less detailed hydrologic data collected prior to 2004. In short,
this method relies on data from the USGS gage located approximately five miles downstream of the
Diversion Dam at the Iron Works and adjusting the gage flow to reflect flow conditions at the Diversion
Dam.

After the summer of 2004 better hydrologic data became available which was used in Assessment Method
2. In August 2004, Riverways installed a staff gage just below the Diversion Dam. LWSC operators
record the gage height once a day and convert the elevation to flow via a rating curve. This provides
much better information on available flows immediately below the Diversion Dam and reflects upstream
regulation of flow (withdrawals), rather than relying on the USGS gage several miles downstream. In
addition, in December 2004, LWSC installed a continuous recording gage to measure streamflow diverted
from the Saugus River to Hawkes Pond. Thus, the amount of water being diverted from the Saugus River
can be more accurately quantified than previous methods that used estimates.

7.1.1 Method 1: Hydrologic Assessment

The flows recorded at the USGS gage below the Diversion Dam reflect regulation from a variety of
sources including:

* As part of a previous study, Gomez and Sullivan quantified the amount of water transferred or
lost from the Saugus River Basin for the period March 1994-May 1999. There are four water
users located upstream of the USGS gage that are permitted/registered under the Massachusetts
Water Management Act (WMA). In some instances, water withdrawals are never returned to the
Saugus River Basin; rather they are sent out of basin to a wastewater treatment plant. For
example, the Wakefield Water Department and the LWSC withdraw water above the USGS gage;
however, wastewater is discharged out of basin resulting in a net loss. Also, even for those water
withdrawals that are retained in the Saugus Basin, there are losses attributable to evaporation and
evapotranspiration, particularly from lawn irrigation.

* In addition to the registered/permitted withdrawals there are likely other well withdrawals
upstream of the USGS gage; however, the withdrawal volumes are less than 100,000 gallon/day,
thus no reporting is required. There is a cumulative impact of these withdrawals, which is
unknown.

* The operation of Lake Quannapowitt, Pillings Pond, Crystal Lake (water supply reservoir) and
the Diversion Dam can impact the magnitude and rate of change of flows observed at the Saugus
River USGS gage.

* Land use changes that have occurred over time can impact flow conditions. For example, the
Reedy Meadow wetland has been encroached upon over time due to filling of wetlands from
urbanization.

In summary, there are several sources of regulation in the basin above the USGS gage that impact the
magnitude, frequency, duration and rate of change of flows measured at the gage. It is acknowledged that
prorating flows from a gage that reflects upstream regulation to represent flows at the Diversion Dam is
not ideal. The land use patterns and sources of regulation between the USGS gage and Diversion Dam
will vary. However, it represents the best long-term flow data that is available. Given this, flows
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recorded at the USGS gage were prorated, based on drainage area, to approximate flow at the Diversion
Dam.

It should be noted that the USGS recently modified the drainage area of the USGS gage, changing it from
23.3 mi’ to 20.8 mi’>. The USGS indicated that the original drainage area was computed by hand, whereas
recently Geographic Information Systems (GIS) was used to more accurately compute the drainage area.
All flows were adjusted by a factor of 0.50 (10.5/20.8), where 10.5 mi’ is the drainage area at the
Diversion Dam (as determined in GIS).

Using the flow estimated at the Diversion Dam, flow duration curves were developed for the available
period of record (March 1994 to September 2004). Shown in Figures 7.1.1-1 through 7.1.1-13 are the
monthly and annual flow duration curves at the Diversion Dam. Shown in Table 7.1.1-1 are the estimated
regulated mean and median monthly flows at the Diversion Dam, respectively.

