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Executive Summary 
Eversource Energy (Eversource) is proposing to construct a 12.9 mile transmission project to 
improve the electrical reliability in the Seacoast region of New Hampshire. Eversource’s 
Seacoast Reliability Project (SRP) will involve burying three cables approximately 1 mile across 
Little Bay north of Adams Point within a corridor previously identified as “Cable Area” on 
navigation charts. The cables will be installed along most of the route across Little Bay using a 
jet plow (also called a jet sled). The project was approved by the NH Site Evaluation Committee 
on January 29, 2019, and by the US Army Corps of Engineers on July 3, 2019. As required by 
both the SEC and the Corps, Eversource conducted a trial of the jet plow along a portion of the 
planned installation route for the SRP in Little Bay on September 9, 2019. Based on the 
requirements from DES’s recommendations (Condition 60b) and extensive discussion with DES, 
there were four main purposes for the trial:  

 to enable Durocher, the marine contractor, to develop a good understanding of how 
the jet plow performs in the site-specific conditions; 

 to conduct water quality monitoring under cable installation conditions to 
demonstrate ability of the project to adhere to water quality standards; 

 to determine how well the model predicts the sediment plume; and 

 to determine if any additional sediment suspension reduction measures are needed 
to help ensure surface water quality standards will be met. 

Key findings during the trial included: 

 Durocher Marine was able to test the ability of the jet plow to achieve required burial 
depths 

 Crossing of the western tidal flat was achieved while pumping minimal volumes of 
water through the jet plow 

 Turbidity levels remained below the exceedance threshold, or BSAL, of 13 and 14 
NTUs (10 NTUs above background on the tidal flats and channel, respectively) at all 
sampling field stations throughout the trial 

 Total suspended solids were low throughout the trial never exceeding 44 mg/L, and 
were largely at or below the levels predicted by the plume model. One exceedance at 
Station 24 was ephemeral, returning to below the model prediction by the next 
measurement. 

 There were no exceedances of chronic or acute toxicity levels for ammonia or 
dissolved arsenic. There was one exceedance of the acute toxicity level for dissolved 
copper (during ebb tide in a bottom sample at Station 17, a southern boundary 
station), but the average over three samples collected at surface, mid-depth and 
bottom at this time was below both the acute and the chronic toxicity level and 
collections before and after this sample were all below the chronic toxicity level. 
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Overall, the results of the jet plow trial indicate that the sediment plume model predictions 
were conservative and that installation of the cables using the jet plow can be accomplished in 
a manner that will not compromise the water quality of Little Bay. 

Certain recommendations emerged from the assessment of the results of the jet plow trial: 

 Station 23 should be moved approximately 400 ft east of its current location to the 
edge of the channel because the drone footage indicated that the plume was 
concentrated in this area. 

 Crossing the western tidal flat at the average advancement rate of 5.6 ft/min achieved 
during the trial, which produced a minor plume, is recommended for cable 
installations. By starting the installation at slack high tide, the cable can be laid in the 
tidal flat in approximately six hours during ebb tide. 

 Waiting until the following day to lay the cable across the channel would allow 
flexibility in timing for this portion of the installation. Based upon the water quality 
monitoring results for the jet plow trial and the prior modeling, the approved mixing 
zone boundary is appropriate for installation during either ebbing or flooding tide. 
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1 Introduction 
Eversource Energy’s (Eversource) Seacoast Reliability Project (SRP) is a 12.9 mile transmission 
project from the Madbury substation in Madbury to the Portsmouth substation in Portsmouth 
designed to improve the electrical reliability in the Seacoast region of New Hampshire. The SRP 
involves the burial of three cables approximately 1 mile across Little Bay north of Adams Point 
within a corridor previously identified as “Cable Area” on navigation charts. The cables will be 
installed along most of the route across Little Bay using a jet plow (also called a jet sled). The 
project was approved by the NH Site Evaluation Committee on January 29, 2019 and by the US 
Army Corps of Engineers on July 3, 2019. While jet plow technology has been used extensively 
worldwide, it has not been used in New Hampshire. Impacts anticipated for the jet plow 
installation have been described in several project documents associated with Eversource’s 
permit application review with the SEC (Normandeau 2016; RPS 2016, 2017). The primary effect 
from jet plowing will be release of sediments into the water column creating a turbidity plume 
that will move with the tides and with the progress of installation along the route. The 
maximum modeled extent of the sediment plume from the two rates of crossing is shown in 
Figure 1. Tidal circulation in Little Bay was incorporated into the sediment dispersion modeling 
and is a major factor determining the dimensions and movement of the plume. The model 
predicted that the sediment plume would move with the tides as the jet plow traversed the bay 
and would be ephemeral at any given time and location. As a result, impacts from the plume on 
biota in Little Bay are expected to be negligible. 

Cable installers commonly incorporate a trial run of the jet plow into their project plans. Every 
project area presents different conditions in terms of water depth, sediment characteristics, 
and tidal conditions that can affect the efficiency of the jet plow. Conducting a trial run gives 
the installer a better understanding of how the jet plow will behave under site specific 
conditions than can be obtained otherwise. During the trial run, the installer can determine the 
advance rates and water jet volumes necessary to adequately install the cable, and evaluate the 
effects of different advance rates and changing water volume through the jets prior to cable 
placement. 

NH DES’s Permit Condition 60b stipulates that Eversource provide a plan for the jet plow trial at 
least 90 days prior to the actual trial (approved by DES Sept 5, 2019), further stipulating that 
water quality be monitored during the trial run and that cable installation by jet plow cannot 
proceed until NHDES has reviewed and accepted the results of that monitoring. Condition 60b 
specifically states: 

Condition 60b: Jet Plow Trial Run 

If the SEC determines that jet plowing should be allowed for submarine cable installation in 
Little Bay (instead of other alternatives such as horizontal directional drilling), and that a jet 
plow trial run (without cable) should be conducted prior to installation of the submarine cable 
(as recommended by NH DES in a letter dated February 28, 2018 to the SEC if jet plowing is the 
selected alternative), the Applicant shall, unless otherwise authorized by NH DES, comply with 
the following: 
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 At least 90 days prior to the trial, the Applicant shall submit a Jet Plow Trial Plan (JPTP) 
to NHDES for approval and then implement the approved plan. The JPTP shall describe 
in detail how and when the trial and monitoring will be conducted and results 
reported. 

 At least 14 days prior to the scheduled start of submarine cable installation in Little 
Bay the Applicant shall submit a jet plow trial run summary report to the SEC and NH 
DES that addresses the following: 

 how well the model predicts the sediment plume ; 

 how well the water quality monitoring plan works (including communication 
between the monitors and jet plow operators) and what if, any, 
modifications to the plan are necessary; 

 water quality monitoring results within the mixing zone and at the boundary; 

 how measures taken to reduce sediment suspension due to jet plowing 
(including, but not limited to jet plow speed and pressure reductions) impact 
water quality; 

 if results suggest that cable installation by jet plowing is likely to meet NH 
surface water quality standards; and 

 if any additional sediment suspension reduction measures are needed to 
help ensure surface water quality standards will be met. 

 Installation of submarine cable in Little Bay shall not proceed until 
authorized by NH DES and the SEC. 

The jet plow trial was conducted on September 9, 2019. Durocher Marine was the jet plow 
operator, and Normandeau Associates conducted the water quality monitoring. An 
Independent Environmental Monitor (IEM) representing DES was on the jet plow barge and in 
communication with Normandeau’s On Shore Field Coordinator throughout the jet plow trial. 
This document provides the results of the jet plow trial, summarizes the water quality 
monitoring results, and recommends several changes in procedure for cable installation and 
improving water quality monitoring. 



JET PLOW TRIAL 

Jet Plow Trial REVISED 100219c.docx 3 Normandeau Associates, Inc. 

 

Figure 1. SRP modeled extents of sediment plumes for 7 and 13 hour jet plow crossings, and the estimated mixing zone. 
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2 Methods 
Location of the jet plow trial was selected to represent conditions anticipated for cable 
installation both on the western tidal flat and in the channel, as described in the Water Quality 
Monitoring Plan (Normandeau 2019). Approximately half of the 1000 ft long route was on the 
tidal flat and half was in the channel (Figure 2). The operational goals, agreed upon with NHDES 
and IEM, were to allow Durocher to become familiar with the site-specific operation of the jet 
plow and for Normandeau to conduct the same water quality monitoring that would take place 
during an actual cable installation. During operations, Normandeau would report elevated 
turbidity levels to the IEM, but no alteration to the jet plow operation would be required, 
provided that the monitoring data collected by handheld instruments demonstrated that 
turbidity exceedances were not occurring at the mixing zone boundary and that turbidity at the 
nearfield stations was not exceptionally high. 

The tides on September 9, 2019, were estimated based on an average of US Harbors tide data 
for Dover Point1 and the Squamscott River2. 

