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SECTION 02900  
 

BLASTING 
 

 
PART 1 GENERAL 
 
1.1 BLASTING REGULATIONS, CONTROLS AND RESPONSIBILITIES 
 
1.1.1 General  
 

When the nature of the material to be dredged requires blasting, the 
Contractor's blasting progress and methods shall be those necessary to 
accomplish the excavation shown on the Contract Drawings in accordance with 
the procedures specified herein. The Contractor shall note that an 
Operational Blasting Plan shall be submitted for review by the Owner, 
Owner’s Representative, as well as regulatory oversight authorities as 
noted in Part 3.9 of this Section. The Contractor will be required to make 
necessary plans, examinations, surveys, and test blasts to determine the 
quantity of explosives that can be fired without damaging property, and to 
thereafter control the quantity of explosives fired in any one blast to 
prevent injuries to persons or damage to structures, homes, utilities, 
vehicles, vessels moored or underway, or any property. The Contractor's 
blasting program shall abide by all Federal, State and Local laws and 
regulations, which include, but are not limited to, the following 
applicable codes and regulations: 
 

-  Title 29 Code of Federal Regulations Part 1926, Safety and Health 
Regulations for Construction. 

 
-  Federal Occupation Safety and Health Act of 1970. 
 
-  Army Corps of Engineers EM-385-1-1, Safety and Health 

Requirements Manual. 
 
-  Institute of Makers of Explosives (IME); Safety Publications. 
 
 
- Board of Fire Prevention Regulations, Code of Massachusetts 

Regulations, Title 527, Section 13 
 

 
1.1.2 Liabilities  
 

The Contractor's attention is called to Article 5 of Section 00700 of the 
General Conditions entitled “Laws to be Observed”, which defines the 
Contractor's responsibilities relative to the references listed in 
paragraph 1.1.1. The Contractor shall assume all liability and hold and 
save the Owner, its representatives, officers, agents, and employees 
harmless for any and all claims for personal injuries, property damages, or 
other claims arising out of, or in connection with, the transportation, 
storage, and use of explosives under the contract. 

 
1.1.3 The Contractor shall, in addition, process any and all claims of 

private citizens arising out of said use of explosives promptly in an 
acceptable time period set by the Owner’s Representative; in 
particular, all property damage claims shall be acknowledged by the 
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Contractor, or his representative, and be submitted immediately as 
directed by the Owner’s Representative providing name of claimant, 
location, time and description of alleged damage, and estimated value. 
The claimed damage shall be inspected by the Blasting Vibration 
Consultant (see paragraph 3.7.3) within 48 hours following initial 
notification, and processed to a conclusion (honored, denied, or 
compromised) within 90 days after cessation of all blasting on the 
contract; but, in no case shall the claims remain unresolved for a 
period exceeding 6 months (180 calendar days). The Contractor shall 
submit inspection results and actions taken to the Owner’s 
Representative on a weekly basis. 
 
 

PART 2 PRODUCTS (NOT USED) 
 

PART 3 EXECUTION 
 
3.1 TRANSPORTATION, STORAGE, AND USE OF EXPLOSIVES  
 

The Contractor will be held responsible to perform the work in compliance 
with all applicable Federal, State, and local codes and regulations, 
including, but not limited to, those cited above in paragraph 1.1.1. The 
Contractor shall have available the documents for inspection at all times, 
which will pertain to the blasting operation. In case of conflict between 
codes and regulations, the more stringent will apply. 

 
3.1.1 Daily Summary  
 

The Contractor shall keep a daily record of transactions, to be maintained 
at each storage magazine. The inventory records shall be updated at close 
of business each day and furnished to the Owner’s Representative on a 
weekly basis. Records shall show class and quantities received and issued, 
and total remaining on hand at end of each day. The remaining stock shall 
be checked each day, and any discrepancies that would indicate a theft or 
loss of explosive materials shall be reported immediately. The daily 
summary shall be done in accordance with the applicable regulations cited 
in paragraph 1.1.1. Copies of the daily inventory records shall be 
furnished to the Owner’s Representative. 

 
3.1.2 Report of Loss 
 

Should a loss or theft of explosives occur, all circumstances and details 
of the loss/theft will be immediately reported to the nearest office of the 
Alcohol, Tobacco, Firearms and Explosives (ATF), as well as to the local 
and State law enforcement authorities and the Owner’s Representative. 

 
 
ATF Boston Field Office 
10 Causeway Street, Room 791 
Boston, Massachusetts 02222 
Telephone: 617-557-1200 
 

 
The New Bedford Fire Department should be contacted at the following 
address: 

 
New Bedford Fire Department 
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868 Pleasant Street 
New Bedford, Massachusetts 02740 
Telephone: 508-991-6105, 508-991-6124. 

 
3.2 RESPONSIBILITY 
 

The Contractor shall be responsible for obtaining all licenses, permits, 
any and all fees, and the keeping of accounts and records, as well as 
arranging the transportation and protection of all explosives on the 
contract, and notifying the relevant local, state and federal authorities 
of its work. Should the Contractor fail to comply with above requirements, 
the Owner’s Representative may order a suspension of that part of work 
involved until the deficiencies are corrected. The Contractor's attention 
is also directed to subparagraph 1.1.2 "Liabilities" for additional 
specific liability to be assumed by the Contractor. The Contractor must 
supply to the Owner’s Representative all permits, licenses and approvals 
which are necessary for this contract as required by the regulations cited 
in paragraph 1.1.1. 

 
3.3 PREBLAST PUBLIC INFORMATION MEETINGS 
 
3.3.1 The Contractor shall schedule, publicize, coordinate, secure adequate 

facilities for, and conduct two Preblast Public Information Meetings 
prior to finalizing his Operational Blasting Plan. The meeting shall be 
held in New Bedford, Massachusetts. As a minimum, the meetings shall be 
publicized in advertisements in local newspapers, including the 
Standard Times, not less than two weeks prior to the scheduled meeting 
for a period of not less than one week. State and local agencies likely 
to express an interest in the project shall be contacted in writing 
directly, including law enforcement, fire prevention, and environmental 
authorities. The Owner’s Representative will solicit interest from 
appropriate Federal agencies. In addition, all property owners whose 
properties border a portion of the contract limits shall be contacted 
in writing directly. A post test blast public information meeting shall 
be conducted at the above location, if requested by the Owner’s 
Representative. 

 
3.3.2 The contents of the advertisements shall be approved by the Owner’s 

Representative prior to advertisement. Copies of all correspondence 
publicizing the meetings shall be furnished to the Owner’s 
Representative. 

 
3.3.3 The purpose of the meetings is to disseminate basic project information 

to interested members of the public, to solicit comments from the 
public and evaluate proposed blasting methods in light of any valid 
concerns, and to identify key representatives of the Contractor and 
Owner’s Representative who may be contacted for current project 
information or to report complaints. The Contractor, in conjunction 
with the Owner’s Representative, shall prepare an agenda for each 
meeting to address these purposes. A public question-and-answer period 
shall be held at the conclusion of the public presentation if required 
by the Owner’s Representative. 

 
3.3.4 The Owner’s Representative will participate in each meeting, and will 

provide reasonable assistance in planning, scheduling, and coordination 
with the public. 
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3.3.5 The proceedings of each meeting shall be recorded verbatim by the 
Contractor, and transcripts thereof shall be provided to the Owner’s 
Representative. The Owner’s Representative will review the transcripts, 
as well as any written comments that may be received, with the 
Contractor, and may require the Contractor to address specific comments 
in his Operational Blasting Plan prior to submission. 

 
3.4 PROTECTION FOR ADMINISTRATION OF DRILLING AND BLASTING COMPLAINTS 
 
3.5 PREBLAST SURVEY 
 

The Contractor shall provide one person from his organization and his 
specialist on vibration control (Seismic specialist, see paragraph 3.7.3) 
to work as a team with a representative of the Owner’s Representative in 
making a preblast structural survey. A preblast survey of the interior and 
exterior of all structures shall be made within a one thousand five hundred 
(1500) foot radius from the production blasting areas. The Contractor must 
notify the property owners near the blasting areas of the preblast survey 
as defined below. All structures that may be affected by the blasting, as 
well as those enumerated in paragraph 3.7.3, will be inspected and their 
condition documented. Any existing outstanding architectural defects such 
as broken or fallen plaster or broken windows shall be photographically 
documented by video and with a 35 mm camera with 3:1 zoom capabilities. The 
Contractor shall provide methodology to be used in conducting the preblast 
survey and listing of structures, determined from the survey to be 
sensitive, with reasons for these structures being sensitive, within 1500 
feet from the blasting areas. Photographs will be taken of all the surveyed 
structures. The Contractor will determine the elevation of all piers and 
record with photographs all floating vessels that are in the vicinity and 
that are vulnerable to wave propagation.  
 
The Contractor shall certify that the survey was prepared prior to the 
start of any blasting under this contract. A copy of the Preblast survey 
shall be submitted for the Owner's Representative’s approval in conjunction 
with the Operational Blasting Plan. 

 
3.5.1 Prior to test blast program and Blasting activities, the following 

actions regarding property owners located within 1,500 feet of proposed 
blasting locations are required: 

 
A. Newspaper Advertisements-Advertisements in the local newspapers 

informing the public about the location, date and time of the 
Public Information Meetings. 

 
B. Public Information Meetings 

 
C. Door hangers providing information about the blasting and the 

request for pre-blast property inspection surveys to the property 
owners residing within 1,500 ft from the blast site. 

 
D. Requests by first class mail to all property owners for pre-blast 

property inspections within the 1,500 foot radius of blasting 
 

E. Where there has been no response to first requests, second 
requests by certified letter for pre-blast property inspections. 
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F. Where there has been no response to second requests, the 
Contractor shall inform the property owner by certified mail that 
he has not responded to both requests for inspections and will 
provide the date and time that blasting will be commencing . 

 
3.5.2 During blasting activities, the process for addressing citizens 

complaints will be as follows: 
 

A. Citizen complaints will be received through the Contractor. 
 

B. The caller's name, address, phone number, and pertinent 
information will be recorded in a master complaint log to be 
maintained by the Contractor. 

 
C. Contractor shall schedule and perform an inspection of the 

complainant's property within five calendar days of the date of 
the complaint. 

 
D. The Contractor shall issue an acknowledgement letter not later 

than seven days from the inspection date as a follow up to the 
inspection and update the complainant as to the status of the 
final determination of the inspection results. 

 
E. The Contractor shall provide to the complainant a final 

determination letter honoring, denying the claim within 90 days 
after cessation of all blasting on the contract. In no case shall 
the claims remain unresolved for a period exceeding 180 calendar 
days. 

 
F. Inspection results, actions taken and all correspondence 

regarding the complaints shall be furnished to the Owner’s 
Representative. 

 
3.6 SAFETY 
 
3.6.1 Drill Boat or Barge Safety 
 
3.6.1.1 All onboard magazines shall be permanently secured to the deck as 

required by the Coast Guard. 
 
3.6.1.2 No high explosives shall be stored on the boat or barge deck in the 

open except for the one case that is to be loaded immediately into 
the bore holes. Any explosives remaining on deck shall be returned 
to the day magazine prior to the firing of any blast. 

 
3.6.1.3 The firing line reel or spool shall be mounted on the rig in a 

manner that it cannot be lost overboard. An approved blasting 
machine shall be used for detonation regardless of the number of 
caps used. An electric blasting system shall not be used. 

 
3.6.1.4 The amount of explosives permitted aboard the drill boat at any one 

time will be subject to the approval of the ’Owner's Representative, 
but in no case shall such amount exceed the amount permitted by 
appropriate codes and regulations. 

 
3.6.1.5 The Contractor shall make necessary arrangements to prevent damage 

to any vessel, moored or underway, building or structure and 
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preserve the crew or occupants thereon from exposure to injury as a 
result of the Contractor's operations. The Owner’s Representative 
may require additional arrangements. 

 
3.6.1.6 The Contractor shall have a certified marine survey of all floating 

plant proposed for underwater blasting work on this contract 
performed prior to starting any work, and shall provide the results 
to the Owner’s Representative. 

 
3.6.1.7 Automatic fire extinguishers of an appropriate type shall be 

installed on air compressors and in all engine compartments aboard 
vessels (drill boats, barges) where explosives are stored, handled, 
and used. 

 
3.6.1.8 Remote fuel shut-offs and fire signaling devices shall be provided 

aboard the drill boats. 
 

3.6.1.9 Loading of tubes and casings of dissimilar metals shall not be used 
because of possible transient electric currents from galvanic action 
of the metals and water.  

 
3.6.1.10 Only water resistant blasting caps and detonating cords shall be 

used for all marine blasting.  Loading shall be done through a non-
sparking metal loading tube when a tube is necessary. 

 
3.6.1.11 No blast shall be fired while any vessel under way is closer than 

1,500 feet from the blast area.  Those on board vessels or craft 
moored or anchored within 1,500 feet shall be notified before a 
blast is fired.  

 
3.6.1.12 No blast shall be fired while any swimming or diving operations are 

in progress in the vicinity of the blasting area.  If such 
operations are in progress, signals and arrangements shall be agreed 
upon to assure that no blast shall be fired while any person is in 
the water.  

 
3.6.1.13 A red blasting flag, 18 inches by 30 inches with the word 

“EXPLOSIVES” thereon in white letters, at least six inches in 
height, shall be readily visible in all directions.  

 
3.6.1.14 The storage of explosive material shall be in accordance with 527 

CMR 13.05(4).  
 

3.6.1.15 When more than one charge is placed in under water, a float device 
shall be attached to an element of each charge in such a manner that 
it will b released by firing.  Misfires shall be handled in 
accordance with 527 CMR 13.09(5).  

 
3.6.2 Lightning  
 

The Contractor shall furnish, maintain, and operate lightning-detection 
equipment during the entire period of blasting operations and during the 
periods that explosives are stored at the site. The equipment shall be 
installed where approved by the Owner’s Representative. A lightning 
detector shall be operated at all times to detect lightning within a 50 
mile radius. When the lightning-detection device indicates a blasting 
hazard potential, the Contractor shall perform the following: 
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A. Notify the Coast Guard and the Owner’s Representative of the 

potential hazard. 
 

B. Clear the buoyed area of all vessels and personnel. 
 

C. Terminate all loading of holes and return unused explosives to 
the day storage area/day magazine. 

 
D. Monitor the blast area to prevent any boat or vessels from 

inadvertently entering the blasting area during the lightning 
hazard. 

 
E. Remove the lightning detector from the drill barge with the last 

evacuation vessel and continuously monitor the potential hazard 
until the danger has passed. 

 
F. After sounding the All Clear Signal, notify the Coast guard and 

the Owner’s Representative that the potential hazard has passed. 
 

G. Resume operations only after all potential of hazard has passed. 
 
3.6.3 All other applicable safety requirements shall be implemented in 

addition to that required above. 
 
3.6.4 Navigation Control during Drilling, Loading, and Blasting Operations 
 
3.6.4.1 The Contractor shall buoy the area with warning signs. The warning 

signs shall be legible from a distance of 200 feet and shall contain 
the message "DANGER - EXPLOSIVES IN USE" visible on either side of 
the sign. The Contractor shall operate two or more patrol boats 
during blasting operations equipped with a visible yellow flashing 
light, audible horn, and radio with a hailer, whose sole function 
shall be to monitor and maintain security in the blast area. Patrol 
boats shall be stationed at the drill barge and remain in the 
blasting area during all blasting operations. Land oriented access 
control and visual observation locations should be determined and 
approved by the Owner’s Representative. The Contractor shall inspect 
and ensure there is no boat traffic within the buoyed work area 
prior to the firing of the blasting caps and until such time as the 
Contractor has sounded the "All Clear Signal". The Contractor shall 
establish and maintain a warning system as required by the Corps of 
Engineers Safety Manual. The Contractor shall equip and maintain his 
floating plant with radio equipment capable of communications with 
the Coast Guard. The Contractor, after each blast, upon inspecting 
the area, shall immediately notify the Coast Guard and the Owner’s 
Representative if all clear or misfire is noted. 

 
3.6.4.2 Coordination with the U.S. Coast Guard.  
 

The Contractor shall notify the Coast Guard 24 hours prior to a scheduled 
shot and 2 hours prior to the actual shot. The channel must be kept open to 
vessel traffic at all times except as permitted by the Coast Guard and the 
Owner’s Representative. Contact should be made with: 

 
US Coast Guard New Bedford Marine Safety Unit 
New Bedford, Massachusetts 
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Telephone: 508-999-0072 
 
3.6.5 Contingency Plan in Case of Misfire, Inadvertent Initiator Extraction, 

or Accidental Loss of Down Lines  
 

All loading of blasting holes shall be done early enough each day to allow 
time, in case of a misfire, inadvertent initiator extraction, or accidental 
loss of down lines, to implement a contingency plan for removing or 
detonating the explosives before dark. The Contractor shall submit a 
contingency plan to the Coast Guard and Owner’s Representative prior to 
initiation of any blasting and shall notify both parties in the event of a 
misfire, inadvertent initiator extraction, or accidental loss of down 
lines. All undetonated explosives due to misfire, inadvertent initiator 
extraction, or accidental loss of down lines must be detonated. The 
Contractor shall immediately notify the Coast Guard upon giving the "All 
Clear Signal" after correcting the misfire, inadvertent initiator 
extraction, or accidental loss of down lines. 

 
3.6.6 The Contractor shall notify the public at least 24 hours prior to any 

scheduled blast, and at least 2 hours prior to an actual blast. As a 
minimum, the following shall be notified: 

 
New Bedford Police Department 
871 Rockdale Avenue 
New Bedford, Massachusetts 02740 
Tel. (508) 991-6300 
 
New Bedford Fire Department 
868 Pleasant Street 
New Bedford, Massachusetts 02740 
Tel. (508) 991-6124 
 
Fairhaven Police Department 
1 Bryant Lane 
Fairhaven, Massachusetts 02719 
Tel. (508) 997-7421  
 
Fairhaven Fire Department 
146 Washington Street 
Fairhaven, Massachusttes 02719 
Tel: (508) 994-1428 
 

 
3.6.7 Bulk Product Specifications 
 

A. Bulk blasting agents or explosives delivered to the work area 
shall be weighed by a certified weigh master at the transfer 
location nearest the work area to determine the actual quantity 
of explosives delivered each day. 

 
B. Bulk storage tanks or vessels on barges shall be permanently 

attached to the barge and electrically grounded. A containment 
dike shall be erected to contain the maximum rated capacity of 
the storage vessel and all associated pumps and hoses for 
transfer operations. Pumps, hoses and valves containing bulk 
product after transfer operations shall be stored in a locked 
magazine. 
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C. All access ports, valves, vents and drains shall be secured to 

prevent vandalism or theft of the explosive product. 
 

A flow metering device capable of measuring the quantity of 
explosives to within 0.5% of the actual quantity in pounds shall 
be utilized for all bulk transfer to or from the bulk storage 
vessel. 

 
D. The delivery system to load holes on each drill frame shall be 

designed to load each hole to within 0.5% of the design quantity 
required for each drill hole. 

 
E. Each drill frame shall measure the quantity of explosives loaded 

in all holes with weigh scales or flow metering devices to within 
0.5% of the design quantity for each hole. The total of all 
loaded holes shall be checked with the total quantity delivered 
prior to subsequent bulk deliveries. Should the bulk quantity 
delivered vary from the recorded quantity loaded and detonated, 
all measuring devices and or meters shall be recalibrated to 
within the specified accuracy. 

 
F. Each hole loaded with emulsions or slurry shall be initiated with 

two separate downlines, caps, boosters and starters. At least one 
booster shall be secured in the hole with a mechanical lock-in 
system or spider to prevent extraction of the booster or priming 
charge. 

 
G. As a minimum the top elevation of the emulsion or slurry product 

shall be measured to check for voids and actual quantity loaded. 
 

H. The blast plan shall include manufacturer's catalog cuts, data 
sheets and detailed plans and specifications for the bulk storage 
vessel and transfer system, drill frame delivery system 
associated loading tubes and reel systems and measuring devices. 

 
I. All loading tubes or hoses shall be equipped to be retracted from 

the bottom of the hole to the top of the product as the emulsion 
or slurry is loaded in the hole. The system shall in effect place 
the product in each hole in a tremie method. 

 
3.6.8 Surface Blasting  
 

Doby, or Surface Blasting, will not be allowed for the fragmentation of 
bedrock. Doby blasting is an allowable option for fragmenting boulders or 
large blast rubble when water depths are at least 30 feet. 

 
3.7 BLASTING CONTROL 
 
3.7.1 General 
 

The blasting program and methods shall be those developed by the test 
blasting program and procedure to accomplish the excavation shown on the 
contract drawings in accordance with the procedures specified herein. 

 
3.7.2 Blasting 
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Blasting shall be confined to daylight hours during the period from 2 hours 
after sunrise to 1 hour before sunset, but shall not be conducted before 
9:00 A.M. or after 4:00 P.M. on the day of blasting. Blasting shall not be 
conducted when temperature inversions or heavy, low-level cloud cover 
exists. Blasting will be prohibited on Saturdays, Sundays and Federal 
holidays. 

 
3.7.3 Vibration Control 
 

Where blasting is necessary, the Contractor shall employ a specialist 
qualified in vibration control methods capable of analyzing results 
obtained from seismograph readings. A minimum of 30 days prior to 
commencement of blasting operations, the Contractor shall provide the 
Owner’s Representative such bona fides of the seismic specialist to 
include, but not limited to, past experience, training, and education, and 
have working a knowledge of State and local laws and regulations which 
pertain to blasting. The acceptability of the specialist is subject to the 
approval of the Owner’s Representative. The Contractor's seismic specialist 
shall place vibration monitors on any identified historic structures and 
shall determine the placement of at least 8 additional vibration monitoring 
machines per blast area (minimum 4 per shore) with approval of the Owner’s 
Representative and shall be retained for loss control should contract 
blasting operations result in claims or complaints. The vibration 
monitoring plan shall identify the type of anchoring devices to be employed 
at various monitoring sites. Structures that should have monitoring 
machines include, at least, bulkheads, hazardous materials storage areas 
and buried utilities. At least one vibration monitoring machine must be 
placed between the blast and the nearest structure on a natural ground 
surface. This may require utilizing underwater locations. The other 
machines must be secured in the ground near identified sensitive 
structures. Blasting shall be controlled in such a manner that the maximum 
vibration level at any vessel or structure which is vulnerable to damage 
should not exceed the peak particle velocity of the appropriate 
municipality and geographical jurisdictions, or be subject to an 
unacceptable vibration frequency. A written and a telephone report on 
vibration intensity shall be submitted within 24 hours when specifically 
requested by the Owner’s Representative or, without request, when such 
intensity exceeds a peak particle velocity of 2.0 inches per second for any 
one of the 3 perpendicular planes of motion. Peak Particle Velocity of 2.0 
inches per second should not become the basis of design. Refer to 527 CMR 
13.09 chart (a)for assistance. The Contractor will perform a test blast 
(paragraph 4) which will determine a safe peak particle velocity (PPV) for 
all structures within the blast area. If historic structures are to be 
monitored, they shall be evaluated for sensitivity to vibration and 
monitored during blasting operations.  The Contractor shall follow the 
following vibration limits for the structures listed below: 
 

Historic Structures PPV<0.5 in/sec 
Residential Structures in Massachusetts PPV<0.8 in/sec 
Other Structures PPV<2.0 in/sec 

 
The Contractor shall submit a copy of the record in tabular form for each 
blast to the Owner’s Representative no later than 24 hours after each 
blast, with a written report on velocity and vibration effects. This should 
also include location of blast, size, spacing, number, top and bottom 
elevations of holes, type of explosives, amount of explosives and stemming 
per hole and delay, type of delays, sequence and pattern, distance from the 
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blast to the vibration monitoring machine, and any other pertinent 
information.  

 
3.7.3.1 The Contractor is advised to evaluate the vibration and airblast 

factors affecting structures and vessels in the vicinity of the 
blast area as determined in the preblast survey. It is recommended 
that the Contractor use a blast design that produces the maximum 
amount of relief practicable. The amount of explosives to be used 
will be determined during the test blast operation to meet all 
proper safety and environmental requirements. The Contractor is 
responsible that the fragmentation resulting from the blasting 
operation is of suitable size to allow for easy excavation by the 
Contractor's equipment. The Contractor shall also check water wave 
propagation to insure that shoreline structures and moored vessels 
within the blasting area will not be affected during blasting. 

 
3.7.4 All blasting shall be monitored by the Contractor to determine air 

blast effects using an instrument approved by the Owner’s 
Representative, operated by an experienced person with a minimum of 3 
years of related experience with the type of equipment to be used 
throughout the project construction and all data furnished to the 
Owner’s Representative. The instrumentation will be located at seismic 
station locations as determined in paragraph 3.7.3 and other locations 
as directed by the Owner’s Representative with at least three (3) 
monitors located in the area closest to the blast site. Airblast 
equipment shall record waveform data. Recorded airblast data shall be 
submitted in conjunction with vibration intensity data as specified in 
paragraph 3.7.3, within 24 hours of each blast. The maximum allowable 
airblast shall not exceed 129 decibels. 

 
3.7.5 If the Government decides to have a supplemental blasting monitoring 

program, under no circumstances will this relieve the Contractor of 
monitoring and controlling the blasting as specified in this Section or 
any other requirements. 

 
3.8 TEST BLAST PROGRAM 
 
3.8.1 Purpose  
 

The purpose of the test program is to allow the Contractor to establish 
safe limits of vibration and airblast overpressure, demonstrate the 
satisfactory performance of the drill boats and develop an operational 
blasting plan. The type of explosives and firing systems shall adhere to 
all applicable codes and regulations including, but not limited to, those 
cited in paragraph 1.1.1. 

 
3.8.2 Test Blast Plan 
 
3.8.2.1 The Contractor shall submit fifteen (15) copies of the Test Blast 

Plan for review. The Owner’s Representative shall have 35 days for 
review after receipt. The Contractor may be required to revise and 
resubmit the plan. The ’Owner's Representative shall have 21 days 
review of the revised plan. Concurrence with the revised plan will 
not relieve the Contractor of his responsibility to produce safe and 
satisfactory results as set forth by these specifications. The test 
plan shall include as a minimum all pertinent information listed in 
paragraphs 3.8.4 and 3.9.3. 
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3.8.2.2 Test blast programs shall be conducted by the Contractor for each 

area of rock such as discontinuity of rock contours and areas and as 
directed by the Owner’s Representative. An optional test blast 
program for the glacial till shall be planned if determined by the 
Owner’s Representative to be necessary. Each blast program shall 
involve all drill boats that will be used for any portion of the 
contract. No drill boat shall be used for the contract that has not 
participated in a test blast program. 

 
3.8.2.3 The Contractor shall notify the Owner’s Representative sufficiently 

in advance of each test blast in order for the Owner’s 
Representative to be present during the test blasts. The Contractor 
shall also invite representatives of the Fire Departments from New 
Bedford and Fairhaven to the test blasts. The test blasts shall 
begin with a small number of charges and extend upward to the 
maximum yield to be used. The final test event shall simulate as 
close as practicable the explosives charge type, size, overlying 
water depth, charge configuration, charge separation, initiation 
methods, and emplacement conditions anticipated for the operational 
blasting program. During each blast the Contractor will analyze the 
effect of wave propagation on structures, vessels, etc., and take 
the appropriate actions to prevent damages. 

 
3.8.3 Post Blast Evaluation 
 
3.8.3.1 After each test blast, the Contractor shall examine the structures 

of the preblast survey that were inspected and documented, to 
establish whether damage was caused to the structures. All damage 
resulting from the test blasting shall be reported in detail to the 
Owner’s Representative, including photographs. 

 
3.8.3.2 After each test shot the Contractor will excavate the fractured 

material to evaluate breakage, toe and top of cut. This information 
will be documented and provided to the Owner’s Representative. 

 
3.8.4 Data Recording and Evaluation  
 

The test blast program shall be conducted and reported in strict accordance 
with procedures outlined in the sections of these specifications covering 
vibration control and air blast control. The Contractor shall submit the 
blasting plans showing the location(s) and extent of the blasted areas. The 
blasting plans shall include the blasting patterns and the locations of 
patterns shall be drawn on plan sheet(s)(maps) in scale by providing 
coordinates of at least four (4) corners of the blasted area. Include 
information as to the number of holes, bottom and top elevations of holes, 
coordinates of each hole, amount of explosives and stemming per hole, type 
of delay in holes, sequence and pattern of delays, maximum peak particle 
velocity from each instrument, and peak overpressure reading in pounds per 
square inch and decibels from each airblast sensor. Information provided 
should also include a written analysis of each blast, including the maximum 
particle velocity in each plane, associated frequency in each plane and 
peak true vector sum of particle motion. In addition to the submission of 
an initial test blast plan, the Contractor is required to submit a 
documentation of each blast prior to proceeding forward the next blast 
test. The documentation shall include, but not limited to a written 
analysis of each blast, all observed test blasting data, examination of 
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structures of the preblast surveys that were inspected, and information 
about excavation of fractured materials. Four copies of the record of each 
blast performed shall be submitted no later than 24 hours after completion 
of each test blast until the test blast program is completed. It is 
expected that the initial test blast will be used to develop knowledge of 
ground conditions, propagation characteristics, etc. At the conclusion of 
the test blast program, the Contractor shall examine all reports, surveys, 
test data, and other pertinent information. Conclusions reached shall be 
the basis for developing a completely engineered procedure for blasting. 
Five copies of the Test Blast Plan and results shall be provided to the 
Owner’s Representative. In no event shall the operational blasting proceed 
until the review of the developed procedure for blasting has been completed 
and the procedures approved. 

 
3.9 OPERATIONAL BLASTING PLAN 
 
3.9.1 The Contractor shall submit to the Owner’s Representative ten (10) 

copies of the Proposed Operational Blasting Plan for review. The 
Owner’s Representative shall have 35 days for review after receipt. The 
Contractor may be required to revise and resubmit the plan. The Owner’s 
Representative shall have 21 days review of the revised plan. 
Concurrence with the revised plan will not relieve the Contractor of 
his responsibility to produce safe and satisfactory results as set 
forth by these specifications. 

 
3.9.2 Environmental Impact of Blasting 

 
3.9.2.1 The Contractor shall evaluate the following when preparing its 

Operational Blasting Plan and shall use the following measures to 
minimize its impact to the aquatic environment to the extent 
possible.  These measures include:  

 
1. Evaluate the need to use explosives. If practical alternatives 
are available and not excessively expensive to remove rock 
without blasting, the Contractor shall utilize those methods. 
2. Plan the blasting program to minimize the total weight of 
explosive charges per shot and the number of shots for the 
project. 
3. Use angular stemming material of sufficient length in drill 
holes to reduce energy dispersal to the aquatic environment. 
4. Subdivide the charge, using detonating caps with delays or 
delay connectors with detonating cord, to reduce total pressure. 
The Contractor shall not use submerged detonation cord unless the 
Contractor can show that no other method is practicable. 
5. The Contarctor shall use decking when possible in lengthy 
drill holes to reduce total pressure. 
6. For seismic exploration use non-explosive sources when 
possible or use linear charges for open water shots or buried 
charges. 
7. Use shaped charges to focus the blast energy when submerged 
surface charges are necessary, reducing energy released to the 
aquatic environment during demolition. 
8. Contractor shall enclose blast areas with silt curtains to 
keep fish species away from the blast area and minimize turbidity 
generated from blasting.  
9. Contractor shall use non-explosive noise techniques to move 
fish and marine mammals from the immediate blast zone. 
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3.9.3 No drilling shall be started before the Owner’s Representative reviews 

and concurs with the final blasting plan or any revisions to that plan.  
 
3.9.3.1 Any changes to the Contractor's blasting or monitoring procedures, 

equipment, plant, products or personnel must be reflected in a 
revised Operational Blasting Plan or supplement and must be approved 
by the Owner’s Representative prior to implementation. 

 
3.9.4 The Blasting Plan shall include as minimum requirements the following: 
 

1. Proposed method of transportation, storage, and handling of 
explosives. 

 
2. Plan showing layout of drill hole pattern, timing and 

sequence, anticipated burden dimensions and depth of 
subdrilling. 

 
3. Plan for the fragmentation of large boulders and blast 

rubble. 
 

4. Type of explosives and method of loading and detonating. 
 

5. Type of blasting machine to be used and when last tested. 
 

6. Specific gravity of explosives and manufacturer's technical 
literature. 

 
7. Initiation system to be used and explosive loading in 

pounds of explosive per delay. 
 

8. Indication as to whether decking or boosters will be used 
and the depths of required stemming. 

 
9. Type and number of drilling rigs, including drill hole 

diameter, and expected production rates/day. 
 

10. Type of instrumentation to be used, manufacturer, and when 
last calibrated and certified. 

 
11. Procedure for monitoring the blast operations. 

 
12. List of permits and clearances required, when applied for, 

and date of approval or anticipated approval. 
 

13. A format for maintaining a record of individual blasts 
throughout the life of the job designed to record pertinent 
data before, during, and after the blasting operation. 
Pertinent information shall include, but not limited to, 
number of holes, bottom and top elevations of holes, 
coordinates of each hole, amount of explosives and stemming 
per hole, type of delay in holes, and sequence and pattern 
of delays. 
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14. Names and qualifications of specialists for vibration 
control analysis and airblast over- pressure measurements 
(refer to paragraph 3.7.3 for exacting requirements). 

 
15. Location plan, manufacturer's literature, and parameters to 

be used in site selection for seismic instrumentation. 
 

16. Plan showing location of warning signs and signals and the 
Contractor's land and marine spotters.  

 
17. Name and address of Contractor's representative to which 

any claims for damage due to blasting should be addressed. 
 

18. The plan, signed off by the Contractor's jobsite authorized 
representative. 

 
19. The location of monitoring equipment, based on information 

from the preblast survey.   
 

20. Contingency Plan for Lightning Hazard 
 

21. The 527 CMR 13.00 Uniform Blasting Site Detail Check List – 
(Attached at the end of this Section).  

 
22. Complete Project Team Organization with duties, 

responsibilities and authorities clearly defined. This 
organizational outline shall also include a listing of all 
personnel authorized to sign for, receive and use 
explosives on this contract. 

 
23. Complete list of floating plant involved in production 

blasting operations. 
 

24. Provide analysis and control of potential hazard due to 
possibility of undetonated Pourvex remaining from previous 
deepening. 

 
The Contractor shall submit the blasting plans showing the location(s) and 
extent of the blasted areas. The blasting plans shall include the blasting 
patterns and the locations of patterns shall be drawn on the maps in scale 
by providing coordinates of at least four (4) corners of blasted areas. 

 
3.9.4 If drilling and blasting is required outside the buoyed areas, the 

Contractor shall submit a plan to maintain the previous authorized 
depth, as part of the Operational Blast Plan. This plan shall include 
areas where the buoy cannot be removed. 

 
3.10 DRILL LOG AND BLAST REPORT 
 

The Contractor shall prepare and complete drill logs and report for each 
blast is completed. Information provided on the logs shall include, at a 
minimum: 
 

1. Name, signature, and Certificate of Competencey Number of 
the blaster in charge. 

2. Blast location, address, city description. 



NEW BEDFORD MARINE COMMERCE TERMINAL 

Contract No. XXXX   BLASTING 02900 - 16 
DATE 

3. Drill rig type, construction of rig, name of driller in 
charge, location of borehole in Massachusetts State Plane 
coordinates. 

4. Depth of boring in MLLW.  Position within borehole of 
explosives at time of detonation.  

5. Date and time of blast. 
6. Type of material blasted. 
7. Distance in feet, to the nearest inhabited building or 

structure, neither owned or leased by holder or holder 
client of the Explosives User Certificate issued by State 
Fire Marshall. 

8. Scaled distance or alternative option used to determine 
blast design.  

9. Type of matting or cover over blast, if applicable. 
10. Weather conditions, including temperature, cloud cover, 

wind direction. 
11. Blast plan and sketch showing blast hole diameter, delay, 

delay patter, and types of detonators, spacing, depth of 
blast hole, hole pattern and number of holes. 

12. Explosive material type, size, total weights of each 
explosive by hole. 

13. Type of initiation system (Methods of firing and type of 
circuit). 

14. Feet of overburden, depth and type of stemming. 
15. Maximum weight of explosives detonated within any eight 

millisecond period. 
16. The seismograph(s) location(s) including distance and 

direction from the seismograph to the closest borehole and 
from the seismograph to the closest structure. 

17. Seismograph readings including peak particle velocity, 
frequency and airblast. 

18. Type of seismograph, instrument make, model serial number, 
calibration date and sensitivity settings. 

19. Name of person taking the seismograph reading.  The name 
and firm analyzing the seismograph record, if applicable. 

20. Complaints or comments following blast.  
 

 
- End of Section - 



NEW BEDFORD MARINE COMMERCE TERMINAL 

Contract No. XXXX   BLASTING 02900 - 17 
DATE 

527 CMR 13.00 Uniform Blasting Site Detail Check List 
 

Location: ______________________________________________ Date: ___/___/____ 
 
Blaster’s Name: ________________________________________ Cert. #: _________ 
 
Company Name: _______________________________________ Time of Blast: __:__ 
 
Check List     Ref. #   Violations? YES NO 
Two Way Radio/Warning Signs  CMR 13.09(1)(p)        
(“Blasting Zone” “Turn off 2-way Radio”) 
 
Transport Vehicle(s)    CMR 13.06(2), 13.04(3)       
(Placards, Fire Marshal Magazine Permit, Attended) 
 
Site Storage (Day Box)   CMR 13.04(3)         
(Fire Marshal Magazine Permit, Attended) 
 
NO smoking or open flames   CMR 13.09(1)(d) 2., 3.       
(within 50ft of explosives) 
 
NO unnecessary personnel on  CMR 13.09(2)(a)        
the blast site (while boreholes are being loaded or are loaded with explosives) 
 
Prior to blasting, excess explosives  CMR 13.09(2)(f)        
returned to proper storage 
 
Seismograph must be placed between CMR 13.09 (9)(f)        
5&10 ft of nearest inhabited structure 
 
Explosives, persons & equipment must CMR 13.09(3)(a), (h)        
be at a safe distance prior to blast 
 
Warning signal (3 long blasts 5 min before blast) CMR 13.09(1)(m), (3)(h)(2)       
Blast Signal (2 blasts 1 min before blast) 
All Clear Signal (1 prolonged blast) 
 
Post Blast Inspection    CMR 13.09(4)         
(blaster must inspect site prior to personnel returning) 
 
Trash (boxes, bags, non-electric)  CMR 13.09(6)         
(shall be picked up and/or destroyed) 
 
Seismograph Readings: 
 
PPV: H_____ V_____ R_____  (2.0 in/sec max) 
HZ: H_____ V_____ R_____  Airblast: ______Db (133max) 
 
Report any incident involving flyrock, whether or not was an injury or damage, to the 
Office of the State Fire Marshal at 978-567-3375. 
FP-55 (Rev. May ’10) 
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INTRODUCTION 

In- or near-water use of explosives (i.e., construction or demolition projects; 
ordinance testing and disposal; as well as, harbor maintenance projects; and use of 
explosives during training exercises) can adversely affect significant aquatic 
ecosystems or organisms. Many of the potential environmental problems associated 
with use of explosives in aquatic environments are unique to the Department of 
Defense (i.e. ordinance testing & training). The literature on blasting effects is 
obscure and would be difficult to gather in a timely fashion by environmental 
planners and resource managers attempting to practice good stewardship of 
Department of Defense managed water resources. The goal of this manual is to 
provide resource planners/managers with information, which allow quick assessments 
of potential problems associated with underwater explosive use. 

This handbook summarizes available literature (e.g., published, state and Federal 
reports) on the environmental effects of underwater explosions and provides 
information on the potential use of mitigative strategies to reduce impacts to 
significant biological systems and species. Chapter 1 outlines natural resource 
agency concerns and regulatory authority concerning explosive use. Chapter 2 
provides information concerning explosives, the physics of explosions, and how 
explosives react in various media. It is not the intent of this chapter to provide 
an exhaustive review of the physics of explosions. We have attempted to provide 
enough information to make the chapters on environmental effects more 
understandable. The effects of underwater explosions on aquatic plants (Chapter 3), 
aquatic invertebrates (Chapter 4), fish (Chapter 5), amphibians and reptiles 
(Chapter 6), aquatic mammals (Chapter 7) are reviewed. Chapter 8 provides 
information on mitigation techniques to reduce adverse environmental effects of 
underwater explosions. 

A user-friendly computer program with users manual for planners/managers which 
allows quick assessments of potential environmental problems is also being 
developed under this LEGACY project. The computer program will provide impact 
analysis (kill radius for fish) based on the amount, depth, and use (open-water 
versus confined blast) of the explosive being detonated. 

There is a considerable amount of research on the environmental effects of 
underwater explosions still in progress by the authors. In addition, the authors 
have established a Natural Resources Working Group within the International Society 
of Explosives Engineers to tackle some of the outstanding questions in this field, 
such as standardization of pressure transducer calibration, standardization of 
pressure measurement and reporting, standardization of experimental designs for 
mortality assessment, and identification of data gaps and prioritization of data 
collection needs. As such, this manual should be considered a working document. If 
you have any comments or questions, please feel free to contact the authors. Dr. 
Thomas Keevin is an Aquatic Ecologist and Dr. Gregory Hempen is a Geophysical 
Engineer. 

Thomas M. Keevin, Ph.D. and Gregory L. Hempen, 
Ph.D., P.E., R.G. 
U.S. Army Corps of Engineers 
St. Louis District 
1222 Spruce Street 
St. Louis, MO 63103-2833 
Phone: TMK (314-331-8462); GLH (314-331-8441) 
E-mail: keevin@smtp.mvs.usace.army.mil 
Hempen@smtp.mvs.usace.army.mil 
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CHAPTER 1  
UNDERWATER EXPLOSIVES USE: 

NATURAL RESOURCE AGENCY 
CONCERNS AND REGULATORY AUTHORITY 

RATIONAL FOR NATURAL RESOURCE AGENCY CONCERNS 

Population growth and economic development have resulted in frequent changes in our 
hometown landscapes and their waterways due to housing developments, shopping 
malls, industrial development, and roadways. Population growth and development have 
resulted in a loss of aquatic habitat and a general decline in water quality, both 
important factors in sustaining aquatic species. For example, since 1850, 67% of 
the fish species from the Illinois River and 44% from the Maumee River have become 
less abundant or have disappeared (Kerr et al. 1985). These are just two examples 
of aquatic degradation and loss of fish species that are occurring throughout the 
United States (Warren and Burr 1994). The list of aquatic invertebrates and 
vertebrates that are federally protected or under consideration for protection 
(candidates) continues to increase and totals more than l,O00 taxa (Williams and 
Neves 1992). In fact, 27 species and 13 subspecies of fish have become extinct in 
North America during the past 100 years (Miller et al. 1989). 

Marine resources are suffering similar assaults on their biological integrity as 
described for freshwater ecosystems. Overharvesting, toxic and nutrient pollution, 
costal development, and increasing ultraviolet radiation threaten marine species 
(Upton 1992). 

Habitat degradation has jeopardized the continued existence of many species. Both 
federal and state laws afford protection to numerous aquatic organisms. The 
following listing makes it clear that it is difficult to utilize explosives 
underwater, in a major river basin or in the marine environment, without the 
potential for adversely impacting a federally threatened or endangered species or a 
species of special concern to federal and state natural resource agencies. 

Aquatic Mammals. The U.S. Fish and Wildlife Service (1993) lists 15 species of 
marine mammals that occur in U.S. coastal waters or near our trust territories as 
threatened and endangered, including such species as the West Indian manatee 
(Florida manatee), Southern sea otter, Steller sea lion, 3 species of seals, and 
eight species of whales. 

Reptiles. Of special concern for the blaster, in U.S. coastal marine environments 
there are 6 sea turtle species listed as either threatened or endangered (U.S. Fish 
and Wildlife Service 1993). 

Fish. Williams et al. (1989) considered 364 fish species and subspecies in North 
America that warrant protection because of their rarity. Their list consists of 147 
fishes classified as special concern, 114 as threatened, and 103 as endangered. 
Twenty-two of the fishes occur in Canada, 254 in the United States, and 123 in 
Mexico. Some occur along international borders and, therefore, inhabit two 
countries. 

Freshwater mussels. Of the 297 native freshwater mussels of the United States and 
Canada, Williams et al. (1993) considered 213 taxa (71.7%) as endangered, 
threatened, or of special concern; only 70 (23.6%) were considered as currently 
stable. Twenty-one taxa (7.1%) were listed as possibly extinct, 77 (26.0%) as 
endangered, 43 (14.5%) as threatened, 72 (24.2%) as of special concern, and 14 
(4.7%) as undetermined. 



Crayfish. Of the 338 crayfish of the United States, Taylor et al. (1996) considered 
162 taxa (48%) as possibly extinct, endangered, threatened or of special concern. 
Of these, 2 (<1%) are possibly extinct, 65 (19.2%) are endangered, 45 (13.3%) are 
threatened, and 50 (14.8%) are of special concern. Taxa classified as currently 
stable total 176 (52%). 

The above litany of extinctions and aquatic species classified as threatened, 
endangered or of special concern form the basis of natural resource agency concerns 
over aquatic resources. As population growth and economic development continues, 
there will be more and more habitat degraded and species placed in jeopardy. 
Underwater explosives use is often considered by natural resource agencies as 
another assault on the resources that the agency is mandated to protect. 

Natural resource agencies are challenged with permitting, under various regulatory 
authorities, underwater explosive use while at the same time protecting aquatic 
resources. Deciding on whether or not to allow use of explosives requires striking 
a balance between development and aquatic resources protection. On a positive note, 
natural resource personnel are generally willing to work with and accommodate the 
blaster. 

NATURAL RESOURCE AGENCY REGULATORY AUTHORITY 

In the United States, there currently are no national guidelines or regulations 
concerning mitigation of explosive use impacts. Decisions are left to individual 
state agencies and regulatory authority may rest with more than one state agency. 
In Canada, National guidelines for the use of explosives in Canadian fisheries 
waters have been prepared by the Department of Fisheries and Oceans under the 
Fisheries Act (Wright In press). 

Keevin (In press) reviewed state natural resource agency permit requirements for 
underwater explosive use within waters under their jurisdiction (Table 1.1). To 
determine current agency policies on the use of explosives, a questionnaire was 
sent to fish and wildlife agency directors in each state. Questions were developed 
to determine current state fish and wildlife agency policies concerning the use of 
explosives for legitimate purposes (i.e., military testing programs, demolition, 
construction) within waters under their jurisdiction. Questions targeted three 
areas of concern for fish and wildlife agencies: (1) what type permit, if any, was 
required; (2) what information did the agency provide to the applicant; and (3) 
what mitigative techniques were required of the applicant by a agency or 
recommended to protect aquatic 1ife from explosive pressures (Issue #3 is covered 
in Chapter 8). 

1. Permit Requirements. Thirty three state natural resource agencies require 
permits to conduct underwater blasting. There is often more than one agency 
responsible for permitting within a given state, depending on the location of the 
blasting, (freshwater, marine, or wetland), or the type of project, (demolition or 
seismic exploration). 

Most agencies require permits based on existing fish and wildlife codes, codes that 
are nonspecific to underwater blasting (i.e. fishing codes, stream protection acts, 
or wetland protection laws). For example, the Montana Department of Fish, Wildlife 
and Parks' permitting authority rests with the Stream Protection Act and The 
Natural Streambed and Land Preservation Act. However, many states permitting or 
review authority is based on fishing codes; since many codes specifically indicate 
that it is illegal to take fish with explosives. In some states taking fish with 
explosives is illegal by default, since explosives are not listed as an approved 
fishing method. 



Two states, Oregon and Pennsylvania, have permit application forms specific to 
underwater explosive use and resource protection. The Oregon Department of Fish and 
Wildlife's In-Water Blasting Permit Application Form requires that the applicant 
provide detailed information on explosive type, amount, size and number of charges 
to be detonated, detonation delay information, and estimated start and completion 
data. The Oregon applicant is also required to provide information concerning 
project impacts and proposed mitigation measures including: fish and wildlife 
species which occur in the blast area and predicted effects of the blasting on 
these species, fish and wildlife habitat within the affected area and the predicted 
effects of blasting on these habitats, estimated distance of impacts and area 
affected, and measures the blaster (before and after construction) will use to 
prevent injury to fish and wildlife and their habitats including an analysis of 
their effectiveness under the environmental conditions at the project site. 

The "Guidelines for the Use of Explosives in Canadian Fisheries Waters" require 
that the blaster prepare an environmental impact assessment of the project 
describing the potential adverse effects on the fish and marine mammal resources 
and their habitats in the project area. This document is submitted to the 
Department of Fisheries and Oceans regional/area authority. The blaster is also 
required to prepare a plan to mitigate adverse effects on fish and fish habitat 
identified in the environmental impact assessment. The blaster must complete a 
detailed application form, specific to underwater explosive use, for authorization 
to kill fish by means other than fishing. Detailed information is required on the 
type, weight and weight per delay of explosives, shot pattern, detonation depth, 
delay period (msec), and method of detonation. The environmental impact assessment 
and mitigation plan are required as part of the application submittal. Although 
these guidelines are draft they are currently in use by the Department of Fisheries 
and Oceans. 

Seventeen state natural resource agencies responded that they do not require 
permits for the use of explosives in waters under their jurisdiction. However, 
these agencies may provide input to other agencies within their state and to 
federal agencies. Under the Fish and Wildlife Coordination Act, state natural 
resource agencies have the authority to review and comment on applications for U.S. 
Army Corps of Engineers' Section 404 (Clean Water Act) permits as a means of 
providing input to the decision making process. Federal explosive use projects 
(including any military related activities), projects requiring federal permits or 
receiving federal funding also fall under the jurisdiction of the National 
Environmental Policy Act (NEPA) and the Endangered Species Act. The NEPA requires 
Environmental Assessments of project impacts and possibly Environmental Impact 
Statements. 

The Endangered Species Act requires a Biological Assessment of potential impacts to 
Federally threatened and endangered species and species Proposed for listing. 

2. Information package on explosive-use provided to applicant by agencies. Only 
five states provide an information package to the blaster (Table 1.1). The majority 
of the information packages are related to use of explosives for seismic 
exploration. For example, the Mississippi Department of Natural Resources provides 
a booklet outlining rules and regulations governing geophysical and seismic 
exploration on state-owned lands. The Louisiana Department of Wildlife and 
Fisheries provides information outlining regulations governing explosive use for 
seismic exploration within the state. Both packages, which are not lengthy, provide 
information concerning requirements for observers, explosive charge size limits, 
minimum shot hole depths for a range of explosive sizes, and measures to mitigate 
impacts. The Canadian Department of Fisheries and Oceans provides the blaster with 
their "Guidelines for the Use of Explosives in Canadian Fisheries Waters," which 
explains environmental impact assessment and mitigation planning requirements and 
contains permit application forms. 



Table 1.1 Summary of State Natural Resource Agency Responses 

  

  

 AL AK AZ AR CA CO CT DE FL GA

AGENCY PERMIT Y Y N N Y N Y Y Y N

AGENCY PROVIDES 
INFORMATION PACKG N Y N N N N N N N N

 HI ID IL IN IA KS KY LA ME MD

AGENCY PERMIT Y N Y Y N N N Y Y Y

AGENCY PROVIDES 
INFORMATION PACKG N N N N N N N Y N N

 MA MI MN MS MO MT NE NV NH NJ

AGENCY PERMIT Y Y Y Y N Y Y N Y Y

AGENCY PROVIDES 
INFORMATION PACKG N N N Y N N N N N N

 NM NY NC ND OH OK OR PA RI SC

AGENCY PERMIT N Y Y Y Y N Y Y Y Y

AGENCY PROVIDES 
INFORMATION PACKG

N N N N N N Y Y N N

 SD TN TX UT VT VA WA WV WI WY

AGENCY PERMIT N N Y N Y Y Y N Y N

AGENCY PROVIDES 
INFORMATION PACKG N N N N N N N N N N



CHAPTER 2  
MECHANICS OF UNDERWATER EXPLOSIONS 

INTRODUCTION 

Underwater blasting is a science well understood in direct terms. The chemical and 
physical effects of detonation are well known. Wave passage is accurately developed 
in theory. The application of explosives and blasting agents is an art, because it 
is expensive to study in detail and because the variability of the media exposed to 
detonation waves is extremely complex. Testing explosives or utilizing the 
detonation in some manner can easily be accomplished by the art of blasting without 
fully understanding, or needing to understand, the science and details of 
detonations and wave passage. The physical aspects of underwater blasting are 
described herein; more complete treatments of underwater blasting may be found in 
Cole (1948) and Mellor (1986). 

Three aspects of blasting are the detonation, the media transmitting the blast 
effects, and the effects of blast on its ambient environment. Some blast effects 
may be the desirable reasons for the shooting (examples, removing a bridge pier, 
explosive/ordnance testing, producing seismic waves). Other effects may be adverse 
impacts, resulting in damage to the natural and/or built environment. The primary 
interest of this document is the passage of the water-borne pressure waves and its 
negative impacts. These pressure waves are produced in water when the explosive 
charge is in the water column or when the shot is beneath or adjacent to the body 
of water. 

Underwater blasting is conducted for a number of uses: rock excavation, demolition, 
grade preparation for foundations, structural rehabilitation, waterway applications 
(deepening channels/harbors, dike removal, and emergency levee-raises during 
extreme flooding), geophysical exploration, fish sampling, metal forming, military 
operations, and other uses. Shock-wave pressures in column from explosions can have 
adverse impacts on nearby submerged structures and on aquatic life. Regulatory 
agencies, depending on the circumstances, do not permit underwater blasts (nor 
blasts near aquatic environments) without mitigation of the adverse effects of 
pressures. 

EXPLOSIONS 

Modern blasting products release energy in two forms: detonation and burning. 
Detonation is the term for the rapid pressure front moving through the explosive 
ahead of a chemical transition front. The property of detonation makes that 
particular formulation an explosive, such as Cyclonite (RDX) and Trinitrotoluene 
(TNT). RDX is a primary explosive, only a small quantity of RDX is required to 
begin detonation. TNT, like dynamite, is a high explosive, which start to detonate 
only when a greater amount than critical volume or critical diameter is present. A 
blasting agent is a term for a material that can be made to detonate when initiated 
properly, examples are Ammonium Nitrate with Fuel Oil (ANFO) and Water Gel 
Slurries. A minimum charge diameter is required to achieve and sustain detonation. 
Dick et al. (1993a) shows that some dynamites require less than 20 mm diameter to 
initiate detonation, ANFO requires a 50 mm diameter with confinement to detonate. 
Burning (deflagration) releases the chemical energy of the materials, including 
explosives, but more slowly. Deflagration occurs without the rapidly expanding, 
detonation pressures. Black powder is a material that only deflagrates and has been 
called a low explosive. High explosives and blasting agents burn when their charge 
diameter is less than the critical diameter to achieve detonation. 

The chemical energy of a detonating explosive is released as physical, thermal, and 
gaseous products. The detonation wave rapidly densifies the explosive material. 



This physical shock front moves faster than the acoustic velocity of the explosive 
material. The detonation is only sustained within the limits of the explosive. The 
detonation ceases at the boundary with the medium containing the explosive. The 
shock wave passes into the medium. The thermal and detonation effects are only 
important near the explosion. Consideration of the thermal and detonation impacts 
may usually be ignored beyond a short distance (three to ten diameters of the 
explosive's volume) from the blast. The two main impacts in the far field (beyond 
the zone where thermal and detonation effects are important) from an explosion are 
the shock waves and the expanding gaseous reaction products. The original shock 
wave is the primary cause of damage to aquatic life or other structures at great 
distance from the shot point. The expanding gaseous products can cause: a noisy 
airblast pressure concussion when exploded in the air, but produce little shock 
wave amplitude in surface water or earthen media; a water plume and/or a gas bubble 
for blasts in the water column, and less intense, recurring pressure waves when a 
pulsating gas bubble occurs; and, lengthening of fractures and displacement of 
solids when a confined explosion occurs in sediment or rock. 

Water is displaced and pressurized both by burning and detonation within the water 
column. Water is somewhat compressible in the near-blast region by extremely 
elevated pressure due to the explosion. The water column depth and work 
accomplished by the blasting (due to its confinement) are significant conditions in 
determination of the explosion's effects. Besides the compression waves produced by 
the explosion, other impacts could include noise, projectiles and gaseous chemical 
products, which are vented to the water or air. Water is nearly incompressible at 
standard temperature and pressure and cannot support shear waves. The extreme 
pressures and temperatures of explosives' detonation complicates the analysis of 
their adverse effects. 

Use of explosives within or beneath or adjacent to the water column requires a 
greater effort of safety and planning, relative to blasting under dry conditions. 
The greatest concern is worker safety. The safety of underwater blasting is 
directly related to planning and safe work practices. Worker safety must be 
paramount in mitigation planning to avoid the severe potential that could result in 
accidental detonation. Accidental detonation could shoot a large quantity of 
explosives, cause worker mortality, and create greatly increased losses in the 
natural environment. The variety of other concerns includes water flow rate, 
turbidity, floating debris, and working depth beneath the water surface. 
Maintenance of exact horizontal spacing within and between rows of shotholes and 
loading explosives overwater increases the difficulty of accurate shooting. These 
limitations also compound the potential for misfires and overshooting. With 
submerged shooting, the chance of crossfiring closely spaced holes or overloading 
voids/crevices in the material contribute to the increased pressure and energy in 
the shot. 

Important underwater blasting parameters include, but are not limited to: types of 
explosives and their properties; energy releases from underwater explosions - 
amplitude, duration, frequency, pressure, impulse, energy flux density; charge 
weight and explosive-gas diameter versus water column depth; unconfined test 
explosion properties versus confined blasting to perform work; scaling laws of 
underwater blasting; wave mechanisms - spherical, cylindrical and planar wave 
propagation; and, measuring equipment and its calibration. 

Explosives perform two types of mechanical work: material fracturing (crushing and 
extending fractures) or material displacement. Both shock and gas energy are 
released by the detonation process. Varying explosive types release differing total 
energy and fractions of the shock and gas component energies. All detonations have 
some fraction of both brisant (shock) energy and expansion (gas) energy. The shock 
component may be used for unconfined explosions, as the gas energy is lost to the 
ambient environment without confinement. Common, unconfined applications in the 



water column include explosives/ordnance testing, severing steel members, seismic 
exploration sources, and boulder breakage. The more useful component for more 
typical blast applications is gas development. These typical applications are 
mineral production or mass demolition by placement of explosives in boreholes with 
stemming. Stemming is the (normally granular) fill material placed in the boring 
over the explosives material and extending to the surface. [For rock quarrying, the 
impedance (density times velocity) are matched between the rock and the explosive. 
Higher impedance explosives typically have more shock energy.] The expanding gases 
displace material volumes when placed in such confinement that the gaseous reaction 
products are not quickly vented to the atmosphere or marine environments. 

Commercial explosives and blasting agents are designed as oxygen-balanced chemical 
reactions (Dick et al. 1993b). The explosive's fuel and the oxidizing agent achieve 
the greatest energy of reaction when there is neither an oxygen debt nor surplus. 
The importance to underwater shooting is that a poor reaction is further water 
cooled or "dampened" to make the reaction energy lower than if conducted above the 
water surface. Unbalanced, water-cooled detonations may produce excess amounts of 
toxic gaseous products, besides not achieving the desired work. 

Two factors are important to underwater blasting: increasing charge weights and 
lowering shock energy. Brower (1977) cites the need to displace both the blast's 
host material and water to produce the desired outcome in typical work. The placed 
weight of explosives is commonly increased several multiples in comparison to the 
same work effort above the water surface. Oriard (1983) questions the need for 
greater charge weights and recommends increased burden for greater water depths. 
While shock energy may be important to fracture the media to be displaced, gas 
energy must be capable of moving the material and the water load. Explosives in 
underwater blasting obviously should be selected, in part, by the fraction of 
available gas energy. Further, the shock energy component causes the peak, shock 
pressures. For underwater blasting, this brisant pressure wave and its negative, 
reflected pressure component at the air-water surface are the chief parameters in 
undesirable damage to structures and aquatic life. 

Optimized blasting is the environmental awareness of the impact of blasting on the 
objective and ambient media. It also recognizes the host medium has a primary 
effect on the blasting efficiency. Controlled blasting (Konya and Walter 1985) is 
an industry term that is similar to, but different from, optimized blasting. 
Optimized blasting utilizes the media's properties, i.e. varying the shooting 
pattern to take advantage of the bedding and jointing of the removed rock, to 
achieve efficient production. Optimized blasting attempts to optimize the 
production and diminish the effects on the surroundings. Optimized blasting for 
underwater programs: reduces the total weight of explosive by carefully considering 
the media and the blasting pattern's relationship to the material's properties; 
increases the number of delays used to allow movement of material (reducing the 
burden) prior to causing additional material to displace; and, increases 
confinement with added stemming to assure that premature venting of gases does not 
occur. 

Blasting materials are rated by a variety of factors, many of which have little 
commonality between manufacturers. The producers provide the values of common 
properties to the purchasers of explosives and blasting agents. Konya and Walter 
(1985) and Persson et al. (1994) describe the array of explosives' and blasting 
agents' properties. The properties of selected explosives can enhance performance 
and reduce the hazards of blasting. For the considerations herein, the shock energy 
should be diminished to limit the pressure pulse reaching the surrounding media. 
The maximum shock pressure at some distance from the blast is related to the 
detonation pressure, the travel path and the media of passage. 



a. Density. The density is the mass of the product per unit volume, usually 
expressed by Specific Gravity (SGe). The more dense the explosive the greater the 

power of the shot. SGe can vary from 0.5 to 1.7 (Dick et al. 1993a). An explosive is 

easier to handle and place submerged, if it is heavier than water, SGe > 1.0. 

Density is one of two factors contributing to the detonation pressure within the 
detonating material. 

b. Detonation Velocity The detonation velocity (ve), by title, is the propagation 

rate through the detonating media. The ve ranges from 1,900 to 7,500 meters/second 

(mps). Konya and Walter (1985) provide an equation for the detonation pressure, Pd,

[converted to metric units] 

where the pressure units are megapascals (Mpa, see Table 2.1 for common pressure 
conversions) for Ve in mps. The peak pressure at the wall of the explosive's 

containment (typically a borehole) may be one half the Pd , while Konya and Walter 

(1985) feel that the detonation state does not exist at this boundary. The shock 
pressure due to the Pd must extend to the surrounding media, and is related 

empirically to the wall pressure and, ultimately, to the Pd. 

The compression-wave pressure at any location in the water column is related to the 
shock pressure in the detonating material. Since the maximum pressure, Pm, within 

the water is the cause of hazard, its relation to Pd and to the square of Ve is 

extremely relevant. The need to fracture a mass prior to its displacement (an 
explosive with large shock energy) is an argument some authors and blasters make. 
Contrarily, Dick et al. (1993a) indicates that "typical of most operations, it is 
of little importance." Given two explosives of the same charge weight, A with a Ve 

of 4,250 mps and B with a Ve of 6,000 mps, the Pm for explosive B would be twice the 

Pm value at the same distance as for A. Thus, an explosive with a low Ve should be 

considered for submerged shooting when the hazard of shock pressure is a concern. 
The doubling of pressure is contrary to unpublished data by Keevin (1995) that 
three commercial explosives of differing Ve produced similar pressures and the same 

mortality in fish for unconfined, shallow, water-column shots. Other factors may be 
more important in reduction of the shock-wave pressures (Oriard 1983). 

c. Fumes. Fumes are the toxic gaseous by-products (chiefly carbon monoxide and 
nitrous/nitric oxides) of the detonation reaction. The fume class or quality for 
each blasting compound is a relative measure from poor (excessive toxic gas 
creation) to excellent (insignificant toxic gas production). Some of these toxic 
products remain as a dissolved hazard in the ambient water body, which may have a 
detrimental effect on aquatic life. Underwater blasting creates conditions that may 

Pd = 4.50e-4 SGe Ve2 / (1. + O.80 SGe) {1}

Table 2.1. Pressure Unit Conversions

 kPa bar psi atm

1 kPa 1 .0100 .1450 .009869

1 bar 100 1 14.50 .9869

1 psi 6.895 .06895 1 .06803

1 atm 101.3 1.013 14.70 1



lead to increased fume production: inadequate water resistance and inadequate 
priming (Konya and Walter 1985). "Permissible explosives" used in underground coal 
mining should not be considered an alternative explosive for underwater blasting. 
Permissible explosives are purposely less efficient, cooler reactions to avoid 
igniting coal dust, and have worse fume quality than other blasting materials. 

MEDIA CONSIDERATIONS 

Blasting in solids beneath or adjacent to the water column is normally conducted to 
remove obstacles. [Some removal methods may have the charge resting on the solid's 
surface in air or in water.] Explosives are placed typically in boreholes drilled 
into the mass to be removed. The shock front travels most rapidly down the 
centerline of the explosive column. Detonation proceeds more slowly at the boundary 
of the explosive with its container and passes into the surrounding medium. The 
shock wave, after passage into the enclosing material, does work crushing, 
fracturing and/or compressing the material. The loss of the energy supply, use of 
energy to produce work on the medium, and the ever-expanding surface of the 
compression front causes the shock wave to slow to the sonic velocity of the 
medium. Particle disturbance at this transition distance from the explosive becomes 
the commonly known compression or Primary wave (P-wave). The shock wave within the 
supersonic zone, called the near field, exceeds the elastic strength of the medium 
producing fractures and permanent deformation. The P-wave beyond the transition 
distance, termed the far field, remains within the elastic limits of the material 
(causing no lasting effects in rigid solids). 

Seismic exploration, fish sampling, military use and explosives research may be 
conducted by blasting in the water column (open-water shot) of natural 
environments. Explosions in the water column produce P-waves in the far field. The 
P-waves originate from the shock wave. P-waves also are created from the 
contraction points of the pulsating gas bubble of gaseous reaction products, when 
the gas bubble does not reach the air-water surface before reaching its contracted 
state. 

The more important differences between water-borne blasting and shooting within 
solids are the properties of water. Water's elastic moduli are not nearly as great 
as solids and, by its nature, water (like all fluids and gases) does not support 
shear waves. 

The shock wave emanating from the explosive's detonation is "converted suddenly 
into potential energy of compression and kinetic energy of outward motion in the 
water medium" (Kramer et al. 1968). Cole (1948), in his landmark publication, 
describes the important processes and subsequently develops analytical and 
empirical equations of state for the expanding waves. The shock wave expands into 
the surrounding water medium applying a compressive load to the water. In a planar 
shock front, the amplitude of the pressure pulse will retain its size for some 
distance. Cole (1948) indicates that the particle velocity, u, is related to 
pressure, P. by 

where the hydrostatic pressure is Po and the acoustic impedance, Zw, is the density 

times the velocity of water. 

The pressure amplitude for cylindrical and spherical wave forms diminishes with 
radial distance from the explosive. The nonplanar explosions produce two elements 
of the original waveform: the shock wave (or compressive flow) and the afterflow, 
or surge. The ever-expanding radial volume affected by the shock front must act 

u = (P - Po) / Zw, {2}



also tangentially to compensate for the "side load," called spherical divergence. 
It is this side pressure accommodation that contributes to the second term, surge. 
These two effects, shock and surge, occur simultaneously along the shock wave path 
to the transition distance. Beyond the transition distance, the velocity of the 
disturbance falls to the P-wave velocity for water and the surge term has become 
infinitesimal. The transition distance bounds the near-field region where acoustic 
radiation and afterflow are important from the far-field where only compressive 
flow is a factor. 

A gas bubble or, as Cole (1948) terms it, gas sphere expands from the gaseous 
products of detonation well after the shock wave has passed. The gas bubble with 
its momentum expands to a maximum value, if the explosion is sufficiently deep so 
that the bubble does not break the water surface with the atmosphere. Bjarnholt 
(1978) provides a term for the maximum bubble radius, ab, in m: 

for Q as the heat of detonation in megajoules/kilogram (MJ/kg), W being the charge 
weight in kg, and dw is the explosive's water depth in m. Bjarnholt (1980) gives Q 

for a variety of explosives; for an estimate of ab use a Q of 4.44 or 4.27 MJ/kg for 

Nitromethane or TNT, respectively. 

The gas expansion forms an oscillating system with the gas' momentum and 
hydrostatic pressure of water. The gas bubble initially extends beyond the 
equilibrium state with the water load. The gas sphere cannot easily rise toward the 
air-water surface while in its larger size, because of the great volume of water 
that must be displaced for the bubble to rise. The surrounding water pressure 
causes the bubble to rapidly shrink to a minimum size of much greater dimensions 
than the original solid explosive's volume. The gas sphere at this contraction has 
greater internal pressure than the ambient water pressure, and expands a second 
time. A smaller shock wave is released at the instant the bubble is at its minimum 
diameter, in transition to its expansion phase. The gas bubble rises quickly while 
in the compressed volume. The oscillation in size continues until the gas sphere 
breaks the surface with episodic releases of energy and rapid vertical displacement 
at gas-volume minima. Cole (1948) shows that the period of bubble oscillation is a 
function of dw, Q. W and fraction of remaining energy for the nth bubble 

oscillation, fn. Cole indicates that the energy remaining is merely 14% and 7.6% for 

f1 and f2, compared to the total energy. 

Pressure. The pressure between the dominant shock energy and the pulse from the gas 
sphere takes a declining exponential form. Depending on the distance from the 
blast, the pressure outside the explosive rises to a maximum pressure, Pm , in 

microseconds (  s). USACE (1991) and Joachim and Welch (1997), in a form similar to 
that provided by Cole (1948), give the value of pressure in time after reaching the 
peak (Pm) as 

for ta as the arrival time and  , the time constant. USACE (1991) and Joachim and 
Welch (1997) give the equations for the parameters of {4} [which herein have been 
converted to metric units]. 

ab = [l.3 Q W / (1 + 0.1 dw)]
1/3 {3}

P(t) = Pme 
-(t - ta)/ {4}

Pm = 53.1 Rs 
-1.13 [MPa] {5}



Equations {5} through {8} use the lateral distance, r, in m, pressure in MPa, time 
in seconds (s), velocity in mps, and equivalent weights of TNT in kg. Rs is the 

scaled range, the distance normalized by the explosive weight factor. USACE (1991) 
and Joachim and Welch (1997) give the TNT-equivalence for several explosives types 
and, in particular, the 1.1 weight conversion for Nitromethane. Medwin (1975) 
provides an equation for the sonic velocity of water (in mps) as a function of 
depth (dw), temperature (T), and salinity (S) in parts per thousand (ppt). 

for O m  dw  1,000 m, 0 ppt  S 45 ppt, and 0°  T  35°C.
 

Scaled range, Rs, is an important term. Rs allows the comparison of differing 

explosive weights. It provides the means to "scale" the pressure, vibration, and 
mortality effects of blasts. The distance of comparison will need to be large 
enough to be well beyond the transition distance, in the far field, for the larger 
explosive weight. Equation {8} indicates that the same effect will occur at double 
the distance when the charge weight, W. is cube of two, or eight times, greater. 
The blast effect (pressure or mortality) will be the same at about twice the 
distance for: 16 kg replacing 2 kg of the same explosive material; 80 pounds (lb) 
substituted for 10 lb; and, 3,200 kg replacing 400 kg. 

Equation {4} is an empirical form and does not resolve the variation of pressure 
due to boundary effects nor time duration to the bubble pressure arrival. The 
pressure in very deep water without nearby surfaces will fall below Po termed 

"negative pressure," due to the inflow of water on the collapsing gas sphere. 
Negative pressure merely indicates that the ambient pressure falls below the gage 
hydrostatic level. The pressure does not decline below zero absolute pressure, as 
water has minuscule tension capacity. Other travel paths of the shock wave can 
complicate the waveform, when approaching other surfaces. Figure 2.1, reproduced 
from USACE (1991), shows the four major wave types affecting pressure at a point. 
The first arrival at some location in the water column due to a blast also in water 
(when the shot is well removed from a higher velocity bottom material) is the 
direct wave. The upper wave of Figure 2.1 shows its rapid rise and the decay form 
of equation {4}. After some additional time there will be two (or many more 
multiple) reflections. The reflection off the air-water interface is negative, due 
to yielding (displacement) of the surface. The air-surface reflection is of nearly 
the exact amplitude as the direct wave, because of the impedance contrast with air. 
As shown in Figure 2.1, the air-surface reflection arrives later than the direct 
arrival, due to the added distance traveled in reflection. The bottom surface is 
not a perfect reflector; this surface accepts energy, so the bottom-reflection's 
amplitude is less than the direct wave's. The amplitude from the bottom reflector 
is in the same positive sense as the direct wave for the bottom and will not yield 
in displacement, like the air-water surface. The bottom reflection is shown third 
in Figure 2.1. The arrival of the two reflections depends upon where in the water 
the shot and receiver are located. For Figure 2.1, the shot/receiver locations are 
much nearer the air surface than the solid bottom. The bottom medium refracts some 
energy and, at a critical refraction distance (for a bottom medium's acoustical 
velocity exceeding the speed in water), induces a refraction wave that imparts 

ta = r / cw {6}

 = 9.2e-5 W1/3 Rs 
0.18 [s] {7}

Rs = r / W
1/3 [m/kg1/3] {8}

cw = 1449.2 + 4.6 T - 0.055 T
2 + 2.9e-4 T3 

+ (1.34 - 0.01 T)(S - 35) + 0.016 dw [mps] 
{9}



energy back into the water. The refraction wave is the fourth in Figure 2.1. The 
resultant wave for the assumed geometry of the example is the lowest graph. This 
example does not show possible multiple reflections between the air surface and the 
bottom, nor arriving bubble sphere peaks.  

 

Figure 2.1. Shock-wave components and resultant wave (USACE, 1991) 

Blasts created by an explosion located near the air surface have no oscillating 
bubble of explosion gases. The gases will be vented to the air as a column or 
plume, when dw < ab. There will be no latter pressure wave arrivals in this case 

from a gas sphere. Bottin and Outlaw (1987) provide an estimate of the water plume 
radius, ap, [converted to a metric relation] 

for W in kg and dw in m. A column of water and gas is ejected into the air of radius 

apt The displaced water column extends to the hemisphere of like radius, centered 
at dw. The water rushing to replace the vented plume volume can cause adjacent 

negative gage pressures from the venting gas and water displacement long after the 
shock-wave's passage. 

The explosive's shock energy, when sufficient, can produce a sizable "cavitation 
hat" near the air surface just beneath the water. Cavitation is the negative gage 
pressure effect exhibited by explosives near the air-water surface and by boat 
propellers. The cavitation is caused by the tensile movement in the water toward 
the air. The proximity to the air surface assures that there will be a negative 
pressure reflection as part of the wave form. The Pm using equation {4}, is 9 MPa 

for just 10 g (not kg) of high explosive. In perspective, this is 90 times the 
atmospheric pressure of 0.1 MPa; thus, the air-surface reflection of a tiny 
explosive weight will produce negative pressures. The water near the surface can 
only accommodate a gage pressure of -0.1 MPa, but the reflection attempts to 
produce pressures to -9 MPa and results in cavitation. Christian (1973) defined the 
cavitation's cylindrical volume of radius, Rc, and thickness from the air-water 

surface to depth Do (not to be confused with the explosive's charge depth, dw). This 

"cavitation hat" is a flattened disc of diameter 2Rc, centered vertically above the 

ap = 18.9 W
1/3 (dw+ 1O m) [m] {10}



midpoint of the blast. There is a potential within the cavitation hat for 
overextending air-filled organs due to the negative pressure; this damage potential 
can produce organ damage or mortality. By equations, Christian reports [converted 
to metric units]: 

0.036 dw
1/2

 

for dw < 15 m and W < 450 kg.

 

Impulse. Empirical estimates of pressure, strength and energy were required prior 
to the recent development of accurate and inexpensive recording equipment. 
Piezoelectric pressure transducers, commercially available only recently, can 
measure these large, rapid pressure wave variations. The strength, or impulse, of 
the wave is its momentum as it crosses a surface. The integral of pressure over 
time is momentum per unit area and is called impulse, I. 

The units of impulse are merely pressure-time, e.g. Pa-s. The impulse is the area 
under the pressure-time curve, for example the bottom graph of Figure 2.1. The 
length of time to evaluate the integral depends on the purposes and geometry of the 
blast. Cole (1948) recommends (t' - ta) be 6.7 , but he accepts that this is 

arbitrary. Cole (1948) chose 6.7 to resolve the strength in only the wave's 
exponential-decay portion prior to the bubble pulse. Gaspin (1975) and some 
subsequent authors use a long integration time without clearly stating their method 
of period evaluation. Different authors calculate impulse over varying periods and 
use either or both the positive pressure interval and the negative gage pressure 
duration. The decision for the integration period must account for the blasting's 
intent and waveform complexities. Cole (1948) estimates [converted to metric form] 

for W in kg and Rs in m/kg
1/3. USACE (1991) and Joachim and Welch (1997) furnish an 

impulse estimate without specifying an integration interval [converted for metric 
values]: 

for W in kg and Rs in m/kg
1/3. A much more accurate determination of strength is 

provided by obtaining pressure readings at about 1.  s intervals for the full 
pressure range and integrating the pressure record in time by {13}. While this 
latter method is preferred, there are many difficulties in properly recording the 
pressure wave with pressure transducers (USACE 1991, Joachim and Welch 1997, and 
Hempen and Keevin 1997). 