Table 7.1.1-1: Estimated Mean and Median Monthly Flows at the LWSC Diversion Dam,
Period of Record: Mar 1, 1994 to Sept 30, 2004 (Units: cfs and cfsm),
Drainage Area= 10.5 mi’

‘ Jan ‘ Feb ‘ Mar | Apr ‘ May | Jun ‘ Jul ‘ Aug | Sep | Oct ‘ Nov ‘ Dec
Mean Flows
cfs 18.2 18.5 31.2 32.9 16.2 14.2 5.7 4.6 58| 114 12.0 19.3
cfsm 1.73 1.76 2.97 3.13 1.54 1.35] 054 | 044 | 0.55| 1.08 1.14 1.84
Median Flows
cfs 13.2 14.5 233 24.8 12.4 5.7 3.3 2.3 24 33 8.5 9.3
cfsm 1.26 1.38 2.22 2.36 1.18 0541 031 ] 022 | 0.23 | 0.32 0.81 0.89

7.1.2 Method 2: Hydrologic Assessment

Method 2 relies on more accurate hydrologic data collected
just below the Diversion Dam to estimate the total flow at
the dam. In late 2004 a flow meter was installed by the
LWSC to measure the flow diverted from the Saugus River
to Hawkes Pond. In addition in August 2004 the
Massachusetts Riverways Program installed a staff gage (see
picture) on the Saugus River downstream from the Diversion
Dam. LWSC personnel collect data at the flow meter and
staff gage (instantaneous) on a daily basis.

The rationale for using data collected at the Diversion Dam
is to eliminate errors introduced when prorating the
regulated flows measured at the Saugus River USGS gage. Flow data is collected instantaneously once
daily, so variations in flow caused by precipitation events or flow regulation upstream may not be evident
from the data collected. Estimation of total flow available at the Diversion Dam is a two-step process:

1. The water surface elevation (WSE) collected daily at the staff gage is converted to flow in cfs
using a rating curve developed by the Massachusetts Riverways Program.

2. The flow diverted towards Hawkes Pond (Diverted Flow) is converted from MGD to cfs and
added to the staff-gage derived flow to produce an estimate of total available inflow to the
Diversion Dam in cfs.
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Total Flow at the Diversion Dam = Diverted Flow + Flow downstream from the Diversion Dam

It should be noted that both flows are instantaneous measurements and not average daily flows. Also,
summing the diverted flow and flow downstream of the Diversion Dam does not represent the exact
inflow to the Diversion Dam because the impoundment is not always maintained stable (a dropping
headpond would over predict inflow and conversely a rising headpond would under predict inflow).

Table 7.1.2-1: Total Monthly Mean and Median Daily Instantaneous Flows (Staff Gage + Metered
Diversion) at the LWSC Diversion Dam, Period of Record: Aug 1, 2004 to October 31, 2005 (Units:
cfs and cfsm), Drainage Area= 10.5 mi’

| Jan | Feb | Mar | Apr | May | Jun | Jul |Aug | Sep | Oct | Nov | Dec
Mean Flows
cfs 238 [ 22.8 1248 | 269 | 236 | 108 | 47 | 53 | 47 | 212|132 | 225
cfsm 227 [ 217 1236 | 256 | 225 | 1.03 | 045 1051 |1045]202 ] 126 | 2.14
Median Flows
cfs 2577 1249|193 | 163 | 153 | 82 46 | 23 | 1.3 | 13.8 | 132 | 207
cfsm 244 [ 237 | 1.84 | 1.55 | 146 | 078 | 044 | 022 | 012 ) 132 | 1.26 | 1.97

It is important to note that the staff gage is only rated up to 100 cfs (water surface elevation = 45.65 feet).
Because flow events that exceed a water surface elevation (WSE) of 45.65 feet are rare, these high flow
events only affect the mean flows displayed in Table 7.1.2-1. During the period of record for Method 2, a
WSE of 45.65 feet was exceeded for five days (spanning from March 31, 2005 to April 4, 2005). During
this period the peak instantaneous WSE captured at the staff gage was 45.82 feet. Linear and polynomial
extrapolation methods indicate that flow at the peak instantaneous WSE may range between 135 cfs and
150 cfs.

The hydrograph, shown in Figure 7.1.2-1, resulting from Method 2 reasonably mimics the Saugus River
USGS gage prorated to the LWSC Diversion Dam.