 Jet Plow Procedures 

Durocher placed the jet plow on the western tidal flat at the planned starting point for the trial 
on Sunday September 8 at high tide. The cable lay barge (referred to as the Barge elsewhere in 
this section), pump barge, dive barge, support barge and several tugs were moored or 
anchored on spuds offshore overnight. Durocher positioned the jet plow sled on the tidal flat 
approximately 580 ft west of the channel on the western edge of the jet plow trial path (Figure 
2). 

As described in the Jet Plow Trial Plan, the five foot blade of the jet plow has nozzles along its 
face. Durocher plugged the uppermost 20 inches of jets so that the upper sediment layers are 
less fluidized than lower sediments. 

Throughout the jet plow trial, Durocher operated the jet plow, cable lay barge and support 
vessels in the same manner planned for a cable installation. 

                                                      

1 https://www.usharbors.com/harbor/new-hampshire/dover-point-nh/tides?tide=2019-09 
2 https://www.usharbors.com/harbor/new-hampshire/squamscott-river-nh/tides?tide=2019-09 

https://www.usharbors.com/harbor/new-hampshire/dover-point-nh/tides?tide=2019-09
https://www.usharbors.com/harbor/new-hampshire/squamscott-river-nh/tides?tide=2019-09
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Figure 2. Location of the jet plow trial selected to represent conditions anticipated for cable installation both on the western 
tidal flat and in the channel. 
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Water quality monitoring was conducted as described in the Water Quality Monitoring Plan 
(Normandeau 2019).  

The sampling effort for the jet plow trial is shown on Table 1. Sampling was conducted at up to 
three depths (near-surface, mid-depth, near-bottom) at the near-field, boundary and reference 
stations (Figure 2). At each station, Normandeau staff used hand-held YSI ProDSS meters to 
measure turbidity, temperature, salinity, dissolved oxygen and pH (occasionally to support 
assessment of ammonia data). Water samples were also collected by pumps for analysis of total 
suspended solids (TSS, the parameter used in the plume modeling), nitrogen species (nitrate, 
nitrite, ammonia, total Kjeldahl nitrogen), dissolved and total copper and arsenic. Fecal coliform 
samples were also collected in near-surface waters.  

As the trial progressed, Durocher encountered a minor programming issue in communications 
with the jet plow that required diver intervention to ensure the proper blade angle on the jet 
plow for the deeper burial depth required in the channel compared to the tidal flat. This 
delayed the trial approximately 1 hour so that completion of the trial, including anchor moves, 
extended into flood tide. The onshore field coordinator reassigned two of the sampling crews 
to ensure that additional stations south of the work area were sampled starting at low slack. 

The crew sampling the southern nearfield stations added Station 18. The crew assigned to the 
reference stations stopped sampling Stations 41, 42 and 43 so that they could focus on the 
southern boundary stations (27, 28 and 29). 

As expected, water depths at tidal flat stations became too shallow to continue sampling as the 
tide fell. Sampling was reduced to two depths (near-surface and near-bottom) 1 hour after the 
jet plow started at stations 11, 11a, 16 and 23 and to one depth (near-bottom) 2 hours after the 
jet plow started. Stations 16 and 23 could not be sampled at all 2 hours-after-start event; 
Station 11 and 11a could not be sampled 3 hours-after-start event. Sampling rounds continued 
until 18:45, near the end of the fourth anchor move. The last samples were collected at the 
southern stations at 19:10. A total of 191 sets of water samples (including one duplicate and 
one field blank sample from each boat) and in situ measurements were collected. 

Sampling crews arrived at their assigned monitoring stations by 10:30 and collected baseline 
data using hand-held meters, recording results on field data sheets. Then crews collected water 
for laboratory analysis. Water was pumped into 5 sample containers, containing preservatives 
as appropriate, provided by Enthalpy Laboratories and stored on ice in coolers; chains of 
custody were filled out. Fecal coliform samples were collected from near-surface following the 
NHDES protocols. Specific sampling methods are described in Normandeau (2019). 

Baseline (pre-jet plow) sampling was conducted at half of the stations at about 10:30 and the 
other half of the stations at about 11:30 (Table 1). The jet plow was activated at 12:33 and 
release of bubbles followed by a localized sediment plume was observed by the drone. The 
barge began pulling the jet plow through the sediment at 12:39. Downcurrent sampling crews 
were alerted to postpone the first sample collection until the drone footage showed that the 
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visible plume approached the nearfield stations. Water quality sampling during jet plow 
operation was initiated at 12:45. 

Normandeau had four boats conducting water quality sampling: two south of the barge and 
two north of the barge. A fifth boat was used as a courier boat to run water samples ashore for 
delivery to a field trailer. On shore, the sample jars were screened for complete labels and 
matched against the chain of custody form before releasing to Enthalpy Analytical Laboratory. 
Because of the short hold time for fecal coliform samples, water samples were collected from 
the sample boats every 2 hours, and Enthalpy made three trips to the site to collect samples 
over the course of the jet plow event. On the return trip to the site, the courier boat delivered 
fresh sample jars and ice to the water quality samplers.  

Table 1. Sampling Effort by Station during Jet Plow Trial 

Stationa Time (hrs) relative to start of jet plow -start 2 hours after high tide 

Activity Pre-jet plow 
Active jet plow (12:39-16:26) 

In-Field Calibration (14:25-15:37) Anchor move (16:26-19:20) 

Tide Stage 
Slack High 

(10:35 ) 1 ebb 2 ebb 3 ebb 4 ebb 5 ebb 

Slack 
Low 

(16:42) 1 Flood 2 flood 
Time relative 

to start of trial 
(hrs)b -2 10:30 -1 11:30 

0 
12:45 

1 
13:45 

2 
14:45 

3 
15:45 

4 
16:45 

5 
17:45 

6 
18:45 

 Number of Depths Sampled (Samples Collected)c  
Boundary          
(north) 22 3  3 3 3     

23  2 2 1      
24 3   3 3 3 3 3 3 
25  3   3 3 3 3 3 

(south) 27       3 3 3 
28       3 3 3 
29       3 3 3 

Nearfield          
(north) 11 2  2 1 1     

11a  2 2 1 1     
12 3   3 3 3 3 3 3 
13  3   3 3 3 3 3 

(south) 16 2  2 1      
17  3  3 3 3 3 3 3 
18       3 3 3 

Reference          
41 3    3   3  
42  3  2      
43 3  3     3  

No. Sta. 
sampled 

7 6 6 9 9 9 10 11 9 

a 
Highlighted stations are located on tidal flats 

b 
Start times shown are the beginning of each round of sampling, which took approximately 30-60 min. 

c 
In addition to the samples listed, each sampling crew collected at least one replicate sample for each parameter for the jet 

plow trial as well as a field blank for the lab parameters. 
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2.1.1 Boundary Station Action Levels  

Per DES guidance, Boundary Station Action Levels (BSAL) were calculated for establishing the 
exceedance values for turbidity. The methodology is described in the Water Quality Monitoring 
Plan (Normandeau 2019).  

The BSAL is based on all of the data collected in each of the tidal flats and channel regardless of 
collection depth. Reference data from tidal flat stations were grouped by measurement 
increments or bins (Bin 1 = 0-10 NTUs; Bin 2 = 10.1-20 NTUs; etc.). Within each bin, the data 
were arranged in descending order, regardless of collection depth and the value of the 90th 

percentile (i.e., the value that 10% of the reference data points exceeds) was calculated in 
Excel. The BSAL for that bin equals the 90th percentile value plus 10 NTUs. On the day of the jet 
plow trial, the appropriate bin for determining the BSAL for each habitat was to be based on 
the average of all measurements taken that day for each habitat prior to the start of in-water 
work associated with jet plowing. For example, if the average turbidity of all tidal flat stations 
measured prior to in-water work associated with jet plowing on Day 1 is 3.2 NTU, the 90th 

percentile from Bin 1 (0-10 NTUs) for tidal flats would be used for all tidal flat stations on Day 1 
and the BSAL would be equal to the 90th percentile rounded to the nearest digit plus 10 NTU. 
The 90th percentile and BSAL for the channel stations would be calculated in a similar manner. 
The same procedure for determining the appropriate bin, 90th percentile and BSAL will be 
repeated each day that monitoring occurs.  

2.1.2 QA/QC 

Quality control for the jet plow trial entailed a combination of: 

 Work plan review,  

 training,  

 instrument calibration,  

 collection of field duplicates and field blanks, and 

 paper work review during the field activities. 

Training began with a meeting among the plan developers and the five crew team leaders (held 
on August 27, 2019) to discuss the rationale behind the work scope and the specific field 
procedures. The field crew team leaders were provided with copies of the Water Quality 
Monitoring Plan and field datasheet instructions in advance of the meeting. On the morning of 
the jet plow trial, the entire field team (consisting of the boat captain and two crew members 
for each of four sampling boats, the boat captain and crew member for the courier boat, the 
onshore field coordinator, the onshore sample coordinators, and the plan developers) was 
assembled three hours before baseline sampling was scheduled to begin for a tailboard 
meeting that covered health and safety and sampling protocols. Each survey boat was provided 
with a hard copy of the monitoring plan. 