Energy. Shock-wave intensity is assessed by determining the energy flux density, E. 
The intensity is a measure of flow or change of energy across a unit surface 
"normal to the direction of [wave] propagation" (Cole, 1948). Cole develops E for 

Rc  40 dw
1/2 (2.2 W) [m] {11}

Dc  3 W0.3 [m] {12}

I =  ta
t' P dt {13}

I(6.7 ) = 7.41 W1/3 Rs 
-1.05 [kPa-s] {14}

I(t) = 5.75 W1/3 Rs
-0.89 [kPa-s] {15}



both shock-wave terms of compressive flow and afterflow as components of one 
formula. He proves that the surge term theoretically is negligible beyond 10 to 20 
times the effective explosive's charge radius (ae). Cole (1948) gives 

the intensity as for P < 135 MPa. E is in units of J/m2 for Zw in SI units. The 

units of intensity are energy or work per unit area. Cole recommends the same 
integration period of 6.7 for E. The integration period should be determined by 
the intent of the blasting, like the discussion above for impulse. Cole (1948) 
approximates the intensity as [converted for metric values] 

for W in kg and Rs in m/kg
1/3

 

The integrals of equations {13} and {16} accurately resolve the strength and 
intensity of the shock wave at any point in the water column where pressure is 
measured. Both formulae are correct when the explosion is mid-water or when the 
shot is embedded, because each measures its parameter based on the pressure wave 
recording at the point of interest. The empirical formulae are estimates for the 
water-column shots at best, and are not intended to represent explosions in solids 
overlain by a water mass. 

TRANSMITTING MEDIA 

Explosive shooting is conducted in solids beneath the water surface for removal or 
demolition uses. The work accomplished by the gas expansion phase is energy 
consumed. Less gas energy can be converted to P-waves to enter the water, since the 
gas bubble will not pulsate as it rises. Conversely, the shock energy rapidly 
disturbs all surrounding environs. The P(r,t) for the first arrival must be 
resolved by the properties of the blasted medium, blast geometry, and wave 
transmissions across boundary surfaces. 

The propagation of waves across surfaces between media has been developed by text 
authors, such as Kinsler and Frey (1950) and Grant and West (1965). Oriard (1985) 
shows that the energy transmitted to water from rock of specified properties varies 
from 0.0 to 0.37 of the total shock energy for varied angles of incidence (Figure 
2.2). Oriard (1985) shows that for land-based blasting adjacent to a water body the 
pressure wave's amplitude "is about 1/40 to 1/400 of" that amplitude which would be 
calculated for perpendicular (0.°) incidence between water and ideal rock. Shock-
wave energy would be considerably greater when the blasted medium is directly 
beneath the water column. In this latter case, 30% to 37% (for 30° down to 0° 
incidence, respectively) of the generated energy enters the water. Blasting would 
not usually be accomplished in weak material of low P-wave velocity and Elastic 
Modulus. The solid's properties would almost always be significantly greater than 
water's, thus the pressures and energies should be comparable to those of Figure 
2.2, in general. At large incidence angles (greater lateral distances from the 
blast within a submerged solid), less energy enters the water from the solid, but 
the water-borne energies from directly above the shot persist in the water beyond 
the critical refraction angle. For the case cited by Oriard in Figure 2.2, this 
angle is 19.1° (Grant and West 1965). The water column acts as a wave guide at 
incident angles within the water greater than the refraction angle while continuing 
to receive energy from the solid. In other words, some energy at large lateral 
distances from the shot is captured and retained by the water column. 

E = Zw
-1  ta

t' P2 dt {16}

E(6.7 ) = 105 W1/3 Rs
-2.12 [J/m2] {17}



 

Figure 2.2. Relative energy entering the water column from a rock material versus 
the incident angle at the boundary (Oriard, 1985) 

Another consideration of the shock wave from a solid-confined blast is the 
direction of the explosive's detonation. Initiation of shots is normally at the 
deepest part of the explosive charge. The detonation begins near the bottom of the 
boring and continues to propagate up the explosive column toward the surface. The 
detonation wave is focused toward a narrow cone in the direction of travel. Less 
shock energy is transmitted radially and only a small percentage of shock 
disturbance emanates opposite the detonation direction (Konya and Walter 1985). The 
shock wave from the completed upward detonation is focused toward the water column. 
Thus, the strongest intensity of shock energy in the water column is directly above 
the blast for a confining solid. The shock energy crossing the boundary, which is 
generally normal to the explosive's placement borings, into the water is the 
largest (0.37 for the cited example) of all the transmission angles. 

Blasting in a solid beneath the water surface allows gas energy to be released to 
the water. The extreme cases for gas energy production are comparable to two 
scenarios: the blast detonated in the water column (maximum gas energy 
contribution) and the explosive shot within a material of sufficient strength to 
retain the blast products. There is no gas energy component for a mid-water 
explosion, if the explosion occurs within a container that totally contains the 
reaction gases. There would also be no oscillating gas bubble since the container 
retained the expansion products. All the work (in actual production blasting) 
accomplished by the detonation's gases in moving the solid mass is work that cannot 
contribute to bubble oscillation energy release in the water column. Premature 
venting of the explosives' gases reduces the displacement of the mass and imparts 
this gas energy to the water column. Having sufficient stemming (the granular 
filling from the top of the blasting material to the top of the borehole) length 
eliminates the early release of the detonation's gases. 

Shallow Water Environments. The term "shallow water" may be defined for several 
circumstances. A useful consideration relates water to its sonic velocity. 
Relationships to blasting could be used to define what is shallow. Lastly, shallow 



can be defined by the blasting objective and limitations on the depths of 
mitigation. 

Equation {9} shows that velocity is heavily dependent on water temperature and 
pressure, or depth. Several naturally occurring temperature layers exist in bodies 
of water. Urick (1983) indicates that four major layers may exist: surface layer, 
seasonal thermocline, main thermocline and deep thermocline. A thermocline is a 
unit of water which has a uniform gradient of temperature (and dissolved oxygen) 
with depth. The surface layer produces a daily variation of water's sonic velocity; 
It's velocity may be constant or variable with depth. Beneath the surface layer 
lies the tier of the seasonal thermocline, which has an annual variation and a 
negative thermal (and velocity) gradient. In deeper bodies of water, the main 
thermocline develops with a nearly permanent, uniform negative gradient. The deep 
isothermal layer occurs in waters below the main tier (occasionally below 1,000-m 
depth - Urick 1983). The deep isotherm has a roughly constant temperature of 4.°C 
and its increasing velocity with depth is due to hydrostatic pressure. Shallow 
water depth may mean the level above the interface of the main and deep 
thermoclines, if they exist. At this surface, water's velocity is a minimum and 
refractions above or below this horizon tend to remain on their increasing velocity 
side. Shallow may mean the depths of water bodies that do not develop a main 
thermocline. For impoundments without main thermoclines, shallow may be the depth 
of the winter velocity minimum. 

Shallow water depth in conjunction with blast parameters may apply to depths above 
which no gas sphere develops or may be considered the lowest depth of the 
cavitation hat. Both of these shallow depth definitions depend on the explosive's 
weight. The greater the instantaneously shot charge weight, the deeper the 
allowable depth to avoid venting of the reaction gases or by equation {20} the 
greater is Dc . A reduced environmental impact occurs for low detonation velocity 

explosives with sizable gas energy components. None of the vented reaction gases 
may oscillate in the water column for these reduced impact explosives with 
significant confinement. By this gas energy definition of "shallow," the correct 
choice of explosive and confinement parameters would result in great depths with no 
gas energy contribution of pressure to the water column. 

Shallow water depth may be defined by the working limit of typical underwater 
blasting. Only occasional, special purpose blasting for engineering work would 
require blasting deeper than 20 m for even oceanic harbors. Location of borehole 
positions would be more difficult at this 20-m water depth. Harbor depths are 
infrequently maintained below 15 m. Tunnel or mineral blasting beneath water bodies 
is conducted at much greater depths, but the blast displaced solid mass is not 
exposed to the water body. Shallow water at depths within (an arbitrary) 20 m of 
the water surface represents herein the relative ease of conducting blasting work, 
or its more frequent use, and the zone of increased environmental harm. 

PRESSURE-WAVES 

Shock waves from underwater blasting are of interest not only from an academic 
sense, but also because they may be important to blast production and damage due to 
explosive use. The explosive selection has a bearing on both the production and 
damage potential. The hole diameter, for example, for charge placement is related 
to the minimum removal height, called the bench height, by the "Rule of 
Five" (Konya and Walter 1985). Minimum bench heights of 3. m require 50. mm, or 
smaller, diameter holes. There are fewer blasting agents with small critical-
diameter sensitiveness that will detonate in this hole size. Both dynamites and 
water gels meet the sensitiveness criterion and are water resistant; however, 
dynamites have higher detonation velocities (Dick et al. 1993a). The choice of a 
water gel blasting agent would lead to less shock energy, and therefore less 
aquatic mortality potential, while allowing proper rock breakage. 



In practice, nearly all underwater blasting will be done with holes 
larger than 50 mm, regardless of depth. The greatest expense is that 
associated with drilling, and that expense is dramatically reduced by 
drilling holes of larger diameter on wider spacings (Oriard, 1983). 

Brower (1977) was one of the earlier authors to recognize: 

The two basic reasons for restricting or limiting the water shock levels 
are: (a) preventing damage to nearby structures and (b) minimizing 
environmental damage. 

Brower was concerned with both structures and fauna. While other authors had one 
concern or the other, Brower recognized the need to mitigate both. Brower provides 
Cole's estimate for Pm like equation {6}. Brower's provisions to moderate water 

shock were limited to care with the actual blasting measures. 

Effects on Structures. Several authors estimated blast effects on structures by 
pressure waves, as related to the Pm and impulse (I). Langefors and Kihlstrom 
(1978) emphasized that the reduction of both Pm and I are important to the safety of 

structures. Oriard (1983) presented: 

...the damage potential of underwater waves is not directly related to 
the peak pressure, but to impulse... it may be more damaging to lengthen 
the duration of the pressure pulse than to lower its peak pressure 
depending on the characteristics of the structure in question. 

Oriard (1992) suggests that dynamic strain cannot be related to the static stress 
regime of most analyses. He also implies that negative pressures from venting (and 
from cavitation) cause plucking from tension at the concrete-water interface. 

Structures should be addressed like the Oriard (1985) analysis to estimate dynamic 
stress and strains on the submerged form. Oriard (1985) chose a procedure of 
conducting small production shots to evaluate "the pressures in the water adjacent 
to the powerhouse walls and stoplogs." This allowed the development of one program 
to full scale without damage to the extremely important adjoining structures. 

  



CHAPTER 3 

THE ENVIRONMENTAL EFFECTS OF 
UNDERWATER EXPLOSIONS: 

AQUATIC PLANTS 

INTRODUCTION 

Aquatic plants, both submerged and emergent, have great importance as a food source 
and shelter for both aquatic (Rozas and Odum 1988; Lubbers et al. 1988) and 
terrestrial organisms (Bellrose et al. 1979). Extensive damage and mortality to 
aquatic plant beds resulting from an underwater explosion could possibly upset the 
balance of the ecosystem being altered. 

DAMAGE AND MORTALITY OF AQUATIC PLANTS EXPOSED TO UNDERWATER EXPLOSIONS 

Data on the effects of underwater explosions on aquatic plants are very limited. 
Ludwig (1977) used explosives as a "herbicide" to remove eelgrass (Zostera marina) 
to create a channel within the Niantic Estuary at Waterford, Connecticut in an 
attempt to improve water quality and containment of egg and larval stages of the 
bay scallop (Argopectens irradians). A contractor demonstrated the efficiency of 
eelgrass removal techniques with in situ observations being performed on the 
detonation of single and multiple charges as well as a weighted length of 
detonation cord alone. During an eight week period following the explosions, the 
eelgrass experienced an orderly dieback. In no instance was the disappearance less 
than complete along an expanding circle of defoliation. In the case of the single 
charged detonations, the circular defoliation had a final diameter of approximately 
seven to eight meters. The chain or string detonations created overlapping rings of 
impact ultimately clearing a rectangular area approximately 40 m long and 7 to 8 m 
wide. The detonation cord created a similar impact but the final zone of influence 
was limited to approximately 2 to 4 m of total width. Unfortunately no information 
was provided concerning the charge type or weight. 

Removal was restricted to eelgrass, with green algae (Codium sp.) and rockweek 
(Fucus sp.) thriving in the defoliated areas following eight weeks. Ludwig (1977) 
hypothesized that the orderly species-specific defoliation was the result of a 
disruption of the cellular structures within the rhizomes. As the cellular 
destruction radiated outward the thallus structures separated in a manner 
reminiscent of normal exfoliation during the late autumn or winter period. 
Examination of the rhizomes, however, clearly indicated cell wall failure 
internally while the epidermal fibers continued to hold the structure together. 

Without explosive weight information or pressure wave data it is impossible to 
compare aquatic plant mortality levels with other aquatic organisms. 

Smith (1996) examined the effects of underwater explosions on two types of aquatic 
vascular plants (emergent and submerged), and three algal species. Two species of 
vascular plants (Ludwigia peploides (HBK) Raven and Myriophyllum heterophyllum 
(Michx.)) and three algal species (Chara zelandica (Willd.), Chara contraria (A. 
Braun), and Nitella acuminate (A. Braun)) were exposed to 2 kg of T-100 Two 
Component (green stick) explosive with a #8 instantaneous electric blasting cap. 
Explosive charges were suspended from a float to a depth of 1.5 m below the water 
surface. Plants were placed in hardware cloth cages and set out at 2.5, 4.5, 6.5, 
8.5 and 10.5 m from the blast. Cages were attached to a buoyed rope of appropriate 
length to maintain the cage centers at a depth of 1.5 m below the water surface. A 
control cage contain each of the plant species was used for each blast. Controls 
received the same treatment (i.e., transported to and from the blast area) as 



experimental plants with the exception of exposure to blast pressures. Each test 
was replicated (test blast 1 and test blast 2). 

Plants were weighed pre-test and exposed to the test blast on September 30, 1996. 
All plant material remaining after the explosions was transported back to the 
laboratory and re-weighed, using the same procedures as before the blast. Plants 
were maintained in 10-gallon aquaria in a greenhouse. At the end of the first week, 
plants were removed from the tanks and all dead tissue was removed. Remaining plant 
tissue was weighed and recorded. This procedure was repeated on October 8, 17, 24, 
and November 26 at which time the project was concluded. 

Aqueous phase measurements of photosynthesis were made in the laboratory using the 
methods of Walker (1987) with the Hansatech DW2/2 (Hansatech, Inc., UK) oxygen 
electrode and a 2.5 ml chamber. 

Effect of the explosion on biomass: Individual species 

Chara zelandica lost an average of 18.06% of its biomass over all distances. The 
greatest loss was seen at 6.5 m (24.3%) and the least at 2.5 m (15.5%) for blast 1. 
The greatest loss of biomass for blast 2 occurred at 6.5 m (19.3%) and the least at 
2.5 m (10.3%). Plants for blast 1 had survival at 6.5 m, 8.5 m and lO.5 m. Plant 
survival for blast 2 was seen only at 4.5 m. No surviving plants regained 100% of 
their original biomass while the control plants had 109% of their original biomass 
at the end of the project, a net gain of 9.3%. 

Ludwigia peploides gained biomass in some instances, as high as 5.3% for blast 2 at 
4.5 m. Biomass losses ranged from 10.7% at 4.5 m and less than 1% at 8.5 m for 
blast 1. Blast 2 losses were seen only at 4.5 m (1.5%). Plants at 2.5 m for blast 1 
were the only group of L. peploides to have 100% mortality. The surviving test 
plants had a greater increase in biomass than the control plants, which gained only 
1.7%; however, none of the surviving plants regained 100% of their original 
biomass. 

Myriophyllum heterophyllum lost biomass in both test blasts. Blast 1 had the 
greatest loss at 2.5 m (24.3%) and the least at 4.5 m (<1%). Greatest loss of 
biomass for blast 2 was also at 2.5 m (19.3%) and the least at 4.5 m (1.5%). 
Mortality was 100% for both test shots at 2.5 m, 4.5 m and 6.5 m. Mortality was 
also 100% in blast 1 at 8.5 m. None of the surviving test groups regained 100% of 
their original biomass. The control group had a net gain of 17.9% for both tests. 
Plants at 4.5 m for blast 2 had a small gain in biomass (3.2%) after the test. 
Biomass loss for blast l ranged from 13.2% (6.5 m) to 8.6% (4.5 m). Biomass losses 
for blast 2 ranged from 23.9% (10.5 m) to 8.9% (6.5 m). Growth curves for all test 
groups became positive after the second week. The control group had a net gain of 
19.9% over its original biomass by the end of the study. Five of the ten test 
groups had greater biomass than before the test. The group at 2.5 m in blast 1 
gained more biomass than the control (39.4%). 

Nitella acuminata lost biomass in all test groups as a result of the explosion. 
Losses for blast 1 ranged from 9.6 (10.5 m) to 5. 5% (8.5 m), while blast 2 ranged 
from 14.0% (2.5 m) to 2. 8% (6.5 m). All plants at 2.5 m for both test blasts and 
at 4.5 m for test 2 had 100% mortality. The control group had 26.2% greater biomass 
at the end of the project. For blast 1, groups at 87.5 m and 10.5 m had greater 
biomass than their original biomass. Biomass for test 2 was greater at 8.5 m than 
originally, although other surviving groups had greater than 95% of their original 
biomass. 



Effect of the explosion on photosynthetic rates

All species responded to the explosion in a similar manner, i.e., a reduction in 
photosynthetic rate in the treatment group of plants, relative to the control. The 
effect on photosynthesis was greatest nearest the blast (2.5 m), and became 
progressively less severe with each increment in distance (4.5 m, 6.5 m, 8.5 m, and 
10.5 m). Two species, N. acuminata and C. contraria, maintained positive, but low, 
rates of photosynthesis at 2.5 m. At 4.5 m, M. heterophyllum began to show 
photosynthetic activity, followed by C. zelandica at 6.5 m. By 8.5 m, all species 
demonstrated photosynthetic activity. As a percent of the photosynthetic rate of 
the Control the species ranked as follows: 

2.5 m, NA  CC  MH=LP=CZ; 

4.5 m, NA  MH  CC  LP=CA; 

6.5 m, NA  MH  CC  CZ LP; 

8.5 m, NA  MH  CC  CZ LP; 

10.5 m, NH=NA  CC  CZ  LP. 

These results are preliminary and are currently being prepared for publication. 
Work is currently in progress to establish the relationship between pressure 
waveform and plant damage and mortality. 

MITIGATION TECHNIQUES TO PROTECT AQUATIC PLANTS FROM UNDERWATER EXPLOSIONS 

Mitigation techniques described for fish are also applicable to aquatic plants (see 
Chapter 8). Any attempt to reduce the pressure waveforms will reduce the potential 
kill zone of aquatic plants. 



CHAPTER 4 

THE ENVIRONMENTAL EFFECTS OF 
UNDERWATER EXPLOSIONS: 
AQUATIC INVERTEBRATES 

INTRODUCTION 

The potential for injury and mortality to aquatic invertebrates, resulting from 
underwater blasts, has been well documented in agency and contractor reports and 
the scientific literature. However, with the exception of brief literature reviews 
concerning the effects of seismic exploration (Alperin 1967, Linton et al. 1985b) 
and ordnance testing (O'Keeffe and Young 1984), a comprehensive critical review of 
the literature does not exist. 

The purpose of this review is to provide a comprehensive description of the 
experimental designs for each reported investigation. The study design aspects 
reviewed are: species tested, how organisms were caged, type and weight of the 
explosive charge, location of the explosive charge and test organisms in the water 
column, duration of the mortality test, pressure wave recording techniques and 
author's conclusions. This review also provides a critical evaluation of the 
studies based on their experimental designs and analysis of data. 

APPROACH 

Existing literature was reviewed in chronological order based on publication date. 
This approach was taken rather than a phylogenetic analysis in order to best 
evaluate study results for each investigation based on their experimental design. 
In addition, inadequacies in study design (e.g., small sample size, inadequate or 
no controls, differences in post-explosion mortality observation periods, and 
differences in cage material) make comparison among studies difficult, if not 
impossible. All of the studies, with the exception of Linton et al. (1985a), were 
originally designed and conducted using English measurements. To maintain the 
integrity of the original studies, all data are reported in English measurements 
and followed with metric equivalents in parentheses. Conversions were rounded to 
one decimal place. Metric conversions have been made to reproduce the English unit; 
added significant digits of the metric conversions do not represent the precision 
of the original research. 

Common and scientific names follow Cairns et al. (1991) for Cnidaria, Turgeon et 
al. (1988) for mollusks, and Williams et al. (1989) for decapod crustaceans. Common 
and scientific names not covered in American Fisheries Society publications are 
used as given in the original publication. In some instances, either the common or 
scientific name of the organism being tested was given in the original publication, 
but not both. In such cases the appropriate common/scientific name has been 
provided in parentheses with an equal sign to indicate that the name has been added 
and was not part of the original publication. 

INVERTEBRATE LITERATURE REVIEW 

The first published investigation of invertebrate mortality resulting from 
underwater explosions was conducted by Knight (1907) in response to a "doleful tale 
of a poor lobster fisherman" related to Knight by a young seaman. The young 
seaman's story was that "when the lobster fisherman had accumulated about 500 
animals in his pound (a pound is a cubical box made of wooden slats, anchored from 
shore, which allows water to pass through), some mischievous or ignorant person put 
off a dynamite blast about 150 or 200 yd (137.2 or 182.9 m) away, and killed every 



lobster." As the young seaman first told the tale, "the lobster pound was 500 yards 
[457.2 m] away, but on cross-examination he was compelled to reduce the distance." 

To test the accuracy of this story, six lobsters (=American lobster, Homarus 
americanus) were obtained from a local fisherman and tested with varying charge 
sizes and distances from the blast in water 12 to 15 ft (3.7 to 4.6 m) deep. In the 
first experiment, 3 large sticks of dynamite (of undefined weight) were detonated 
at a distance of 80 ft (24.4 m) from a lobster trap containing 2 lobsters, and at a 
distance of 40 ft (12.2 m) from a small lobster that was tethered by a piece of 
twine. The explosion produced no effect upon any of the lobsters. 

In a second experiment, 2 large sticks of dynamite (of undefined weight) were 
exploded at a distance of 20 ft (6.1 m) from the small lobster. The animal was 
uninjured. The third experiment consisted of detonation of two sticks of dynamite 
within 10 ft (3.0 m) of a medium sized lobster. Knight (1907) indicated that there 
was "No result." In the last experiment, 3 sticks (of undefined weight) were 
exploded 15 ft (4.6 m) away from a trap which contained 5 lobsters which had all 
been used in previous experiments. The explosion overturned the trap, nearly 
overturned one of the piles on which the wharf was built, but "it seemed to have no 
effect on the lobsters." 

Knight (1907) concluded that the 500 lobsters of the sailor's yarn had died, not 
from the effects of a dynamite explosion, but from suffocation. He surmised that 
the lobsters had been confined in too small a pound for too long a period, and the 
explosion was coincident with the fisherman's discovery of the dead lobsters. 

The next published series of experiments evaluating the effects of explosives on 
invertebrate mortality occurred in response to a request from the Magnolia 
Petroleum Company to utilize dynamite charges up to 800 lb (362.9 kg) during the 
course of a refraction seismograph survey in waters off the coast of Louisiana. The 
area involved was in the heart of Louisiana's "jumbo" shrimp fishing grounds. 
Descriptions of the study design and results are presented in various degrees of 
detail in five separate non-refereed publications (Gowanloch and McDougall 1944, 
1945, 1946; Gowanloch 1946a, 1950) 

The first series of experiments, best described in Gowanloch and McDougall (1945), 
involved the firing of one 200 lb (90.7 kg) and two 800 lb (362.9 kg) charges of 60 
percent gelatin dynamite unconfined and placed on the sea bottom in 18 ft (5.5 m) 
of water. Forty-five shrimp (Peneus setiferus) and thirty oysters (Ostrea 
virginica) were placed in 30 inch (762 mm) cubicle cages, positioned at 50, 100, 
150, 200, 300, and 400 ft (15.2, 30.5, 45.7, 61.0, 91.4 and 121.9 m) from the shot 
point, and suspended midway between the surface and bottom in 18 ft (5.5 m) of 
water. Test animal were held in their positions for 48 hours before the charges 
were fired, were examined immediately before the shot, immediately after the shot, 
and at 24 and 48 hours post detonation exposure. Gowanloch and McDougall (1946) 
state that "adequate controls were established located far beyond any possible 
influence from the dynamite blasts." However, no details are given concerning 
control handling or subsequent mortality. Geophones, located at selected cages, 
recorded "the amplitudes of each charge." However, no pressure data were presented. 

Gowanloch and McDougall (1945) concluded that shrimp were uninjured at 50 ft (15.2 
m) by the 800 lb (362.9 kg) charge. They noted that "the shrimp still remained 
normal six days after the explosion. Yet the shock shook an oyster tugger ten miles 
away, and threw water 300 ft [91.4 m] into the air." They concluded that "No 
differential mortality could be found among the oysters, but for various biological 
reasons the authors consider that more experimental work is necessary before a 
satisfactory definite decision can be reached." No statistical basis for their 
conclusions or supporting data in tabular form are given on which statistical 
analysis could be conducted by the present authors. 



A second series of experiments was conducted, "Since oysters constitute a highly 
valuable aquatic resource, damage to which was not apparent, when the experimental 
oysters were suspended as individuals in cages it was decided to re-examine effects 
of dynamite blasting on oysters where the oysters were part of an integrated 
reef" (Gowanloch and McDougall 1946). Descriptions of the study design and results 
are again presented in various degrees of detail in four separate non-refereed 
publications (Gowanloch and McDougall 1946; Gowanloch 1946b, 1948, 1950). It was 
concluded that the "seismographic explosions caused no subsequent mortality to the 
oysters." 

Gowanloch and McDougall (1945) used cages that were 30 in (760 mm) cubes, 
constructed with a strong external wooden slatted frame (picture of cage on page 
303 of Gowanloch (1948)). Specimen confinement was accomplished by attaching 1/2 in 
(13 mm) shrimp netting to the inside of the frame. Each cage was divided into two 
compartments by a vertical wall of shrimp netting. Anonymous (1948) questioned 
Gowanloch and McDougall's (1945) results since slatted wooden cages had been used 
in their experiments. Anonymous (1948) contended that use of the slatted wooden 
cages would "tend to produce a decrement in the shock and pressure reaching the 
enclosed animals." In addition, Aplin (1947) noted that during experiments 
previously conducted in Louisiana (presumably by Gowanloch and McDougall) "it was 
found wooden cages would be broken up by the explosions unless so heavily built as 
to give the impounded fish definite protection from the shock." Neither Anonymous 
(1948) nor Aplin (1947) provided experimental support for their contention. 

Linton et al. (1985b) make reference, in their annotated bibliography, to a paper 
by Gowanloch and McDougall published in Louisiana Conservationist 4(12):13-16. The 
publication date, title, volume, and page numbers are identical to Gowanloch and 
McDougall (1945) published in Oil. A check of the Louisiana Conservationist 
indicates that this article does not exist. 

Aplin (1947) conducted a series of experiments to determine the effects of 
explosives used in geophysical survey work to locate oil deposits along the 
California Coast. Four rough abalones (Haliotis corrugata) and four green abalones 
(Haliotis fulgens) were exposed to a 20 lb (9.1 kg) charge of 60 percent petrogel, 
fired 4 ft (1.2 m) below the surface. The abalone were on the bottom, 55 ft (16.8 
m) from the explosion. An hour after exposure the abalones were able to move when 
given tactile stimulation. However, none of them extended their mantles when put 
into an aquarium and all were dead within a few hours. Aplin (1947) noted "that 
further experiments will have to be made as they may have been killed by handling 
and transportation." 

Aplin (1947) exposed eight lobsters (Panulirus interruptus) 270 to 300 mm long to a 
20 lb (9.1 kg) charge of 60 percent petrogel, fired 4 ft (1.2 m) below the surface. 
The lobsters were on the bottom, 55 ft (16.8 m) from the shot and almost directly 
below it. Five hours post exposure the lobsters were all alive and active. In a 
second test shot, 13 lobsters ranging from 170 to 230 mm in length were exposed to 
a 20 lb (9.1 kg) charge of 60 percent petrogel, fired 4 ft (1.2 m) below the 
surface. The lobsters were positioned 4 ft (1.2 m) below the surface and 50 ft 
(15.2m) away from the shot. Three hours post exposure the test lobsters were alive 
and examination of internal organs found no signs of damage. Aplin (1947) concluded 
that "Apparently lobsters are very resistant to concussion..." Aplin, as with his 
abalone test, did not use controls. However, since there was no mortality in the 
test lobsters it can be assumed that those factors which would be controlled for 
(i.e., handling, transportation, and water quality) did not cause mortality. 

Both the abalone and lobster studies suffer from serious experimental design flaws 
including extremely small sample sizes, no replicate tests, and complete lack of 
controls. No description of how the abalones and lobsters were caged is provided in 
the text; although, fish were held in 3 ft (910 mm) square and 18 in (460 mm) deep 



cages made of welded iron frames covered with 1/2-in (13 mm) mesh wire hardware 
cloth. Because of the small sample sizes and lack of controls, no conclusions can 
be made from this study. 

Anonymous (1948, pp. 16-18) conducted a series of tests utilizing oysters (=eastern 
oyster) (Ostrea virginica) held in wire bags placed on the bottom. Table 4.1 
provides data on two tests conducted with the largest explosive charge, 300 lb 
(136.1 kg) of TNT. They concluded that "Deaths among these over the two-week period 
all occurred within the 200 ft (61.0 m) radius except for a single dead oyster 
found in a bag exposed at a distance of about 960 ft (292.6 m). Excluding this one, 
it was found that the two week's loss was 5.4%, or a little more than double that 
observed immediately after the explosion." No attempt was made to measure explosive 
pressure waves during mortality testing. No statistical analysis of the data was 
conducted by the authors. 

An analysis of the oyster data provided in Anonymous (1948) using a Cochran-
Armitage Trend Test on a 2 X C stratified contingency table (strata = shot) were 
not significant (P>0.2) for distances to 960 or 400 ft (292.6 or 121.9 m) from the 
blast. It is concluded that the relatively low numbers of dead oysters did not 
change with distance from the blast. Furthermore, some mortality occurred in the 
controls and it is likely that some oysters dying at 2 or 16 weeks died from causes 
not related to the blast. 

  

Table 4.1- Immediate, 2-week and 6-week live/dead counts for oysters (=eastern 
oyster, Ostrea Virginica) placed on bottom at 30 ft (9.1 m) depth and exposed to a 
300 lb (136.1 kg) charge of TNT suspended 15 ft (4.6 m) (From Anonymous 1948). 

Anonymous (1948) conducted a series of tests utilizing blue crabs (Callinectes 
sapidus). They provided data, shown in Table 4.2, that summarizes four tests where 
blue crabs were held in cages placed on the bottom (depth not given) and exposed to 

SHOT 16        

Distance from Explosion 
Initial Observation
10-5-1945

2 Week Observation 
10-18-45

6 Week Observation 
11-16-45

Feet Meters Live Dead Live Dead Live Dead
25 7.6 19 1 17 2 15 2
50 15.2 19 0 16 3 13 3
100 30.5 23 1 21 2 19 2
200 61.0 20 0 19 1 18 1
400 121.9 20 0 20 0 18 2
960 292.6 20 0 19 1 16 3

Control  20 0 20 0 Lost  
        

SHOT 17        

Distance from Explosion 
Initial Observation
10-6-1945

2 Week Observation 
10-19-45

6 Week Observation 
11-17-45

Feet Meters Live Dead Live Dead Live Dead 
25 7.6 21 0 21 0 20 1
50 15.2 23 1 22 1 22 0
100 30.5 26 0 25 1 23 2
200 61.0 29 1 29 0 25 4
400 121.9 26 0 26 0 21 5

Control 292.6 30 0 30 0 27 3



a 30 lb (13.5 kg) charge of TNT. Based on the results presented in Table 4.2, 
Anonymous (1948) noted that about 90% of the blue crabs were killed at 25 ft (7.6 
m), under peak pressures exceeding 800-900 pounds/square inch, psi (5,516-6,206 
kPa), and very few died at 150 ft (45.7 m), where pressure reached about 270 psi 
(1,862 kPa). Anonymous (1948) noted that intermediate distance gave surprising 
results, marked by the absence of any trend. This was confirmed by the present 
authors, utilizing a chi-square test. However, first value, and last value, differ 
from intervening four values (P<0.001), and first and last values differ (P<0.001). 
The second and third values do not differ (P>0.1), and values (2, 4, and 5) versus 
value (3) has P=0.05. Anonymous (1948) suggested that the erratic variation may be 
due to the irregular transmission of the shock wave along the bottom or to other 
unestablished causes. Although, external and internal damages were not quantified, 
they observed loss of part or all of the carapace, cracking of the carapace, heart 
rupture, broken spines and, autonomous loss of one or both claws. However, many of 
the crabs killed showed no macroscopic changes. Anonymous (1948) provided no data 
for control mortality, nor did they indicate that controls were used. Although the 
true mortality levels due to the blast cannot be known exactly, the data at 150 ft 
(45.7 m) give an upper bound of 7% on the "control" (e.g., handling) mortality. 

No discussion is provided describing pressure recording. It is not clear if 
pressures were recorded specifically for this set of four experiments or if they 
used generic pressures given in Figure 7. This is an important point since pressure 
readings may vary with depth of charge, depth of pressure gauges and nearness of 
gauges to either the water-air (surface) interface or water-substrate (bottom) 
interface. In addition, Anonymous (1948) used copper ball crusher gages, which only 
record peak pressure. 

The authors provide no information on how long crabs were held prior to determining 
mortality (i.e., instantaneous, 24 hr. 48 hr. or 96 hr. mortality). Period of 
observation could easily affect mortality levels, with longer periods having higher 
mortality, especially with no controls to evaluate the effect of holding time. 

Table 4.2- Effect of 30 lb (13.5 kg) charges of TNT on blue crabs (Callinectes 
sapidus) held in cages on the bottom (bottom depth not given). Summary of four 
tests (From Anonymous 1948). 

Tollefson and Marriage (1949) evaluated the effects of channel blasting on three 
species miscellaneous crab species (Cancer sp.), and Pacific oysters (Ostera 
gigis). Cockles were captured the week prior to testing and held in an aquarium. 
They ranged in size from 60 to 79 mm rib length, average 70 mm. Oysters were 
clusters, ranging from 4-12, average 8.4 per cluster, of one and two year old taken 
from adjacent beds. Crabs used were small miscellaneous specimens brought from the 
Newport laboratory where they had been held for several months or more. They ranged 
in back width from 115 to 144 mm, average width 129 mm. 

All specimens, except oysters, which were placed at 20 ft (6.1 m) or less from the 
center of the blast were placed in separate canvas sample bags with labels to 
facilitate locating and to prevent any mixing of specimens following the blast. It 

Distance from charge No. held % killed % surviving
Feet Meters    
25 7.6 37 89% 11%
50 15.2 55 38% 62%
75 22.9 22 55% 45%

100 30.5 37 38% 62%
125 38.1 23 48% 52%
150 45.7 14 7% 93%



is not clear how oysters and organisms beyond 20 ft (6.1 m) were handled. Tollefson 
and Marriage (1949) noted that they did not believe the canvas bags would affect 
the results. No control organisms were used. Four cases of 50 percent dynamite were 
fired as a single shot along a 95 ft (29.0 m) line in a sandy mud bottom intertidal 
area at Bayocean, Oregon. The mean depth of planting of dynamite was about 3 ft 
(0.9 m) below the surface. Water depth was 1 to 3 ft (0.3 to 0.9 m). No pressure 
measurements were taken. 

Tollefson and Marriage (1949) found that a number of miscellaneous organisms, crabs 
(Cancer magister), a small snail (Thais Ep.), a small mud clam (Macoma sp.), and a 
single specimen of a commensal clam (Pseudopythina rugifera), were unaffected, 
while three sand worms (Nereis sp.) and several ribbon worms (Nemertinea) were 
found dead within 25 ft (7.6 m) of the blast. A number of ghost shrimp were found 
within 25 ft (7.6 m) of the blast. Seven of nine Callianassa sp. and 39 of 76 
Upogebia pugettensis were found dead or died within 24 hours of the blast. The 
authors concluded: 

1. "Little or no damage to surface cockles located 10 ft [3.0 m] or 
further from the center. 

2. No damage to sub-surface cockles located 15 ft [4.6 m] or further from 
the center. 

3. No damage to crabs located 30 ft [9.1 m] or further from the center. 

4. No damage to oysters located 10 ft [3.0 m] or further from the center. 
(The foregoing does not consider any possible after-effects such as 
silting.) 

5. A 50 to 75 percent mortality of ghost shrimp was found within 25 ft 
[7.6 m] of the center. 

6. In the case of the invertebrates involved it is likely that almost all 
damage done by blasting is grossly physical in nature, that there is 
little shock or other after effects." 

This study suffers from a number of serious design flaws and omissions of 
methodology information. Sample sizes were extremely small. There were no control 
animals. No information is provided on total weight of explosive detonated, other 
than "four cases" were exploded. A typical case of dynamite contains 50 lb (22.5 
kg) of explosives; however, the strength and size of each cartridge causes the 
weight of each "stick" to have considerable variation. No information is provided 
on the canvas sample bags. Contrary to the authors' statement that the bags would 
not have "exerted any appreciable cushioning effect", the bags could have reduced 
pressure wave transmission and thereby reduced mortality levels. In addition, no 
information is provided on how test organisms were held beyond 20 ft (6.1 m). 
Pressure wave measurements were not made. The lack of explosive weight data, use of 
a linear charge pattern, and burial of the explosive, make prediction of explosive 
pressures using existing empirical relationships, for example Cole (1948), 
impossible. As such, it is impossible to determine the magnitude of pressure 
experienced by the organisms. Thus, the results are, at best, lower trend estimates 
of the mortality that unconfined organisms would experience. 

Fry and Cox (1953) made casual observations on the effects of black powder on 
invertebrates off the coast of California during seismic exploration activities. 
The major objective of the study was to determine if fish were being killed by 
seismic exploration charges. A 45 lb (20.4 kg) charge of E.P. 138 Seismograph Black 
Powder was detonated within 6 ft (1.8 m) of the surface and divers were sent down 



to make observations of damage. The authors noted that "Clams and tube worms were 
found, none of which had suffered ill effects from the blast. These animals all 
responded in the normal manner by quickly withdrawing siphons and tentacles when 
touched by the divers." After the second day of testing, the authors noted that 
"None of the invertebrates seemed to be affected; the sea anemones were extended, 
as were the tube worms; none of the corals had been broken; the sea urchins were 
still on the rocks and the sea cucumbers had not contracted." 

Fry and Cox (1953) gave no information concerning the distance of the explosion 
from the invertebrates being observed by the divers. As such, it is impossible to 
even conclude that the invertebrates were unaffected at a given distance from a 
known size explosion. 

It is quite possible that Fry and Cox's (1953) observations are related to the type 
of explosive utilized. It had been previously observed that black powder, a 
combusting medium and not an explosive, has little effect on fish (Baldwin 1954; 
Fry and Cox 1953; Ferguson 1962; Hubbs and Rechnitzer 1952) when compared to high 
explosives such as dynamite. For example, Hubbs and Rechnitzer (1952) found that in 
marine fish species tested, the lethal threshold peak pressure from dynamite 
explosions varied from 276 to 483 kPa. Peak pressures from slowly detonating black 
powder, producing pressures as high as 855 to 1,103 kPa, did not kill caged fishes. 
The difference in fish mortality between black powder, a low explosive, and high 
explosives appears to be related to the waveform produced by each explosive type. 
Black powder produces a pressure waveform with a slow rise time and low amplitude 
whereas high explosives have an abrupt rise time, high amplitude, and short 
frequency. In addition, high explosives have a much higher negative pressure than 
black powder, as shown in Figures 8 and 9 in Hubbs and Rechnltzer (1952). The 
amplitude and short frequency of the negative pressure wave and resulting damage to 
the swim bladder may be the causative factor of mortality in fish exposed to high-
explosive pressure waveforms. 

Sieling (1954) conducted two experiments, carried out in separate locations during 
1949-1950, to evaluate the effects of seismic exploration for oil on oysters in the 
Barataria Bay, Louisiana, region. Work in Bay de Chene was referred to as 
Experiment 1 and Bay Batiste work was referred to as Experiment 2. 

Two explosive charges were used in each shot hole, one of 50 lb (22.7 kg) and one 
of 20 lb (9.1 kg) of Nitranon (nitro-carbonitrate), and these were exploded at a 
depth of 50 ft (15 2 m) and 30 ft (9.1 m) respectively. Charges were placed in 
pipes which were in holes drilled into the bottom. The general procedure was to 
drill the hole from a drilling barge, then move to the next location. A barge 
carrying shooting equipment and explosive would then move in and load the first 
charge into the pipe and fire it, then as quickly as was safe load the second 
charge in the pipe and fire that. The two pieces of equipment would then move 
around the other four shot holes and fire the charges at each hole in the same 
manner. 

Shot points formed a diamond with the points 1,000 ft (304.8 m) apart and one shot 
point in the middle. Sieling (1954) noted that this distance simulated the worst 
operating conditions possible under the law as when two lines of seismographic 
explosions cross at right angles. There was no attempt to measure pressures. 

Oysters (=eastern oyster, Ostrea virainica) were placed at 20, 60, 130 and 250 ft 
(6.1, 18.3, 39.6 and 76.2 m) from the point of explosions and in a staggered line. 
Control stations were located 750 ft (228.6 m) from the nearest shot point. At both 
the experimental and control stations oysters were put in trays and placed on racks 
above the bottom in Experiment 1 and placed on the bottom in Experiment 2. Water 
depth was not given. Additional controls, which are not described here, were 
established to evaluate the influence of various other environmental factors. 



Results of this study are presented in Table 4.3. Sieling (1954) concluded that 
there was no correlation between the distance of the oysters from the explosions 
and the survival rate. 

Kemp (1956) evaluated the effects of seismograph explosions by conducting a series 
of three tests with fish, shrimp (=Penaeus sp., three possible species occur in the 
area), oysters (=eastern oyster, Crassostrea virginica) and blue crab (=Callinectes
sapidus) under actual exploration conditions. Test 1 was conducted in Corpus 
Christi Bay in water 13 ft (4.0 m) deep with a bottom of very soft, gray, mud. Test 
2 was also conducted in Corpus Christi Bay in water 2 1/2 to 3 ft (0.8 to 0.9 m) 
deep with a bottom of hard sand. Test 3 was conducted in Aransas Bay in water 7 ft 
(2.1 m) deep with a bottom of soft, gray mud. 

Specimens were held in 1/2 in (13 mm) mesh hardware cloth cages, except oysters 
which were in heavy wire trays. In each test one set of specimens was placed at the 
shot hole and 25, 50, 100 and 200 ft (7.6, 15.2, 30.5 and 61.0 m) from the shot 
hole. A set was also placed 1/4 to 1/2 mile (0.4 to 0.8 km) away as a control. 
Organisms were held on the bottom in all tests reported here. In test 1, organisms 
were also suspended 3 ft (0.9 m) below the surface; however, numbers were so small 
and at sporadic distances from the blast, that results are not presented here. 

Test organisms were exposed to a 40 lb (18.1 kg) charge of Nitramon, the maximum 
allowed by law, at a depth of 20 ft (6.1 m) below the bay bottom, which is the 
minimum depth allowed. Charge weight and burial depth were the worst possible 
conditions permissible under the law. Pressure waves were not measured. 

Kemp (1956) provides no indication of the waiting time period used prior to making 
live-dead counts. The results are shown in Table 4.4. 

Table 4.3- Percent survival of oysters (=eastern oyster, Ostrea virginica) at Bay 
de Cene (Experiment 1) and Bay Bastiste (Experiment 2). Two explosive charges were 
used in each shot hole (see text for description of shot design), one of 50 lb 
(22.7 kg) and one of 20 lb (9.1 kg) of Nitranon (nitro-carbonitrate), and these 
were exploded at a depth of 50 ft (15.2 m) and 30 ft (9.1 m) respectively. Oysters 
were on the bottom (depth not given) (Modified from Seiling 1954, Tables 1 and 2). 

Distance from 
Explosion Number Tested 

Number 
Surviving  
4 Months 

Percent 
Survival  
4 Months 

Number 
Surviving  
7.5 Months 

Percent 
Survival 
7.5 Months

Experiment 1 - Bay de Chene
Feet Meters      
20 6.1 345 289 83.7 --- ---
60 18.3 348 302 86.7 --- ---
130 39.6 336 287 85.3 --- ---
250 76.2 333 281 84.4 --- ---

Control  338 257 76.0 --- ---
       

Experiment 2 - Bay Batiste
Feet Meters      
20 6.1 334 275 82.3 253 75.7
60 18.3 326 269 82.4 256 78.5
130 39.6 324 281 86.8 255 78.7
250 76.2 329 280 85.1 242 73.5

Control  341 294 86.2 264 77.4



Table 4.4- Live-Dead counts for shrimp (=Penaeus sp., three possible species occur 
in the area), oysters (=eastern oyster, Crassostrea virginica), and blue crab 
(Callinectes sapidus) in cages placed on the bottom of Corpus Christi Bay, TX and 
exposed to a 40 lb (18.1 kg) charge of nitramon buried 20 ft (6.1 m) below the bay 
bottom. For shot 1, organisms were in 13 ft (4 m) of water, bottom type was very 
soft gray mud. For shot 2, organisms were in 2 1/2 to 3 ft (0.8-0.9 m) of water 
depth, bottom type was hard sand (Modified from Tables 1 and 2 in Kemp (1956)). 

Kemp (1956) concluded that shrimp and crabs were "found to be completely immune to 
underwater explosions, since they suffered no ill effects whatsoever during the 
tests." The sample sizes for shrimp and crabs are adequate but they are too small 
to accurately estimate mortality. However, from the data provided, the upper 95% 
bound on the shrimp mortality at a given distance is 0.06 (n=50 by pooling both 
shots) to 0.11 (n=25 for individual shots). For blue crab the upper 95% bounds are 
0.95 (n=1) and 0.78 (n=2). Pooling the data for both shots, the upper 95% bound on 
blue crab mortality is 0.63 (n=3) at distances 550 ft (167.6 m). The data suggest 
that the death of 2/2 blue crabs in shot 1 is an artifact and does not represent 
the effects of the blast. Pooling the data from both shots at < 50 ft (15.2 m), the 
upper bound is 0.28 (n=9). Kemp noted that damage to oysters was most severe within 
a 25 ft (7.6 m) radius of the blast and some oysters were found as far as 200 ft 
(61.0 m). Based on these results he concluded "If the minimum distance (from the 
shot) from an oyster reef were extended from 300 to 500 ft (91.4 to 152.4 m), it 
would probably afford a more comfortable safety margin." Statistical analysis 
supports this conclusion. Pooling the data at 200 ft (61.0 m), the mortality is 
1/62 = 0.016 + 0.016. For shot 1, the mortality is 1/24 = 0.042 + 0.040. For shot 
2, the upper 95% bound on the proportion (12/38) is 0.075. 

Anonymous (1962) conducted a series of tests with Dungeness crabs (=Cancer 
magister) to evaluate the effects of underwater explosions from oil seismic 
exploration. Tests were conducted off the Oregon coast north of the Alsea River in 
an area normally fished for crabs. Small crabs, less than 80 mm maximum carapace 
width, were caught in tide pools six weeks previous to testing. Adult crabs, over 
130 mm minimum carapace width, were caught in commercial crab pots in Yaquina Bay a 
few days prior to the experiments. All were held in live tanks. Commercial crab 
pots were used as cages (12 test and 3 control). Eight crabs were placed in each of 
14 pots -3 large hard shell, 3 large soft shell, and 2 small soft shell to a pot. A 
similar assortment was used for the remaining pot, excluding 1 large soft shell. 
Small crabs were placed inside a hardware cloth box, 6 x 6 x 12 in (150 x 150 x 305 
mm) dimensions. Chelae of all crabs were tied with rubber bands prior to placement 

SHOT 1        
Distance Shrimp Oysters Blue Crab

Feet Meters Live Dead Live Dead Live Dead
<5 <1.5 25 0 18 7 2 0
25 7.6 25 0 34 4 2 0
50 15.2 25 0 30 1 2 0
100 30.5 25 0 25 1 2 0
200 61.0 25 0 24 1 2 2

Control  25 0 32 0 2 0
        
<5 <1.5 25 0 37 4 1 0
25 7.6 24 1 41 1 1 0
50 15.2 25 0 38 1 1 0
100 30.5 25 0 47 0 1 0
200 61.0 25 0 38 0 1 0

Control No control due to boat mechanical problems



in pots. 

Two series of tests were conducted. In the first series, one 5 lb (2.3 kg) charge 
of nitro-carbonitrate suspended 2 ft (0.6 m) beneath the surface was fired between 
two crab pots placed about 50 ft (15.2 m) apart on the bottom at each of two 
depths, 8 and 15 fathoms (14.6 and 27.4 m). A 25 lb (11.3 kg) charge was exploded 
at a depth of 4 ft (1.2 m) over two additional pots similarly spaced in 35 fathoms 
(64.0 m) of water. In the second series, equivalent size charges and number of pots 
were used. All other conditions were similar to the first experiment except that 
the charges were detonated 20 ft (6.1 m) beneath the surface in the 8 and 15 fathom 
(14.6 and 27.4 m) depths and 40 ft (12.2 m) in the 35 fathom (64.0 m) depth. 
Pressure measurements were not made. 

One pot was recovered and crabs were examined at each depth in both series within 
30 min after the explosion. The remaining pots were recovered at 96 hr. Divers 
examined the condition of crabs on the bottom and at the 8 and 15 fathom (14.6 and 
27.4 m) depths of both series prior to recovery immediately following the blasts. 

Three of 15 pots were placed on the bottom in the study area and retrieved at 96 
hr. After the blast one pot was placed about 100 ft (30.5 m) from the remaining 
test pot at each depth in the first series. 

The results for all charge sizes, cage depths, carapice condition (soft or hard), 
and crab sizes tested are combined and summarized in Table 4.5. Totals of 37 live 
undamaged and 11 dead or damaged (including 3 live) crabs were observed in test 
pots recovered immediately after the explosions. The test pots recovered at 96 hr 
contained 31 live undamaged and 16 dead or damaged (including 5 live) crabs. The 
control pots, examined at 96 hr. contained 16 live undamaged and 8 dead or damaged 
(including 2 live) crabs. No small crabs were found dead or damaged in any group. A 
Kruskal-Wallace test, utilizing data in Table 4.5, on a singly ordered r x c 
(treatment+day x response, where for response = alive, injured, dead) was not 
significant (P>0.4). Anonymous (1962) concluded the following: 

1. There was no significant difference in the mortalities or damage 
between the test and control groups. 

2. There was no significant difference in mortalities or damage with the 
crab pots placed at different depths. 

3. There was no significant difference in numbers of mortalities or 
damage between surface and submerged shots. 

4. There was no significant difference in numbers of crabs dead or 
damaged between 5 and 25 lb (2.3 and 11.3 kg) charges. 

Brown and Smith (1972) evaluated the effects on marine life of three charges, 40 to 
60, 400 and 2,170 lb (18.1 to 27.2, 181.4 and 984.3 kg) of C-4, used to clear a 
beach area and create a boat lane on in a cove at Cross Cay, a small island located 
east of Roosevelt Roads, Puerto Rico. 



Table 4.5- Blast related mortality and injury of Dungeness crabs (=Cancer 
magister). The results for all charge sizes, cage depths, carapice condition (soft 
or hard), and crab sizes tested are combined and summarized. A Kruskal-Wallace 
test, utilizing the combined data, on a singly ordered r x c (treatment+day x 
response, where for response = alive, injured, dead) was not significant (P>0.4) 
(Modified from Anonymous 1962, Table 5, page 12). 

  

A single large snail (conch type) and a sea urchin (Lytechinus sp.) were placed in 
one of three cages containing fish. Pressure measurements were taken at three 
locations for the largest shot. Casual observations of the cove were made after the 
explosion. 

Neither the caged snail or sea urchin were killed by the blast. However, the 
hydrophone nearest the cage was apparently defective so no pressures were measured 
for these two animals. Two hours after the last explosion, turbidity in the cove 
had cleared sufficiently for an in-water survey. Live sea urchins and chitons were 
observed. Almost all of the staghorn coral (Acropora palmata) colonies were broken 
off near their bases and encrusting coral (Millepora complanta) appeared to have 
suffered some abrasion. 

Small sample sizes, lack of adequate pressure readings, and lack of information 
concerning charge distance from the staghorn coral and encrusting coral make it 
impossible to form any quantitative conclusions from this observational study. 
However, the original authors concluded: "...[B]ased on the results of the 
experiment and the observations of the environmental effects of the explosions, it 
is felt that the proper precautions were taken to keep the damage to the 
environment to a minimum." Considering the study and report production costs, the 
present authors question why this poorly designed study was conducted. 

Gaspin (1975) and Gaspin et al. (1976) conducted a series of tests using blue crabs 
(Callinectes sapidus) and eastern oysters (Crassostrea virginica) to investigate 
the effects of naval ordnance testing in Chesapeake Bay. 

In 1973, explosive effects were conducted (Gaspin 1975). Test animals were 
collected in the Patuxent River in the vicinity of Solomons Island. Crabs were 
collected in the Patuxent River with a 25 ft (7.6 m) semiballoon otter trawl with a 
1/2 in (13 mm) stretch mesh liner. Oysters were collected with a 48 in (1.2 m) 
oyster dredge at an unspecified site. Organisms were held in cages until used. No 
information on holding time prior to testing was provided. Cages, constructed with 
plastic mesh fabric on steel frames, were cylinders 20 in (510.0 mm) long and 12 in 
(305.0 mm) in diameter. Organisms were placed in cages and positioned at a depth of 
5 ft (1.5 m), referred to as surface cages, and on the bottom in 25 ft (7.6 m) of 
water, at horizontal standoff distances from the charge (Table 4.6). Crabs were 
placed in both the surface and bottom cages, while oysters were placed only on the 
bottom. Sample size was small and variable, ranging from 9-20 individuals per 
distance tested. There is no indication that controls were utilized. 

The organisms were exposed to 200 lb (90.7 kg) Mk 82 general purpose bomb, placed 
on the bottom. Shot #532 was loaded with tritinol and shot #533 was loaded with H-
6. The pressure wave was recorded. However, the gain on some of the recording 

 Aliv e Injured Dead Total
Day 0 Treatment 37 (77.08 %) 3 (6.25 %) 8 (16.67 %) 48 (100 %)
Day 4 Treatment 31 (65.96 %) 5 (10.64 %) 11 (23.40 %) 47 (100 %)
Day 4 Control 16 (66.67 %) 3 (12.50 %) 5 (20.83 %) 24 (100 %)



system channels was set too high and the records were clipped. As such, good 
pressure measurements were not made. 

Crabs and oysters were examined for obvious external damage and those still alive 
after an explosion were held in flowing water for 24 hours to detect any delayed 
mortality. Results are given in Table 4.6. Gaspin (1975) stated "Little can be 
concluded... Some oysters and crabs were killed at stations nearest the explosions 
but many survived." 

In 1975, (Gaspin et al. 1976) a single shallow water test was conducted in 
approximately 25 ft (7.6 m) of water in the Patuxent River. Test oysters 
(Callinectes sapidus) were collected with an oyster dredge in the vicinity of 
Solomons Island. Blue crabs (Ostrea virginica) were either captured by otter trawl 
and oyster dredge, or purchased. Organisms were placed in cages and positioned at a 
depth of 5 ft (1.5 m), referred to as surface cages, and on the bottom, at six 
horizontal standoffs from the charge. Crabs were placed in both the surface and 
bottom cages, while oysters were placed only on the bottom. A description of the 
cages was not provided. The organisms were exposed to a 106 lb (48.1 kg) spherical 
pentolite charge, placed on the bottom. Peak pressure measurements were recorded. 

After exposure, crabs and oysters were examined for obvious external damage and 
then the test cages were immediately submerged in holding tanks, later to be 
transferred and held in wet tables at the Chesapeake Biological Laboratory. A small 
sample of test crabs was dissected and examined for internal damage, but all 
examinations were inconclusive and the procedure was later abandoned. With the 
exception of the severed muscle tissue and ruptured organs that resulted from 
massive fractures in the carapace, no internal damage was discernable. 

Percentage of cumulative blue crab mortality for test distances and controls is 
presented in the original text as a figure (p. A4). However, total numbers of test 
and control organisms are not given in the text or figure. As such, it is 
impossible to determine if adequate sample sizes were employed. In addition, 
control mortality exceeded or closely approached exposure mortalities, which 
questions the usefulness of the results. Gaspin et al. (1976) noted that the high 
mortalities which occurred within the control groups might be (in part) 
attributable to the differences in handling between controls and test crabs. Due to 
space limitations within the holding tanks, the cages containing the controls were 
held out of water several hours longer than the control cages during transfer to 
the laboratory. 



Table 4.6.-Blast related mortality of blue crabs (Callinectes sapidus) and eastern 
oysters (Crassostrea virginica). Charges erer 200 lb (90.7 kg) Mk 82 general 
purpose bombs. Shot 532 was loaded with tritinol and Shot 533 was loaded with H-6 
(Modified from Gaspin 1975, Table A-1). 

The only oyster mortality occurred at the 20 ft (6.1 m) bottom station. Twenty 
hours after the shot, 5 of 20 oysters were dead. Between 20 and 41 hours, one 
additional oyster died. There was no change after 140 hours, giving 6 of 20 dead 
(30% mortality). It was indicated that there were no other oyster mortalities in 
140 hours of observation. 

Gaspin et al. (1976) concluded: "The great resistance exhibited by the test oysters 
is, therefore, a good indication of the reaction that can be expected to occur in 
natural oyster populations. However, there is at least one problem with 
methodology. No indication of sample sizes at each exposure distance or control are 
given, other than 20 oysters were used at the 20 ft (6.1 m) location. During the 
1974 testing program (Gaspin 1974), variable sample sizes ranging from 9 to 20 
individuals were used for both crabs and oysters. As such, it is impossible to say 
that the sample size was 20 individuals for each exposure distance and control. 

Linton et al. (1985a) conducted a test with both fish and invertebrates, with the 
intention of determining adequacy of regulations imposed by governmental agencies 
that permit geophysical exploration intended to minimize detrimental effects of 
geophysical exploration on marine organisms. American oysters (=eastern oyster) 
(Crassostrea virginica), white shrimp (Penaeus setiferus) and blue crab 
(Callinectes sapidus) were used as test invertebrates. 

All test organisms were collected in Trinity Bay, north of Smith Point, Texas 
within one kilometer of the detonation site. Blue crabs were captured with 
commercial traps, oysters with a commercial dredge, and white shrimp with an otter 
trawl. Test organisms were selected for uniform size within species. Range and 
average were: white shrimp, 7-11, 85 mm total length; blue crab 14-18, 170 mm-
carapace width. Oysters were not measured individually, but none was less than 150 
mm in total shell length. 

Crabs and oysters were transported in aerated tanks to open-water holding pens 
immediately after capture. They were held there for at least 24 hr prior to the 
experiment to monitor injuries and mortalities resulting from capture and handling. 
Shrimp were captured the day of the experiment and transferred directly to test 
cages. No attempt was made to determine shrimp mortality or injury resulting from 

Species Distance Cage Depth Pmax Survival Mortality
 Feet Meters Feet Meters (kPa)   
Shot 532        
crabs 50 15.2 25 7.6 1,679 7 2
 110 33.5 5 1.5 484 15 5
 110 33.5 25 7.6 1,264 10 0
oysters 50 15.2 25 7.6 1,679 10 0
 110 33.5 25 7.6 1,264 12 0
        
Shot 533        
crabs 40 12.2 25 7.6 1,600 11 1
 75 22.9 5 1.5 1,206 9 1
 75 22.9 25 7.6 1,637 7 3
oysters 40 12.2 25 7.6 1,600 6 7
 75 22.9 25 7.6 1,673 11 2



capture or handling. All organisms were acclimated to test-cage conditions for at 
least one hour prior to detonation. 

During testing, organisms were held in cylindrical holding cages, 900 by 750 mm, 
and enclosed with 18 mm nylon mesh webbing. Cages holding shrimp also contained a 5 
mm mesh liner. Ten crabs and 10 oysters were caged together. White shrimp were 
caged alone, 10 individuals per cage. Shrimp were held in paired cages at surface 
and bottom locations (4 cages per location), whereas crabs and crabs and oysters 
were only deployed in paired bottom cages. 

Linton et al. (1985a) stated that surface and bottom cages were deployed at five 
stations arranged perpendicular to, and at logarithmic distances of 1, 11, 23, and 
46 m from the detonation line. However, based on their Figure 2 (p. 345) showing 
the test array of cages, distances are from the explosive to the vertical line 
maintaining both surface and bottom cages. Actual or slant distances from the 
explosion to the surfaces cages would have been 24.0, 26.4, 33.2 and 51.9 m. 
Distances from explosion to bottom cages are as stated. 

Bottom cages were deployed at 24 m depth and surface cages were floated at the 
surface. Controls were established at a distance of 136 m from the detonation site. 
Control organisms received the same treatment (that is, method of capture, and 
holding time as test organisms), with the exception that they were not in the water 
at the time of the explosion. 

Test organisms were exposed to a 33 m strand of 100 g/33 cm Primacord detonation 
cord laid perpendicular to the transect of test cages. It was positioned to form 
the top of the letter "T" and the line of cages forming the base. Both Primacord 
ends were weighed to hold the cord on the bottom, 24 m depth. A blasting cap was 
used to initiate the detonation. No pressure measurements were made. 

After the test, observers raised the cages and recorded mortality among test 
animals. Criteria used to denote death were: oysters-shell permanently agape; 
shrimp-cessation of gill movement; and crabs-cessation of movement of chela, 
appendages, and mouth parts. Dead organisms were removed from their cages. Cages 
with living organisms were returned to the position they occupied at the time of 
detonation and observed 24 hours later and separated as to living or dead. 

The results are presented in Table 4.7. Surface cage distances are corrected from 
those presented in the original publication (Table 1, p. 346) to reflect actual 
distance from the explosion. 

White shrimp exhibited no well-defined pattern relative to survival and distance 
from the detonation site (Table 4.7). 

Without pressure wave measurements it is impossible to determine if cages received 
variable pressures that would explain the observed mortality pattern. 

Blue crab mortality, immediately following the blast, ranged from 40 percent at 1 m 
to 10 percent at 47 m. Twenty-four hour mortality ranged from 60 percent at 1 m to 
10 percent at 47 m. 

No mortality was observed in control cages. 

Eastern oyster mortality, immediately following the blast, was minimal with 1 (5%) 
dead oyster at 1 and 11 m and two (10%) dead at 23 and 46 m. There was 1 (5%) dead 
oyster at 1 and 11 m and 3 (15%) dead at 23 and 46 m. There was no control 
mortality. 



Table 4.7.- Percent mortality for white shrimp (Penaeus setiferus), American 
oysters (=eastern oyster, Crassostrea virginica) and blue crab (Callinectes 
sapidus) as a function of cage depth (surface and bottom = 24 m), lapsed time, and 
distance from detonation site. Test organizms were exposed to a 33m strand of 100 
g/33 cm Primacord detonation cord laid on the bottom at 24 m depth and 
perpendicular to the transect of test cages (Modified from Linton et al. 1985a) 

Percent mortality at 24 hours is cumulative (e.g., 0 hr + 24 hr) to reflect total 
mortality at 24 hr. Linton et al. (1985a, Table 1) removed from their cages and 
counted dead organisms at O hr (instantaneous mortality). Living organisms were 
returned to the position they occupied at the time of detonation and observed 24 hr 
later. Their 24 hr values were not cumulative. For surface shots Linton et al. 
(1985a) gave distances from the explosive to the vertical line maintaining both 
surface and bottom cages. These values have been modified to provide the actual or 
slant distances from the explosion to the surfaces cages. 

SUMMARY AND DISCUSSION 

The results of all the studies reviewed indicate that invertebrates are insensitive 
to pressure related damage from underwater explosions. This may be due to the fact 
that all the invertebrate species tested lack gas-containing organs which have been 
implicated in internal damage and mortality in vertebrates. Underwater explosion 
produce a pressure waveform with rapid oscillations from positive pressure to 
negative pressure which results in rapid volume changes in gas-containing organs. 
In fish, the swimbladder, a gas-containing organ, is the most frequently damaged 
organ (Christian 1973; Faulk and Lawrence 1973; Kearns and Boyd 1965; Linton et al. 
1985a; Yelverton et al. 1975). It is subject to rapid contraction and overextension 
in response to the explosive shock waveform (Wiley et al. 1981). Species lacking 
swimbladders or with small swimbladders are highly resistant to explosive pressures 
(Aplin 1947; Fitch and Young 1948; Goertner 1994). For example, Wiley et al. (1981) 
and Goertner et al. (1994) noted that hogchokers (Trinectes maculatus), which lack 
swimbladders, were extremely tolerant of underwater explosions, and greatly 
exceeded the tolerance of any species with swimbladders that they had tested. 
Goertner et al. (1994) found that hogchokers were not killed beyond a distance of 1 
m from a 4.5 kg charge of pentolite. 

Gas-containing organs have also been implicated as a causative factor of internal 
damage and mortality in other vertebrate species exposed to underwater explosions. 
Sailors exposed to depth charges and torpedo explosions, while escaping their 
sinking ships during World War II, suffered damage to gas-containing organs 
(Cameron et al. 1944; Ecklund 1943; Gage 1945; Palma and Uldall 1943; Yaguda 1945). 

    Percent Mortality

 Number Cage Lapsed Distance (m) from Detonation Site
Species Per Cage Depth Time(hr) 24 26.4 33.2 51.9 control
White shrimp 20 Surface 0 0 5 0 20 5

   24 5 10 25 20 5

    Distance (m) from Detonation Site

    1 11 23 46 control
White shrimp 20 Bottom 0 5 30 5 0 0

   24 5 35 10 -- 0
Blue crab 20 Bottom 0 40 35 35 10 0

   24 60 50 35 10 0
Eastern 
oyster 20 Bottom 0 5 5 10 10 0

   24 5 5 15 15 0



The lungs, stomach, and intestines, all gas-containing organs, were ruptured or 
hemorrhaged, while other organs were relatively unaffected. Similar results have 
been observed in underwater explosion tests with other mammalian species (Richmond 
et al. 1973). 

Experimental design has progressed little since the early investigative study 
conducted by Knight (1907). Invertebrate mortality studies have used inadequate 
sample sizes, lacked adequate controls, and failed to conduct pressure waveform 
analysis of the explosion (Table 4.8). In addition, investigators have failed to 
give adequate information concerning testing conditions (e.g., type and weight of 
explosive, cage type, testing site conditions, post-test invertebrate holding 
times). 

It is essential to not only record invertebrate mortality at given distances from 
an explosion but to also record the pressure waveform at each test distance. Three 
parameters of underwater explosive waveforms have been implicated as being 
responsible for fish mortality: pressure (Teleki and Chamberlain 1978), impulse 
(Gaspin 1975; Gaspin et al. 1976; Yelverton et al. 1975), and energy flux density 
(Ogawa et al. 1976, 1977, 1978; Sakaguchi et al. 1976). Peak pressure has been 
dismissed as a causative mortality factor by Hubbs and Rechnitzer (1952) and 
Yelverton et al. (1975). 

The pressure waveform parameter responsible for invertebrate mortality has not been 
experimentally determined. The pressure (force per unit area), impulse (strength) 
and energy flux density (intensity) of the shock-wave are complex physical measures 
that vary in time. With recent technological advancements in recording equipment 
and computer programs for waveform analysis, there is no reason why peak pressure, 
impulse, and energy flux density can not be analyzed and reported. Investigators 
would make a substantial contribution to the "state of the science" by reporting 
all aspects of the waveform or by making digital information available to other 
researchers. This is extremely important, since waveforms change considerably under 
various test settings (i.e., depth, bottom type, embedment, etc.). In addition, 
investigators attempting to duplicate study designs to test additional species need 
precise details of how waveform analysis was conducted. 

Pressure waveform-mortality relationships can be used to develop models to predict 
invertebrate mortality at untested charge sizes and distances from the explosion 
based on scaling laws of explosives (Cole 1948). It is essential that adequate test 
distances from the explosion be used and pressure measurements be made at each 
distance to construct mortality-pressure waveform relationships, or LD50 curves. 
Without such data collection, little useful information is gained. 



Table 4.8.- Summary of study type (experimental or observational), study design, 
and type of publication for each study reviewed. 

  Adequate     
 Type Sample Adequate Measured Type of  
Species Study Size Control Pressures Publication Reference
       
sea anemone-- Obs. No No No Refereed Fry and Cox 1953
corals-- Obs. No No No Refereed Fry and Cox 1953
staghorn coral       

(Acropora palmata)-- Obs. No No No Gray
Brown and Smith 
1972

encrusting coral       
(Millepora 
complanta)-- Obs. No No No Gray

Brown and Smith 
1972

ribbon worms       

(Nemertinea sp).-- Obs. No No No Gray Tollefson & 
Marriage 1949

sand worms       

(Nereis sp.)-- Obs. No No No Gray
Tollefson & 
Marriage 1949

tube worms-- Obs. No No No Refereed Fry and Cox 1953
Rough abalones       
(Haliotis 
corrugata)-- Exp. No No No Refereed Alpin 1947

Green abalones       
(Haliotis fulgens)-- Exp. No No No Refereed Alpin 1947
snail       

(Thais sp.)-- Obs. No No No Gray Tollefson & 
Marriage 1949

snail (conch type)-- Exp. No No No Gray
Brown and Smith 
1972

cockles       

(Cardium corbis)-- Exp. No No No Gray Tollefson & 
Marriage 1949

muc clam       

(Macoma sp.)-- Obs. No No No Gray Tollefson & 
Marriage 1949

commensal clam       
(Pseudopythina 
rugifera).-- Obs. No No No Gray

Tollefson & 
Marriage 1949

oysters       

(Ostrea gigas)-- Exp. No No No Gray Tollefson & 
Marriage 1949

oyster bed       

(Ostrea virginica)-- Exp. ? ? No Gray

Gowanloch and 
McDougal 1946; 
Gowanloch 1946b, 
1948, 1950

oysters       

(Ostrea virginica)-- Exp. Yes No No Gray
Gowanloch and 
McDougal 1946; 
Gowanloch 1946b, 



1948, 1950
oyster       
(Ostrea virginica)-- Exp. Yes No No Gray Sieling 1954

oysters       
(Ostrea virginica)-- Exp. Yes No No Gray Kemp 1956
oysters       
(Ostrea virginica)-- Exp. No No Yes1 Gray Gaspin 1975

oysters       
(Ostrea virginica)-- Exp. ?2 ?2 No Gray Gaspin et al. 1976

American oyster       

(Ostrea virginica)-- Exp. Yes Yes No Refereed Linton et al. 
1985a

shrimp       

(Peneus setiferus)-- Exp. Yes No No Gray

Gowanloch and 
McDougal 1946; 
Gowanloch 1946a, 
1950

white shrimp       

(Peneus setiferus)-- Exp. Yes Yes No Refereed
Linton et al. 
1985a

shrimp       
(Peneus sp.)-- Exp. Yes No No Gray Kemp 1956
ghost shrimp       
(Upogebia 
pugettensis)-- Obs. No No No Gray Tollefson & 

Marriage 1949
blue crab       
(Callinectes 
sapidus)-- Exp. Yes No Yes3 ? Anonymous 1948

blue crab       
(Callinectes 
sapidus)--

Exp. Yes No No Gray Kemp 1956

blue crab       
(Callinectes 
sapidus)-- Exp. Yes No Yes1 Gray Gaspin 1975

blue crab       
(Callinectes 
sapidus)--

Exp. ?2 ?2 No Gray Gaspin et al. 1976

blue crab       
(Callinectes 
sapidus)-- Exp. Yes Yes No Refereed Linton et al. 

1985a
Dungeness crabs       
(Cancer magister)-- Exp. Small Yes No Gray Anonymous 1962

crabs       

(Cancer sp.)-- Exp. No No No Gray
Tollefson & 
Marriage 1949

lobster       
(Homarus 
americanus)--

Exp. No No No ? Knight 1907

lobsters       
(Panulirus 
interuptus)-- Exp. No No No Refereed Aplin 1947

sea urchins-- Obs. No No No Refereed Fry and Cox 1953



1The pressure wave was recorded. However, the gain on some of the recording system 
channels was set too high and the records were clipped. As such, good pressure 
measurements were not made. 

2Mortality is provided as percent mortality. Number of organisms exposed at each 
distance tested is not provided. 

3Peak Pressure is provided for the distance nearest and farthest from the explosion.

For example, Aplin (1947) tested only one distance from the explosion and did not 
record the pressure waveform. It is only possible to conclude that at the distance 
from the explosion and water depth tested there was no mortality. The data can not 
be used to extrapolate to other charge sizes or distances from the explosion. 

All of the invertebrate studies reviewed were conducted with organisms suspended in 
the water column or on the substrate and with open-water explosions. Explosives in 
open water, which are not contained completely by rigid structures, will produce 
both higher amplitude and higher frequency shock waves than contained detonation. 
Thus, the use of blasting in structure demolition, when the explosives are enclosed 
within the structure being razed, should result in lower mortality than when the 
same explosive detonated in open water. For example, "burning" a steel beam 
underwater with perimeter charges to sever it would cause higher mortality than the 
severance of a concrete pier using an explosive of the same weight placed within 
the pier by drilling and covering. The more work accomplished by a detonation in 
cracking and moving a rigid volume, and the greater the energy dissipated into 
solid media, the lower the capacity of the water-borne shock wave will have to 
cause mortality. Explosives buried in the substrate or placed in bore holes and 
adequately stemmed (Keevin, In press) produce less impact than open-water 
explosions. For example, Traxler et al. (1992) found no mortality or internal 
injuries in largemouth bass (Micropterus salmoides), bluegill (Lepomis macrochirus) 
or channel catfish (Ictaluris punctatus) in a cage 7.6 m from each of two shot 
holes drilled 27.4 and 33.5 m into the sediment and charged with 4.5 and 9.1 kg of 
dynamite. 

Natural resource managers making impact assessments based on the existing 
literature should consider that explosive demolition and seismic testing using 
explosives buried in the sediment will produce effects less than open-water shots. 

sea cucumbers-- Obs. No No No Refereed Fry and Cox 1953
sea urchin       

(Lytechinus sp.)-- Exp. No No No Gray Brown and Smith 
1972



CHAPTER 5 

THE ENVIRONMENTAL EFFECTS OF 
UNDERWATER EXPLOSIONS: 
AMPHIBIANS AND REPTILES 

INTRODUCTION 

To date, there has not been a single comprehensive study to determine the effects 
of underwater explosions on either amphibians or reptiles that defines the 
relationship between distance/pressure and mortality or damage. 

INJURY AND MORTALITY OF REPTILES EXPOSED TO UNDERWATER EXPLOSIONS 

There have been a number of studies which demonstrate that sea turtles are killed 
and injured by underwater explosions (Duronslet et al 1986; Gitschlag 1990; 
Gitschlag and Herozeg 1994 ; Gitschlag and Renaud 1989 ; Klima et al. 1988; 
O'Keeffe and Young 1984) . Currently, there is no information available for 
amphibians (i.e., frogs, salamanders, etc.). There are few reports of turtle 
mortality because turtles can be difficult to observe, and turtles killed by 
explosions may not float to the surface until sufficient bacterial activity has 
occurred, which takes several days (NRC 1990). The NRC has concluded that data on 
the effects of underwater explosions, in relation to oil and gas platform explosive 
removal, are inadequate and that further research is needed. 

In March and April of 1986, 51 dead sea turtles, primarily Kemp's ridleys, washed 
ashore on Texas beaches after the removal of platforms that involved 22 underwater 
explosions. Because shrimp fishing (another cause of sea turtle mortality) was at a 
very low level in the area, the explosions were identified as the probable cause 
(Klima et al. 1988). 