7.1.3 Instream Flow Study

Under contract with the former Massachusetts Department of Environmental Management (MDEM, now
MDCR and the MA Watershed Initiative), Gomez and Sullivan conducted an instream flow study in the
Saugus River below the Diversion Dam (GSE, 2002) for the purpose of establishing continuous flow
needs below the dam for aquatic habitat. The study involved mapping instream habitat (channel depth,
width, instream cover, overhead cover, lengths of riffles, runs and pools, etc) from the Diversion Dam to
the Saugus Iron Works. From the habitat mapping, representative habitat types were identified. At these
sites, detailed depth, velocity and substrate data was collected in the field under three different flows. The
raw data was then entered into a model called PHABSIM, Physical Habitat Simulation Model.
PHABSIM has been used throughout the United States to assist stakeholders in establishing seasonal
flows needed for the protection of aquatic resources and to facilitate upstream migration.

The result of an instream flow study is the relationship between flow and fish habitat (for various species
and life stages of fish). In some instances, instream flow studies can result in flow recommendations that
can not be supported by the natural flow yield of the basin. In the Saugus River reaches studied there is
simply not enough water in the basin to support the instream flow requirement for the target fish
community to a high degree. Thus, seasonal flow recommendations were made taking into account the
instream flow study results, but also flow availability at the Diversion Dam and water supply needs.
Release recommendations were made with the understanding that natural flow in the river under current
land use conditions would not provide adequate habitat for many typical native freshwater species.
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Releases were targeted to support anadromous herring runs. In addition, the Gomez and Sullivan report
suggested that adaptive management principles be applied. For example, if, after a few years of
implementing the recommended minimum flows and conducting alewife-monitoring studies, the flows do
not provide the desired effect, some further modification to the minimum flows might be needed or some
stream restoration techniques might be considered.

Although LWSC is not mandated to pass the recommended flows, they have been working with SRWC,
MDEP and the MDCR to implement the seasonal flows on a voluntary basis. Table 7.1.3-1 contains the
flow recommendations.

Table 7.1.3-1: Saugus River Flow Recommendations at the Diversion Dam (Source: GSE, 2002)

Jun 1-Sep 30 Oct 1-Feb 28 (29) Mar 1-Apr 30 May 1-May 31
3 cfs 6 cfs 12 cfs 10 cfs
0.3 cfsm 0.6 cfsm 1.2 cfsm 1.0 cfsm

Note: The flows above are on an or-inflow basis, whichever is less. For example, if the inflow to the
Diversion Dam on June 2 was 2 cfs, the minimum flow would be 2 cfs.

Please note that in Section 9.0, an evaluation of the flow needed for upstream and downstream passage
was determined and compared to available inflow.
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8.0 Diversion Dam Water Level Operations

The current management of the Diversion Dam water levels is important to understand relative to
facilitating upstream and downstream fish passage. The key water level issues are:

* Limiting water level drawdowns after spawning occurs to prevent exposure of deposited eggs
during the incubation periods of the spring and fall.

*  Water levels must be maintained near the spillway crest elevation to ensure sufficient flows are
passed through an upstream fishway during the spring upmigration period.

e Water levels must be maintained near the spillway crest elevation to facilitate outmigration of
juvenile and adult river herring during the fall outmigration period.

Water levels in the Diversion Dam Impoundment are controlled by two gates- the canal gate and
Diversion Dam sluice gate. If the discharge from either gate exceeds inflow, the water level in the
impoundment will drop. LWSC records the water level in the impoundment on a daily basis. The
impoundment elevation is measured in inches from a spot two inches below the top of the river right
abutment down to the water surface elevation. Recorded daily water surface elevations (converted from a
measure-down to an elevation in feet) for the period January 1988 to May 2000 were entered into an
Excel spreadsheet to evaluate water level operations. Measure downs from 2005 have also been included
for comparison purposes.

Shown in Figure 8.0-1 is the maximum, minimum and mean daily impoundment elevation for the period
January 1988 through May 2000. Also, shown on the figure is the spillway crest elevation. When the
impoundment elevation is above the spillway crest, spillage over the dam occurs. Alternatively, when the
impoundment elevation is below the spillway crest, discharges from the impoundment are controlled by
the Diversion Dam gate and/or the Hawkes Canal gate. Because averages can skew the water level data,
shown in Figure 8.0-2 are water level data for individual calendar years from 1988 to 1999. Also shown
on this figure are the 2005 water levels to put 2005 conditions into perspective with long term water level
management.