Hand-held meters were calibrated the night before the jet plow trial at the Hampton NH field 
office. While standard parameters such as DO, salinity, temperature, etc. are typically easily 
collected with meters, turbidity meters can be temperamental; therefore, the crew was 
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provided with turbidity standards in the event of irregular or suspicious data. In fact, it became 
necessary to recalibrate the hand held meters during the jet plow trial because several of the 
meters reported negative values. See Section 2.2.1 for further details. All hand held meters 
were recalibrated after the jet plow trial. Calibration graphs are maintained for each 
calibration. 

Dataloggers at the fixed stations were downloaded weekly. Starting on September 12, 2019, 
measurements of all parameters at the depth of the fixed sonde were made using a calibrated 
Aqua TROLL 600 Vented 684275 to verify the datalogger readings.  

To ensure that samples were handled carefully and appropriately in the field, three types of 
quality control samples were collected by each boat crew: a field duplicate of each water 
column profile collected with the hand held meter; a field duplicate for each laboratory analyte 
from a single depth; and a field blank. The results for the field duplicates and the field blanks 
are included in the data presented in Section 3.2. The analytical laboratory, Enthalpy, 
conducted their standard quality control procedures including matrix spike and matrix spike 
duplicates during the analysis of these water samples. 

Field crews filled out chains of custody forms for the laboratory samples. These forms were 
reviewed by both the courier boat crew and the field sample coordinator prior to submitting to 
the laboratory courier. Field data sheets were reviewed by the boat crew members and then 
again during the data entry process. 

During the monitoring events for cable installation, a member of the courier boat crew will be 
designated to observe each boat collect instrument profiles and water samples to confirm their 
adherence to sampling protocols. The courier vessel crew will also examine representative field 
data sheets for accuracy and completeness and examine all chains of custody for completeness. 
Normandeau’s Quality Control Supervisor will review calibration logs for all hand held meters 
and data loggers.  

2.1.3 In-field Turbidity Calibrations 

YSI ProDSS water quality data sondes were used for the in-situ water quality measurements as 
per the study plan. Prior to the jet plow trial, all four YSI instruments were initially calibrated 
on-site by approximately 09:00. YSI instrument SN 17B103258 was accurately calibrated during 
the initial calibration as evident by positive turbidity readings and comparison with the 
calibration standards, and ultimately by the field calibration. However, turbidimeter calibration 
issues (negative turbidity readings) were discovered during the pre-construction sampling 
period, prior to initiation of the jet plow trial, with the other three YSI instruments (S/Ns 
16B101219, 15F101743, and 15F101742). YSI technical support was contacted when the 
calibration issue was recognized and, with procedures provided by a YSI technician, the three 
YSI instruments were field calibrated. Due to the time required to ensure proper field 
calibration and to ensure a conservative approach for turbidity data analysis, turbidity data are 
considered valid for the time periods shown in Table 2 for the four turbidimeters. 
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Table 2. Start Times of Valid Turbidity Readings following In-Field Calibration of YSI Sondes 

Serial Number Meter ID Number Sample Station Number 
Turbidity data valid 

beginning 

17B103258 FA03123 16,17,18 10:50 

15F101742 FA02192 11,11a,12,13 12:11 

16B101219 FA02610 41,42,43,27,28,29 13:50 

15F101743 FA02191 22,23,24,25 14:45 

 

The loss of these early turbidity data did not affect the ability to assess the effects of the trial. 
The two turbidity meters closest to the jet plow, including the near-field north stations 
(Stations 11, 11a and 12), and the near-field south stations (Stations 16 and 17), were fully 
calibrated by the start of the trial and showed no exceedances. The northern boundary station 
turbidity meter (Stations 22 through 25) was fully calibrated by 14:45 and did not show 
exceedances. These data are supported by the TSS results, which were generally low (see 
section 3.2.1). Post-trial calibration checks of the turbidity meters indicated no calibration 
errors or the need for further data quality control measures. Instrument calibration for other 
water quality parameters (depth, dissolved oxygen, pH, temperature, and salinity) were 
performed and verified in accordance with the manufacturer’s specifications. 

2.1.4 Fixed Stations 

Seven data loggers were installed throughout the bay to collect continuous data for turbidity, 
temperature, salinity, pH, and water depth. The stations are shown on Figure 2. The meters 
were In Situ AquaTroll 600, programmed to capture data every 15 minutes. The data loggers 
were downloaded weekly and re-calibrated each week. Stations SM-1 through SM-4 were 
deployed with the shellfish tissue sampling cages beginning on August 6, 2019. Fixed stations 
31, 33 and 34 were installed on September 4, 2019, six days before the jet plow trial as 
prescribed in the water quality monitoring plan. The data were downloaded on September 11, 
2019, three days after the jet plow trial. Turbidity plots for six of the seven data loggers are 
provided in Appendix C. Water samples for measuring TSS were collected at all seven stations, 
to compare to the turbidity readings. Those data are not available for this summary report. The 
turbidity sensor at Station 31 failed on September 6, therefore no turbidity data are available 
from this station for the jet plow period. A replacement sonde was installed after the problem 
was discovered during the next week’s download. 

2.1.5 Drone Flights 

A drone was used to track the visual extent of the plume during the jet plow trial. The drone 
was flown approximately hourly starting at about 12:00 and halting at about 18:00 when light 
became too low for reasonable imagery and maintaining visual contact. 

The drone is a DJI Phantom 4 Pro, approximately 3.2 pounds, with a range of over 1.3 miles 
(with visibility) and a flight time of 25 minutes. It is GPS-enabled with a hover accuracy of 1.5 m, 
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carries both video and still cameras, and has a still image resolution of about 20M pixels. The 
images can be viewed in real time from shore to direct the drone’s position, and are stored with 
GPS coordinates and a time stamp. The drone time stamp is 1 hour later than the actual time. 

The drone operator was an FAA Certified Part 107 Remote Pilot in Command from Doucet 
Survey LLC. Due to proximity to Pease Air Force base, Doucet received authorization from Air 
Traffic Control at the Portsmouth International Airport at Pease to fly up to 150ft AGL (Above 
Ground Level). At height of 150 feet AGL, the image width is approximately 225 feet. 

The drone footage was processed by Doucet and provided to Normandeau in the form of still 
images, videos, and breadcrumb trails showing the flight path of the drone as it tracked the 
plume. All have coordinates for positioning over the jet plow operation. The breadcrumb trails 
were used to approximate the location and extent of the visible sediment plume. Because the 
drone often overshot the width of the plume, these should be considered conservative. 

 Laboratory Procedures 

Sample coolers were collected from the sampling crews at regular intervals during the day. 
They were taken to an on-site trailer where chains of custody were reviewed and finalized. 
Enthalpy Laboratories picked up the samples at regular intervals and transported the samples 
to their Hampton NH laboratory in a refrigerated van. 

Samples were logged into the laboratory’s tracking system and processing was initiated 
immediately. Laboratory protocols are shown on Table 3. 

Table 3. Analytical Methods for Water Quality Samples 

Analyte RL MDL Units Method 

Total Nitrogen NA NA mg/L as N Calculation 

TKN 0.5 0.3 mg/L as N SM4500-NC 

NO3 0.05 0.005 mg/L as N SM4500-NO3 F 

NO2 0.05 0.005 mg/L as N SM4500-NO3 F 

NH3 0.1 0.06 mg/L as N SM-4500NH3 

TSS 1 0.6 mg/L SM2540D 

Copper, dissolved 0.5 0.03 µg/L EPA 200.8 

Copper, total 0.5 0.09 µg/L EPA 200.8 

Arsenic, dissolved 0.5 0.02 µg/L EPA 200.8 

Arsenic, total 0.5 0.13 µg/L EPA 200.8 

Fecal coliforms 1 1 MPN/100mL Colilert-18 
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3 Results 

 Jet Plow Operation 

The following is based on the times given in the Operator’s Log in Appendix B provided by 
Durocher Marine. On September 9, the Durocher team along with the IEM assembled on their 
assigned vessels at 10:00 h to prepare for the trial. For this location, slack high tide was 
estimated for 10:35 h (6.1 feet), and low tide at 16:42 (+1.0 feet), using an average of the 
difference between tides at Dover Point and Squamscott River based on US Harbors tide charts. 
Because the position of the jet plow was east of the start location upon which the plume model 
was based for the cable laying, the jet plow trial was planned to start two hours after high slack 
to mimic the tide stage expected during an actual cable installation.  