To document the effects of underwater explosions on sea turtles, the National 
Marine Fisheries Service undertook an experiment to determine the extent of 
injuries to sea turtles placed at 700 ft. 1,200 ft. 1,800 ft. and 3,000 ft (213.4, 
365.8, 548.6, and 914.4 m) from an explosive removal of an oil platform (Klima et 
al. 1988). On June 21, 1986, a platform in 30 ft (9.1 m) of water was removed by 
detonating 50 lb (22.7 kg) of nito-methane inside each of four jacket legs 15 ft 
(4.6 m) below mudline. One Kemp's ridley and one loggerhead were placed in a cage 
at each of the four distance. Just before detonation, the cages were lowered to a 
mid-water depth of 15 ft (4.6 m). The cages were retrieved shortly after 
detonation. The four turtles within 1,200 ft (365.8 m) of the explosion were 
unconscious, as was the loggerhead in the cage at 3,000 ft (914.4 m). If they had 
been left in the water these turtles may have drowned. Turtles in all of the cages 
were affected. Some suffered averted cloaca and vasodilation, which lasted for two 
to three weeks. 

Two observations of sea turtles severely wounded by explosive removals of platforms 
have been made. A dead or injured turtle drifting about 10 ft below the surface was 
sighted 1.5 hr after the explosive removal of a structure in 1986 (Gitschlag and 
Renaud 1989). At a removal site of a caisson in 1991, a loggerhead with a fracture 
down the length of its carapace surfaced within one minute of detonation 
(Gitschlag, personal communication in NRC 1996). 

Two immature green turtles (100 to 150 ft) (30.5 to 45.7 m) were killed when 20 lb 
(9.1 kg) of plastic explosives (C-4) were detonated in open water by a U.S. Navy 
Ordnance Disposal Team. Necropsies revealed extensive internal damage, particularly 
to the lungs (Schroeder, personal communication in NRC 1996). 



Three sea turtles were unintentionally exposed to underwater shock tests by the 
Naval Coastal Systems Center in 1981 off the coast of Panama City, Florida. Three 
detonations of 1,200 lb (544.3 kg) of TNT at mid-depth (in approximately 120 ft 
(36.6 m) of water) injured one turtle at a distance of 500 to 700 ft (152.4 to 
213.4 m) and another at 1,200 ft (365.8 m). A third turtle at 2,000 ft (609.6 m) 
was apparently uninjured (O'Keeffe and Young 1984; Klima et al. 1988). 

Young (1991) developed the following equation to estimate sea turtle safe ranges. 

Rt = 560 WE
1/3

 

Rt = Range in feet

 

W= Weight of explosive in pounds 

The metric form of this equation for the safe sea turtle range is 

Rt (m) = 222 W(in kg)
1/3

 

The estimated sea turtle safe range equation was based on Gulf of Mexico oil 
platform criteria established by the National Marine Fisheries Service (NMPS). As 
the sea turtle literature review indicated, there has not been a single study 
establishing the relationship between underwater explosive pressures and mortality. 
Young (1991) suggested that the calculated sea turtle safe ranges should only be 
used for preliminary planning purposes. 

There are no data on nonlethal damage from underwater explosions or delayed 
mortality, both of which may have a greater impact on sea turtle populations than 
immediate death from explosions. 

INJURY AND MORTALITY OF AMPHIBIANS EXPOSED TO UNDERWATER EXPLOSIONS 

There currently is no data available on the effects of underwater explosions on 
amphibians (i.e., frogs, salamanders, etc.). Although untested, amphibians with 
air-containing organs, such as lungs, probably have mortality comparable to fish 
with swimbladders. For impact assessment purposes, the relationship between 
distance/pressure and fish mortality/injury are probably fairly close (See Chapter 
6 for details). Although untested, amphibians without air-containing organs, are 
probably immune to underwater explosives as are benthic fish species without 
swimbladders (Goertner et al. 1994). 

MITIGATION TECHNIQUES TO PROTECT REPTILES AND AMPHIBIANS FROM UNDERWATER 
EXPLOSIONS 

Reptiles 

The simplest method to protect sea turtles from underwater explosions is to either 
avoid periods when they are in the blasting zone or to remove the sea turtles. 
Avoidance of sea turtles can be achieved in two manners. Depending on location, 
there may be time periods when sea turtles are not in the project area due to their 
life history characteristics (e.g. migration patterns). This can be determined by 
coordination with the state natural resource agency or NMFS. Blasting can be 
planned during time periods of low sea turtle abundance. If sea turtles are 
potentially in the area during blasting, an aerial survey using a light plane or 
helicopter can be conducted prior to detonation. If sea turtles are observed in the 
project area, blasting can be halted until they move out of a pre-determined blast 
zone. As a last resort, turtles can be physically captured and removed from the 



blast zone prior to detonation. 

The NMFS developed a series of mitigation features for a Incidental Take Statement 
under the auspices of the Endangered Species Act to protect sea turtles from the 
use of underwater explosives during salvage of offshore oil and gas structures 
(Table 5.1). 

An example of the above strategy is in place for explosive removal of oil and gas 
structures in state and federal waters of the Gulf of Mexico (Gitschlag 1990). For 
at least 48 hr prior to detonation, NMFS observers watch for sea turtles from the 
surface. Helicopter aerial surveys within a mile radius of the removal site are 
conducted 30 min prior to and after detonation (Gitschlag and Herczeg 1994). If sea 
turtles are observed, detonations are delayed until the sea turtles have been 
safely removed or have left the area. 

Amphibians 

Mitigation techniques described for fish in Chapter 8 are applicable to amphibians 
with air-containing organs. 

Table 5.1.- Summary of "generic" incidental take statement. From Gitschlag and 
Herczeg (1994) 

1. Qualified observers monitor for sea turtles beginning 48 hours prior to 
detonations.  

2. Thirty minute aerial surveys within one hour prior to and after detonation.  
3. If sea turtles are observed within 914 meters of the structure, detonations 

will be delayed and the aerial survey repeated.  
4. No detonations will occur at night.  
5. During salvage-related diving, divers must report sea turtle and dolphin 

sightings. If sea turtles are thought to be resident, pre- and post-detonation 
diver surveys must be conducted.  

6. Detonation of sequential explosive charges must be staggered by at least 0.9 
seconds to minimize cumulative effects of the explosions.  

7. Avoid use of "scare" charges to frighten away sea turtles which may actually 
be attracted to feed on dead marine life.  

8. Removal company must file a report summarizing the results.  



CHAPTER 6 

THE ENVIRONMENTAL EFFECTS OF 
UNDERWATER EXPLOSIONS: 

FISH 

INTRODUCTION 

The potential for injury and mortality to both marine and freshwater fishes, 
resulting from underwater blasts, has been well documented (Hubbs and Rechnitzer 
1952; Ferguson 1962; Teleki and Chamberlain 1978). 

PRESSURE RELATED MORTALITY OF FISH 

Three parameters of underwater explosive waveforms have been implicated as being 
responsible for fish mortality: pressure (Teleki and Chamberlain 1978), impulse 
(Gaspin 1975; Gaspin et al. 1976; Yelverton et al. 1975), and energy flux density 
(Ogawa et al. 1976, 1977, 1978; Sakaguchi et al. 1976). Peak pressure has been 
dismissed as a causative mortality factor by Hubbs and Rechnitzer (1952) and 
Yelverton et al. (1975). Hubbs and Rechnitzer (1952) found that in marine fish 
species tested, the lethal threshold peak pressure from dynamite (DV = 
approximately 17,000 m/s) explosions varied from 276 to 483 kPa. Peak pressures 
from slowly detonating black powder (DV = 1,709 m/s), producing pressures as high 
as 855 to 1,103 kPa, did not kill caged fishes. 

Based on the findings of Hubbs and Rechnitzer (1952), Teleki and Chamberlain (1978) 
concluded that the lethality of an explosive is directly related to its detonation 
velocity. Detonation velocity (DV) is the rate at which a blasting agent ignites. 
It ranges from about 1,650 to 7,650 m/s for products used commercially today (Dick 
et al. 1993a). Teleki and Chamberlain (1978) suggested that the more rapid the 
detonation velocity the more abrupt was the resultant hydraulic pressure gradient 
and the more difficulty fish had adjusting to the pressure changes. They felt that 
a knowledge of the detonation velocity is critical to a true understanding of the 
impact of blasting on fish. 

Keevin (1995) tested Teleki and Chamberlain's (1978) suggestion by comparing the 
mortality of bluegill (Lepomis macrochirus) exposed to three high-explosive types 
(T-100 Two Component, Pellite, and Apex 260) spanning the range of detonation 
velocities within commercially available explosives (Table 6.1). 

Table 6.1.- Characteristics of explosives used during testing. (Atlas Powder 
Company 1990a,b; Slurry Explosive Corporation 1991) 

Using equivalent weights of explosives, there was no significant difference in 
mortality curves based on distance from the explosive charge. The results suggest 
that detonation velocity of commercially available explosives, with the exception 
of black powder, is not an important factor in fish mortality. The misconception 
concerning the relationship between lethality and detonation velocity is "probably" 
based on field observations and research (Baldwin 1954; Fry and Cox 1953; Ferguson 
1962; Hubbs and Rechnitzer 1952) which indicated that black powder, a low 

 Pellite APEX 260 T-100
Detonation Velocity (m/s) 3,6 5,033 6,314
Density (gm/cm3) 0.81-0.85 1.25 1.22
Relative Bulk Strength 1.00 
(ANFO=1) 1.00 1.45 1.60



detonation velocity explosive, had little effect on fish. Ferguson (1962) found 
that caged yellow perch (Perca flavescens) were unaffected by 45 kg charges of 
black powder, fired with an electric squib (detonator). Black powder charges 
detonated with a nitrone detonator, itself a high explosive, were damaging to fish. 
Even a 0.45 kg nitrone charge killed caged perch up to 60.7 m away. Fry and Cox 
(1953) reported that fish and game observers, attached to seismic operations which 
normally used 40 to 50 shots of 20.3 or 40.5 kg charges of black powder per day, 
reported almost no damage to fish. On one occasion, three divers located a school 
of rockfish (Sebastodes sd.) in approximately 16.7 m of water. A 20.3 kg charge was 
detonated above the school at a depth of 1.8 m. The divers descended and found no 
mortality in the school. Baldwin (1954) observed "many salmon (Oncorhynchus) 
swimming about in the blasting area prior to detonation" of either a 20.3 or 40.5 
kg charge of black powder at a depth of 1.8 m. None were harmed by the explosion. 

The difference in fish mortality between black powder, a low explosive, and high 
explosives appears to be related to the waveform produced by each explosive type. 
Black powder produces a pressure waveform with a slow rise time and low amplitude 
whereas high explosives have an abrupt rise time, high amplitude, and short 
frequency. In addition, high explosives have a much higher negative pressure than 
black powder, as shown in Figures 8 and 9 in Hubbs and Rechnitzer (1952). The 
amplitude and short frequency of the negative pressure wave and resulting damage to 
the swim bladder may be the causative factor of mortality in fish exposed to high-
explosive pressure waveforms. 

The exact pressure waveform measurement responsible for fish mortality is unknown. 
As previously noted, peak pressure is not a good predictor of mortality when 
comparing very different types of explosives (Hubbs and Rechnitzer 1952). Baxter et 
al. (1982) reviewed overpressure waves versus damage effects data and concluded 
that impulse strength was the most predictive damage parameter for water depths of 
less than 3 m. Energy flux density was found to be more accurate in predicting 
effects on fish in water depths greater than 3 m. Yelverton et al. (1975) compared 
peak pressure and impulse as mortality predictors by keeping the depth of charge 
and slant range constant and by varying the depth of the fish, thus varying the 
impulse levels and keeping the peak pressure constant. The impulse for 50-percent 
lethality in carp (Cyprinus carpio) was 189 Pa-s (at 52. m), 162 Pa-s (at 305. m) 
and 181 Pa-s (at 3.05 m). In contrast, the corresponding peak pressures associated 
with these LD50 impulses varied markedly, 5.58 Mpa (at 52 m), 2.31 Mpa (at 305. m) 
and 1.21 Mpa (at 3.05 m) for carp tested at 3.05 m depths. 

Keevin (1995) compared mortality of bluegill (Lepomis macrochirus) exposed to a 2 
kg charge of T-100 detonated at 2 m depth with various measurements of the pressure 
waveform. He demonstrated that there was a significant correlation (P > 0.05) 
between all values of impulse and energy flux density and mortality, with the 
exception of impulse calculated as 50 (Table 6.2). However, Keevin exposed the 
bluegill to explosive pressures at only one depth. 



Table 6.2.- Spearman correlation matrix of number of dead (n=25) versus waveforms. 
Spearman correlations larger than 0.619 are significant at p < 0.05. (Modified from 
Keevin (1995)) 

The rapid oscillation in the pressure waveform between a high overpressure and 
underpressure associated with detonation of high explosives is most probably 
responsible for fish mortality. This oscillation in waveform is responsible for the 
rapid contraction and overextension of the swimbladder resulting in internal damage 
and mortality. Any waveform value that provides a good predictor of mortality over 
a wide range of conditions (i.e., organism depth, explosive size, explosion depth) 
would be a suitable measure. Currently, it appears that impulse provides the best 
measurement for shallow shots and energy flux density provides the best measurement 
for deep water shots. However, this is an area that needs further evaluation. 

EXPLOSIVE PRESSURE RELATED ORGAN DAMAGE 

Investigators have found the swimbladder to be the most frequently damaged organ 
(Christian 1973; Faulk and Lawrence 1973; Kearns and Boyd 1965; Linton et al. 
1985a; Yelverton et al. 1975). The swimbladder, a gas-containing organ is subject 
to rapid contraction and overextension in response to the explosive shock waveform 
(Wiley et al. 1981). Gas-containing organs have also been implicated as a causative 
factor of internal damage and mortality in other vertebrate species exposed to 
underwater explosions. Sailors exposed to depth charges and torpedo explosions, 
while escaping their sinking ships during World War II, suffered damage to gas-
containing organs (Cameron et al. 1944; Ecklund 1943; Gage 1945; Palma and Uldall 
1943; Yaguda 1945). The lungs, stomach, and intestines were ruptured or 
hemorrhaged, while other organs were relatively unaffected. Similar results have 
been observed in underwater explosions tests with other mammalian species (Richmond 
et al. 1973). 

Because the swimbladder was burst outward, some investigators have suggested that 
negative phase (relative to ambient) of the pressure wave is responsible for damage 
to the swimbladder (Anonymous 1948; Hubbs and Rechnitzer 1952; Wiley et al. 1981). 
For example, postmortem observation of striped bass (Roccus saxatilis) and trout 
(Cynoscion regalis) found "the edges of holes in the swim bladder were turned 
outward and that blood from broken vessels in the wall of the bladder had been 
blown into the abdominal cavity" (Anonymous 1948). 

Laboratory tests have demonstrated that small negative pressures can injure 
swimbladders. Tsvetkov et al. (1972) applied pressure of 1-6 atmospheres (101.4-
608.4 kPa) above the surface of water containing fish in a closed container over a 
period of 2-5 min. After the pressure was applied, fish were allowed to adapt until 
they reached neutral buoyancy. Pressure was then released at rates of 0.1-6.0 atm/s 
(10.1-608.4 kPa/s). One hundred percent mortality of roach (Rutilus rutilus) was 
observed when the rate of discharge was 3 atm/s (304.1 kPa/s), 40-72% at a rate of 
0.1-0.5 atm/s (10.1-50.7 kPa/s), and 10% at a rate of less than 0.1 atm/s (10.1 
kPa/s). Rupture to the swimbladder walls was observed at their weakest point in 

Waveform Shot 1 Shot 2

Peak pressure 0.903 0.651

Impulse (first positive wave) 0.9 0.806

Impulse (calculated by the greatest difference of 
peak pressure to pressure low) 0.878 0.892

Impulse (5e) -0.195 -0.554

Impulse 6.7e -0.805 -0.843

Energy Flux Density 0.878 0.892



response to the large increase in volume. Hubbs and Rechnitzer (1952) found that 
negative pressures of only one atmosphere (101.4 kPa) killed marine fish. Brown 
(1939) showed that the guppy could not successfully adapt to decompressions of more 
than about one-half atmosphere (50.7 kPa). Hogan (1941) applied negative pressures 
of up to one atmosphere (101.4 kPa) to a variety of fish species, for periods of 10 
to 30 seconds and found that physoclistous fish suffered hemorrhage in the 
circulatory system and often died. Muir (19S9) found that young salmon could 
usually survive decompressions of about one atmosphere (101.4 kPa); but when the 
pressure was lowered to the vapor pressure so that the water cavitated, mortality 
was high. 

The rate and magnitude of pressure change in laboratory studies, both positive and 
negative, does not approach those observed in underwater explosions. In addition, 
laboratory studies do not duplicate the rapid oscillation from positive pressure to 
negative pressure which result in rapid volume changes in the swim bladder. 
Underwater explosions should be far more damaging. 

Species lacking swimbladders or with small swimbladders are highly resistent to 
explosive pressures (Aplin 1947; Fitch and Young 1948; Goertner et al. 1994). For 
example, Aplin (1947) noted that two opal-eye perch (Girella nigricans), 15.24 m 
from a 9 kg charge of 60% petrogel, were killed and their viscera reduced to a 
"pulp". However, 4 sculpin (Scorpaena guttata) and a cabezone (Scorpoenicthys 
marmoratus), which both lack swimbladders, in the same cage were not injured nor 
was there any damage to their internal organs. Wiley et al. (1981) and Goertner et 
al. (1994) noted that hogchokers (Trinectes maculatus), which lack swimbladders, 
were extremely tolerant of underwater explosions, and greatly exceeded the 
tolerance of any species with swimbladders that they had tested. Goertner et al. 
(1994) found that hogchokers were not killed beyond a distance of 1 m from a 4.5 kg 
charge of pentolite. Immediate death appeared to be caused by loss of blood 
resulting from hemorrhaging in the gills. Goertner et al. (1994) suggest that the 
lack of hogchoker injuries, except when close to an explosive charge, is probably 
due to the absence of obvious air cavities. They imply that the observed damage may 
be caused by the presence of microbubbles. Microbubbles have not been confirmed for 
fish but are known to occur in humans, where they have a radii of a few micrometers 
(Lewin and Bjorno 1981). Microbubble response to microsecond pulses of ultrasound 
has become a concern in the field of diagnostic medicine using ultrasound (Flynn 
and Church 1988). Investigators have defined a "transient cavity" as one that 
expands to a critical maximum radius and then collapses violently. The gas 
temperature and pressure reach extremely high values and a shock wave is generated 
in the surrounding medium during collapse and rebound. Ayme-Bellegarda (1990) and 
Holland and Apfel (1990) suggest that a bubble in the presence of a boundary can be 
more damaging because of the formation of a jet in the collapsing bubble which is 
directed toward the boundary. 

Keevin et al. (In preparation) exposed 25 caged bluegill placed 2 m below the water 
surface to a 2 kg charge of T-100 explosive detonated at 2 m depth. Pressure 
waveform values (Table 6.3) can be compared with internal damages (Table 6.4) or 
mortality (Table 6.5) to determine damaging pressure levels. An abrupt increase in 
internal damage (ruptured swimbladder, kidney, liver, and spleen damage) occurred 
at values above approximately 700 kPa peak pressure, 50 Pa-s impulse (first 
positive wave), and 40 J/m2 energy flux density. Mortality abruptly increased at 
approximate values above 500 kPa peak pressure, 40 Pa-s impulse (first positive 
wave), and 20 J/m2 energy flux density. The lower threshold values for mortality 
reflect the mortality scoring system which scores minor injuries as "dead". LD50 
values are presented for each pressure waveform measurement are given in Table 6.6. 



Table 6.3.-Pressure waveform values resulting from the underwater detonation of a 
2kg charge of T-100 at a depth of 2m. Independent duplicate trials are reported. 
(Keeven et al. (In preparation)) 

1 Peak pressure for the first positive waveform
 

2 Impulse was calculated by integrating the pressure-time curve for the first 
positive wave. 

Table 6.4.- Bluegill damage counts for each distance tested and controls (n=25 at 
each distance) based on necropsies of fish preserved 1 hr post blast. Bluegill were 
exposed to a 2 kg charge of T-100 at 2 m. Independent duplicate trials are 
reported. (Keevin et al. (In preparation)) 

 DISTANCE (Meters) FROM EXPLOSION

 30.0 32.5 35.0 37.5 40.0 42.5 45.0 47.5 Control
SHOT 1          
Peak Pressure (kPa)1 1300.0 860.0 900.0 693.0 572.0 518.0 340.0 368.0 0

Impulse (Pa-s)2 98.6 59.1 49.7 56.1 39.2 38.1 23.6 23.1 0

Energy Flux Density (J/m2) 134.0 63.9 62.8 45.5 28.1 17.7 9.1 8.1 0
          
SHOT 2          
Peak Pressure (kPa)1 1130.0 861.0 869.0 899.0 383.0 577.0 398.0 410.0 0
Impulse (Pa-s)2 113.0 60.6 67.9 55.4 23.8 45.7 28.3 25.8 0

Energy Flux Density (J/m2) 128.0 69.4 65.0 42.2 19.0 24.6 10.6 10.0 0

 DISTANCE (Meters) FROM EXPLOSION

 30.0 32.5 35.0 37.5 40.0 42.5 45.0 47.5 Control
SHOT 1          
External Damage 9 3 1 0 0 0 0 0 0
Ruptured Swimbladder 22 14 13 9 1 0 0 0 0
Free Blood In Swimbladder 21 24 23 17 2 0 0 0 0
Free Blood In Coelom 12 4 12 6 6 0 0 0 0
Kidney Damage 16 8 8 0 0 0 0 0 0
Liver Damage 13 14 14 0 0 0 0 0 0
Spleen Damage 13 17 19 0 0 0 0 0 0
Heart Damage 1 0 0 0 0 0 0 0 0
Free Blood in Pericardium 2 0 0 0 0 0 0 0 0
Brain Damage 0 0 0 0 0 0 0 0 0
          
SHOT 2          
External Damage 12 4 5 0 0 0 0 0 0
Ruptured Swimbladder 23 21 19 4 0 0 0 0 0
Free Blood In Swimbladder 21 25 25 16 6 0 0 0 0
Free Blood In Coelom 13 5 7 8 8 3 0 0 0
Kidney Damage 21 12 10 0 0 0 0 0 0
Liver Damage 14 15 17 0 0 0 0 0 0
Spleen Damage 9 11 17 1 0 0 0 0 0
Heart Damage 0 0 0 0 0 0 0 0 0
Free Blood in Pericardium 5 0 0 0 0 0 0 0 0
Brain Damage 0 0 0 0 0 0 0 0 0



Table 6.5.- Percent mortality of bluegill (n=25 at each distance) exposed to a 2 kg 
charge of T-100 detonated underwater at 2 m depth. Independent duplicate trials are 
reported. (Keevin et al. (In preparation)) 

  

Table 6.6.- Bluegill LD50 values resulting from detonation of a 2 kg charge of T-
100 at 2 m depth. Independent duplicate trials are reported. Keevin et al. (In 
preparation) 

1Impulse was calculated by integrating the pressure-time curve for first positive 
wave. 

Necropsy results for bluegill in this study agree with those of other investigators 
who found the swimbladder to be the most frequently damaged organ (Christian 1973; 
Faulk and Lawrence 1973; Kearns and Boyd 1965; Linton et al. 1985a; Yelverton et 
al. 1975). The direction of rupture of bluegill swimbladders could not be 
determined; probably due to the thin and delicate nature of the swimbladder wall 
and fixation. Damage to the kidney, liver and spleen was extensive and possibly 
related to the rapid contraction and expansion of the swim bladder. In bluegill, 
the swimbladder is in close contact with the kidney located dorsally and the 
alimentary system ventrally. Table 6.4 shows that at distances where swimbladder 
ruptures occur, other internal damages also occur (i.e., liver kidney and spleen), 
and as the rate of swimbladder damage falls so do other injuries. 

Ogawa et al.(1978) found that in fish with less well-developed swimbladders, 
neither the kidneys nor air bladder are injured, indicating that the presence of a 
swimbladder plays an important role with reference to injuries to other organ 
systems. Wiley et al. (1981) suggested that susceptibility to injury was related to 
body rigidity and swimbladder position relative to other organs. For example, 
oyster toadfish (Opsanus tau), a species which is extremely resistant to damage, 
have swimbladders that are less adherent to the dorsal body wall and therefore were 

 DISTANCE (Meters) FROM EXPLOSION

 30.0 32.5 35.0 37.5 40.0 42.5 45.0 47.5 Control
          
SHOT 1          
Percent Mortality 100.0 88.0 92.0 96.0 36.0 0.0 0.0 0.0 0.0
          
SHOT 2          
Percent Mortality 96.0 100.0 100.0 80.0 40.0 12.0 0.0 0.0 0.0

 LD50 Lower Limit Upper Limit
SHOT 1    
Distance(m) 38.96 37.95 40.00
Peak Pressure(KPa) 625.80 591.60 661.90
Impulse(Pa-s)1 44.09 39.00 49.00

Energy Flux Density(J/m2 ) 33.30 29.40 37.60

    
SHOT 2    
Distance(m) 39.23 38.21 40.28
Peak Pressure(KPa) 583.23 131.00 957.94
Impulse(Pa-s)1 49.00 46.30 51.80

Energy Flux Density(J/m2 ) 28.00 10.42 56.06



less in direct contact with the kidney. Wiley et al. (1981) suggested that the 
thick walls of their swimbladders reduced the incidence of rupture and the inherent 
flexibility of their bodies cushioned the internal organs from damage caused by 
rapid fluctuations in the size of the swimbladders. Incidence of internal 
hemorrhaging and bruising of the kidneys was much greater in the more rigidly built 
fish in which the swimbladder was closely adherent to the kidney. Apparently, the 
rapid expansion and contraction of the swimbladder is also responsible for damage 
to other organs. Knight (1907) and Fitch and Young (1948) have also suggested that 
the thickness of the swimbladder may also be an important factor in determining 
mortality levels, with species having thin swimbladders being most susceptible to 
blasts. 

Teleki and Chamberlain (1978) suggested that physoclistous fish species (swim 
bladder attached to the circulatory system allowing slow change in bladder 
pressure) are more sensitive to blast pressures than either physostomus species 
(swim bladder attached to the esophagus allowing quick release of air) or species 
with no swimbladder. In their testing program, pumpkinseed (Lepomis gibbosus), 
white bass (Morone chrysops), and crappie (Pomoxis annularis), all physoclistic, 
were the most sensitive to blasting than physostomus species i.e., rainbow trout 
(Salmo gairdneri), white suckers (Catostomus commersoni), and yellow bullheads 
(Ictalurus natalis). In tests with a number of species, Yelverton et al. (1975) 
concluded there was little or no difference between the impulse required for 50% 
mortality for fish having dusted swimbladders and fish having non-ducted 
swimbladders. Christian (1973) suggested that intuitively he would expect that at 
the outer limits of the lethal zone a physostomous species might be more capable of 
adapting to the pressure changes than would a physoclistous species, but that under 
more severe shock conditions the two types might suffer about equal damage. He also 
stated that it may not matter in the explosion damage process, since pressure 
changes occur within microseconds, too rapidly for the normal gas-exchange 
mechanisms to operate. Baxter et al. (1982) suggested that the small duct of a 
physostomous species would not pass a significant amount of gas during the transit 
of shock waves. 

External damage appears to be species specific and related to the magnitude of the 
pressure wave (e.g., charge size and distance from explosion). Linton et al. 
(1985a) noted that external injury to black drum (Pogonias cromis) exposed to 
primacord detonations was minor, whereas internal injury was substantial. The only 
visible external damage was loss of opercular scales. Red drum (Sciaenops 
ocellatus) exhibited no visible external injuries. The presence of a swimbladder 
may be a causative factor of some types of external damage. A bright red circle was 
observed on both sides of bluegill, presumably dermal capillary rupture caused by 
the rapid expansion and contraction of the swim bladder (Keevin et al. In 
preparation). After preservation, the circle appeared as an area of pallor or 
discoloration. Tyler (1960) observed a loss of small patches of scales in the 
vicinity of the swimbladder from each side of red salmon (Oncorhynchus nerka) 
exposed to 40-percent gelatin dynamite charges. 

EFFECT OF FISH SIZE 

There is limited information that fish weight may also influence vulnerability. 
Yelverton et al. (1975) tested a number of different fish species and found that a 
higher impulse was required to kill larger fish (body weight) than small fish. This 
was true both within a species and between species tested. Other factors such as 
age, general health, water temperature, and reproductive condition may influence 
mortality. 



EFFECTS OF UNDERWATER EXPLOSIONS ON LARVAL FISH AND EGGS 

Kostyuchenko (1973) exposed anchovy, blue runner and carucian carp eggs to a 50 g 
charge of TNT. The TNT charge produced structural abnormalities in the anchovy eggs 
at a distance of 2 to 20 m from the source, in the blue runner eggs up to 10 m 
away, and in the crucian carp eggs up to 5 m away. Only 20% of the eggs used in the 
experiment survived at a distance of 2 m, 58.2% at a distance of 10 m; only at a 
distance of 20 m were there no sharp differences from the control. 

The "Guidelines for the Use of Explosives in Canadian Fisheries Waters" (Wright In 
press) have a guideline for protecting eggs on spawning beds. "No explosive may be 
use that produces, or is likely to produce, a peak particle velocity greater than 
13 mm-sec-1 in a spawning bed during egg incubation." The guidelines provide the 
following table of set-back distances to achieve the standard (Table 6.7). 

There have been no comprehensive studies determining the relationship between 
underwater pressures and larval fish mortality. 

Table 6.7.- Set-back distance (meters) from center of detonation to spawning 
habitat to achieve 13mm-sec-1 standard for all types of substrate. (From Wright (In 
press)) 

  

SUBLETHAL INTERNAL DAMAGE TO FISH FROM UNDERWATER EXPLOSIONS 

Sverdrup et al. (1994) conducted laboratory studies to determine the effects of 
underwater explosions on the vascular endothelium and on primary stress hormones of 
farmed Atlantic salmon (Salmo salar). Acclimated salmon were exposed to a series of 
10 underwater explosions over 70 min. each of 2 MPa in pressure amplitude, in a 
laboratory tank. No mortality occurred immediately or during the subsequent 7 days 
of observation. 

Structurally, the vascular endothelium of the ventral aorta and the coeliaco 
mesenteric artery revealed signs of injury within the first 30 min after the 
experimental shock. The endothelial impairment was temporary, persisting throughout 
the first days while being restored after 1 week. 

Functionally, the cholinergic and adrenergic vasoconstrictor responses in the 
coeliaco mesenteric artery were markedly reduced during the first day after the 
shock. The loss of structural integrity and the reduced functional response 
indicated a temporary impairment of the vascular endothelium in response to the 
underwater explosion. 

The primary stress hormones, adrenaline and cortical, were not immediately elevated 
in plasma, but revealed different patterns of delayed increases. The head kidney 
content of catecholamines was not altered by the acoustic shock, while the atrial 
uptake of both catecholamines declined progressively during the 48 h of 
observation. Plasma chloride was not affected. 

Explosive Charge        
Weight (kg) 0.5 1 5 10 25 50 100
  
Set-back Distance        
(m) 15 20 45 65 100 143 200



UNDERWATER EXPLOSIVE FISH MORTALITY MODELS 

Based on predictive equations, the kill radius for an underwater explosion can be 
calculated prior to commencement of the project. Three such predictive models are 
available: the energy flux density model (Sakaguchi et al. 1976), the impulse 
strength model (Baxter et al. 1982; Hill 1978; Munday et al. 1986; Wright 1982; 
Yelverton et al. 1975), and the dynamical model (Wiley et al. 1981). A user-
friendly computer program was developed by COASTLINE Environmental Services Ltd. 
(1986) that uses the impulse strength model (IBlast) and the energy flux energy 
flux density model (EBlast) to predict effects for both midwater charges and 
charges that are drilled and buried in rock substrate. Although there are problems 
associated with these models (Hempen and Keevin 1995; Keevin 1995), they do give an 
approximation of the potential fish kill radius of a given explosive charge. 
O'Keeffe (1984) and Young (1991) provide kill probability contours for various fish 
sizes and charge weights based on the predicted results obtained by the dynamical 
model. 

Young (1991) developed an equation to estimate safe ranges for fish with 
swimbladders. He noted that the prediction model was based on experimental data and 
an injury mechanism related to the response of swimbladder gas to the direct and 
reflected shock waves. Estimated range of vulnerability based on 90 percent 
probability of survival at a relatively shallow depth. He indicated that small fish 
are more vulnerable than large fish and fish near the surface are more vulnerable 
than deep fish. 

Young (1991) suggested that the following fish (with swimbladder) safe range (Table 
6.8) be used for preliminary planning purposes. He suggestedthat the equations are 
technically correct but they do not cover all possible conditions or marine 
environments. 

Table 6.8.- Safety zone range calculations for fish with swimbladders. (From Young 
1991) 

ENGLISH MEASUREMENTS 

Rsafe = 95 Wf
-0.13W0.28dW

0.22

 

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

Rsafe = Safe range in feet

 

W = Weight of explosive in pounds 
Wf = Weight of fish in pounds 
dW = Depth of burst in feet 

  

METRIC MEASUREMENTS (Conversions) 

Rsafe = 43 Wf
-0.13W0.28dW

0.22

 

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

Rsafe = Safe range in feet

 

W = Weight of explosive in pounds 
Wf = Weight of fish in pounds 
dW = Depth of burst in feet 



  

Hill (1978) developed a model to predict lethal ranges for fish based on data in 
Yelverton et al. (1973). The model has been reproduced in Wright (1982) and has 
been reproduced here. Hill (1978) indicated that the model will "underestimate 
lethal ranges if the water depth is shallow (less than five times either the 
detonation depth or target depth, whichever is greater), and the bottom is rocky. 
In cases like this, there may be a considerable bottom-reflected shock wave which 
will increase the impulse at any point. If the charge is to be detonated under 
thick ice, a positive rather than negative surface-reflected wave may result. Once 
again, this increases the impulse and, in turn, the lethal range. Under these 
conditions, the calculated lethal ranges or safe distance should be doubled to 
ensure a conservative safety margin." 

To use Hill's model to calculate lethal ranges or safe distance, the following 
information is required: 

1. typical size (weight) of the fish species likely to be in the area,  
2. depth of the target fish,  
3. depth of detonation of the charge, and  
4. weight of the charge.  

To determine the slant range, the following steps are required: 

1. From Figure 6.1, determine the impulse (I) corresponding to the assumed damage 
level.  

2. Calculate the scaled impulse by dividing the impulse found in Step 1 by the 
cube root of the charge weight.  

(Isc = I/wt l/3 )
 

3. Calculate parameter 'A', which is derived from the depth of the target fish, 
the depth of the detonation and the charge weight such that:  

4. From Figure 6.2 find the best-fit curve to the calculated value of 'A' and 
using this curve, determine the value of the Scaled Range (Rsc) corresponding 
to the Scaled Impulse (ISE ) determined in Step 2.  

5. Calculate the range (R) in meters by multiplying the Scaled Range by cube root 
of the charge weight.  

R(m) = Rsc x charge wtl/3
 

A =
target depth (m) x detonation depth (m)

charge weight (kg)2/3



 

Figure 6.1.-Lethal impulse versus weight for fish (from Hill ; after Yelverton et 
al. 1975). 



 

Figure 6.2.-Curves for calculating lethal range from impulse (from Hill 1978 after 
Yelverton et al. 1975). 

EXAMPLE CALCULATION 

For instructive purposes Wright (1982) provides the following sample calculation 
based on Hill's (1978) model. 

What is the lethal range (50% mortality) for a 5 kg charge, detonated at a depth of 
5 m? The fish in the area are Pacific herring Clupea harengus pallasii weighing 300 
g, feeding on zooplankton at depths shallower than 10 m. 

Weight of target fish = 300 g 
Depth of target fish = 10 m 
Depth of detonation = 5 m 
Weight of charge = 5 kg 

1. From Figure 6.1, an impulse of 2.3 bar-msec causes 50% mortality to 300 g 
fish;  

2. The scaled impulse is calculated  

impulse
=
2.3

= 1.35
(weight of charge)1/3 51/3



3. Calculate the parameter 'A' using 10 m as the target depth This is a worst 
case since fish at shallow depth will experience a lower, less damaging 
impulse:  

Therefore, we use the curve for A = 20 in Figure 6.2. 

4. Using the curve A = 20 in Figure 6.2 the scaled range corresponding to a 
scaled impulse of 1.35 will be 48.  

5. Lethal range is given by:  

R1 = scaled range x charge weight1/3

 

= 48 x 51/3 = 82.1 m 

  

Thus, 50% of all 300 g Pacific herring at depths of 10 m and at 82.1 m from the 
explosion will be killed outright. 

Table 6.9 lists those factors which potentially influence fish mortality modeling. 
Development of a precise model would add little to the accuracy of mortality 
predictions, since fish community structure (species specific mortality), precise 
fish location in the water column and size would not be known with any accuracy. At 
best, a "worst case" impact assessment provides a conservative prediction of 
mortality. As such, the impulse or energy flux density models may be adequate for 
those purposes. 

Table 6.9.- Parameters that can affect fish mortality making precise predictions of 
mortality difficult (From Keevin (1995)). 

Biological Parameters 

1. Depth of fish  
2. Weight of fish  
3. Species specific mortality  

Environmental Parameters 

1. Air-water roughness  
2. Water-bottom roughness  
3. Water/bottom acoustic impedance (bottom type)  
4. Water temperature  

Explosive Parameters 

1. Depth of explosive  
2. Relative bulk strength of explosive  
3. Surface, mid-column, or drillhole shot  
4. Pressure reduction from confined shot  

A =
target depth x detonation depth

=
10 x 5

= 17.1
52/3(charge weight)2/3



Data Acquisition Parameters 

1. Accuracy of pressure transducers and recording equipment  
2. Pressure wave processing techniques  
3. Standardization of pressure waveform calculations  

MITIGATION TECHNIQUES TO PROTECT FISH FROM UNDERWATER EXPLOSIONS 

Mitigation techniques are described in detail in Chapter 8. 

  



CHAPTER 7 

THE ENVIRONMENTAL EFFECTS OF 
UNDERWATER EXPLOSIONS: 

MARINE MAMMALS 

INTRODUCTION 

In mammals, gas containing organs (e.g., lungs, intestinal tract) are most affected 
by underwater detonation of explosives (Cameron, Short and Wakeley 1943; Clark and 
Ward 1943). Hill (1978) and Ketten (1995) provide the most recent reviews of 
existing literature. 

INJURY AND MORTALITY OF MARINE MAMMALS EXPOSED TO UNDERWATER EXPLOSIONS 

The potential for marine mammal mortality has been documented in the scientific 
literature. Fitch and Young (1948) indicated that on at least three occasions 
California sea lions (Zalophus californianus) were killed by underwater explosions 
used in geophysical survey work. California grey whales (Rhachianects glaucus) were 
seemingly unaffected and were not even frightened from the area. No information was 
provided on the location of the charge (open water or jet shot), size of the 
charge, or distance from the charge. Fur seals were reportedly killed by an 11.4 kg 
dynamite charge exploded 23 m away (H. F. Hanson, in Wright 1982). Reiter (1981) 
reported without further details that "there was evidence of [fur] seals....killed 
from concussion in the immediate area of demolition" when a grounded ship was 
broken up by about 454 kg of explosives. 

Sea otter studies done in association with underground nuclear tests have provided 
data on the susceptibility of marine mammals to shock waves. Wright (1971) reported 
that sea otters (Enhydra lutris)were injured by pressures of 100 psi (0.69 MPa) and 
killed outright by 300 psi (2.07 MPa). 

Richmond et al. (1973) and Yelverton et al. (1973) conducted a series of tests to 
assess the effects of underwater explosions on injury using sheep, dogs, and 
monkeys. Based on the results of their studies, Yelverton et al. (1993) developed 
underwater-blast criteria for aquatic and marine mammals (Table 7.1). An impulse of 
40 psi-msec (275.8 Pa-s) would result in a high incidence of moderately severe 
immersion-bast injuries including a high probability of eardrum rupture. They 
suggested at that impulse the animals should recover on their own. An impulse of 20 
psi-msec (137.9 Pa-s) would cause slight blast injuries and a high incidence of 
eardrum rupture. An impulse of 5 psi-msec (34.5 Pa-s) should not cause any injury 
and can be considered a safe level for mammals. 

Richmond et al. (1973) also ran a series of tests with dogs beneath the surface to 
evaluate eardrum rupture. A probit analysis of the data yielded an impulse of 22.6 
psi-msec (155.8 Pa-s) for 50% eardrum rupture. Yelverton and Richmond suggested 
that impulse (integral pat) in the underwater blast wave was the parameter that 
governed biological damage and not peak pressure of energy. 



Table 7.1. Underwater-blast damage criteria for mammals diving beneath the water 
surface (From Yelverton et al. 1973). 

Young (1991) developed equations to estimate marine mammal safe ranges based on 
experiments with land mammals, presumably Richmond et al. (1973) and Yelverton et 
al. (1973). Injury was related to the response of air cavities, such as the lungs 
and bubbles in the intestines, to the shock wave. The estimated mammal safe ranges 
were based on absence of injury. Young (1991) suggested that the following marine 
mammal safe ranges (Table 7.2) be used for preliminary planning purposes. He 
suggested that the equations are technically correct but they do not cover all 
possible conditions or marine environments. 

Table 7.2. Marine mammal safety zone range calculations (From Young 1991) 

R = Range in feet 
W = Weight of explosive in pounds 
dw = Depth of burst in feet 

R = Range in meters 
W = Weight of explosive in kg 
dw = Depth of burst in meters 

Hill (1978) developed a model to predict lethal ranges for marine mammals based on 
data in Yelverton et al. (1975). The model has been reproduced in Wright (1982) and 
has been reproduced here. Hill (1978) indicated that the model Will "underestimate 
lethal ranges if the water depth is shallow (less than five times either the 
detonation depth or target depth, whichever is greater), and the bottom is rocky. 
In cases 1lke this, there may be a considerable bottom-reflected shock wave which 
will increase the impulse at any point. If the charge is to be detonated under 
thick ice, a positive rather than negative surface-reflected wave may result. Once 
again, this increases the impulse and, in turn, the lethal range. Under these 

Impulse Criteria
psi-msec kPa-sec  

40 275.8 No mortality. High incidence of 
moderately severe blast injuries 
including eardrum rupture. Animals should 
recover on their own.

20 137.9 High incidence of slight blast injuries 
including eardrum rupture. Animals would 
recover on their own.

10 69.0 Low incidence of trivial blast injuries. 
No eardrum ruptures.

5 34.5 Safe level. No injuries.

ENGLISH MEASUREMENT  
Calf Porpoise, 200-ft dw Rep = 578 W0.28

Adult Porpoise, 200-ft dw Rap = 434 W0.28

20-ft Whale, 200-ft dw Rw = 327 W0.28

METRIC MEASUREMENTS (Conversions)  
Calf Porpoise, 61.0-meters dw Rep (m) = 220 W0.28 (kg)
Adult Porpoise, 61.0-meters dw Rap(m) = 165 W0.28(kg)

20-ft Whale, 61.0-meters dw Rw (m) = 124 W0.28 (kg)



conditions, the calculated lethal ranges or safe distance should be doubled to 
ensure a conservative safety margin." 

To use Hill's model to calculate lethal ranges or safe distance, the following 
information is required: 

1. depth of the target mammal;  
2. depth of detonation of the charge, and  
3. weight of the charge.  

To determine the range, the following steps are required: 

1. Determine the impulse (I) corresponding to the degree of protection required 
for mammals from Table 7.1.  

2. Calculate the scaled impulse by dividing the impulse found in Step 1 by the 
cube root of the charge weight.  

(Isc = I/wtl/3 )
 

3. Calculate parameter 'A', which is derived from the depth of the target fish or 
marine mammal, the depth of the detonation and the charge weight such that:  

  

4. From Figure 7.1 find the best-fit curve to the calculated value of 'A' and 
using this curve, determine the value of the Scaled Range (Rsc) corresponding 
to the Scaled Impulse (Isc) determined in Step 2.  

5. Calculate the range (R) in meters by multiplying the Scaled Range by cube root 
of the charge weight.  

R(m) = Rsc x charge wt1/3
 

EXAMPLE CALCULATION 

For instructive purposes Hill (1978) provides the following sample calculation. 

What is the safe distance from a 5 kg charge detonated at a depth of 5 m for ringed 
seals? We wish to ensure that no harm is done to these animals by the explosion. 
Noting that the seals are feeding on small crustacea, and assuming that these are 
concentrated at depths less than 25 m, we can calculate the safe distance as 
follows: 

1. According to Table 7.1, 0.34 bar-msec is a completely safe impulse level for 
submerged mammals;  

2. The scaled impulse is calculated:  

0.34/s1/3 = 0.2
 

3. The quantity 'A' is calculated:  

A = (5 x 25)/52/3 =42.7

 

A=
target depth (m) x detonation depth (m)

(charge weight (kg)2/3



4. Using the curve for A =40 in Figure 7.1, we find that a scaled range of 210 
corresponds to a scaled impulse of 0.2. Therefore, the safe distance is given 
by :  

RS = 210 x 5
1/3 = 359 m

 

Provided the charge is detonated at least 359 m from the seals, there should be no 
risk of damage. 

 

Figure 7.1.-Curves for calculating lethal range from impulse (From Hill 1978 after 
Yelverton et al. 1975). 

  

Ketten (1995) suggested that for submerged terrestrial mammals, lethal injuries 
occurred at overpressures > 55 kPa and minimal injury limits coincided with 
overpressures of 0.5 to 1 kPa. These values seem very conservative when compared 
with Richmond et al. (1973) and Yelverton et al. (1973). For example, Richmond et 
al. (1973) found no internal damage in sheep exposed to 612 kPa from a 0.5 lb (225 
g) charge of Pentolite at 10 ft (3.0 m) depth on sheep at 1 ft (305 mm) depth, 110 
ft (33.5 m) from explosion. In addition, they found no ear damage in dogs with 
theirs at 1 ft depths (305 mm), exposed to 1.478 kPa from a 1ob (454 g( charge of 
TNT dtonated at 10 ft (3.0 m) depth, 60 ft (18.3 m) from the subjects. 

BEHAVIORAL EFFECTS OF UNDERWATER BLASTING ON MARINE MAMMALS 

There is little published information on the behavioral effects of underwater 
blasting on marine mammals. Todd et al. (1996) found that humpback whales 
(Megaptera novaeangliae) showed little behavioral reaction to construction 
detonations in terms of decreased residency, overall movement, or general behavior. 



However, they found increased entrapment of humpbacks in fishing gear. Exposure to 
the construction explosions may have affected the hearing threshold of humpbacks, 
thus decreasing their ability to use net-produced acoustic cues to avoid net 
collisions. The probability of an entrapment occurring within 2 days or less of an 
explosion was 0.38, which was significantly greater than the calculated rate of 
0.077 for entrapments occurring outside of a 2-day lag (z test of independent 
probabilities, p < 0.0001). 

MITIGATION TECHNIQUES TO PROTECT MARINE MAMMALS FROM UNDERWATER EXPLOSIONS 

Mitigation techniques described for fish are also applicable to marine mammals (see 
Chapter 8). Any attempt to reduce the pressure waveform will reduce the potential 
kill zone of marine mammals. 

As with sea turtles, the simplest method to protect marine mammals from underwater 
explosions is to avoid periods when they are in the blasting zone. Avoidance of 
marine mammals can be achieved in two manners. Depending on location, there may be 
time periods when they are not in the project area due to their life history 
characteristics (e.g. migration patterns). This can be determined by coordination 
with the state natural resource agency or National Marine Fisheries Service. 
Blasting can be planned during time periods of low marine mammal abundance. If 
marine mammals are potentially in the area during blasting, an aerial survey using 
a light plane or helicopter can be conducted prior to detonation. If they are 
observed in the project area, blasting can be halted until they move out of a pre-
determined blast zone. 

An example of the above strategy is in place for explosive removal of oil and gas 
structures in state and federal waters of the Gulf of Mexico (Gitschlag 1990). For 
at least 48 hr prior to detonation, National Marine Fisheries Service observers 
watch for marine from the surface. Helicopter aerial surveys within a mile radius 
of the removal site are conducted 30 min prior to and after detonation (Gitschlag 
and Herczeg 1994). If marine mammals are observed, detonations are delayed until 
they have left the area. 

"Seal bombs" and shell crackers have been used to "scare" marine mammals from the 
blast zone prior to detonating the large explosion. They have been used in attempts 
to prevent harbor seals, sea lions and other mammals from feeding on fish (e.g., 
Mate and Harvey 1987). These pyrotechnic devices expose the animals to sharp noise 
pulses of varying intensities. Seal bombs explode a few meters below the surface. 
Shell crackers fired from shotguns and several types of smaller pyrotechnics fired 
from pistols can explode above, at or below the surface. The general consensus from 
experience with these devices on the U.S. west coast is that, when first used, they 
startle the animals and often induce them to move away from feeding areas 
temporarily. However, the avoidance response wanes when the animals learn that the 
noise pulses are not harmful. Thereafter, some seals tolerate quite intense 
underwater sound in order to gain access to food (Mate and Harvey 1987). 

There is a potential for marine mammal mortality resulting from the use of "seal 
bombs" as repelling charges. A similar device killed a human diver when it exploded 
approximately 0.3 m from his head (Hirsch and Ommaya 1972). Myrick et al. (1990) 
concluded that one Class-C device will cause injury when detonated within 0.5-0.6 m 
of a dolphin. They estimate a safe standoff distance of 4 m or more, depending on 
explosive type and depth. 



CHAPTER 8 

MITIGATING THE ADVERSE ENVIRONMENTAL EFFECTS 
OF UNDERWATER EXPLOSIONS ON FISH 

INTRODUCTION 

Development of effective mitigation strategies requires two components: a working 
knowledge of explosives and their impacts; and information on current mitigation 
techniques related to explosives, well grounded in practice theory. However, this 
is difficult because information about explosives and mitigative measures is often 
not widely accessible (reports, symposium proceedings, obscure scientific 
publications). The purpose of this chapter is to review natural resource agency 
mitigation policies; compare recommendations to available scientific literature on 
underwater explosive effects; and, develop a series of generic mitigation 
recommendations which will be useful to both natural resource planners and the 
blaster in developing strategies to reduce adverse effects of explosive use in 
aquatic ecosystems. This review is based on a recent publication by Keevin (In 
press) reviewing state natural resource agency mitigation policies. 

A questionnaire was sent to fish and wildlife agency directors in each state to 
determine current agency policies on the use of explosives for legitimate purposes 
within waters under their jurisdiction (Keevin In press). Natural resource agencies 
were asked the following question concerning mitigation requirements within their 
state: 

"Does your agency require a person/company to apply mitigative techniques 
to reduce the potential for mortality to aquatic life during underwater 
blasting? If so, what mitigative techniques are required?" 

In addition, the Canadian Department of Fisheries and Oceans' draft national 
guidelines, "Guidelines for the Use of Explosives in Canadian Fisheries Waters", 
were also reviewed since they provide mitigation recommendations for the use of 
explosives underwater. 

Seventeen mitigation measures sere identified and are summarized in Table 8.1. They 
fall into three general categories: 1) review of the explosive design and provide 
mitigation recommendations based on that design; 2) evaluation of the potential 
impact and mitigative recommendations based on biological considerations; and, 3) 
evaluation of potential impact and require physical measures (e.g., bubble 
curtains, physical barriers, etc.) to minimize impacts. Each mitigation 
recommendation is reviewed based on existing literature and/or the physics of 
explosions. Although the mitigation recommendations were developed for fish, they 
are applicable to any organisms (e.g., marine mammals, sea turtles, etc.). However, 
specific mitigation recommendations are provided for non-fish species within their 
respective chapters. 



Table 8.1.- Summary of State Natural Resource Agency Responses. (From Keevin (In 
press)) 

  

  

  

 AL AK AZ AR CA CO CT DE FL GA
BLASTING DESIGN           
Agency Review -- Y -- -- -- -- -- -- -- --
Charge Type -- -- -- -- -- -- -- -- -- --
Charge Weight -- Y -- -- Y -- -- -- -- --
Shaped Charges -- -- -- -- -- -- -- -- -- --
Delays -- Y -- -- -- -- -- -- -- --
Decking -- -- -- -- -- -- -- -- -- --
Stemming -- -- -- -- -- -- -- -- -- --
BIOLOGICAL CRITERIA           
Mortality Models -- Y -- -- -- -- -- -- -- --
Observers Y Y -- Y Y -- Y -- -- --
Compensation Y -- -- -- -- -- -- -- -- --
Sampling -- -- -- -- Y -- -- -- -- --
Seasonal Restrict -- Y -- -- -- -- Y -- -- --
PHYSICAL MITIGATION FEATURES           
Repelling Charges -- N -- -- -- -- -- -- -- --
Noise --  - - Y -- -- -- -- -- --
Bubble Curtain -- N -- -- -- -- -- -- -- --
Physical Barriers -- -- -- -- -- -- Y -- -- --

 HI ID IL IN IA KS KY LA ME MD
BLASTING DESIGN           
Agency Review Y -- -- -- -- -- -- -- -- Y
Charge Type Y -- -- -- -- -- -- -- -- --
Charge Weight Y -- -- -- -- -- -- Y -- Y
Shaped Charges -- -- -- -- -- -- -- -- -- --
Delays -- -- -- -- -- -- -- -- -- --
Decking -- -- -- -- -- -- -- -- -- --
Stemming -- -- -- -- -- -- -- -- -- Y
BIOLOGICAL CRITERIA           
Mortality Models -- -- -- -- -- -- -- -- -- --
Observers Y -- -- Y -- -- -- Y Y Y
Compensation -- -- -- Y -- -- Y Y -- Y
Sampling -- -- -- -- -- -- -- -- -- Y
Seasonal Restrict Y -- Y Y -- -- -- Y Y Y
PHYSICAL MITIGATION FEATURES           
Repelling Charges -- -- Y -- -- -- -- -- -- --
Noise -- -- Y -- -- -- -- -- -- --
Bubble Curtain -- -- -- -- -- -- -- -- -- --
Physical Barriers -- -- --- Y -- -- -- -- -- --



  

  

  

  

  

 MA MI MN MS MO MT NE NV NH NJ
BLASTING DESIGN           
Agency Review Y -- -- Y -- -- -- -- -- --
Charge Type Y -- -- -- -- -- -- -- -- --
Charge Weight -- -- -- Y -- -- -- -- -- --
Shaped Charges -- -- -- -- -- -- -- -- -- --
Delays Y -- -- -- -- -- -- -- -- --
Decking -- -- -- -- -- -- -- -- -- --
Stemming -- -- -- -- -- -- -- -- -- --
BIOLOGICAL CRITERIA           
Mortality Models -- -- -- -- -- -- -- -- -- --
Observers -- -- -- Y Y -- -- -- -- Y
Compensation -- -- -- -- -- -- -- -- -- --
Sampling Y -- -- -- -- -- -- -- -- --
Seasonal Restrict -- Y -- -- Y -- -- -- Y Y
PHYSICAL MITIGATION FEATURES           
Repelling Charges -- -- -- -- -- -- -- -- -- Y
Noise -- -- -- -- -- -- -- -- -- --
Bubble Curtain -- -- -- -- -- -- -- -- -- Y
Physical Barriers -- -- -- -- -- -- -- -- -- --

 NM NY NC ND OH OK OR PA RI SC
BLASTING DESIGN           
Agency Review -- -- -- Y -- -- Y Y -- --
Charge Type -- -- -- -- -- -- -- -- -- --
Charge Weight -- -- -- -- -- -- -- -- Y --
Shaped Charges -- -- -- -- -- -- -- -- -- --
Delays -- -- -- -- -- -- Y -- -- --
Decking -- -- -- -- -- -- -- -- -- --
Stemming -- -- -- -- -- -- -- -- -- --
BIOLOGICAL CRITERIA           
Mortality Models -- -- -- -- -- -- -- -- -- --
Observers -- -- -- Y Y -- Y -- -- --
Compensation -- -- Y Y Y Y Y Y -- --
Sampling -- -- -- -- -- -- Y -- -- --
Seasonal Restrict -- Y Y -- -- -- Y Y Y --
PHYSICAL MITIGATION FEATURES           
Repelling Charges -- -- -- -- -- -- -- -- Y --
Noise -- -- -- -- -- -- -- -- Y --
Bubble Curtain -- -- -- -- -- -- Y -- -- --
Physical Barriers -- Y -- -- -- -- -- -- -- --



DEVELOPMENT OF MITIGATIVE STRATEGIES: THE BLASTING DESIGN 

Agency Review of Blasting Design. Eight states responded that the blaster was 
required to submit a detailed blasting design for agency review prior to approval. 
The Canadian Department of Fisheries and Oceans also requires detailed blasting 
design information as a permit requirement. 

Review prior to implementation of a project can be very effective in reducing 
impacts. The first step in the review process should be to determine if there is a 
need for use of explosives. Obviously, the best way to mitigate impacts of 
explosives is to avoid or minimize their use. The Oregon Department of Fish and 
Wildlife's blasting permit application requests information on alternatives to in-
water blasting and for an analysis of their practicability. In a harbor project, 
the Massachusetts Department of Environmental Protection required the use of a 
mechanical breaker until there was a loss of efficiency, before blasting rock. 
Likewise, for seismic programs, the Mississippi Department of Environmental Quality 
indicated that although there was no specific language in their rules and 
regulations prohibiting the use of explosives as an energy source, "... the 
Commission would not look fondly on issuing a permit of that nature, especially 
since less invasive energy sources are currently available." 

The second step in the review process should be a thorough review of the explosive 
design. A good explosive design (i.e., size of charges, use of shaped charges, 
stemming, decking, etc.) can help reduce adverse impacts to the aquatic 
environment. For example, a blasting cap, or cap and primer, is preferable from an 
environmental protection perspective over detonating cord to initiate an underwater 
explosive. This is because a blasting cap adds little to the magnitude of an 
explosion while detonating cord has an associated kill radius that extends along 
the cord from the firing mechanism to the explosive being detonated. Metzer and 
Shafland (1986) found that five species of experimental fish stationed within 7 m 
of a single strand of detonating cord (10.63 g PENTA/m) were killed instantly upon 
detonation. Use of detonating cord rather than a blasting cap (and possibly a 
primer charge) produces a cylinder of mortality with a 14 m diameter. 

 SD TN TX UT VT VA WA WV WI WY
BLASTING DESIGN           
Agency Review -- -- -- -- -- -- -- -- -- --
Charge Type -- -- -- -- -- -- -- -- -- --
Charge Weight -- -- Y -- -- -- Y -- -- --
Shaped Charges -- -- -- -- -- -- -- -- -- --
Delays -- -- -- -- -- -- Y -- -- --
Decking -- -- -- -- -- -- -- -- -- --
Stemming -- -- Y -- -- -- -- -- -- --
BIOLOGICAL CRITERIA           
Mortality Models -- -- -- -- -- -- -- -- -- --
Observers -- Y Y -- -- Y Y Y Y --
Compensation -- -- Y Y -- -- Y Y Y --
Sampling -- Y -- -- Y -- Y -- -- --
Seasonal Restrict -- -- Y -- Y Y Y Y Y --
PHYSICAL MITIGATION FEATURES           
Repelling Charges -- -- N -- -- -- Y -- -- --
Noise -- -- Y -- -- -- -- -- -- --
Bubble Curtain -- -- -- -- -- -- Y -- -- --
Physical Barriers -- -- Y -- -- -- -- -- -- --



In conclusion, an agency requirement to provide detailed blast design information 
and to have a pre-project review meeting with the blasting company can be an 
extremely effective mitigation tool. Regulatory agencies can hamper the progress of 
initially approved programs. Projects can be delayed or contractual issues may 
arise, if regulatory agencies require approval of individual shots. Should the 
evaluation be slowed or the shot not be approved, the-blaster is revising the 
program outside of contractual obligations. Regulators offer the greatest aid when 
they provide operational review to some established limit, which may be revised, as 
the work demands through a specified procedure. The purpose of the regulation 
should be to remain within bounds of a reproducible, objective, environmental test. 

Charge Type. Two respondents make recommendations concerning the type of explosive. 
The Massachusetts Department of Environmental Management required "the use of low-
velocity explosives" in a dredging project at Cohasset Harbor. The rational for 
this approach is "probably" based on research (Baldwin 1954; Ferguson 1962; Fry and 
Cox 1953; Hubbs and Rechnitzer 1952) which indicated that black powder, a low 
detonation velocity explosive, had little effect on fish. Detonation velocity (DV) 
is the rate at which a blasting agent ignites. It ranges from about 1,650 to 7,650 
m/s for products used commercially today (Dick et al. 1993a). Hubbs and Rechnitzer 
(1952) found that in marine fish species tested, the lethal threshold peak pressure 
from dynamite (DV = approximately 17,000 m/s) explosions varied from 276 to 483 
kPa. Peak pressures from slow burning black powder (DV = 1,709 m/s), producing 
pressures as high as 855 to 1,103 kPa, did not kill caged fishes. Based on the 
findings of Hubbs and Rechnitzer (1952), Teleki and Chamberlain (1978) concluded 
that the lethality of an explosive is directly related to its detonation velocity. 
They suggested that the more rapid the detonation velocity the more abrupt was the 
resultant hydraulic pressure gradient and the more difficulty fish had adjusting to 
the pressure changes. They felt that a knowledge of the detonation velocity is 
critical to a true understanding of the impact of blasting on fish. 

Use of black powder or gunpowder, widely used in early seismic exploration studies, 
has been largely discontinued due to hazardous handling properties and poor quality 
of seismographic records (Lipton et al. 1985b). Black powder produces a pressure 
waveform that is unlike other commercially available high explosives currently in 
use. It has a slow rise time, low amplitude, and long frequency when compared to 
high explosives which have an abrupt rise time, high amplitude, and short 
frequency. Keevin (1995) compared mortality of bluegill (Loomis macrochirus) 
exposed to three high-explosives types (T-100 Two Component, Pellite, and Apex 260) 
spanning the range of detonation velocities within commercially available 
explosives. Using equivalent weights of explosives, there was no significant 
difference in mortality curves based on distance from the explosive charge. This 
suggests that detonation velocity of commercially available explosives, recognizing 
that black powder deflagrates, is not an important factor in fish mortality. 

The use of a linear charge, rather than a point-source explosive, during seismic 
exploration, may reduce fish mortality. Faulk and Lawrence (1973) and Mobil Oil 
(1984) found that the lethal range for linear-format explosives (e.g., detonating 
cords) is less than that of point source detonations for similar charge strength. 
Imperial Chemical Industries Ltd. (1968) reported that a 30 m length of "Aquaflex" 
containing 0.68 kg of explosive detonated 9 m below the water surface will produce 
a seismic record comparable in quality to that secured from a conventional 23 kg 
charge. Munday et al. (1986) suggested that the question that remains to be 
answered is how the relative lethality of the shock waves from linear explosives 
differs from point source detonations. They indicate the need for research 
involving the exposure of caged fish at different distances from linear charges. 
Munday et al (1986) note that measurement and analysis of the waveform "signature" 
generated by particular explosives should be an essential component of any such 
studies. 



Canadian guidelines require that: "No explosive may be used that produces, or is 
likely to produce, an instantaneous pressure change greater than 100 kPa at a 
distance greater than 10 meters from the point of detonation." In order to meet 
this requirement, both the type of explosive and charge weight would have to be 
carefully evaluated. In an underwater blasting project for a natural gas utility 
crossing the Nipigon and Winnipeg rivers, McAnuff et al. (1994) chose an explosive 
product that was resistant to sympathetic detonation to comply with this guideline. 
Depth of the blast hole collar, and the length and gradation of stemming, also had 
to be carefully chosen. 

Charge Weight. Nine respondents made recommendations concerning the charge weight 
of explosive. Reducing the charge size will reduce the amount of energy released 
into the water column. Blasters generally use developed experience, general 
formulae, or commercial computer programs to determine charge weight to accomplish 
a particular task. However, these procedures do not directly provide information 
specific to local conditions (e.g., local geology, rock hardness, concrete 
reinforcement, structural integrity). A limited testing program can often be 
employed to determine the minimum charge size to accomplish the required work, 
thereby minimizing environmental effects. 

Doubling the explosive charge weight does not double the pressure. For deep shots, 
the peak pressure is approximately proportional to the cube root of explosive 
weight (Cole 1948). At 4 m distance, a 1 kg charge of TNT should produce 10.9 MPa 
peak pressure. A 2 kg shot, given the 1 kg charge pressure, scales to 14.2 MPa for 
the same 4 m distance. It would be necessary to increase the charge weight to 8 kg 
to produce a peak pressure of 23.9 MPa. 

Shaped Charges. The term "shaped charge" refers to surface placement of explosives 
which have a preferred volumetric geometry or are formed with a lined or unlined 
cavity in the end opposite the initiation point. The detonating explosive 
progressively shatters the liner, focusing it into a directional high-velocity jet 
of particles. This jet has tremendous penetrating ability. Shaped charges can 
provide a fairly precise cutting tool in demolition work that can be used to weaken 
or destroy key structural points (Skinner et al. 1973). No respondents recommended 
use of shaped charges as a mitigation technique. Testing has not been conducted to 
determine if shaped charges produce less pressure impact to the environment. 
However, if blast energy is focused in such a way that the explosive is doing more 
"work", then less shock energy may be transmitted to the water column as compared 
to other surficially placed explosives. Also, shaped charges are used to do precise 
work which may reduce the total weight of explosives employed when compared to 
other explosive techniques. 

Delays. Large explosive charges can be broken into a series of smaller charges by 
use of timing delays. For example, demolition of a bridge pier requires drilling 
numerous shot holes that are then filled with explosives. Shot holes can be 
detonated simultaneously or in succession, with a time interval between detonation 
of each shot hole or groups of shot holes. The greater the weight of explosives 
shot instantaneously, the greater the intensity of the shock wave and the greater 
the area of effect (Tansey 1980). 

Delay blasting caps or series delays can be used to achieve delay periods between 
successive detonation of shot holes. Blasting caps with different delay periods are 
available; delay periods range from 25 msec (cap #1) to 1,125 msec (cap #20). 
During detonation, all caps are initiated simultaneously, but the larger the cap 
number, the longer it takes a filament inside the cap to burn before the charge is 
initiated. The use of delay caps effectively reduces each detonation to a series of 
small explosions. In the case where electric initiation is prohibited, series 
delays may be used, series delays detain the propagation of the ignited or 
detonated medium. Resulting blast overpressure levels are directly related to the 



size of the charge for delay, rather than the summation of charges detonated in all 
holes (Munday et al. 1986). 

There has been no field testing to determine the effectiveness of this technique in 
reducing aquatic mortality. However, if the pressure wave can be broken into a 
series of smaller waves that fish internal organs can dynamically respond to as a 
single event, then the technique should be effective in reducing mortality. Ogawa 
et al. (1976) conducted a laboratory experiment on the response time of fish to 
pressure. They reported that fish response time, measured as recovery from 
deformation, was on the order of 100 msec. In a pressure pulse repetition 
experiment, no increase in injuries was observed for pulse periods less than 100 
msec. However, if it rose above 100 msec, the effect of pressure pulse repetitions 
on injuries could be detected. Limited field testing (Anonymous 1948) also suggests 
the importance of producing a repetitive pressure pulse that fish respond to as a 
single event. Explosions fired in succession extended the immediate lethal range 
and killed more fish. Based on what has been well researched, the effectiveness of 
delays in sequence and defining the minimum delay period that provides maximum 
protection, requires further examination. 

Four states responded that delays were recommended as a mitigative technique. 
Canadian guidelines require the preparation of a mitigation plan that should 
include the following measure: "if multiple charges are required, time-delay 
detonation initiators (blasting caps) should be used to reduce the overall 
detonation to a series of discrete explosions." The Alberta Forestry, Lands and 
Wildlife Fisheries Habitat Protection Guideline No. 15 recommends "a minimum delay 
of 25 msec must be used, but a delay of 50 msec between successive charges is 
recommended; they also state that: "In underwater blasting, confined charges should 
be used." 

Decking. Explosive charges can be "decked" within a bore hole. In this procedure, 
two or three charges are included in one hole separated by a non-explosive 
material. A longer delay is used for the lower charge than for the upper charge, 
causing the upper charge to detonate first, followed by the lower charge. In 
effect, decking produces results similar to time delays. As a result, overpressure 
levels are lower than if both charges were combined as a single shot (Munday et al. 
1986). The effectiveness of this procedure in reducing environmental effects has 
not been evaluated; however, lower overpressures should reduce the kill radius. 

No state fish and wildlife agency indicated that decking charges was a recommended 
mitigation procedure. Canadian guidelines require the preparation of a mitigation 
plan that should include the following measure: "if possible, large charges should 
be subdivided into a series of smaller charges (a procedure known as decking) using 
time-delay detonation initiators (blasting caps) to reduce the overall detonation 
to a series of smaller discrete detonations or explosions." 

Stemming. Stemming is the use of a selected material, usually angular gravel or 
crushed stone, to fill a drill hole above the explosive. Stemming is commonly used 
by the blasting industry to contain the explosive force and increase the amount of 
work done on the surrounding strata (Konya and Davis 1978; Moxon et al. 1993). This 
technique decreases the amount of gas energy that is lost out of the drill hole and 
thus reduces the impact to the aquatic environment. Brinkmann (1990) has shown that 
approximately 50% of the explosive energy is lost if unrestricted venting is 
allowed to occur through the blasthole collar. Susanszky (1977) found, in a series 
of tests in the Danube River, that absolute values of pressures were decreased by 
an order of magnitude by using soil for stemming. 

Konya and Davis (1978) conducted a series scaled down tests of a variety of 
stemming materials in a ballistic mortar with a long, roughened bore to simulate 
the collar of a blast hole. They found that highly spherical sand (wet or dry) 



ejected even when loaded to the full bore length (1 m), whereas very angular 
limestone of similar grain size held at the same powder charge with as little as 
nine inches of stemming. They concluded that angularity appears to be the single 
most influential variable in maintaining the stemming material in the blast hole. 
Gordon and Niles (1990) noted that mud and drill cuttings were poor stemming 
materials and that angular material was the best materials since it arched and 
locked into the borehole wall when subjected to detonation pressure. They 
recommended that the optimum crushed rock particle size should be approximately 
1/12 of the borehole diameter. 

Two respondents indicated that stemming was recommended to reduce impacts. For 
example, a permit applicant conducting seismic testing in West Galveston Bay, 
Texas, proposed placing charges in shot holes and allowing approximately 30 days to 
pass before detonation to allow the shot hole walls to slough thus "packing" the 
holes. In response to the proposal, the Texas Parks and Wildlife Department 
indicated that "... continued loss of fisheries resources could require the packing 
of shotholes with small gravel or other appropriate material to reduce the changes 
of pressure." Canadian guidelines for use of explosives in fisheries waters provide 
for the possible use of stemming as a mitigation feature. "[T]he hole must be back-
filled (stemmed) with sand or gravel to the level of the substrate/water interface 
or the hole collapsed to confine the force of the explosion to the formation being 
fractured." 

DEVELOPMENT OF MITIGATIVE STRATEGIES: BIOLOGICAL CRITERIA 

Individual Project Review. Although the question was not specifically asked, most 
states indicated that each proposed explosive-use project was evaluated on an 
individual basis. This represents a reasonable approach for evaluating the 
explosive use design, the existing fishery resources in the blast area, and the 
magnitude of impact. The agency can review existing fishery data for the blast 
area, or require a survey if none is available. This allows the agency to make 
rational decisions based on the quality of fishery (e.g., anadramous fish 
migrations, larval fish drift, endangered species). This approach also allows 
flexibility in developing mitigation plans based on the potential impact of each 
individual project. 

Predictive Mortality Equations. An underwater explosion represents a single point 
of disturbance to the aquatic environment; thus, the mortality zone is generally 
restricted. A reactionary approach, one requiring stringent mandatory mitigative 
techniques without a preliminary assessment of impacts, would not be in the best 
interests of the blaster or the regulatory agency. Such an approach would not 
benefit the aquatic resources that a regulatory agency is required to protect. 
Based on predictive equations, the kill radius for an underwater explosion can be 
calculated prior to commencement of the project. Three such predictive models are 
available: the energy flux density model (Sakaguchi et al. 1976), the impulse 
strength model (Baxter et al. 1982; Hill 1978; Munday et al. 1986; Wright 1982; 
Yelverton et al. 1975), and the dynamical model (Wiley et al. 1981). A user-
friendly computer program was developed by COASTLINE Environmental Services Ltd. 
(1986) that uses the impulse strength model (IBlast) and the energy flux density 
model (EBlast) to predict effects for both midwater charges and charges that are 
drilled and buried in rock substrate. Although there are problems associated with 
these models (Hempen and Keevin 1995; Keevin 1995), they do give an approximation 
of the potential fish kill radius of a given explosive charge. O'Keeffe (1984) and 
Young (1991) provide kill probability contours for various fish sizes and charge 
weights based on the predicted results obtained by the dynamical model. 

Two factors need to be considered when estimating total fish mortality using 
mortality models. Midwater and open water models were developed using open water 
shot data, so they may be useful in evaluating open water seismic charges but will 



overestimate mortality for shots confined within solid media (e.g., demolition 
shots). Physoclistous fish species (swim bladder attached to the circulatory system 
allowing slow change in bladder pressure) may be more sensitive to blast pressures 
than either physostomus species (swim bladder attached to the esophagus allowing 
quick release of air) or species with no airbladders (Teleki and Chamberlain 1978). 

Explosives in open water, that are not contained completely by rigid structures, 
will produce both higher amplitude and higher frequency shock waves, than contained 
detonations. Thus, the use of blasting in structure demolition, when the explosives 
are enclosed within the structure being razed, should result in lower fish 
mortality than the same explosive detonated in open water. For example, "burning" a 
steel beam underwater with perimeter charges to sever it would cause higher 
mortality than the severance of a concrete pier using an explosive of the same 
weight and detonation velocity placed within the pier by drilling and stemming. The 
greater the shock energy is transmitted away from the water column through solid 
media, the lowering the capacity of the water-borne shock wave to cause mortality. 

No state fish and wildlife agency currently uses fish mortality models in their 
pre-project assessment of impacts nor require applicants to submit potential fish 
kill radius data based on mathematical models. Alaska has used a fish mortality 
model as a predictive tool to protect marine diving mammals. Nevertheless, this 
simple planning procedure could give the natural resource agency valuable 
information concerning the potential magnitude of impact from the use of underwater 
explosives. 

The Canadian guidelines for use of explosives in fisheries waters require the 
preparation of an environmental impact assessment which includes "the theoretical 
lethal range of the explosives to be used" based on equations provided in the 
guidelines. These calculations are made to determine if the explosive charge weight 
is likely to exceed guideline standards, an instantaneous pressure change greater 
than 100 kPa at a distance greater than 10 meters from the point of detonation. 

The Alaska Department of Fish and Game has used IBlast (COASTLINE Environmental 
Services Ltd. 1986), in conjunction with mammalian injury data provided in Wright 
(1982) to set standards for maximum allowable impulse strengths to protect diving 
mammals during explosive channel excavation within St. George Harbor. They 
suggested an upper limit of 69 kPa/ms as measured at the mid-water-column depth 150 
meters horizontal from the charge. 

Observers. Twenty-two states and Canadian guidelines require pre-notification so 
that an agency representative may be present to assess blast impacts. As a result, 
the resource agency can better evaluate the magnitude of the impact. If fish 
mortality is considered excessive, an agency has the option of either halting 
blasting, requiring significant blasting revisions, requiring the use of mitigative 
techniques, or requiring monetary compensation for any fish killed. The Missouri 
Department of Conservation has successfully employed this technique on three recent 
projects, a lock and dam demolition project, removal of rock outcroppings 
considered hazardous to navigation, and intake channel construction. However, 
conservation agents did not find what they considered significant mortality levels 
from blasting on these Missouri projects. 

Many agencies suggested that if high numbers of fish are killed, the applicant 
would be required to cease blasting or to provide appropriate mitigation. For 
example, in a project involving bedrock removal in the Potomac River using 
controlled blasting techniques, the Maryland Department of Natural Resources 
granted a permit with the condition that the applicant contact the agency "at least 
24 hours prior to any day that blasting will be conducted so that an observer may 
be present." In addition, they noted that if "it is determined that excessive 
numbers of fish are being killed, the applicant may be required to stop blasting 



and/or provide appropriate mitigation for fishery losses."