In reviewing the single year data, there are times during the spawning period when water levels in the
impoundment and presumably the headpond were reduced, which could expose deposited eggs. For
example in late April and early May 1998, the water level fluctuated from 49.57 feet (April 24), to 48.07
feet (April 30), a drop of approximately 1.5 feet over 6 days. Again, from May 2 to May 3, the water
level dropped by approximately 2.2 feet. Keep in mind that the incubation period can extend from a few
days to a couple of weeks. Ideally operations would call for a reasonably stable or slightly rising
impoundment elevation during the spawning period, with no sizeable drop that could expose eggs.

Water levels would have to be maintained just below the spillway crest elevation on a seasonal basis to
facilitate both upstream and downstream passage. As noted later, a notch would be cut into the spillway
to affix the fishway. The notch would have stoplogs that could be removed or added depending on flow
and headpond conditions. Relative to upstream passage, which normally will occur between mid-April
and May, water levels have historically been well below the spillway crest elevation. Modifications to
water level management will be necessary to facilitate upstream passage.

Relative to downstream passage, there are extended periods of time during the outmigration period
(summer and fall) when water levels have historically been below the spillway crest. Again, a notch cut
into the spillway is proposed to facilitate downstream passage. As noted earlier, river herring are surface
orientated and will not use the submerged gate at the Diversion Dam for downstream passage.
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Parties should recognize that the LWSC gates controlling flow in the canal and below the Diversion Dam
are not automated; rather they are manned daily by LWSC personnel.  Thus, control of headpond
operations is typically conducted once a day, by adjusting the gate opening at the canal or dam.
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9.0 Diversion Dam- Fish Passage Conceptual Designs
9.1 Survey

On June 24, 2005, a survey of the LWSC Diversion Dam was conducted. The purpose of the survey was
to collect site specific data for the development of conceptual designs for upstream and downstream fish
passage. Data collected included the following:

¢ Dimensional and elevation data for the dam including the spillway, abutments, training walls,
downstream apron and gate structure;

* Upland ground shots on both banks;

*  Depths in the plunge pool immediately downstream of the dam;

*  Water surface elevations (also flow data from USGS real-time gage) upstream and downstream
from the dam, and;

* Location of bedrock in the downstream channel.

A local benchmark (nail in the right training wall) with an assumed datum was established on-site. It
should be noted that this was the same datum used by Gomez and Sullivan during their original instream
flow study.

9.2 Fish Passage Options

9.2.1 Upstream Passage and Hydraulics

Fish passage options for the Diversion Dam have been considered accounting for both seasonal flow
limitations and spatial constraints. This includes an evaluation of both upstream and downstream passage
at the dam.

A steeppass fishway was selected for evaluation at
the Diversion Dam due to its low cost, passage
efficiency, flow availability and ease of
installation. = The steeppass is comprised of
fabricated aluminum segments. Each segment is
approximately 10 feet long; the number of
segments required depends on the head differential
across the dam and the desired slope of the
fishway. The steeppass requires an entrance at
the base of the dam and an exit at the crest of the
dam. A photo of a steeppass that was installed on
the nearby Parker River in 2000 is shown at the
left.

A preliminary layout for a steeppass fishway at the
Diversion Dam spillway is shown on Figures 9.2.1-1 and 9.2.1-2. The preliminary layout includes two
10-foot long steeppass sections and a fabricated inlet section with stop logs. The stop logs would be used
to control the flow through the fishway under varying head conditions and to shut off flow to the fishway,
when desired. The installation will require the excavation of a notch in the spillway crest to accept the
fabricated inlet piece. The steeppass and inlet sections will be bolted together using joining plates. For
this application, a minimum of 12 inches of flow is desired at the downstream invert.
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It is possible that if the sluice gate is closed and flow is passed through the fishway only, fish may
become stranded in the plunge pool at the toe of the Diversion Dam. Under these circumstances
approximately 20 feet of the Saugus River could be bypassed (though it would likely remained wetted,
but at a lower water surface elevation). Care must be taken to ensure that the portion of the stream
between the fishway and the dam remains hydraulically connected to avoid stranding fish.

It is envisioned that the fishway sections could be removed seasonally, if desired, although the fishway
may be used for both upstream and downstream passage to conserve flow at the site.