The jet plow water supply pump was started at idle speed at 12:33 supplying 1300 gallons per 
minute (GPM). At 12:39 the barge took up tension on the jet plow, and began advancing it 
across the tidal flat. At 12:48 the jet plow water supply was increased to 2425 GPM and at 
13:15 jet plow water supply was increased to 2968 GPM. This was a slower speed than the 10 
ft/min than was modeled for the 7-hour crossing (RPS 2017), but was necessary due to the 
higher-than-anticipated sediment resistance at depth. Winching the jet plow forward continued 
until 14:25 at 2968 GPM with a final distance on the tidal flat of 580 ft at an average rate of 5.6 
ft/min. Once the jet plow reached the edge of the channel, the advancement method was 
shifted to the cable lay barge pulling against the forward anchors. This required an in-field 
calibration to confirm the jet plow was set to the proper depth and towing tensions were 
accurate. In field calibration was performed on the jet plow from 14:25 to 15:37 with the jet 
plow water supply at 1300 GPM. 

Starting at 15:37 the cable lay barge began advancing the jet plow by using the barge’s four- 
point anchor system. Sediments in the channel required 2425 GPM to achieve burial depth. The 
jet plow achieved burial depths for a distance of 457 ft at a rate of 9.7 ft/min. At 16:26, jet 
plowing stopped. From 16:26 to 19:20 the 4 anchors were moved.  

 Water Quality Monitoring 

Water quality monitoring was conducted at seven nearfield, seven boundary and three 
reference stations on September 9, 2019, before, during, and after the jet plow trial and anchor 
change. Timing for occupation of each station was planned to ensure that sampling occurred 
prior to, during and after the times that the suspended sediment plume was expected to be 
present. 

Reference data includes results from all stations sampled prior to the start-up of the jet plow as 
well as results from Stations 41, 42, and 43 throughout the trial. Reference data are added to 
the baseline data file to increase the reliability of comparisons of data collected during cable 
installation activities to the natural conditions in Upper Little Bay. 
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3.2.1 Turbidity and Total Suspended Solids 

BSAL 

BSAL were calculated for the tidal flat and the channel separately. Because the turbidity meters 
needed to be recalibrated immediately before the jet plow began, the turbidity data collected 
prior to that time had to be discarded, therefore were unavailable for calculating the BSAL. 
Instead we used the data from the upstream stations, which while limited, provided data that 
ranged between 0.4 and 3.8 NTU. The stations on the tidal flat had an average of 2.4 NTU, and a 
90th percentile of 3. The results in the channel were very similar, with an average of 2.1 and a 
90th percentile of 4. Adding 10 to the 90th percentile yielded a BSAL of 13 for the tidal flat and 
14 for the channel.  

Field Station Turbidity 

During the jet plow trial, turbidity values at the near-field stations ranged from 0.2 to 9.4 with 
no apparent pattern associated with depth. At the boundary stations, turbidity ranged from 0.4 
to 5.3, with no exceedances of State turbidity standards observed. Water quality sampling 
ended after the anchor changes were completed because no turbidity exceedances had been 
observed for two hours at any stations, consistent with the approved monitoring plan. 

Fixed Station Turbidity 

At the fixed stations, the turbidity data ranged between 0 and 5 NTU at five of the six stations 
actively recording for the 7.5 hours during the jet plow trial. At the sixth station, SM1/32, 
located at the Fat Dog oyster farm leases, most of the turbidity readings were between 0 and 5 
NTU, five were between 5 and 19 NTU, and eight exceeded 19 NTU (23-317 NTU). The 
exceedances were sporadic, and most were separated by periods of background NTU. The 
exception were three readings above 19 NTU that recorded between 1:04 and 1:34 (range 22- 
234), before returning to background levels. 

Station 23, located northwest of fixed station SM1/32 exhibited low TSS and turbidity levels 
during this time period in contrast to Station SM1/32. While a visible plume was present based 
on drone footage and field observations, the plume did not reach this location until 
approximately 1:30, and at no point in time did the field data indicate an exceedance of the 
turbidity standard for more than one-hour 

Graphs of the fixed station turbidity readings indicate that this station and several others show 
periods of elevated turbidity throughout the week both pre and post-jet plow, which suggests 
other factors independent of the jet plow are involved (see Appendix C). The field crews have 
noted heavy wrack loads (debris, algae, eelgrass) accumulated on this sonde and tether during 
the weekly data downloads. This could contribute to the erratic readings observed at this site 
by both physically blocking the probe and by weighing it down closer to the sediment during 
peak tidal flows.  

Total Suspended Solids (Field Stations only) 

Total suspended solids (TSS) concentrations ranged from 4.3 to 44 mg/L throughout the jet 
plow trial (Table 4). Prior to the start-up of the jet plow, concentrations of TSS ranged from 4.3 
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to 16 mg/L across all stations and depths, averaging 7.7 mg/L. After the jet plow was started, 
TSS ranged from 4.5 to 44 mg/L and averaged 11.9 mg/L with a median value of 9.6 mg/L. 

Table 4. Summary of Total Suspended Solids (TSS, mg/L) in Water Samples Collected in Little 
Bay during the SRP Jet Plow Trial, September 9, 2019 

Location Station 

Total Suspended Solids (mg/L)a 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 4.8 -- 6.4 13 -- 7.9-23 

11a 9.5 -- 8 13 -- 6.3-15 

12 16 8.2 7.1 5.8-21 5.6-23 6.4-19 

13 7.9 8.2 5.9 7.4-24 7-23 6.7-12 

Nearfield 
South 

16 7.8 -- 6.4 10  5.1-9.5 

17 6.6 7.5 5 5.2-13 5.6-44 7.8-26 

18 -- -- -- 9.7-13 5.2-8.8 5.9-25 

Boundary 
North 

22 6.7 12 8.1 5.2-13 5.4-9.6 7.7-10 

23 4.3 -- 13 5.9  4.5-16 

24 4.4 8.1 7.3 5.5-40 6.1-21 7.2-26 

25 4.6 7.6 11 7.6-13 6.6-24 5.2-8.6 

Boundary 
South 

27 -- -- -- 8.1-12 5.2-11 8.8-14 

28 -- -- -- 8.6-25 6.8-15 11-18 

29 -- -- -- 6.3-13 9.5-13 12-15 

Reference 41 6.6 6.8 10 7.1 7.5 10 

42 7.1 -- 7.1 -- -- 5 

43 4.6 8.4 4.7 13 9.7 6.9 

Field Blanks n/a <1 

At the reference stations, TSS ranged from 4.6 to 10 mg/L prior to start-up of the jet plow and 
from 5 to 13 mg/L during the active trial. Concentrations at the nearfield stations ranged from 
4.8 to 16 mg/L prior to the start-up and from 5.2 to 44 mg/L (average of 12 mg/L) during the 
active trial. At the boundary stations, concentrations prior to the start-up ranged from 4.3 to 13 
mg/L and during the active trial concentrations ranged from 4.5 to 40 mg/L (averaging 10.8 
mg/L). 

The majority (136 out of 152 samples) of the concentrations during the active trial fell below 20 
mg/L, with 14 collections between 20 and 30 mg/L and two collections >40 mg/L. See more 
detailed plots in Appendix F. 

Comparison of Modeled and Observed TSS 

The observed TSS results can be compared to those predicted by the hydrodynamic model by 
determining the modeled TSS at each station and comparing to the maximum observed TSS on 
the day of the jet plow trial (Table 5). The hydrodynamic modelers, RPS Inc, calculated the 
predicted TSS at each station for both the 7-hour and the 13-hour crossing (Appendix F); this 
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comparison uses the higher number at each station. The maximum observed TSS was taken 
from each station over all depths. For most of the stations, the maximum observed TSS was 
considerably less than the modeled TSS, ranging from 1 to 209 mg/l.  

At four stations (Stations 16, 24, 25 and 28), the observed TSS during the jet plow trial exceeded 
the modeled TSS by 5 to 15 mg/l. At Station 24 where the observed TSS exceeded the modeled 
TSS by 15 mg/l, the levels were below the modeled value the hour before, and were 1 mg/l 
higher than modeled the hour after. When background TSS levels are factored in by using the 
reference stations (Stations 41, 42, and 43; maximum TSS values of 7 to 13), most of the 
exceedances are eliminated. Station 24 remains slightly elevated over the predicted TSS for 
only the one reading. 

Based upon the comparison of the results of the jet plow trial and the hydrodynamic model, the 
predictions generated by the model were generally very conservative or on target. Where 
observed TSS exceeded modeled TSS, the observed TSS was only slightly higher than what was 
modeled and dissipated quickly.  