Compensation of Fishery Losses. Sixteen agencies have either required, or have 
provisions for, monetary compensation of fish losses based on replacement values 
developed by the American Fisheries Society (1982, 1992, 1993). Sometimes 
adjustments to replacement values are made to reflect unique circumstances or to 
include marine species. Monetary value may be based on: actual counts of dead fish; 
mathematical mortality models projecting fish kill levels; or actual testing 
programs. As part of their permitting authority, the Texas Parks and Wildlife 
Department (TPWD) required the applicant fund a testing program to gather mortality 
data to project possible impacts from a proposed 3-D seismographic survey in West 
Galveston Bay. It involved a series of tests using methods proposed for the survey. 
Using the test data, they projected what would be the total fish kill if the 
geophysical survey was carried to completion. A monetary value was then assigned 
using TPWD Guidelines. American Fisheries Society (1982) replacement values were 
supplemented with added recreational values for any sport fishes killed. 

TPWD recognized society's need to conduct such survey work, by making provisions to 
allow a certain acceptable level of fish mortality without compensation. As an 
environmental cost of performing geophysical surveys for new oil and gas reserves, 
ten pounds of fish per 18 acres of surveyed area were deducted from the total 
projected fish kill. The total weight allowed (2,543 kg) for the entire area 
affected by the survey was distributed over each species and size class based on 
their proportion of the total kill weight. 

If monetary compensation is based on counts of dead fish found floating at the 
surface, an agency must recognize that observed numbers do not represent the total 
fish kill. Incidental observations indicate that many dead fish do not surface 
(Brown and Smith 1972; Coker and Hollis 1950; Ferguson 1962; Fitch and Young 1948; 
Indrambarya 1949; Kearns and Boyd 1965; Knight 1907). The proportion of "floaters" 
to the actual number of fish killed has never been documented. For this reason, 
resource agencies should use a conservative approach and increase the monetary 
compensation by a predetermined factor (i.e., possibly 2 or 3 times the observed 
mortality). This approach would allow the contractor to continue work while the 
loss to the fishery resource is compensated. 

Pre-Blast Sampling Surveys To Detect Fish Presence. Seven respondents recommended 
or required use of sonar surveys or other sampling techniques to establish presence 
of fish in the blast area prior to detonation. Monitoring allows detection of 
migratory populations near the blast site, thereby decreasing the potential risk of 
higher fish kills. 

The Washington Department of Fisheries required the Seattle Engineering Department 
to contract for hydroacoustic surveys before bridge pier demolition in the Duwamish 
River to locate salmon in or around the project site. Results were then used to 
determine whether or not demolition could proceed (Gaia Northwest, Inc. 1990). 

It appears that pre-blast surveys have limited value. Munday et al. (1986) showed 
that fish kill number could not be predicted consistently from pre-blast sonar 
surveys. Use of purse seining also proved to be only marginally effective in 
sampling resident populations even when fish schools were found by echo location. 
Kearns and Boyd (1965) reported that sonar surveys predicted fish kills only 36% of 
the time in seismic refraction studies off Vancouver Island. Purse seining was used 
to measure fish presence near a blasting operation in a shallow marine embayment, 
False Creek, B.C. (Nix and Chapman 1983). Although seine catches reflected week-to-
week and month-to-month changes in fish presence, seining success was not closely 
correlated with fish kills resulting from single detonations. Munday et al. (1986) 
concluded that monitoring resident fish populations by both sonar surveys and purse 
seining is not a very reliable method for predicting mortalities from underwater 



detonations even if the lethal range can be predetermined. Use of monitoring can 
identify day-to-day changes in resident fish presence, but precise constraints of 
monitoring techniques restrict their usefulness within the predicted lethal zone. 
On-site sampling, particularly hydroacoustic surveys, are useful in identifying 
periods of major fish migrations, periods when explosive use may need to be 
restricted by the natural resource agency. 

Seasonal Restrictions on Blasting. Twenty-three respondents consider use of time 
limits during review of blasting proposals. Natural resource agencies are in the 
best position to know when potentially sensitive time periods occur in the life 
history of species of concern. Sensitive periods can include those associated with 
mass migrations, high larval fish abundance, and fish spawning. An agent can review 
the blast proposal and, based on the magnitude of the program, determine if time 
limitations are warranted. 

The Oregon Department of Fish and Wildlife applies permit conditions that include 
restrictions on timing of in-water blasting "to prevent injury to fish and wildlife 
and their habitat, fish eggs or other aquatic life, as well as commercial and 
recreational fisheries....". The Department has developed guidelines outlining 
preferred work periods for each waterway, by region. This information is available 
to the blaster as part of Oregon Administrative Rules for In-Water Blasting 
Permits. There are provisions to allow the local fishery biologist latitude when a 
species of concern is not in the area during a proposed blasting period or if a 
species is present and not adequately protected by the timing guidelines. 

Canadian guidelines for the use of explosives in fisheries waters require that "the 
project should be undertaken at the time of least biological activity or biological 
sensitivity. Proponents should consult with DFO Regional/Area Authorities to 
determine the appropriate timing." 

DEVELOPMENT OF MITIGATIVE STRATEGIES: USE OF PHYSICAL MITIGATION FEATURES 

Repelling Charges. Repelling charges are small explosive charges detonated to 
"scare" fish from the blasting zone just prior to detonation of a major explosive 
charge. For example, a demolition contractor, removing a reinforced concrete bridge 
pier with explosives, would first detonate a series of small repelling charges 
(e.g., 0.11-0.22 kg explosive charge, explosive boosters) encircling the pier, wait 
a predetermined time period, and then detonate the demolition charge. It is assumed 
that noise or pressure from the small charge will drive fish from the immediate 
area thereby reducing impacts from the much larger and potentially more-damaging 
main blast. The blasting industry recommends firing a "warning shot" to frighten 
fish out of an area before seismic exploration work is begun (Anonymous 1978). 
Blasting companies have used this technique in a "good faith effort" to mitigate 
potential damages to aquatic resources. It is quick, inexpensive, and does not 
require use of more sophisticated techniques. 

Illinois, New Jersey, Rhode Island, and Washington, recommended use of repelling 
charges as a mitigation feature. Two respondents indicated that use of repelling 
charges was not acceptable. The Alaska Department of Fish and Game considered 
repelling charges to be ineffective and "potentially harmful to piscivorous fishes, 
marine mammals, and birds which are attracted to feed on fish that are stunned or 
wounded by the repelling charge." In response to an applicant's proposal to remove 
pilings from Pine Island Bayou and the Neches River, the Texas Parks and Wildlife 
Department recommended: "Do not attempt to scare fish away from the site by small 
charges of explosive. Use of boats or similar noisy operations may be employed." 

Canadian guidelines require the preparation of a mitigation plan and suggests that 
the proponent should consider "detonation of small scaring charges, consisting of 



detonator caps or short lengths of detonating cord, set off one minute before the 
main charge to scare fish away from the site." In response to the Canadian 
guidelines, McAnuff et al. (1994) detonated a submerged length of primacord or a 
blasting cap, both upstream and downstream of the blast zone, 30 to 60 seconds 
prior to the main blast during a gas utility crossing project on the Nipigon and 
Winnipeg rivers. They noted that on at least one occasion the "scare blast" 
contributed to fish mortality. In addition, the primacord or cap positioned on the 
upstream side of the blast tended to be carried downstream toward the main blast 
due to the strong currents in the river which could have resulted in a cutoff or an 
unplanned detonation of the main blast. 

Incidental observations during blasting operations indicate that explosions are not 
effective in "scaring" fish from the blasting zone (Aplin 1947; Ferguson 1962; 
Fitch and Young 1948; Nix and Chapman 1985; Ross et al. 1985). For example, Ross et 
al. (1985) made three observations on the response of American sand lance 
(Ammodytes americanus) schools to the detonation of two parallel 25 m lengths of 
Aquaflex, an explosive cord. The sand lance were observed for a period of 30 s to 
120 s before a blast and from 30 s to 60 s after. Observations were of large 
schools (1000's) swimming against the current. Movements up and down in the water 
column were observed in response to current surges, with the sand lance hugging the 
bottom. In response to a blast, all members of the school under observation altered 
course for approximately 1 to 2 s, before resuming their original orientation and 
movement patterns. There was no flight response. 

A radio telemetry study of largemouth bass (Micropterus salmoides), channel catfish 
(Ictalurus punctatus), and flathead catfish (Pylodictis olivaris) also found that 
small charges were ineffective in moving fish (Keevin et al. 1997). Movement 
distances were used to estimate the proportions of fish which would theoretically 
move out of computed kill zones associated with detonation of large charges of high 
explosives. Table 8.2 gives the number of individuals that would have moved out of 
the kill zone based on their measured movement during repelling charge trials 
compared with theoretical mortality zones for a range of charge sizes that were 
calculated using IBLAST (COASTLINE Environmental Services Ltd. 1986). Largemouth 
bass (n=15) showed little response to repelling charges and none would have moved 
out of the kill zone calculated for any explosive size. Only two of six flathead 
catfish tested would have moved to a safe zone based on the kill radius calculated 
for the smallest theoretical blast weight. This charge size is smaller than would 
be used for demolition work, for example. 

  

Table 8.2.- Movement of radio-tagged fish from kill zones based on their response 
at 5 min to repelling charges (see Table 8.3). Predicted kill zones are based on 
LD0% mortality for a range of charge weights. (From Keevin et al. (1997)) 

1Calculated using IBlast (Coastline Environmental Services Ltd. 1986)

 

  

 Expected LD0% Mortality1

Charge weight-explosive (kg) 4.5 11 23 34 45
Predicted mortality range (m) 31 37 42 45 47
 Number moving out of kill zone
Largemouth bass (N=15) 0 0 0 0 0
Channel catfish (N=7) 2 2 2 2 1
Flathead catfish (N=6) 2 1 1 1 1



Only one flathead catfish would have moved from the kill zone produced by a 
demolition blast. Two of seven channel catfish tested moved out of the kill zone. 
Study results are consistent with published observations of the response of fish 
schools to underwater explosions. Table 8.3 provides information on the species, 
weight, and habitat type during testing, and distance moved away from the 680 g 
repelling charge for each individual tested. 

Fish mortality from repelling charges, a concern expressed by some natural resource 
agencies (Keevin, In press), has been documented by field observations (Nix and 
Chapman 1985; McAnuff et al. 1994). Draft "Guidelines for the Use of Explosives in 
Canadian Fisheries Waters" (Wright 1992) required the preparation of a mitigation 
plan and suggested that the proponent should consider "detonation of small scaring 
charges, consisting of detonator caps or short lengths of detonating cord, set off 
one minute before the main charge to scare fish away from the site." In response to 
conditions (based on draft Canadian guidelines) placed on a blasting project by the 
Ontario Ministry of Natural Resources, McAnuff et al. (1994) detonated a submerged 
length of primacord or a blasting cap, both upstream and downstream of the blast 
zone, 30 to 60 seconds prior to the main blast during a gas utility crossing 
project on the Nipigon and Winnipeg rivers. They noted that on at least one 
occasion the "scare blast" contributed to fish mortality. In addition, the 
primacord or cap positioned on the upstream side of the blast tended to be carried 
downstream toward the main blast due to the strong currents in the river which 
could have resulted in a cutoff or an unplanned detonation of the main blast. A 
final version of the Canadian guidelines (Wright, In press) no longer contain 
recommendations for the use of repelling charges. 

Noise. Commercial fishermen have used noise to move fish into nets. Four 
respondents indicated that noise propagation was used or recommended as a 
mitigation technique. For example, during a rock removal project on the Arkansas 
River, the Arkansas Game and Fish Commission recommended that noise be used to 
repel fish from the blast area. The contractor employed a siren device to scare 
fish from the work area. 



Table 8.3.- Weight (kg) and length (cm) of test fish, distance moved (m) in 
response to repelling charge, and habitat type of fish prior to testing. (From 
Keevin et al. (1997)) 

  

Studies testing the effectiveness of a constant noise source to repel fish from a 
blasting area have focused on clupeids and salmonids. Dunning et al. (1992) found 

Largemouth bass
 Weight Length Distance Habitat
Fish # (kg) (cm) Moved (m) Type
     
49.600 1.0 38.6 0 Brushpile
48.510 1.3 43.2 6 cover
48.750 1.4 38.9 6 cover
49.790 0.9 39.4 3 cover
48.060 1.0 40.1 3 cover
48.580 1.0 38.1 0 open water
48.450 1.4 43.9 9 open water
49.270 1.3 42.2 9 open water
49.660 1.0 38.6 23 open water
49.460 1.4 45.0 18 open water, reeds
49.170 1.2 41.9 0 open water,cattails
49.130 1.4 44.5 0 shoreline, brush pile
49.700 1.0 40.1 0 shoreline, brush pile
49.100 1.4 42.9 0 open water, shallow
49.640 1.2 41.7 0 open water
  
Channel catfish
 Weight Length Distance Habitat
Fish # (kg) (cm) Moved (m) Type
  
49.060 2.2 57.4 9 open water
49.750 1.2 47.0 46 open water
49.150 2.4 62.5 0 open water
49.080 2.0 59.2 0 open water
48.200 1.1 49.8 66 open water
49.342 1.6 53.9 30 open water
49.040 2.2 57.6 23 open water
  
Flathead catfish
 Weight Length Distance Habitat
Fish # (kg) (cm) Moved (m) Type
     
49.442 1.6 49.4 23 shoreline
49.520 1.6 52.8 0 shoreline, cover
49.540 2.6 61.0 0 shoreline, cover
49.482 1.9 53.3 0 open water
48.625 1.7 50.0 36 open water
49.723 2.7 99.7 55 open water



that during daylight alewife (Alosa pseudoharengus) schooled and avoided: pulsed 
tones (500 ms pulses, 1,000 ms apart) of 110 and 125 kHz at or above 175 dB; a 
continuous tone of 125 kHz at 172 dB; and, pulsed broadband sound between 117 and 
133 kHz at or above 157 dB. However, pulsed broadband sound at 163 dB was most 
effective. In contrast, alewives did not react as strongly to the broadband sound 
at night. At the Pickering Nuclear Generating Station on Lake Ontario, Haymes and 
Patrick (1986) used pneumatic poppers emitting low-frequency, high-intensity 
broadband sound, of frequencies between 20 and 1,000 Hz. They found this sound 
reduced by up to 99% the number of alewives entering an experimental structure. The 
effectiveness of pulsed, high-intensity broadband sound on species other than 
alewife is not known. 

Knudsen et al. (1994) found that 10 Hz sound was an effective deterrent for 
downstream migrating Atlantic salmon smolt (Salmo salar) in a small river. In 
contrast, 150 Hz sound had no repelling effects. It is not known if fish can be 
moved a large enough distance from an explosive detonation to be out of the 
potential kill radius. This is an area which requires additional study. If 
effective, use of noise would be a low cost, "good faith" effort by the blaster to 
reduce impacts. 

Bubble Curtain. A bubble curtain, also called an air curtain or air screen, is 
created by injecting compressed air into the water column. Bubble curtains are 
walls of bubbles rising from a bottom-resting bubbler manifold supplied with 
compressed air. Bubbler manifolds are typically constructed using rows of parallel 
pipes with small holes drilled along their length. The pipes are supplied with air 
from one or more distribution headers that equalize pressure to each pipe. Bubble 
curtains are effective in reducing pressures across the air bubble curtain (Strange 
1963). Research has shown that a small fractional volume of air bubbles in water 
increases the compressability several orders of magnitude above that in bubble-free 
water, thereby greatly reducing the velocity and increasing attenuation of acoustic 
waves (Domenico 1982a). As a result, bubble curtains have been routinely used by 
demolition engineers to protect underwater structures from damage by underwater 
explosive shock waves (Domenico 1982b). Guidelines for such use are given in 
Langefors and Kihlstrom (1978). 

Alaska, New Jersey, Oregon, and Washington require the use of bubble curtains or 
recommend it as a mitigative strategy. Canadian guidelines require the preparation 
of a mitigation plan and suggests that the proponent should consider "deployment of 
bubble curtains/air curtains to disrupt the shock wave." The Alaskan Department of 
Fish and Game indicated that: "Bubble curtains have been specified in the past but 
their ability to mitigate impacts to aquatic life is questionable and their use has 
been discontinued." The question of the bubble curtain's effectiveness in reducing 
mortality arose during the explosive removal of oil rig legs in Kachemak Bay during 
1976. Mortality was observed outside the bubble curtain. However, the without 
bubble curtain condition was not tested and mortality would possibly have been much 
greater without the bubble curtain in operation. Design of the bubble curtain must 
be appropriate for the conditions to achieve effective mitigation. 

Keevin et al. (In press) conducted small-scale, shallow-water field trials 
evaluating the effectiveness of an air bubble curtain in reducing explosive 
pressures and the associated fish kill radius of underwater explosions resulting 
from the detonation of a 2 kg high-explosive charge. One test limitation was that 
the bubble curtain did not completely enclose the water-column shot. The bubble 
curtain produced considerable reductions in peak pressure, impulse, and energy flux 
density and significant reductions in fish mortality (Table 8.4). Peak pressure 
reductions ranged from 99.4-87.5%. Impulse, calculated by integrating the first 
positive wave, showed reductions ranging from 89.8-80.7%. Energy flux density 
reductions ranged from 99.8-89.7% (Table 8.5). A significant reduction (p < 0.05) 
in bluegill (Lepomis macrochirus) mortality was observed when the bubble curtain 



was in operation (Table 8.6). Mortality fell from 100%, without the bubble curtain, 
to 0% with the bubble curtain in operation, at all distances tested. 

An air bubble curtain was found to be extremely effective in reducing fish 
mortality during explosive demolition of Locks and Dam 26 on the Mississippi River 
(Keevin et al. 1997). Mortality was lowered despite a large underwater explosion 
(886 kg total weight of 21-54 kg charges/delay), moderate water depth (10.1-11.6 m 
at the bubble curtain) and high current velocities (approximately 0.6 m/s). A 
significant reduction (p < 0.05) in mortality at 120 hr. at all distances tested, 
was found for bluegill with the bubble curtain in operation when compared to the 
without bubble curtain condition (Table 8.7). Total mortality (100%) was observed 
to 80.8 m from the blast without the bubble curtain. Mortality was observed at all 
nine distances tested and was still 58% at 117.4 m, the farthest distance tested. 
With the bubble curtain in operation, 19% mortality was observed at 19.8 m from the 
explosion. There was no explosion related mortality past 19.8 m, comparing the 
mortality at each distance with control mortality, when the bubble curtain was 
operating. 

Table 8.4.- Pressure waveform values resulting from underwater detonation of a 2 kg 
charge of T-100 at 1.25 m depth without and with the use of a bubble curtain. 
Independent duplicate trials are reported. (From Keevin et al. (In press)) 

1Impulse was calculated by integrating the pressure-time curve for first positive 
wave.  
2Impulse calculated by the greatest difference of peak pressure to pressure low. Is 
the greatest strength of expansion which has the potential of worst air-filled 
organ damage. 

  

 Without Air Bubble Curtain With Air Bubble Curtain Control

 DISTANCE (Meters) FROM EXPLOSION
 6.5 9.0 11.5 14.0 6.5 9.0 11.5 14.0 Control
SHOT 1          
Peak Pressure(kPa) 32,600 3,970 2,240 2,180

The 207 kPa peak 
pressure trigger setting 
on the oscilloscope was 
not exceeded on the 6.5 

m transducer.

0

Impulse(Pa-s)1 1,230 384 279 207 0

Impulse (Pa-s)2 1,630 601 509 398 0

Energy Flux Density 
(J/m2)

15,000 491 280 226 0

          
SHOT 2          
Peak Pressure(kPa) 21,700 4,630 2,610 2,170 302.0 224.00 234.00 272.0 0

Impulse(Pa-s)1 990 357 249 175 93.9 36.60 31.00 33.7 0

Impulse (Pa-s)2 1,100 512 404 314 164.0 39.00 48.10 46.1 0

(J/m2) 6,000 346 226 115 11.1 7.62 9.79 11.9 0



Table 8.5.- Percent reduction in pressure waveform values with the air bubble 
curtain in operation. Value were calculated using pressure waveform data in Table 1 
from the underwater detonation of a 2 kg charge of T-100 at 1.25 m depth without 
and with the use of a bubble curtain. (Modified from Keevin et al. (In press)) 

1A value of 207 kPa was used as the peak pressure value for the air bubble curtain 
in operation. The oscilloscope was set to trigger at 207 kPa. However, this value 
was not exceeded. Since actual pressure waveforms were not available for shot 1, it 
was not possible to calculate impulse or energy flux density. 

2Impulse was calculated by integrating the pressure-time curve for first positive 
wave. 

  

Table 8.6.- Bluegill mortality based on live/dead counts (n=50 at each distance 
tested) resulting from underwater detonation of a 2 kg charge of T-100 at 1.25 m 
depth without and with the use of a bubble curtain. Independent duplicate trials 
are reported. (From Keevin et al. (In press)) 

  

 DISTANCE (Meters ) FROM EXPLOSION
 6.5 9.0 11.5 14.0

SHOT l1     
Peak Pressure(kPa) 99.4 94.8 91.0 87.5
     
SHOT 2     
Peak Pressure(kPa) 98.6 95.2 91.0 87.5

Impulse(Pa-s)2 85.1 89.7 87.6 80.7

Energy Flux Density (J/m2) 99.8 97.8 95.7 89.7

 Without Air Bubble Curtain With Air Bubble Curtain Control

 DISTANCE (Meters) FROM EXPLOSION
 6.5 9.0 11.5 14.0 6.5 9.0 11.5 14.0 --
SHOT 1          
Number Tested 50 50 50 50 50 50 50 50 50
96 hr Mortality 50 50 50 50 0 0 0 0 0
96 hr + Internal 
Damage Mortality 50 50 50 50 0 0 0 0 0

          
SHOT 2          
Number Tested 50 50 50 50 50 50 50 50 50
96 hr Mortality 50 50 50 50 0 0 0 0 0
96 hr + Internal 
Damage Mortality 50 50 50 50 0 0 0 0 0



Table 8.7.- Percent bluegill mortality based on live/dead counts (n=80 at each 
distance tested) resulting from the explosive demolition of dam piers at Locks and 
Dam 26 without and with the use of a bubble curtain. (From Keevin et al. (In 
press)) 

1Percentages were rounded to the nearest whole number.

 

Practical considerations should be taken into account when considering the use of a 
bubble curtain including: location, size and type of the explosive charge; physical 
water conditions; the quality of the fishery; fish species targeted for protection; 
and, presence of endangered species and potential number of fish exposed. Placement 
of a bubble curtain may not be warranted. A benefit/cost analysis should be 
conducted considering potential for fish mortality and cost of construction, 
placement and operation of a bubble curtain. Under certain situations, 
environmental damage may be minimal and it may be more realistic to accept the 
level of mortality as a societal cost or to mitigate by testing and control, 
monetary compensation, replacement stocking, or by other means, rather than using a 
bubble curtain. 

McAnuff and Borren (1989) reviewed agency mitigation requirements for underwater 
blasting in commercial fishing waters at a dock facility near Port Dover, Ontario. 
A number of practical objections to bubble curtain use were considered to be all 
but prohibitive including: difficulties involved in supplying compressed air in 
sufficient quantities to provide a bubble curtain to surround the minimum area 
required for a viable blast; moving the bubble curtain system to a new location 
after every blasting operation; and, use during inclement weather. The probable 
costs of bubble curtain use were considered to be extremely high. It was agreed by 
Ministry of Natural Resources representatives that bubble curtain use would not be 
considered mandatory until a fish mortality rate of 50% was attained at fish cages 
placed at a radius of approximately 800 m from the blasting operation. 

Physical Barriers. Physical barriers include any solid barrier that contains or 
reduces the explosive pressure wave. There is no comprehensive published 
information on the effectiveness of either full or partial physical barriers in 
mitigating impacts to aquatic life; however, any solid barriers that prevents or 
reduces transmission of an explosive pressure wave would probably be effective. 
Four agencies have recommended physical barriers to reduce the impacts of 
underwater explosions. In response to a permit request to demolish a bridge using 
explosives, the Indiana Department of Natural Resources recommended that: "Piers 
must be enclosed in steel sheeting before any blasting take place". 

The Connecticut Department of Environmental Protection placed seasonal permit 

Distance From Blast Percent Mortality1

Feet Meters Without Bubble Curtain With Bubble Curtain
    
65 19.8 100 19
105 32.0 100 6
145 44.2 100 7
185 56.4 100 1
225 68.6 100 3
265 80.8 100 3
305 93.0 78 0
345 105.2 70 3
385 117.4 58 0

Control --- 15 5



restrictions on explosive bridge pier removal including: prohibiting underwater 
blasting (April 1-July 15), requiring a dewatered cofferdam system (July 16-March 
31), and requiring cofferdams that have not been dewatered (November 15-February 
28) in order to protect the shortnose sturgeon (Acipenser brevirostrum), a 
Federally endangered species. Use of the cofferdam was successful in reducing peak 
pressures below the 100 psi (690 kPa) maximum limit imposed by the National Marine 
Fisheries Service (Anonymous 1994). 

In response to a plan to remove pilings in Pine Island Bayou and the Neches River, 
the Texas Parks and Wildlife Department recommended that the applicant: "Contain 
the pressure wave as much as possible. Investigate the use of 'blast blankets' 
around/upon the explosives to minimize and contain the pressure waves..." 

MITIGATION RECOMMENDATIONS 

Evaluation of project impacts and development of effective mitigation strategies 
requires three components: 1. a working knowledge of explosives and explosives 
engineering; 2. a thorough understanding of the environmental effects of underwater 
explosions; and, 3. information on current mitigation techniques related to 
explosives, well grounded in practice and theory. Rarely does the natural resource 
agency have personnel experienced in explosives engineering and it is equally 
unlikely that a blasting company would have biological expertise. It is even more 
unlikely that either group would have information on mitigation techniques. In 
addition, it is difficult to quickly obtain information concerning the 
environmental effects of underwater explosives use and mitigative measures. The 
majority of literature on these subjects is in obscure publications (corporate and 
government reports, symposium proceedings, and obscure international journals). 

The blaster will probably have to work more closely with natural resource agencies 
to reduce potential impacts. The alternative to working in a cooperative manner 
with the permitting agency(ies) may be not to work at all. The following 
recommendations would foster communication between the natural resource agency and 
the blaster. The key to better communications is information acquisition and 
exchange between both parties. 

1. Provide the regulatory agencies a detailed blasting plan.  
2. Schedule meeting between the regulatory agency and blaster. If there are 

concerns during review of detailed blast plan, require a meeting to review the 
proposal. Work cooperatively to reduce impacts.  

Keevin and Hempen (1995) developed a three tiered mitigation planning process that 
requires a cooperative spirit between the blaster and natural resource agencies. 
This approach relies heavily on the exchange of information outlined above. 

Based on the preceding review of mitigation techniques, the following measures are 
recommended to reduce the adverse effects of underwater explosive use. 

Blast Design Parameter. 

1. Evaluate the need to use explosives. If practical alternatives are available 
and not excessively expensive, require their use.  

2. Plan the blasting program to minimize the total weight of explosive charges 
per shot and the number of shots for the project.  

3. Use angular stemming material of sufficient length in drill holes to reduce 
energy dispersal to the aquatic environment.  

4. Subdivide the charge, using detonating caps with delays or delay connectors 
with detonating cord, to reduce total pressure. Avoid the use of submerged 



detonation cord.  
5. Use decking when possible in lengthy drill holes to reduce total pressure.  
6. For seismic exploration use non-explosive sources when possible or use linear 

charges for open water shots or buried charges.  
7. Use shaped charges to focus the blast energy when submerged surface charges 

are necessary, reducing energy released to the aquatic environment during 
demolition.  

Biological Parameters 

1. Evaluate the quality of the fishery resource, based on existing information. 
If there have been no previous surveys of the blast area, and there is reason 
for environmental concern, require or conduct a survey. Based on the quality 
of fishery resources, make a decision concerning the magnitude of potential 
impacts.  

2. Require or conduct mathematical mortality modeling to determine potential 
fishery impacts. Based on predicted impacts, make rational decisions 
concerning compensation or use of other mitigation techniques.  

3. If applicable, limit season of explosive use to avoid major migration periods, 
spawning seasons, spawning beds, or larval drift.  

4. If there is a concern with migrating fish, use sampling techniques (e.g., 
hydroacoustics) to avoid impacting large congregations.  

5. Use non-explosive noise techniques to move fish from the immediate blast zone.  
6. Require the presence of an agency observer, with authority to halt blasting or 

require use of mitigation techniques, if mortality is excessive based on pre-
determined mortality levels.  

7. If mortality is excessive, based on pre-determined mortality levels or 
observation, require significant blasting revisions (that allow the work to 
proceed but lowers mortality), or compensation.  

8. If fish mortality is excessive, based on observation or mathematical modeling, 
or if species of special concern are present (e.g., endangered species), 
require the use of properly designed bubble curtains or physical barriers.  

A TIERED MITIGATION PLANNING PROCESS 

Keevin and Hempen (1995) developed a tiered mitigation approach based on: 1) the 
blasting design; 2) biological criteria; and, 3) use of physical mitigation 
features. Each tier requires progressively more mitigation measures to avoid 
impacts to aquatic resources. The tiered mitigation planning process will require a 
cooperative spirit between the blaster and natural resource agencies. 

TIER I MITIGATION PLANNING 

Tier 1 planning involves the development of a blasting design by the explosive 
engineer which attempts to reduce or limit the amount of explosives being utilized. 
It also involves an assessment of potential environmental effects, based on the 
existing aquatic resources in the blast area (this may involve survey work) and 
mathematical mortality modeling by natural resource personnel. An initial 
coordinated effort is required between the blaster and the natural resource agency. 

Blast Design Parameters 

1. Evaluate the need to use explosives. If practical alternatives are available, 
use non-explosive techniques.  

2. Plan the blasting program to minimize the weight of explosive charges per 
delay and the number of days of explosive exposure.  



Biological Parameters 

1. Evaluate the quality of the fishery resource, based on existing information. 
If there have been no previous resource surveys of the blast area and there is 
reason for environmental concern, require or conduct the survey. Based on 
quality of fishery resources, make a decision concerning magnitude of 
potential impacts.  

2. Conduct mathematical mortality modeling to determine potential fishery impacts 
(Hempen and Keevin 1995). Based on predicted impacts, make rational decision 
concerning compensation or use of other mitigation techniques.  

TIER II MITIGATION PLANNING 

Should the development of an explosive design and environmental assessment of 
potential impacts result in a determination that "important" aquatic resources are 
risk, then Tier II planning should be implemented. Tier II blast design mitigation 
measures involve the use of delays, stemming, decking, et cetera to reduce water 
borne shock waves entering the aquatic environment. Many of these types of features 
would be part of good explosives design to reduce peak overpressure or ground 
vibration. Biological parameters include such measures as seasonal blasting limits 
to avoid spawning fish, large migrations, or periods of larval drift. 

Blast Design Parameters 

1. Use adequate lengths of angular stemming material in drill holes to reduce 
energy dispersal to the aquatic environment.  

2. Subdivide the explosives deployment using delays to reduce total pressure. 
Carefully consider detonating cord in the firing system, as greater mortality 
could result.  

3. When possible use decking in drill holes to reduce total pressure.  
4. For seismic exploration require non-explosive sources when possible. If this 

is not possible use linear charges for open water shots or buried charges.  
5. Use shaped charges for surficial charges to focus the blast energy, reducing 

energy released to the aquatic environment during demolition.  

Biological Parameters 

1. Recommend presence of an agency observer with authority to resolve revised 
blast parameters or to halt blasting or to require use of mitigation 
techniques, if mortality is excessive based on pre-determined mortality 
levels.  

2. If applicable, limit season of explosive use to avoid major migration periods, 
spawning seasons, spawning beds, or larval drift.  

3. If there is a concern with migrating fish, use sampling techniques (e.g. 
hydroacoustics) to avoid impacting large congregations.  

4. Use non-explosive scare techniques to move fish from the immediate blast zone.  

TIER III MITIGATION PLANNING 

Should there still be environmental concerns after Tier I and II planning efforts, 
Tier III measures can be employed. If important commercial or sport species are 
being impacted, there is always the option of monetary compensation for fish losses 
based on replacement values developed by the American Fisheries Society (1992, 
1993). Threatened and endangered species can present special problems with 
regulatory permitting requirements. Bubble curtains or other physical barriers can 
be used to avoid mortality of these species (Hempen 1993). 



1. If mortality is excessive, based on pre-determined mortality levels or 
observation, state or federal fish and wildlife agencies can require 
compensation.  

2. If fish mortality is excessive, based on observation or mathematical modeling, 
or if species of special concern are present (e.g. endangered species) require 
the use of bubble curtains or other barriers.  
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Data Drawn from Inter‐Tidal Portion of Apex Companies, LLC Shellfish Survey **

SQFT/AREA ACRES /SUBAREA
62290.8 1.43 SEED LITTLENECK CHERRY CHOWDER

Average Count per Square Meter** 1.33 1.33 0.00 0.89
Average Count per Square Foot 0.124 0.124 0 0.083
Shellfish Density by Size/Acre 5,396 5,396 0 3,597
Area of Impact ‐ Acres 1.94 1.94 1.94 1.94
TOTAL number of Shellfish by Size 10,468 10,468 0 6,979

Total Shellfish Effected: 27,915

Data Drawn From Sub‐Tidal Portion of Apex Companies, LLC Shellfish Survey **

SQFT/AREA ACRES /SUBAREA
206039 4.73 SEED LITTLENECK CHERRY CHOWDER

Average Count per Square Meter** 4.00 3.33 2.00 4.33
Average Count per Square Foot 0.372 0.309 0 0.402
Shellfish Density by Size/Acre 16,188 13,476 0 17,523
Area of Impact ‐ Acres 4.73 4.73 4.73 4.73
TOTAL number of Shellfish by Size 76,568 63,743 0 82,885

Total Shellfish Effected: 223,197

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I7A 1,579,050         36.25 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.27 0.65 0.90 0.80
TOTAL/SUBAREA* 426,344 1,026,383 1,421,145 1,263,240
Shellfish Density by Size/Acre 11,761 28,314 39,204 34,848
Area of Impact ‐ Acres 23.77 23.77 23.77 23.77
TOTAL number of Shellfish by Size 279,564 673,024 931,879 828,337

Total Shellfish Effected: 2,712,804

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I7A 1,579,050         36.25 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.27 0.65 0.90 0.80
TOTAL/SUBAREA* 426,344 1,026,383 1,421,145 1,263,240
Shellfish Density by Size/Acre 11,761 28,314 39,204 34,848
Area of Impact ‐ Acres 3.48 3.48 3.48 3.48
TOTAL number of Shellfish by Size 40,929 98,533 136,430 121,271

Total Shellfish Effected: 397,163

SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT

Filled Footprint (Inter‐Tidal Only)

Filled Footprint and Under Pile‐Supported Apron (Sub‐Tidal Only)

South Terminal CDF Boat Basin and Channels

Gifford Street Channel Relocation and Northern Mooring Mitigation Area
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SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I7B 568,458            13.05 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 1.62 4.19 6.07 6.60
TOTAL/SUBAREA* 920,902 2,381,839 3,450,540 3,751,823
Shellfish Density by Size/Acre 70,567 182,516 264,409 287,496
Area of Impact ‐ Acres 2.69 2.69 2.69 2.69
TOTAL number of Shellfish by Size 189,826 490,969 711,261 773,364

Total Shellfish Effected: 2,165,420

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I5 2,905,452         66.7 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.08 0.25 0.27 0.10
TOTAL/SUBAREA* 232,436 726,363 784,472 290,545
Shellfish Density by Size/Acre 3,485 10,890 11,761 4,356
Area of Impact ‐ Acres 15.00 15.00 15.00 15.00
TOTAL number of Shellfish by Size 52,272 163,350 176,418 65,340

Total Shellfish Effected: 457,380

Data Drawn From Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

I3 3,094,938         71.05 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 1.02 1.81 2.52 3.02
TOTAL/SUBAREA* 3,156,837 5,601,838 7,799,244 9,346,713
Shellfish Density by Size/Acre 44,431 78,844 109,771 131,551
Area of Impact ‐ Acres 8.76 8.76 8.76 8.76
TOTAL number of Shellfish by Size 389,217 690,670 961,596 1,152,389

Total Shellfish Effected: 3,193,871

Data Drawn from Standing Crop Survey*

SUBAREA*
SQFT/ 
SUBAREA* ACRES /SUBAREA*

16 4,660,920         107 SEED LITTLENECK CHERRY CHOWDER

AVE/SQFT* 0.019 0.037 0.076 0.171
TOTAL/SUBAREA* 88,557 172,454 354,230 797,017
Shellfish Density by Size/Acre 828 1,612 3,311 7,449
Area of Impact ‐ Acres 22.73 22.73 22.73 22.73
TOTAL number of Shellfish by Size 18,812 36,634 75,249 169,310

Total Shellfish Effected: 300,006

Winter Flounder Capping Area

Southern Mooring Mitigation Area

Federal Channel Maintenance Dredging

CAD Cell Area
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SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT

SUBAREA*
SQFT/ 
SUBAREA* ACRES/ SUBAREA*

4 1,742,400         40 SEED NECK CHERRY CHOWDER

AVE/SQFT* 0.1 0.041 0.092 0.169
TOTAL/SUBAREA* 174,240 71,438 160,301 294,466
Shellfish Density by Size/Acre 4,356 1,786 4,008 7,362
Area of Impact ‐ Acres 19.38 19.38 19.38 19.38
TOTAL number of Shellfish by Size 84,419 34,612 77,666 142,669

Total Shellfish Effected: 339,366

Estimate of Total Shellfish Impact:

27,915
223,197

2,712,804

397,163
2,165,420
457,380

3,193,871
300,006
339,366

Estimate of Total Shellfish Impact: 9,817,121

*Number of Quahogs estimated in Whittaker, 1999 "Quahog Standing Crop Survey", Massachusetts Department of Marine Fisheries. See pages B‐5, B‐
11, B‐`16, B‐19, C‐4 and C‐16 for detailed distribution information in these subareas.

Standing Crop Survey Subarea Population Estimate*

OU‐3 Capping Area

Filled Footprint (Intertidal Only):

Southern Mooring Mitigation Area:

Filled Footprint (Subtidal Only):
South Terminal CDF Boat Basin and Channel:

Gifford Street Channel Relocation and Northern 
Mooring Mitigation Area:

Winter Flounder Capping Area:
OU‐3 Capping Area:

**Number of Quahogs estimated via shellfish survey completed on April 29, 2010 by Apex Companies, LLC, contained within the report entitled 
"State Enhanced Remedy in New Bedford, South Terminal", dated August 25, 2010.

Federal Channel Maintenance Dredging:
CAD Cell Area:
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Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

Quahog 2 1/2 2
Quahog 2 1/4 2
Quahog 2 1
Quahog 2 3/4 3
Quahog 3 3/4 1

Common Oyster 2 1/2 1

Quohog 2 7/8 1
Quohog 1 1/2 1
Quohog 3/4 1

Quohog 2 1/2 1

Hermit Crabs 7-10
Shrimp 1 - 1 1/4 7-10

Quohog 3 2
Quohog 2 1/2 1
Quohog 3 1/2 1
Quohog 3 3/4 1
Quohog 3 5/8 1

Long Clawed Hermit Crab in Perwinkle Shell 1 1/2 1

Common Oyster 2 1
Common Oyster 2 1/4 1
Common Oyster 3 1
Common Oyster 4 1
Common Oyster 2 7/8 1
Common Oyster 2 3/4 1

Quohog 2 1/4 1
Quohog 2 5/8 1
Quohog 1 7/8 1
Quohog 3 1/2 1
Quohog 2 3/8 1
Quohog 2 1/2 1
Quohog 1 2
Quohog 1 1/2 2
Quohog 1 1/4 1
Quohog 1 3/8 1

A5

B1

A1

A2

A3

A4
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Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

Common Oyster 3 1/8 1
Quohog 2 3/8 1

Common Oyster 2 3/4 1
Common Oyster 3 1

Smooth Periwinkle 3/8 2

Quohog 3 1/2 1
Quohog 3 1/8 1

Quohog 2 1/2 2
Quohog 3 1
Quohog 3 1/2 1

Smooth Periwinkle 3/8 2
Common Oyster 2 1/2 1
Common Oyster 2 1/8 1
Common Oyster 1 7/8 1
Common Oyster 2 1/4 1

Quohog 2 7/8 1

Milky Ribbon Worm 10 1
Smooth Periwinkle 1/4 - 3/8 36
Common Oyster 2 1/2 1

Quohog 3 1
Smooth Periwinkle 1/4 - 3/8 3

Ribbed Mussel 1 7/8 1
Ribbed Mussel 2 1

Smooth Periwinkle 1/4 - 3/8 17

No Findings

B2

B3

D1

D2

D3

B4

B5

C1

C2
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Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

No Findings

Quahog 1 7/8 1

No Findings

No Findings

No Findings

No Findings

No Findings

Smooth Periwinkle 5/8 1
Quahog 3 2
Quahog 2 3/8 1
Quahog 2 5/8 1
Quahog 3 1/8 1

Dog Winkle/Young Waved Whelk 7/8 1
Dog Winkle/Young Waved Whelk 7/8 1

Soft-Shelled Clam 1 1
Soft-Shelled Clam 2 1/4 1
Smooth Periwinkle 3/8 1

Dog Winkle/Young Waved Whelk 7/8 7
Dog Winkle/Young Waved Whelk 1 1

Quahog 2 1
Unknown Polychaete 3 1

Quahog 1 1/8 1
Quahog 1 1/2 1
Quahog 1 3/4 2
Quahog 2 1
Quahog 2 1/2 1

D4

F3

F4

F5

G3

D5

E1

E2

F2

H3

H4

H5

3 of 4



Table 1: Recovered Shellfish and Invertebrate Data

Sample Location Organism Size (inches) Number

No Findings

Soft-Shelled Clam 2 1
Soft-Shelled Clam 3 1

No Findings

No Findings

No Findings

No Findings

Quahog 1 1/8 1
Quahog 7/8 1
Quahog 1 1/4 1
Quahog 2 1/4 1

Unknown Polychaete 4 1/4 1

No Findings

No Findings

I4

J4

J5

K5

I3

L5

M5

N5

O5
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Sample Location Organism Size (inches) Number Class Size

Quahog 2 1/2 2 Cherrystone
Quahog 2 1/4 2 Littleneck
Quahog 2 1 Littleneck
Quahog 2 3/4 3 Chowder
Quahog 3 3/4 1 Chowder

Quohog 2 7/8 1 Chowder
Quohog 1 1/2 1 Seed
Quohog 3/4 1 Seed

Quohog 2 1/2 1 Cherrystone

No Quahogs Found Within Sample

Quohog 3 2 Chowder
Quohog 2 1/2 1 Cherrystone
Quohog 3 1/2 1 Chowder
Quohog 3 3/4 1 Chowder
Quohog 3 5/8 1 Chowder

Quohog 2 1/4 1 Littleneck
Quohog 2 5/8 1 Cherrystone
Quohog 1 7/8 1 Seed
Quohog 3 1/2 1 Chowder
Quohog 2 3/8 1 Cherrystone
Quohog 2 1/2 1 Cherrystone
Quohog 1 2 Seed
Quohog 1 1/2 2 Seed
Quohog 1 1/4 1 Seed
Quohog 1 3/8 1 Seed

Quohog 2 3/8 1 Cherrystone

No Quahogs Found Within Sample

A4

A5

B1

B2

Table 2: Quahog Data

A1

A2

A3

B3
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Sample Location Organism Size (inches) Number Class Size

Table 2: Quahog Data

Quohog 3 1/2 1 Chowder
Quohog 3 1/8 1 Chowder

Quohog 2 1/2 2 Cherrystone
Quohog 3 1 Chowder
Quohog 3 1/2 1 Chowder

Quohog 2 7/8 1 Chowder

No Quahogs Found Within Sample

Quohog 3 1 Chowder

No Quahogs Found Within Sample

No Findings

No Findings

Quahog 1 7/8 1 Seed

No Findings

No Findings

No Findings

No Findings

No Findings

C2

D1

D2

D3

B4

B5

C1

F2

F3

F4

D4

D5

E1

E2

2 of 3



Sample Location Organism Size (inches) Number Class Size

Table 2: Quahog Data

Quahog 3 2 Chowder
Quahog 2 3/8 1 Cherrystone
Quahog 2 5/8 1 Cherrystone
Quahog 3 1/8 1 Chowder

No Quahogs Found Within Sample 7/8 1 Seed

No Quahogs Found Within Sample

Quahog 2 1 Littleneck

Quahog 1 1/8 1 Seed
Quahog 1 1/2 1 Seed
Quahog 1 3/4 2 Seed
Quahog 2 1 Littleneck
Quahog 2 1/2 1 Cherrystone

No Findings

No Quahogs Found Within Sample 2 1 Littleneck

No Findings

No Findings

No Findings

No Findings

Quahog 1 1/8 1 Seed
Quahog 7/8 1 Seed
Quahog 1 1/4 1 Seed
Quahog 2 1/4 1 Littleneck

No Findings

No Findings

F5

I3

I4

J4

J5

G3

H3

H4

H5

O5

K5

L5

M5

N5
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5,140 m2

3,141 m2

61%
1,999 m2

39%

"Seed" "Littlenecks" "Cherrystones" "Chowder"
0 1 0 0 1 0
0 0 0 1 4 0
0 0 0 0 1 0
0 0 0 1 0 0
0 0 0 0 0 0
0 0 0 0 0 2
0 1 0 0 0 0
0 0 0 0 0 2
3 1 0 0 0 0

0.33 0.33 0 0.22 0.67 0.44
1.33 1.33 0 0.89 2.67 1.78

Notes:
1). Average Shellfish Count Per Square Meter in Intertidal Survey Area = Frequency of Shellfish In Intertidal Areas When Shellfish Present 
X Percentage of Impacted Area with Shellfish.
2). Percentage of Intertidal Survey Area with Shellfish assumed to be the same as the percentage of Intertidal Impacted Area 
with Shellfish. 
3). Survey Area with (or without) Shellfish estimated based on recovery during shellfish survey.
4). Estimated count in Intertidal Impacted Area = Intertidal Average Count per Square Meter in Survey Area X Estimated Intertidal Impacted Area. 
5). Impacted Area = Shellfish habitat to be impacted during New Bedford South Terminal CDF Project
6). Quahog Classifications from Table 1: Class Size Lengths, page 4, Quahog Standing Crop Survey, 
New Bedford/Fairhaven Inner and Outer Harbors, David K. Whittaker, Massachusetts Division of Marine 
Fisheries, June 6, 1999. 
7). Survey Area = Area in which a manual shellfish survey was conducted on 5/2/2010 and 5/3/2010

I4
M5

Average Shellfish Count Per Square Meter in Intertidal Survey Area1,7

D2
H3

C1
C2

Table 3a: Intertidal Relative Abundance Survey Calculations

D1

B2

Sample Location
Number Per Quadrat1

Quahogs Oysters Soft-Shelled 
Clam

Intertidal Shellfish Survey Statistics

Percentage of Intertidal Survey Area With Quahogs:

Total Intertidal Survey Area7:
Intertidal Survey Area With No Quahogs5:

Percentage of Intertidal Survey Area With No Quahogs:
Intertidal Survey Area With Quahogs5:

Average Count per Intertidal Survey Quadrat1:
Average Count per Intertidal Survey Square Meter:

H4
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12,100 m2

3,361 m2

28%
8,739 m2

72%

"Seed" "Littlenecks" "Cherrystones" "Chowder"
1 2 1 1 1 0
2 0 0 1 0 0
0 1 0 0 0 0
0 1 0 4 0 0
5 2 2 1 6 0
0 1 0 0 1 0
0 0 0 0 2 0
0 0 0 2 0 0
0 0 1 2 0 0
1 0 0 0 0 0
0 1 1 2 0 0
3 2 1 0 0 0

1.00 0.83 0.50 1.08 0.83 0.00
4.00 3.33 2 4.33 3.33 0.00

Notes:
1). Average Shellfish Count Per Square Meter in Subtidal Survey Area = Frequency of Shellfish In Subtidal Areas When Shellfish Present 
X Percentage of Impacted Area with Shellfish.
2). Percentage of Subtidal Survey Area with Shellfish assumed to be the same as the percentage of Subtidal Impacted Area 
with Shellfish. 
3). Survey Area with (or without) Shellfish estimated based on recovery during shellfish survey.
4). Estimated count in Subtidal Impacted Area = Subtidal Average Count per Square Meter in Survey Area X Estimated Subtidal Impacted Area. 
5). Impacted Area = Shellfish habitat to be impacted during New Bedford South Terminal CDF Project
6). Quahog Classifications from Table 1: Class Size Lengths, page 4, Quahog Standing Crop Survey, 
New Bedford/Fairhaven Inner and Outer Harbors, David K. Whittaker, Massachusetts Division of Marine 
Fisheries, June 6, 1999. 
7). Survey Area = Area in which a manual shellfish survey was conducted on 5/2/2010 and 5/3/2010

Table 3b: Subtidal Relative Abundance Survey Calculations

Subtidal Shellfish Survey Statistics
Total Subtidal Survey Area7:

Subtidal Survey Area With No Quahogs5:
Percentage of Subtidal Survey Area With No Quahogs:

Subtidal Survey Area With Quahogs5:
Percentage of Subtidal Survey Area With Quahogs:

Average Shellfish Count Per Square Meter in Subtidal Survey Area1,7

Sample Location
Number Per Quadrat1

Quahogs Oysters Soft-Shelled Clam

A1
A2
A3
A5
B1

B5

B2
B3
B4

D5
F5
H5

Average Count per Subtidal Survey Quadrat1:
Average Count per Subtidal Survey Square Meter:
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Revised Shellfish Mitigation Plan 
 

To provide compensatory mitigation for impacts to 9,817,121 shellfish organisms, the 

Commonwealth considered both relaying existing shellfish and planting new shellfish.  The 

project area lies within an area restricted to shellfish harvest due to bacterial contamination and 

PCB contamination associated with the New Bedford Harbor Superfund site.  Because of the 

PCB contamination, the EPA has determined that any relay must be conducted in the harbor, 

north of the hurricane barrier, to prevent spread of PCBs and prevent PCB-contaminated 

shellfish from entering the food supply (see the letter from EPA attached to Appendix 52 of the 

Commonwealth’s January 18, 2012 submittal).  The harbor area available for relaying (Area I) 

lies within an area where shellfishing is prohibited because of the bacterial contamination.  NSSP 

guidelines do not encourage planting in prohibited areas.  Additionally, harvesting of shellfish 

for any reason within Area I (e.g. north of the hurricane barrier) would require a variance from 

MassDPH because their regulation, 105 CMR 260, prohibits any taking of shellfish in that area.  

Furthermore, due to a long period of prohibition of shellfish harvest and large areas of the harbor 

in actively managed dredged channels, the available suitable habitat area for shellfish is limited 

and likely already populated with adult shellfish.   

Relaying from Butler’s Flat was determined to be cost-prohibitive due to the low density of 

quahogs there.  Similarly, relaying from OU-3 was determined to be cost-prohibitive due to the 

size of the impact area and difficulty of accessing the area with efficient gear.  Therefore, the 

preferred course of action for an efficient and effective mitigation strategy is to conduct 

mitigation solely by planting new shellfish.  In evaluating a mitigation plan that entails shellfish 

seeding, the Commonwealth considered the following factors: 



1. Seeding within Area I was not considered due to the restrictions outlined above 
when considering relaying. 

 
2. Seeding within Area II was considered. The EPA considers the area conditionally 

acceptable for shellfishing (Area II) due to restrictions on shellfish consumption 
recommended by EPA, in relation to the concentrations of PCBs found within 
shellfish harvested within this area.  However, since the area includes shallow, 
conditionally approved areas in the City of New Bedford that are most similar to 
the impacted areas, and it does not exceed FDA or MassDPH PCB guidelines, it 
was considered.   

3. Area III, the only unrestricted area present within the City of New Bedford, is 
located further from shore, therefore the habitat is not as similar as the impact site.   

1.2.5.1. Shellfish Seeding  
The Commonwealth proposes the purchase and planting of large quahog seed for every one (1) 

quahog impacted by the project, for a total of 9,817,121 seed quahogs.  MassDMF considers 

large seed to range from approximately 20-25 mm in size; out-planting at this size minimizes the 

mortality rate without the need for predator exclusion netting.  The planting activities would 

target shallow subtidal areas in City of New Bedford waters.  MassDMF has stated that seeded 

areas are ideally shut down for shellfishing for a minimum of one year up to approximately three 

years, in order to allow the seed to grow to a sufficient size to spawn and reach legal harvest size.  

Rather than plant at one time (which would result in large areas to be shut down for 1-3 years), it 

is recommended that the planting be distributed using a rotational planting and closure plan 

developed by MassDMF and the City over a relatively long time period (approximately 6 years).   

Planting will not take place within Area I, north of the hurricane barrier.  Figure 1 (see below) 

illustrates the potential areas for seeding in the City of New Bedford (attached).  Planting will 

occur in conditionally approved (orange hatched) areas only.  Red cross-hatched areas are 

prohibited for shellfishing and would not be seeded.  Blue striped areas are restricted and would 

not be seeded.    

 



A reseeding project for impacts to shellfish at South Terminal (and associated areas) would have 

the following characteristics: 

The planting program would be run by MassDMF for the Commonwealth.  Quahogs would be 

planted at a size of 20-25 mm to optimize survival.  MassDMF would procure seed quahogs (5-8 

mm) and oversee the grow out (to 20-25 mm).  The John Hughes Hatchery on Martha’s 

Vineyard would provide facilities for seed production and some may be purchased 

commercially.  Grow out would be achieved with land-based upwellers and/or floating upweller 

systems (FLUPSYs).  The shellfish would be outplanted in New Bedford waters.  The areas for 

outplanting would be identified in concert with the city, and rotational closure management 

would be used to ensure sufficient area is open for recreational and commercial shellfishing that 

occurs in the area.  At present, the productivity of the proposed hatchery depends upon a number 

of operational factors; it is anticipated that between 1,000,000 and 2,000,000 seed could be 

produced and grown out per year.   The program is currently anticipated to last between 5 and 10 

years, dependent upon the productivity factors mentioned above, or until the 9,817,121 seed have 

been planted.  

Figure 1 shown below can also be found at:   

http://www.mass.gov/dfwele/dmf/programsandprojects/shellfish/bb/bb15.gif 

 



 



 

 

 

 

 

 

 

 

ATTACHMENT F 

Revised Schedule 

 

   



ID Task 
Mode

Name

1 NTP

2 Submittals/Permits

12 Mobilization

22 Dredging

23 Dredge Top CAD 3 Disp CAD 2

27 Dredge Bot CAD 3 Disp Offshore

30 Dredge Bot CAD 3 Cap Flounder Mitigation

34 Dredge Top Of Footprint Disp At CAD 3

40 Dredge Int & Cap CAD 1

45 Dredge Int & Cap Borrow Pit

50 Dredge Int & Cap Flounder

54 Debris & Obs Removal

58 Rock Removal

59 Dredge Bot and Reuse NBCT

65 Dredge of North Mooring Mitigation

69 Dredge of South Mooring Mitigation

73 Dredge of Gifford St

77 Dredge Bot and Reuse Dartmouth

83 Dredge Of Bot & Cap OU‐3

87 Dredge Stormwater Swale Mitigation

93 Dredge Bot & Cap SW Swale

100 Dredge Bot & Cap Winter Flounder

104 Upland Construction

105 General Site Construction

217 Cellular Cofferdams

236 Piles

245 Site Filling and Grading

257 PUNCHLIST

‐1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
er 4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter

Task

Split

Milestone

Slippage

Summary

Project Summary

Rolled Up Critical

Rolled Up Critical Split

External Tasks

External Milestone

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration‐only

Manual Summary Rollup

Manual Summary

Start‐only

Finish‐only

Deadline

Critical

Critical Split

Progress

New Bedford Marine Commerce Terminal
Construction Schedule

Prepared by Aspera Associates on February  27, 2012



 

 

 

 

 

 

 

ATTACHMENT G 

Information Regarding the Size of Foreign Offshore  

Wind Staging Ports in the United Kingdom and Germany 

 

   



UK offshore 
wind Ports 
ProsPectUs

May 2009
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The UK has a unique 
maritime heritage; its 
ports industry remains 
the largest in Europe, 
having underpinned the 
UK’s industrial capability 
for hundreds of years. 
This success has been 
based on ports’ 

responsiveness to the changing demands of the 
national and global economy.

The UK now faces two key energy challenges; 
tackling climate change and ensuring security 
of energy supply. To meet these challenges we 
are acting to develop a diverse low-carbon 
energy mix which includes offshore wind. Ports 
have an important role to play in supporting the 
development of our energy mix. Not only do they 
enable the trade transport of components and 
fuels but they also provide bases for construction, 
manufacturing and potential generation.

There is enormous potential around the UK 
coastline for offshore wind generation. The 
rapidly developing UK offshore wind industry 
is now the largest in the world with around 
600 MW installed and we will almost double 
our capacity again in 2009 to over 1000 MW. 
In January, the UK Government published a 
Strategic Environmental Assessment (SEA) 
which assesses the impact of a draft plan for  
25 GW of new generation, in addition to the 
8 GW which is currently in development. 
A decision on this draft plan will be made 
following a period of public consultation, 
which closed on 22 April 2009. 

In addition, in February 2009 the Crown Estate 
offered exclusivity agreements to companies 
and consortia for 10 sites for development of 
offshore wind farms in Scottish Territorial 
Waters, with a total capacity of almost 6.5 GW. 
Development of these sites will be subject to 
Scotland’s SEA process. 

The potential for wind generation around the 
UK coastline and the burgeoning offshore wind 
industry presents a fantastic new opportunity 
for the ports sector. With the choice of 
construction port having a major bearing on 
project economics, wind turbine manufacturers 
and developers have challenging requirements 
for ports if they are to be used as construction 
or manufacturing bases.

This UK Offshore Wind Ports Prospectus 
focuses on their capability to support the UK’s 
ambitious targets for offshore wind. It shows 
that UK ports have the desire and the potential 
to meet the challenge. We recognise that the 
contribution of UK ports does not begin and end 
at the ports in this prospectus, in particular, 
many others will prove cost-effective bases for 
offshore operation and maintenance.  

The UK’s development bodies – the six English 
Regional Development Agencies with coastlines 
and the devolved administrations of Northern 
Ireland, Wales and Scotland – will be key 
partners for wind turbine manufacturers and 
developers. They can provide investment and 
ensure that local infrastructure is suitable and 
help secure adjoining land. In all cases they are 
committed to ensuring that their region makes 
a significant contribution to meeting the UK’s 
offshore wind targets.

HM Government recognises the important role 
ports have played to the wider UK economy and 
will continue to do so, and supports the next 
stage of development in helping to deliver our 
wider energy goals as well as contributing to 
our drive towards a low carbon economy.

Duarte Figueira
Director Designate,  
Office for Renewable Energy Deployment 

Foreword
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Medway, Port of sheerness
Space 1,214,000 m²

Quay length 800+ m

Depth below LAT 9.0 m

Vessel capacity LOA 230 m

Located at the confluence of the River 
Medway and the Thames, Sheerness 
and Chatham form part of one of the 
UK’s most important trading arteries, 
handling a diverse range of cargoes.

With its close proximity to the M2, M20 
and London’s M25 orbital motorway, 
Sheerness is well connected to facilitate 
onward distribution to major markets in 
the South East of England and beyond.

Medway Ports, of which Sheerness 
forms part, is the statutory harbour, 

pilotage and conservancy authority for 
27.3 nautical miles of the River Medway, 
from the Medway Buoy to Allington Lock 
at Maidstone, and the Swale.

Sheerness is a deep water port with no 
lock restrictions, offering easy access 
for shipping. There is an opportunity 
to re-locate existing car import space 
and release land to be developed for 
offshore wind use. 

contacts

Capt Stephen Gobbi 
Peel Ports Medway 
steve.gobbi@peelports.co.uk 
01795 596596 
www.medwayports.com/sheerness

Graham Tubb 
South East England Development Agency 
grahamtubb@seeda.co.uk
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http://www.medwayports.com/sheerness/
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Medway, isle of Grain
Space 3,000,000 m²

Quay length Unknown

Depth below LAT 15.0 m

Vessel capacity Unlimited

The Isle of Grain has a deep water 
frontage to the River Medway, in 
the Thames Estuary. Alongside the 
Thamesport container terminal site on 
the Isle of Grain, there is a brownfield 
(on the former BP Refinery) site with 

outline consent for development for 
port use.

The site has considerable potential as a 
wind farm construction port and could 
be brought into use by early 2010. 

contacts

Capt Stephen Gobbi 
Peel Ports Medway 
steve.gobbi@peelports.co.uk 
01795 596596 
www.peelports.co.uk

Graham Tubb 
South East England Development Agency 
grahamtubb@seeda.co.uk
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Great Yarmouth, outer harbour
Space 1,214,000 m²

Quay length 400 – 1,000 m

Depth below LAT 10.0 m

Vessel capacity Up to 250 m long

Great Yarmouth is a major east coast 
port located in Norfolk, 20 km north 
of Felixstowe and Harwich. It adjoins a 
large industrial area known as South 
Denes. The port handles a range of 
general cargo in addition to being the 
principal UK base for the offshore oil and 
gas industry in the southern North Sea.

Phased opening of the new Great 
Yarmouth Outer Harbour development 

will start during the first quarter of 2009. 
It will significantly expand the port’s 
operating capacity and offer deep-water 
quayside with availability for heavy lift 
and project cargo. 

Great Yarmouth was the construction 
base for the Scroby Sands project and 
the port has considerable experience in 
offshore wind. 

contacts

Eddie Freeman 
EastPort 
efreeman@eastportuk.co.uk 
www.eastportuk.co.uk

Emma Toulson  
Renewables East 
emmatoulson@renewableseast.org.uk
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Killingholme, North Lincolnshire  
Able humber Port facility

Space 8,820,000 m²

Quay length tba

Depth below LAT tba

Vessel capacity tba

The Able Humber Ports Facility is well 
placed to capitalise on the emerging 
opportunities in global logistics and 
is central to the future strategy of 
UK public authorities and a principal 
feature within the Yorkshire Forward-
sponsored South Humber Masterplan. 
It is located immediately north of 
Immingham Port. The first phase of 
development – 74 hectares – is already 
completed and current occupants 
include GBA, with up to 35,000 vehicles 
there at any one time. Some 39 
hectares are available for immediate 
occupation. The second phase 

(releasing a further 377 hectares) will 
commence in 2009 and preparations 
and planning permissions are in hand 
for a number of other port related 
activities. 

The site is an ideal location for 
development for both offshore 
construction and manufacturing.  
It is located centrally on the east 
coast with good existing rail and road 
transport links and it is envisaged 
that the development will include new 
quays specified to meet occupier’s 
requirements. 

contacts

Neil Etherington 
Able UK 
netherington@ableuk.com 
07768 405464 

David Shepherd 
Yorkshire Forward  
david.shepherd@yorkshire-forward.com
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humber, ABP humber
Space 819,000 m² plus other sites

Associated British Ports (ABP) operates 
four ports on the Humber – Hull, 
Immingham, Goole and Grimsby – 
handling a total of more than 73 million 
tonnes per year.

The Paull site is adjacent to the port 
of Hull. Currently vacant, this land is 
owned by ABP and is classed as port 
estate land for industrial development. 
The site has riverside frontage and 
the potential for a jetty or quay to be 
constructed.

As well as this large site, ABP Humber 
can also offer a number of other sites of 
various sizes and locations throughout 
the rest of its ports.

Ideally situated for the offshore wind 
projects planned for the North Sea, 
the Humber ports all have excellent 
connections with Scandinavia and north 
Europe with regular short-sea services 
and very good road and rail links. 

As the largest port operator in the UK, 
ABP has considerable experience in 
working with the wind industry. We have 
undertaken construction and assembly 
work in a number of our ports and 
Grimsby is already a hub for O&M bases 
for nearby developments.

contacts 

Chris Willey 
Associated British Ports  
cwilley@abports.co.uk 

Jeffe Baker  
Associated British Ports  
jbaker@abports.co.uk 

David Shepherd  
Yorkshire Forward  
david.shepherd@yorkshire-forward.com 
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hartlepool, hartlepool Port
Space 230,000 m²

Quay length 910 m

Depth below LAT 9.0 m

Vessel capacity Up to 190 m long, 33 m maximum beam

Hartlepool Port is located four nautical 
miles north of the River Tees. The port 
is directly accessed from the sea with 
all tide access. Hartlepool has two 
mobile harbour cranes with a 62 tonne 
max lift at 25 m radius, six quay cranes 
and a range of hydraulic grabs to suit 
all commodities.

Hartlepool Docks has three main 
quays; Irvines Quay, Deep Water Berth 
and Victoria Quay. A heavy lift pad with 
a 15 tonne/m2 load capacity is situated 

on Irvines Quay for heavy lift projects. 
There is also a basin behind locked 
gates with a 500 tonne capacity  
‘ro-ro’ ramp. 

The site has potential as a construction 
base for the offshore wind industry or 
the offshore industry for mobilisations, 
fabrication, spooling or heavy lifts. 
Extensive use of the quayside could  
be gained through negotiation with  
port owners. 

contacts 

Darren Thompson   
PD Ports  
darren.thompson@pdports.co.uk 
www.pdports.co.uk  
www.pdoffshore.com  

 

Ray Thompson  
One North East  
+44 (0)191 229 6375  
ray.thompson@onenortheast.co.uk 
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hartlepool, Able seaton Port
Space 510,000 m²

Quay length 550 m

Depth below LAT 15.0 m

Vessel capacity No limit

Able Seaton Port is a 51 hectare multi-
purpose, multi-user facility. With 15 m 
depth and up to 75 tonne/m² quay load 
out capacity (including a 2,000 tonne 
lift Ringer crane) the recently installed 
312 m quay can handle the largest of 
vessels. Seaton also has the world’s 
largest dry dock and is currently home 
to a number of re-cycling activities, 
including the so-called Ghost Ships 
from the US merchant fleet and the 
redundant French Aircraft Carrier, Le 
Clemenceau. The dry dock also provides 
crucial facilities for the construction 
of semi-submersible offshore drilling 
platforms and other marine structures.

This unique facility is located close to 
the mouth of the River Tees. The site has 
been developed for use as a facility for 
offshore, marine, specialist industrial 
and civil engineering fabrication and 
construction projects and also has 
significant potential for offshore wind 
construction. It offers good access 
by river, sea, rail and road. Durham 
Tees Valley Airport is 30 km away. The 
port also provides around 5,000 m² of 
covered storage and warehousing and 
has a full level of utility provision. 

contacts 

Neil Etherington  
Able UK  
netherngton@ableuk.com  
07768 405464  

Ray Thompson  
One North East  
ray.thompson@onenortheast.co.uk  
+44 (0)191 229 6375  
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teesside, Able Middlesbrough Port
Space 207,000 m²

Quay length 350 m

Depth below LAT 7.0 m

Vessel capacity 60,000 tdwt

Able Middlesbrough Port lies adjacent 
to Middlesbrough FC’s Riverside 
Stadium. It has three quays with the 
longest being 220 m. The site includes 
extensive fabrication, assembly and 
storage space totalling over 25,000 m2 
and offers both significant and existing 
carnage. The site is approximately  

200 x 900 m with over 1,200 m of river 
frontage – an ideal location for wind 
turbine and related requirements. 
It could be available for immediate 
occupation. Potential occupants should 
be aware that there is a maximum air 
draft of 66.1 m.

contacts 

Neil Etherington  
Able UK  
netherngton@ableuk.com  
07768 405464  

Ray Thompson  
One North East  
ray.thompson@onenortheast.co.uk  
+44 (0)191 229 6375  
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Tyneside,  
Offshore Technology Park

Space 250,000 m²

Quay length 500 m

Depth below LAT 9.0 m

Vessel capacity Up to 200 m

This former shipbuilding site is owned 
by Shepherd Offshore as part of the 
Offshore Technology Park initiative in 
Tyneside. The facility handles all types 
of cargo including offshore related 
materials. The company provides 
clients with complete supply chain 
management within one unique facility.

The Offshore Technology Park is located 
on the north bank of the river Tyne  

11 km from its mouth only 5 km from 
the centre of Newcastle-upon-Tyne 
which has good road and rail links to all 
major cities within the UK.

The facility is in a strong position 
to meet needs for both offshore 
construction as well as manufacturing. 
Some site development will be required 
to meet specific needs for wind energy 
use. Additional land is available nearby.

Contacts 

Charles Shepherd  
Shepherd Offshore  
charles.shepherd@shepherdoffshore.co.uk 

Ray Thompson  
One North East  
ray.thompson@onenortheast.co.uk  
+44 (0)191 229 6375 
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Space Minimum 250,00 m²

Quay length 500 m +

Depth below LAT 9.5 m

Vessel capacity Up to 200 m LOA

The Port of Blyth is one of the UK’s 
leading ‘renewables’ Port’s, home 
to Narec (the UK’s premier research 
facility), a pier-based wind farm and 
the UK’s first offshore turbines. With 
an established reputation for handling 
wind power related projects and it’s 
strategic north east coast location, 
Blyth is an ideal choice for servicing the 
rapidly expanding offshore wind sector.

The port has five existing quays suitable 
for handling heavy turbine components 

with a minimum of 35 ha of adjacent 
land potentially available for fabrication 
or logistics operations. A proportion of 
this land has already been utilised for 
similar project work and therefore is 
readily available for use.

Marine operations are equally well 
catered with no locking in or out, no 
air draft restrictions, non-compulsory 
pilotage and 24 hour access in most 
weather conditions.      

contacts 

Martin Lawlor 
Port of Blyth 
martin.lawlor@blythport.co.uk 
+44 (0) 1670 357002

  

Ray Thompson  
One North East  
ray.thompson@onenortheast.co.uk  
+44 (0)191 229 6375  

mailto:ray.thompson@onenortheast.co.uk
mailto:martin.lawlor@blythport.co.uk
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Space 277,000 m²

Quay length 180/165 m

Depth below LAT 4.9 – 9.0 m

Vessel capacity Restricted by max. quay length of 180 m, 
Air draft unrestricted, Beam unrestricted

Fife’s Energy Park has been set up for 
companies working in the renewable 
energy sector and the more traditional 
energy sectors such as oil and gas. 
Based on the former Kvaerner oil 
fabrication yard at Methil, the 54 ha 
Energy Park offers companies a large 
industrial location. Situated north of 
Edinburgh on the Firth of Forth, it 
is close to the urban and industrial 
centres of Scotland.

The site is a former oil rig construction 
yard acquired by Scottish Enterprise 
and includes fully equipped client, 
project and administration office 
facilities, together with the following 
principal facilities. It offers 6,400 m² of 
covered assembly area and 277,000 m² 
of open assembly area. 

Through quay development, the site 
can meet specific needs for wind farm 
construction.

contacts 

David Reid  
Scottish Development International  
david.reid@scotent.co.uk  
+44(0)20 7213 0092

mailto:david.reid@scotent.co.uk


tayside, Port of dundee
Space 240,000 m²

Quay length 180/165 m 445 m 213 m 200 m 140 m 76 m

Depth below LAT 4.9 – 9.0 m 8.5 m 8.0 m 9.5 m 9.0 m 9.5 m

Vessel capacity Up to 100,000 DWT. 250 m length, 8.8 m depth

The Port of Dundee is located on the 
east coast of Scotland. It is one of 
Scotland’s main Port facilities; with 
over 1,800 m of quayside and significant 
heavy fabrication facilities, open 
storage areas and quays capable of 
accommodating non-divisible heavy 
lift modules and fabrications. The 
port has excellent, well-maintained 
infrastructure and deep-water berths 
in the sheltered Tay estuary.

The Port is located mid-way between 
Aberdeen and Edinburgh with excellent 
road, rail and air links.

The port is at the heart of the regions 
renewable energy activity, working 
alongside the universities, commerce 
and local government to promote and 
develop manufacturing  capabilities for 
this sector.

The Port of Dundee has significant 
experience in the North Sea offshore oil 
and gas sector. With good deep water 
alongside in conjunction with landside 
project areas, it can accommodate 
large vessels. In recent times has 
developed experience in the wind 
industry in importation and onward 
transportation, as well as 
pre-assembly.

The port’s owners, Forth Ports, have 
established a joint venture with Scottish 
& Southern Energy in June 2008 called 
Forth Energy to develop renewables 
projects in and around Scotland 
including, large scale wind energy.

contacts 

Matt North  
Forth Ports plc  
matt.north@forthports.co.uk  
+44 (0)1382 878130 

David Reid   
Scottish Development International  
david.reid@scotent.co.uk  
+44(0)20 7213 0092 
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Space 300,000 m²

Quay length 558 m, 245 m

Depth below LAT tba

Vessel capacity Up to 164 m long and 20m beam

The Port of Montrose is located on the 
river Esk within 2 km of open sea. It lies 
midway between Aberdeen and Dundee 
on the east coast of Scotland and has 
excellent road and rail communication 
links with other major cities throughout 
Scotland and northern England. The 
harbour provides a sheltered haven 
with around 800 m of quay with no tidal 
restrictions to any of the berths 

The Port is mid-sized with varied 
cargo shipping activities. It is also 
used in support of the offshore oil 
and gas industry. There is additional 
development land available for offshore 
wind construction immediately to the 
north of the port.

contacts 

Jim Raeper   
Port of Montrose 
jim@montroseport.co.uk 

David Reid   
Scottish Development International  
david.reid@scotent.co.uk  
+44 (0)20 7213 0092 

mailto:jim@montroseport.co.uk
mailto:david.reid@scotent.co.uk


Peterhead Bay harbour,  
north Base

Space 340,000 m²

Quay length 1,200 m in total

Depth below LAT 6.8 m (min)

Vessel capacity Length 200m, Beam no restriction

Peterhead Bay lies around 50 km to 
north of Aberdeen on the north east 
coast of Scotland. The harbour is a 
deep water natural inlet protected 
from the sea by two breakwaters. 
Within the sheltered harbour there 
is approximately 2 km of alongside 
berthing, with minimum water depths  
of up to 14 m at low tide. It provides 
a wide range of services to the 
construction and diving support  
sectors of the oil industry and is  
used for heavy lift operations. 

The North Base offers the wind industry 
heavy cranage, deepwater berthing, 
office accommodation, open storage 
and ready access to engineering and 
fabrication services.

Contracts have recently been signed for 
construction of a new 200 m deepwater 
berth with adjacent working area, with 
the potential to expand the site up to 
65,000 m2. The new quay will be suitable 
for a range of industries, including 
subsea and marine renewables.

contacts 

John Wallace  
Peterhead Port Authority 
jewallace@peterheadport.co.uk 
+44 (0)1779 483600

David Reid   
Scottish Development International  
david.reid@scotent.co.uk  
+44 (0)20 7213 0092 
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Nigg Yard occupies a strategic location 
on the Cromarty Firth, with excellent 
deep water channels to the North Sea.  
It lies about 55 km from Inverness and 
close to the A9.

Nigg Yard has over 30 years of history 
of constructing major facilities for the 

offshore oil industry.  Its workshops all 
have significant overhead cranes with 
the main assembly shop having a 120 te 
crane with a 35 m hook height. The Nigg 
Yard was used for the installation of 
the Beatrice Wind Farm demonstrator 
project in 2006.

Space 700,000 m2 36,000 m2 workshops and warehousing
180,000 m2 laydown/assembly area 
adjacent to the quay
152,000 m2 external storage area

Quay:
 length
 depth at LAT
  distance to 

open water

420 m
9.4 m
200 m
2 km

92 m reinforced for heavy crane access

Cromarty Firth main channel
Cromarty Firth entrance (Moray Firth)

Dock:
 working floor
 depth
 gate opening
 quay length
 water depth
 

300/380 m x 150 m
15 m
120 m
240 m
9.14 m
13.7 m

Ramp access from north end

1,000 te load lifting capacity
at LAT
at MHWS

contacts 

Carol Grove  
Brown & Root Highlands Fabricators Ltd 
(part of the KBR group)  
carol.grove@kbr.com  
+44 (0)1862 851301 
www.niggyard.com

David Reid  
Scottish Development International  
david.reid@scotent.co.uk  
+44 (0)20 7213 0092 

mailto:carol.grove@kbr.com
http://www.niggyard.com
mailto:david.reid@scotent.co.uk


cromarty firth,  
highland deephaven

Space 1,000,000 m²

Quay length tbc

Depth below LAT 9.0 m

Vessel capacity tbc
 

Highland Deephaven is a 150 ha 
privately owned industrial facility on 
the north shore of the Cromarty Firth 
Scotland, and is zoned for industrial 
development. Highland Deephaven has 
a private causeway and marine facility 
in place with a water depth at the quay 
of 6.5 m at low tide. Deephaven has 
direct access on to the main A9 trunk 

highway and is adjacent to the main 
rail network. Permission has been 
obtained to construct a rail link directly 
into Highland Deephaven. Currently 
the main activities on site are steel 
fabrication, bulk storage, distribution 
and a major pipe assembly yard for 
offshore installations.

contacts 

Mr Bob Kilpatrick  
Managing Director,  
Highland Deephaven Limited 
highlandeephaven@aol.com 
+44 (0)1349 831191

David Reid   
Scottish Development International  
david.reid@scotent.co.uk  
+44 (0)20 7213 0092 
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alfirth of clyde, hunterston terminal
Space 700,000 m²

Quay length 50 m

Depth below LAT 20.0 m+

Vessel capacity No limit

Hunterston Terminal on the Firth of 
Clyde has one of the deepest sea 
entrance channels in northern Europe, 
which can accommodate the largest 
cape size vessels afloat. This former oil 
rig site on the west coast of Scotland, 
55 km to Glasgow, is now available for 
redevelopment. 