Passage Hydraulics

The hydraulics of Denil and Alaska steeppass fishways have been studied at the Conte Anadromous Fish
Research Center (CAFRC). Much of this work was led by Dr. Alex Haro. A report entitled “Effect of
Slope and Headpond on Passage of American Shad and Blueback Herring through Simple Denil and
Deepened Alaska Steeppass Fishways” was published in the American Fisheries Society in 1999. The
objective of this study was to determine the effect of the fishway slope and headpond level (depth of
water at the fishway exit) on (1) percent passage and (2) transit time (time required to ascend from the
bottom of the fishway to the top) of adult migratory American shad and blueback herring. The study was
conducted in a laboratory environment.

Information learned from the study included:

* For the same headpond level (depth of water at the fishway exit) the steeper the fishway slope,
the more water it will pass. Conversely, the milder the fishway slope, the less water it will pass.

* Blueback herring passage was higher and transit time shorter under high headpond conditions in
the Alaska steeppass.

e Under controlled conditions, a higher fishway slope decreased percent passage of blueback
herring in the steeppass only (not the Denil).

In addition to talking with Alex Haro, Dick Quinn, a design engineer with the US Fish and Wildlife
Service (USFWS) was also contacted. Mr. Quinn has designed many fishway facilities throughout New
England. He indicated that the USFWS typically designs the steeppass fishways on a 1:4 or 1:5 slope and
has installed many steeppasses that are effective at passing river herring.

Given the information, the conceptual design consisted of two 10-foot sections on an approximate slope
of 1:4.

A study entitled “Hydraulics of Alaska Steeppass Fishway Model A40” examined the hydraulics of the
steeppass under a range of design heads and steeppass slopes. Design head refers to the depth of flow
passing through the flow inlet of the steeppass; it is usually taken to be the difference between the
headpond elevation and the invert of the steeppass inlet. The main objective of this study was to develop
flow-versus-head rating curves for various fishway slopes. The outcome of the testing was the
development of flow rating curves for different design heads and steeppass slopes.

An equation was developed to estimate the amount of flow passing through the steeppass for a given
slope and headpond as follows:

0= [v/A]"®

where
O = Flow in cfs through the Alaskan Steeppass Fishway,
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Y = Headpond elevation, in feet, above the invert of the fishway’s upstream entrance,
A = Constant value dependent on the fishway slope; and,
B = Constant value, 0.6307 (average value).

“A” is obtained from the equation below:
A= 0.354/s + 0.4364,

where
s = Slope of the fishway.

Based on design criteria received from the USFWS, the fishway slope is approximately 1V:4H with a
design head of 1.5 feet. The design head selected was determined through discussions with the USFWS
that indicated that the depth of flow through a fishway should vary between 13 inches (minimum) and 18
inches (maximum) to effectively pass river herring. Hydraulic head outside the minimum/maximum
range may pass herring; however, such conditions may injure fish or reduce passage efficiency. For the
selected fishway slope, approximately 4.5 cfs is conveyed by the fishway at 18 inches of head, while 2.7
cfs is passed at 13 inches of head. From this point onwards, “design” head or flow refers to a head of 18
inches or a flow of 4.5 cfs, while “minimum” head or flow refers to a head of 13 inches or a flow of 2.7
cfs.

To understand how often the fishway would achieve passable flow, the minimum and design flows were
computed and compared to monthly flow duration curves (presented in Figures 7.1.1-1 through 7.1.1-12-
keep in mind that these flow duration curves are based on Assessment Method 1). Figure 9.2.1-3 shows
the percentage of time during which available flow exceeds the minimum (2.7 cfs) and design (4.5 cfs)
flows on a monthly basis. While Figure 9.2.1-3 indicates that there is usually enough available flow for
upstream passage, there will be some years where there may not be sufficient flows for passage. Also,
during the outmigration period flows drop considerably. It should also be noted that the actual flow in
the steeppass is also controlled by headpond elevation as discussed next.

Headpond elevation duration curves (shown in Figure 9.2.1-4 for the months of April through November)
were developed from measure-down data collected from 1988 through 1999 to depict the availability of
head to drive flow through the steeppass under past management practices. Figure 9.2.1-4 shows that
over the period of record the minimum flow (2.7 cfs) would have been attained less than 1% of the time
from May through September, while for April, October, and November the minimum flow would have
been attained less than 6% of the time.