Comparison of TSS and Turbidity 

As part of the Water Quality Monitoring Plan, Eversource proposed to compare turbidity and 
TSS measurements to evaluate whether turbidity threshold could be identified for determining 
the need for collection of laboratory samples at the mixing zone boundary stations. To conduct 
this evaluation, companion turbidity and TSS data collected at each of the monitoring stations 
were graphed and regressed against each other. Figure 3 shows that at the low levels of 
turbidity found during the jet plow trial, the relationship between these two parameters is 
weak (r2= 0.0013) and provides no basis for identifying such a threshold. Two factors likely 
affect this. One is that turbidity levels were very low throughout, which limits the ability to 
draw relationships. The other is that turbidity was measured in situ, followed by water sample 
collection for TSS, meaning slightly different water “parcels” were sampled for the two 
parameters. 

3.2.2 Dissolved Oxygen 

Dissolved oxygen levels consistently exceeded the instantaneous minimum concentration of 5.0 
mg/L for Class B waters (Table 6, see plot in Appendix G). Values ranged from 6.97 to 9.36 mg/L 
prior to the start-up of the jet plow. During the jet plow trial, values ranged from 7.09 to 10.18 
mg/L. Based upon the jet plow trial run, the submarine installation will not noticeably increase 
dissolved oxygen levels in Little Bay. 
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Table 5. Modeled vs Maximum Observed TSS at the Monitoring Stations. 
Bolded Values Indicate Stations where the Maximum Observed 
Exceeded the Modeled TSS 

Location Station 

Total Suspended Solids (mg/l) 

Modeled Max Observed Difference 

Nearfield 
North 

11 96 23 73 

11a 56 15 41 

12 186 24 162 

13 66 24 42 

Nearfield 
South 

16 3 10 -7 

17 134 44 90 

18 234 25 209 

Boundary 
North 

22 20 13 7 

23 18 16 2 

24 25 40 -15 

25 17 22 -5 

Boundary 
South 

27 15 14 1 

28 18 25 -7 

29 24 15 9 

Reference 41 NA 10  

42 NA 7  

43 NA 13  

 

 

Figure 3. Comparison of TSS for all field samples during SRP jet plow trial. 
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Table 6. Summary of Dissolved Oxygen (DO, mg/L) Collected with Hand Held Instruments in 
Little Bay during the SRP Jet Plow Trial, September 9, 2019 

Location Station 

Dissolved Oxygen (mg/L)a 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 9.07 -- 8.97 9.06 -- 9.09-9.28 

11a 8.79 -- 8.78 9.18 -- 9.13-9.15 

12 8.85 8.79 8.71 9.14-10.2 9.12-10.05 9.08-9.99 

13 9.36 8.96 8.82 9.39-10.12 9.21-10.26 8.48-10.16 

Nearfield 
South 

16 8.2 -- 7.94 8.11 -- 8.06-8.34 

17 8.19 7.79 7.73 8.22-8.99 8.1-9.01 8.07-8.94 

18 -- -- -- 8.34-9.28 8.38-9.25 8.39-9.16 

Boundary 
North 

22 7.46 7.36 7.19 8.25-7.47 7.27-7.55 7.09-7.44 

23 7.19 -- 7.19 7.17 -- 7.23-7.34 

24 7.18 6.99 6.97 7.17-7.97 7.33-8.05 7.32-7.96 

25 7.42 7.26 7.08 7.15-8.07 7.51-8.18 7.5-8.18 

Boundary 
South 

27 -- -- -- 8.72-9.15 8.68-9.13 8.53-8.94 

28 -- -- -- 8.46-9.36 8.61-9.01 8.49-8.81 

29 -- -- -- 8.59-9.05 8.34-8.87 8.36-8.78 

Reference 41 7.89 7.51 7.48 8.24 7.95 7.56 

42 7.91 7.95 7.98 8.25 -- 8.31 

43 8.23 8.22 8.15 8.7 8.21 8.06 

 

3.2.3 Temperature, Salinity and pH 

Temperature, salinity and pH data collected in situ using hand held meters is presented in 
Appendix G. Temperature ranged from 17 to 18.9°C prior to the startup of the jet plow and 17.5 
to 19.7°C during and after the trial. 

Salinity ranged from 31.31 to 36.58 ppt prior to the jet plow start up and from 30.32 to 36.43 
ppt during the jet plow trial. 

The pH ranged from 7.77 to 7.88.  

3.2.4 Nitrogen Species 

Samples were analyzed for the inorganic nitrogen species (nitrate [NO3], nitrite [NO2] and 
ammonia [NH3]), total Kjeldahl nitrogen, and from these analyses, total nitrogen was calculated. 

Concentrations of nitrates were generally below quantification limits (0.05 mg/L). The four 
exceptions were samples from stations 17 and 18, three of which occurred during the active 
trial. These results ranged from 0.07 to 0.64 mg/L. The highest value was found in the near- 
bottom sample from station 17 at 1545 when the tide was ebbing, at which point station 17 
was approximately 500 feet upstream of the work. 



JET PLOW TRIAL 

Jet Plow Trial REVISED 100219c.docx 18 Normandeau Associates, Inc. 

Nitrite concentrations never exceeded the quantification limit of 0.05 mg/L. 

Ammonia concentrations never exceeded the quantification limit of 0.1 mg/L. At the salinities, 
temperatures and pH levels observed during the sampling, the quantification limit was well 
below both the chronic and acute toxicity levels identified in New Hampshire’s Surface Water 
Quality Standards (Env-Wq 1703.29 and Env-Wq 1703.32). Ammonia criteria become more 
stringent as temperature and pH increase and as salinity decreases. Assuming a pH of 8, salinity 
of 30 mg/L and temperature of 20°C, acute and chronic ammonia criteria are 7.3 and 1.1 mg 
NH3/L. 

Total Kjeldahl nitrogen represents organic nitrogen (Table 7; Appendix G). Before the trial 
started, the majority of the TKN values were below the reporting limit of 0.5 mg/L although 
some values ranged as high as 0.617 mg/L. During the trial values ranged from below the 
reporting limit to a high of 0.873 mg/L. 

Table 7. Summary of Total Kjeldahl Nitrogen (TKN, mg/L) in Water Samples Collected in 
Little Bay during the SRP Jet Plow Trial, September 9, 2019 

Location Station 

TKN (mg/L) 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 0.617 -- <0.5 <0.5 -- <0.5-0.773 

11a 0.722 -- <0.5 <0.5 -- <0.5-0.615 

12 0.557 0.509 0.514 <0.5-0.647 <0.5-0.593 <0.5-0.873 

13 <0.5 <0.5 0.585 <0.5 <0.5 <0.5-0.617 

Nearfield 
South 

16 <0.5 -- 0.512 <0.5 -- <0.5 

17 0.444 0.77 <0.5 <0.5 <0.5-0.545 <0.5-0.843 

18 -- -- -- <0.5-0.591 <0.5-0.556 <0.5 

Boundary 
North 

22 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

23 <0.5 -- 0.965 <0.5 -- <0.5-0.556 

24 <0.5 <0.5 <0.5 <0.5-0.726 <0.5 <0.5-0.742 

25 <0.5 <0.5 <0.5 <0.5-0.705 <0.5-0.584 <0.5-0.595 

Boundary 
South 

27 -- -- -- <0.5-0.609 <0.5 <0.5-0.592 

28 -- -- -- <0.5-0.669 <0.5-0.642 <0.5-0.605 

29 -- -- -- <0.5-0.663 <0.5-0.632 <0.5-0.594 

Reference 41 <0.5 <0.5 <0.5 0.517 <0.5-0.741 <0.5 

42 <0.5 -- <0.5 -- -- <0.5 

43 <0.5 <0.5 <0.5 <0.5 0.529 0.582 

Field 
Blanks 

n/a <0.5 

 

Total nitrogen is the sum of TKN and ammonia; values for the factors contributing to TN that 
were below detection limit were treated as zero in the formula. Values ranged from <0.5 to 
0.965 mg/L among samples collected before the jet plow was started with the majority of these 
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samples falling below the reporting limit (Table 8, Appendix F). During the jet plow trial activity, 
total nitrogen ranged from <0.5 to 0.873 mg/L and again the majority of the samples fell below 
the reporting limits. Total nitrogen values fell within the range reported by Wood and 
Trowbridge (2014) for Great Bay estuary tributaries. Based upon the jet plow trial run, the 
submarine installation will not significantly increase nitrogen levels in Little Bay. 