Hunterston’s dry bulk terminal, one of 
the finest in Western Europe, offers 

a depth of water up to 26 m, enabling 
ships up to 350,000 tonnes to berth at 
all states of the tide to discharge coal.

The port’s position and access to deep 
water make it a suitable location as a 
construction base. With quayside 
construction, it could meet the 
requirements for offshore wind 
manufacturing. 

contacts 

David Jerome   
Clydeport Limited  
(part of the Peel Ports Group)  
david.jerome@clydeport.co.uk 
0141 241 8530 
www.clydeport.co.uk

  

David Reid  
Scottish Development International   
david.reid@scotent.co.uk  
+44 (0)20 7213 0092

mailto:david.jerome@clydeport.co.uk
mailto:david.reid@scotent.co.uk
http://www.clydeport.co.uk


Belfast, harland and wolff
Space 100,000+ m² in H&W, 600,000 m² in the Port of Belfast

Quay length 556 m x 2, 335 m, 170 m, 110 m

Depth below LAT 8.6 m

Vessel capacity 1.2m dwt (VLCC)

Harland and Wolff is a heavy 
engineering site in Belfast Port, 
Northern Ireland. It is fully equipped 
with over 30,000 m2 of covered 
fabrication halls (manufacturing ships 
and offshore structures including 
jackets), eight cranes (including two 
840 tonne gantry cranes) and fully 
equipped office facilities. The port can 
accommodate even the largest ships 
and its quays can handle 5.4 tonnes/m2.

Harland and Wolff have significant 
experience with the offshore wind 
industry; the port has been the logistics 
and pre-assembly port for the Robin 
Rigg and Barrow offshore wind farms. 
Its ship repair and heavy engineering 
businesses are complementary and 
have ensured swift resolution of vessel 
and equipment failures during these 
projects.

contacts 

David McVeigh   
Harland and Wolff Heavy Industries Ltd  
davidmc@harland-wolff.com 

 

Sam Knox 
Invest Northern Ireland  
sam.knox@investni.com
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Port of Barrow

Space 566,000 m²

Quay length 1,000 m

Depth below LAT 10.0 m

Vessel capacity Up to 210 m long, 35 m beam maximum

Centrally located on the north-west 
coast of England, the Port of Barrow 
has considerable experience in handling 
specialist cargoes as well as a range 
of bulk aggregates. It is home to the 
renowned BAE Systems shipbuilding 
facility and has been involved with 
offshore activity in the Irish Sea for 
many years, having operated as a 
base for the load-out of offshore gas 
pipelines and the import of modules 
and heavy-lift units for the three on-
shore gas terminals located there.

Barrow is an ideal base for offshore and 
renewable-energy projects located in 
the Irish Sea given its close proximity to 
a number of the proposed 

and consented schemes. The port’s 
extensive land bank makes it an ideal 
location to support the fabrication, 
storage and load-out of steel piles, 
blades and turbines. 

It has already played an important 
role in the construction, operation and 
maintenance of the Barrow Offshore 
Wind Farm and was used as the 
construction site for the substations 
now installed at the Robin Rigg wind 
farm. There are 20 ha of lay-down area 
available.

Photographs of the port show two 
potential berths that could be built at 
the port offering unrestricted access to 
the Walney Channel. 

contacts 

Chris Willey 
Associated British Ports 
cwilley@abports.co.uk 

Helen Seagrave 
North West Regional Development Agency  
helen.seagrave@nwda.co.uk 
+44 (0)191 229 6375

mailto:cwilley@abports.co.uk
mailto:helen.seagrave@nwda.co.uk


dee estuary, Port of Mostyn
Space 300,000 m²

Quay length 310 m

Depth below LAT 7.0 m

Vessel capacity Up to 150m long

Located on the south bank of the Dee 
Estuary in North Wales, the Port 
of Mostyn is served by good road 
infrastructure linking up with the 
motorway network joining the M6 and 
the M62 corridor.

Over the past decade the port has 
undertaken a major development 
programme with 310 m of Riverside 
berth being constructed to provide  
lock free access to the large areas  

of quayside and land directly adjacent  
to the berths.

The creation of these facilities has seen 
the Port of Mostyn become a base for 
the offshore wind farm construction 
and support industry. Over the last five 
years it has seen four major wind farms 
constructed from Mostyn, having been 
used for the Robin Rigg, Burbo Bank, 
North Hoyle and Rhyl Flats projects. 

contacts 

Jim O’Toole 
Port of Mostyn  
01745 560335 
www.portofmostyn.co.uk 

 

Helen Donovan 
Welsh Assembly Government 
helen.donovan@wales.gsi.gov.uk 
029 2082 8875
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Space 192,000 m²

Quay length 520 m

Depth below LAT 9.7 m

Vessel capacity Maximum 168 m long, 33 m beam 

Warehouse space 15,620 m²

Milford Haven in south Wales is one 
of the world’s great natural harbours. 
It is a deep water estuary with an 
established record in supporting the  
oil, gas and energy industries. 

There are a number of sites in 
Pembroke Dock, situated on the 
southern side of the waterway that are 
available to accommodate offshore 
wind construction. Extensive fabrication 
facilities and storage areas, both open 
and covered, including over 15,000 m² 
 of warehouse space, are available 
virtually alongside the quays. Lightly 

trafficked exit roads skirt the town 
centre of Pembroke Dock. These lead 
straight onto the A477 trunk road which 
connects to the M4, one of the quickest 
and easiest routes from the west coast 
to the hub of the UK motorway network.

The port owners are also seeking to 
develop the Blackbridge site on the 
north bank of the estuary in partnership 
with Pembrokeshire County Council. 
This could add a further 146 ha of open 
and covered storage and 500 m of deep-
water quay to the Haven’s facilities.

contacts 

Joe Besch 
Milford Haven Port Authority 
joe.besch@mhpa.co.uk  
01646 696100

 

Helen Donovan 
Welsh Assembly Government 
helen.donovan@wales.gsi.gov.uk 
029 2082 8875

mailto:joe.besch@mhpa.co.uk
mailto:helen.donovan@wales.gsi.gov.uk


west Glamorgan, Port of swansea 
and Port talbot

Space 160,000 m²

Quay length > 300 m

Depth below LAT Swansea: enclosed dock system with maintained depth of 
circa 9.9 m 
Port Talbot: tidal harbour entrance has depth of 12.24 MLWS

Vessel capacity Swansea: maximum length 200 m, maximum beam 26.20 m, 
draft 9.90 m 
Port Talbot: 170,000 dwt

Port Talbot is one of only a few capesize 
facilities in the UK capable of handling 
some of the largest bulk vessels in the 
world. Located within easy reach of the 
open sea, it comprises the tidal harbour, 
a sheltered harbour with a water area in 
excess of 156 hectares which handles 
imports of raw materials for Corus’s 
integrated steelworks at Margam, and Port 
Talbot Docks, which accommodate smaller 
heavy-lift and general-cargo vessels.

The Port of Swansea is a general cargo 
port which handles a diverse range of 
trade. The port is able to accommodate 
vessels of up to circa 30,000 dwt. The 

port benefits from a large estate with 
large areas of potential development land.

Both locations benefit from excellent 
road access to the east and west via 
the M4 which is a short drive away via 
dual-carriageway. The ports are also 
connected to the national rail network. 

Although the ports can be used separately, 
Associated British Ports is designing  
a load solution for offshore wind 
construction using the combined facilities 
of Port Talbot and Swansea. It will 
provide both a large land area for storage 
and facilities for loading jack-up vessels. 

contacts 

Chris Willey 
Associated British Ports 
cwilley@abports.co.uk 

 

Helen Donovan 
Welsh Assembly Government 
helen.donovan@wales.gsi.gov.uk 
029 2082 8875
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mailto:helen.donovan@wales.gsi.gov.uk
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Space Up to 130,000 m²

Quay length Currently 220 m Development 700 m

Depth below LAT Currently 9.5 m Development from 7.6 to 11.2 m

Vessel capacity Currently up to 250 m long, 50 m beam  
Development up to 320 m long, 50 m beam

The Port of Portland is the UK’s 
newest commercial port but with over 
a hundred years of history as a naval 
dockyard. It will serve as the base for 
2012 Olympic sailing events.

It lies on the south coast of England, 
around 80 km west of Southampton, 

within easy reach of the Round 3 sites in 
the English Channel.

It has significant potential for development 
with the creation of up to 13 ha of 
development land covered by a Harbour 
Revision Order with potential for offshore 
wind construction use. 

contacts

Ian McQuade  
Portland Harbour Authority   
i.mcquade@portland-port.co.uk  
01305 824044

Jonny Boston  
South West Regional Development Agency  
jonny.boston@southwestrda.org.uk 

mailto:i.mcquade@portland-port.co.uk
mailto:jonny.boston@southwestrda.org.uk


southampton, ABP southampton
Space 800,000 m²

Quay length 500 m

Depth below LAT 9.0 m

Vessel capacity tbc

ABP Southampton is a major deep 
water port on the south coast of 
England offering solutions to offshore 
developers for port logistics during the 
construction phase and O&M support 
for the project life.

The port is approximately 50 km and 
80 km from two Round Three sites, 
offering developers short delivery times 
and reduced costs.

The port currently has 18 ha available 
for development within its Western 
Docks. The docks have lock-free access 
to all berths with nominal dredged 
depth at lowest low water of 11.7 m

ABP Southampton’s team already has 
extensive experience handling a large 
variety of project cargos and with the 
wind industry. They are currently 

transhipping Vestas wind turbine 
components units from their 
manufacturing base on the Isle of Wight

Offering a flexible working approach, 
the port can offer a logistics solution 
arranging all the necessary port 
services allowing customers to focus on 
turbine assembly within the port area

As a part of the UK’s largest port group, 
ABP Southampton also has access 
to the wide range of experience and 
knowledge built up throughout the 
group. ABP has a strong asset base 
with a shareholder focus on long-term 
investment in core activities

Finally, the port’s location on the south 
coast offers excellent road and rail links 
and easy access to skilled personnel in 
local area.

contacts 

Chris Willey 
Associated British Ports 
cwilley@abports.co.uk 

 

Graham Tubb 
South East Regional Development Agency  
grahamtubb@seeda.co.uk 
01483 500 709
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Space 300,000 m²

Quay length 380 m

Depth below LAT 5.5 m

Vessel capacity tbc

Situated at the mouth of the River Ouse 
on the south coast of England, 100 km 
south of London, the Port of Newhaven 
is a small but busy port owned by the 
French Seine-Maritime Department. 
Its entrance is positioned between two 
piers, protected from the strong wind 
by a solid breakwater to the west. 

The port has 30 ha of waterside land 
designated for development that 
would be suitable for offshore wind 
construction. It lies within easy reach of 
Round 3 sites in the English Channel.

contacts 

Graham Tubb 
South East Regional Development Agency  
grahamtubb@seeda.co.uk 
01483 500 709

mailto:grahamtubb@seeda.co.uk
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UK Renewables is a Government Service 
that uses trade promotion, in co-
ordination with UK Trade & Investment, 
Regional Development Agencies and 
Devolved Administrations to facilitate 
the growth of a world-scale UK 
renewable energy industry, sufficient 
to support the achievement of the UK’s 
2020 renewable energy targets.

The Service raises the profile of the UK 
renewables industry internationally and 
leads business positioning initiatives 
into strategic markets. Companies are 
able to participate in our programmes 
of overseas missions and exhibitions. A 
bespoke introduction service helps UK 
companies to develop relationships with 
key overseas partners.

UK Renewables also encapsulates 
critical knowledge of the UK 
renewables supply chain and functions 
as an intelligent conduit for UK 
capability. Through the development 
of relationships with the world’s OEMs 
and first tier suppliers, particularly for 
onshore and offshore wind power, the 
Service provides business opportunities 
for the thriving domestic market as well 
as a growing global industry. 

For more information on the 
UK Offshore Wind Ports Prospectus 
or UK Renewables please contact:

enquiries@ukrenewables.com

mailto:enquiries@ukrenewables.com
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First published May 2009. Department of Energy and Climate Change.
Crown Copyright. URN 09D/562

www.decc.gov.uk

http://www.decc.gov.uk/


At a glance:

Area and length of quays:

 Cuxport Terminal 1 Europakai:

  245,000 sq.m. (suitable for heavy loads) 

 840 m berth length

 2 multipurpose berths: 13,50 m

 1 multipurpose berth: 15,80 m water depth

  1 berth for inland vessels and feeders 

(Humberkai): 6,50 m water depth

Total area: 263,000 sq.m.

Rail tracks:

Cuxport Terminal 1 Europakai:

3,100 m of tracks

Crane capacities:

Cuxport Terminal 1 Europakai:

  1 mobile harbour crane

 LHM 400: 100 t

  Container gantry crane (Panmax)

 with a capacity up to 68 t

  Plus additional on requirement

RoRo capacities:

  Up to 250 t

  2 fully automatic two-lane ramps

  1 automatic two-lane ramp

  1 quarter ramp

Storage capacity:

   Warehouse: 10,000 sq.m. including heated 

storage space 3,000 sq.m.

  5,500 sq.m. of covered area for handling 

rail and truck traffic

CLOSE TO THE WIND

OffshoreBase Cuxhaven

Cuxport GmbH 

Neufelder Schanze 4

D-27472 Cuxhaven 

Germany 

Tel. +49 (0)4721/748-0 

Fax +49 (0)4721/748-122

info@cuxport.de 

www.cuxport.de

Stadt Cuxhaven

Agentur für Wirtschaftsförderung Cuxhaven

Kapitän-Alexander-Straße 1

D-27472 Cuxhaven, Germany 

Tel. +49 (0)4721/599-711

Fax +49 (0)4721/599-720

info@afw-cuxhaven.de

www.afw-cuxhaven.de  Contract Logistics  Freight Logistics  Port Logistics
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If you have big things in mind, Cuxport is  

just the place for you. 

About Cuxport

Fast in, fast out: with an ideal location  

and multimodal connections, the ultra-modern 

deep water terminal of Cuxport offers first 

class facilities for handling your cargoes 

rapidly and smoothly. With six berths, a water 

depth of up to 15,8 metres and versatile 

warehousing facilities, Cuxport ideally 

equipped to handle any requirements you  

may have. 

As a modern seaport terminal set up in 1997, 

Cuxport has established itself as an important 

location for Short Sea Shipping. Cuxport 

serves a network of RoRo and container 

scheduled services, which include destinations 

like Great Britain, Russia, Scandinavia, the 

Baltic States and Iceland. Then there are  

the LoLo services for containers, forest and 

steel products, project consignments in 

addition to storage and logistics services. 

Right round the clock, and every day of the 

week, efficient cargo handling facilities are at 

your disposal. 

The shareholders of Cuxport GmbH are Rhenus 

AG & CO. KG in Holzwickede with 74.9 percent 

share, and HHLA Container Terminals 

Gesellschaft mbH with 25.1 percent share.



Büsum

Cuxhaven

BremerhavenWilhelmshaven
Norden

Emden

Denmark

Legend

Borders
 continental shelf/exclusive economic zone
12-mile zone
international frontier

Offshore wind farms
planned
approved
not approved
working
under construction

Grid connection
approved
planned Netherlands

Cuxport – Your partner for handling and storage of Offshore-Windmills

Our terminal is getting ready to support the energy needs of  

the future. The commencement of an ambitious extension project, 

together with the new heavy load and offshore platform for the 

transhipment of wind power plants, already today sends a fresh 

wind blowing through our terminals.

Specialist for wind energy plants and components

  Port of heavy lift operation with special offshore platform  

at a deep water berth, with vehicle access

  Handling capacity up to approx. 1,500 tons of wind energy 

installations

  Special cranes available for the setting up of wind energy plants

 Comprehensive heavy lift expertise and equipment

 In key position for a large number of supply chains

 Short sea crossing to the offshore fields in the German Bight

  Numerous scheduled services and excellent hinterland links

Extension Area
85.000 sq.m.

Berth 4 
on Terminal 1 Europakai

Heavy load platform
approx. 1,600 sq.m. (90 t/sq.m.)

The universal port Cuxport is 
specialised in the handling of 
windmills.  

Geographical position

With its ideal location right at the Elbe Estuary, near the Kiel  

Canal and not far from the Weser and Jade Estuary, Cuxport is the  

optimal transhipment centre for all kinds of consignments. 

Hinterland connections

From Cuxport you can easily reach the efficient European road and 

rail network in the shortest possible time. The nearby motorway 

link gives you direct access to the German and Central European 

hinterland, while the terminal rail head connects you to the biggest 

European marshalling yard Hamburg-Maschen. Cuxport is also 

directly connected to the European network of inland waterways via 

the river Elbe. 

The OffshoreBase Cuxhaven

Cuxport provides services for the OffshoreBase Cuxhaven.

The latter combines the functions of a production site, a support 

point and a testing area for offshore wind energy systems.

Cuxport is extending its facilities accordingly in order to meet the 

needs of the future. The heavy load berth has been specifically 

designed to cope with extreme stresses from foundation sections or 

generators. A new berth for ships of up to 270 metres in length   

including adjacent hinterland area is currently under construction. 

By 2010 this will increase Cuxport’s facilities still further, with  

the addition of another 85,000 square metres of warehousing, 

storage and production site.

Heavy load berth

The rising demand for installation facilities where large modules can 

be assembled is catered for by our heavy load platform directly 

situated at berth No. 4. On an area of around 1,600 metres, wind 

mill structures weighing up to approx. 1,500 tons can be preassem-

bled on a special purpose-built concrete ring foundation, so that 

entire offshore plants can be loaded directly via a deep water berth. 

The sustainable load comes to 90 tons per square metre. Our mo  bile 

harbour crane has a capacity of 100 tons and we have other mobile 

and floating cranes available as well, any time they are needed.

Planned offshore windparks 
in the North Sea 

North Sea

Heavy load platform of the 
OffshoreBase Cuxhaven.
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NEW BEDFORD

MARINE COMMERCE

TERMINAL

MASSACHUSETTS CLEAN ENERGY CENTER

55 SUMMER STREET, 9TH FLOOR

BOSTON, MASSACHUSETTS
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Maps Showing Available Parcels for the Port of Davisville 
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Navigational Chart Printout  ‐ Port of Davisville 
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Surficial Geology of the Boston Basin – 

Hawkes, Martin. Massachusetts Institute of Technology 1987 
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Article on Cape Cod Community College Wind Turbine Construction 

   



Cape college fails to clear wind turbine hurdle
By Patrick Cassidy
pcassidy@capecodonline.com
March 03, 2010 2:00 AM

WEST BARNSTABLE — Historic preservation, 5, Cape Cod Community College wind turbine, 0.

Following more than four hours of passionate debate and deliberation, the Old King's Highway Regional Historic 
District Commission voted 5-0 yesterday to uphold a denial of the college's plan to build a 243-foot-tall turbine on 
its West Barnstable campus.

"The height as you move away from it becomes more and more obvious, it becomes more and more imposing," 
George Jessop, Barnstable's representative to the commission, said prior to the vote, which was cast in a meeting 
room at the West Barnstable fire station packed with more than 50 people. "The size is key here."

Jessop, who could not vote because it was a decision by the Barnstable Old King's Highway Historic District 
Committee that the project's proponents appealed to the regional commission, said the size of the turbine was 
simply inappropriate for the area.

Several neighbors agreed, arguing the project would have a negative effect on their property values and quality of 
life.

"The turbine has no place in this historic district," said Mark Bonaiuto, who lives on Acorn Drive, less than a half 
mile from the turbine's proposed location. The noise from the turbine, he said, would be like "dripping water."

For Bonaiuto's wife, Marianne, the flicker from the spinning blades she experienced during a visit to the turbine at 
the Massachusetts Maritime Academy in Buzzards Bay was "disturbing," especially because of her tendency to 
develop migraine headaches.

"I'd love to see a turbine," just not in the style, scale and location of the college project, she said.

'What could be better?'

But for every person who objected to the turbine two rose to support it.

"We are losing youth on Cape Cod precisely because of that type of mind-set," said Sarah Cote of Sandwich, an 
executive assistant at the pro-wind energy group Clean Power Now.

As for setting a precedent by approving the turbine: "What could be better?" she said.

Other speakers questioned how communication and water towers are built in the district but a wind turbine is 
denied.

Attorney Bruce Gilmore, who represented the college and the state, argued the Barnstable historic district 
committee did not account for benefits the turbine would bring to the college and the community in energy savings, 
environmental protection and education.

"I would say on its face that that is a fatal flaw," he said of overlooking the project's benefits. The historic district's 
enabling act specifically requires that energy benefits of a proposal be considered, he said.

The wind turbine would produce more than one million kilowatt hours of energy and save the college an estimated 
$170,000 annually, said Dixie Norris, vice president of administration and finance at the school.

The college uses about 4.6 million kilowatt hours of electricity annually and spent an average of $725,049 a year 
on electricity over the past four years, she said.

Page 1 of 2Cape college fails to clear wind turbine hurdle | CapeCodOnline.com
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Norris said an estimated $50,000 of revenue each year from unused energy the turbine produced would have 
gone to a low-income energy conservation program.

The project would also provide a "living laboratory" for students learning about renewable energy, college 
president Kathleen Schatzberg said.

No one is benefiting from the turbine now. The windmill is sitting in pieces inside a hangar at Otis Air National 
Guard Base, where it has been since arriving from India last year.

The Barnstable historic district committee called a halt to the project in the fall because the college and state had 
neglected to seek the local panel's approval before moving forward.

The college, which is typically exempt from local zoning law, was unaware that it needed the historic district 
committee's approval, Gilmore said.

Little room to compromise

After receiving approval from the state, the college moved the project from one side of the campus to the other and 
reduced the turbine's height from 400 feet to 243 feet because of demands from the Federal Aviation 
Administration, he said.

The FAA's stance left the regional historic district committee and the college with little room to compromise, said 
the panel's chairman, Peter Lomenzo of Dennis. "What could we do?" he said after the regional commission found 
the Barnstable historic district committee had not acted arbitrarily and capriciously in its decision. Local historic 
district committees and alternative energy committees should get together in the future to work out issues like this 
before they get to this point, he said.

The college and state have 20 days after a written decision is filed with the Barnstable town clerk to appeal the 
ruling to Barnstable District Court, a move Schatzberg said she will try to push forward. "That would be a joint 
decision," she said, citing the state Division of Capital Asset Management's responsibility for the project.

Copyright © Cape Cod Media Group, a division of Ottaway Newspapers, Inc. All Rights Reserved.
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NOAA National Ocean Service Tide Prediction Tables for 2012 

 

 

 

 

   



 

 

 

The NOAA Tide Predictions application provides predictions in both graphical and tabular formats,

with many user selected options, for over 3000 stations broken down by key areas in each state.

Users can also access stations via the Google map interface. Additional information can be found in

the help page.

Station Types: The NOAA Tide Predictions application provides predictions from 2 distinct

categories of stations at over 3000 locations:

Harmonic - The predicted height values for Harmonic stations are conducted by combining the

harmonic constituents into a single tide curve.

Subordinate - The high and low height values for Subordinate stations are obtained by means and

differences, and ratios applied to the full harmonic constant predictions at a specific Harmonic

station (a Reference station).

Disclaimer: The official Tide prediction tables are published  annually on October 1, for the following

calendar year. Tide predictions generated prior to the publishing date of the official tables are

subject to change. The predictions from the web based NOAA Tidal Predictions are based upon the

latest information available as of the date of your request. Tide predictions generated may differ

from the official published predictions if information for the station requested has been updated

since the publishing date of the official published tables.

NOAA Tide Predictions

New Bedford,Massachusetts,2012

Generated On: Tue Jun 05 22:39:34 GMT 2012 Page 1 of 5



January February March
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
Su

h     m ft  cm
01:12 AM 3.2 98
06:51 AM 0.7 21
01:34 PM 2.7 82
06:51 PM 0.4 12

16
M

h     m ft  cm
12:53 AM 3.9 119
06:31 AM 0.1 3
01:15 PM 3.3 101
06:39 PM -0.2 -6

1
W

h     m ft  cm
01:56 AM 2.8 85
08:25 AM 0.7 21
02:26 PM 2.5 76
07:59 PM 0.4 12

16
Th

h     m ft  cm
02:41 AM 3.8 116
09:36 AM 0.2 6
03:07 PM 3.2 98
08:59 PM 0.1 3

1
Th

h     m ft  cm
01:02 AM 2.9 88
07:16 AM 0.8 24
01:42 PM 2.6 79
07:09 PM 0.5 15

16
F

h     m ft  cm
03:24 AM 3.7 113
10:26 AM 0.3 9
03:52 PM 3.3 101
10:24 PM 0.3 9

2
M

02:02 AM 3.1 94
08:17 AM 0.7 21
02:25 PM 2.6 79
07:51 PM 0.4 12

17
Tu

01:53 AM 3.9 119
08:04 AM 0.2 6
02:16 PM 3.2 98
07:50 PM -0.1 -3

2
Th

02:54 AM 2.8 85
09:38 AM 0.6 18
03:28 PM 2.5 76
09:03 PM 0.3 9

17
F

03:49 AM 3.8 116
10:36 AM 0.1 3
04:14 PM 3.3 101
10:13 PM -0.1 -3

2
F

01:59 AM 2.8 85
08:52 AM 0.7 21
02:43 PM 2.6 79
08:23 PM 0.5 15

17
Sa

04:32 AM 3.6 110
11:21 AM 0.2 6
04:58 PM 3.4 104
11:30 PM 0.2 6

3
Tu

02:56 AM 3.0 91
09:23 AM 0.6 18
03:21 PM 2.6 79
08:49 PM 0.3 9

18
W

02:57 AM 3.9 119
09:32 AM 0.1 3
03:22 PM 3.2 98
09:02 PM -0.2 -6

3
F

03:58 AM 3.0 91
10:31 AM 0.4 12
04:28 PM 2.7 82
10:00 PM 0.1 3

18
Sa

04:53 AM 3.9 119
11:24 AM -0.1 -3
05:15 PM 3.5 107
11:10 PM -0.2 -6

3
Sa

03:05 AM 2.9 88
09:55 AM 0.5 15
03:47 PM 2.8 85
09:30 PM 0.3 9

18
Su

05:35 AM 3.6 110
12:03 PM 0.1 3
05:58 PM 3.6 110

4
W

03:53 AM 3.1 94
10:13 AM 0.5 15
04:16 PM 2.6 79
09:41 PM 0.2 6

19
Th

04:04 AM 4.0 122
10:36 AM -0.1 -3
04:28 PM 3.3 101
10:06 PM -0.3 -9

4
Sa

04:55 AM 3.2 98
11:17 AM 0.2 6
05:21 PM 3.0 91
10:51 PM -0.1 -3

19
Su

05:49 AM 4.0 122
12:04 PM -0.2 -6
06:08 PM 3.8 116
11:57 PM -0.3 -9

4
Su

04:11 AM 3.2 98
10:41 AM 0.3 9
04:45 PM 3.1 94
10:27 PM 0.0 0

19
M

12:18 AM 0.1 3
06:30 AM 3.7 113
12:35 PM 0.0 0
06:49 PM 3.9 119

5
Th

04:46 AM 3.2 98
10:58 AM 0.3 9
05:07 PM 2.8 85
10:28 PM 0.0 0

20
F

05:06 AM 4.2 128
11:29 AM -0.2 -6
05:28 PM 3.5 107
11:03 PM -0.4 -12

5
Su

05:43 AM 3.5 107
11:59 AM 0.0 0
06:08 PM 3.3 101
11:39 PM -0.3 -9

20
M

06:38 AM 4.1 125
12:37 PM -0.3 -9
06:55 PM 4.0 122

5
M

05:08 AM 3.5 107
11:22 AM 0.0 0
05:36 PM 3.6 110
11:18 PM -0.3 -9

20
Tu

12:57 AM 0.0 0
07:17 AM 3.8 116
01:00 PM 0.0 0
07:34 PM 4.1 125

6
F

05:32 AM 3.4 104
11:42 AM 0.2 6
05:53 PM 3.0 91
11:14 PM -0.1 -3

21
Sa

06:02 AM 4.4 134
12:17 PM -0.4 -12
06:23 PM 3.8 116
11:55 PM -0.5 -15

6
M

06:27 AM 3.8 116
12:38 PM -0.3 -9
06:51 PM 3.6 110

21
Tu

12:40 AM -0.4 -12
07:22 AM 4.1 125
01:06 PM -0.3 -9
07:38 PM 4.1 125

6
Tu

05:58 AM 3.8 116
12:00 PM -0.3 -9
06:23 PM 4.0 122

21
W

01:30 AM -0.1 -3
08:00 AM 3.8 116
01:26 PM -0.1 -3
08:14 PM 4.2 128

7
Sa

06:13 AM 3.6 110
12:25 PM 0.0 0
06:36 PM 3.2 98
11:59 PM -0.2 -6

22
Su

06:53 AM 4.4 134
01:00 PM -0.5 -15
07:12 PM 3.9 119

7
Tu

12:26 AM -0.5 -15
07:10 AM 4.0 122
01:16 PM -0.4 -12
07:34 PM 3.9 119

22
W

01:19 AM -0.4 -12
08:04 AM 4.0 122
01:36 PM -0.4 -12
08:19 PM 4.1 125

7
W

12:07 AM -0.6 -18
06:45 AM 4.1 125
12:39 PM -0.5 -15
07:08 PM 4.4 134

22
Th

02:02 AM -0.2 -6
08:39 AM 3.8 116
01:57 PM -0.2 -6
08:52 PM 4.2 128

8
Su

06:52 AM 3.8 116
01:06 PM -0.1 -3
07:17 PM 3.4 104

23
M

12:45 AM -0.6 -18
07:40 AM 4.4 134
01:38 PM -0.5 -15
07:59 PM 4.0 122

8
W

01:12 AM -0.7 -21
07:53 AM 4.2 128
01:51 PM -0.6 -18
08:18 PM 4.1 125

23
Th

01:57 AM -0.4 -12
08:44 AM 3.9 119
02:07 PM -0.4 -12
08:59 PM 4.0 122

8
Th

12:56 AM -0.8 -24
07:30 AM 4.3 131
01:18 PM -0.7 -21
07:54 PM 4.6 140

23
F

02:36 AM -0.2 -6
09:17 AM 3.7 113
02:31 PM -0.2 -6
09:28 PM 4.1 125

9
M

12:43 AM -0.3 -9
07:32 AM 4.0 122
01:44 PM -0.3 -9
07:58 PM 3.5 107

24
Tu

01:32 AM -0.6 -18
08:26 AM 4.3 131
02:11 PM -0.5 -15
08:45 PM 4.0 122

9
Th

01:58 AM -0.8 -24
08:37 AM 4.2 128
02:27 PM -0.7 -21
09:04 PM 4.3 131

24
F

02:34 AM -0.4 -12
09:23 AM 3.6 110
02:40 PM -0.4 -12
09:38 PM 3.8 116

9
F

01:44 AM -0.9 -27
08:17 AM 4.4 134
01:58 PM -0.8 -24
08:41 PM 4.8 146

24
Sa

03:10 AM -0.2 -6
09:53 AM 3.6 110
03:06 PM -0.2 -6
10:04 PM 4.0 122

10
Tu

01:26 AM -0.4 -12
08:13 AM 4.0 122
02:19 PM -0.3 -9
08:41 PM 3.7 113

25
W

02:15 AM -0.5 -15
09:10 AM 4.1 125
02:44 PM -0.5 -15
09:29 PM 3.9 119

10
F

02:43 AM -0.8 -24
09:24 AM 4.1 125
03:04 PM -0.7 -21
09:52 PM 4.3 131

25
Sa

03:10 AM -0.2 -6
10:02 AM 3.4 104
03:15 PM -0.3 -9
10:16 PM 3.6 110

10
Sa

02:31 AM -0.9 -27
09:05 AM 4.3 131
02:38 PM -0.8 -24
09:31 PM 4.8 146

25
Su

03:46 AM -0.1 -3
10:30 AM 3.4 104
03:42 PM -0.1 -3
10:38 PM 3.8 116

11
W

02:10 AM -0.5 -15
08:56 AM 4.1 125
02:53 PM -0.4 -12
09:26 PM 3.8 116

26
Th

02:56 AM -0.4 -12
09:54 AM 3.8 116
03:17 PM -0.4 -12
10:13 PM 3.7 113

11
Sa

03:28 AM -0.7 -21
10:13 AM 4.0 122
03:42 PM -0.6 -18
10:43 PM 4.3 131

26
Su

03:47 AM -0.1 -3
10:41 AM 3.2 98
03:51 PM -0.1 -3
10:53 PM 3.4 104

11
Su

04:18 AM -0.8 -24
10:56 AM 4.1 125
04:21 PM -0.7 -21
11:23 PM 4.7 143

26
M

04:21 AM 0.0 0
11:07 AM 3.2 98
04:19 PM 0.0 0
11:14 PM 3.5 107

12
Th

02:53 AM -0.5 -15
09:43 AM 4.0 122
03:28 PM -0.4 -12
10:14 PM 3.8 116

27
F

03:36 AM -0.2 -6
10:37 AM 3.5 107
03:51 PM -0.2 -6
10:56 PM 3.5 107

12
Su

04:16 AM -0.5 -15
11:05 AM 3.8 116
04:25 PM -0.5 -15
11:37 PM 4.2 128

27
M

04:25 AM 0.2 6
11:20 AM 2.9 88
04:29 PM 0.1 3
11:32 PM 3.2 98

12
M

05:06 AM -0.5 -15
11:49 AM 3.9 119
05:05 PM -0.5 -15

27
Tu

04:58 AM 0.2 6
11:47 AM 3.1 94
04:57 PM 0.2 6
11:52 PM 3.3 101

13
F

03:38 AM -0.4 -12
10:32 AM 3.8 116
04:05 PM -0.4 -12
11:04 PM 3.9 119

28
Sa

04:17 AM 0.0 0
11:19 AM 3.1 94
04:28 PM -0.1 -3
11:39 PM 3.3 101

13
M

05:09 AM -0.2 -6
12:00 PM 3.5 107
05:14 PM -0.3 -9

28
Tu

05:08 AM 0.4 12
12:02 PM 2.7 82
05:12 PM 0.3 9

13
Tu

12:18 AM 4.4 134
05:59 AM -0.2 -6
12:45 PM 3.7 113
05:55 PM -0.2 -6

28
W

05:36 AM 0.4 12
12:30 PM 2.9 88
05:37 PM 0.4 12

14
Sa

04:27 AM -0.3 -9
11:23 AM 3.7 113
04:48 PM -0.3 -9
11:57 PM 3.9 119

29
Su

05:00 AM 0.3 9
12:01 PM 2.9 88
05:08 PM 0.1 3

14
Tu

12:34 AM 4.0 122
06:16 AM 0.1 3
12:58 PM 3.3 101
06:13 PM -0.1 -3

29
W

12:14 AM 3.0 91
06:00 AM 0.6 18
12:49 PM 2.6 79
06:04 PM 0.4 12

14
W

01:16 AM 4.2 128
07:07 AM 0.1 3
01:44 PM 3.4 104
06:55 PM 0.1 3

29
Th

12:35 AM 3.2 98
06:21 AM 0.6 18
01:17 PM 2.8 85
06:25 PM 0.5 15

15
Su

05:22 AM -0.1 -3
12:17 PM 3.5 107
05:38 PM -0.2 -6

30
M

12:21 AM 3.1 94
05:50 AM 0.5 15
12:45 PM 2.7 82
05:56 PM 0.2 6

15
W

01:35 AM 3.9 119
08:03 AM 0.2 6
02:00 PM 3.2 98
07:29 PM 0.0 0

15
Th

02:18 AM 3.9 119
09:06 AM 0.3 9
02:46 PM 3.3 101
08:22 PM 0.3 9

30
F

01:23 AM 3.1 94
07:21 AM 0.8 24
02:09 PM 2.8 85
07:26 PM 0.7 21

31
Tu

01:06 AM 2.9 88
06:57 AM 0.7 21
01:32 PM 2.5 76
06:53 PM 0.4 12

31
Sa

02:19 AM 3.0 91
08:48 AM 0.7 21
03:07 PM 2.9 88
08:42 PM 0.7 21

StationId:8447584
Source:NOAA/NOS/CO-OPS
Station Type:Subordinate
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

New Bedford,Massachusetts,2012

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.

Referenced to Station: NEWPORT ( 8452660 )  Height offset in feet ( low:*1.05 high: * 1.05)   Time offset in mins ( low:7 high: 7)
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April May June
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
Su

h     m ft  cm
03:22 AM 3.1 94
10:03 AM 0.6 18
04:08 PM 3.1 94
09:58 PM 0.5 15

16
M

h     m ft  cm
05:09 AM 3.5 107
11:24 AM 0.3 9
05:34 PM 3.8 116

1
Tu

h     m ft  cm
03:51 AM 3.4 104
10:00 AM 0.3 9
04:33 PM 3.9 119
10:34 PM 0.2 6

16
W

h     m ft  cm
05:30 AM 3.2 98
10:57 AM 0.4 12
05:54 PM 3.9 119

1
F

h     m ft  cm
05:29 AM 3.8 116
11:03 AM -0.3 -9
06:03 PM 4.9 149

16
Sa

h     m ft  cm
12:13 AM 0.6 18
06:29 AM 3.1 94
11:34 AM 0.4 12
06:51 PM 3.9 119

2
M

04:28 AM 3.3 101
10:53 AM 0.3 9
05:08 PM 3.5 107
11:01 PM 0.1 3

17
Tu

12:07 AM 0.3 9
06:04 AM 3.5 107
11:49 AM 0.3 9
06:24 PM 4.0 122

2
W

04:56 AM 3.6 110
10:50 AM 0.0 0
05:32 PM 4.3 131
11:32 PM -0.1 -3

17
Th

12:12 AM 0.5 15
06:20 AM 3.3 101
11:30 AM 0.4 12
06:39 PM 4.0 122

2
Sa

12:08 AM -0.2 -6
06:29 AM 4.0 122
11:55 AM -0.4 -12
07:00 PM 5.2 158

17
Su

12:52 AM 0.5 15
07:13 AM 3.2 98
12:17 PM 0.3 9
07:30 PM 4.0 122

3
Tu

05:31 AM 3.6 110
11:36 AM 0.0 0
06:03 PM 3.9 119
11:55 PM -0.2 -6

18
W

12:41 AM 0.2 6
06:52 AM 3.5 107
12:14 PM 0.2 6
07:08 PM 4.1 125

3
Th

05:56 AM 3.9 119
11:37 AM -0.3 -9
06:27 PM 4.7 143

18
F

12:42 AM 0.4 12
07:03 AM 3.3 101
12:07 PM 0.3 9
07:20 PM 4.1 125

3
Su

01:04 AM -0.4 -12
07:25 AM 4.2 128
12:48 PM -0.6 -18
07:53 PM 5.3 162

18
M

01:33 AM 0.4 12
07:53 AM 3.4 104
01:02 PM 0.2 6
08:06 PM 4.0 122

4
W

06:27 AM 3.9 119
12:18 PM -0.3 -9
06:54 PM 4.4 134

19
Th

01:09 AM 0.1 3
07:33 AM 3.6 110
12:45 PM 0.1 3
07:48 PM 4.2 128

4
F

12:26 AM -0.4 -12
06:52 AM 4.1 125
12:25 PM -0.5 -15
07:19 PM 5.1 155

19
Sa

01:16 AM 0.3 9
07:43 AM 3.4 104
12:46 PM 0.2 6
07:57 PM 4.1 125

4
M

02:00 AM -0.5 -15
08:18 AM 4.3 131
01:42 PM -0.6 -18
08:46 PM 5.4 165

19
Tu

02:14 AM 0.3 9
08:32 AM 3.5 107
01:46 PM 0.2 6
08:42 PM 4.1 125

5
Th

12:47 AM -0.5 -15
07:18 AM 4.2 128
01:00 PM -0.5 -15
07:43 PM 4.8 146

20
F

01:40 AM 0.0 0
08:12 AM 3.6 110
01:20 PM 0.0 0
08:24 PM 4.2 128

5
Sa

01:19 AM -0.6 -18
07:45 AM 4.3 131
01:13 PM -0.7 -21
08:11 PM 5.3 162

20
Su

01:52 AM 0.2 6
08:21 AM 3.5 107
01:27 PM 0.1 3
08:32 PM 4.1 125

5
Tu

02:54 AM -0.5 -15
09:11 AM 4.4 134
02:36 PM -0.5 -15
09:38 PM 5.2 158

20
W

02:54 AM 0.2 6
09:11 AM 3.5 107
02:29 PM 0.2 6
09:19 PM 4.1 125

6
F

01:38 AM -0.7 -21
08:07 AM 4.4 134
01:44 PM -0.7 -21
08:31 PM 5.1 155

21
Sa

02:14 AM 0.0 0
08:49 AM 3.6 110
01:57 PM 0.0 0
08:59 PM 4.1 125

6
Su

02:13 AM -0.7 -21
08:36 AM 4.4 134
02:03 PM -0.7 -21
09:02 PM 5.4 165

21
M

02:31 AM 0.2 6
08:58 AM 3.5 107
02:08 PM 0.1 3
09:06 PM 4.1 125

6
W

03:45 AM -0.5 -15
10:05 AM 4.4 134
03:30 PM -0.3 -9
10:31 PM 5.0 152

21
Th

03:30 AM 0.2 6
09:52 AM 3.6 110
03:10 PM 0.2 6
09:58 PM 4.1 125

7
Sa

02:28 AM -0.9 -27
08:56 AM 4.4 134
02:29 PM -0.8 -24
09:20 PM 5.2 158

22
Su

02:49 AM 0.0 0
09:25 AM 3.5 107
02:35 PM 0.0 0
09:33 PM 4.0 122

7
M

03:05 AM -0.7 -21
09:28 AM 4.4 134
02:53 PM -0.7 -21
09:54 PM 5.3 162

22
Tu

03:09 AM 0.2 6
09:36 AM 3.5 107
02:49 PM 0.2 6
09:41 PM 4.0 122

7
Th

04:33 AM -0.3 -9
10:59 AM 4.3 131
04:22 PM -0.1 -3
11:24 PM 4.7 143

22
F

04:04 AM 0.2 6
10:34 AM 3.6 110
03:52 PM 0.3 9
10:40 PM 4.0 122

8
Su

03:18 AM -0.8 -24
09:46 AM 4.4 134
03:14 PM -0.8 -24
10:12 PM 5.1 155

23
M

03:25 AM 0.0 0
10:01 AM 3.4 104
03:14 PM 0.0 0
10:07 PM 3.9 119

8
Tu

03:57 AM -0.6 -18
10:22 AM 4.3 131
03:44 PM -0.5 -15
10:48 PM 5.0 152

23
W

03:46 AM 0.2 6
10:16 AM 3.4 104
03:29 PM 0.3 9
10:19 PM 3.9 119

8
F

05:18 AM -0.2 -6
11:53 AM 4.2 128
05:15 PM 0.2 6

23
Sa

04:36 AM 0.2 6
11:18 AM 3.7 113
04:34 PM 0.3 9
11:25 PM 3.9 119

9
M

04:07 AM -0.7 -21
10:38 AM 4.3 131
04:01 PM -0.6 -18
11:05 PM 4.9 149

24
Tu

04:01 AM 0.1 3
10:40 AM 3.3 101
03:52 PM 0.2 6
10:43 PM 3.7 113

9
W

04:48 AM -0.4 -12
11:17 AM 4.2 128
04:35 PM -0.2 -6
11:44 PM 4.7 143

24
Th

04:21 AM 0.3 9
10:58 AM 3.4 104
04:09 PM 0.4 12
11:00 PM 3.8 116

9
Sa

12:18 AM 4.3 131
06:02 AM 0.1 3
12:47 PM 4.1 125
06:12 PM 0.5 15

24
Su

05:10 AM 0.2 6
12:04 PM 3.8 116
05:19 PM 0.4 12

10
Tu

04:57 AM -0.5 -15
11:33 AM 4.1 125
04:49 PM -0.4 -12

25
W

04:37 AM 0.3 9
11:21 AM 3.2 98
04:30 PM 0.3 9
11:22 PM 3.6 110

10
Th

05:41 AM -0.1 -3
12:14 PM 4.1 125
05:29 PM 0.1 3

25
F

04:56 AM 0.3 9
11:42 AM 3.3 101
04:50 PM 0.5 15
11:45 PM 3.7 113

10
Su

01:11 AM 3.9 119
06:48 AM 0.3 9
01:41 PM 3.9 119
07:26 PM 0.7 21

25
M

12:14 AM 3.8 116
05:48 AM 0.2 6
12:53 PM 3.9 119
06:11 PM 0.5 15

11
W

12:01 AM 4.6 140
05:52 AM -0.1 -3
12:30 PM 3.9 119
05:41 PM 0.0 0

26
Th

05:14 AM 0.4 12
12:05 PM 3.1 94
05:10 PM 0.5 15

11
F

12:41 AM 4.3 131
06:39 AM 0.1 3
01:11 PM 3.9 119
06:33 PM 0.5 15

26
Sa

05:33 AM 0.4 12
12:29 PM 3.4 104
05:35 PM 0.6 18

11
M

02:04 AM 3.6 110
07:38 AM 0.5 15
02:34 PM 3.8 116
09:12 PM 0.8 24

26
Tu

01:05 AM 3.7 113
06:34 AM 0.2 6
01:44 PM 4.0 122
07:13 PM 0.5 15

12
Th

01:00 AM 4.3 131
07:00 AM 0.2 6
01:29 PM 3.7 113
06:44 PM 0.3 9

27
F

12:06 AM 3.4 104
05:55 AM 0.5 15
12:52 PM 3.1 94
05:56 PM 0.6 18

12
Sa

01:38 AM 4.0 122
07:52 AM 0.3 9
02:09 PM 3.8 116
08:26 PM 0.7 21

27
Su

12:34 AM 3.6 110
06:15 AM 0.4 12
01:17 PM 3.5 107
06:30 PM 0.6 18

12
Tu

02:57 AM 3.3 101
08:30 AM 0.6 18
03:28 PM 3.7 113
10:15 PM 0.8 24

27
W

01:59 AM 3.6 110
07:29 AM 0.2 6
02:39 PM 4.2 128
08:30 PM 0.5 15

13
F

02:00 AM 3.9 119
08:44 AM 0.3 9
02:30 PM 3.6 110
08:37 PM 0.6 18

28
Sa

12:56 AM 3.3 101
06:44 AM 0.6 18
01:42 PM 3.1 94
06:53 PM 0.7 21

13
Su

02:36 AM 3.6 110
09:04 AM 0.5 15
03:07 PM 3.7 113
10:04 PM 0.7 21

28
M

01:26 AM 3.5 107
07:07 AM 0.4 12
02:09 PM 3.7 113
07:37 PM 0.6 18

13
W

03:52 AM 3.1 94
09:20 AM 0.6 18
04:23 PM 3.7 113
11:00 PM 0.8 24

28
Th

02:58 AM 3.5 107
08:32 AM 0.1 3
03:38 PM 4.3 131
09:50 PM 0.4 12

14
Sa

03:03 AM 3.7 113
09:58 AM 0.4 12
03:33 PM 3.5 107
10:27 PM 0.5 15

29
Su

01:49 AM 3.3 101
07:49 AM 0.6 18
02:36 PM 3.3 101
08:06 PM 0.7 21

14
M

03:35 AM 3.4 104
09:53 AM 0.5 15
04:06 PM 3.7 113
10:59 PM 0.6 18

29
Tu

02:22 AM 3.5 107
08:08 AM 0.4 12
03:04 PM 3.9 119
08:56 PM 0.5 15

14
Th

04:48 AM 3.0 91
10:06 AM 0.6 18
05:18 PM 3.7 113
11:37 PM 0.7 21

29
F

04:01 AM 3.5 107
09:37 AM 0.0 0
04:41 PM 4.5 137
10:58 PM 0.2 6

15
Su

04:07 AM 3.5 107
10:49 AM 0.4 12
04:36 PM 3.6 110
11:24 PM 0.4 12

30
M

02:48 AM 3.3 101
09:01 AM 0.5 15
03:34 PM 3.5 107
09:26 PM 0.5 15

15
Tu

04:35 AM 3.3 101
10:26 AM 0.5 15
05:02 PM 3.8 116
11:39 PM 0.6 18

30
W

03:21 AM 3.5 107
09:11 AM 0.2 6
04:03 PM 4.2 128
10:09 PM 0.3 9

15
F

05:41 AM 3.0 91
10:50 AM 0.5 15
06:07 PM 3.8 116

30
Sa

05:06 AM 3.7 113
10:38 AM -0.2 -6
05:44 PM 4.8 146
11:58 PM 0.0 0

31
Th

04:25 AM 3.6 110
10:09 AM 0.0 0
05:04 PM 4.5 137
11:11 PM 0.0 0

StationId:8447584
Source:NOAA/NOS/CO-OPS
Station Type:Subordinate
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

New Bedford,Massachusetts,2012

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.

Referenced to Station: NEWPORT ( 8452660 )  Height offset in feet ( low:*1.05 high: * 1.05)   Time offset in mins ( low:7 high: 7)
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July August September
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
Su

h     m ft  cm
06:10 AM 3.9 119
11:35 AM -0.3 -9
06:44 PM 5.0 152

16
M

h     m ft  cm
12:28 AM 0.6 18
06:41 AM 3.2 98
11:53 AM 0.4 12
07:01 PM 3.8 116

1
W

h     m ft  cm
01:34 AM -0.1 -3
07:47 AM 4.4 134
01:19 PM -0.2 -6
08:14 PM 4.9 149

16
Th

h     m ft  cm
01:20 AM 0.3 9
07:35 AM 3.8 116
01:06 PM 0.2 6
07:50 PM 4.2 128

1
Sa

h     m ft  cm
02:16 AM -0.1 -3
08:59 AM 4.6 140
02:39 PM 0.0 0
09:23 PM 4.4 134

16
Su

h     m ft  cm
01:52 AM -0.2 -6
08:30 AM 4.8 146
02:17 PM -0.3 -9
08:49 PM 4.6 140

2
M

12:54 AM -0.2 -6
07:08 AM 4.1 125
12:31 PM -0.4 -12
07:39 PM 5.2 158

17
Tu

01:11 AM 0.4 12
07:24 AM 3.4 104
12:40 PM 0.3 9
07:39 PM 4.0 122

2
Th

02:17 AM -0.2 -6
08:36 AM 4.5 137
02:11 PM -0.2 -6
09:02 PM 4.8 146

17
F

01:56 AM 0.1 3
08:16 AM 4.1 125
01:51 PM 0.0 0
08:31 PM 4.4 134

2
Su

02:49 AM -0.1 -3
09:42 AM 4.6 140
03:18 PM 0.1 3
10:05 PM 4.2 128

17
M

02:31 AM -0.4 -12
09:15 AM 5.0 152
03:03 PM -0.3 -9
09:36 PM 4.5 137

3
Tu

01:48 AM -0.3 -9
08:02 AM 4.3 131
01:27 PM -0.4 -12
08:31 PM 5.2 158

18
W

01:52 AM 0.3 9
08:05 AM 3.6 110
01:25 PM 0.2 6
08:17 PM 4.1 125

3
F

02:54 AM -0.2 -6
09:24 AM 4.6 140
03:00 PM -0.1 -3
09:48 PM 4.6 140

18
Sa

02:31 AM -0.1 -3
08:58 AM 4.3 131
02:36 PM -0.1 -3
09:13 PM 4.5 137

3
M

03:23 AM 0.0 0
10:23 AM 4.4 134
03:56 PM 0.2 6
10:46 PM 3.9 119

18
Tu

03:11 AM -0.4 -12
10:03 AM 5.0 152
03:50 PM -0.3 -9
10:25 PM 4.4 134

4
W

02:39 AM -0.4 -12
08:54 AM 4.4 134
02:23 PM -0.3 -9
09:21 PM 5.1 155

19
Th

02:31 AM 0.2 6
08:45 AM 3.8 116
02:10 PM 0.1 3
08:56 PM 4.2 128

4
Sa

03:29 AM -0.2 -6
10:11 AM 4.5 137
03:44 PM 0.0 0
10:34 PM 4.4 134

19
Su

03:05 AM -0.2 -6
09:41 AM 4.5 137
03:20 PM -0.1 -3
09:58 PM 4.4 134

4
Tu

03:58 AM 0.1 3
11:05 AM 4.2 128
04:34 PM 0.4 12
11:28 PM 3.6 110

19
W

03:52 AM -0.4 -12
10:55 AM 5.0 152
04:38 PM -0.1 -3
11:18 PM 4.2 128

5
Th

03:25 AM -0.4 -12
09:46 AM 4.5 137
03:16 PM -0.2 -6
10:11 PM 4.9 149

20
F

03:06 AM 0.1 3
09:26 AM 3.9 119
02:54 PM 0.1 3
09:36 PM 4.3 131

5
Su

04:03 AM -0.1 -3
10:57 AM 4.4 134
04:26 PM 0.2 6
11:19 PM 4.0 122

20
M

03:40 AM -0.2 -6
10:27 AM 4.6 140
04:04 PM -0.1 -3
10:45 PM 4.3 131

5
W

04:35 AM 0.2 6
11:46 AM 3.9 119
05:14 PM 0.6 18

20
Th

04:36 AM -0.2 -6
11:49 AM 4.8 146
05:30 PM 0.2 6

6
F

04:06 AM -0.3 -9
10:37 AM 4.4 134
04:06 PM -0.1 -3
11:01 PM 4.5 137

21
Sa

03:38 AM 0.0 0
10:08 AM 4.0 122
03:36 PM 0.1 3
10:19 PM 4.2 128

6
M

04:37 AM 0.0 0
11:43 AM 4.2 128
05:07 PM 0.4 12

21
Tu

04:17 AM -0.2 -6
11:16 AM 4.6 140
04:50 PM 0.0 0
11:36 PM 4.1 125

6
Th

12:10 AM 3.4 104
05:14 AM 0.4 12
12:28 PM 3.7 113
05:57 PM 0.9 27

21
F

12:14 AM 4.0 122
05:25 AM 0.0 0
12:47 PM 4.6 140
06:33 PM 0.5 15

7
Sa

04:43 AM -0.2 -6
11:28 AM 4.3 131
04:54 PM 0.2 6
11:51 PM 4.2 128

22
Su

04:10 AM 0.0 0
10:53 AM 4.1 125
04:19 PM 0.1 3
11:05 PM 4.1 125

7
Tu

12:04 AM 3.7 113
05:13 AM 0.2 6
12:28 PM 4.0 122
05:50 PM 0.7 21

22
W

04:57 AM -0.1 -3
12:08 PM 4.6 140
05:41 PM 0.2 6

7
F

12:54 AM 3.1 94
05:57 AM 0.6 18
01:12 PM 3.5 107
06:51 PM 1.1 34

22
Sa

01:13 AM 3.8 116
06:21 AM 0.3 9
01:48 PM 4.4 134
08:19 PM 0.6 18

8
Su

05:20 AM 0.0 0
12:18 PM 4.2 128
05:41 PM 0.4 12

23
M

04:44 AM 0.0 0
11:40 AM 4.2 128
05:04 PM 0.2 6
11:54 PM 4.0 122

8
W

12:49 AM 3.4 104
05:53 AM 0.4 12
01:13 PM 3.7 113
06:40 PM 0.9 27

23
Th

12:29 AM 3.9 119
05:43 AM 0.0 0
01:03 PM 4.5 137
06:41 PM 0.5 15

8
Sa

01:41 AM 3.0 91
06:48 AM 0.8 24
01:59 PM 3.3 101
08:12 PM 1.2 37

23
Su

02:14 AM 3.7 113
07:35 AM 0.5 15
02:51 PM 4.2 128
09:55 PM 0.6 18

9
M

12:39 AM 3.8 116
05:57 AM 0.2 6
01:07 PM 4.0 122
06:34 PM 0.7 21

24
Tu

05:22 AM 0.0 0
12:30 PM 4.2 128
05:54 PM 0.3 9

9
Th

01:34 AM 3.1 94
06:38 AM 0.6 18
01:59 PM 3.5 107
07:45 PM 1.1 34

24
F

01:26 AM 3.7 113
06:37 AM 0.2 6
02:02 PM 4.4 134
08:07 PM 0.7 21

9
Su

02:33 AM 2.9 88
07:51 AM 0.9 27
02:52 PM 3.3 101
09:48 PM 1.1 34

24
M

03:19 AM 3.7 113
09:31 AM 0.6 18
03:57 PM 4.1 125
10:53 PM 0.5 15

10
Tu

01:28 AM 3.5 107
06:38 AM 0.4 12
01:56 PM 3.8 116
07:38 PM 0.9 27

25
W

12:46 AM 3.8 116
06:06 AM 0.0 0
01:22 PM 4.3 131
06:54 PM 0.5 15

10
F

02:21 AM 3.0 91
07:31 AM 0.7 21
02:48 PM 3.4 104
09:16 PM 1.1 34

25
Sa

02:26 AM 3.6 110
07:44 AM 0.3 9
03:05 PM 4.3 131
09:56 PM 0.6 18

10
M

03:31 AM 3.0 91
09:06 AM 0.9 27
03:52 PM 3.3 101
10:44 PM 0.9 27

25
Tu

04:25 AM 3.8 116
10:54 AM 0.5 15
05:01 PM 4.1 125
11:37 PM 0.3 9

11
W

02:16 AM 3.2 98
07:26 AM 0.6 18
02:46 PM 3.6 110
09:04 PM 1.0 30

26
Th

01:41 AM 3.7 113
06:59 AM 0.1 3
02:19 PM 4.3 131
08:12 PM 0.6 18

11
Sa

03:14 AM 2.9 88
08:35 AM 0.8 24
03:44 PM 3.3 101
10:27 PM 1.1 34

26
Su

03:31 AM 3.6 110
09:08 AM 0.4 12
04:12 PM 4.3 131
11:02 PM 0.5 15

11
Tu

04:31 AM 3.1 94
10:13 AM 0.8 24
04:53 PM 3.5 107
11:27 PM 0.7 21

26
W

05:26 AM 4.0 122
11:47 AM 0.3 9
05:59 PM 4.2 128

12
Th

03:06 AM 3.0 91
08:21 AM 0.6 18
03:38 PM 3.5 107
10:12 PM 1.0 30

27
F

02:39 AM 3.6 110
08:03 AM 0.2 6
03:20 PM 4.4 134
09:45 PM 0.5 15

12
Su

04:13 AM 2.9 88
09:41 AM 0.8 24
04:44 PM 3.4 104
11:17 PM 0.9 27

27
M

04:38 AM 3.7 113
10:29 AM 0.3 9
05:17 PM 4.4 134
11:53 PM 0.3 9

12
W

05:28 AM 3.4 104
11:08 AM 0.6 18
05:47 PM 3.7 113

27
Th

12:12 AM 0.2 6
06:21 AM 4.3 131
12:30 PM 0.2 6
06:49 PM 4.3 131

13
F

04:01 AM 2.9 88
09:19 AM 0.7 21
04:34 PM 3.5 107
11:01 PM 0.9 27

28
Sa

03:43 AM 3.5 107
09:15 AM 0.2 6
04:25 PM 4.5 137
10:58 PM 0.4 12

13
M

05:13 AM 3.0 91
10:39 AM 0.7 21
05:39 PM 3.5 107

28
Tu

05:42 AM 3.9 119
11:33 AM 0.2 6
06:16 PM 4.5 137

13
Th

12:04 AM 0.4 12
06:17 AM 3.8 116
11:58 AM 0.3 9
06:35 PM 4.0 122

28
F

12:39 AM 0.2 6
07:09 AM 4.5 137
01:07 PM 0.1 3
07:35 PM 4.3 131

14
Sa

04:58 AM 2.9 88
10:14 AM 0.6 18
05:30 PM 3.6 110
11:45 PM 0.8 24

29
Su

04:50 AM 3.6 110
10:24 AM 0.1 3
05:30 PM 4.6 140
11:56 PM 0.2 6

14
Tu

12:01 AM 0.7 21
06:06 AM 3.3 101
11:31 AM 0.5 15
06:27 PM 3.8 116

29
W

12:35 AM 0.2 6
06:39 AM 4.2 128
12:27 PM 0.1 3
07:09 PM 4.6 140

14
F

12:40 AM 0.2 6
07:03 AM 4.1 125
12:44 PM 0.0 0
07:20 PM 4.3 131

29
Sa

01:06 AM 0.1 3
07:53 AM 4.6 140
01:42 PM 0.1 3
08:16 PM 4.2 128

15
Su

05:52 AM 3.0 91
11:05 AM 0.5 15
06:19 PM 3.7 113

30
M

05:55 AM 3.8 116
11:26 AM 0.0 0
06:30 PM 4.8 146

15
W

12:42 AM 0.5 15
06:53 AM 3.5 107
12:19 PM 0.3 9
07:09 PM 4.0 122

30
Th

01:12 AM 0.0 0
07:29 AM 4.4 134
01:14 PM 0.0 0
07:56 PM 4.6 140

15
Sa

01:16 AM 0.0 0
07:46 AM 4.5 137
01:31 PM -0.2 -6
08:04 PM 4.5 137

30
Su

01:37 AM 0.0 0
08:34 AM 4.6 140
02:16 PM 0.1 3
08:56 PM 4.1 125

31
Tu

12:47 AM 0.0 0
06:53 AM 4.1 125
12:24 PM -0.1 -3
07:24 PM 4.9 149

31
F

01:44 AM 0.0 0
08:16 AM 4.6 140
01:58 PM 0.0 0
08:40 PM 4.6 140

StationId:8447584
Source:NOAA/NOS/CO-OPS
Station Type:Subordinate
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

New Bedford,Massachusetts,2012

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.

Referenced to Station: NEWPORT ( 8452660 )  Height offset in feet ( low:*1.05 high: * 1.05)   Time offset in mins ( low:7 high: 7)
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October November December
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
M

h     m ft  cm
02:10 AM 0.0 0
09:12 AM 4.5 137
02:52 PM 0.1 3
09:35 PM 3.9 119

16
Tu

h     m ft  cm
02:00 AM -0.6 -18
08:53 AM 5.3 162
02:47 PM -0.5 -15
09:16 PM 4.5 137

1
Th

h     m ft  cm
02:55 AM 0.1 3
09:56 AM 4.0 122
03:43 PM 0.3 9
10:23 PM 3.4 104

16
F

h     m ft  cm
02:15 AM -0.7 -21
09:20 AM 5.1 155
03:18 PM -0.4 -12
09:46 PM 4.2 128

1
Sa

h     m ft  cm
02:13 AM 0.0 0
09:06 AM 3.7 113
03:04 PM 0.2 6
09:39 PM 3.2 98

16
Su

h     m ft  cm
02:57 AM -0.6 -18
09:57 AM 4.7 143
03:51 PM -0.5 -15
10:23 PM 4.1 125

2
Tu

02:46 AM 0.0 0
09:50 AM 4.3 131
03:28 PM 0.2 6
10:14 PM 3.7 113

17
W

02:45 AM -0.6 -18
09:43 AM 5.3 162
03:37 PM -0.4 -12
10:07 PM 4.4 134

2
F

03:34 AM 0.2 6
10:33 AM 3.8 116
04:21 PM 0.4 12
11:05 PM 3.3 101

17
Sa

03:07 AM -0.5 -15
10:16 AM 4.8 146
04:11 PM -0.2 -6
10:43 PM 4.1 125

2
Su

02:53 AM 0.1 3
09:45 AM 3.6 110
03:39 PM 0.3 9
10:21 PM 3.2 98

17
M

03:50 AM -0.3 -9
10:51 AM 4.3 131
04:37 PM -0.3 -9
11:18 PM 4.0 122

3
W

03:23 AM 0.1 3
10:28 AM 4.1 125
04:05 PM 0.4 12
10:53 PM 3.5 107

18
Th

03:31 AM -0.5 -15
10:36 AM 5.1 155
04:28 PM -0.2 -6
11:02 PM 4.2 128

3
Sa

04:14 AM 0.3 9
11:11 AM 3.6 110
05:00 PM 0.6 18
11:49 PM 3.1 94

18
Su

04:01 AM -0.1 -3
11:13 AM 4.5 137
05:09 PM 0.0 0
11:41 PM 4.0 122

3
M

03:33 AM 0.3 9
10:27 AM 3.5 107
04:15 PM 0.3 9
11:06 PM 3.1 94

18
Tu

04:46 AM 0.0 0
11:46 AM 3.9 119
05:24 PM -0.1 -3

4
Th

04:02 AM 0.2 6
11:06 AM 3.9 119
04:44 PM 0.6 18
11:35 PM 3.3 101

19
F

04:20 AM -0.3 -9
11:32 AM 4.9 149
05:22 PM 0.0 0
11:59 PM 4.0 122

4
Su

03:55 AM 0.5 15
10:54 AM 3.4 104
04:41 PM 0.7 21
11:36 PM 3.1 94

19
M

05:02 AM 0.2 6
12:11 PM 4.1 125
06:21 PM 0.2 6

4
Tu

04:16 AM 0.4 12
11:13 AM 3.4 104
04:54 PM 0.4 12
11:54 PM 3.2 98

19
W

12:14 AM 3.8 116
05:52 AM 0.3 9
12:40 PM 3.5 107
06:15 PM 0.2 6

5
F

04:41 AM 0.4 12
11:46 AM 3.6 110
05:25 PM 0.8 24

20
Sa

05:11 AM 0.0 0
12:31 PM 4.6 140
06:27 PM 0.3 9

5
M

04:40 AM 0.7 21
11:41 AM 3.3 101
05:30 PM 0.8 24

20
Tu

12:40 AM 3.8 116
06:30 AM 0.5 15
01:10 PM 3.8 116
07:44 PM 0.3 9

5
W

05:05 AM 0.5 15
12:02 PM 3.3 101
05:41 PM 0.4 12

20
Th

01:09 AM 3.7 113
07:43 AM 0.5 15
01:35 PM 3.2 98
07:13 PM 0.3 9

6
Sa

12:19 AM 3.1 94
05:23 AM 0.6 18
12:29 PM 3.4 104
06:12 PM 1.0 30

21
Su

12:59 AM 3.9 119
06:11 AM 0.3 9
01:32 PM 4.3 131
08:08 PM 0.5 15

6
Tu

12:25 AM 3.1 94
05:34 AM 0.8 24
12:32 PM 3.3 101
06:33 PM 0.8 24

21
W

01:40 AM 3.8 116
08:35 AM 0.5 15
02:09 PM 3.6 110
08:43 PM 0.4 12

6
Th

12:43 AM 3.3 101
06:05 AM 0.5 15
12:55 PM 3.2 98
06:38 PM 0.3 9

21
F

02:05 AM 3.5 107
09:03 AM 0.5 15
02:31 PM 3.0 91
08:09 PM 0.4 12

7
Su

01:07 AM 3.0 91
06:11 AM 0.8 24
01:16 PM 3.3 101
07:15 PM 1.1 34

22
M

02:00 AM 3.8 116
07:37 AM 0.6 18
02:34 PM 4.1 125
09:33 PM 0.5 15

7
W

01:17 AM 3.2 98
06:43 AM 0.8 24
01:27 PM 3.3 101
07:45 PM 0.7 21

22
Th

02:39 AM 3.8 116
09:39 AM 0.5 15
03:08 PM 3.4 104
09:23 PM 0.4 12

7
F

01:36 AM 3.5 107
07:20 AM 0.5 15
01:52 PM 3.3 101
07:43 PM 0.2 6

22
Sa

03:03 AM 3.4 104
09:55 AM 0.5 15
03:29 PM 2.9 88
08:57 PM 0.3 9

8
M

01:58 AM 3.0 91
07:10 AM 1.0 30
02:08 PM 3.3 101
08:48 PM 1.1 34

23
Tu

03:03 AM 3.8 116
09:52 AM 0.6 18
03:37 PM 3.9 119
10:28 PM 0.4 12

8
Th

02:11 AM 3.4 104
08:03 AM 0.7 21
02:26 PM 3.4 104
08:43 PM 0.5 15

23
F

03:38 AM 3.8 116
10:26 AM 0.4 12
04:06 PM 3.3 101
09:52 PM 0.3 9

8
Sa

02:33 AM 3.7 113
08:37 AM 0.3 9
02:54 PM 3.3 101
08:43 PM 0.0 0

23
Su

04:01 AM 3.4 104
10:34 AM 0.5 15
04:25 PM 2.9 88
09:41 PM 0.3 9

9
Tu

02:53 AM 3.1 94
08:26 AM 1.0 30
03:05 PM 3.3 101
09:57 PM 0.9 27

24
W

04:06 AM 3.9 119
10:57 AM 0.5 15
04:38 PM 3.8 116
11:08 PM 0.4 12

9
F

03:08 AM 3.7 113
09:11 AM 0.4 12
03:27 PM 3.5 107
09:31 PM 0.2 6

24
Sa

04:33 AM 3.9 119
11:03 AM 0.4 12
04:58 PM 3.3 101
10:21 PM 0.2 6

9
Su

03:33 AM 4.0 122
09:43 AM 0.0 0
03:57 PM 3.5 107
09:38 PM -0.3 -9

24
M

04:55 AM 3.5 107
11:08 AM 0.4 12
05:15 PM 2.9 88
10:23 PM 0.1 3

10
W

03:50 AM 3.3 101
09:42 AM 0.8 24
04:06 PM 3.4 104
10:41 PM 0.6 18

25
Th

05:06 AM 4.0 122
11:45 AM 0.4 12
05:36 PM 3.8 116
11:37 PM 0.3 9

10
Sa

04:05 AM 4.1 125
10:07 AM 0.1 3
04:27 PM 3.7 113
10:15 PM -0.1 -3

25
Su

05:22 AM 3.9 119
11:33 AM 0.3 9
05:44 PM 3.4 104
10:54 PM 0.1 3

10
M

04:34 AM 4.4 134
10:40 AM -0.2 -6
04:58 PM 3.7 113
10:31 PM -0.6 -18

25
Tu

05:42 AM 3.5 107
11:42 AM 0.3 9
06:00 PM 3.0 91
11:06 PM 0.0 0

11
Th

04:47 AM 3.6 110
10:42 AM 0.5 15
05:06 PM 3.7 113
11:19 PM 0.3 9

26
F

06:00 AM 4.2 128
12:22 PM 0.3 9
06:26 PM 3.8 116

11
Su

05:00 AM 4.5 137
10:59 AM -0.2 -6
05:23 PM 4.0 122
11:00 PM -0.4 -12

26
M

06:05 AM 4.0 122
12:02 PM 0.2 6
06:26 PM 3.4 104
11:31 PM 0.0 0

11
Tu

05:32 AM 4.7 143
11:35 AM -0.5 -15
05:55 PM 3.9 119
11:23 PM -0.8 -24

26
W

06:23 AM 3.6 110
12:19 PM 0.2 6
06:40 PM 3.2 98
11:49 PM -0.1 -3

12
F

05:41 AM 4.0 122
11:33 AM 0.2 6
06:00 PM 3.9 119
11:57 PM 0.0 0

27
Sa

12:01 AM 0.2 6
06:47 AM 4.3 131
12:53 PM 0.2 6
07:11 PM 3.8 116

12
M

05:52 AM 4.9 149
11:50 AM -0.4 -12
06:15 PM 4.2 128
11:46 PM -0.6 -18

27
Tu

06:45 AM 4.0 122
12:35 PM 0.2 6
07:04 PM 3.4 104

12
W

06:26 AM 5.0 152
12:29 PM -0.6 -18
06:49 PM 4.1 125

27
Th

06:59 AM 3.7 113
12:57 PM 0.0 0
07:19 PM 3.3 101

13
Sa

06:30 AM 4.4 134
12:21 PM -0.1 -3
06:51 PM 4.2 128

28
Su

12:29 AM 0.1 3
07:29 AM 4.4 134
01:22 PM 0.2 6
07:51 PM 3.8 116

13
Tu

06:43 AM 5.2 158
12:42 PM -0.6 -18
07:06 PM 4.3 131

28
W

12:10 AM 0.0 0
07:21 AM 4.0 122
01:11 PM 0.1 3
07:42 PM 3.4 104

13
Th

12:16 AM -0.9 -27
07:19 AM 5.1 155
01:23 PM -0.7 -21
07:42 PM 4.3 131

28
F

12:33 AM -0.1 -3
07:34 AM 3.7 113
01:35 PM 0.0 0
07:56 PM 3.3 101

14
Su

12:36 AM -0.2 -6
07:18 AM 4.8 146
01:09 PM -0.3 -9
07:39 PM 4.4 134

29
M

01:01 AM 0.0 0
08:08 AM 4.4 134
01:54 PM 0.1 3
08:30 PM 3.8 116

14
W

12:35 AM -0.8 -24
07:34 AM 5.3 162
01:34 PM -0.6 -18
07:58 PM 4.4 134

29
Th

12:51 AM -0.1 -3
07:56 AM 3.9 119
01:49 PM 0.1 3
08:20 PM 3.4 104

14
F

01:10 AM -0.9 -27
08:11 AM 5.1 155
02:15 PM -0.7 -21
08:34 PM 4.3 131

29
Sa

01:16 AM -0.2 -6
08:08 AM 3.7 113
02:12 PM -0.1 -3
08:34 PM 3.3 101

15
M

01:17 AM -0.4 -12
08:05 AM 5.1 155
01:58 PM -0.5 -15
08:27 PM 4.5 137

30
Tu

01:37 AM 0.0 0
08:45 AM 4.3 131
02:29 PM 0.2 6
09:07 PM 3.7 113

15
Th

01:24 AM -0.8 -24
08:26 AM 5.3 162
02:26 PM -0.6 -18
08:50 PM 4.3 131

30
F

01:33 AM 0.0 0
08:31 AM 3.8 116
02:27 PM 0.1 3
08:58 PM 3.3 101

15
Sa

02:04 AM -0.8 -24
09:04 AM 4.9 149
03:04 PM -0.6 -18
09:28 PM 4.3 131

30
Su

01:57 AM -0.2 -6
08:44 AM 3.7 113
02:45 PM -0.1 -3
09:13 PM 3.3 101

31
W

02:16 AM 0.0 0
09:21 AM 4.2 128
03:06 PM 0.2 6
09:45 PM 3.6 110

31
M

02:37 AM -0.1 -3
09:22 AM 3.6 110
03:17 PM -0.1 -3
09:54 PM 3.3 101

StationId:8447584
Source:NOAA/NOS/CO-OPS
Station Type:Subordinate
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

New Bedford,Massachusetts,2012

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.

Referenced to Station: NEWPORT ( 8452660 )  Height offset in feet ( low:*1.05 high: * 1.05)   Time offset in mins ( low:7 high: 7)
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ATTACHMENT N 

Revised Figure 5 

 

 

   



DRAWING TITLE:

PREPARED FOR:
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ATTACHMENT O 

Benchmark Datasheet for NOAA Tidal Station 8447584 

 

 

   



Superseded Bench Mark
Click here for a printable version of the benchmark sheet.

: Data Inventory
Station ID: 8447584 Page Help

                         U.S. DEPARTMENT OF COMMERCE
                National Oceanic and Atmospheric Administration
                            National Ocean Service
Datums Page                                                        Page  1 of  4

                                                   PUBLICATION DATE:  06/13/1988
Station ID: 8447584                                SUPERCEDED DATE:   04/21/2003
Name:       NEW BEDFORD-FAIRHAVEN BRIDGE, NEW BEDFORD HARBOR  
            MASSACHUSETTS
NOAA Chart: 13230                                  Latitude:         41° 38.4' N
USGS Quad:  NEW BEDFORD NORTH                      Longitude:        70° 55.1' W

To reach the tidal bench marks from the Post Office near the intersection of
Pleasant Street and U.S. Highway 6 (Rempton Street) in New Bedford, proceed NE
on U.S. Highway 6 to the New Bedford-Fairhaven Bridge.  The bench marks are
located along U.S. Highway 6 and in the vicinity of Glen Petroleum, Inc. (north
of the west end of the bridge).  The tide gage and staff were located on the
Glen Petroleum, Inc. oil pier.