A brief analysis of Figure 9.2.1-3 and Figure 9.2.1-4 indicates that there is usually enough available flow
to achieve minimum flow for upstream passage through the steeppass, but there is a need to alter water
level management practices in the headpond if adequate flow for fish passage is to be provided. In short,
to maintain flow through the fishway, the headpond elevation would have to be maintained closer to the
spillway crest elevation (ideally within 18 inches of the spillway) during the upstream and downstream
passage seasons. As shown in Figure 8.0-2 earlier, water levels (water level plots from 1988-1999) are
typically maintained well below the spillway crest.

As noted earlier, water levels in the headpond are controlled by manually adjusting the gate positions at
the Diversion Dam gatehouse and/or the canal gatehouse. Maintaining the water levels closer to the
spillway may require greater supervision of water levels as LWSC will not likely risk “spilling” water
(loss of water supply) over the spillway crest should flow levels rise between daytime gate adjustments.
Under current water level management practices, the headpond elevation is maintained lower, which
provides LWSC more flexibility in ensuring that flow is available for water supply purposes.
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Another option to consider is to have LWSC personnel who visit the Diversion Dam on a daily basis look
for river herring staging below the Diversion Dam. When staging occurs, the fishway could then be
opened to allow for upstream migration to the headpond.

9.2.2 Downstream Passage

Due to spatial constraints and flow limitations at the site, the following downstream passage options are
offered for consideration:

(1) Utilize the steeppass fishway for both upstream and downstream passage.
(2) Construct a second notch with flashboards in addition to the upstream fishway.

Option 1 appears to be the most viable in terms of initial cost,
operation and maintenance (O & M) requirements, and efficient
use of the available flow. For this alternative, the steeppass
fishway sections could remain in place to cover both passage
seasons, or could be removed when upstream passage season is
complete. Without a chute or other structure to safely pass fish,
the downstream slope of the dam (see picture) could cause
abrasion to out-migrating fish. Juvenile river herring are
particularly susceptible to scale-loss and mortality. Therefore, if
removal of the steeppass is desired during downstream migration, a
chute should be installed to reduce the risk of injury to the
outmigrating fish.

The plunge pool located at the base of the dam is created by the
concrete spillway apron and stone fill that has been placed
downstream of the apron. The depth of water at this location currently varies depending on flow through
the project.

Another consideration to assist in downstream passage is installing stoplogs in the notch and allowing
juvenile herring to “pool” near the dam. Once there are sufficient numbers, the stoplogs could be
removed to facilitate downstream passage. Once passed, the stoplogs could be replaced again and the
process repeated as necessary.

One other consideration is preventing adult or juvenile herring from passing through the gate that controls
flow into the canal for water supply. However, because this gate is also submerged it is likely not an
issue.

9.2.3 Budgetary Estimate for Installing Upstream and Downstream Passage Facilities

We have developed a budgetary estimate for installing the steeppass fishway shown in Figures 9.2.2-1
and 9.2.2-2. Our estimate for design and construction is approximately $43,000 to $50,000. The
assumptions and breakdown for this estimate is provided in Table 9.2.3-1.

In terms of annual operations and maintenance (O & M) requirements, fishway O & M should not add
significantly to current O & M costs or staffing requirements as the site is currently visited daily by
LWSC operating staff. Additional effort may be required to assess flow conditions at the site and to
periodically adjust stoplogs and remove debris from the fishway. If seasonal removal of the steeppass
sections is desired, this could be performed by LWSC operating staff or by others.
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10.0 Conclusions/Recommendations
Conclusions

2005 Flow Conditions

Summer 2005 was unusually dry followed by an equally unusually wet October. Precipitation amounts in
July and August were approximately 50% below normal, while October was approximately 240% above
normal. In addition to the below normal precipitation amounts, conditions upstream of the Diversion
Dam caused both impoundment water levels and inflow to drop considerably. A review of other below
normal summer precipitation levels (such as 1995) did not show the unnatural decline in impoundment
water levels. Those who have worked at LWSC and SRWC reported that they have never seen
impoundment water levels drop as much (or as rapidly) as in 2005. It should be noted that these drops in
water level occurred during periods when the LWSC was not diverting any water from the Saugus River.
State agencies and the Project Partners conducted field visits to identify the sources of water level
reduction. While it was not possible to pinpoint the exact cause of the unnatural reduction in water levels,
it was determined that flow problems observed during August and September 2005 were adversely
influenced by historically low summer precipitation, expanded beaver activity, problems with maintaining
flows from Pillings Pond to Reedy Meadow during the Mill Pond dredging project, and unidentified
regulation.