Table 8. Summary of Total Nitrogen (TN, mg/L) in Water Samples Collected in Little Bay 
during the SRP Jet Plow Trial, September 9, 2019 

Location Station 

TN (mg/L) 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 0.617 -- <0.5 <0.5 -- <0.5-0.773 

11a 0.722 -- <0.5 <0.5 -- <0.5-0.615 

12 0.557 0.509 0.514 <0.5-0.647 <0.5-0.593 <0.5-0.873 

13 <0.5 <0.5 0.585 <0.5 <0.5 <0.5-0.617 

Nearfield 
South 

16 <0.5 -- 0.512 <0.5 -- <0.5 

17 0.554 0.77 <0.5 <0.5 <0.5-0.545 <0.5-0.843 

18 -- -- -- <0.5-0.591 <0.5-0.556 <0.5 

Boundary 
North 

22 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

23 <0.5 -- 0.965 <0.5 -- <0.5-0.556 

24 <0.5 <0.5 <0.5 <0.5-0.726 <0.5 <0.5-0.742 

25 <0.5 <0.5 <0.5 <0.5-0.705 <0.5-0.584 <0.5-0.595 

Boundary 
South 

27 -- -- -- <0.5-0.609 <0.5 <0.5-0.592 

28 -- -- -- <0.5-0.669 <0.5-0.642 <0.5-0.605 

29 -- -- -- <0.5-0.663 <0.5-0.632 <0.5-0.594 

Reference 41 <0.5 <0.5 <0.5 0.517 <0.5-0.741 <0.5 

42 <0.5 -- <0.5 -- -- <0.5 

43 <0.5 <0.5 <0.5 <0.5 0.529 0.582 

Field 
Blanks 

n/a <0.5 

 

3.2.5 Dissolved Metals 

Water samples were analyzed for dissolved and total copper and arsenic. There were no 
exceedances of either acute or chronic water quality criteria for dissolved arsenic at any time 
during the survey. Prior to the start-up of the jet plow, there were no exceedances of either 
acute or chronic criteria for dissolved copper. There was one nearfield sample (17B @ 13:55) 
during trial activity that exceeded the chronic criterion although the average over the three 
depths sampled was below this threshold. This occurred during the last sampling effort of the 
jet plow trial survey. As NHDES recommended, the field crew collected additional water 
samples on Thursday September 12, 2019 at two nearfield stations so that a four-day average 
could be computed if needed. These samples are currently being analyzed. 
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Dissolved arsenic values ranged from 1.4 to 1.7 µg/L among all stations sampled before the jet 
plow trial began and from 1.2 to 2.9 µg/L during the trial (Table 9; Appendix G). None of these 
values exceeded the chronic toxicity threshold of 36 µg/L or the acute toxicity value of 69 µg/L. 

Dissolved copper values ranged from <0.5 to 1.8 µg/L among the samples collected prior to the 
start-up of the jet plow (Table 10; Appendix F). During and after activity (jet plowing, anchor 
changes and maneuvering barges), dissolved copper concentrations ranged from <0.5 to 7.0 
µg/L. The highest value (7.0 µg/L) occurred in a near-bottom sample at southern nearfield 
channel Station 17 at 13:55 when the tide was ebbing, approximately one hour after jet 
plowing started. At 13:55, the near- bottom value exceeded the acute toxicity threshold (4.8 
µg/L) however less than one hour later at 14:45, the near-bottom value was much lower (0.9 
µg/L) resulting in a one-hour average was 3.95 µg/L. Dissolved copper values from near-surface 
and mid-depth collections at Station 17 at 13:55 were at or below the laboratory reporting limit 
of 0.5 µg/L however, and the average over all depths was 2.67 µg/L, below both the acute and 
chronic toxicity level. The next highest dissolved copper values (2.7 and 2.9 µ/L; both below the 
acute and chronic criterion) occurred at south nearfield channel Station 18 at 1700 (surface, 
early ebb) and 1900 (mid, mid-ebb), respectively. Of the 191 samples analyzed for dissolved 
copper, 92 were below the reporting limit and an additional 81 were <1.0 µ/L. 

Additional samples were collected on September 12, 2019 at Stations 11 and 12 to support the 
assessment of whether the chronic toxicity criterion for dissolved copper was met. Of the five 
samples (surface and bottom at Station 11; surface, mid-depth and bottom at Station 12), only 
one sample exceeded the reporting limit. The surface sample from Station 12 had a dissolved 
copper concentration of 0.9 µg/L. These results confirm that the single elevated dissolved 
copper level observed during the jet plow trial did not result in a chronic toxicity water quality 
exceedance. Laboratory data for the September 12 sampling are provided in Appendix D. 
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Table 9. Summary of Dissolved Arsenic Concentrations (µg/L) in Water Samples Collected in 
Little Bay during the SRP Jet Plow Trial, September 9, 2019 

Location Station 

Dissolved Arsenic (µg/L)a 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 1.6 -- 1.5 1.4 -- 1.2-1.5 

11a 1.6 -- 1.4 1.5 -- 1.4-1.6 

12 1.6 1.6 1.5 1.2-1.8 1.2-1.8 1.2-1.7 

13 1.6 1.6 1.6 1.2-1.6 1.3-1.8 1.3-1.7 

Nearfield 
South 

16 1.6 -- 1.6 1.3 -- 1.3-1.4 

17 1.5 1.6 1.7 1.3-1.5 1.3-1.5 1.2-1.5 

18 -- -- -- 1.2-2.9 1.3-1.5 1.2-1.4 

Boundary 
North 

22 1.6 1.6 1.6 1.5-1.6 1.5 1.5-1.6 

23 1.6 -- 1.5 1.5 -- 1.5-1.6 

24 1.6 1.6 1.5 1.2-1.7 1.2-1.8 1.3-1.9 

25 1.6 1.6 1.5 1.5-1.8 1.4-1.7 1.4-1.6 

Boundary 
South 

27 -- -- -- 1.3-1.8 1.3-1.7 1.3-1.7 

28 -- -- -- 1.5-1.7 1.4-1.5 1.4-1.5 

29 -- -- -- 1.4-1.7 1.4-1.8 1.4-1.8 

Reference 41 1.6 1.5 1.7 1.4 1.3 1.3 

42 1.6 -- 1.6 -- -- 1.2 

43 1.6 1.6 1.6 1.4 1.7 1.5 

Field Blanks n/a <0.5 

a 
acute toxicity level = 69 µg/L (one-hour exposure) chronic toxicity level = 36 µg/L (four-day exposure) 
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Table 10. Summary of Dissolved Copper Concentrations (µg/L) in Water Samples Collected in 
Little Bay during the SRP Jet Plow Trial, September 9, 2019 

Location Station 

Dissolved Copper (µg/L)a 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 0.6 -- 1.0 <0.5 -- <0.5 

11a <0.5 -- <0.5 <0.5 -- <0.5 

12 1.0 <0.5 <0.5 <0.5-0.7 <0.5-0.6 <0.5-0.7 

13 0.5 <0.5 <0.5 <0.5-0.6 <0.5-0.5 <0.5-0.7 

Nearfield 
South 

16 1.4 -- 0.8 1.8 -- 0.9 

17 1.7 0.8 1.0 <0.5-0.8 <0.5-0.8 0.5-7.0b 

18 -- -- -- 0.6-2.7 <0.5-2.9 0.6-1.0 

Boundary 
North 

22 1.3 <0.5 <0.5 <0.5-0.6 <0.5-1.4 <0.5 

23 <0.5 -- <0.5 <0.5 -- <0.5-1.2 

24 0.6 <0.5 <0.5 0.6-1.9 <0.5-0.7 <0.5-0.7 

25 0.5 <0.5 <0.5 <0.5-0.8 <0.5-1.0 <0.5-1.2 

Boundary 
South 

27 -- -- -- 0.5-0.7 <0.5-0.6 0.5-0.8 

28 -- -- -- <0.5-0.5 <0.5-0.5 <0.5-0.6 

29 -- -- -- <0.5-0.6 0.5-0.6 0.5-1.0 

Reference 41 0.5 <0.5 <0.5 0.5 <0.5-0.7 0.5 

42 <0.5 -- 0.8 -- -- 0.7 

43 <0.5 <0.5 1.8 0.8 0.5 <0.5 

Field Blanks n/a <0.5-0.7 

a 
acute toxicity level = 4.8 µg/L (one-hour exposure) chronic toxicity level = 3.1 µg/L (four-day exposure) 

b 
Station 17@ 13:55. Average over three depths was 2.67 µg/L. 

 

3.2.6 Total Metals (Copper and Arsenic) 

Criteria for copper and arsenic are expressed in terms of the dissolved fraction because it is the 
fraction which is more bioavailable. Total metal concentrations are useful in helping to 
understand significance of dissolved concentrations and as a check of the dissolved metal 
results (i.e., dissolved metal concentrations should always be lower than the total metal 
concentration). 

Total copper levels ranged from 0.6 to 4.9 µ/L across all samples collected before the jet plow 
started operating (Table 11; Appendix G), with a mean value of 0.99 µ/L and a median of 0.8 
µ/L. During the various activities undertaken for the trial, total copper ranged from <0.5 to 28.6 
µ/L with a mean of 1.2 µ/L and a median value of 0.8 µ/L. Highest values were observed at 
northern boundary station 24 (mid-depth sample) at 19:00, at the end of the anchor moves and 
at northern boundary station 22 (bottom sample) at 13:45 while the jet plow was crossing the 
tidal flat. The next highest values were less than 20% of the peak values and most results were 
at least an order of magnitude lower than the peaks. 
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Total arsenic values ranged from 1.2 to 1.4 µg/L before the trial started and from 0.5 to 3.2 µg/L 
during the trial (Table 12; Appendix G). The highest value occurred near bottom at Station 11A 
at 14:53 soon after the jet plow completed crossing the tidal flat. With this one exception, there 
was little difference in total arsenic before and during the trial. Many of the total arsenic values 
were lower than the dissolved values. When queried, Enthalpy stated they processed all the 
dissolved samples on one instrument and all of the total samples on a different instrument. 
They found that for arsenic, the instrument used for the dissolved samples was biased high 
whereas the instrument for the total samples was biased low. 