 T I D A L   B E N C H   M A R K S

 PRIMARY BENCH MARK STAMPING:  7584 L 1977

MONUMENTATION:           Survey Disk                               VM#:     2061
AGENCY:                                                            PID:         
SETTING CLASSIFICATION:  Concrete Sea Wall

The bench mark is set in the top surface of the west face of the stone and
cement sea wall on the Glen Petroleum, Inc. oil pier, 3 feet (1 m) south of the
intersection of the pier and the sea wall, and 1 foot (0.3 m) east of the edge
of the sea wall.

         BENCH MARK STAMPING:  7584 D 1977

MONUMENTATION:           Survey Disk                               VM#:     2057
AGENCY:                                                            PID:         
SETTING CLASSIFICATION:  Concrete Sidewalk

The bench mark is set flush in the sidewalk on the south side of U.S. Highway 6,
150 feet (45 m) east of Bench Mark 7584 G 1977, 75 feet (23 m) west of the swing
gate to the swing bridge on the New Bedford-Fairhaven Bridge, 5 feet (1 m) east
of a fire hydrant, 3 feet (1 m) south of U.S. Highway 6, and level with the
ground.
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                                                   PUBLICATION DATE:  06/13/1988
Station ID: 8447584                                SUPERCEDED DATE:   04/21/2003
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NOAA Chart: 13230                                  Latitude:         41° 38.4' N
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 T I D A L   B E N C H   M A R K S

         BENCH MARK STAMPING:  7584 E 1977

MONUMENTATION:           Survey Disk                               VM#:     2058
AGENCY:                                                            PID:         
SETTING CLASSIFICATION:  Concrete Sidewalk

The bench mark is set flush in the sidewalk on the north side of U.S. Highway 6
across from the Mobil Service Station, 30 feet (9 m) SE of the edge of the sea
wall, 4 feet (1 m) north of the edge of U.S. Highway 6, 2 feet (1 m) north of a
light pole, and level with the ground.

         BENCH MARK STAMPING:  7584 G 1977

MONUMENTATION:           Survey Disk                               VM#:     2059
AGENCY:                                                            PID:         
SETTING CLASSIFICATION:  Concrete Sidewalk

The bench mark is set flush in the sidewalk on the south side of U.S. Highway 6,
130 feet (40 m) east of Bench Mark 7584 J 1977, 1 foot (0.3 m) south of the edge
of U.S. Highway 6, 1 foot (0.3 m) NE of a steel water main cover in the
sidewalk, and level with the ground.

         BENCH MARK STAMPING:  7584 J 1977

MONUMENTATION:           Survey Disk                               VM#:     2060
AGENCY:                                                            PID:         
SETTING CLASSIFICATION:  Concrete Sidewalk

The bench mark is set flush in the surface of the sidewalk on the south side of
U.S. Highway 6 on the north side of the Mobil Service Station, 4 feet (1 m) west
of a fire hydrant, 1 foot (0.3 m) south of the edge of U.S. Highway 6, and level
with the ground.
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                            T I D A L   D A T U M S 

Tidal datums at NEW BEDFORD-FAIRHAVEN BRIDGE, NEW BEDFORD HARBOR based on:

     LENGTH OF SERIES:      70 HWS & 69 LWS
     TIME PERIOD:           OCTOBER 8 - NOVEMBER 13, 1977
     TIDAL EPOCH:           1960-1978
     CONTROL TIDE STATION:  8452660 NEWPORT, RI

Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in FEET:

     HIGHEST OBSERVED WATER LEVEL (11/13/1977)         =   5.63
     MEAN HIGHER HIGH WATER                     MHHW   =   4.16
     MEAN HIGH WATER                            MHW    =   3.89
     MEAN TIDE LEVEL                            MTL    =   2.00
     MEAN LOW WATER                             MLW    =   0.12
     MEAN LOWER LOW WATER                       MLLW   =   0.00
     LOWEST  OBSERVED WATER LEVEL (11/12/1977)         =  -0.77

Bench Mark Elevation Information                In FEET above:

     Stamping or Designation                    MLLW        MHW

     7584 L 1977                                 7.74      3.85
     7584 D 1977                                16.96     13.07
     7584 E 1977                                14.81     10.92
     7584 G 1977                                16.03     12.14
     7584 J 1977                                15.10     11.21

Page 3 of 5Data Retrieval

6/5/2012http://tidesandcurrents.noaa.gov/data_menu.shtml?type=Superseded+Bench+Mark&mstn=8...You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://tidesandcurrents.noaa.gov/data_menu.shtml?type=Superseded+Bench+Mark&mstn=8...
http://www.novapdf.com


                          U.S. DEPARTMENT OF COMMERCE

Page 4 of 5Data Retrieval

6/5/2012http://tidesandcurrents.noaa.gov/data_menu.shtml?type=Superseded+Bench+Mark&mstn=8...You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://tidesandcurrents.noaa.gov/data_menu.shtml?type=Superseded+Bench+Mark&mstn=8...
http://www.novapdf.com


home | products | programs | partnerships | education | help

                          U.S. DEPARTMENT OF COMMERCE
                National Oceanic and Atmospheric Administration
                            National Ocean Service
                                                                   Page  4 of  4

                                                   PUBLICATION DATE:  06/13/1988
Station ID: 8447584                                SUPERCEDED DATE:   04/21/2003
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D E F I N I T I O N S

Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal
Datum Epoch.  It pertains to local mean sea level and should not be confused
with the fixed datums of North American Vertical Datum of 1988 (NAVD88).

NAVD88 is a fixed datum derived from a simultaneous, least squares, minimum
constraint adjustment of Canadian/Mexican/United States leveling observations.
Local mean sea level observed at Father Point/Rimouski, Canada was held fixed as
the single initial constraint.  NAVD88 replaces NGVD29 as the national
standard geodetic reference for heights.  Bench mark elevations relative to
NAVD88 are available from NGS through the World Wide Web at 
National Geodetic Survey.

NGVD29 is a fixed datum adopted as a national standard geodetic reference for
heights but is now considered superseded.  NGVD29 is sometimes referred to as
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological
Survey Topographic Quads.  NGVD29 was originally derived from a general
adjustment of the first-order leveling networks of the U.S. and Canada after
holding mean sea level observed at 26 long term tide stations as fixed.
Numerous local and wide-spread adjustments have been made since establishment in
1929.  Bench mark elevations relative to NGVD29 are available from the National
Geodetic Survey (NGS) data base via the World Wide Web at 
National Geodetic Survey.

NAVD88 and NGVD29 are fixed geodetic datums whose elevation relationships to
local MSL and other tidal datums may not be consistent from one location to
another.

The Vertical Mark Number (VM#) and PID# shown on the bench mark sheet are unique
identifiers for bench marks in the tidal and geodetic databases, respectively.
Each bench mark in either database has a single, unique VM# and/or PID# assigned.
Where both VM# and PID# are indicated, both tidal and geodetic elevations are
available for the bench mark listed.

The NAVD88 elevation is shown on the Elevations of Tidal Datums Table Referred
to MLLW only when two or more of the bench marks listed have NAVD88 elevations.
The NAVD88 elevation relationship shown in the table is derived from an average
of several bench mark elevations relative to tide station datum.  As a result of
this averaging, NAVD88 bench mark elevations computed indirectly from the tidal
datums elevation table may differ slightly from NAVD88 elevations listed for
each bench mark in the NGS database.
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Bench Mark Data Sheets

Click here for a printable version of the benchmark sheet.

NEW BEDFORD, CLARKS POINT, 
MA

NEW BEDFORD, CLARKS POINT, MA: Data 
Inventory

Station ID: 8447712 Page Help

Bench mark positions only appear on the map if their coordinates in the CO-OPS database 
are at the precision of degrees/minutes/seconds/and tenths of seconds. If the coordinates 
are less precise, the mark will not appear. 

Map Key: The large marker is the location of the water level sensor; the smaller red 
markers indicate the location of bench marks included in the published bench mark sheet 
below the map; blue markers indicate the location of newer bench marks not yet 
incorporated into the published bench mark sheet.
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To reach the tidal bench marks from New Bedford, proceed south on the peninsula
east of Clark's Cove to Fort Tabor and the New Bedford Waste Water Treatment
Plant at Clark's Point.  The bench marks are located in the vicinity of the fort
and the treatment plant.  The tide gage and staff were located on pilings along
the breakwater near the NE corner of the treatment plant.

 T I D A L   B E N C H   M A R K S

 PRIMARY BENCH MARK STAMPING:  7 1931
                         DESIGNATION:          TIDAL 7 STA 88

MONUMENTATION:           Tidal Station disk                        VM#:     2072
AGENCY:                  US Coast & Geodetic Survey
                         (USC&GS)                                     PID#:  LW0072
SETTING CLASSIFICATION:  Concrete step

The primary bench mark is a disk set in the north corner of the second concrete
step at Battery Wolcott No. 2, between Fort Tabor and the shoreline, 43 m (140
ft) SE of the south end of a stone and concrete pier leading north to boat
docks.

         BENCH MARK STAMPING:  7712 E 1976
                         DESIGNATION:          844 7712 E TIDAL

MONUMENTATION:           Tidal Station disk                        VM#:     2073
AGENCY:                  National Ocean Survey (NOS)               PID:         
SETTING CLASSIFICATION:  Light pole base

The bench mark is a disk set flush in the base of the SE light pole of the water
tank area at the New Bedford Waste Water Treatment Plant, 11.80 m (38.7 ft) SE
of the SE concrete water tank, and 0.3 m (1 ft) south of a steel guardrail.

Page 2 of 7Data Retrieval

6/5/2012http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=8447712 NEW BEDFORD, CLARK...You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=8447712
http://www.novapdf.com


                          U.S. DEPARTMENT OF COMMERCE
                National Oceanic and Atmospheric Administration
                            National Ocean Service
                                                                   Page  2 of  5

Station ID: 8447712                                PUBLICATION DATE:  05/20/2004
Name:       NEW BEDFORD, CLARKS POINT                         
            MASSACHUSETTS
NOAA Chart: 13230                                  Latitude:         41° 35.6' N
USGS Quad:  NEW BEDFORD SOUTH                      Longitude:        70° 54.0' W

 T I D A L   B E N C H   M A R K S

         BENCH MARK STAMPING:  7712 F 1976
                         DESIGNATION:          844 7712 F TIDAL

MONUMENTATION:           Tidal Station disk                        VM#:     2074
AGENCY:                  National Ocean Survey (NOS)               PID:         
SETTING CLASSIFICATION:  Light pole base

The bench mark is a disk set flush in the base of the NE light pole of the water
tank area at the New Bedford Waste Water Treatment Center, 94.37 m (309.6 ft)
north of bench mark 7712 E 1976, 32 m (105 ft) east of a 2 m (6 ft) high chain
link fence forming the western border of the plant, and 11.64 m (38.2 ft) NE of
the NE concrete water tank.

         BENCH MARK STAMPING:  7712 G 1976
                         DESIGNATION:          844 7712 G TIDAL

MONUMENTATION:           Tidal Station disk                        VM#:     2075
AGENCY:                  National Ocean Survey (NOS)               PID:         
SETTING CLASSIFICATION:  Concrete step

The bench mark is a disk set flush in the top of the SW set of steps at Battery
Wolcott No. 2 adjacent to Fort Tabor, 24 m (80 ft) NE of a gravel road
separating the battery from Fort Tabor, and 19 m (63 ft) SE of the NE corner of
the Fort Tabor parking lot.
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 T I D A L   B E N C H   M A R K S

         BENCH MARK STAMPING:  7712 H 1976
                         DESIGNATION:          844 7712 H TIDAL

MONUMENTATION:           Tidal Station disk                        VM#:     2076
AGENCY:                  National Ocean Survey (NOS)               PID:         
SETTING CLASSIFICATION:  Concrete walkway

The bench mark is a disk set flush in the top of the concrete walkway at the
entrance to the stone and concrete pier near Fort Tabor, 128 m (420 ft) east of
the main road leading to Fort Tabor, 26.00 m (85.3 ft) east of the east corner
of a concrete garage.

Page 4 of 7Data Retrieval

6/5/2012http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=8447712 NEW BEDFORD, CLARK...You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=8447712
http://www.novapdf.com


                          U.S. DEPARTMENT OF COMMERCE
                National Oceanic and Atmospheric Administration
                            National Ocean Service
                                                                   Page  4 of  5

Station ID: 8447712                                PUBLICATION DATE:  05/20/2004
Name:       NEW BEDFORD, CLARKS POINT                         
            MASSACHUSETTS
NOAA Chart: 13230                                  Latitude:         41° 35.6' N
USGS Quad:  NEW BEDFORD SOUTH                      Longitude:        70° 54.0' W

                            T I D A L   D A T U M S 

Tidal datums at NEW BEDFORD, CLARKS POINT based on:

     LENGTH OF SERIES:      4 MONTHS
     TIME PERIOD:           June 1976 - October 1976
     TIDAL EPOCH:           1983-2001
     CONTROL TIDE STATION:  8452660 NEWPORT, NARRAGANSETT BAY

Elevations of tidal datums referred to Mean Lower Low Water (MLLW), in METERS:

     MEAN HIGHER HIGH WATER                     MHHW   =  1.206
     MEAN HIGH WATER                            MHW    =  1.130
     MEAN TIDE LEVEL                            MTL    =  0.587
     MEAN SEA LEVEL                             MSL    =  0.510
     MEAN LOW WATER                             MLW    =  0.044
     MEAN LOWER LOW WATER                       MLLW   =  0.000

North American Vertical Datum (NAVD88)

Bench Mark Elevation Information                In METERS above:

     Stamping or Designation                    MLLW        MHW

     7 1931                                      2.730    1.600
     7712 E 1976                                 5.086    3.956
     7712 F 1976                                 5.235    4.105
     7712 G 1976                                 2.513    1.383
     7712 H 1976                                 2.487    1.357
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D E F I N I T I O N S

Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal
Datum Epoch.  It pertains to local mean sea level and should not be confused
with the fixed datums of North American Vertical Datum of 1988 (NAVD88).

NAVD88 is a fixed datum derived from a simultaneous, least squares, minimum
constraint adjustment of Canadian/Mexican/United States leveling observations.
Local mean sea level observed at Father Point/Rimouski, Canada was held fixed as
the single initial constraint.  NAVD88 replaces NGVD29 as the national
standard geodetic reference for heights.  Bench mark elevations relative to
NAVD88 are available from NGS through the World Wide Web at 
National Geodetic Survey.

NGVD29 is a fixed datum adopted as a national standard geodetic reference for
heights but is now considered superseded.  NGVD29 is sometimes referred to as
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological
Survey Topographic Quads.  NGVD29 was originally derived from a general
adjustment of the first-order leveling networks of the U.S. and Canada after
holding mean sea level observed at 26 long term tide stations as fixed.
Numerous local and wide-spread adjustments have been made since establishment in
1929.  Bench mark elevations relative to NGVD29 are available from the National
Geodetic Survey (NGS) data base via the World Wide Web at 
National Geodetic Survey.

NAVD88 and NGVD29 are fixed geodetic datums whose elevation relationships to
local MSL and other tidal datums may not be consistent from one location to
another.

The Vertical Mark Number (VM#) and PID# shown on the bench mark sheet are unique
identifiers for bench marks in the tidal and geodetic databases, respectively.
Each bench mark in either database has a single, unique VM# and/or PID# assigned.
Where both VM# and PID# are indicated, both tidal and geodetic elevations are
available for the bench mark listed.

The NAVD88 elevation is shown on the Elevations of Tidal Datums Table Referred
to MLLW only when two or more of the bench marks listed have NAVD88 elevations.
The NAVD88 elevation relationship shown in the table is derived from an average
of several bench mark elevations relative to tide station datum.  As a result of
this averaging, NAVD88 bench mark elevations computed indirectly from the tidal
datums elevation table may differ slightly from NAVD88 elevations listed for
each bench mark in the NGS database.
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NEW BEDFORD MARINE COMMERCE TERMINAL 

INVASIVE PLANT MONITORING PLAN 
conducted as part of the review process under 

 
The Massachusetts Endangered Species Act (MESA) 

M.G.L. c. 131A and 321 CMR 10.00 et seq. 
 
 
 
1.0 INTRODUCTION  

 

The New Bedford Marine Commerce Terminal is the site selected by the Commonwealth of 

Massachusetts to be one of the primary staging points for future offshore renewable energy projects 

in New England.  Construction of the New Bedford Marine Commerce Terminal involves the 

extension of an existing marine terminal (South Terminal in New Bedford). The site is located in 

New Bedford Harbor.   

 

The proposed New Bedford Marine Commerce Terminal is a filled structure adjacent to the 

shoreline, bounded by sheet piling, capped by crushed stone.  It is currently anticipated that 

approximately 130,000 cubic yards of clean sand from navigational dredging would be incorporated 

into the construction of the facility.  Approximately 1,200 linear feet of berthing space will be 

available at the facility.  The size of the facility as envisioned will be 25.83 acres.    

 

As part of the construction of the new marine commerce terminal an XX sq.ft drainage swale 

located south of the construction site will be dredged down to previously placed riprap. Upon 

completion, a clean cap will be place over the riprap and the surface will be graded. In the upland 

brackish marshland new native species will be planted in numbers (table 1), precipitating a control 

and monitoring regimen of common invasive species to insure the proliferation of these newly 

planted native species.  Prepared by Apex Companies LLC (June 2012). 
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Table 1 

Common Name Species Name Frequency Notes 

Low Marsh    

Saltmarsh Cordgrass Spartina alterniflora 1’ OC Plugs 

Three Square Scirpus pungens 1’ OC Plugs 

    

High Marsh    

Saltmarsh Bulrush Scirpus robustus 2’ OC Plugs 

Saltmarsh Hay Spartina patens 2’ OC Plugs 

Black Grass Juncus gerardii 2’ OC Plugs 

Perennial Saltmarsh Aster Aster tenuifolius 2’ OC Plugs 

    

Marsh Border    

High Tide Bush Iva frutescens 40’ OC 
Balled & 

Burlapped 

Stiff Leaved Quackgrass Agropyron pungens - 
Broadcast 

Seeded 

Switchgrass Panicum virgatum - 
Broadcast 

Seeded 

Beach Plum Prunus maritima 40’ OC 
Balled & 

Burlapped 

 

 

2.0 GOALS AND OBJECTIVES  
 

The biodiversity and natural processes of the early growing phases of the restored areas will 

be susceptible to infestations of neighboring invasive plants. These invasive plant species, 

particularly brackish invasive species such as Phragmites australis and other known invasive species 

(see Attachment: Invasive Plant List) dominant around the periphery of the drainage swale and have 

a high potential to spread into the restored areas undermining the ecological integrity of restoration 
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efforts. While removal of all invasive plant species around the periphery of the restoration is not 

feasible, early detection and prevention of invasive plant species establishments in restored 

vegetation area and monitoring of existing infestations along the perimeter of the area as the primary 

objective for this invasive plant management plan. A unique opportunity exists on the site to 

proactively detect infestations of invasive plant communities before they become well established 

thus maintaining a high quality restored native vegetated habitat. 

 

3.0 POST-RESTORATION MONITORING 

Post-restoration monitoring will be conducted to gage the success of the restoration and aid in 

early detection of invasive species introduced into the restored areas. This is done to measure the 

long term performance of the restoration. Monitoring post-restoration will take place at after the first 

growing season following the completed restoration of each phased area, and then subsequently at 

the 3 and 5 year anniversary. Early monitoring also serves to provide baseline conditions against 

which future control options and adaptive invasive plant management techniques can be 

implemented to eradicate any invasive, exotic or nuisance species from the restoration areas during 

the 5 year monitoring period. Post-restoration monitoring efforts constitute the following primary 

objectives:  

 
1. Plant community composition;  
 
2. Species percent cover;  
 
3. Woody species survival; and  
 
4. Establishment of invasive plant species.  
 
3.1 Post–Restoration Vegetation Monitoring  
 

In order to document the baseline conditions, four randomly placed permanent one 

squared meter (1-m2) vegetation sampling plots will be established within each phased 

restoration area. These 1-m2 plots will be utilized in following the first growing season. In 

monitoring years 3 and 5 these sampling plots will be utilized again to monitor the 

herbaceous stratum, but will be also be extended to include 5-m2 plots to assess established 

woody vegetation.  
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A permanent pin (rebar) will be installed in the southeast corner of each plot and 

marked with marking paint to ensure that sample plots can be easily located during 

subsequent monitoring. Plot locations will also be marked with a Trimble GEO-XH GPS or 

other sub-meter accuracy GPS unit. A portable PVC 1-m2 plot frame will be used to delineate 

each of the monitoring plots with the corner of the frame placed over the driven plot stake. 

 

At each sample plot, all vegetation present will be identified to species (or to genus or 

family if species cannot be determined); the percent of the 1-m2 area covered by each species 

will also record as an aerial cover class. Photographs of each monitoring plot will also be 

taken looking from the southeastern pin. Copies of monitoring data sheets and plot photos 

will be included as an appendix to the baseline monitoring report. 

 

Species dominance will be calculated by summing percent (%) aerial coverage 

estimates for that species for all plots. From the percent aerial cover estimates, relative 

dominance and relative frequency for each species present will be calculated using the 

following formulas (Cox 1996): 

 

Relative Dominance =          Species Dominance  X 100  
Total dominance for all species  
 

Frequency =  Number of plots in which a species occurs  
Total number of plots sampled  
 

Relative Frequency =  Frequency value of a species X 100  
     Total of all frequency values 
 

In addition, the existing tree line along the perimeter of each restored area will be 

recorded using the sub-meter accuracy GPS unit. The purpose of these points will be to help 

indicate if the surrounding invested woodlands footprint is encroaching into restored areas or 

influencing changes in the vegetation community. 

 
 
 
 

3.2 Schedule  
 
This baseline monitoring as well as post-construction effectiveness monitoring shall 

be completed during the peak growing season (July or August) when vegetation is in full 
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growth and readily identifiable. The initial (baseline) event will be completed after one full 

growing season after the completed restoration efforts to each area. This will give seedlings 

time to be established, and will be more readily identifiable. Following the baseline 

monitoring, sampling will occur at the 3 and 5 year mark. 

 

Within the 5 year monitoring timeframe the proposed native vegetation plantings 

should be well established and less susceptible to be outcompeted by invasive, exotic, or 

nuisance species. It is anticipated that the proposed monitoring schedule following year 5 will 

provide the necessary time for the restoration sites to grow to a successful maturity level 

reaching the goals of the restoration and monitoring objectives, and therefore monitoring will 

not exceed 5 years. 

 

4.0 METHODS OF CONTROL 

 

Control operations will be based upon invasive species present and suited to the 

actual site conditions. Manual operation of handsaws, chainsaws or brush saws will be 

employed to cut and remove target species. This control method will be used when targeted 

species occur in sensitive areas where herbicide use is prohibited. The use mechanical 

mowing units may be used to cut tall, dense stands of targeted plant species. This method is 

typically implemented in areas where the use of chemicals is prohibited or to reduce the 

heights of dense stands of vegetation to a more efficient and effective treatment height where 

chemical use can more be appropriately and adequately applied to targeted vegetation. 

 

The use of federally-approved, state, and registered herbicides following guidelines 

set down by MADEP may be used to eliminate targeted vegetation. This method is used to 

eliminate the targeted plant species through the destruction of the plant’s ability to sustain 

necessary metabolic functions to survive and grow. Herbicide applications will be performed 

where allowed, to individual shoots. Contractors licensed and certified by the Massachusetts 

Pesticide Bureau within the Department of Food and Agriculture (MDFA) will apply 

herbicide applications. Only those herbicides approved by the MDFA and the MADEP for 

application in sensitive areas will be used. Sensitive areas include areas within 400 feet of a 

public ground water supply well, within 100 feet of a public surface water supply, within 50 

feet of private water supplies, within 10 feet of surface waters and wetlands, and within 
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agricultural and habitated areas. All other federal, state, and local regulations will also be 

followed including the Wetlands Protection Act. 

 

The state-listed invasive species Phragmites australis and other known invasive 

species (see Attachment: Invasive Plant List) are the primary target vegetation species of 

concern observed on the Marine Commerce Terminal property. Phragmites australis invades 

wetland/marsh areas, crowding out native vegetation, forming monoculture species stands. 

Phragmites australis out compete native vegetation spreading rapidly in brackish soils at full 

maturity due to an extensive fibrous root system and runners. Phragmites australis is known 

to re-sprout vigorously when cut. A small mount of herbicide can be applied directly to the 

shoots with a hand-held spray bottle, or hand-operated sprayer. Prior to cutting the 

Phragmites, if efforts are not made to kill the plants using a herbicide applied to a cut, then 

preparations should be made anticipating substantial root sucker growth within 60 days of the 

first growing season after the cut. Controlling the spread of Phragmites australis on the site 

will promote the success of the planed restoration efforts. Following the implementation of 

any removal of invasive species, it may be necessary to replant certain areas where remaining 

vegetation is sparse or bare soil is exposed. This replanting effort should follow the 

guidelines and planting recommendations developed in the NBMCT INVASIVE PLANT 

MONITORING PLAN (June 2012). 

 

5.0 REPORTING 

Following the 1 year post-monitoring and subsequent 3 and 5 year monitoring, a 

report outlining field results, actions, recommendations, and conclusions will be generated to 

document the overall success of the restoration efforts at the site. Monitoring and control of 

invasive species will not exceed 5 years. 
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Phragmites australis 

Common reed is a tall, perennial grass that can grow to heights of 15 ft. (4.6 m) or more. 

Broad, pointed leaves arise from thick, vertical stalks. Leaves are 6-23.6 in. (15-60 cm) long, 0.4-2.4 

in. (1-6 cm) wide, flat and glabrous. The flower heads are dense, fluffy, gray or purple in color and 

5.9-15.7 in. (15-40 cm) long. Flowering occurs from July to October. Common reed is usually found 

in dense thickets growing in or near shallow water. These thickets displace native wetlands plants, 

alter hydrology and block sunlight to the aquatic community. Exotic common reed is native to 

Eurasia and Africa. Native Phragmites do occur in the United States and they are sometimes very 

difficult to distinguish from the exotics. (Massachusetts - Noxious Weed Law) 
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Purpose and organizing principles of the Massachusetts Invasive Plant Advisory 
Group (MIPAG) 

Formerly known as the Massachusetts Invasive Plant Group, the Massachusetts Invasive Plant 
Advisory Group (MIPAG) was formed in 1999 by the Ad Hoc Native Plant Advisory Committee to 
begin addressing the invasive plant issue in Massachusetts. The Executive Office of Environmental 
Affairs recognized it as part of the Massachusetts Council on Invasive Species. This Council was 
intended to serve as a coordinating mechanism for the various invasive species management activities 
undertaken by state agencies, federal agencies, and private organizations. 

The Massachusetts Invasive Plant Advisory Group is a voluntary collaboration between public and 
private organizations concerned about the problem of invasive plants in Massachusetts. Eighteen 
entities are represented including state and federal governmental agencies in fish and wildlife, 
agriculture, and natural resources; the horticulture industry; academic science institutions; land 
management and nonprofit conservation organizations. Its members affirm their commitment to 
working within their individual organizations to substantially address the impact of species determined 
by scientific criteria to be Invasive, Likely Invasive, or Potentially Invasive in the Commonwealth of 
Massachusetts. 

The first order of business of the MIPAG has been to determine which plant species are invasive in 
Massachusetts. With the assistance of Dr. Leslie Mehrhoff of the University of Connecticut, the group 
adopted a definition and set of biologically based criteria upon which to objectively evaluate plants 
suspected to be invasive in the state. The group contracted with Dr. Mehrhoff to gather existing data 
about these species and help the group assess which are currently invasive and which have the 
potential to become problematic in Massachusetts. 

Findings from plant evaluations of 85 species (conducted in two phases) include an annotated list of 
Invasive, Likely Invasive, and Potentially Invasive species. The annotated list, as well as information 
about the evaluation process, definitions and criteria, and group member composition, are contained 
within this document and can also be found online at www.mnla.com and www.newfs.org. Also 
included on the annotated list are species that were considered but for which sufficient information or 
evidence is currently lacking for an adequate evaluation. 

The MIPAG makes all its important decisions at its scheduled meetings by voting. In certain 
instances, representatives of the same member organization voluntarily share a vote and alternate their 
attendance. Quorum for any meeting must be 2/3 of the voting membership (currently 12), and any 
decision must pass by a 2/3 majority of members present. The only exception is when a vote is taken 
at a meeting to determine the status of a species under assessment by MIPAG criteria for invasiveness 
in Massachusetts. In this case, all voting members have the right to vote, with those absent from the 
meeting having not more than two additional weeks after the initial vote to submit their votes to the 
MIPAG recorder. Only one vote per organization is allowed. Agreed by quorum on 6/12/2002, “a 2/3 
majority will be calculated only using affirmative and negative votes cast. Abstentions will not be 
included.” 
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MIPAG Member Representatives and Alternates 

Timothy B. Abbott (MIPAG Strategic Management Plan Committee Chair) 
Geoffrey Hughes Program Director, The Nature Conservancy 
Ph: (413) 229-0232 x226, tabbott@tnc.org 

Patricia E. Bigelow MCH 
Past President, New England Nursery Association 
President, Bigelow Nurseries Inc 
Ph: 508-845-2143, patbigelow@bigelownurseries.com 

Donald A. Bishop 
Member, Board of Directors, Ecological Landscaping Association 
Owner, Gardens Are… (full service land care business -- design, maintenance, construction) 
Ph: 508-303-0800, don@gardensare.com 

Cynthia J. W. Boettner (MIPAG Coordinator) 
Coordinator, New England Invasive Plant Group and Connecticut River Watershed Invasive Plant 
Control Initiative 
U. S. Fish and Wildlife Service, Silvio O. Conte National Fish and Wildlife Refuge 
Ph: 413-863-0209 x6, cynthia_boettner@fws.gov 

A. Richard Bonanno, Ph.D. 
Weed Scientist, UMass Extension 
Past President, Northeastern Weed Science Society 
Ph: 978/682-9563, rbonanno@umext.umass.edu 

William E. Brumback 
Conservation Director, New England Wild Flower Society 
508-877-7630 ext. 3201, bbrumback@newfs.org 

Peter Del Tredici, Ph.D. 
Senior Research Scientist, The Arnold Arboretum of Harvard University 
Ph: 617.524.1718 ext 154, peter_deltredici@harvard.edu 

Mary Hallene, MCH 
Member, Board of Directors, Massachusetts Nursery and Landscape Association 
Ph: 508-636-4573, sales@sylvannursery.com 

Thomas D. Kyker-Snowman 
Natural Resources Specialist, Massachusetts Department of Conservation and Recreation, Division of 
Water Supply Protection 
Past Chair, Massachusetts Association of Professional Foresters 
Ph: 413-323-7254 ext 551, thom.kyker-snowman@state.ma.us 

Calvin W. Layton 
Principal, C.W. Layton Consulting 
Former Senior Arborist, NSTAR Electric 
Former Supervisor, Vegetation Control Service 
Ph: 978-413-6307, cwlayton@earthlink.net 

Final Report: “The Evaluation of Non-Native Plant Species for Invasiveness in Massachusetts” 
Massachusetts Invasive Plant Advisory Group, February 28, 2005 

3 



Christopher Mattrick 
Senior Conservation Programs Manager, New England Wild Flower Society 
508-877-7630 ext. 3203, cmattrick@newfs.org 

R. Wayne Mezitt 
Past President, American Nursery and Landscape Association, (ANLA), Washington, DC 
Chairman, Weston Nurseries, Inc., Hopkinton, MA 
Ph: 508-293-8046, WayneM@WestonNurseries.com 

Brad Mitchell 
Director, MA Dept of Agricultural Resources, Div. of Regulatory and Consumer Services 
Ph: 617-626-1771, brad.mitchell@state.ma.us 

Randall Prostak 
Extension Specialist, UMass Extension, Landscape, Nursery and Urban Forestry 
Ph: 413-577-1738, rprostak@umext.umass.edu 

Mark Sawyer MCH 
Member, American Nursery and Landscape Association 
Member, Board of Directors, Massachusetts Nursery and Landscape Association 
Ph: 508-293-8027, marks@westonnurseries.com 

Jonathan A. Shaw 
Member, Natural Heritage and Endangered Species Advisory Committee 
Ph: 508-888-0129, shaw@cape.com 

Paul Somers, Ph.D. 
State Botanist, Conservation Biologist III 
Natural Heritage and Endangered Species Program, Massachusetts Div. of Fisheries and Wildlife 
Ph: 508-792-7270 x149, paul.somers@state.ma.us 

Rena M. Sumner (MIPAG Chair) 
Executive Director, Massachusetts Nursery and Landscape Association 
Ph: 413-369-4731, mnlaoffice@aol.com 

Lou Wagner 
Regional Scientist, Massachusetts Audubon Society 
Ph: 978-927-1122 Ext. 2705, lwagner@massaudubon.org 

Seth Wilkinson 
Principal, Wilkinson Ecological Design 
Past Natural Resource Planner, Cape Cod Commission, Barnstable County 
Past Brewster Conservation Administrator 
Ph: (508) 241-0125, sethw@cape.com 

Advisor and Consultant to Massachusetts Invasive Plant Advisory Group: 

Leslie J. Mehrhoff, Ph.D. 
Director, Invasive Plant Atlas of New England 
George Safford Torrey Herbarium, University of Connecticut 
Ph: 860-486-5708, vasculum@uconnvm.uconn.edu 
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Massachusetts Criteria for Evaluating Non-Native Plant Species for
 
Invasiveness
 

(THESE CRITERIA HAVE NO OFFICIAL STATUS FOR MASSACHUSETTS) 

The Massachusetts Invasive Plant Advisory Group (MIPAG) defines invasive plants as 
“non-native species that have spread into native or minimally managed plant systems in Massachusetts. 
These plants cause economic or environmental harm by developing self-sustaining populations and 
becoming dominant and/or disruptive to those systems. As defined here, "species" includes all 
synonyms, subspecies, varieties, forms, and cultivars of that species unless proven otherwise by 
a process of scientific evaluation. 

The following criteria are being used to objectively evaluate and categorize plant species suspected of 
being, or with the potential to become, invasive in Massachusetts. They were developed by the George 
Safford Torrey Herbarium at the University of Connecticut and a subcommittee of the Massachusetts 
Invasive Plant Group representing science, nursery, and conservation professionals. 

The criteria enable the separation of plants into the following categories: 
•	 Invasive Plants in Massachusetts 
•	 Likely Invasive Plants in Massachusetts 
•	 Potentially Invasive Plants in Massachusetts (species not currently known to be naturalized in 

Massachusetts, but that can be expected to become invasive within minimally managed habitats 
within the Commonwealth) 

For a species to be included on the list of species determined to be Invasive, Likely Invasive or 
Potentially Invasive in Massachusetts, it must be substantiated by scientific investigation (including 
herbarium specimens, peer-reviewed papers, published records and other data available for public review) 
to meet specific criteria. The process of reviewing individual plant species for their invasiveness in 
Massachusetts is ongoing and may result in a change in status pending new data and further review. 

Tabular summary of criteria to be met 

Criteria that must be met 
Base criteria 1-4 

Invasive 1-9 
Likely 

Invasive 
1-5, at least one of 6-9, at least one of 10-12 

Potentially 
Invasive 

1-4, (not 5), 13-15 

For a species to be designated as “INVASIVE”, “LIKELY INVASIVE” or “POTENTIALLY 
INVASIVE” it must to meet certain base criteria (#1-4 below). The species must: 

1.	 Be nonindigenous to Massachusetts. 
2.	 Have the biologic potential for rapid and widespread dispersion and establishment in 

minimally managed habitats. 
3.	 Have the biologic potential for dispersing over spatial gaps away from site of 

introduction. 
4.	 Have the biologic potential for existing in high numbers away from intensively managed 

artificial habitats. 
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If a species does not meet all four of the previous criteria, stop here. The species cannot be listed at 
this time. If a species meets all four, go on to #5. 

5. Be naturalized in Massachusetts (persists without cultivation in Massachusetts) 

If a species meets Criteria 1-4 and Criterion 5, it may be considered “INVASIVE ” or “LIKELY 
INVASIVE” in Massachusetts. Go to Criteria 6-9. 

If it does not meet Criterion 5, it may be considered “POTENTIALLY INVASIVE” if it meets 
Criteria 13-15. 

6.	 Be widespread in Massachusetts, or at least common in a region or habitat type(s) in the 
state. 

7.	 Have many occurrences of numerous individuals in Massachusetts that have high 
numbers of individuals forming dense stands in minimally managed habitats 

8.	 Be able to out-compete other species in the same natural plant community. 
9.	 Have the potential for rapid growth, high seed or propagule production
 

and dissemination, and establishment in natural plant communities.
 

If a species meet the initial five Criteria and Criteria 6-9 it may be considered a “INVASIVE” 
species in Massachusetts. 

If a species meets the initial five Criteria, but does not meet all of Criteria 6-9 at this time, it may be 
considered a “LIKELY INVASIVE” species in Massachusetts if in addition it meets at least one of 
the following three Criteria (#10-12). 

10.	 Have at least one occurrence in Massachusetts that has high numbers of individuals 
forming dense stands in minimally managed habitats 

11.	 Have the potential, based on its biology and its colonization history in the northeast or 
elsewhere, to become invasive in Massachusetts. 

12.	 Be acknowledged to be invasive in nearby states but its status in Massachusetts is 
unknown or unclear. This may result from lack of field experience with the species or 
from difficulty in species determination or taxonomy. 

If the species meets the basic criteria for invasiveness (Criteria 1-4) but is not naturalized in 
Massachusetts (Criterion 5), the species may be considered “POTENTIALLY INVASIVE” in 
Massachusetts if it meets the following three criteria (#13-15): 

13.	 The species, if it becomes naturalized in Massachusetts, based on its biology and 
biological potential, would pose an imminent threat to the biodiversity of 
Massachusetts and 

14.	 Its naturalization in Massachusetts is anticipated, and 
15.	 The species has a documented history of invasiveness in other areas of the 

Northeast. 
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DEFINITIONS TO ACCOMPANY
 
“CRITERIA FOR EVALUATING NON-NATIVE PLANT SPECIES FOR INVASIVENESS IN
 

MASSACHUSETTS”
 

Biologic potential - The ability of a species to increase its number, either sexually and/or asexually. 

Invasive plants – Non-native species that have spread into native or minimally managed plant systems in 
Massachusetts. These plants cause economic or environmental harm by developing self-sustaining populations and 
becoming dominant and/or disruptive to those systems. As defined here, "species" includes all synonyms, 
subspecies, varieties, forms, and cultivars of that species unless proven otherwise by a process of scientific 
evaluation. 

Indigenous species - otherwise A species that occurs natively in Massachusetts. Indigenous species often have a pre
colonial presence (pre 1500) or have arrived in the region more recently without the aid of human intervention. 
Synonymous with native species. 

Intensively managed habitats - Intensively managed habitats are habitats or land systems where management efforts 
and investments of time, money and labor occur frequently. Examples include manicured lawns, landscaped grounds, 
gardens, roadsides or agricultural lands for crops or livestock. 

Likely Invasive plants – non-native species that are naturalized in Massachusetts but do not meet the full criteria that 
would trigger an "Invasive plant" designation. 

Minimally managed habitats - Minimally managed habitats are habitats where management efforts and investments 
of time, money and labor are infrequent or non-existent. These habitats may have been intensively managed for 
anthropogenic reasons at one time in their history. In some instances, management may be more intense but 
management is done for conservation purposes and is primarily aimed at preserving elements of biological diversity 
such as imperiled species or critical natural communities. Minimally managed habitats are similar to "natural areas" 
but the distinction is made in order to remove bias, misconceptions or ambiguities that surround the term "natural 
area". 

Non-indigenous species - A species that is not native or naturally occurring (based on its biology, phylogeny, 
distribution and current knowledge about the species) within Massachusetts. A species may be indigenous to North 
America but non-indigenous in Massachusetts. Synonymous with non-native species. 

Naturalized species - A non-indigenous taxon that occurs without the aid and benefits of cultivation in 
Massachusetts. Further, it implies two biological points: it freely and regularly reproduces in the wild, sexually or 
asexually, and occurrences persist over time. 

Natural plant community - A natural plant community is an association or assemblage of plant species that 
repeatedly occur together in reoccurring patterns in a specific type of habitat. This assemblage can be characterized by 
dominant species and biological properties. A natural plant community implies a minimally managed situation where 
all or most of the species that make up the assemblage are indigenous to the defined area. 

Occurrence – Existing example of a species on the landscape. 

Potentially invasive plants – Non-native species not currently known to be naturalized in Massachusetts, but that can 
be expected to become invasive within minimally managed habitats within the Commonwealth. 

Spatial gaps - This term is used in reference to the ability of a species to disperse away from existing occurrences. 
The concept of crossing spatial gaps is used to distinguish those species that can disperse over discontinuities and 
become established elsewhere from species that spread across a habitat only by continual, uninterrupted growth. 
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Invasive, Likely Invasive, and Potentially Invasive Plants in Massachusetts:
 
Findings from the Assessment Process by the
 
Massachusetts Invasive Plant Advisory Group
 

Plants voted as: INVASIVE 

"Invasive plants" are non-native species that have spread into native or minimally managed plant systems 
in Massachusetts. These plants cause economic or environmental harm by developing self-sustaining 
populations and becoming dominant and/or disruptive to those systems. As defined here, "species" 
includes all synonyms, subspecies, varieties, forms, and cultivars of that species unless proven otherwise 
by a process of scientific evaluation. 

Acer platanoides L. (Norway maple)
 
A tree occurring in all regions of the state in upland and wetland habitats, and especially common in woodlands
 
with colluvial soils. It grows in full sun to full shade. Escapes from cultivation; can form dense stands; out-

competes native vegetation, including sugar maple; dispersed by water, wind and vehicles.
 

Acer pseudoplatanus L. (Sycamore maple)
 
A tree occurring mostly in southeastern counties of Massachusetts, primarily in woodlands and especially near the
 
coast. It grows in full sun to partial shade. Escapes from cultivation inland as well as along the coast; salt-spray
 
tolerant; dispersed by wind, water and vehicles.
 

Aegopodium podagraria L. (Bishop’s goutweed; bishop’s weed; goutweed)
 
A perennial herb occurring in all regions of the state in uplands and wetlands. Grows in full sun to full shade.
 
Escapes from cultivation; spreads aggressively by roots; forms dense colonies in flood plains.
 

Ailanthus altissima (P. Miller) Swingle (Tree of heaven)
 
This tree occurs in all regions of the state in upland, wetland, & coastal habitats. Grows in full sun to full shade.
 
Spreads aggressively from root suckers, especially in disturbed areas.
 

Alliaria petiolata (Bieb.) Cavara & Grande (Garlic mustard)
 
Synonym: Alliaria officinalis Andrz. Ex Bieb.
 
A biennial herb occuring in all regions of the state in uplands. Grows in full sun to full shade. Spreads
 
aggressively by seed, especially in wooded areas.
 

Berberis thunbergii DC. (Japanese barberry)
 
A shrub occuring in all regions of the state in open and wooded uplands and wetlands. Grows in full sun to full
 
shade. Escaping from cultivation; spread by birds; forms dense stands.
 

Cabomba caroliniana A.Gray (Carolina fanwort; fanwort)
 
A perennial herb occuring in all regions of the state in aquatic habitats. Common in the aquarium trade; chokes
 
waterways.
 

Celastrus orbiculatus Thunb. (Oriental bittersweet; Asian or Asiatic bittersweet)
 
A perennial vine occuring in all regions of the state in uplands. Grows in full sun to partial shade. Escaping from
 
cultivation; berries spread by birds and humans; overwhelms and kills vegetation.
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Plants voted as: INVASIVE (continued) 

Cynanchum louiseae Kartesz & Gandhi (Black swallow-wort, Louise’s swallow-wort)
 
Synonyms: Cynanchum nigrum (L.) Pers. non Cav.; Vincetoxicum nigrum (L.) Moench
 
A perennial vine occurring in all regions of the state in upland, wetland, and coastal habitats. Grows in full sun to
 
partial shade. Forms dense stands, out-competing native species: deadly to Monarch butterflies.
 

Elaeagnus umbellata Thunb. (Autumn olive)
 
A shrub occurring in uplands in all regions of the state. Grows in full sun. Escaping from cultivation; berries
 
spread by birds; aggressive in open areas; has the ability to change soil.
 

Euonymus alatus (Thunb.) Sieb. (Winged euonymus; Burning bush)
 
A shrub occurring in all regions of the state and capable of germinating prolifically in many different habitats. It
 
grows in full sun to full shade. Escaping from cultivation and can form dense thickets and dominate the understory;
 
seeds are dispersed by birds.
 

Euphorbia esula L. (Leafy spurge; wolf’s milk)
 
A perennial herb occurring in all regions of the state in grasslands and coastal habitats. Grows in full sun. An
 
aggressive herbaceous perennial and a notable problem in western USA.
 

Frangula alnus P. Mill. (European buckthorn; glossy buckthorn)
 
Synonyms: Rhamnus frangula L.; R. frangula var. angustifolia Loud.
 
Shrub or tree occurring in all regions of the state in upland, wetland, and coastal habitats. Grows in full sun to full
 
shade. Produces fruit throughout the growing season; grows in multiple habitats; forms thickets.
 

Glaucium flavum Crantz (Sea or horned poppy; yellow hornpoppy)
 
A biennial and perennial herb occurring in southeastern MA in coastal habitats. Grows in full sun. Seeds float;
 
spreads along rocky beaches; primarily Cape Cod and Islands.
 

Hesperis matronalis L. (Dame’s rocket)
 
A biennial and perennial herb occurring in all regions of the state in upland and wetland habitats. Grows in full sun
 
to full shade. Spreads by seed; can form dense stands, particularly in flood plains.
 

Iris pseudacorus L. (Yellow iris)
 
A perennial herb occurring in all regions of the state in wetland habitats, primarily in flood plains. Grows in full sun
 
to partial shade. Out-competes native plant communities.
 

Lepidium latifolium L. (Broad-leaved pepperweed; tall pepperweed)
 
A perennial herb occurring in eastern and southeastern regions of the state in coastal habitats. Grows in full sun.
 
Primarily coastal at upper edge of wetlands; also found in disturbed areas; salt tolerant.
 

Lonicera japonica Thunb. (Japanese honeysuckle)
 
A perennial vine occurring in all regions of the state in upland, wetland, and coastal habitats. Grows in full sun to
 
full shade. Rapidly growing, dense stands climb and overwhelm native vegetation; produces many seeds that are
 
bird dispersed; more common in southeastern Massachusetts.
 

Lonicera morrowii A.Gray (Morrow’s honeysuckle)A shrub occurring in all regions of the state in upland,
 
wetland, and coastal habitats. Grows in full sun to full shade. Part of a confusing hybrid complex of nonnative
 
honeysuckles commonly planted and escaping from cultivation via bird dispersal.
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Plants voted as: INVASIVE (continued) 

Lonicera x bella Zabel [morrowii x tatarica] (Bell’s honeysuckle) 
This shrub occurs in all regions of the state in upland, wetland, and coastal habitats. Grows in full sun to full shade.
 
Part of a confusing hybrid complex of nonnative honeysuckles commonly planted and escaping from cultivation via
 
bird dispersal.
 

Lysimachia nummularia L. (Creeping jenny; moneywort)
 
A perennial herb occurring in all regions of the state in upland and wetland habitats. Grows in full sun to full
 
shade. Escaping from cultivation; problematic in flood plains, forests and wetlands; forms dense mats.
 

Lythrum salicaria L. (Purple loosestrife)
 
A perennial herb or subshrub occurring in all regions of the state in upland and wetland habitats. Grows in full sun
 
to partial shade. Escaping from cultivation; overtakes wetlands; high seed production and longevity.
 

Myriophyllum heterophyllum Michx. (Variable water-milfoil; Two-leaved water-milfoil)
 
A perennial herb occurring in all regions of the state in aquatic habitats. Chokes waterways, spread by humans and
 
possibly birds.
 

Myriophyllum spicatum L. (Eurasian or European water-milfoil; spike water-milfoil)
 
A perennial herb found in all regions of the state in aquatic habitats. Chokes waterways, spread by humans and
 
possibly birds.
 

Phalaris arundinacea L. (Reed canary-grass)
 
This perennial grass occurs in all regions of the state in wetlands and open uplands. Grows in full sun to partial
 
shade. Can form huge colonies and overwhelm wetlands; flourishes in disturbed areas; native and introduced
 
strains; common in agricultural settings and in forage crops.
 

Phragmites australis (Cav.) Trin. ex Steud. subsp. australis (Common reed)
 
A perennial grass (USDA lists as subshrub, shrub) found in all regions of the state. Grows in upland and wetland
 
habitats in full sun to full shade. Overwhelms wetlands forming huge, dense stands; flourishes in disturbed areas;
 
native and introduced strains.
 

Polygonum cuspidatum Sieb. & Zucc. (Japanese knotweed; Japanese or Mexican Bamboo)
 
Synonym: Fallopia japonica (Houtt.) Dcne.; Reynoutria japonica Houtt.
 
A perennial herbaceous subshrub or shrub occurring in all regions of the state in upland, wetland, and coastal
 
habitats. Grows in full sun to full shade, but hardier in full sun. Spreads vegetatively and by seed; forms dense
 
thickets.
 

Potamogeton crispus L. (Crisped pondweed; curly pondweed)
 
A perennial herb occurring in all regions of the state in aquatic habitats. Forms dense mats in the spring and persists
 
vegetatively.
 

Ranunculus ficaria L. (Lesser celandine; fig buttercup)
 
A perennial herb occurring on stream banks, and in lowland and uplands woods in all regions of the state. Grows in
 
full sun to full shade. Propagates vegetatively and by seed; forms dense stands especially in riparian woodlands; an
 
ephemeral that outcompetes native spring wildflowers.
 

Rhamnus cathartica L. (Common buckthorn)
 
A shrub or tree occurring in all regions of the state in upland and wetland habitats. Grows in full sun to full shade.
 
Produces fruit in fall; grows in multiple habitats; forms dense thickets.
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Plants voted as: INVASIVE (continued) 

Robinia pseudoacacia L. (Black locust)
 
A tree that occurs in all regions of the state in upland habitats. Grows in full sun to full shade. While the species is
 
native to central portions of Eastern North America, it is not indigenous to Massachusetts. It has been planted
 
throughout the state since the 1700’s and is now widely naturalized. It behaves as an invasive species in areas with
 
sandy soils.
 

Rosa multiflora Thunb. (Multiflora rose)
 
A perennial vine or shrub occurring in all regions of the state in upland, wetland and coastal habitats. Grows in full
 
sun to full shade. Forms impenetrable thorny thickets that can overwhelm other vegetation; bird dispersed.
 

Trapa natans L. (Water-chestnut)
 
An annual herb occurring in the western, central, and eastern regions of the state in aquatic habitats. Forms dense
 
floating mats on water.
 

Plants votes as: LIKELY INVASIVE 

"Likely Invasive plants" are non-native species that are naturalized in Massachusetts but do not meet the full 
criteria that would trigger an "Invasive plant" designation. As defined here, "species" includes all synonyms, 
subspecies, varieties, forms, and cultivars of that species unless proven otherwise by a process of scientific 
evaluation. 

Ampelopsis brevipedunculata (Maxim.) Trautv. (Porcelain-berry; Amur peppervine)
 
A woody vine found primarily in southeastern counties of Massachusetts but known from some western counties as
 
well. Occurs in upland woodland edges and thickets and grows in full sun to partial shade. Escapes from
 
cultivation and is bird dispersed.
 

Anthriscus sylvestris (L.) Hoffmann (Wild chervil)
 
Synonym: Chaerophyllum sylvestre L.
 
A biennial or short-lived perennial herb with a few reported sites in minimally managed habitats scattered across
 
the state. It occurs in old fields, wetlands, roadsides and proliferates in floodplain soils. Grows in full sun to partial
 
shade. It has a very long taproot and is reported to be spreading in Vermont and Connecticut.
 

Berberis vulgaris L. (Common barberry; European barberry)
 
A shrub occurring in all regions of the state, primarily in uplands. It grows in full sun to full shade. The potential
 
of this plant to spread is high; once common but widely eradicated because it is an alternate host for wheat rust; it
 
hybridizes with Japanese barberry.
 

Cardamine impatiens L. (Bushy rock-cress; narrowleaf bittercress)
 
A winter annual or biennial herb found in western Massachusetts occurring in rich woods, rocky ledges, roadsides,
 
and stream banks. It grows in full sun to full shade. Disperses seeds easily and is spreading rapidly in other parts
 
of New England.
 

Centaurea biebersteinii DC. (Spotted knapweed)
 
Synonym: Centaurea maculosa auct. non Lam.
 
A biennial or perennial herb occurring in all regions of the state in upland and coastal habitats. Grows in full sun.
 
Aggressively grows in well-drained, disturbed soils; serious problem in western states where it out-competes native
 
grassland species, literature reports are currently lacking for this in the northeast.
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Plants voted as: LIKELY INVASIVE (continued) 

Cynanchum rossicum (Kleopov) Borhidi (European swallow-wort; pale swallow-wort)
 
Synonym: Vincetoxicum rossicum (Kleopov) Barbarich
 
A perennial herb occurring in the western region of the state in upland habitats. Grows in full sun to partial shade.
 
Forms dense stands; found primarily in the lower Connecticut River Valley.
 

Egeria densa Planchon (Brazilian waterweed; Brazilian elodea)
 
Synonyms: Anacharis densa (Planch.) Victorin; Elodea densa (Planch.) Caspary
 
A perennial herb occurring in the eastern and southeastern regions of the state in aquatic habitats. Common in the
 
aquarium trade; chokes waterways; currently only found in a few MA ponds.
 

Epilobium hirsutum L. (Hairy willow-herb; Codlins and cream)
 
A perennial herb occurring in all regions of the state in wetlands. Grows in full sun. Seeds dispersed by wind and
 
water; evidence currently lacking that this species out- competes other vegetation in minimally managed habitats.
 

Euphorbia cyparissias L. (Cypress spurge)
 
A perennial herb occurring in all regions of the state in upland habitats. Grows in full sun. Persists in open areas;
 
evidence currently lacking that this species out-competes other vegetation in minimally managed habitats.
 

Festuca filiformis Pourret (Hair fescue; fineleaf sheep fescue)
 
A perennial grass occurring in all regions of the state, in grasslands and open woodlands. Grows in full sun to
 
partial shade. Common in minimally managed grassland habitats; more data needed on its ability to outcompete
 
native species.
 

Glyceria maxima (Hartman) Holmburg (Tall mannagrass; reed mannagrass)
 
A perennial grass currently known from one marsh in Essex County. Grows in full sun to partial shade. Spreads
 
vegetatively and produces viable seeds; forms dense stands.
 

Heracleum mantegazzianum Sommier & Levier (Giant hogweed)
 
A perennial herb occurring in scattered sites across all regions of the state; thrives in multiple habitats. Grows in
 
full sun to full shade. Escapes from cultivation; seeds can be dispersed by water; can cause severe skin reactions.
 

Humulus japonicus Sieb. & Zucc. (Japanese hops)
 
An annual herbaceous vine with current records in western MA, but historical records from all regions of the state.
 
Grows in floodplain forests and riverbanks in full sun to partial shade. Escapes from cultivation; capable of prolific
 
growth.
 

Hydrilla verticillata (L.f.) Royle (Hydrilla; water-thyme; Florida elodea)
 
A perennial aquatic herb occurring in the southeastern region of the state. Only found in one MA pond currently
 
(2004); easily dispersed by birds and humans; chokes entire water bodies.
 

Ligustrum obtusifolium Sieb. & Zucc. (Border privet)
 
A shrub occurring in all regions of the state in woodlands and woodland edges. Grows in full sun to full shade.
 
Widespread and shade tolerant, bird dispersed; more data needed on density and distribution; flowers are needed to
 
identify species.
 

Lonicera tatarica L. (Tatarian honeysuckle)
 
A shrub found from Boston westward in thickets, woods, and edges of woods. Can grow in full sun to full shade.
 
Commonly confused with other non-native honeysuckles; crosses with Morrow's honeysuckle (L. morrowii) to
 
produce the invasive hybrid Belle's honeysuckle (L. xbella).
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Plants voted as: LIKELY INVASIVE (continued) 

Microstegium vimineum (Trin.) A. Camus (Japanese stilt grass; Nepalese browntop)
 
An annual grass occurring in the western region of the state in upland and wetland habitats. Grows in full sun to
 
full shade. Forms dense stands; currently localized in the lower Connecticut River Valley; spreads in flood plains.
 

Miscanthus sacchariflorus (Maxim.) Franch. (Plume grass; Amur silvergrass)
 
This perennial grass is currently known to occur in central MA in wetland margins and roadsides. Grows in full
 
sun. Spreads by rhizomes and develops dense stands along roadsides and adjacent native habitats.
 

Myosotis scorpioides L. (Forget-me-not)
 
A perennial herb occurring in all regions of the state in wetlands. Grows in full sun to full shade. Escaping from
 
cultivation; prolific in open wooded streams, stream-banks and wet meadows; evidence about its persistence is
 
needed.
 

Myriophyllum aquaticum (Vell.) Verdc. (Parrot-feather; water-feather; Brazilian watermilfoil)
 
Synonym: Myriophyllum brasiliense Camb.
 
A perennial herbaceous aquatic occurring in southeastern MA along a shallow pond edge.
 
Grows in full sun to partial shade. Reproduces from fragments; commonly used in the water garden trade.
 

Najas minor All. (Brittle water-nymph; lesser naiad)
 
An annual herb occurring in the western region of the state in aquatic habitats. Chokes waterways; spread by
 
humans and possibly birds; currently found only in Berkshire County (2002).
 

Nymphoides peltata (Gmel.) Kuntze (Yellow floating heart)
 
This aquatic perennial occurs in ponds in central MA. Grows in full sun to partial shade. Can create a dense
 
floating mat on ponds and can reproduce from fragments.
 

Phellodendron amurense Rupr. (sensu lato) (Amur cork-tree)
 
Synonyms: Phellodendron japonicum Maxim.; Phellodendron amurense var. japonicum (Maxim.) Ohwi;
 
Phellodendron sachalinense (F. Schmidt) Sarg.; Phellodendron amurense var. sachalinense F. Schmidt;
 
Phellodendron lavallei Dode; Phellodendron amurense var. lavallei (Dode) Sprague
 
This tree occurs in uplands of eastern to central MA. Grows in full sun to full shade. A bird dispersed species that
 
has escaped cultivation.
 

Pueraria montana (Lour.) Merrill (Kudzu; Japanese arrowroot)
 
Synonym: Pueraria montana var. lobata (Willd.) Maesen & S. Almeida
 
A perennial herbaceous vine found in southeastern MA. Occurs at Arnold Arboretum; uplands. Grows in full sun
 
to partial shade. Present in MA and subject to control; marginally hardy in MA but has the potential to invade
 
minimally-managed areas based on its performance elsewhere.
 

Ranunculus repens L. (Creeping buttercup)
 
A perennial herb occurring in all regions of the state in wetlands. Grows in full sun to full shade. Common around
 
springs and wetlands; evidence currently lacking that this species out- competes other vegetation in minimally
 
managed habitats.
 

Rorippa amphibia (L.) Bess. (Water yellowcress; great yellowcress)
 
Synonyms: Nasturtium amphibium (L.) Ait. f.; Sisymbrium amphibium L.
 
A perennial herb occurring in central MA. Grows in wetlands in full sun to partial shade. Common and increasing
 
in central MA river drainages; a major threat to riparian habitats forming dense stands at some locations.
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Plants voted as: LIKELY INVASIVE (continued) 

Rubus phoenicolasius Maxim. (Wineberry; Japanese wineberry; wine raspberry)
 
A shrub found in uplands of southern MA. Can grow in full sun to partial shade.
 
Animal and human dispersed; forms thickets.
 

Senecio jacobaea L. (Tansy ragwort; stinking Willie)
 
A biennial herb occurring in a few sites east of the Connecticut River; habitat is open uplands. Grows in sun or
 
partial shade. This species is highly invasive in the Canadian Maritimes; may also spread from disturbed areas.
 

Tussilago farfara L. (Coltsfoot)
 
A perennial herb occurring in all regions of the state in upland and wetland habitats. Grows in full sun to full
 
shade. Particularly problematic in lime seeps and disturbed sites; evidence currently lacking that this species out-

competes other vegetation in minimally managed habitats.
 

Plants voted as: POTENTIALLY INVASIVE 

"Potentially invasive plants" are non-native species not currently known to be naturalized in Massachusetts, but 
that can be expected to become invasive within minimally managed habitats within the Commonwealth. As defined 
here, "species" includes all synonyms, subspecies, varieties, forms, and cultivars of that species unless proven 
otherwise by a process of scientific evaluation. 

Arthraxon hispidus (Thunb.) Makino (Hairy joint grass; jointhead; small carpetgrass)
 
An annual grass historically known from Franklin County but not currently known from the state. Habitats
 
elsewhere include roadsides, shores, ditches, and low woods and fields. Grows in full to partial shade. Is
 
problematic in Connecticut and southward.
 

Carex kobomugi Ohwi (Japanese sedge; Asiatic sand sedge)
 
A perennial sedge established mainly in sand dunes and growing in full sun. There is only one current New
 
England location--in Rhode Island; it can spread rapidly in dune systems.
 

Lonicera maackii (Rupr.) Herder (Amur honeysuckle)
 
A shrub having specimens and reports from a number of MA counties, but verification of naturalization at these
 
locations is needed. The likely habitats are woods and woodland edges. Can grow in full sun or shade. Escapes
 
from cultivation, but documentation needed regarding naturalized populations in MA; recognized as invasive in the
 
Midwest and portions of the southeastern USA.
 

Polygonum perfoliatum L. (Mile-a-minute vine or weed; Asiatic tearthumb)
 
Synonym: Ampelygonum perfoliatum (L.) Roberty & Vautier
 
This annual herbaceous vine is not currently known to exist in MA, but has been found in RI and CT. Habitats
 
include streamside, fields, and road edges in full sun to partial shade. Highly aggressive; bird and human dispersed.
 

Final Report: “The Evaluation of Non-Native Plant Species for Invasiveness in Massachusetts” 
Massachusetts Invasive Plant Advisory Group, February 28, 2005 

14 



EVALUATED PLANTS NOT MEETING CRITERIA 
(Do not list at this time) 

The following plants were evaluated for invasiveness by the Massachusetts Invasive Plant Advisory Group. They 
did not meet the necessary criteria to list them as Invasive, Likely Invasive or Potentially Invasive at the time of 
evaluation. 

Actinidia arguta (Sieb. & Zucc.) Planchon ex Miq. (Hardy kiwi; tara vine)
 
A woody vine that is dioecious (i.e., with male and female flowers on separate individuals). It grows in full sun to
 
partial shade. Can form dense stands; evidence needed to evaluate its reproductive ability and potential to establish
 
new populations away from cultivation.
 

Akebia quinata (Houtt.) Dcne. (Five-leaved Akebia; chocolate vine)
 
A woody vine that grows in full sun to full shade. Can form dense stands; evidence needed to evaluate its
 
reproductive ability and potential for establishment away from cultivation.
 

Catalpa speciosa (Warder) Warder ex Engelm. (Northern catalpa)
 
A tree that grows in full sun to partial shade. Preliminary data suggest that this species could be invasive in
 
floodplain forests; more data is needed on its ability to out compete native species.
 

Cytisus scoparius (L.) Link (Scotch broom; English broom)
 
A shrub that grows in full sun to partial shade. Current evidence does not show that it is spreading rapidly from
 
cultivation and out competing native species in Massachusetts.
 

Elaeagnus angustifolia L. (Russian olive)
 
A small tree or shrub that grows in full sun to full shade. Not currently known from minimally managed habitats in
 
Massachusetts; invasive elsewhere in the United States; commonly confused with autumn olive (Elaeagnus
 
umbellata).
 

Festuca ovina L. (Sheep fescue)
 
A perennial grass that grows in full sun. More data needed on its ability to outcompete native species in minimally
 
managed habitats.
 

Ligustrum ovalifolium Hassk. (California privet)
 
Shrub. Because of the difficulty in identifying privet species and the current lack of data, we have chosen not to
 
rank most privets; further research is needed in identification and invasiveness.
 

Ligustrum sinense Lour. (Chinese privet)
 
A shrub that can tolerate full sun or shade. Because of the difficulty in identifying privet species and the current
 
lack of data, we have chosen not to rank most privets; further research is needed on identification and invasiveness.
 

Ligustrum vulgare L. (European privet)
 
Shrub. Because of the difficulty in identifying privet species and the current lack of data, we have chosen not to
 
rank most privets; further research is needed in identification and invasiveness.
 

Lonicera xylosteum L. (Dwarf honeysuckle)
 
Shrub. Reports of naturalized occurrences need verification in MA.
 

Miscanthus sinensis Anderss. (Eulalia; Chinese silvergrass)
 
A perennial grass that grows in full sun. More data needed for minimally managed habitats.
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EVALUATED PLANTS NOT MEETING CRITERIA (continued) 

Morus alba L. (White mulberry)
 
A tree that grows in full sun to partial shade. Reports of naturalized occurrences and invasiveness need verification
 
in MA.
 

Polygonum sachalinense F. Schmidt ex Maxim. (Giant knotweed)
 
Synonyms: Fallopia sachalinensis (F. Schmidt ex Maxim.) Dcne.;
 

Reynoutria sachalinensis (F. Schmidt ex Maxim.) Nakai 
A perennial herb that grows in full sun. Data needed on occurrences in minimally managed areas in MA; highly 
invasive in the maritime provinces of Canada. 

Populus alba L. (White poplar)
 
A tree that grows in full sun. Data needed on occurrences in minimally managed areas.
 

Rorippa microphylla (Boenn. ex Reichenb.) Hyland ex A. & D. Löve (Watercress; onerow yellowcress)
 
Synonym: Nasturtium microphyllum Boenn. Ex Reichenb.
 
A perennial aquatic that grows in full sun to partial shade. There is difficulty in separating this species from
 
Rorippa nasturtium-aquaticum; more data needed on its current status on the landscape and its impact on minimally
 
managed habitats.
 

Rorippa nasturtium-aquaticum (L.) Hayek (Watercress)
 
Synonym: Nasturtium officinale Ait. f.
 
A perennial aquatic that grows in full sun to partial shade. There is difficulty in separating this species from
 
Rorippa microphylla; more data needed on its current status on the landscape and its impact on minimally managed
 
habitats.
 

Rosa rugosa Thunb. (Japanese rose; rugosa rose)
 
A shrub that grows in full sun. This is a widely planted urban & coastal plant; listing it as Invasive or Likely
 
Invasive does not accurately reflect all the properties of this plant; there are no data at this time to suggest that this
 
species is disruptive to native plant habitats in MA.
 

Sedum telephium L. ssp. telephium (Live-forever; orpine; witch’s moneybags)
 
A perennial herb that can grow in full sun to shade. More data needed on taxonomy, nomenclature, and
 
occurrences in minimally managed areas.
 

Verbascum thapsus L. (Common mullein; flannel mullein; velvet plant)
 
A biennial herb that grows in full sun. Although MIPAG does not feel this species meets the criteria for listing at
 
this time, its occurrence in critical habitats (especially limestone cliff communities) is of concern; species has not
 
been proven to have outcompeting qualities; more data needed on this species and the very similar Verbascum
 
phlomoides, including taxonomy, persistence, and their impact on minimally managed habitats.
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Species Reviewed (Phases I and II): Listed Alphabetically
 

Species Common name Category 

Aegopodium podagraria Bishop’s goutweed; bishop’s weed; Invasive 
goutweed 

Acer platanoides Norway maple Invasive 
Acer pseudoplatanus Sycamore maple Invasive 
Actinidia arguta Hardy kiwi; tara vine Do not list at this time 
Ailanthus altissima Tree of heaven Invasive 
Akebia quinata Five-leaved Akebia; chocolate vine Do not list at this time 
Alliaria petiolata Garlic mustard Invasive 
Ampelopsis brevipedunculata Porcelain-berry; Amur peppervine Likely invasive 
Ampelygonum perfoliatum – see 

Polygonum perfoliatum 
Anacharis densa – see Egeria densa 
Anthriscus sylvestris Wild chervil Likely invasive 
Arthraxon hispidus Hairy joint grass; jointhead; small 

carpet grass 
Potentially Invasive 

Berberis thunbergii Japanese barberry Invasive 
Berberis vulgaris Common barberry; European barberry Likely Invasive 
Cabomba caroliniana Carolina fanwort; fanwort Invasive 
Cardamine impatiens Bushy rock-cress; narrowleaf bittercress Likely Invasive 
Carex kobomugi Japanese sedge; Asiatic sand sedge Potentially Invasive 
Catalpa speciosa Northern catalpa Do not list at this time 
Celastrus orbiculatus Oriental bittersweet; Asian or Asiatic 

bittersweet 
Invasive 

Centaurea biebersteinii Spotted knapweed Likely Invasive 
Centaurea maculosa – see 
Centaurea biebersteinii 
Chaerophyllum sylvestre – see 

Anthriscus sylvestris 
Cynanchum louiseae Black swallow-wort; Louise’s swallow

wort 
Invasive 

Cynanchum nigrum – see 
Cynanchum louiseae 
Cynanchum rossicum European swallow-wort; pale swallow

wort 
Likely Invasive 

Cytisus scoparius Scotch broom; English broom Do not list at this time 
Egeria densa Brazilian water weed, Brazilian elodea Likely Invasive 
Elaeagnus umbellata Autumn olive Invasive 
Elaeagnus angustifolia Russian olive Do not list at this time 
Elodea densa – see Egeria densa 
Epilobium hirsutum Hairy willow herb; Codlins and cream Likely Invasive 
Euonymus alatus Winged euonymus; burning bush Invasive 
Euphorbia cyparissias Cypress spurge Likely Invasive 
Euphorbia esula Leafy spurge; wolf's milk Invasive 
Fallopia japonica - see Polygonum 
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cuspidatum 
Fallopia sachalinensis - see 
Polygonum sachalinense 
Festuca filiformis Hair fescue; fineleaf sheep fescue Likely Invasive 
Festuca ovina Sheep fescue Do not list at this time 
Frangula alnus European buckthorn; glossy buckthorn Invasive 
Glaucium flavum Sea or horned poppy; yellow hornpoppy Invasive 
Glyceria maxima Tall mannagrass; reed mannagrass Likely Invasive 
Hesperis matronalis Dame’s rocket Invasive 
Heracleum mantegazzianum Giant hogweed Likely Invasive 
Humulus japonicus Japanese hops Likely Invasive 
Hydrilla verticillata Waterthyme, Florida elodea Likely Invasive 
Iris pseudacorus Yellow iris Invasive 
Lepidium latifolium Broad-leaved pepperweed; tall 

pepperweed 
Invasive 

Ligustrum obtusifolium Border privet Likely Invasive 
Ligustrum ovalifolium California privet Do not list at this time 
Ligustrum sinense Chinese privet Do not list at this time 
Ligustrum vulgare L. European privet Do not list at this time 
Lonicera japonica Japanese honeysuckle Invasive 
Lonicera maackii Amur honeysuckle Potentially Invasive. 
Lonicera morrowii Morrow’s honeysuckle Invasive 
Lonicera tatarica Tatarian honeysuckle Likely invasive 
Lonicera xylosteum Dwarf honeysuckle Do not list at this time 
Lonicera x bella [morrowii x 
tatarica] 

Bell’s honeysuckle Invasive 

Lysimachia nummularia Creeping jenny; moneywort Invasive 
Lythrum salicaria Purple loosestrife Invasive 
Microstegium vimineum Japanese stilt grass; Nepalese browntop Likely Invasive 
Miscanthus sacchariflorus Plume grass; Amur silvergrass Likely Invasive 
Miscanthus sinensis Eulalia; Chinese silvergrass Do not list at this time 
Morus alba White mulberry Do not list at this time 
Myosotis scorpioides Forget-me-not Likely Invasive 
Myriophyllum aquaticum Parrot feather; water-feather; Brazilian 

water-milfoil 
Likely Invasive 

Myriophyllum brasiliense - see 
Myriophyllum aquaticum 

Myriophyllum heterophyllum Variable water-milfoil; two-leaved 
water-milfoil 

Invasive 

Myriophyllum spicatum Eurasian or European water-milfoil; 
spike water-milfoil 

Invasive 

Najas minor Brittle water-nymph; lesser naiad Likely Invasive 
Nasturtium amphibium - see 
Rorripa 

amphibia 
Nasturtium microphyllum – see 

Rorippa microphylla 
Nasturtium officinale - see Rorippa 

nasturtium-aquaticum 
Nymphoides peltata Yellow floating heart Likely Invasive 
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Phalaris arundinacea Reed canary-grass Invasive 
Phellodendron amurense Amur cork-tree Likely Invasive 
Phellodendron amurense var. 

japonicum - see Phellodendron 
amurense 

Phellodendron amurense var. 
lavallei 

- see Phellodendron amurense 
Phellodendron amurense var. 
sachalinense - see Phellodendron 

amurense 
Phellodendron lavallei - see 

Phellodendron amurense 
Phellodendron sachalinense  see 

Phellodendron amurense 
Phragmites australis Common reed Invasive 
Polygonum cuspidatum Japanese knotweed; Japanese or 

Mexican bamboo 
Invasive 

Polygonum perfoliatum Mile-a-minute vine or weed; Asiatic 
tearthumb 

Potentially Invasive 

Polygonum sachalinense Giant knotweed Do not list at this time 
Populus alba White poplar Do not list at this time 
Potamogeton crispus Crisped pondweed; curly pondweed Invasive 
Pueraria montana Kudzu; Japanese arrowroot Likely Invasive 
Pueraria montana var. lobata – see 
Pueraria montana 
Ranunculus ficaria Lesser celandine; fig buttercup Invasive 
Ranunculus repens Creeping buttercup Likely Invasive 
Reynoutria sachalinensis – see 

Polygonum sachalinense 
Reynoutria japonica – see 
Polygonum cuspidatum 
Rhamnus cathartica Common buckthorn Invasive 
Rhamnus frangula – see Frangula 
alnus 
Robinia pseudoacacia Black locust Invasive 
Rorippa amphibia Water yellowcress; great yellowcress Invasive 
Rorippa microphylla Watercress; onerow yellowcress Do not list at this time 
Rorippa nasturtium-aquaticum Watercress Do not list at this time 
Rosa multiflora Multiflora rose Invasive 
Rosa rugosa Japanese rose; rugosa rose Do not list at this time 
Rubus phoenicolasius Wineberry; Japanese wineberry; wine 

raspberry 
Likely Invasive 

Sedum telephium ssp. telephium Live-forever; orpine; witch's 
moneybags 

Do not list at this time 

Senecio jacobaea Tansy ragwort; stinking Willie Likely Invasive 
Sisymbrium amphibium - see 
Rorripa 

amphibia 
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Trapa natans Water-chestnut Invasive 
Tussilago farfara Coltsfoot Likely Invasive 
Verbascum thapsus Common mullein; flannel mullein; Do not list at this time 

velvet plant 
Vincetoxicum nigrum – see 
Cynanchum nigrum 
Vincetoxicum rossicum – 
Cynanchum rossicum 
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Species Reviewed (Phases I and II): Listed by Category
 

Species 

Acer platanoides 
Acer pseudoplatanus 
Aegopodium podagraria 

Ailanthus altissima 
Alliaria petiolata 
Berberis thunbergii 
Cabomba caroliniana 
Celastrus orbiculatus 

Cynanchum louiseae 
Elaeagnus umbellata 
Euonymus alatus 
Euphorbia esula 
Frangula alnus 
Glaucium flavum 
Hesperis matronalis 
Iris pseudacorus 
Lepidium latifolium 
Lonicera japonica 
Lonicera morrowii 
Lonicera x bella [morrowii x 
tatarica] 
Lysimachia nummularia 
Lythrum salicaria 
Myriophyllum heterophyllum 

Myriophyllum spicatum 

Phalaris arundinacea 
Phragmites australis 
Polygonum cuspidatum 

Potamogeton crispus 
Ranunculus ficaria 
Rhamnus cathartica 
Robinia pseudoacacia 
Rosa multiflora 
Trapa natans 

Ampelopsis brevipedunculata 
Anthriscus sylvestris 
Berberis vulgaris 
Cardamine impatiens 
Centaurea biebersteinii 
Cynanchum rossicum 
Egeria densa 
Epilobium hirsutum 

Common name Category 

Norway maple Invasive 
Sycamore maple Invasive 
Bishop’s goutweed, bishop’s weed; Invasive 
goutweed 
Tree of heaven Invasive 
Garlic mustard Invasive 
Japanese barberry Invasive 
Carolina fanwort; fanwort Invasive 
Oriental bittersweet; Asian or Asiatic Invasive 
bittersweet 
Black swallow-wort; Louise’s swallow-wort Invasive 
Autumn olive Invasive 
Winged euonymus, burning bush Invasive 
Leafy spurge; wolf's milk Invasive 
European buckthorn, glossy buckthorn Invasive 
Sea or horned poppy, yellow hornpoppy Invasive 
Dame’s rocket Invasive 
Yellow iris Invasive 
Broad-leaved pepperweed, tall pepperweed Invasive 
Japanese honeysuckle Invasive 
Morrow’s honeysuckle Invasive 
Bell’s honeysuckle Invasive 

Creeping jenny, moneywort Invasive 
Purple loosestrife Invasive 
Variable water-milfoil; two-leaved water- Invasive 
milfoil 
Eurasian or European water-milfoil; spike Invasive 
water- milfoil 
Reed canary-grass Invasive 
Common reed Invasive 
Japanese knotweed; Japanese or Mexican Invasive 
bamboo 
Crisped pondweed, curly pondweed Invasive 
Lesser celandine; fig buttercup Invasive 
Common buckthorn Invasive 
Black locust Invasive 
Multiflora rose Invasive 
Water-chestnut Invasive 

Porcelain-berry; Amur peppervine Likely invasive 
Wild chervil Likely invasive 
Common barberry; European barberry Likely Invasive 
Bushy rock-cress; narrowleaf bittercress Likely Invasive 
Spotted knapweed Likely Invasive 
European swallow-wort, pale swallow-wort Likely Invasive 
Brazilian water weed; Brazilian elodea Likely Invasive 
Hairy willow herb; Codlins and cream Likely Invasive 
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Euphorbia cyparissias Cypress spurge Likely Invasive 
Festuca filiformis Hair fescue; fineleaf sheep fescue Likely Invasive 
Glyceria maxima Tall mannagrass; reed mannagrass Likely Invasive 
Heracleum mantegazzianum Giant hogweed Likely Invasive 
Humulus japonicus Japanese hops Likely Invasive 
Hydrilla verticillata Hydrilla; water-thyme; Florida elodea Likely Invasive 
Ligustrum obtusifolium Border privet Likely Invasive 
Lonicera tatarica Tatarian honeysuckle Likely invasive 
Microstegium vimineum Japanese stilt grass, Nepalese browntop Likely Invasive 
Miscanthus sacchariflorus Plume grass; Amur silvergrass Likely Invasive 
Myosotis scorpioides Forget-me-not Likely Invasive 
Myriophyllum aquaticum Parrot-feather; water-feather; Brazilian Likely Invasive 

water-milfoil 
Najas minor Brittle water-nymph, lesser naiad Likely Invasive 
Nymphoides peltata Yellow floating heart Likely Invasive 
Phellodendron amurense Amur cork-tree Likely Invasive 
Pueraria montana Kudzu; Japanese arrowroot Likely Invasive 
Ranunculus repens Creeping buttercup Likely Invasive 
Rorippa amphibia Water yellowcress; great yellowcress Likely Invasive 
Rubus phoenicolasius Wineberry; Japanese wineberry; wine Likely Invasive 

raspberry 
Senecio jacobaea Tansy ragwort; stinking Willie Likely Invasive 
Tussilago farfara Coltsfoot Likely Invasive 

Arthraxon hispidus Hairy joint grass; jointhead; small Potentially Invasive 
carpetgrass 

Carex kobomugi Japanese sedge, Asiatic sand sedge Potentially Invasive 
Lonicera maackii Amur honeysuckle Potentially Invasive. 
Polygonum perfoliatum Mile-a-minute vine or weed; Asiatic Potentially Invasive 

tearthumb 

Actinidia arguta Hardy kiwi; tara vine Do not list at this time 
Akebia quinata Five-leaved Akebia; chocolate vine Do not list at this time 
Catalpa speciosa Northern catalpa Do not list at this time 
Cytisus scoparius Scotch broom; English broom Do not list at this time 
Elaeagnus angustifolia Russian olive Do not list at this time 
Festuca ovina Sheep fescue Do not list at this time 
Ligustrum ovalifolium California privet Do not list at this time 
Ligustrum sinense Chinese privet Do not list at this time 
Ligustrum vulgare L. European privet Do not list at this time 
Lonicera xylosteum Dwarf honeysuckle Do not list at this time 
Miscanthus sinensis Eulalia; Chinese silvergrass Do not list at this time 
Morus alba White mulberry Do not list at this time 
Polygonum sachalinense Giant knotweed Do not list at this time 
Populus alba White poplar Do not list at this time 
Rorippa microphylla Watercress; onerow yellowcress Do not list at this time 
Rorippa nasturtium-aquaticum Watercress Do not list at this time 
Rosa rugosa Japanese rose; rugosa rose Do not list at this time 
Sedum telephium ssp. telephium Live-forever; orpine; witch's moneybags Do not list at this time 
Verbascum thapsus Common mullein; flannel mullein; velvet Do not list at this time 

plant 
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Historic Dredging Locations Plan 
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Federal Navigational Channel Dredge Areas 
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ATTACHMENT S 

Table Indicating Quantities of Dredge Materials 
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Stormwater 
Drainage Swale 
Mitigation Area: ‐          ‐           ‐          ‐             ‐             ‐          3,500        ‐           ‐            3,500
OU‐3 Hot‐Spot 

Capping Mitigation 
Area: ‐          ‐           ‐          ‐             ‐             ‐          95,500     ‐           ‐            95,500

Disposal Offshore at 
CCDS/RISDS: ‐          ‐           ‐          ‐             ‐             ‐          ‐            ‐           199,500   199,500

Winter Flounder 
Mitigation Area: ‐          ‐           ‐          ‐             ‐             12,000   17,500     ‐           123,500   153,000

New Bedford 
Marine Commerce 

Terminal: ‐          ‐           ‐          ‐             ‐             ‐          142,000   ‐           ‐            142,000

Former Dartmouth 
Finishing Site:  ‐          ‐           ‐          ‐             ‐             ‐          41,000     ‐           ‐            41,000

Capping of CAD Cell 
#1: ‐          ‐           ‐          ‐             ‐             27,500   ‐            ‐           ‐            27,500

Disposal at CAD Cell 
#2: ‐          ‐           ‐          2,500         ‐             ‐          ‐            35,000    ‐            37,500

Disposal at CAD Cell 
#3: 8,600      10,500    2,000      ‐             188,500    ‐          ‐            ‐           ‐            209,600

Capping of Borrow 
Pit CAD Cell: ‐          ‐           ‐          ‐             ‐             25,500   ‐            ‐           ‐            25,500

Totals: 8,600      10,500    2,000      2,500         188,500    65,000   299,500   35,000    323,000   934,600
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To
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ATTACHMENT T 
 

          Information for the BBC Mississippi 



MarineTraffic.comLive Map Vessels

Ports Gallery

 English  
   

BBC MISSISSIPPI
Contribute to this page   

Vessel's Details
Ship Type: Cargo 
Year Built: 2007 
Length x Breadth: 143 m X 23 m 
DeadWeight: 14000 t 
Speed recorded (Max / Average): 15.5 / 14 knots 

Flag: Antigua Barbuda [AG]   
Call Sign: V2CG5 
IMO: 9347061, MMSI: 304164000 

Last Position Received
Area: Indian Ocean 
Latitude / Longitude: -28.74346° / 32.51878° (Map) 
Currently in Port:  
Last Known Port: DURBAN 
Info Received: 18d 10h 6min ago 
Not Currently in Range 
Itineraries History 

Voyage Related Info (Last Received)
Draught: 6.6 m 
Destination: DURBAN 
ETA: 2011-11-01 07:00 
Info Received: 2011-11-03 01:14 (18d, 15h 25min ago) 

Recent Port Calls:
No Records Found 

Ex Names History
No Records Found 

 |  World Map   |  Cover your Area   |  Frequently Asked Questions   |  Services   |  Search

Page 1 of 4BBC MISSISSIPPI - Vessel's Details and Current Position - 9347061 - 304164000
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Vessel's Wiki
Edit this vessel   Vessel for Sale?   History of changes

Ship Type: DRY CARGO 
Owner: Briese Schiffahrts GmbH & Co. KG  

 

Ship Photos: 20 
Upload a photo

 

PortVision Ship Tracking
Real-Time and Historical Data. The Leader in Web Based AIS

www.PortVision.com
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Manager: Briese Schiffahrts GmbH & Co. KG  
Built (Year/Month): 2007 
Builder:  
Hull Number:  
Class:  
Service Status:  
Year scrapped/lost:  

Tonnage & Dimensions
GT (Gross Tonnage):  
NT (Net Tonnage):  
DWT (Deadweight): 14000 
Displacement:  
LOA (Length Overall): 143 
Beam: 23 
Draft (max): 7.2 
Depth:  
Height:  

Ship's Communication numbers
Sat Telex:  
Sat Phone:  
Sat Fax:  
Mobile:  

Capacity
Holds/Tanks:  
Hatches:  
Gear:  
Bale:  
Grain:  
TEU:  
PAX:  
Cars:  
Trucks:  
RoRo Lanes Length:  
Liquid Capacity:  
Liquid Gas Capacity:  
Oil Capacity:  
Number of Pumps:  
Pumps Cpacity:  

Engines
Number of Main Engine(s):  
Main Engine builder:  
Main Model:  
Main RPM:  
Main power: /  
Main Fuel:  

Page 3 of 4BBC MISSISSIPPI - Vessel's Details and Current Position - 9347061 - 304164000
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Main Consumption:  
 
Number of Auxiliary Engine(s):  
Aux Engine builder:  
Aux Model:  
Aux RPM:  
Aux power: /  
Aux Fuel:  
Aux Consumption:  
 
Bowthruster:  
Propeller(s):  
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Plans showing PCB Sampling Data 
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summarized and responded to in the attached Responsiveness Summary (Appendix A). All original 
comments to the Proposed Plans are included in the Administrative Record. 