In summary, the combination of unseasonably low precipitation combined with upstream impacts on
streamflow causing Diversion Dam and Ready Meadow water levels to drastically decline made 2005 one
of the worst summers from a hydrologic standpoint. Based on 134 years of precipitation records, the sum
of August and September precipitation was the 12" driest on record (out of 134 years).

River Herring Habitat Availability above the Diversion Dam

The stream flow and habitat conditions observed in 2005 were considered poor for restoring anadromous
river herring populations to the Saugus River. River herring passage to headwaters upstream of the
Diversion Dam was not possible because of low flows and vegetation growth in the main stem river.
Potential spawning and nursery habitat upstream of the Diversion Dam was limited spatially to about five
acres immediately upstream of the dam and was degraded by low dissolved oxygen and vegetation
growth. Dissolved oxygen levels were below state standards and were anoxic in some locations. In
addition, supersaturation conditions occurred due to the heavy plant growth within the Diversion Dam
impoundment. Additional water quality analysis is needed to determine the extent to which DO
concentrations could improve with increased summer flows. Elevated water temperatures in Reedy
Meadow are also influenced by its shallow depth and lack of overhead canopy. In the event that passage
was provided for spawning adults over the Diversion Dam, survival for juvenile herring would have been
questionable in 2005. However, nursery habitat could be expanded and enhanced if restoration measures
are implemented. For example, dredging portions of Reedy Meadow could provide access to more
nursery habitat and perhaps access to Lake Quannapowitt depending on the extent of dredging.

River Herring Migration

The hydrologic analysis suggests that there is sufficient flow to maintain passage through a steeppass
during the adult migration period. However, some modification to water level operations would be
needed to ensure water levels are high enough to pass flow down the fishway. There also may be some
years when there is insufficient flow, water temperatures or other conditions to entice adult herring to
migrate up the Saugus River.
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Once adults spawn and juveniles rear and grow they will migrate back to the ocean in the fall. There
appears to be sufficient flows for outmigration, but again, water levels would have to be managed to
ensure downstream passage.

Recommendations

At this time, it is not feasible to proceed with construction of a fish ladder for river herring at the
Diversion Dam due to the status of stream flow and upstream spawning and nursery habitat as
documented during 2005. However, further study is needed to determine the extent to which conditions
during 2005 were historically atypical. Also, despite conditions found during 2005, there is still
significant potential and opportunity to restore portions of the main stem Saugus River to enhance and
expand spawning and nursery habitat to support river herring and other fisheries in the future. With this
underlying objective in mind, the following recommendations are made:

1. Ongoing efforts to maintain adequate stream flows in the Saugus River above and below the Diversion
Dam should continue to support the long-term goal of providing passage for river herring, American eel,
and other fisheries.

2. Improving upstream hydrology in order to re-establish main stem channel habitat is a major priority for
the Saugus River watershed. The Reedy Meadow PRP conducted by the US Army Corps of Engineers
outlined culvert improvements to the former Boston and Maine railroad embankments that cross Reedy
Meadow. These recommendations should be funded and implemented.

3. The Reedy Meadow PRP also proposed dredging in the Saugus River to improve aquatic habitat on a
wide-scale in Reedy Meadow and the Saugus River. The dredging proposal has greater challenges than
the culvert work because of the funding and permitting scope. It is recommended that consideration be
given to the dredging proposal as implementation of the culvert proposal is sought. The dredging project
should then be funded and implemented.

4. While efforts on recommendations 2 and 3 are ongoing, additional information is needed to determine
the scope of existing resource problems. The LWSC should continue to record flow diversions and
discharges and water levels at the Diversion Dam, and seek options for improving river flows. Additional
water chemistry monitoring is needed to determine the extent to which 2005 was an anomaly. And a
time-series evaluation of habitat conditions in Reedy Meadow and the main stem Saugus River using GIS
and aerial photography would be useful to understand changes to the watershed.