Table 11. Summary of Total Copper (µg/L) in Water Samples Collected in Little Bay during the 
SRP Jet Plow Trial, September 9, 2019 

Location Station 

Total Copper (µ/L) 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 0.7 -- 0.7 0.6 -- 0.7-1.0 

11a 0.7 -- 0.6 0.7 -- 0.6-1.0 

12 0.9 0.7 0.9 0.6-1.1 0.6-1.7 0.6-4.3 

13 0.8 0.8 0.9 0.6-0.9 0.6-1.5 0.6-0.7 

Nearfield 
South 

16 1.5 -- 0.9 0.7 -- 0.7-0.9 

17 1.0 1.1 4.9 <0.5-0.8 0.6-0.8 0.6-2.8 

18 -- -- -- 0.7-1.5 0.7-0.9 0.6-0.7 

Boundary 
North 

22 0.9 0.6 0.9 0.6-1.0 0.8-1.3 0.7-25.7 

23 0.7 -- 0.9 0.7 -- 0.6-0.8 

24 2.9 0.7 0.6 0.8-1.5 0.6-28.6 0.7-0.9 

25 0.9 0.7 0.7 0.5-1.5 0.6-0.9 0.6-0.9 

Boundary 
South 

27 -- -- -- 0.6-0.9 0.6-0.8 0.6-0.8 

28 -- -- -- 0.7-1.0 0.6-0.8 0.6-2.2 

29 -- -- -- 0.7-0.8 0.8-2.6 0.8-1.8 

Reference 41 0.7 0.6 0.8 0.8 0.7 0.7 

42 0.8 -- 1.4 -- -- 0.8 

43 0.7 0.6 0.9 0.6 0.8 0.9 

Field Blanks n/a <0.5 (except one sample = 0.9) 



JET PLOW TRIAL 

Jet Plow Trial REVISED 100219c.docx 24 Normandeau Associates, Inc. 

Table 12. Summary of Total Arsenic (µg/L) in Water Samples Collected in Little Bay during the 
SRP Jet Plow Trial, September 9, 2019 

Location Station 

Total Arsenic (µ/L) 

Before Trial During Trial 

S M B S M B 

Nearfield 
North 

11 1.4 -- 1.3 1.2 -- 0.9-1.2 

11a 1.3 -- 1.3 1.2 -- 1.0-3.2 

12 1.3 1.3 1.2 0.8-1.2 0.9-1.1 0.9-1.3 

13 1.3 1.4 1.3 0.9-1.1 1.0-1.1 1.0-1.1 

Nearfield 
South 

16 1.3 -- 1.4 1.1 -- 1.1-1.2 

17 1.3 1.3 1.3 0.8-0.9 0.8-1.0 0.8-1.0 

18 -- -- -- 0.8-0.9 0.8-0.9 0.8-0.9 

Boundary 
North 

22 1.3 1.4 1.2 1.1-1.2 1.1-1.2 1.0-1.2 

23 1.2 -- 1.3 1.1 -- 1.1-1.3 

24 1.3 1.1 1.2 0.9-1.2 0.8-1.2 0.9-1.2 

25 1.3 1.2 1.2 0.9-1.2 0.8-1.3 0.8-1.3 

Boundary 
South 

27 -- -- -- 0.9 0.8-1.0 1.0 

28 -- -- -- 0.9-1.1 1.0-1.1 1.0 

29 -- -- -- 0.8-1.0 0.8-1.1 0.9-1.0 

Reference 41 1.3 1.1 1.2 1.0 0.8 1.0 

42 1.3 -- 1.2 -- -- 0.9 

43 1.3 1.5 1.3 1.2 1.1 1.2 

Field Blanks n/a <0.5 

 

3.2.7 Fecal Coliforms 

New Hampshire’s fecal coliform standards for tidal waters used for growing or taking of 
shellfish for human consumption are based on the National Shellfish Program guidance (USFDA 
2017). The SRP activities do not fall neatly into any of the sampling schemes addressed in the 
guidance document. This states that the fecal coliform median or geometric mean most 
probably number (MPN) shall not exceed fourteen (14) per 100 ml and not more than 10 
percent of the samples shall exceed an MPN of 43 MPN per 100 for a five-tube decimal dilution 
test; 49 MPN per 100 ml for a three-tube decimal dilution test; or 28 MPN per 100 ml for a 
twelve-tube decimal dilution test.  

Prior to the start-up of the jet plow, fecal coliforms generally fell below the reporting limit of 10 
MPN/100 ml. The two exceptions were one sample at nearfield station 11a and reference 
station 43; results for both samples were 20/100 ml. The median value for the pre-trial samples 
was below the reporting limit of 10 MPN per 100 ml. 

After the trial started, only six out of the 57 samples collected had fecal coliform levels above 
the quantification limit. One was at boundary station 24 at 10/100 ml. The rest were at 
nearfield stations and all were 10/100 ml except the sample from station 13 which was 20/100 
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ml. The median value for samples collected during jet plow activity was below the reporting 
limit of 10 MPN per 100 ml and no samples exceeded the most stringent threshold of 28 MPN 
per 100 ml. There is no indication, therefore, that use of the jet plow introduced fecal coliforms 
into the water column from the sediment. 

 Drone Results 

Drone flights occurred approximately hourly, beginning approximately 1 hour before the jet 
plow trial began. Once the jet plow trial began at 12:39, the drone flew to the jet plow, and 
then flew north-south over the visible turbidity plume generated by the jet plow to track the 
length of the plume, and east-west in a zig zag pattern to document its width (Figure 4). While 
difficult to compare precisely, the general shape and extent of the observed plume are very 
similar to the plume predicted by the sediment dispersion model for Hour 3 and 4 for the 13 
hour crossing rate (Appendix A). Figure 5 shows the visible plume extending beyond the 
predicted boundary at 15:00, but neither the field sampling nor the fixed station data indicated 
consistently high turbidity or TSS within or beyond the mixing zone boundary. Figure 6 depicts 
the visible plume in the channel on 15:41, as the jet plow is nearing the end of the trial. Figure 7 
is a composite of drone flight paths defining the plume throughout the jet plow trial beginning 
at 13:17 and extending to 16:11. 

The dimensions of the plumes varied with tides. Table 13 provides the estimated average 
width, the maximum width and the length of each plume. During each flight the drone captured 
nadir & oblique photos and videos in areas of interest, using Neutral Density Polarizing filters to 
reduce glare on the water’s surface. Representative photos are presented in Appendix E. 

Table 13. Estimated Dimensions of Plumes Tracked by Drone through the Jet Plow Passage 

Start Time for Drone 
Average Width of Plume 

(ft) 
Maximum Width of 

Plume (ft) 
Length of Plume from Jet 

Plow Track (ft) 

13:17 334 424 1950 

13:42 317 452 2425 

14:15 146 503 4073 

14:59 242 661 5554 

15:41 236 339 525 

16:11 316 373 1280 
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Figure 4. Drone path that approximately traces the extent of the visible 
plume beginning at 13:43. 



JET PLOW TRIAL 

Jet Plow Trial REVISED 100219c.docx 27 Normandeau Associates, Inc. 

 

Figure 5. Drone path that approximately traces the extent of the visible 
plume beginning at 14:59. 
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Figure 6. Drone path that approximately traces the extent of the visible 
plume beginning at 15:41. 
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Figure 7.  Combined drone paths tracing the extent of the visible plume from 
approximately 13:17 to 18:11. 
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4 Conclusions 
Overall, most of the water quality parameters measured both in situ and through laboratory 
testing during the trial run did not change substantially between the pre-trial collections and 
those made during and after the jet plow started operating. The only exception was one 
elevated dissolved copper level south of the trial route during maximum ebb tide when the tide 
was running north. While a plume from the jet plow trial was visible in the drone imagery, 
turbidity levels did not reach or exceed BSAL during the hourly sampling at the boundary 
stations. Based on the turbidity and total suspended sediment values, the model accurately 
predicted the approximate boundaries of the mixing zone. 

In combination, water quality measurements, water chemistry and images from the drone 
survey collected during the jet plow trial generally confirm the predictions of the plume 
modeling. The model basically characterized the plume as narrow, elongated and ephemeral. 
The drone data confirmed those characteristics for much of the tide cycle. 