IV. Scope and Role of Operable Unit 

The New Bedford Harbor Site has been divided into three operable units, or phases of site 
cleanup: The hot spot operable unit, the upper and lower harbor operable unit (which this ROD 
encompasses) and the Buzzards Bay or outer harbor operable unit. As described above, the hot spot 
ROD was originally issued in April 1990. An amendment to that ROD is anticipated to replace the 
on-site incineration component originally included in the remedy. The operable unit three (outer 
harbor) ROD is currently unscheduled pending additional investigation in the outer harbor. 

Although the hot spot sediments were removed from the harbor in 1994 and 1995, PCB-
contaminated sediment below 4,000 ppm PCBs remains in these areas by definition of the hot spot 
cleanup objectives (i.e., only those sediments contaminated above 4,000 ppm PCBs were removed). 
In addition, one of the hot spot areas (Area B, see USAGE, 1991) was not dredged during the hot 
spot dredging operations due to its proximity to submerged high voltage power lines serving the City 
of New Bedford. The remedy for the upper and lower harbor therefore includes these former hot 
spot areas in order to meet the more stringent target cleanup levels (TCLs) and remedial objectives 
of this ROD. See section XII for additional discussion regarding the cleanup approach for the 
submerged power line area. 

Two localized areas of PCB-contaminated sediment located just south of the hurricane barrier 
are also included in this second ROD. While geographically just seaward of the operable unit and 
lower harbor boundary, these areas have been included in the remedy to the extent that they contain 
sediment above the 50 ppm TCL for the lower harbor. Further investigation of the outer harbor area 
of the Site will be undertaken as part of operable unit three to determine whether additional 
remediation is appropriate for this area. 

This ROD 2 sets forth the final remedy for the contaminated sediments remaining in the 
upper and lower harbor areas. It is an interim remedy for the outer harbor portion of the Site. This 
remedy will protect human health and the environment by removing contaminated sediments from 
the harbor and permanently isolating them in shoreline CDFs. Containment of sediments above 
TCLs eliminates the threats to human health from direct contact with, and incidental ingestion of 
contaminated sediments. This remedial action will also reduce the availability of PCBs to the marine 
food chain, but it is uncertain when - or whether - PCB levels in seafood will reach levels that are 
safe for human consumption in all species in all areas. Thus, the remedy includes institutional 
controls to minimize unsafe seafood consumption and ensure protection of human health. This 
remedial action will significantly reduce the source of PCBs to surface water, thereby allowing for 
eventual attainment of PCB water quality criteria for protection of marine life. 

EPA believes this second ROD to be consistent with the remaining remedy selections 
envisioned for the Site, namely the hot spot ROD amendment and the outer harbor ROD, since it 
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INTRODUCTION 

During the past several years, emphasis has been directed toward defining 
the exphcit and subtle impacts of polychlorinated biphenyls (PCBs) on the 
environment and natural resources of greater New Bedford. Many local, state and 
national agencies and organizations have attempted to delineate the impacts and 
quantify potential losses to a point where restorations may be possible. 

Obviously, shellfish, because they are filter-feeders and live in or on fhe 
substrate that was contaminated by the PCBs, are of prime conceni in the restorative 
process. Additionally, the unportance and validity ofthis study resides in the fact 
that contaminated relay potential needed to be assessed and quahog standing crop 
determined for the possibility of resource utilization. 

Portions ofthis area have been previously studied by the Massachusetts 
Division of Marine Fisheries (DMff"). The most recent survey and analysis was 
conducted between July 1980 and July 1981 by DMF (Hickey, 1983) and was 
intended as an assessment of quahog resources in contaminated waters of 
southeastem Massachusetts that may possibly be used for depuration. This survey 
addressed not only the quahog standing crop, but also resource value and utilization 
and a sustainable yield. In the New Bedford area, it encompassed the outer harbor 
south ofthe hurricane barrier and portions ofthe inner harbor fi-om the barrier to 
Pope's Island, Clark Cove and waters just south of Clark Point. Additionally, 
another less definitive survey was conducted in 1966 by DMF (Carr, 1966) in 
portions ofthe outer harbor. 

To detennine the impact on the major shellfish in the area, the quahog 
(Mercenaria mercenaria), a comprehensive evaluation ofthis standing crop of both 
the inner and outer harbors ofthe estuaiy known as the Acushnet River was 
developed and initiated by the DMF. The areas assessed are described as the outer 
harbor north of a line drawn fi'om Clark Point in New Bedford to Wilbur Point in 
Fairhaven and south ofthe hurricane barrier and the inner harbor north ofthe 
hurricane barrier and south ofthe Interstate 195 bridge spanning the Acushnet River 
(Fig. 1). This survey was intended to enable the Division to define both the quahog 
standing crop and note the ancillary specie affected for the projected area ofthe two 
harbors. Although quahogs were generally targeted as the primary animal of 
investigation, all other shellfish types retrieved during the sampling process were 
noted. 



nOUEEI An adjunct investigation 
ofthe water quality ofthe New 
Bedford inner and outer 
harbors and the PCB and trace 
metal content of shellfish fi'om 
selected locations was also 
conducted by the Division so 
as to further assess the 
condition ofthis marine 
environment and establish 
classification profiles relative 
to fhe water quality and the 
potential for shellfish 
harvesting. Historical 
evaluations ofwater quality 
conditions (Germane, 1992) 
provide further insight into the 
past and its potential toward 
future pollution. Results ofthe 
water quality surveys are in 
separate unpublished sanitary 
survey reports (Whittaker, 
1996, 1999). The results of 
the PCB and trace metal 
analyses which was conducted 
by the DMF laboratory at the 

Annisquam River Marine Fisheries Station in Gloucester are incorporated in the 
PCB and Trace Metal Analysis section (Tables 4 and 5) ofthis report. 

At the request of the New Bedford Harbor Trustee Council, DMF submitted 
a proposal to determine the potential and efficacy of quahog resoiuce utilization in 
New Bedford. This plan outiined the technical and funding requirements ofthe 
project along with compietion targets. Essentially, dredge boats, contracted fi-om 
fhe local fleet, and local shellfisheimen using hand tongs were contracted to assess 
the standing shellfish crop. This technique has been used successfully in past 
surveys to assess both deep and shallow areas respectively with comparable results. 

NEW BEDFORD INNER AKD OUTER HARBOR 
QUAHOG ASSESSMErrr AREAS 

After presentation and review, the project was fiinded by the Council and 
initiated. Due to contracting mandates and several other peripheral administrative 
requirements, actual survey efforts didn't get imderway imtil the Spring of 1997. 
The first phases ofthe survey were conducted in the inner harbor. Second phase 



analysis was conducted during the siunmer and fall of 1998 in the outer harbor. 

Finally, a brief treatise on the contaminated shellfish relay program 
conducted by DMF is incorporated into this report in order to fumish an additional 
perspective on the quahogs removed from the outer harbor area and their relevance 
to the recruitment/yield factor ofthe outer harbor. 

METHODS AND MATERIALS 

General 

Determining sites and methods relative to standing crop evaluations varies 
from the comparatively simple to the complex. Some sequential sampliag 
methodologies using random sample sites and subsequent determinations of 
numerical abundance have been reviewed for application here (Saila, 1966). Other 
standing crop methods using dredge boats (Russell, 1972) were also evaluated. In 
the final analysis, however, the methods used by Hickey in 1983 and variations on 
those used by Joe DeAlteris (DeAlteris, 1998) were utilized. 

Location of sample sites was determined usmg a grid system comprised of 
parallel transects with the number of stations selected, detennined by the size ofthe 
area. Sampling intervals in the inner harbor were set on relatively square 
configurations of 300 yard squares. At least one sample station was located in each 
300 yd̂  segment. One-hundred and sixty-five sites were sarapled in the inner 
harbor. Where appropriate, dredge station sampling consisted of two one-hundred 
yard parallel tows with tow lengths bemg measured by onboard electronic 
equipment measuring over-the-bottom distance. Dredge data for square foot 
analysis were determined on the actual distance traveled multipUed by the area of 
the dredge. Quahog length frequencies were measured by enumerating all animals 
taken in each tow, taking a representative sub-sample ifthe sample was excessively 
large and measuring the longest shell diameter to the nearest millimeter. 

Hand-tong sampling entailed enumerating and measuring every quahog in the 
sample hole along with noting other specie and substrate composition. Two 
different sized tongs were used; 12 inch by 17 inch and 12 inch by 14 inch with 
varying length stales (tong handles) to accommodate different depths. Tong 
openings were limited to a constant aperture of 12 inches using line tied to the 
stales. Sample holes were dug to a depth of nine inches. The actual area in ft̂  ofthe 
sample hole was detennined by multiplying the width and opening (noted above) of 
the tongs. 
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All data was recorded on specifically designed data sheets with ten 
millimeter intervals starting at zero and ending at greater than 100. Data was 
transcribed into two automated personal computer systems; Rbase and Microsoft 
Excel where animals per ft% totals per length intervals and the number of animals 
per acre were calculated. Species other fhan quahogs taken in the sample were 
noted on the data collection forms but length frequencies were not recorded. This 
data was then transcribed to a report fonnat organized by sampling unit areas 
(Subarea # in appendices) containing station length frequency information, bushel 
totals by acre and sampling unit area, size category tables and graphics illustrating 
length/ frequencies and percentages. To arrive at commonly used class sizes, (seed, 
littlenecks, cherrystones and chowders), infonnation from the latest market surveys 
of shellfish dealers was used to convert metric sizes obtained during the sampHng 
process to the more commonly used English system (inches). The millimeter ranges 
with their conesponding EngHsh system intervals: 

mm 
inches 

Seed 
0-50 
0 - 2 

Table 1 
Class Size Lengths 

Littlenecks Cherrystones 
51-60 61-70 
2 - 2 3/8 2 3/8-2 3/4 

Chowder 
>71 

> 2 3/4 

Area detennined in ft̂  and acres was calculated utilizing the dot grid method 
and aerial photographs. 

Inner Harbor 

A total of 165 stations located in ten sampling unit areas ofthe inner harbor 
between the hurricane barrier on the south and Route 195 on the north were 
sampled. This encompassed an area of approximately 402 acres with more than 
53,831 ft̂  of substrate sampled. 

Shellfish samples were collected using two methods. The contracted 
commercial fishing vessel Michael B. a 40 ft side-rigged dredge boat, used a 
hydraulic dredge traditionally employed in the commercial harvest of quahogs in 
the area. The forward section ofthe dredge consisted of a 22 in effective fishing 
width (opemng at the blade); a high-pressure water manifold with thirteen (3/8 



inch) nozzles supplied by a four inch hose and powered by a slant six cylinder 
Chrysler motor. The water pressure was maintained at approximately 50 to 55 
lbs/in^ and was used as a substrate conditioner immediately forward ofthe fishing 
blade or knife. 

Handtongs manned by two contracted local commercial fishermen were used 
ui the shallower areas ofthe study areas. The two sets of tongs noted above 
afforded effective fishing capacities or sampling sizes of 1.42 ft^ and 1.17 fl̂  
respectively. The tonging was conducted from 16 ft to 18 ft sheUfishing skiffs that 
employed anchors on the bow and stem to better stabilize the boat and aUow for a 
more accurate sample. 

Outer Harbor 

As with the inner harbor survey, a commercial fishing vessel, Debbie Lee 
was contracted for quahog sampling in the outer harbor. EssentiaUy the same 
hydraulic process was used for sampling as noted above with the following vessel 
and equipment specifications: fishing vessel length, 42 ft; hydrauhc pump system, 
80 horsepower diesel engine pumping seawater through a four inch hose to a dredge 
manifold with eleven (3/8 in) nozzles; Loran C used to determine position and 
length of stations. The same methods and materials noted above were used to 
obtain the length-frequency data. 

Dredge Coefficient 

To detemiine the efficiency ofa specific hydrauUc dredge in a variety of 
substrates and conditions, a dredge effectiveness evaluation is necessary (Meyers, 
1981). To accompUsh this, a modification of Meyers' dredge efficiency analysis 
was implemented. This coefficient study was conducted by two Division SCUBA 
teams made up of two divers and a boat operator each. One diver from each team 
swam the length ofthe dredge track counfing those quahogs left in the track and 
those in the windrows on either side ofthe track. A second diver took 1/4 m^ 
samples every ten m along the track. Animal sizes were not specificaUy measured 
but rather aUotted to the pre-determined size classes of seed, littieneck, cherrystone 
and chowder. The diveboat operator recorded counts, substrate type, other marine 
plants and invertebrates as reported by the divers. Dive stations were selected to 
compare dredge efficiency in different substrate conditions. 

To establish the coefficient, a formula comparing the number of quahogs 
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taken by the dredge to the number taken by the divers was used. The percentage 
was then applied to all tows within similar substrates, resulting in a more accurate 
determination of quahog density. A total of 18 dredge coefficients sites were 
determined and utilized in this study. 

Data Entry And Analysis 

Data, including station latitude/longitude, dredge size, track lengths, size 
ranges, numbers and coefficients were recorded into Rbase and Excel computer 
software systems. Data was stratified by sampling unit areas and densities. 

Standing Crop Determination 

The calculation ofthe standing crop of quahogs by actual size ranges, size 
classes and number of bushels was accomplished using an area-density method 
utilizing the number of animals per ft̂  per sample. The density was calculated for 
each sampling imit area. 

The number of quahogs per bushel was calculated using the above market 
information where littienecks have 420 animals per bushel, cherrystones 240, and 
chowders 120. It is important to note for clarification purposes that the term 
"bushels" as used in the various studies is not uniform. Formerly, in fhe 1983 study 
a "bushel" was 80 lbs. Cunentiy, the industry standard is 60 lbs. Total bushels of 
quahogs within size categories were calculated using the steps in the foUowing 
formula: 

X * Y = Z; Z / C - B ; B/A = b 

Where: X = avg number quahogs/class size Y = ft^ in sampling unit area 
Z = total quahogs/class size C = quahogs/bu, e.g., 420 littlenecks/bu 
B = total bushels/sample unit area A = acres within sampling unit area 
b = bushels per acre within a sampling unit area 

RESULTS 

New Bedford Inner Harbor 

Quahogs in varying population densities and size ranges were found 
throughout the area with the chowder size (> 71mm) constituting 40.81% ofthe 



total standing crop. The cherrystone size 
category followed closely with 25.98%. 
These two size categories constitute 
approximately 67% ofthe standing crop. 
Littieneck comprise 17.9% and seed 
15.31% ofthe standing crop. 

Observations indicate that the 
greatest percentages of "chowders" were 
found in sampUng unit areas 1-2 (Fig. 2) 
just south of Marsh Island and samplmg 
unit area 1-8 A (Fig. 3) just northwest oftiie 
hurricane barrier opening. Significant 
percentages of greater than thirty for 
"cherrystones" were found hi sampling unit 
areas 1-3, along the Fairhaven shoreUne just 
north ofthe Fairhaven Bridge, 1-5 on the 
New Bedford shoreline fronting the fishing 
fleet piers, 1-6 on the Fairhaven shoreUne 

PIGUEE3 

H G U R E 2 

NEW BEDFORD INNER HARBOR STANDING CROP SURVEY 
(UPPER PORIION) 

WEW BEDFOHINTffiR HARBOH STAPfDING C3tOPSUHVFY 
(LOWER PORnON) 

fronting their fishing piers, and I-7A 
and I-7B in Palmer's Cove. 
Littienecks in percentages greater 
than twenty were found in sampling 
unit areas 1-3,1-5,1-7A and I-7B. 
Seed in abundances greater than ten 
percent were found in six ofthe ten 
sampling unit areas with sampling 
unit area 1-4, on the Fairhaven 
shoreline just south ofthe Fairhaven 
Bridge, exhibiting the greatest at 
18.93%. 

The range of average adjusted 
quahog densities by size class for the 
inner harbor are: seed, 0.08/fî  to 
2.28/ft'; Uttienecks, 0.16/fe to 



4.19/fe; cherrystones, 0.27/ft̂  to 6.07/ft2; and, chowders, 0.10/fl^ to 6.60/fe. Table 
1 presents the totals and percentages ofthe inner harbor standing crop. 

Table 2 
Quahog Standing Crop Assessment 

New Bedford Inner Harbor 

Area Area 
Square Feet 

17,495.874 

Acres 

401.65 Seed 

Total Quahogs 16,680,452 

Total Bushels 

Total Bushels/Acre: 

Littieneck 

21,346,744 

50,826 

126,54 

Cherrystone 

28^33,211 

118,055 

293.93 

Chowder 

44,534,264 

371,119 

923.99 

Several other species were noted in varying abundances throughout fhe area. 
However, the distribution of soft shelled clams (Mya arenaria) m samphng unit 
areas, 1-3,1-4,1-7A and I-7B and oysters (Crassostrea virginica) in sampling imit 
areas I-I, 1-4,1-6,1-7A and I-7B is significant. In at least two tows m sampling unit 
area 1-2, ahnost a bushel of soft shelled clams was landed in the dredge. The area 
just south of Palmer's Island contained approximately 15 clams per ftf^. 

Large quantities of oysters and clams were also observed around Crow Island 
and Palmer's Island. Other specie noted during sampling along with substrate 
compositions and quahog length frequency information are found in Appendix I. 

Substrate types in the inner harbor varied from a relatively large mud area in 
sampling unit area 1-3 to firm sand and gravel with interstitial mud around Pahner's 
Island. Pockets of very soft, black mud are found scattered over the area. Quahog 
densities were found to be comparatively low at these locations with no seed 
observed and an average of 0.30 quahogs per fP ofthe other three class sizes. Large 
quantities of debris rangmg from soda cans to unknovm "hangs" that UteraUy 
stopped the forward progress ofthe dredge are found predominantly m the area 
between the hurricane barrier and the Fairhaven Bridge concentrated near the 
fishing fleet piers on either side ofthe harbor. 



New Bedford Outer Harbor 

A total of 86 stations within 30 
sampling unit areas were sampled in 
the outer harbor (Fig. 4). The general 
area is described as that area south of 
the hurricane barrier and north of a line 
drawn from Clark Point m New 
Bedford to Wilbur Point in Fairhaven 
and is comprised of approximately 
3750 acres. 

As with the inner harbor survey 
results, quahogs were found in a wide 
range of density distributions 
throughout the outer harbor. However, 
the percentage of chowders was 
significantiy higher. This may be an 
artifact of two major impacts on the 
quahog population; contaminated 
relays and a newly opened commercial 
fishery. Both of these fisheries have 
targeted the Uttieneck class size which 
may have resulted in a larger standing 
crop of cherrystones and chowders. 
For example, during the last two years, 
commercial landings from the New 
Bedford portion ofthe outer harbor 
were a total of 11,901 bushels (DMF 
1997/1998 shellfish landing data). Of 
these, 71.5% were littienecks and 
28.5% were cherrystones and 
chowders. 

E[GIIRF:4 

Metal 

Sample Stations 
Within Subareas 

NEW BEDFORD OUTER HIIEBOEL 

QUaHOG STUNDIHG CROB SURVEI 

Chowder percentages noted in the survey range from a high of 97.69% in a 
sampling unit area in the northeast portion ofthe harbor to a low of 34.19% in 
sampling unit area 26 in the southwest comer ofthe area. AdditionaUy, it appears 
that none ofthe four sampling unit areas in the southwest part ofthe harbor, i.e., 
sampling unit areas 16, 21, 22 and 26 on the west side ofthe shippmg channel 
support a large population of chowders. 



Cherrystone distribution ranged from a high of 45.16% in sampling unit area 
26 to a low of 0.64% in sampling unit area 9. Littieneck percentages ranged from 
0.00% in sampling unit areas 25, 29 and 30 in the southeast portion ofthe area to 
13.36% in sampling unit area 21 m the southwest comer ofthe area. Seed 
distribution ranged from 0.00% at five different sampling.unit areas, most located in 
the southeast and northeast comer, to 19.28% in sampling unit area 4, in the 
northwest comer ofthe area. 

The average range of adjusted quahog densities for the outer harbor are: 
seed, O.OO/ft̂  in the areas noted above to 0.1/ft̂  in sampUng unit area 4; Uttienecks, 
O.OO/fP in the sampling unit areas noted above to 0.104/ft̂  in sampling unit area 23 
located south-centraUy just northeast ofthe shipping channel; chowders ranged 
from 0.03/fit̂  in sampling unit area 25 to 0.864/ft̂  in sampling unit area 2 in the 
northeast comer ofthe area. Table 3 presents totals for the outer harbor standing 
crop. 

Tabie 3 
Quahog Standing Crop Assessment 

New Bedford Outer Harbor 

Area 
Square Feet 

137,170.440 

Area 
Acres 

3149 Seed 

Total Quahogs: 1,565,474 

Percent of Total: 3.34 

Total Bushels: 

Avg. Bushels/Acre: 

Littieneck 

3y416,146 

7.29 

8,134 

X58 

Cherrystone 

8,332,105 

17.29 

34,717 

11.03 

Chowder 

33,534,227 

71.58 

279,452 

88.74 

Other shellfish specie noted were knobbed whelk, channeled whelk, oysters 
and limpets. The most densely and widely distributed shellfish other that quahogs 
was Crepidula. These were found in every sampling unit area in varying levels of 
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vitality, i.e., limpet populations in some areas exhibited a rather high number of 
Uving animals, while in others it was ahnost total limpet shack (broken shells). 
FoUowing limpets, codium (marine algae), was the next most abundant species. 
This alga forms a dense mat on the bottom and, if not moved along by tidal currents 
or winds, settles in depressions on the harbor floor. It breaks down and creates an 
undesirable and sometime anoxic environment for shellfish. 

Substrates in the outer harbor appear to vary more widely than those ofthe 
inner harbor with larger regions of fumer materials. However, there are also areas 
of very soft, black mud scattered aroimd with the most noteworthy being the 
southwest region west ofthe shippmg channel in sampling unit areas 16, 21, 22 and 
26. The substrate in this area is composed of thick, soft black mud which supports 
only a limited number of shellfish. 

PCB and Metals Analysis 

F I G U E E 5 

Seven bivalve mollusk 
samples were collected from 
areas within the mner harbor and 
four samples were collected from 
the outer harbor (Fig. 5). All 
samples were analyzed for PCBs 
(Table 4) and trace metals (Table 
5). Sample sites were selected 
by their proximity to historically 
polluted sites. WhUe aU ofthe 
results provide information on 
PCB and trace metals, samples 
taken south ofthe Fairhaven 
Bridge in the inner harbor are 
especiaUy important as they 
relate to the potential for future 
quahog resource contaminated 
relays from this area. 

PCB/TRACE METAL STATIONS 

NEW BEDFORD INNER AND OUTER HAEJBOR 
QUAHOG ASSESSMENT AREAS 
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Table 4 
PCB Analysis of Shellfish; Inner and Outer Harbor 

Inner Harbor 
(samples collected 4/25/97) 

Station: 
Parts/Million (ppm)^: 

O u t e r H a r b o r 

(samples collected 8/21/98) 

Station: 
Parts/MilUon (ppm)': 

A 
.58 

3 
.21 

B 
.48 

C 
.30 

29 
.21 

D 
.31 

E 
.84 

3S 
.35 

F* 
3.60 

G** 
2.40 

118A 
.17 

* American Oyster ** Soft Shelled Clam AU other shellflsh samples were quahogs 
1. All concentrations are wet weight basis. FDA and MDPH Tolerance 2.0ppm 

As illustrated above, most ofthe PCB levels fall within the standard 
guidelmes (2.0 ppm)set forth as action levels for human consumption of seafoods in 
the Guide For the Conirol ofMolluscan Shellfish pubUshed by the U. S. Department 
ofHealth and Huraan Services, Public Health Service, Food and Dmg 
Administration, 1997 Revision. 

Table 7 lists the concentrations as parts per milUon wet weight of cadmium, 
chromium, copper, lead, and zinc in shellfish samples for each station. None ofthe 
samples exceeded the U.S. Food and Dmg Administration level of concem for the 
consumption of moUuscan bivalves of 3.7 ppm for cadmium (U. S. FDA, 1993a), 13 
ppm for chromium (U. S. FDA 1993b) and 1.7 ppm for lead (U. S. FDA 1993c). 
Differences in copper and zinc concentrations were noted between species, 
particularly for American oyster. The National Status Trends Program (NOAA, 
1989) found it necessary to perform spatial and temporal comparisons ofcopper and 
zinc tissue concentrations for each separate bivalve species due to strong species 
uptake preferences among different bivalves analyzed which included the American 
oyster. Differences in copper and zinc levels between species from the inner harbor 
may be attributed to species differences noted above. 
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Inner Harbor: 

Table 5 
Metals Analysis (part! 

(samples collected 4/25/97) 

Station: 
A 
B 
C 
D 
E 
F 
G 

Outer Harbor: 

Cd 
0.083 
0.058 
0.099 
0.109 
0.238 
0.803 
0.287 

(samples coUected 8/21/98) 

3 
29 
38 

118A 

0.060 
0.080 
0.087 
0.105 

Cr 
0.27 
0.26 
0.29 
0.53 
0.42 
0.65 
0.91 

0.58 
0.38 
0.24 
0.25 

Cu 
2.61 
2.77 
3.24 
2.51 
5.22 
110 
13.2 

1.29 
1.68 
2.72 
2.46 

Pb 
0.78 
0.60 
0.56 
0.83 
0.88 
0.69 
1.02 

0.31 
0.46 
0.58 
0.25 

5 per mUlion) 

Zn 
35.6 
36.6 
29.3 
31.4 
27.8 
1295 
29.1 

21.6 
24.8 
29.3 
13.6 

Shellfish Species 
Quahog 
Quahog 
Quahog 
Quahog 
Quahog 
American Oyster 
Soft Shelled Clam 

Quahog 
Quahog 
Quahog 
Quahog 

Value of Quahog Resource 

The actual value ofthe various size classes of quahogs varies during the year 
and, ifwe use the price given to shellfishermen, dealer prices fluctuate widely as 
well. The following table was taken from studies by DMF in January 1999 and 
reflects the sizes and relative prices. 

Table 6 
Current Market Prices for Quahogs 

Size Class Wt/Bushel Value/Pound Value/Piece 
Littieneck 60 lbs $1.00 to $1.25 $0T4to$0.20 

Cherrystones 

Chowders 

60 lbs 

60 Ibs 

$0.25 to $0.30 

$0.20 to $0.25 

N/A 

N/A 
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Therefore, using the above figures, the value ofthe quahog fishery in the inner and 
outer harbors are noted below. The "Value to Fishermen" column denotes the dollars paid 
to fishermen by the dealers. To realize the gross vaiue to the general community, however, 
these figures must be factored by the economic multipher of 4.50 (Wong, 1968). The 
"Consumer Market Value" column reflects the total dollars after using the multiplier. 

Table 7 
Current Value of Quahogs for New Bedford Inner and Outer Harbors 

Harbor Littlenecks Cherrystones Chowders 
Total Consumer 

Value to Fishermen Market Value 

Outer $683,229 $625,494 $4,191,780 

Inner $3,811,950 $2,124,990 $5,566,785 

Total $4,495,179 $2,750,484 $9,758,565 

$5,500303 $24,752,264 

$1133,725 $51,766,763 

$17,004,228 $76,519,027 

OBSERVATIONS AND CONCLUSIONS 

Sampling Observations 

As noted above, densities of quahogs varied throughout both the inner and 
outer harbors and significantiy from the inner harbor to the outer harbor. These 
variances are due to several factors, e.g., fishing pressures, predation, bottom types 
etc. and have been demonstrated in otiier standing crop surveys and treatises (Saila 
et al. 1965;66). However, as much as these factors contribute to contagious 
distribution ofthe animal, sampling biases may result in skewed representations of 
that distribution. Previous studies on quahogs populations sampled by use of dry 
dredges (Russell, 1972) were constracted around the stratified random sampling 
methodology where preliminary recormaissance of an area served to identify areas 
of abundance resulting in density contours. Purely statistical manipulation of the 
data was then used to determine the efficiency ofthe sampling technique. Hickey, 
(1983) during his investigation ofthe standing crop ofthe inner and outer harbor 
modified this stratified random sampling method. His sampUng protocol was 
enhanced with two significant features; by increasing the number of sampling sites 
and utilizing a dredge efficiency coefficient. 
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This study followed Hickey's sampUng protocols as closely as possible. 
Changes in dredge technology (evolution from dry dredges to hydrauUc) have 
enabled a more efficient sampUng technique. To further insure a more accurate 
evaluation ofthe standing crop, this study used 21 dredge efficiency SCUBA dives 
which were substantially more than previous studies. 

These sampling protocols were very effective, however, other factors 
influenced results. In order to arrive at a more acceptable mean for a sample site, 
parallel tows were taken at most stations with sinular landing results, especiaUy in 
the outer harbor. The inner harbor had several bottom obstmctions that prevented 
tow comparisons. Mean sample densities were less variable on the closest paraUel 
tows. Tidal current, wind, substrate composition and benthic cover additionally 
affected tow efficiencies. It appeared that the dredge method of fishing washed out 
many ofthe smaUer animals since the two inch steel rings allowed for escapement. 
To correct for this bias, occasional complete dredge samples were coUected to 
detenmne the percentage of seed lost. These samples were collected on a second 
parallel tow to insure similarity of bottom type. Minor differences in the number of 
seed and other class sizes between parallel tows were noted. Additionally, diver 
observations at coefficient sites were compared to dredge tow numbers resulting in 
no significant differences. 11 should be noted that divers indicated that poor 
visibUity occasionally precluded observation of seed along the sample track. 

The most interesting comparison however, was the analysis of handtonging 
results of seed percentages relative to dredge results in the same sampling imit area. 
In sampling unit area I-7A, seed taken in tongs represented a mean of 3.5% whUe 
the dredge samples had 6.0% (see figure 3). In sampling unit areas I-7B and I-8B, 
results were considerably different; tongs 8.6% arid 15.3%, dredge 8.86% and 
8.67% respectively. The mean ofthe three areas was 9.1% seed taken in tongs and 
7.84% taken in the dredge. These results are sinular and indicate that the dredge is 
sampling seed quahogs at these stations. 

Previously mentioned dredge coefficient factors used to determine the 
number of animals "missed" by the dredge varied widely among the 21 coefficient 
stations sampled depending upon the substrate and benthic cover ofthe sample site. 
For example, at station 118A m sampling unit area 22, the dredge was 100% 
efficient in that the divers found no quahogs after the dredge pass. On the other 
hand, a low of 11% efficiency was noted at station 135A in sampUng unit area 28. 

Because ofthese variables, the data was analyzed by grouping the stations 
into sraaUer sampling unit areas. This aUowed for more precise spatial distribution 
projections. The use of comparable sampling methodologies in both the inner and 
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outer harbors and fhe similarity of techniques in prior DMF studies (Hickey, 1983) 
as weU as those utilized by Normandeau Associates in a portion ofthe outer harbor 
assured the consistency of data and comparabUity of results. 

Recruitment Potential 

Noting the sampling biases above and the subsequent difficulties in 
determining tiie exact seed percentage m the standing crop, arrival at a precise 
number was not possible. However, analysis ofthe available information from the 
survey and results of previous studies provide a basis for generating recruitment 
estimates. 

The graphs and tables (Appendices B and C) indicate considerable variabUity 
in the standing crops ofthe inner and outer harbors. The major reason for this 
difference is the intense fishing pressure in the outer harbor and the lack of 
harvesting in the inner harbor. The fishing pressure in the outer harbor may account 
for the pronounced differences in the littieneck and cherrystone size classes, but 
does not sufficientiy address the larger percentage of seed in the inner harbor 

Seed levels at any point in time may vary widely due to density dependent 
and independent variables (Belding, 1912). Depending upon limiting factors, the 
volume of quahog spawn/set falls into three general categories: normal, most often; 
excellent, approximately every three to five years; and, "super" being 
approximately every eight to ten years. Although the seed percentage levels for 
both harbors are low compared to the other three size classes, the numbers of 
littienecks, cherrystones and chowders indicate exceUent recruitment. Reduced 
recruitment can be attributed to poor spawning, setting, or growing conditions, as 
well as inadequate broodstock from which to replenish the population. Other 
limiting factors include poUution, insufiicient food source, and predation. In spite 
ofthe poor environmental conditions and the extremely high poUution levels in the 
inner harbor, the standing crop of quahogs is very high. Additionally, there is a 
much larger concentration of predators in the outer harbor than in the inner harbor. 

Sustainable Annual Yield 

As sustainable yield is related to recruitment, and the recruitment estiraates 
ofthe outer harbor were conservative due to sampling bias, sustainable annual yield 
estimates are conservative. Assuming that tiie rate of recnutment does not change 
and harvesting continues at its cunent rate with simUar market conditions, it appears 
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that quahog stocks may continue to decline in the "approved" areas. 

The dredge boat fishery, consisting of approximately eight to ten active 
fishing vessels has been primarily targeting the Uttieneck and cherrystone sizes. 
Tow lengths vary, but according to one dredge boat captain, tow durations are 
approximately five minutes each and usually conducted at the rate of six tows per 
hour for six hours per day. An estimate of one boat during one fishing day 
indicates, that ofthe 1297 acres conditionally opened to sheUfishing in the outer 
harbor, this boat may cover as much as 49,500 ft̂  of bottom (approximately 1.12 
acres). Therefore, eight boats fishing an average of 90 to 100 days per year could 
cover approximately 896 acres. With a daily catch limit of 16 bushels of "mixed" 
(330 quahogs per bushel of mixed) quahogs per day, the total estimated annual 
catch could be 12,800 bushels, or 4,224,000 quahogs. Bullrakers, having five to 
seven boats harvesting on a given day, average two bushels per day over the same 
period noted above thus landing 1400 to 1600 bushels a year from a sigiuficantiy 
smaller substrate base. Mortalities from the dredge are greater than those incurred 
by hand rakuig. During the sampling for this study, dredge tow mortalities 
accounted for 10 to 15% ofthe total numbers at certain stations. Divers take three 
bushels of Uttieneck and cherrystones per day during a 90 to 100 day period 
resulting ia an estimated harvest of 1500 bushels. Ifwe factor the above-noted 
mortaUty rate by the dredge total, the approximate potential number of bushels 
taken a year by aU three methods may be 17,620 bushels (5,814,600 quahogs). 

Comparing the above potential harvest and the previously noted average 
annual conmiercial landings as reported by the New Bedford shellfish constable for 
the last two years, the result differs minimally. This difference may be due to 
several factors, i.e., actual fishing days, total bushels taken per day, sheUfish 
mortalities due to fishing pressures and reporting methodologies. Whatever the 
reason for the variation, maximum fishing pressure on the standing crop as 
described above would closely approxunate the impact on the quahog population. 

The unpact on the substrate and the quahog population in fhe outer harbor is 
significant in that the 904 acres of substrate that is disturbed by rakes and dredges 
represents approximately 70% ofthe open fishable area. This impact and its 
potential for resource reduction has been substantiated by the diminished catch per 
unit effort as reported by the New Bedford sheUfish constable and the general 
complaints ofthe dredge boat captains relative to dwindling stocks. 

A second factor that may have a major impact on the quahog crop in the 
outer harbor during the last twenty to thirty years is the contaminated relay program 
admiiustered by the Division of Marine Fisheries. Records have been kept on this 
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fishery from its inception. However, it has only been for the last twelve years that 
reUable data has been collected. Since 1986, a total of 87,247 bushels have been 
removed from the outer harbor and transplanted to other areas ofthe 
Commonwealth where they were aUowed to depurate in waters classified 
"approved" for the taking of shellfish for human consumption. Almost aU ofthese 
relays were conducted using power dredge boats in all areas ofthe harbor capable 
of accommodating them. 

During the last three years, 32,066 contaminated bushels were transplanted 
in addition to the commercial harvest of 17,620. The commercial harvest totals 
represent approxmiately 12.1% ofthe standing crop (145,394 bushels) in the 
"approved" portion outer harbor (DMF catch reports). This faUs well within the 
20% traditionally allowed to insure a sustained yield (Holmsen, 1966). However, 
hydraiUic harvesting may have a much more dramatic impact on the infaunal 
population than is illustrated by these removals. Various factors such as frequentiy 
tuming over the same bottom, resuspension and subsequent deposition of sUts, and 
redistribution ofthe predominantiy mud substrate preclude optimum conditions 
required by seed and juvemles during initial stages of growtii (Rice, 1989). 
SimUarly, the practice of continuously retuming unwanted class sizes to the water 
after culling has an unquantified deleterious impact. AdditionaUy, mortaUties of 
quahogs dredged in the winter appear to be higher as evidenced by events in 1997 in 
the outer harbor. WhUe the causative factor has not been definitely estabUshed, it is 
beiieved that intensive hydraulic dredging has impeded stock recovery. 

Contaminated Quahog Relay Potential 

Prior to the initiation ofthe standing crop and sanitary surveys for the mner 
harbor, area towns were requesting the Division of Marine Fisheries for a 
contaminated relay program for the quahog stock between the hurricane barrier and 
the Fairhaven Bridge. The Division incorporated the contaniinated relay potential 
into the standing crop survey. The standing crop assessment, together with the 
sanitary survey, wiU deterraine the classification ofthe area as it relates to fecal 
coliform contamination in the water column as dictated by the guidelines ofthe 
National SheUfish Sarutation Program's Guide For the Control ofMolluscan 
Shellfish. 1997 Revision. 

As noted above and iUustrated below in the tables of Appendix I., there is a 
substantial standing crop of quahogs in the area between the hurricane barrier and 
fhe Faurhaven Bridge. Three areas of concentration that would provide the greatest 
relay potential are the area proximal to Crow Island, the eastem shoreline of 
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Fauhaven between the hurricane barrier and the commercial piers, and Pahner's 
Cove. Of these. Palmer's Cove wouldbe the priraary area. The location has had 
two recent PCB and trace metal surveys and was the site of an experimental 
containinated quahog relay of 2200 bushels. 

The standing crop survey in Pahner's Cove detennined that there were 
70,205 bushels of quahogs in the two sampling unit areas I-7A and I-7B (see figure 
3). Ofthese, 7.47% were seed, 23.68% were littlenecks, 37.26% were cherrystones, 
and 31.58% were chowder. In sampling imit area I-8B, along the eastem shoreline 
just north ofthe barrier, there was a total of 87,915 bushels of which 10.27% were 
seed, 17.18% were Uttienecks, 25.74% were cherrystones and 46.81% were 
chowders. The area around Crow Island, sampling unit area 1-4 had a total of 
105,340 bushels where 18.93% were seed, 19.37% were littlenecks, 26.23% were 
cherrystones and 35.46% were chowders. 

All three ofthese locations offer substantial contaniinated relay potential 
because of significant littieneck and cherrystones. However, Pahner's Cove is 
considered the premium site because ofthe large numbers of littlenecks. Due to the 
necessity for long-term depuration, littlenecks provide the best opportuiuty for 
resource harvesting after an extended closure period. 

The potential for contaminated relays will be totally dependent on water 
quality findings ofthe sanitary survey and quahog tissue analysis. 

Summary 

This resource assessment and development of standing crop estimate has 
afforded a comparison ofthe inner harbor, where fishing has not been a factor, and 
the outer harbor where tiiere has been relatively intense fishing pressure for the last 
three years. Coraparing the percentages for both harbors indicates that the littieneck 
and cherrystone size classes were significantiy impacted by fishing pressure. On 
the other hand, the chowder size class is 35% greater in the outer harbor with no 
apparent reason except selective harvesting of size classes. 

One factor that may explain the comparatively high levels of seed, neck and 
cherry in the inner harbor, especially in Palmer's Cove and along the Fairhaven 
shoreline just north ofthe hurricane barrier is the location and constraction ofthis 
barrier. Except for one or two small openings in the barrier and the shipping 
entrance itself, tidal flow is effectively restricted thus directing much ofthe tidal 
ebb carrying shellfish spat to the two areas, where it settles and grows. 
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As briefly mentioned above, the newly opened outer harbor has afforded the 
shellfishermen ofNew Bedford and Fairhaven a very productive fishery. Both the 
contaminated relay fishery and the coimnercial fishery have taken significant 
numbers of quahogs from the area with an intentional concentration on the littieneck 
and cherrystones. Because ofthis practice and the efficient harvesting by the 
hydraulic dredge, adjustments in catch limits and types have been made by the two 
towns in order to lessen the fishing pressure on the smaller classes and increase the 
harvest of chowders. 

In summary, if managed properly, the outer harbor quahog resource wiU be 
able to support a viable fishery for the foreseeable future. AdditionaUy, if water 
quaUty and source remediation measures undertaken by the City ofNew Bedford 
and the Town of Fairhaven continue in the positive direction, the potential for the 
opening of more shelifishing acreage is highly probable. The inner harbor, on the 
other hand, may take longer Under the NSSP guidelmes, fecal coliform levels here 
continue to constitute a "prohibited" classification thus precluding contaminated 
relays under existing protocols. 

RECOMMENDATIONS 

1. Transplanting contaminated quahogs from the cunent relay areas ofthe outer 
harbor classified as "restricted" (areas BB:15.7 and BB: 15.52) should be continued 
with less emphasis on "Uttieneck" and "cherrystones" in order to allow these size 
classes to rebound over the next one to two years. Relays from these areas can be 
done by hydraulic dredge or hand-digging. Though dredging may be more efficient, 
depth and the existence of potentially beneficial fauna such as eel grass may dictate 
altemative harvesting methodologies. Greatest concentrations of quahogs are in the 
northeast and northem portions ofthe outer harbor. These areas should be initiaUy 
targeted for relay with a potential harvest of six to seven thousand bushels. The 
remaining "restncted" portions ofthe outer harbor could support a relay of 
approximately 18,000 to 20,000 bushels per year (82 % chowders, 14 % cherry and 
4% neck), and still insure sustainable yield. Consistent with recent DMF policy, 
relays from this area should continue to be limited to the towns of Dartmouth, New 
Bedford and Fairhaven. 

2. DMF recommends a contaminated relay from Palmer's Cove, the vicinity of 
Crow Island and the Fairhaven shoreline unmediately north ofthe hurricane barrier 
pending the results ofthe sanitary survey. Relay amounts should be no more than 
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20% oftiie standing crop of 263,460 bushels per year (52,692 bushels). DMF 
further recommends that a routine PCB and trace metal analysis be conducted on a 
quahog sample from these areas prior to the contaminated relay. 

3. Municipal and town resource managers should consider strictiy limiting the 
number of hydrauUc dredge boats in the fishery to one per 100 acres of "approved" 
area. 

4. Altemate sources of quahog replenishment stock should be considered, planned 
and implemented. For example, a combination of growing area rotation, 
containinated relay and locaUy raised seed stock may be advisable. The City of 
New Bedford and the towns of Dartmouth and Fairhaven should continue the 
cooperative shellfish resource efforts that have been estabUshed during the last two 
years. 

5. In order to more effectively plan and implement recommendations 1 through 4 
above, the City ofNew Bedford and the towns of Dartmouth and Fairhaven should 
develop a shellfish resource management plan as outiined by DMF (appendix F). 

6. An intense source remediation should be instituted by both New Bedford and 
Fairhaven to eliminate the poUution sources ofthe inner harbor. Targets, according 
to the sanitary survey conducted by DMF, should be a bacteriological treatment of 
Fairhaven wastewater effluent during the winter months and moiutoring and 
treatment of CSOs and stormdrains in New Bedford that are found to be exhibiting 
high levels of fecal coliform. 

7. In order to reduce the pollutants from the commercial and recreational fleets on 
both sides ofthe inner harbor, an extensive educational and regulatory program 
should be instituted immediately by New Bedford and Fairhaven.. 
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APPENDIXA 

Common and Scientific Names of Other Marine Organisms 
Noted During the Quahog Standing Crop Assessment 



The following is a Ust ofthe common and scientific names ofthe marine animals (fauna) 
and plants (flora) that were noted during the quahog standing crop survey ofNew Bedford 
Inner and Outer Harbors and are used in the preceding text and Appendix 1. 

FAUNA FLORA 

American Lobster 
Blue Crab 
Mud Crab 
Green Crab 
Spider Crab 
Lady Crab 
Hermit Crab 
Quahog (hard clam) 
Quahog (variation) 
Soft Shelled Clam 
Eastem Oyster 
Bay ScaUop 
Razor Clam 
Ribbed Mussel 
Channeled Whelk 
Knobbed Whelk 
Ark (blood ?) 
Cockle 
Quarterdeck Limpet 
Jingle Shells 
Common Starfish 
Polychaete Worm 
Ribbon Worm 
Winter Flounder 
Boring Sponge 
Red Sponge 
Oyster DriU 
Moon Snail 
Mantis Shrimp 
Barnacle 
Pitar 
Periwinkle 
Blue Mussel 

Homarus americanus Rock Weed 
Callinectes sapidus Tubed Weed 
Neopanope texana Red Weed 
Carcinus maenas Green Fleece 
Libinia emarginata Eel Grass 
Ovalipes ocellatus Sea Lettuce 
Pagurus longicarpus 
Mercenaria mercenaria 
Mercenaria mercenaria notata 
Mya arenaria 
Crassostrea virginica 
Argopecten irradians 
Ensis directus 
Geukensia demissus 
Busycon caniliculatum 
Busycon carica 
Anadara spp. 
Cylcocardia spp. 
Crepidula fornicata 
Anomia simplex 
Asterias forbesi 
Nereis succinea 
Cerebratulus spp. 
Psuedopleuronectes americanus 
Cliona spp. 
Microciona prolifera 
Urosalpinx cinerea 
Genus and species not defined; probably Lunatia heros 
Squilla empusa 
Balanus balanoides 
Pitar morrhuanus 
Littorina spp 
Mytilus edulis 

Fucus vesiculosus 
Polysiphonia spp. 
Agardhiella tenera 
Codium fragile 
Zostera marina 
Ulva lactuca 



Appendix B 

Inner Harbor 
Standing Crop Sample Data 

Tables and Graphs 



NEW BEDFORD INNER HARBOR 

Subarea I-l 

Sub 
Area 

II 

Sta^ 

106 
112 
113 
114 
119 
120 
121 
122 

SqFt/ Acres/ 
Subarea Subarea 

1,894,860 43.5 

Avg./sqft: 

Total/Sub area: 

Seed/ 
SqFt 

0.00 
0.00 
0.75 
0.16 
0.19 
2.82 
0.70 
0.21 
0.60 

1,136,916 

Total Bushels/Subarea: 

Total Bushels/A ere: 

Neck/ 
SqFt 

0.00 
0.00 
1.00 
0.21 
0.20 
2.11 
0.70 
0,85 
0.63 

1,193,762 

2,842 

65.34 

Cherry/ 
SqFt 

0.00 
0.70 
0.58 
0.95 
0.07 
4.93 
2,82 
0.92 
1.37 

2,595,958 

10,816 

248.65 

Chowder/ 
SqFt 

0.70 
2.11 
0.19 
1.22 
0.00 
11.97 
0.00 
0.26 
2.06 

3,903,412 

32,528 

747.78 

Other Species Noted: Many oysters (esp. along Revere bulkhead), many soft 
shelled clams (esp. Just south of Marsh Island), few mantis shrimp, few 
Crepidula,much ulva. 

BottomType in Subarea: Relatively firm muddy sand throughout except for 
soft smelly mud area at stations 112 and 114. 

SUBARJEA STATION SEED NECK CHERRY CHOWDER 

I-l 106 
112 
113 
114 
119 
120 
121 
122 
Avg. %: 

0.00% 
0.00% 
29.68% 
6.25% 
40.65% 
12.90% 
16.67% 
9.23% 
14.42 

0,00% 
0,00% 
39.68% 
8.33% 
43.17% 
9.68% 
16.67% 
38.01% 
19.44 

000% 
25.00% 
23.23% 
37.50% 
15.47% 
22.58% 
66.67% 
41.33% 
28.97 

100.00% 
75,00% 
7.42% 
47,92% 
0.72% 
54.84% 
0.00% 
11.44% 
37.17 

B-l 



SIZE/FREQUENCy DMIBUTION OF QUfflOGS 
Subarea 1; New Bedford Inner Harbor 
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Sub 
Area 

12 

Sta# 

108 
110 
111 
115 
116 
117 
118 

SqFt/ Acres/ 
Subarea SubaArea 

1,200.078 27.55 

Avgysqff: 

Total/Subarea: 

Seed/ 
SqFt 

0.05 
0.00 
0.70 
0.06 
0.70 
0.00 
0.00 
0.22 

264,0: 

Cherry/ 
SqFt 

0.75 
0.00 
3.52 
0.85 
0.00 
0.00 
0.70 
0.83 

Chowder/ 
SqFt 

2.39 
0.00 
10.56 
1.29 
1.41 
2.11 
2.11 
2.84 

NEW BEDFORD INNER HARBOR 
Subarea 1-2 

Neck/ 
SqFt 

0.25 
0.00 
0.70 
0.18 
0.00 
0.00 
0.00 
0.16 

192,012 996,065 3,408,222 

Total Busheb/Subarea: 457 4,150 28,402 

Total Bushels/Acre: 16.59 150.65 1,030.92 

Other Species Noted: Many soft shelled clams, oysters and razor clams. 

BottomType in Subarea: Finn sand with mud along northern shore of 
subarea. Very soft smelly mud at station 110. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

12 108 
110 
111 
115 
116 
117 
118 0.00% 0.00% 25.00% 75.00% 
Avg. %: 6.97 3.22 17.54 72.26 

1.46% 
0.00% 
4.55% 
2.50% 
33.33% 
0.00% 

7.30% 
0.00% 
4.55% 
7.50% . 
0.00% 
0.00% 

21.90% 
0.00% 
22.73% 
35.63% 
0.00% 
0.00% 

69.34% 
0.00% 
68.18% 
54.38% 
66.67% 
10000% 
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SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
Subarea 2; New Bedford Inner Harbor 
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NEW BEDFORD INNER HARBOR 
Subarea 1-3 

Sub Sta # SqFt/ 
Area Subar 

13 
101 
102 
103 
104 
80 
82 
84 
85 
85A 
86 
87 
89 
89A 
92 
93 
94 
95 
98 
99 

Acres/ 
I Subarea 

;8 71.05 

Avg./sqft: 

Total/Subarea: 

Seed; 
SqFt 

0.00 
0.00 
0.00 
0.00 
2.11 
0.00 
0.00 
5.63 
1.41 
2.11 
1.41 
4.93 
0.00 
1.41 
0.00 
0.70 
0.00 
0.70 
0.00 

0.06 
1.02 

3,156337 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.00 
0.70 
0.70 
0.00 
0.70 
0.70 
0.00 
8.45 
0.00 
2.11 
1.41 
13.38 
0.00 
0.00 
0.00 
4.23 
2.11 
1.41 
0.00 
0.21 
1.81 

5,601,838 

13^38 

187.72 

Cherry/ 
SqFt 

0.70 
0.00 
0.00 
0.70 
1.41 
0.70 
0.70 
5.63 
0.00 
2.11 
1.41 
16.20 
3.52 
2.11 
1.41 
12.68 
0.70 
0.00 
0.00 
0.49 
2.52 

7,799,244 

32,497 

457.38 

Chowder/ 
SqFt 

1.41 
0,00 
0,00 
0.00 
7.75 
0.70 
0,00 
3.52 
0.00 
2.11 
0.00 
12.68 
4.23 
5.63 
11.27 
5.63 
2.82 
2.11 
0.00 
0.53 
3.02 

9,346,713 

77,889 

1,096 

Other Species Noted; Oysters along eastem shore of subarea and north shore 
of Pope's Island. Soft shelled clams in deeper water from station 103 
northward. 

BottomType in Subarea: Thick black mud east end of Pope's Island. Muddy 
sand with small cobble along north shore of Island (much discarded debris). 
Finn sand with mud between Island and Brightman Marina. Large mud 
pocket in center of subarea (stations 93 to 103). 
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PERCENTAGE OF QUAHOGS FOR SIZE CATEGORIES 
By Station 

1-3 

STATION 

100 
101 
102 
103 
104 
80 
82 
84 
85 
85A 
86 
87 
89 
89A 
92 
93 
94 
95 
98 
99 
Avg. %; 

i SEED 

000% 
0.00% 
0.00% 
0.00% 
17.65% 
0.00% 
0.00% 
24.24% 
10000% 
25.00% 
33.33% 
1045% 
000% 
15-38% 
0.00% 
3.03% 
0.00% 
16.67% 
0.00% 
4.58% 
13.18 

NECK 

0.00% 
10000% 
10000% 
0,00% 
5.88% 
33.33% 
0.00% 
36.36% 
000% 
25.00% 
33.33% 
28.36% 
000% 
0.00% 
0.00% 
18.18% 
37.50% 
33.33% 
0.00% 
16.03% 
24.60 

CHERRY 

33.33% 
0.00% 
0.00% 
100.00% 
11.76% 
33.33% 
10000% 
24.24% 
000% 
25.00% 
33.33% 
34.33% 
45.45% 
23.08% 
11.11% 
54.55% 
12.50% 
0.00% 
0.00% 
38.17% 
30.54 

CHOWDER 

66.67% 
0.00% 
0.00% 
000% 
64.71% 
33.33% 
0.00% 
15.15% 
0.00% 
25.00% 
0.00% 
26.87% 
54.55% 
61.54% 
88.89% 
24.24% 
50.00% 
5000% 
000% 
41.22% 
31.69 
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SIZE/FREQUENCY DISTRIBUTION OF 
Subarea 3; New Bedford Inner Harbor 
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NEW BEDFORD INNER HARBOR 
Subarea 1-4 

Sub Sta # 
Area 

14 54 
55 
56 
57 
61 
62 
63 
64 
64A 
64B 
65A 
65B 
66 
69 
70 
71 
71C 
7iD 
72 
73B 
74A 
75A 
77 
77A 

SqFt/ Acres/ 
Subarea Subarea 

2.715,966 62.35 

Avg./sqft: 

Total/Subarea: 

Seed/ 
SqFt 

0.04 
0.11 
0.07 
0.29 
0.08 
0.04 
0.00 
6.34 
10.00 
1.54 
3.60 
1.54 
0.06 
0.12 
1.10 
0.00 
0.51 
0.51 
0.00 
2.57 
2.06 
11.33 
0.00 
12.87 
2.28 

6,192,402 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.10 
0.15 
0.20 
0.23 
0.23 
0.05 
0.00 
3.52 
0.00 
1.54 
3.09 
0.51 
0.16 
0.12 
0.85 
1.41 
0.51 
0.00 
0.00 
2.57 
3.09 
.78 
0.00 
8.24 
1.52 

4,128,268 

9,829 

157.65 

Cherry/ 
SqFt 

0.16 
0.19 
0.28 
0.14 
0.44 
0.04 
0.00 
1.41 
10.00 
3.09 
1.03 
2.57 
0.42 
0.14 
1.27 
0.70 
2.06 
1.54 
2.82 
0.00 
2.57 . 
2.06 
1.41 
4.12 
1.60 

4,345,546 

18,106 

290.4 

Chowder/ 
SqFt 

0.14 
0,16 
0.24 
0.04 
0,48 
0.09 
0.00 
9.15 
4.71 
5.66 
2.06 
2.57 
0.54 
0.08 
0.49 
0.00 
7.21 
1.03 
2.82 
18.02 
4.12 
9.27 
9.15 
4.12 
3.42 

9,288,604 

77,405 

1,241.46 

Other Species Noted; Many oysters around Crow's Island. Some soft shelled 
clams along eastem shore. Few mantis shrimp. Oil sheen on quahogs at 
stations 54 and 57. 

BottomType in Subarea: Relatively firm muddy sand closer to channel. Firm 
sandy mud east and north of Crow's Island. Smelly mud with sand at station 
62. 
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PERCENTAGE OF QUAHOGS FOR SIZE CATEGORIES 
By Station 

1-4 

STATION 

54 
55 
56 
57 
61 
62 
63 
64 
64A 
648 
65A 
65B 
66 
69 
70 
71 
710 
71D 
72 
73B 
74A 
75A 
77 
77A 
Avg. %: 

^ SEED 

8.42% 
17.71% 
8.76% 
41.71% 
6.67% 
19.77% 
0.00% 
31.03% 
40.48% 
13.04% 
36.84% 
21.43% 
4.84% 
26.09% 
29.76% 
0.00% 
5.00% 
16.67% 
000% 
11.11% 
17.39% 
34.92% 
000% 
43.86% 
18.93 

NECK 

22.63% 
25.00% 
25.35% 
33.16% 
18.79% 
21.51% 
0.00% 
17.24% 
0.00% 
13.04% 
31.58% 
7.14% 
13.98% 
26.09% 
22.93% 
66.67% 
5.00% 
0.00% 
0.00% 
11.11% 
26.09% 
3016% 
0.00% 
28.07% 
19.37 

CHERRY 

36.32% 
30.73% 
35.48% 
19.69% 
35.76% 
16.86% 
0.00% 
6.90% 
40.48% 
26.09% 
1053% 
35.71% 
35.48% 
30.43% 
34.15% 
33.33% 
20.00% 
50.00% 
50.00% 
000% 
21.74% 
6.35% 
13.33% 
14.04% 
26.23 

CHOWDER 

32.63% 
26.56% 
3 0 4 1 % 
5.44% 
38.79% 
41.86% 
0.00% 
44.83% 
19.05% 
47.83% 
21.05% 
35.71% 
45.70% 
17.39% 
13.17% 
0.00% 
70.00% 
33.33% 
50.00% 
77.78% 
34.78% 
28.57% 
86.67% 
14.04% 
35.46 
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SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
Subarea 4; New Bedford Inner Harbor 
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NEW BEDFORD INNER HARBOR 
Subarea 1-5 

Sub Sta # 
Area 

15 25 
30 
31 
32 
33 
41 
43 
49 
5IA 
52 
53 

SqFt/ Acres/ 
Subarea Subarea 

2.905,452 66.7 

Avg./sqft: 

Total/Subarea: 

Seed/ 
SqFt 

0.13 
0.04 
0.07 
O.OI 
0.00 
0.22 
0.02 
0.04 
0.37 
0.00 
0.00 
0.08 

232436 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.45 
0.07 
0.22 
0.03 
0.00 
0.52 
0.07 
0.29 
1.12 
0.03 
0.00 
0.25 

726,363 

1,729 

25.93 

Cherry/ 
SqFt 

0.59 
0.09 
0.40 
0.04 
0.00 
0,78 
0.02 
0.31 
0.65 
0.05 
0.00 
0.27 

784,472 

3,269 

49.01 

Chowder/ 
SqFt 

0.09 
0,02 
0.17 
0.03 
0.00 
0.50 
0.03 
0.12 
0.17 
0.02 
0.00 
0,10 

290,545 

2,421 

36.3 

Other Species Noted: Channeled whelk. Knobbed whelk. Starfish. Much ulva. 

BottomType in Subarea: Firm mud with sand and medium cobble station 32. 
Mud with sand at Coal Pocket Pier. Smelly mud at station 52. Otherwise 
muddy sand with varying sized debris. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

1-5 25 
30 
31 
32 
33 
41 
43 
49 
51A 
52 
53 
Avg. %: 

1050% 
16.67% 
7.84% 
7.14% 
0.00% 
1075% 
12.50% 
5.83% 
16.01% 
1.79% 
0.00% 
9.89 

35.71% 
33.33% 
25.49% 
25.00% 
0.00% 
25.70% 
50.00% 
38.12% 
48.40% 
26.79% 
0.00% 
34.28 

46.64% 
41.67% 
47.06% 
39.29% 
000% 
38.79% 
12.50% 
4081% 
28.11% 
55.36% 
000% 
38.91 

7.14% 
8.33% 
19.61% 
28.57% 
000% 
24.77% 
25.00% 
15.25% 
7.47% 
16.07% 
0.00% 
16.91 
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Subarea 5; New Bedford Inner Harbor 

- i _ - ^ ^ I I 'I I r 
(2Dw 2l-30iiii 3 ! M 0 M 1 I - 5 0 « I 51-60KI 6l-70m 71-80ri 8 I - 9 0 M 91-lOOoi )l 

B-12 



NEW BEDFORD INNER HARBOR 
Subarea 1-6 

Sub Sta # 
Area 

16 26 
28 
29 
34 
35 
36 
36A 
37 
38 
45 
46 
46A 
46B 
46C 
46D 
46E 
46F 
47 
47A 
47B 
48 

SqFt/ Acres/ 
Subarea Subarea 

1,894,860 43.5 

Avg./sqft: 

Total/Subarea: 

Seed/ 
SqFt 

0.11 
O.n 
0.04 
0.07 
0.18 
1.03 
0.00 
0.01 
0.04 
0.08 
0.20 
3.09 
0.00 
2.60 
9.78 
1.78 
0.00 
1.54 
1.03 
1.12 
0.09 
1.09 

2065397 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.31 
0.23 
0.21 
0.39 
0.38 
0.51 
0.00 
0.04 
0.29 
0.27 
0.27 
3,60 
0.00 
1.73 
7.72 
0.89 
0.51 
1.03 
0.00 
0.75 
0.16 
0,92 

1,743,271 

4,150 

95.42 

Cherry/ 
SqFt 

0.49 
0.31 
0.51 
0.61 
0.74 
1,03 
0.00 
0.14 
0.78 
0.88 
0.50 
3.60 
0.00 
1.30 
4.12 
2.67 
4.12 
3.60 
1.54 
0.37 
0.29 
1.31 

2,482,267 

10,343 

237.77 

Chowder/ 
SqFt 

0.49 
0.28 
0.46 
0.32 
0.53 
2.06 
0.00 
0.15 
0.44 
0.48 
0.27 
18.02 
0.00 
2.60 
5.15 
4.45 
0.51 
7.21 
2.57 
1.87 
0.23 
2.29 

4,339,229 

36,160 

831.27 

Other Species Noted: Much Crepidula. Many starfish. Many oysters stations 
46 to 48. Channeled whelk. Knobbed whelk. Spider crab. Lady Crab. Blue 
crab. Oil sheen on quahogs at stations 28 and 34. 

BottomType in Subarea: Firm sandy mud throughout most of subarea. Soft: 
mud among piers. Soft sandy mud with odor near Fairhaven Sewer outfall. 
Firm sand with mud between stations 36 and 47A. 
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PERCENTAGE OF QUAHOGS FOR SIZE CATEGORIES 
By Station 

1-6 

STATION 

26 
28 
29 
34 
35 
36 
36A 
37 
38 
45 
46 
46A 
46B 
46C 
46D 
46E 
46F 
47 
47A 
47B 
48 
Avg. %: 

SEED 

8.06% 
11.98% 
3.35% 
5.13% 
9.64% 
22.22% 
0.00% 
3.90% 
2.46% 
4.50% 
15.77% 
1 0 9 1 % 
0.00% 
31.58% 
36.54% 
18.18% 
0.00% 
11.54% 
20.00% 
27.27% 
12.09% 
13.43 

NECK 

22.04% 
24.42% 
17.32% 
27.69% 
2 0 8 1 % 
11.11% 
0.00% 
1039% 
18.72% 
15.77% 
22.07% 
12.73% 
000% 
21.05% 
28.85% 
9.09% 
1000% 
7.69% 
0.00% 
18.18% 
2047% 
16.76 

C H U I R Y 

34.95% 
33.18% 
41.90% 
44.10% 
4 0 6 1 % 
22.22% 
0.00% 
42.21% 
50.25% 
51.80% 
40.09% 
12.73% 
0.00% 
15.79% 
15.38% 
27.27% 
80.00% 
26.92% 
3000% 
9.09% 
37.21% 
34.51 

CHOWDER 

34.95% 
30.41% 
37.43% 
23.08% 
28.93% 
44.44% 
0.00% 
43.51% 
28.57% 
27.93% 
22.07% 
63.64% 
0.00% 
31.58% 
19.23% 
45.45% 
1000% 
53.85% 
50.00% 
45.45% 
30.23% 
35.30 
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SIZE/FREQUENCY DISTRIBUTION OF 
Subarea 6; New Bedford Inner Harbor 
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QUAHOG STANDING CROP ASSESSMENT 
NEW BEDFORD INNER HARBOR 

Subarea I-7A 

Sub Sta # 
Area 

I7A I 
12 
13 
14 
IA 
IB 
IC 
ID 
IE 
IF 
IG 
2 
3 
5 
X 
Y 
Z 

SqFt/ Acres/ 
Subarea Subarea 

1,579,050 36.25 

" 

AvgJsqft: 

Total/Subarea: 

Seed/ 
SqFt 

0.15 
0.00 
0.00 
0.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

o.n 
0.05 
2.82 
0.00 
1.41 
0.27 

426,344 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.36 
0.08 
0.03 
0.32 
2.11 
0.00 
0.00 
0.70 
0.00 
0.70 
0.00 
0.00 
0.67 
0.42 
2.82 
0.00 
2.82 
0.65 

1,026,383 

2y444 

67.41 

Cherry/ 
SqFt 

0.41 
0.13 
0.04 
0.73 
1.41 
0.70 
0.70 
0.70 
0.00 
0.70 
0.00 
0.83 
0.64 
0.47 
0.00 
1.41 
6.34 
0.90 

1,421,145 

5,921 

163,35 

Chowder/ 
SqFt 

1.49 
0,02 
0.02 
0.68 
1.41 
0.00 
2.11 
0.70 
0.00 
0.00 
0.00 
0.41 
0.17 
0.18 
0.00 
3.52 
2.82 
O.SO 

1,263,240 

10,527 

290.4 

Other Species Noted: Many oysters. Some Crepidula. Many soft shelled clams 
along westem shore of subarea. Much ulva. 

BottomType in Subarea: Black mud with strong odor proximal to hurricane 
barrier. Sandy mud along westem shoreline. Sandy mud with odor at station 
12. Firm sand with mud and small cobble around station 3. 
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IZE/FEEPNCY DISTRIBUTION OF QUAHOG: 
Subarea 7A; New Bedford Inner Harbor 
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NEW BEDFORD INNER HARBOR 
Subarea I-7B 

Sub Sta# 
Area 

I7B 1 IB 

nc 
l i e 
15 

•15B 
15C 
15D 
20 
20 
2D 
2E 
2F 
20 
2H 
21 
4 
4A 
4C 
4D 
4E 
5A 
5B 
5C 

SqFt/ 
Subarea 

568,458 

Acres/ 
Subarea 

13.05 

AvgJsqft: 

Seed/ 
SqFt 

1.41 
2.11 
1.41 
0.14 
0.00 
0.00 
2.11 
0.08 
0.70 
6.34 
4.93 
0.00 
0.70 
0.00 
1.41 
0.06 
1.41 
5.35 
0.00 
0.00 
4.93 
2.11 
2.11 
1.62 

Neck/ 
SqFt 

3.52 
8.45 
3.52 
0.45 
2.11 
0.00 
0.70 
0.32 
10.56 
4.23 
7.04 
3.52 
2.11 
0.00 
2.82 
0.17 
2.82 
1.78 
5.63 
0.70 
14.08 
21.13 
0.70 
4.19 

Cherry/ 
SqFt 

9.86 
4.93 
9.15 
0.36 
10.56 
1.41 
4.23 
0.64 
8.45 
7.04 
11.27 
1.41 
10.56 
2.82 
4.23 
0.35 
0.70 
14.27 
17.61 
2.11 
5.63 
7.75 
4.23 
6.07 

Chowder/ 
SqFt 

11.97 
4.93 
9.15 
0.05 
13.38 
4.23 
17.61 
0.38 
1.41 
13.38 
9.86 
7.04 
10.56 
2.82 
9.15 
0.30 
0.70 
5.35 
16.20 
2.11 
4.23 
7.04 
0.00 
6.60 

Total/Subarea: 920,902 

Total Bushels/Subarea: 

Total Bushels/Acre: 

2,381,839 

5,671 

434.56 

3,450,540 

14,377 

1,101.71 

3,751,823 

31,265 

2,395.8 

Other Species Noted: Many oysters along hurricane barrier and Palmer's 
Island. Many soft shelled clams at southem end of Palmer's Island and some 
up westem shoreline of island. Much Crepidula in deeper water. Oil sheen on 
quahogs at station 20. 