5. Fisheries sampling at the Iron Works in 2005 made common catches of American eel in the Saugus
River. American eel are a catadromous species that enters the Saugus River as juveniles and spend their
lives in freshwater habitat before exiting to marine spawning habitat. Eels are capable of passing shallow
channels that would limit river herring migrations and can tolerate water quality and habitat conditions
that would be considered degraded for most fish species. Eels have been observed passing the Diversion
Dam at certain flow conditions and are likely utilizing a greater acreage in Reedy Meadow than could be
used by river herring. Passage structures for eels are simple devices that require little flow to operate and
have low cost. Passage improvement for American eel at the Diversion Dam should be evaluated and the
construction of an eel ramp should be considered.

6. Installation of a fish ladder to support river herring passage upstream of the diversion dam should be
reconsidered in the future if conditions and habitat are deemed adequate to support migration, spawning
and rearing activities. Analysis conducted in this study identified the Alaskan steeppass as the preferred
alternative if future fish passage is pursued. As detailed in this report, operational management steps
would also be needed to ensure adequate water levels at the Diversion Dam to promote fish passage.
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7. A plan to evaluate and manage beaver activity above the Diversion Dam is recommended. This effort
will need to be coordinated with the Lynnfield and Wakefield conservation commissions and departments
of public health.

8. Additional fish monitoring projects should be conducted to further evaluate the presence and extent of
American eel populations and other fisheries in the main stem of the Saugus River down stream of the
LWSC dam.

Gomez and Sullivan Page-32 Saugus River Fish Passage & Hydrology Study



11.0 References

Camp Dresser & McKee Inc. Report to the Saugus River Watershed Co: Saugus River Flood Control
Improvements. Cambridge, Massachusetts: March 1992.

Chase, Brad. Massachusetts Division of Marine Fisheries. Field Reports from Site Visits to the Saugus
River Basin. 2005.

Chase, Brad. Rainbow Smelt (Osmerus mordax) Spawning Habitat on the Gulf of Maine Coast of
Massachusetts. Massachusetts Division of Marine Fisheries, Technical Report in preparation.

Gomez and Sullivan Engineers, P.C. , Saugus River Water Budget and Instream Flow Study, Weare, NH
June 2002. Prepared for the Massachusetts Department of Environmental Management.

Haro, Alex, Odeh, Mufeed, Castro-Santos, Theodore, Noreika, John, Effect of Slope and Headpond on
Passage of American Shad and Blueback Herring through Simple Denil and Deepened Alaska Steeppass
Fishways, US Geological Survey, Biological Resources Division, S.0. Conte Anadromous Fish Research
Center, Box 796 , Turners Falls, MA, 01376. North American Journal of Fisheries Management 19:51-
58, 1999. American Fisheries Society.

Hartel, Karsten E., Halliwell, David B., Launer, Alan E. Inland Fishes of Massachusetts. Massachusetts
Audubon Society. p. 75-76. 2002.

Massachusetts Executive Office of Environmental Affairs, Division of Water Resources. Monthly
Precipitation Totals at Lynn Station No. 614.

Tashiro, Jay Shiro. , et al. Hudsonia Limited, Bard College Field Station. Baseline Assessment of the
Saugus River System Massachusetts, Final Report. Prepared for New England Natural Resources
Research Center and Massachusetts Public Interest Research Group. Bard College Field Station,
Annandale-on-Hudson, New York: 11 March 1991.

Wood, William. Saugus River in the Seventeenth Century. From New England’s Prospect by William
Wood, 1635. English translation provided by Janet Regan, National Park Service, Saugus Ironworks.

US Department of the Interior, National Biological Survey, Research Information Bulletin. Hydraulics of
Alaska Steeppass Fishway Model A40. No. 95, 1993.

US Geological Survey Website for Saugus River USGS Gage.
http://nwis.waterdata.usgs.gov/usa/nwis/discharge

Gomez and Sullivan Page-33 Saugus River Fish Passage & Hydrology Study