Total suspended sediment (TSS) data also showed that the model predictions were generally 
conservative. Most of the TSS results were well below the concentrations predicted in the 
nearfield and, although the plume reached the mixing zone boundary (as evidenced in the 
drone videos), concentrations at the boundary stations were near or below the 20 mg/L above 
background level indicated by the model. The exception is Station 24 where TSS was elevated 
to 40 mg/l for one measurement. Factoring in the estimated background TSS, this station had 
returned to below 20 mg/l by the next measurement.  

Execution of the monitoring plan was successful. Communication with the IEM and barge 
through marine radio was very effective. Supplementary cell phone communication connection 
was difficult at times with some of the vessels. This was handled by communicating with the 
sample courier boat to make sure that necessary messages were conveyed to the appropriate 
vessels. Normandeau is working on a more direct solution to this issue. 

Normandeau provided one boat to cover each of four zones within the trial area: north 
boundary stations, north nearfield stations, south nearfield stations, and reference stations. 
The trial was planned to be completed before the end of ebb tide, however, the transition of 
the jet plow from the tidal flat to the channel caused a delay that resulted in extending the trial 
for approximately 2 hours. Normandeau responded by adding stations to each of the three 
impact area boats and shifting the boat sampling the reference stations to the south boundary 
stations at low slack tide. Each of the boats was responsible for sampling at three, and 
occasionally four, stations on an hourly basis, an achievable level of effort. For an actual 
installation Normandeau plans on having an additional boat. The monitoring plan stipulates 
that if the turbidity threshold is exceeded at a boundary station, resampling with the hand-held 
meter should occur at 15 minute intervals until the values drop below the threshold. This 
situation did not occur during the trial. Should a turbidity threshold exceedance occur during an 
installation, Normandeau will instruct the crew of the courier boat (that will be equipped with 
all necessary sampling equipment) to assist, ensuring that all scheduled sampling will also 
continue. 
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Durocher initially operated the jet plow on the tidal flat at idle but had to increase water 
pressure due to higher-than-anticipated sediment resistance. The cable lay barge was anchored 
in the channel and the plow was pulled to the barge using a winch. Durocher was satisfied with 
the advancement rate (5.77 ft/min), although this is slower than the 10 ft/min that was 
modeled. Per agreement with NHDES on August 1, 2019, the goal of the jet plow trial was to 
allow Durocher to fully understand the site specific conditions and not to test adaptive 
management approaches. As anticipated, there was a visible turbidity plume, but the field and 
analytical data demonstrated that the proposed operating parameters were successful at 
minimizing sediment suspension. 

5 Recommendations 
Based on these results, Eversource proposes some changes to the cable installation. 

Station 23: The majority of the water quality sampling stations appear to be reasonably 
located. The one recommendation we would make is to shift Station 23 approximately 400 east 
to better capture water flowing north along the channel edge. The drone flights indicated that 
the plume seemed to concentrate along that edge. 

Schedule: Using the procedures described in this document, the crossing time for the cable 
installation across the mudflats will be approximately 6 hours. As was the case in the jet plow 
trial, the cable lay barge will remain in the channel and winch the jet plow to it, which will 
minimize the need for the barge and tugboats to operate on the tidal flats, where shallow fines 
are more easily suspended by propeller wash and anchoring. This will require floats on the 
cable to keep it off the bottom, and divers to remove the floats as the jet plow advances. This 
operational change and the higher resistance of the substrates will result in the rate of 
progression across the tidal flats being somewhat slower than expected (and was modeled), but 
the slower rate is advisable to minimize turbidity. Durocher expects that minimal in-field 
calibration at the tidal flat/channel boundary will be necessary in the future, and that anchor 
wire adjustments will require up to 3 hours each, with a total of two anchor wire adjustments 
proposed for a full cable installation. 

However, given the slower rate of advancement across the mudflats and other operational 
requirements, the following installation schedule is proposed: 

 Day #1-3 Position jet sled on west tidal flats, float cable 1st end to shore, pull to riser 
structure and secure. 

 Day #4- Cable burial via jet plow across tidal flats while divers remove cable floats. 
1,900 linear ft at 5.6 ft/min rate of advancement (approx. 6.0 hr jet plow duration on 
ebb tide starting at high slack tide). 

 Day #5- Cable burial via jet plow across channel. 2,735 linear ft at 7ft/min rate of 
advancement (5.7 hr jet plow duration with intermittent stoppages for anchor cable 
adjustment.) Jet plow burial complete. 

 Day #6- Cable 2nd end floating, land on east shore, pull into manhole. 
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The installations will be scheduled around the tides as originally proposed so that the jet plow 
start on the west shore occurs at slack high tide. We are currently estimating that the 
installation across the tidal flats will be completed near slack low tide. The cable installation 
across the channel on the second day may begin at a different tide stage than was modeled to 
take advantage of daylight hours. Given the coarser composition of sediments in the channel, 
the range of tides modeled, and the lack of turbidity exceedances at the boundary stations 
observed in the jet plow trial, Eversource does not anticipate that exceedances will occur at the 
mixing zone boundary regardless of tide stage. 
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Appendices 
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Appendix A. Hourly Plume Maps from 7 hour and 13 hour Sediment 
Dispersion Model Runs (RPS ASA 2016, 2017) 
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Appendix B. September 9, 2019 Daily Operators Log from Durocher 
Marine 

 

DIARY OF EVENTS FOR JET PLOW TRIAL: 

EDT Activity Description 

7:00 - 7:30 Jet Sled Trial 
Day 5 

All team members meet at Great Bay Marine. MAP meeting and 
stretching. Team members to project site in work boats. 

7:00 - 7:45 Jet Sled Trial 
Day 5 

Tug move pump barge and diver support barge to jet sled. 

7:45 - 11:15 Jet Sled Trial 
Day 5 

Connect 8" water supply hose, jet sled umbilical and hydraulic hoses 
from pump barge to jet sled. Use tug boat to pull deck winch wire from 
cable lay barge to jet sled. All connections complete, ready for jet sled 
trial start at 12:30 due to NHDES tide requirement. 

11:15 - 12:05 Jet Sled Trial 
Day 5 

Standby for 12:30 jet sled trial start time. 

12:05 - 12:20 Jet Sled Trial 
Day 5 

MAP meeting with all team members to discuss method of procedure 
for jet sled trial. 

12:20 - 12:39 Jet Sled Trial 
Day 5 

Team members man all equipment ready for start of jet sled trial. 

12:39 - 14:25 Jet Sled Trial 
Day 5 

Jet sled travel 580' @ 5.6' FPM. 

14:25 - 15:37 Jet Sled Trial 
Day 5 

All stop for diver to perform in-field calibration. Check burial depth and 
confirm ram extension on jet tool cylinder. 

15:37 - 16:26 Jet Sled Trial 
Day 5 

Jet sled travel 457' @ 9.7 FPM for a total distance 1037' today. 

16:26 - 19:20 Jet Sled Trial 
Day 5 

Move dive barge into position to remove GPS from jet sled. Tug and 
assist barge move anchors per NHDES requirement. 

19:20 - 20:00 Jet Sled Trial 
Day 5 

Secure equipment for the day, team members to dock in work boats, 
night shift on duty. 
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Appendix C. Fixed Station Turbidity Results 
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Appendix D. Laboratory Results 
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Appendix E. Examples of Images from Drone Surveys 
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Figure E–1. Stationary jet plow in position with pump barge, prior to 
start of jet plow. 11:52 AM, Sept 9, 2019. 

 

Figure E–2.  Jet plow in operation on mudflats. 1:46 PM, Sept 9, 2019. 
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Figure E–3. Plume surrounding diver barge several hundred feet north of 
the jet plow. 1:48 PM, Sept 9, 2019. 

 

Figure E–4. Plume near Durocher tender boat near Station 11. 1:50 PM, 
Sept 9, 2019. 
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Figure E–5. Northern end of plume facing south. Barge is visible to the 
south. 3:13 PM, Sept 9, 2019. 

 

Figure E–6.  Jet plow track showing start of jet plow. For scale, the 
combined width of the two skids are approximately 15 ft wide. 
4:13 PM, Sept 9, 2019. 
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Figure E–7.  Assist barge being moved into position by 650HP tug for an 
anchor change. 5:02 PM, Sept 9, 2019. 

 

Figure E–8.  Tug pivoting assist barge into position for first anchor move on 
edge of tidal flats. 5:21 PM, Sept 9, 2019. 
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Appendix F. RPS Memo on Sediment Dispersion under Different 
Operating Scenarios 
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Appendix G. Water Quality Results for Each Parameter by Station 
Location 
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NOTE: Laboratory Reporting Limit = 1 mg/L 
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NOTE: Laboratory Reporting Limit = 1 mg/L  
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NOTE: Laboratory Reporting Limit = 0.5 mg/L 
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NOTE: Laboratory Reporting Limit = 0.5 µg/L 
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NOTE: Laboratory Reporting Limit = 0.5 µg/L 
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