BottomType in Subarea: Gravelly sand with some mud along westem shore of 
Palmer's Island. Muddy sand with small gravel at southem tip. Sandy mud 
at station 24. 

B-19 



HH 

o 
o 
H 
< 
U 

HH 

in 

o 

o n o 
• f f i 

^ 

c 
PM 

O 

H 

Pd u 
piS 
pa 
PL. 

fi 
o 

in 

PQ 

Pi 

Q 

O 

w 

P 

Pd 
t/3 

N P S P S P sp N P sp sp Np sP sP sp 1^ sp 
O S ( J S ^ S ( ^ C j S £ j S ( J S ( J S ^ ^ ^ ^ ^ 

a ) o ^ i n O C O C O o ^ C O C J > C N C N O O T - O O h - C D C O C N o ^ > 0 
r O C 5 > r O O ' ^ h - r ^ T - ^ N . C O t ~ ; C = ) O C N L O O O a D C D V O O O 

CD /v^ /-r\ r r i TTV t—\ f>.i ^ ^ / s i i—> '. r̂ 't -r̂  rri O • ^ • ^ ' c r > P - r ^ i r ) T - ^ c D P c o c 7 ) o 6 - ^ b c N ' < ^ c N b T - c N ' < T 
' ^ C N C O L O l O ^ - h - C V J C D ' ^ C N l O ' ^ L O l O c O T - C N ' ^ ^ r 

oo IT) 
O CO 

CO T -

S p SiV Ni^ SiV S** SiSJ 

^ nS ,5s ,?s ( ^ , ^ 
5° 

CD T - T t O - ^ 
CO T - IO O T -

sP sp sP sp sp sp sp sJD «J3 
< 5 s ^ S ( 5 s ^ ^ ^ s ^ ; ^ , 5 s 

O O C D U ^ C O C D C O L O C O O O 
CD - ^ C31 CO O LO 
CO CN CO CO - ^ CN 

t O O C O T f C D C N O O T - O c O * « J - C D 
• » - O O I ^ O ? ^ - - -

r^ IO b 
t- TT -^ 

sp sP 

N- O 

CN >* 
CN CO 

•^ o -^ c;i CN CO -^ 
r̂ IO CN CO v- lo -^ 

CN CJ) 

CO lO 

sp sP "^ sP "^ "^ "^ 

s P ° Z s P 2 _ s P s P s P s P s P ° : S L ' s P s p s P s p s p ° 2 _ s P s p O 
o ^ T f o ^ C 3 ) o ^ S ^ o ^ o ^ o ^ t O C 3 ) o ^ o ^ p ^ o ^ o ^ O O o ^ & ^ r ^ 
C D C O C O O O O O h - l O C O ' < 1 - C O O ' ^ O O C O O O O O O 

i r i ' T - c D T - b b a i i o c o c N T - b c N b c c J c D C N C N b b T - i o 

CD 
IO 

Ol 

a o '^ 
CN CD O 

"sP S.^ sp sp ^ l sP sP sp > ^ Sp -sP sp 
0 ^ t f s o S o S Q ( J s ^ ^ ^ ^ 5 f s ^ ^ ^ s ^ ^ ^ _ 
CDC0l0T-5^5^S^h-O-^C0-r-eF3^OOOo^C3)CT)C0CDOCM 
T - C O T - 0 ) T - 0 < O t ^ O ( D C N ' ^ C N O O C O O r ^ C N C N r ^ l O O O 

'^TPPcNbro-r^o>°9PcDcribP-^"Trcc)iob<N 
'^OOOCNCNlO-<-CNCNCOO^T-lOCD-*--r-TriOT-CN 

o o 
b 
CO 00 

00 

C D O O C D O Q , ^ o> 
T - T - T - L O I O L O I O O O D L U L L C D X — < O O L U < C Q O > 
T - T - T - - r - T - - * - - r - C N C N C M C N C N C N C N C M - ^ - ^ ' ^ ' ^ ' ^ L O l O l O < 

o 

CQ 

PQ 
I 



BB 

'FREQUENCY DISTRIBUTION OF QUAHOG; 
Subarea 7B; New Bedford Inner Harbor 

35-

30-

25-

b 
Z 
H 
U 20-

'i. 

^ 15-

21-30™ 31-10rii 11-50™ 5H0i i i i 61-?Dra 71-80™ Bl-90iin 91-

B-21 



NEW BEDFORD INNER HARBOR 
Subarea I-8A 

Sub 
Area 

ISA 

Sta# 

6 
10 

SqFt/ Acres/ 
Subarea Subarea 

378,972 8.7 

Avg./sqft: 

Totai/Subarea: 

Seed/ 
SqFt 

0.00 
2.06 
1.03 

390,341 

Total Busbels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.00 
1.54 
0.77 

291,808 

695 

79.86 

Cherry/ 
SqFt 

0.51 
1.54 
1.03 

390,341 

1,626 

186.95 

Chowder/ 
SqFt 

2.06 
3.60 
2.83 

1,072,491 

8,937 

1,027.29 

Other Species Noted: Some Crepidula. Ribbon worm. Knobbed whelk. 

BottomType in Subarea: Firm graveUy sand at station 10. Sandy mud with 
much shell shack at station 6. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

I-8A 6 
10 
Avg. %: 

0.00% 
23.53% 
11.76 

0.00% 
17.65% 
8.82 

20.00% 
17.65% 
18.82 

80.00% 
41.18% 
60.59 

CC w a. 
J O ' 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
S u b a r e a 8 A: New Bedford I n n e r Harbor 

C20*K 21-30>w 3 l -10Mt ^ I - S O M I 1 1 - « 0 M > « J - 7 0 » 71-eOm S l~30> 1 1 ' I O O " >lOOBa 
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NEW BEDFORD INNER HARBOR 
Subarea I-8B 

Sub Sta # 
Area 

ISB IOA 
IOB 
IOC 
IOD 
IOE 
IOF 
IOG 
IOH 
16 
17 
17B 
18 
ISA 
18B 
18C 
18D 
18E 
19 
27 
27A 
8 
9 
CX 

SqFt/ Acres/ 
Subarea SubaArea 

1,263,240 29 

Avg./8qft: 

Total/Subarea: 

Seed/ 
SqFt 

4.63 
0.51 
0.00 
0.00 
1.54 
0.00 
6.69 
0.00 
0.36 
0.00 
1.51 
6.69 
4.47 
0.51 
1.54 
4.12 
1.03 
0.07 
0.51 
0.00 
0.00 
0.29 
0.00 
1.50 

1,894,860 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

6.69 
1.03 
1.54 
0.00 
6.18 
0.51 
1.54 
0.88 
0.28 
0.00 
2.51 
7.21 
3.35 
1.54 
0.51 
6.18 
0.00 
0.15 
0.51 
0.00 
0.07 
0.41 
0.00 
1.79 

2,261,200 

5,384 

185.65 

Cherry/ 
SqFt 

7.21 
2.57 
1.03 
2.06 
5.15 
0.51 
1.03 
0.00 
0.27 
3.60 
6.03 
7.21 
6.70 
4.12 
2.57 
13.39 
6.18 
0.32 
3.09 
0.00 
O.n 
0.42 
0.51 
3.22 

4,067,633 

16,948 

584.43 

Chowder/ 
SqFt 

14.42 
6.69 
4.63 
13.39 
3.09 
12.87 
7.21 
0.15 
0.26 
4.63 
11.57 
9.27 
11.73 
6.18 
2.06 
14.93 
10.30 
0.22 
4.63 
0.00 
0.04 
0.43 
4.63 
6.23 

7,869,985 

65,583 

2,261.49 

Other Species Noted: Much Crepidula. Spider crab. Green crab. Lady crab. 
Many knobbed whelk. Many paired soft shelled clam shells. Oil sheen on 
quahogs at station 16. 
BottomType in Subarea: Soft mud with much small debris proximal to 
hurricane barrier. Firm gravelly sand stations IOA to IOH. Firm muddy 
sand at station 19. 
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PERCENTAGE OF QUAHOGS FOR SIZE CATEGORIES 
By Station 

I-8B 

STATION 

IOA 
10B 
10C 
IOD 
IOE 
10F 
10G 
IOH 
16 
17 
17B 
18 
ISA 
18B 
18C 
18D 
18E 
19 
27 
27A 
8 
9 
CX 
Avg. %: 

SEED 

14.06% 
4.76% 
0.00% 
0.00% 
9.68% 
0.00% 
40.63% 
0.00% 
31.14% 
0.00% 
6.98% 
22.03% 
17.02% 
4.17% 
23.08% 
10.67% 
5.88% 
9.36% 
5.88% 
0.0%% 
2.04% 
18.64% 
0.00% 
10.27 

NECK 

20.31% 
9.52% 
21.43% 
0.00% 
38.71% 
3.70% 
9.38% 
85.71% 
24.12% 
0.00% 
11.63% 
23.73% 
12.77% 
12.50% 
7.69% 
16.00% 
0.00% 
19.21% 
5.88% 
0.00% 
29.25% 
26.36% 
0.00% 
17.18 

CHERRY 

21.88% 
23.81% 
14.29% 
13.33% 
32.26% 
3.70% 
6.25% 
0.00% 
22.81% 
43.75% 
27.91% 
23.73% 
25.53% 
33.33% 
38.46% 
34.67% 
35.29% 
42.36% 
35.29% 
0.00% 
50.34% 
27.27% 
10.00% 
25.74 

CHOWDER 

43.75% 
61.90% 
64.29% 
86.67% 
19.35% 
92.59% 
43.75% 
14.29% 
21.93% 
56.25% 
53.49% 
30.51% 
44.68% 
50.00% 
30.77% 
38.67% 
58.82% 
29.06% 
52.94% 
0.00% 
18.37% 
27.73% 
90.00% 
46.81 
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Area Area 
Square Feet 

17,495,874 

QUAHOG STANDING CROP ASSESSMENT 
NEW BEDFORD INNER HARBOR 

Acres 

401.65 Seed Littieneck Cherrystone 

Total Quahogs 16,680,452 21,346,744 28,333,211 

Total Bushels 50,826 118,055 

Totai Busheb/Acre: 126.54 293.93 

Chowder Totals 

44,534,264 110,894,671 

371,119 

923.99 

540,000 
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Appendix C 

Outer Harbor 
Standing Crop Sample Data 

Tables and Graphs 



NEW BEDFORD OUTER HARBOR 
Subarea 1 

Sub-
Area 
1 

SqFt/ 
Subarea 
1,742,400 

Acres/ Sta. Seed/ 
Subarea # SqFt 

40 2 0.000 
1 0.004 

Avg./SqFt: 0.002 

Total/Subarea: 3,569.06 

Total BusheWSubarear 

Total Bushels/Acre: 

Neck/ 
SqFt 
0.000 
0.041 
0.020 

34,848 

83 

2.07 

Cherry/ 
SqFt 

0.031 
0.094 
0.063 

109,771 

457 

11.43 

Chowder/ 
SqFt 

0.503 
0.252 
0.378 

658,627 

5,489 

137.23 

Other Species Noted: Spider, Lady, blue. Green Crabs. Knobbed and 
Channeled Whelks. 3 Bay Scallops. 

Bottom Type Noted: Gravelly sand with some clay. 

SUBAREA STATION SEED 

2 0.00% 
1 1.05% 

Avg. %: 0.52 

NECK 

0.00% 
10.47% 
5.24 

CHERRY 

5.77% 
24.08% 
14.93 

CHOWDER 

94.23% 
64.40% 
79.31 

Q ; 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 1; NEW BEDFORD OUTER HARBOR 

21-30 31-40 
SEED 

71-80 81-dO Sl-IOD 
CHOUDER 
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NEW BEDFORD OUTER HARBOR 
Subarea 2 

Sub-
Area 
2 

SqFt/ Acres/ Sta. 
Subarea Subarea # 
1,960,200 45 3 

5 
AvgVSqFt: 

Seed/ 
SqFt 
0.000 
0.000 
0.000 

Neck/ 
SqFt 
0.024 
0.000 
0.012 

Total/Subarea: 0.00 23,552 

Total Bushels/Subarea: 56 

Total Bushels/Acre: 1.24 

Otfaer Species Noted: Channeled Whelk. Spider Crab. 

Bottom Type Noted: Gravelly sand with some mud. 

SUBAREA STATION SEED NECK CHERRY 

2 

Cherry/ 
SqFt 

0.072 
0.013 
0.042 

82,328 

343 

7.62 

Chowder/ 
SqFt 

0.687 
1.042 
0.864 

1,693,613 

14,113 

313.6 

3 
5 

Avg. %: 

0.00% 
0.00% 
0.00 

3.05% 
0.00% 
1.53 

9.16% 
1.22% 
5.19 

CHOWDER 

87.79% 
98.78% 
93.28 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 2; NEW BEDFORD OUTER HARBOR 

0 - ^ 
<zo a i -30 31-40 

SEED 

. f e ^ ^ . 
5i-S0 

NECK 

01 -70 

CHERRY 

<kk>cAf^^<k>0' 
71-so o)-ea 01-100 

CHOWOER 

uss5S\y san t tN MM 
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NEW BEDFORD OUTER HARBOR 
Subarea 3 

Sub-
Area 

3 

SqFt/ Acres/ Sta. Seed/ 
Subarea Subarea # SqFt 

1,306,800 30 7 0.045 

Total/Subarea: 59,358 

Total Bushels/Subarea: 

Total Bushek/Acre: 

Neck/ 
SqFt 

0.040 

52,272 

125 

4.15 

Cherry/ 
SqFt 

0.034 

44,431 

185 

6.17 

Chowder/ 
SqFt 

0.625 

816,750 

6,806 

226.9 

Other Species Noted: Oyster, Many Spider Crab. Knobbed, Channeled Whelk. 
Much Codium. 

Bottom Type Noted: Gravelly mud with some sand. 

Subarea 
3 

Station #: 
7 

Avg. %: 

seed 
6.15% 
6.15 

Neck 
5.38% 
5.38 

Cheiry 
4.62% 
4.62 

Chowder 
84.62% 
84.62 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 3; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 4 

Sub-
Area 

4 

SqFt/ Acres/ Sta. 
Subarea Subarea # 

1,742,400 40 23 A 
23 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFf 

0.008 
0.193 
0.100 

174,848 

Total Bushels/Subarea: 

Total Bushels/A ere: 

Neck/ 
SqFf 

0.023 
0.060 
0.041 

71,438 

170 

4.26 

Cherry/ 
SqFt 

0.088 
0.095 
0.092 

160,301 

668 

16.68 

Chowder/ 
SqFf 

0.145 
0.193 
0.169 

294,466 

2,454 

61.34 

Other Species Noted: Oyster. Much Crepidula (limpet). 

Bottom Type Noted: Muddy sand with some gravel. 

SUBAREA STATION 

Avg. %: 

ON 

23A 
23 
t,: 

SEED 

2.86% 
35.70% 
19.28 

NECK 

8.57% 
11.00% 
9.79 2 

CHERRY 

33.57% 
17.60% 
5.59 

CHOWDER 

55.00% 
35.70% 
45.35 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 4-; NEW BEDFORD OUTER HARBOR 

SCE3 IN MM 
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NEW BEDFORD OUTER HARBOR 
Subarea 5 

Sub-
Area 

5 

SqFt/ 
Subarea 

3,876,840 

Acres/ Sta. 
Subarea # 

89 10 
8 
11 
25 

AvgVSqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.007 
0.001 
0.000 
0.084 
0.023 

89,748 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.030 
0.003 
0.034 
0.074 
0.035 

135,689 

323 

3.63 

Cherry/ 
SqFt 

0.068 
0.021 
0.135 
0.158 
0.096 

372,177 

1,551 

17,4 

Chowder/ 
SqFt 

0.080 
0.103 
0.789 
0.140 
0.278 

1,077,762 

8,981 

100.91 

Other Species Noted: Oyster. Much Crepidula. Blood Worm. Spider Crab. 
Codium. Oily sheen on quahogs at station 8. 
Bottom Type Noted: Sandy mud with heavy shack (broken shell). 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

10 
8 
11 
25 

Avg. %: 

3.73% 
1.03% 
0.00% 
18.39% 
5.79 

16.15% 
2.06% 
3.49% 
15.09% 
9.45 

37.27% 
. 16.49% 

13.95% 
34.48% 
25.55 

43.48% 
80.41% 
81.40% 
30.46% 
58.94 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 5 : NEW BEDFORD OUTER HARBOR 

^ _ i ' ^ ^ i ^ ^ ^ ^ 3 I Z Z 3 »< MM 

Bi-ao a i - i oo 
CHOUOCO 
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NEW BEDFORD OUTER HARBOR 
Subarea 6 

Sub-
Area 

6 

SqFt/ Acres/ Sta. Seed/ 
Subarea Subarea # SqFt 

2,526,480 58 27 0.000 

Total/Subarea: 0.000 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFf 

0.034 

85,900 

205 

3,53 

Cherry/ 
SqFf 

0.053 

133,903 

558 

9.61 

Chowder/ 
SqFt 

0.541 

1,366,826 

11,390 

196.39 

Other Species Noted: Crepidula. Codimn. 

Bottom Type Noted: Sandy, gravelly mud with some shack. 

STATION 

27 
Avg. %; 

SEED 

7.30% 
7.3 

NECK 

5.02% 
5.02 

CHERRY 

7.82% 
7.82 

CHOWDER 

80.00% 
80 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 6; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 7 

Sub- SqFt/ Acres/ Sta. Seed/ 
Area Subarea Subarea # SqFt 

7 3,005,640 69 31 0.030 

SUBAREA 

7 

Total/Subarea: 89,691 

Total Bushels/Subarea: 

Total Busfaels/Acre: 

Neck/ 
SqFt 

0.014 

42,079 

100 

I.4S 

Cherry/ Chowder/ 
SqFt SqFf 

0.026 0.180 

78,147 541,015 

326 4,509 

4,71 65.53 

Other Species Noted: Channeled Whelk. Much Crepidula. Much Codium. 

Bottom Type Noted: Gravelly sand with little mud. 

STATION SEED 

31 12.00% 
Avg. %: 12 

NECK 

5.50% 
5.5 

CHERRY CHOWDER 

10.40% 72.14% 
10.4 72.14 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 7; NEW BEDFORD OUTER HARBOR 

U za-
LlJ 

i<>C<>C-i l<>»C<>i g O Q ^ 
21-ao 31-40 

SEED 

'^2LZ 
Bl-DO 91-100 
CHOUOEIR 
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NEW BEDFORD OUTER HARBOR 
Subarea 8 

Sub-
Area 

8 

SqFt/ Acres/ 
Subarea Subarea 

7,274,520 167 

Sta. 
# 

33 
17 
19 

AvgVSqFt: 

Seed/ 
SqFt 

0.002 
0.033 
0.004 
0.013 

Total/Subarea: 92,986 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.006 
0.111 
0.000 
0.039 

283,706 

675 

4.04 

Cherry/ 
SqFf 

0.020 
0.273 
0.005 
0,099 

720,178 

3,001 

17.97 

Chowder/ 
SqFt 

0.061 
0.865 
0.039 
0.321 

2,335,121 

19,459 

116.6 

Other Species Noted: Spider Crab. Knobbed Whelk. Mxich Crepidula. Codium. 
Red Weed. 

STATION 

33 
17 
19 

Avg. %: 

SEED 

2.35% 
2.50% 
7.90% 
4.25 

NECK 

7.06% 
8.60% 
0.00% 
5.22 

CHERRY 

22.35% 
21.30% 
10.50% 
18.05 

CHOWDER 

68.24% 
67.50% 
81.60% 
72.45 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 8; NEW BEDFORD OUTER HARBOR 

CJ 
Ct; 
CL. 

.fe<<^_ 
a I-30 31-40 

SEED 
si-ao 

NECK 
at-70 

CHEBPY 
a I-90 
CHOUDER 

SI2CS IN UM 
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NEW BEDFORD OUTER HARBOR 
Subarea 9 

Sub-
Area 

9 

SqFt/ 
Subarea 

7,274,520 

Acres/ 
Subarea 

167 

Sta. 
# 

21 
35A 
35 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.000 
0.000 
0.000 
0.000 

0.000 

Total Bushels/Subarea: 

Total B ushels/A ere: 

Neck/ 
SqFt 

0.006 
0.000 
0.000 
0.002 

14,549 

35 

.21 

Cherry/ 
SqFt 

0.000 
0.007 
0.000 
0.0023 

16,731 

70 

.42 

Chowder/ 
SqFt 

0.120 
0.376 
0.061 
0.186 

1,353,061 

11^76 

67,52 

Other Species Noted: Channeled, Knobbed Whelk. Spider, Green Crab. 
Much Codium. 
Bottom Type Noted: Gravelly sand with mud. Some quahog shack. 

STATION 

21 
35A 
35 

Avg. %: 

SEED 

0.00% 
0.00% 
0.00% 
0.00 

NECK 

5.00% 
0.00% 
0.00% 
1.67 

CHERRY 

0.00% 
1.92% 
0.00% 
0.64 

CHOWDER 

95.00% 
98.08% 
100.00% 
97.69 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 9; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 10 

Sub-
Area 

10 

SqFt/ 
Subarea 

5,357,880 

Acres/ 
Subarea 

Sta. 
# 

123 51A 
51 
38 
65 

Avg./SqFt 

Total/Subarea: 

Seed/ 
SqFt 

0.012 
0.000 
0.021 
0.025 
0.015 

80,368 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.083 
0.025 
0.077 
0.125 
0.078 

417,915 

995 

8.09 

Cherry/ 
SqFt 

0.193 
0.130 
0.107 
0.300 
0.183 

980,492 

4,085 

33.21 

Chowder/ 
SqFt 

0.221 
0.243 
0.369 
0.345 
0.294 

1,575,217 

13,127 

106.84 

Other Species Noted: Spider Crab. Crepidula. Many paired oyster shell. Lab 
sample. 
Bottom Type Noted: Sandy mud with strong odor. 

SUBAREA 

10 

STATION 

51A 
51 
38 
65 

Avg. %: 

SEED 

2.41% 
0.00% 
3.90% 
3.14% 
2.36 

NECK 

16.27% 
6.29% 
13.60% 
15.72% 
12.97 

CHERRY 

37.95% 
32.70% 
18.90% 
37.74% 
31.82 

CHOWDER 

43.37% 
61.01% 
63.60% 
43.40% 
52.84 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 10; NEW BEDFORD OUTER HARBOR 

(J) so-

~ ^ ^t.^S<^OOj_ ^ < ^ ^ ^ 

C-10 



NEW BEDFORD OUTER HARBOR 
Subarea 11 

Sub-
Area 

11 

SqFt/ 
Subarea 

5,357,880 

Acres/ 
Subarea 

123 

Sta. 
# 

53 
55 
68 
40 
68A 
41 

Avg./SqFt 
Total/Subarea 

Seed/ 
SqFt 

0.000 
0.082 
0.005 
0.118 
0.002 
0.171 
0.063 
337,935 

Total Bushels/Subarea: 
Total Bushels/Acre: 
Other Species 
crabs. 
Botton 

Neck/ 
SqFt 

0.150 
0.038 
0.031 
0.097 
0.002 
0.088 
0.068 
364,336 
867 
7.05 

Cherry/ 
SqFt 

0.359 
0.088 
0.099 
0.233 
0.016 
0.097 
0.148 
792,966 
3,304 
26.86 

*^oted: Much Crepidula. Many oysters station 55. 
Much codium. 
Type Noted: Firm 

Chowder/ 
SqFt 

0.875 
0.554 
0.247 
0.287 
0.228 
0.411 
0.434 
2,325,320 
19^78 
157,54 

Many spider 

sandy mud. Soft smelly mud at station 68. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

11 

Avg. 

53 
55 
68 
40 
68A 
41 

%: 

0.00% 
10.87% 
1.23% 
16.10% 
0.90% 
22.29% 
8.57 

10.85% 
5.07% 
8.02% 
13.17% 
0.90% 
11.45% 
8.24 

25.90% 
11.59% 
25.93% 
31.71% 
6.31% 
12.65% 
19.01 

63.20% 
73.19% 
64.81% 
39.02% 
91.80% 
53.50% 
64.25 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 1 1; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 12 

Sub-
Area 

12 

SqFt/ 
Subarea 

2,482,920 

Acres/ Sta. Seed/ 
Subarea # SqFt 

57 70 0.010 
44 0.002 

Avg./SqFt 0.006 

Total/Subarea: 14,898 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.030 
0.000 
0.015 

37,244 

89 

1.56 

Cherry/ 
SqFt 

0.157 
0.002 
0.080 

198,634 

828 

14.52 

Chowder/ 
SqFt 

0.311 
0.112 
0.211 

533,896 

4,366 

76.6 

Other Species Noted: Much Crepidula. Few spider crabs. Much codium. Much 
quahog shack. Oily sheen on quahogs at station 70. 
Bottom Type Noted: Sandy mud. 

SUBAREA 

12 

STATION 

70 
44 

Avg. %: 

SEED 

1.97% 
9.09% 
5.53 

NECK 

5.92% 
0.00% 
2.96 

CHERRY 

30.92% 
9.09% 
20.01 

CHOWDER 

61.18% 
81.82% 
71.50 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 12: NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 13 

Sub-
Area 

13 

SqFt/ 
Subarea 

4,181,760 

Acres/ Sta. 
Subarea # 

96 46 
60 
47 

AvgVSqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.007 
0.001 
0.007 
0,005 

20,909 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.010 
0.004 
0.014 
0.009 

37,636 

90 

0,93 

Cherry/ 
SqFt 

0.030 
0.001 
0.044 
0.025 

104,544 

436 

4.54 

Chowder/ 
SqFt 

0.326 
0.053 
0.163 
0,181 

756,899 

6307 

65.74 

Other Species Noted: Much Crepidula. Lady crab. Few Spider crabs. Many starfish. 
Channeled whelk. 
Bottom Type Noted; Sandy mud with small to medium cobble. Much shell shack 
and hash. 

SUBAREA 

13 

STATION 

46 
60 
47 

Avg. %: 

SEED 

1.79% 
2.04% 
3.10% 
2.31 

NECK 

2.68% 
6.12% 
6.20% 
5.00 

CHERRY 

8.04% 
2.04% 
19.38% 
9.82 

CHOWDER 

87.50% 
89.80% 
71.32% 
82.87 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 1 3 ; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 14 

Sub-
Area 

14 

SqFt/ 
Subarea 

7,274,520 

Acres/ Sta. 
Subarea # 

167 48 
74 
74B 
50 
62 

AvgySqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.003 
0.013 
0.031 
0.000 
0.002 
0.010 

72745 

Total Bushels/Subarea: 

Total Busheis/A ere: 

Neck/ 
SqFt 

0.009 
0.010 
0.012 
0.005 
0.003 
O.OOS 

58,196 

139 

0.83 

Cherry/ 
SqFt 

0.025 
0.008 
0.050 
0.018 
0.043 
0.029 

210,961 

879 

5.27 

Chowder/ 
SqFt 

0.078 
0.077 
0.392 
0.094 
0.130 
0.154 

1,120,276 

9,336 

55.95 

Other Species Noted: Much Crepidula. Many small sand crabs. Few knobbed 
whelk, spider crabs, starfish. Some codium. 
Bottom Type Noted: Relatively firm sand with small to medium cobble. 

SUBAREA 

14 

STATION 

48 
74 
74B 
50 
62 

Avg. %: 

SEED 

3.06% 
12.31% 
6.35% 
0.00% 
0.97% 
4,54 

NECK 

8.16% 
9.23% 
2.38% 
4.44% 
1.94% 
S.23 

CHERRY 

22.45% 
7.69% 
10.32% 
15.56% 
24.27% 
16.06 

CHOWDER 

68.37% 
70.77% 
80.95% 
80.00% 
72.82% 
74.58 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 1 4 ; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 15 

Sub-
Area 

15 

SqFt/ 
Subarea 

1,698,840 

Acres/ Sta. 
Subarea # 

39 76A 
76 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.010 
0.006 
0.008 

13,591 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.000 
0.008 
0,004 

6,795 

16 

0.41 

Cherry/ 
SqFt 

0.010 
0.019 
0.014 

23,784 

99 

2.64 

Chowder/ 
SqFt 

0.297 
0.153 
0.225 

382,239 

3,185 

81.67 

Other Species Noted: Much Crepidula. Channeled whelk. Knobbed whelk. Few 
spider crabs. Some codium. 
Bottom Type Noted: Sandy mud. 

15 

STATION 

76A 
76 

Avg. %: 

SEED 

3.17% 
3.06% 
3.12 

NECK 

0.00% 
4.08% 
2.04 

CHERRY 

3.17% 
10.20% 
6.69 

CHOWDER 

93.65% 
82.65% 
88.15 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 1 5 ; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 16 

Sub-
Area 

16 

SqFt/ 
Subarea 

4,660,920 

Acres/ Sta. 
Subarea # 

107 80 
78 
93 
79 
91A 
91 

Avg./AqFt: 
Total/Subarea: 

Seed/ 
SqFt 

0.065 
0.010 
O.Oll 
0.005 
0.008 
0.013 
0.019 
88,557 

Total Bushels/Subarea: 
Total Bushels/Acre: 

Neck/ 
SqFt 

0.079 
0.024 
0.028 
0.023 
0.031 
0.036 
0.037 
172/454 
411 
3.84 

Cherry/ 
SqFt 

0.097 
0.063 
0.087 
0.047 
0.107 
0.057 
0.076 
354,230 
1,476 
13.79 

Chowder/ 
SqFt 

0,267 
0.242 
0.089 
0.130 
0.230 
0.067 
0.171 
797,017 
6,642 
62.07 

Other Species Noted: Much Crepidula. Few spider crabs and channeled whelk. 
Bay scallop. Oily sheen on quahogs at station 78. 
Bottom Type Noted: Firm sandy mud with medium cobble (sta. 91). Much shell 
hash. 

SUBAREA 

16 

STATION 

80 
78 
93 
79 
91A 
91 

Avg. %: 

SEED 

12.89% 
2.92% 
4.90% 
2.63% 
2.24% 
7.55% 
5.52 

NECK 

15.46% 
7.02% 
13.22% 
11.18% 
8.21% 
20.75% 
12.64 

CHERRY 

19.07% 
1871% 
40.50% 
23.03% 
28.36% 
33.02% 
27.11 

CHOWDER 

52.58% 
71.35% 
42.15% 
63.16% 
61.19% 
39.15% 
54.93 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 16; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 17 

Sub-
Area 

17 

SqFt/ Acres/ 
Subarea Subarea 

6.316,200 145 

Sta. 
# 

81 
83 
94 

Avg,/SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.000 
0.023 
0.000 
0.008 

50,530 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.000 
0.029 
O.OJl 
0.014 

88y427 

210 

1.45 

Cherry/ 
SqFf 

0.090 
0.070 
0.079 
0.080 

505,296 

2,105 

14.52 

Chowder/ 
SqFt 

0.417 
0.680 
0.139 
0,412 

2,602,274 

21,686 

149.6 

Other Species Noted: Much Crepidula. Starfish. Oily sheen on quahogs at station 
94. 
Bottom Type Noted: Sandy mud with small cobble. Muddy smelly sand at station 
94. 

17 

STATION 

81 
83 
94 

Avg. %: 

SEED 

0.00% 
2.92% 
0.00% 
0.97 

NECK 

0.00% 
3.65% 
4.92% 
2.86 

CHERRY 

17.81% 
8.76% 
34.43% 
20.33 

CHOWDER 

82.19% 
84.67% 
60.66% 
75.84 

(_, an-

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 17; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 18 

Sub-
Area 

18 

SqFt/ 
Subarea 

7,274,520 

Acres/ Sta. Seed/ 
Subarea # SqFt 

167 85 0.001 
84 0.000 
96 0.000 
98 0.005 

AvgiSqFt: 0.002 

Total/Subarea: 14,549 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.003 
0.013 
0.026 
0.026 
0,017 

123,667 

294 

1,76 

Cherry/ 
SqFt 

0.015 
0.079 
0.046 
0.062 
0.050 

363,726 

1,516 

9,1 

Chowder/ 
SqFt 

0.141 
0.617 
0.272 
0.174 
0,301 

2,189,631 

18,246 

109.26 

Otber Species Noted: Toadfish. Many starfish. Few knobbed and channeled whelk. 
Few spider crab. Moon snail. 
Bottom Type Noted: Sand with medium to large cobble; large boulders (sta. 84) . 
Station 96 small cobble in firm sand with mud. 

SUBAREA 

18 

STATION 

85 
84 
96 
98 

Avg. %: 

SEED 

0.87% 
0.00% 
0.00% 
1.73% 
0.65 

NECK 

1.74% 
1.86% 
7.69% 
9.83% 
5.28 

CHERRY 

9.57% 
11.18% 
13.29% 
23.12% 
14.29 

CHOWDER 

87.83% 
86.96% 
79.02% 
65.32% 
79.78 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 1 8 ; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 19 

Sub-
Area 

19 

SqFt/ Acres/ 
Subarea Subarea 

Sta. 

7,274,520 167 100 
87 
86 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.005 
0.001 
0.002 
0.003 

21,824 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.006 
0.004 
0.002 
0.004 

29,098 

69 

0,41 

Cherry/ 
SqFt 

0.006 
0.013 
0.003 
0.007 

50,922 

212 

1.27 

Chowder/ 
SqFt 

0.084 
0.037 
0.073 
0.065 

472,844 

3,940 

23.6 

Other Species Noted: Few knobbed whelk, spider crabs, green crabs. Many 
starfish. Much codium. 
Bottom Type Noted: Sandy gravel with medium cobble. 

SUBAREA 

19 

STATION 

100 
87 
86 

Avg. %: 

SEED 

4.76% 
2.67% 
2.00% 
3.14 

NECK 

5.56% 
8.00% 
2.00% 
5.19 

CHERRY 

6.35% 
22.67% 
4.00% 
11.01 

CHOWDER 

83.33% 
66.67% 
92.00% 
80.67 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 19; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 20 

Sub-
Area 

20 

SqFt/ 
Subarea 

5,357,880 

Acres/ Sta. 
Subarea # 

123 89 
102 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.002 
0.000 
0.001 

5,358 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.022 
0.002 
0.012 

64,295 

153 

1.24 

Cherry/ 
SqFf 

0.049 
0.002 
0.026 

139,305 

580 

4.72 

Chowder/ 
SqFf 

0.179 
0.012 
0.096 

514,356 

4,286 

34.84 

Other Species Noted: Much Crepidula. Knobbed whelk. Some codium. 

Bottom Type Noted: Fhm sand with much shell hash. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

20 89 
102 

Avg. %: 

0.72% 
0.00% 
0.36 

9.35% 
10.53% 
9.94 

20.86% 
10.53% 
15.69 

69.06% 
78.95% 
74.00 

t J 
Cd 
Li_I ' 3 
Q_ 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 20; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 21 

Sub-
Area 

21 

SqFt/ Acres/ Sfa. 
Subarea Subarea # 

5,445,000 125 116A 
104 
116 

Avg7SqFt: 

Total/Subarea: 

Seed/ 
SqFf 

0.009 
0.002 
0.010 
0.007 

38,115 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.030 
0.019 
0.060 
0.036 

196,020 

467 

3.73 

Cherry/ 
SqFt 

0.067 
0.p39 
0.154 
0.087 

473,715 

1,974 

15.79 

Chowder/ 
SqFt 

0.134 
0.092 
0.172 
0.133 

724,185 

6,035 

48.3 

Other Species Noted: Few spider crabs and knobbed whelk. Oily sheen on quahogs 
at station 116. Mantis shrimp. 
Bottom Type Noted: Soft mud with sand. Strong odor. Much quahog shack and 
hash. 

21 

STAI 

Avg. 

ION SEED 

116A 3.73% 
104 1.56% 
116 2.53% 

%: 2.60 

NECK 

12.42% 
12.50% 
15.15% 
13.36 

CHERRY 

27.95% 
25.78% 
38.89% 
30.87 

CHOWDER 

55.90% 
60.16% 
43.43% 
53.16 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 21; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 22 

Sub-
Area 

22 

SqFt/ 
Subarea 

5,357,880 

Acres/ 
Subarea 

123 

Sta. 
# 

118A 
107 
118 
105 

Avg./SqFt: 

Tofal/Subarea: 

Seed/ 
SqFt 

0.001 
0.042 
0.007 
0.000 
0.012 

64,295 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFf 

0.015 
0.149 
0.033 
0.009 
0.052 

278,610 

663 

5.39 

Cherry/ 
SqFf 

0.045 
0.334 
0.060 
0.080 
0.130 

696,524 

2,902 

23.59 

Chowder/ 
SqFt 

o.no 
0.560 
0.090 
0.175 
0,234 

1^53,744 

10,448 

84.9 

Other Species Noted: Much Crepidula. Few spider crabs and knobbed whelks. Oily 
sheen on quahogs at station 118. Quahog sample for lab. 

Bottom Type Noted: Very soft smelly black mud station 118. Substrate west of 
channel in this subarea appears to almost all mud. Substrate east is firmer 
gravelly sand. 

SUBAREA 
22 

STATION 
118A 
107 
118 
105 

Avg. %: 

SEED 
0.53% 
3.85% 
3.85% 
0.00% 
2.06 

NECK 
9.00% 
13.74% 
17.69% 
3.33% 
10.94 

CHERRY 
26.50% 
30.77% 
31.54% 
30.00% 
29.70 

CHOWDER 
64.02% 
51.65% 
47.69% 
65.83% 
57.30 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 22; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 23 

Sub-
Area 

23 

SqFt/ Acres/ 
Subarea Subarea 

5,837,040 134 

Sta. 
# 

109 
120 
120 A 

AvgiSqFt: 

Seed/ 
SqFt 

0.020 
0.073 
0.000 
0,031 

TotalSubarea: 180,948 

Total Bushels/Subarea: 

Total Busfaels/Acre: 

Other Species Noted: Much Crepidula. 

Bottom Type Noted: Relatively soft sandy mud. 

Neck/ 
SqFt 

0.095 
0.209 
0.007 . 
0.104 

607,052 

1,445 

10.78 

Cherry/ 
SqFt 

0.170 
0.326 
0.056 
0.184 

1,074,015 

4,475 

33.39 

Chowder/ 
SqFt 

0.529 
0.477 
0.236 
0.414 

2416,535 

20,138 

150.28 

23 

STATION 

109 
120 
120A 

Avg. %: 

SEED 

2.45% 
6.73% 
0.00% 
3.06 

NECK 

11.66% 
19.28% 
2.33% 
11.09 

CHERRY 

20.86% 
30.04% 
18.60% 
23.17 

CHOWDER 

65.03% 
43.95% 
79.07% 
62.68 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 23; NEW BEDFORD OUTER HARBOR 
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Sub-
Area 

24 

SqFf/ 
Subarea 

7,274,520 

Acres/ 
Subarea 

167 

Sta. 
# 

122 
113 

in 
Avg./SqFt: 

Seed/ 
SqFt 

0.002 
0.000 
0.000 
0.001 

NEW BEDFORD OUTER HARBOR 
Subarea 24 

Neck/ 
SqFt 

0.006 
0.000 
0.002 
0.003 

21,824 

52 

031 

Total/Subarea: 7,275 

Total Bushels/Subarea: 

Total Busfaels/Acre: 

Cherry/ 
SqFt 

0.020 
0.014 
0.004 
0.013 

94,569 

394 

2.36 

Chowder/ 
SqFf 

0.074 
0.432 
0.175 
0.227 

1,651,316 

13,761 

82.4 

Other Species Noted: Few spider crabs, channeled and knobbed whelk. Much 
Crepidula. Some codium. 
Bottom Type Noted: Relatively firm gravelly sand with medium cobble. 

24 

STATION 

122 
113 
111 

Avg. %: 

SEED 

1.96% 
0.00% 
0.00% 
0.65 

NECK 

5.88% 
0.00% 
1.12% 
2.34 

CHERRY 

19.61% 
3.03% 
2.25% 
8.30 

CHOWDER 

72.55% 
96.97% 
96.63% 
88.72 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 2 4; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 25 

Sub-
Area 

25 

SqFt/ Acres/ Sta. 
Subarea Subarea # 

6,316,200 145 124 
126 
126A 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.000 
0.000 
0.000 
0.000 

0.000 

Totai Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.000 
0.000 
0.000 
0.000 

0.000 

0.000 

0.000 

Cherry/ 
SqFt 

0.018 
0.000 
0.000 
0.006 

37,897 

158 

1.09 

Chowder/ 
SqFt 

0.067 
0.010 
0.014 
0.030 

189,486 

1,579 

10.9 

Other Species Noted: Much Crepidula. Many small sand crabs. Few spider crabs 
and knobbed whelk. Pitar. Much codium. 

Bottom Type Noted: Relatively soft sand with medium cobble. 

25 

STATION 

124 
126 
126A 

Avg. %: 

SEED 

0.00% 
0.00% 
0.00% 
0.00 

NECK 

0.00% 
0.00% 
0.00% 
0.00 

CHERRY 

21.05% 
0.00% 
0.00% 
7.02 

CHOWDER 

78.95% 
100.00% 
100.00% 
92.98 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 25; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 26 

Sub-
Area 
26 

SqFt/ Acres/ 
Subarea Subarea 
1,481.040 34 

Sta. 
# 
127 

Seed/ 
SqFt 
0.008 

Neck/ 
SqFt 
0.035 

Tofal/Subarea: 118,483 

Total Bushels/Subarea: 

Total Bushels/Acre: 

51,836 

123 

3.63 

Other Species Noted: Much Crepidula. Oily sheen on quahogs at station 127. 

Bottom Type Noted: Soft smelly mud. 

Cherry/ 
SqFt 

0.095 

140,699 

586 

17.24 

Chowder/ 
SqFt 

0.072 

106,635 

S89 

26.13 

SUBAREA STATION SEED NECK 

26 127 3.87% 16.77% 
Avg. %: 3.87 16.77 

CHERRY CHOWDER 

45.16% 
45.16 

34.19% 
34.19 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 26; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 27 

Sub-
Area 

27 

SqFt/ 
Subarea 

2,787,840 

Acres/ Sta, 
Subarea # 

64 133A 
131 
133 

AvgJSqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.000 
0.013 
0.004 
0.006 

16,727 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.004 
0.074 
0.023 
0.034 

94,787 

226 

3,5 

Cherry/ 
SqFt 

0.038 
0.161 
0.064 
0.088 

245,330 

1,022 

15.97 

Chowder/ 
SqFt 

0.304 
0.611 
0.193 
0.369 

1,028,713 

8,573 

134.9 

Other Species Noted: Some Crepidula and codium. Oily sheen on quahogs station 
131. Much dead quahog seed noted station 133. Much quahog shack. 

Bottom Type Noted: Muddy sand. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

27 133A 
131 
133 

Avg. %: 

0.00% 
1.56% 
1.26% 
0.94 

1.11% 
8.59% 
8.18% 
5.96 

11.11% 
18.75% 
22.64% 
17.50 

87.78% 
71.09% 
67.92% 
75.60 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 27; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 28 

Sub-
Area 

28 

SqFt/ 
Subarea 

3,528,360 

Acres/ Sta. Seed/ 
Subarea # SqFt 

81 135A 0.000 
135 . 0.000 

AvgySqFf: 0,000 

Total/Subarea: 0.000 

Total Bushels/Subarea: 

Total Bushels/Acre: 

Neck/ 
SqFt 

0.000 
0.020 
0.010 

35,284 

84 

1.03 

Cherry/ 
SqFt 

0.000 
0.013 
0.007 

24,699 

103 

1.27 

Chowder/ 
SqFt 

0.200 
0.093 
0.147 

518,669 

4,322 

53.4 

Other Species Noted: Much general seaweed and codium. Some blue mussel, 
Crepidula, spider crab, green crab, knobbed whelk. 

Bottom Type Noted: Muddy sand with some gravel. 

SUBAREA STATION SEED NECK CHERRY CHOWDER 

28 135A 0.00% 
135 0.00% 

Avg. %: 0.00 

0.00% 
15.79% 
7.89 

0.00% 
10.53% 
5.26 

100.00% 
73.68% 
86.84 

S I Z E / F R E Q U E N C Y D I S T R I B U T I O N O F Q U A H O G S 
SUBAREA 2 8 ; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 29 

Sub-
Area 

29 

SqFt/ Acres/ Sta. 
Subarea Subarea # 

5,837,040 134 141 
136 

AvgJSqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.000 
0.011 
0,006 

35022 

Total Bushels/Subarea: 

Total Bushels/Acre: -

Neck/ 
SqFt 

0.000 
0.000 
0.000 

0.000 

0.000 

0.000 

Cherry/ 
SqFt 

0.000 
0.033 , 
0.017 

99,230 

413 

3.01 

Chowder/ 
SqFt 

0.052 
0.276 
0.164 

957,275 

7,977 

59.55 

Other Species Noted: Few knobbed whelk, channeled whelk, spider crab. Starfish. 
Heavy codium. 

Bottom Type Noted: Very firm sand with some gravel and small cobble. 

SUBAREA STATION 

29 

Avg. %: 

SEED 

41 
136 

0.00% 
3.45% 
1.72 

NECK 

0.00% 
0.00% 
0.00 

CHERRY CHOWDER 

0.00% 
10.34% 
5.17 

100.00% 
86.21% 
93.10 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
SUBAREA 2 9 ; NEW BEDFORD OUTER HARBOR 
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NEW BEDFORD OUTER HARBOR 
Subarea 30 

Sub-
Area 

30 

SqFt/ 
Subarea 

5.357,880 

Acres/ Sta. 
Subarea U 

123 139 
143 

Avg./SqFt: 

Total/Subarea: 

Seed/ 
SqFt 

0.000 
0.000 
0,000 

0.000 

Total Bushels/Subarea: 

Total Bushels/A ere: 

Neck/ 
SqFt 

0.000 
0.000 
0.000 

0.000 

0.000 

0.000 

Cherry/ 
SqFt 

0.001 
0.000 
0.001 

5,358 

22 

.18 

Chowder/ 
SqFt 

0.019 
0.462 
0.241 

1,291,249 

10,760 

87.5 

Otber Species Noted: Some Crepidula. Few Channeled and knobbed whelk. Few 
spider crabs and starfish. Much codium. 
Bottom Type Noted: Sand with some mud and small cobble. 

30 

STATION 

139 
143 

Avg. %: 

SEED 

0.00% 
0.00% 
0.00 

NECK 

0.00% 
0.00% 
0.00 

CHERRY 

e.67% 
0.00% 
3.33 

CHOWDER 

93.33% 
100.00% 
96.67 

SIZE/FREQUENCY DISTRIBUTION OF QUAHOGS 
SUBAREA 3 0; NEW BEDFORD OUTER HARBOR 
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QUAHOG STANDING CROP ASSESSMENT 
NEW BEDFORD OUTER HARBOR 

Area Area 
Square Feet Acres Seed 

137.170,440 3149 

Total Quahogs: 1,565,474 

Total Bushels: 

Avg. Bushels/Acre: 

Littieneck 

3,416,146 

8,133.68 

2.58 

Cherrystone 

8,332,105 

34,717,10 

11.03 

Chowder 

33,534,227 

279,452 

88,74 

70 

60 

B - 50 

u °̂ 

20 

10 

O 

PERCENTAGES OF QUAHOGS 
NEW BEDFORD OUTER HARBOR 

NECK CHETRRI' 

SIZE CATEGORIES 
CHOUIDEB 

S I Z E / F R E Q U E N C Y DISTRIBUTION OF QUAHOGS 
NEW BEDFORD OUTER HARBOR 
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APPENDK D 

MAPS OF NEW BEDFORD INNER AND OUTER HARBOR QUAHOG STANDING CROP 

ASSESSMENT 

Inner Harbor (upper portion); Sample Station Locations 
Inner Harbor (lower portion); Sample Station Locations 

Inner Harbor; Standing Crop per Subarea (Total Bushels/Subarea) 
Inner Harbor; Standing Crop per Subarea (Total Bushels/Acre/Subarea) 

Outer Harbor; Sample Station Locations 
Outer Harbor; Standing Crop per Subarea 

Outer Harbor; Distnbution of Quahog Crop 
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NOT USED IN SURVEY DATAI 

. PCB SAMPLE STATIONS 

SAMPLE STATIOlSrS 
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SHADED AREAS ABOVE 
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FCB SAMPLE STATIONS 
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CHERIlY-186.95 
CHOTWDER-1027.29 

NEWBEDFORD INNER HARBOR OUAHOC STANDING CROP SURVEY 
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(#) PCB and Trace Meial Staiioiu 
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APPENDIX E 

Massachusetts Division of Marine Fisheries 
Annisquam River Marine Fishenes Station Laboratory 

PCB and Trace Metals Collection, Handling and Analysis Procedures 



Sample Collection and Handling Procedures 
for PCB and Trace Metals Analysis 

Sample Collection 

Equipment: 
Field Sampling tools as required for fishery 
Permanent marker 
Sample tags, water resistant 
Clean plastic bags 

Critena for Accepting Sarriples 

1. At the time the samples are collected, whether by trawl, pot, or clam fork, they 
should not be mutilated in any way. (eg. breaking of shells or cutting the 
samples open} 

2. Ensure that the sample is superficially cleaned of any sediment or foreign 
substance by rinsing in nearby seawater from which the sampfe was collected. 
This is especially critical for all shellfish samples. 

3. Samples for both metals and PCB's from each sample site are placed in a clear) 
dry plastic bag and sealed in a way so that no contamination from outside 
sources occurs. 

4. Sample bag should be labelled directly on the outside of the bag or by a tag 
affixed to the bag, and also by a tag on the inside of the bag. 

5. Bag is labelled using a unique collector ID number which identifies the sampler, 
the sample site, number and type of sample, and the date of collection. 

6. Field records also include a log sheet which in addition to the information from 
step 5 includes the shippers name, the collectors name, analysis requested, 
sampte condition (eg. fresh or frozen), the agencies involved, contact person 
responsible for requesting sample analysis w/phone number, and the date and 
signature of those receiving and confirming the delivery of the samples. 

7. Fresh samples are placed in a cooler and delivered to the analyzing lab as soon 
as possible or frozen until time of delivery. 

Corrective Action when sample integrity has been compromised 

8a. Note any departures from the preceding criteria in the iog book along with the 
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date and initials of reporting person and advise the shipper, if present, that the 
samples cannot be accepted for analysis. 

8b. Notify the immediate supervisor who will contact and advise the responsible 
agency/program person requesting the analysis of the problem(s). The 
agency/program contact person is responsible for remediating any problems 
with sample integrity, such as providing background information about the 
sample collection or shipping method that explains any departures from the 
criteria that will allow analysis and/or by providing new samples. 

8c. The samples will either be 1) retained until sufficient information about sample 
integrity is provided that allows subsequent analysis or 2) discarded and 
replaced with new samples after consultation with the requesting 
agency/program person. 

8d. Unacceptable samples receive laboratory tracking numbers. All information 
about the samples, such as copies of chain of custody forms, copies of field 
identification tags, etc. are retained until the final disposition of the samples is 
resolved after consultation with the requesting agency/program person. 

8e. An explanation of the reason(s) for rejecting any samples is entered into the log 
book. The immediate supervisor provides a brief description in the log book 
w/date and initials of contact with the requesting agency/program person and 
corrective action taken by the immediate supervisor thereafter. 

Sample Preparation 

Reagents: 
Acetone; J.T. Baker, Resi-analyzed grade 
Hexane; J.T. Baker, Resi-analyzed grade 
Deionized water; Type 2 

Equipment: 
Stainless steel fillet knives 
Stainless steel shucking knives 
Cutting boards 
Stainless steel surgical scissors 
Stainless steel spatulas 
Stainless steel blender cups 
Blender 
Surgical scalpel with replaceable blades 
Stainless steel tweezers 
Aluminum foil 
Whirl-Pac bags 

DIV. Marine Fisheries, Annisquam River Marine Fisheries Station, 
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Permanent Marker 
Squeeze bottle for deionized water 

At the time of delivery to the lab, the samples are logged in by laboratory personnel 
and assigned a sample I.D. number in the sample log book. A t this time the samples 
may either be prepared for analysis or frozen until a later date. 

Equipment Preparation 

NOTE: Whenever solvents are involved, lab personnel should always wear 
protective labcoats, gloves, and eyewear. Work should also be performed in 
a fume hood. Knives should be sharpened and cleaned of aH shavings and 
residue before they are solvent rinsed. 

1. All stainless steel equipment coming into contact with the samples, including 
the blender cups must be thoroughly rinsed once with acetone and twice with 
hexane and allowed to air dry in the hood. 

2. After drying the blender cups should have their lids replaced and all other 
equipment should be stored in solvent rinsed aluminum foil until time of use. 

3. Cutting boards should be covered by at least two layers of solvent rinsed 
aluminum foil. 

4. Solvent rinsed aluminum foil packets are to be made for storage of samples for 
PCB analysis. Two sizes are needed depending on whether tissue or livers are 
to be stored. 

5. At this time the samples are ready to be prepared. 

Sample Preparation 

For Flounder 

Note: Gloves are not to be worn while excising the liver because of the risk of 
contamination. Gloves are recommended for fi leting, but do not let them come 
in contact with the tissue to be analyzed. Two persons are highly 
recommended for this part of the procedure. 

1. Specimens are allowed to moderately thaw and rinsed with water to remove 
the mucous-like layer on the outside of the fish. 

2. Sample is laid on the foil covered cutting board. 
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3. The liver is carefully removed using the rinsed scalpel and surgical scissors, 
being very careful not to puncture or rupture any of the surrounding organs. 

4. The liver is then placed in a solvent rinsed tared foii packet. Seal the packet, 
reweigh and write the sample number and liver weight on the outside of the 
packet. 

Note: Sample ID should be written both on the front and the back of 
containers in permanent marker to prevent sample discard should one number 
become unreadable. 

5. The remaining sample is placed on a second covered cutting board and filleted. 

6. Place the liberated tissue into the rinsed blender cup, being sure to get the 
tissue off of the walls and into the bottom of the CUp. 

7. Blend the sample until it is thoroughly homogenized scraping sample to bottom 
of cup with stainless steel spatula as needed. 

8. After blending, weigh out half of the sample, for metal analysis, into a Whirl-
pac bag and write the sample number and weight on the bag. Weigh out the 
other half for PCB analysis into a solvent rinsed foil packet and write the 
sample number and weight on the outside. 

NOTE: Sample ID should be written both on the front and the back of 
containers in permanent marker to prevent sample discard should one number 
become unreadable. 

9. Take the set of samples for metats and place them together in a freezer. Do 
the same for the PCB samples. 

For Lobster 

NOTE: Gloves are worn for lobster preparation being extremely careful to 
prevent any contact with the sample. 

1. Lobsters are to be thawed slightly, but keep the tissue fairly solid to keep any 
fluids from escaping. 

2. Using solvent rinsed surgical scissors, stainless steel spatulas, and tweezers, 
remove all edible tissues from the sample, including the tomalley. 

3. Place all tissues and body fluids from that sample into a solvent rinsed blender 
cup and blend until it is a semi-fluid mixture. Scrape sample to bottom of cup 
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as necessary during blending. 

4. Weigh out half of the sample into a Whirl-pac, weigh, and label the sample with 
it 's number and weight on the front and back of container. Weigh out the rest 
into a solvent rinsed foil packet, weigh, and label with sample number and 
weight. 

Note: Sample ID should be written both on the front and the back of 
containers in permanent marker to prevent sample discard should one number 
become unreadable. 

5. Separate the samples for PCB's and metals and place them in the freezer for 
later analysis. 

NOTE: When compositing any finfish or lobster the combined sample materiai is 
homogenized together in one blender cup. Do not exceed the blender cup capacity 
of approximately 450 - 500g. 

For Shellfish 

NOTE: When compositng shellfish each individuai in the composite is treated as 
described below. 

1. Allow the samples to thaw slightly before opening. 

2. Using a solvent rinsed shucking knife, carefully cut the sample open. 

3. Once the shell is open, rinse any sediment from the sample tissue by using a 
squeeze bottle of deionized water. 

4. After all sediment is cleared, proceed to shuck the sample into a solverit rinsed 
blending cup, being sure to get the tissue off of the walls and into the bottom 
of the cup. 

5. Blend the sample until it is thoroughly homogenized scraping the sample to the 
bottom of the cup with a stainless steel spatula as needed. 

6. After blending, weigh out half of the sample into a Whirl-pac bag, and weigh 
out the other half into a solvent rinsed foil packet. Write the sample number 
and weight on both sides of the container in permanent marker. Store the 
samples in a freezer until sample is needed for analysis. 
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Reagents: 

Supplies: 

Trace Metals Labware Cleaning Procedure 

Nitric acid; J.T. Baker, Instra-Analyzed Grade 
Deionized water; Type 2 

Polyethylene Tank for soaking labware in 2 % nitric acid 
Terge-A-Zyme 
Plastic dishpans 
Carboys and squeeze bottles filled w/deionized water 
Polyethylene drying rack 
Tap water 

Personal Protective Gear consisting of laboratory coat, gauntlet type gloves (not the 
disposable gloves), and protective eyewear shall be worn at all times during this 
procedure. 

1. Soak all labware, whether new or used, in Terge-A-Zyme solution for at least 
12 hours. 

2. Thoroughly rinse labware three times in tap water to remove soap residue. 

3. Rinse one time in deionized (Dl) water. 

4. Soak in 2%v/v nitric acid (Baker Resi-Analyzed Grade in Dl water) for at least 
12 hours. 

5. Thoroughly rinse labware three times wi th Dl water. 

6. Air dry on drying rack or open end down on paper towel covered lab bench set 
aside for this use. 

7. When items are dry they are to be stored as follows: 

All bottles shall be stored wi th lids on. All volumetric flasks shall be stored 
with glass stoppers inserted with glassine paper or Kim-Wipe strip to prevent 
"freezing" of the stoppers. All other items to be stored in the assigned drawer 
or glass-fronted cabinet. 

Note: Metal objects, such as blender cups, shall be treated as in steps 1 , 2, and 5 
through 7. Under no circumstances shall they be placed in the acid bath. 
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Reagents: 

Trace Metals Extraction Procedure and Quality Control 

Nitric acid; J.T. Baker Resi-Analyzed grade 
Deionized water; Type 2 
Hydrogen Peroxide, 3 0 % ; J.T. Baker, Baker Analyzed A.C.S. grade 

Supplies: 
Laboratory coat 
Powder-free nitrile or vinyl disposable gloves 
Protective eyewear 
Ceramic spatulas 
DisposabJe 50mL polyethylene centrifuge tube 
Racks for centrifuge tubes 
Pan balance, weighs to lOmg 
Water bath 
Labindustries Repipet Dispenser, 0-1 OmL model 
Ice bath, as needed during hot weather 
Reeve Angel grade 508 or equivalent 12.5cm prefolded filter paper 
Funnel 
50mL class A volumetric flask 
Label tape 
Squeeze bottle 

This extraction procedure is used to prepare samples for analysis for Cd, Cr, Cu, Pb, 
Zn, and Hg. The tissue types are edible portions of lobster, flounder, and bivalve 
molluscs. 
Each step of the extraction procedure shall be recorded in the extraction log as it 
occurs. 

All information relating to the extraction of samples shali be recorded in the appropriate 
extraction log book (bound by stitching through spine, pages prenumbered on both 
sides) in ink. Any changes shall be made by crossing out the errant data and replacing 
it. Recorded information shall include sample identification, weights, volumes, machine 
readings (concentration of digestate), each of the digestion steps as performed, and 
any other pertinent information (comments on reaction progress, condition of samples, 
etc.). Everything entered into the digestion log book shall be dated and initialed as it 
is entered into the log book. It is preferred that too much information be recorded 
rather than too little. 

1. Personal protective gear consisting of a lab coat, powder-free nitrile or vinyl 
gloves, and protective eyewear are to be used throughout. Labware used for 
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this extraction shall be acid cleaned according to the labware cleaning 
procedure. 

2. Measure 5g of fresh frozen tissue into a 50mL disposable polyethylene 
centrifuge tube. Standard Reference Material (SRM) tissue weight is l.OOg. 

3. From this point until otherwise noted all steps are to be performed in a fume 
hood. Add 10mL concentrated nitric acid to all tubes including blank, spiked 
blank, and Hg calibration standard tubes. Note that in the summer the samples 
may react vigorously to the addition of the nitric acid. To prevent a runaway 
reaction the samples shoutd be placed in an ice bath for several hours. 

4. Leave samples in fume hood at room temperature for approximately 48 hours. 
Note that room temperature may vary seasonally. For example, in the winter the 
reaction may be quite slow whiie an ice bath (as above) may be required in the 
summer. 

5. Place samples in a water bath and bring to 50-55°C for 6 hours. At end of work 
day turn off bath but leave samples in the bath overnight. 

6. Bring water bath to 70-75°c for 6 hours. At end of work day turn off bath but 
leave samples in bath overnight. 

7. Add 5mL of 3 0 % hydrogen peroxide to all tubes. Leave in hood at room 
temperature for approximately 24 hours. Note: heating samples at this point 
may cause a vigorous reaction resulting in the loss of digestate. 

8. Place samples in room temperature water bath and slowly bring to 55-60°c, 
pause at any temperature at which reactions appear to be occurring to prevent 
a runaway reaction. Heat the samples until degassing stops then remove from 
heat. 

9. Filter samples into labeled 50mL volumetric flasks as follows: 

Heat sample to 50-55°C. Filter through Reeve Angel grade 508 12.5cm 
prefolded filter paper, or equivalent, into volumetric flask. This removes any 
waxes formed during the digestion and any insoluble particles such as the sand 
and mud found in shellfish digestate. Rinse centrifuge tube thoroughly with 
warm (35-40°C) deionized (Dl) water three times. Add these rinses to 
volumetric through the filter paper. Rinse filter paper into volumetric. Remove 
the filter paper and rinse the funnel into volumetric. Take care not to exceed the 
50mL volume. Stopper volumetric and set aside on iaboratory bench or cart to 
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cool to room temperature. 

10. When samples come to room temperature make to volume with room 
temperature Dl water. Transfer samples to 125mL screw cap high density 
polyethylene bottles for analysis. 
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Trace Metals Extraction Quality Control Criteria 

QC Criteria for defining a sample set 

T. A sample set shall be comprised of all sample(s), blanks, blank spikes, sample 
replicates, sample spike(s), standard reference materials (SRM), and any calibration 
standards requiring extraction (e.g., mercury calibration standards) that are extracted 
at the same time or step in the extraction procedure. 

2. Sample replicates and sample spike(s) comprise at least 10% of the sample load. 
Finfish and lobster replicates consist of two (replicate) samples. Bivalve mollusc 
replicates consist of three (triplicate) samples. 

3. There shall be at least three blanks and three blank spikes per sample set. 

4. SRM type shall be chosen to be as representative of the tissue(s) being digested 
as possible. 

5. At least two replicates of two different SRMs are to be included in each sample 
set. 

6. Concentrations of spiking solutions shall be chosen in such a way that the final 
volume of digestate contains a spike concentration equivalent to the expected mean 
concentration of the analyte in that tissue type. Refer to the "Trace Metals Extraction 
Spike Solution Procedure." Under no circumstances shall the final spike concentration 
be below the detection limit of the least sensitive analytical device. 

OC Criteria for extracting samples 

NOTE: Whenever a sample falls under any of the following criteria each 
occurrence shall be entered in the extraction log book along with a brief 
description of the circumstances/nature of the problem, any corrective action 
taken, date of occurrence and initials of the person reporting the problem. 

1. Samples exhibiting an overly vigorous reaction shall be rejected and reextracted. 
This includes samples which boil or boil out of extraction containers, eject tissue or 
digestate from the extraction container, melt the extraction container, or burst the 
extraction container. 

2. Samples in a defective extraction container shall be rejected and reextracted. This 
situation is evidenced by an unusual fluid level in the extraction container due to the 
intrusion of water from the water bath or leakage of digestate out of the extraction 
container. Samples stored after extraction in a bottle that is or becomes defective 
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shall be rejected and reextracted. 

3. Samples from which digestate has been lost due to spillage shall be rejected and 
reextracted. Samples spilled during subsequent analysis after being made to volume 
shall be discarded and reextracted if there is not sufficient digestate to complete all 
requested analyses. 

4. Samples whose digestate turns brown or black shall be rejected and reextracted 
with care to assure adequate acidification of sample. 

5. Samples whose final volume is questionable shall be rejected and reextracted. This 
includes samples overfilled during the filtering process. 

6. Samples contaminated in any way shall be discarded and reextracted. 
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Trace Metals Extraction Spike Solutions Procedure 

The different tissue types contain different mean concentrations of the various 
elements, for example, lobster tissue contains more copper than either flounder or 
shellfish. For this reason each type of tissue must have its own spiking 
solution(s).The sample/blank spike solutions shall be made to contain all noninterfering 
(e.g. coprecipitating) elements in one soiution. This minimizes the number of spike 
solutions added and thus the chances for contamination. It also decreases interference 
with the digestion because of diiution of the acid. 

1. The concentrations in the following spike solutions have been found to be 
consistent with the QC criteria described above for 5g of fresh frozen tissue 
digested and made to a final volume of 50mL. 

Cd 

Cr 

Cu 

Pb 

Zn 

Lobster 

2.5ppm 

5.Oppm 

250.Oppm 

20.Oppm 

250.Oppm 

Flounder 

2.5ppm 

5.Oppm 

50.Oppm 

20.Oppm 

50.Oppm 

Shellfish 

2.5ppm 

5.Oppm 

10.Oppm 

20.Oppm 

100.Oppm 

2. Mercury spike solution concentrations are dependant upon the volume of 
digestate used in the analyses as well as the total voiume of digestate and the 
weight of the sampie digested. For this laboratory the values routinely used are 
as follows: 

Tissue weight: 5g 
Digestate volume: 50.OmL 
Aliquot anaiyzed: 5.OmL 

Under these conditions the samples are spiked as fol lowed: 
Lobster: 0.5mL of 1 .Oppm Hg 
Flounder: O.SmL of I.Oppm Hg 
Shellfish: 0.5mL of 1 .Oppm Hg 

TMSPSOLSOP V. 1.0 
Div. Marine Fisheries. Annisquam River Marine Fisheries Station, 

Gloucester, MA 



3. The above spiking solutions will result in the following spike concentrations 
under normal circumstances (50.OmL final volume of digestate, 5.OmL aliquot 
used for Hg analyses). 

Cd 

Cr 

Cu 

Pb 

Zn 

Hg 

Lobster 

0.05ppm 

O.IOppm 

5.00ppm 

0.40ppm 

S.OOppm 

50.0ng/aliquot 

Flounder 

0.05ppm 

O.IOppm 

I.OOppm 

0.40ppm 

I.OOppm 

50.0ng/aliquot 

Shellfish 

0.05ppm 

O.IOppm 

0.20ppm 

0.40ppm 

2.Oppm 

50.0ng/al(quot 
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Standard Reference Material Acceptance Criteria 

Values for the following Standard Reference Materials (SRMs) are accepted if they fall 
within the ranges defined below. Ranges are expressed as % recovery of the mean 
value for the element as it appears on the certificate accompanying the SRM. 

Cd 

Cr 

Cu 

Pb 

Hg 

Zn 

NIST 1566a' 

80.0-120.0% 

30.0-140.0% 

80.0-120.0% 

70.0-120.0% 

80.0-120.0% 

80.0-120.0% 

TORT-1^ 

80.0-120.0% 

50.0-135.0% 

80.0-120.0% 

70.0-120.0% 

80.0-120.0% 

80.0-120.0% 

DORM-1^ 

80.0-120.0% 

50.0-120.0% 

80.0-120.0% 

60.0-140.0% 

80.0-120.0% 

80.0-120.0% 

1. National Institute of Standards & Technology; SRM 1566a, Oyster Tissue. 

2. National Research Council Canada (NRCC); Lobster Hepatopancreas Marine 
Reference Material for Trace Metals and Other Elements. 

3. National Research Council Canada; Dogfish Muscle Certified Reference Material for 
Trace Metals. 
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Trace Metals Data Handling and Quality Control Procedure 

In addition to the quality control measures taken during the preparation, extraction, 
and analysis of the samples the following measures are to be applied to the data 
analysis of the instrumental results. The data processing is performed using 
spreadsheets in Quattro® Pro (Borland International, Inc.). The spreadsheets were 
designed and created in-house by a member of the chemistry staff. 

1. After the samples have been analyzed and the results as printed on the PR-100 
printout (machine readings or machine values) have been accepted, the values 
are to be transferred to the appropriate place in the extraction iog book. 

2. Before being entered into the spreadsheet(s), a!l data in the extraction log book 
is to be checked for accuracy. 

3. Each spreadsheet is to be given a unique alphanumeric name according to the 
current practices of the chemistry group. 

4. After the data is entered into the spreadsheet(s) it is to be checked for 
accuracy before being printed as a hard copy. 

5. All data in the spreadsheets is to be saved on a clearly labelled computer 
diskette. 

6. All data on diskette is to be backed up on a second clearly labelled diskette. 

7. After the results of the calculations have been printed to hard copy they are to 
be checked for accuracy and results which seem unusual or are otherwise 
suspect (see Trace Metals Instrument Operating Procedures and Data Quality 
Control Procedures). 
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Trace Metals Instrument Operation Procedures and Data Quality Control 

Atomic Absorption Spectrophotometer 

The following quality control criteria apply to the Perkin Elmer (PE) 3030B Atomic 
Absorption Spectrophotometer (AAS) and all the accessories as of 01/01/95. These 
accessories are the PR-1 00 printer, MHS-10 manual mercury hydride generator, the 
HGA-400 graphite furnace, andthe AS-40 autosampler and autosampler controller for 
the HGA-400. 

The instrument log book is a stitched bound book in which all pages are printed with 
consecutive page numbers. All information shall be entered into this book in ink. Any 
changes shall be made by crossing out the errant information and writing the correct 
information in as close as possible to the original. Ail information entered into the 
instrument tog book shall be dated and initialed. 

1. At start up check to be sure the correct software disk is in use. 

2. There is a machine problem if any screen is slow to come up, fill in, or update 
when the machine is being set up for analyses. There is also a problem if the wrong 
screen appears during set up of the AAS. Any problem(s) shalt be recorded in the 
instrument tog book and the Chemist lit shatt be notified. 

3. During machine set up the following information shall be entered into the 
instrument log book. The element to be analyzed, the method of analysis (flame, 
graphite furnace, etc.), lamp energy without background (BG) corrector on, and lamp 
energy with BG on. In flame mode the following shall also be recorded, fuel and air 
pressure as indicated on the AAS control panel, concentration and maximum 
absorbance of the sensitivity check solution both with and without the BG on, and the 
characteristic concentration of the sensitivity check solution both with and without 
the BG on. When the furnace is in use the additional information shall consist of the 
minimum absorbance attained with and without the end windows in place without the 
BG on as well as the minimum energy with the windows and BG on. When using the 
MHS-10 the additional information shall consist of the minimum absorbance attained 
with the quartz tube in the lamp path with and without the BG on. 

4. After recording the set up information (see 3) in the instrument log book, the 
current information shall be checked with the values recorded for earlier similar (i.e. 
same element, same method of analysis) analyses. Any values not within 5% of 
earlier values indicates a problem either with the set. up procedure or with the 
equipment. The set up procedure shall be checked (please feel free to ask for 
assistance in this). If no problems are found with the set up after consultation with 
other users it shalt be assumed that there is a machine or supplies (e.g. lamp, graphite 
tube, windows, quartz tube, flash arrester, etc.) probtem. This problem shall be 
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recorded in the instrument tog book and the Chemist 111 shall be notified. If there is a 
problem with the supplies they shail be repaired or replaced if possibte and the 
machine reset up and retested. 

5. Calibration standards shatt be chosen so as to encompass the expected range of 
sample values and to remain within the linear range for the chosen method (Flame 
AAS, Furnace AAS, etc.) of analysis. Achieving this may require some samptes to be 
analyzed by more than one method for a particular element. 

6. The calibration curve shall be entered into the AAS using the chosen calibration 
standards (see 5), the stability and precision of the curve shatt be checked by 
rereadingthe calibration standards as "samples". If the curve is nonlinear, if the zero 
value is significantly different than zero, and/or if either of the end standards is not 
linear the curve shalt be reentered into the AAS and rechecked. Should the problem 
persist the machine set up shall be checked to assure tha t the chosen method and the 
method set up are the same. If the curve continues to fail the check the standards 
shall be checked for accuracy and any faulty, contaminated, or otherwise suspect 
standards shatt be replaced. If the problem continues it may be a machine or supplies 
(see 4) probtem, the problem shall be noted in the instrument log book and the 
Chemist 111 shall be informed. If the problem is with a supply, it shall be corrected if 
possible and the machine shall be reset up and retested. 

7. After successful completion of the curve check as in step 6, the calibration curve 
shall be checked for accuracy by reading as samples at least two U.S. Environmental 
Protection Agency Water Pollution Laboratory Performance Evaiuation Study (EPA WP 
series) samples. These samples shall be chosen to be representative of the curve, at 
least one shall be of low concentration and one of high if possible. If these samples 
deviate from their expected values by more than 1 0% the curve shall be rejected and 
reentered as above. If the caiibration curve again fails at this step the operator shall 
recheck the machine set up and continue with steps 6 and 7. Should the curve again 
fail to pass step 7 the Chemist III should be consulted and the information recorded 
in the instrument log book. The supplies such as the lamp, the sampling capillary, the 
graphite tube, etc. shall be checked for wear or failure and replaced if possible, this 
shall be recorded in the instrument log book. The machine shal! be rechecked for 
correct operation. 

QC procedures: Flame AAS analysis 

8. Each of the blanks and blank spikes are analyzed three times; at the beginning of 
the analysis, midway through the sample set, and at the end of the sample set. 

9. Each of the Standard Reference Materials (SRMs) are analyzed three times as 
above. 
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10. The baseline is to be monitored for drift or any other erratic behavior. If the 
baseline becomes suspect the zero calibration solution is to be run as a sample 
immediately. If the baseline has shifted it is to be reset and all the calibration 
standards are to be run as samples. If the curve has shifted due to the change in 
baseline it is to be reentered and checked as in 7 above. If the baseline continues to 
drift more than expected the lamp energy should be monitored for erratic behavior 
(possible bad or worn lamp), the sample capillary shall be checked for crimping or 
blockage, and the drain tubing shalt be checked for proper drainage. If any of these 
are the problem they shall be replaced or repaired if possible. This shall be recorded 
in the instrument log book and the equipment shall be rechecked for proper operation. 

1 1 . The zero calibration solution is to be checked at least every ten samples. If 
excessive drift has occurred it shall be treated as in 8 above. 

12. One of the calibration solutions is to be run at least every ten samples. If the 
value is more than 10% different than the expected vaiue the entire curve shali be 
checked for drift. If the curve has shifted it shall be reentered and checked as in 6 and 
7 above. If excessive drift occurs due to environmental conditions such as room 
temperature or electrical fluctuations it may be necessary to suspend analyses until 
the conditions improve. If this occurs it should be noted on the PR-100 printout and 
in the instrument log book. 

1 3. At least one of the EPA WP series samples is to be run at least three times during 
the analysis of a sample set. If the sample value deviates from the expected by more 
than 10% the calibration solutions are to be checked immediately and treated as in 
6 and 7 above. If the calibration standards pass and the EPA WP series sample 
continues to fail another EPA WP series sample shall be checked. If the second EPA 
WP sample passes it can be assumed that the first is faulty in some way and the first 
EPA WP sample shatt be disregarded in favor of the second. This shall be noted on the 
PR-100 printout at the position of the change. The analyses of samples may be 
continued under these circumstances. If the second EPA WP series sample also fails 
the calibration curve is suspect and shall be checked as in 6 and 7 above. 

14. The curve should be checked as in 11 , 12, and 1 3 above whenever the operator 
suspects a problem. 

1 5. The samples are to be run to produce triplicate readings taken consecutively, that 
is, wi th no removal of the sampting capillary between readings of concentration. 
Should the three readings vary more than expected for that sampte type, element, and 
concentration (samples near the detection limit generally have a larger relative 
standard deviation) the AAS should be checked as in 1 1 , 12, and 1 3 above. If there 
is no problem with the machine or the curve the large standard deviation shalt be 
considered an artifact of the sample. 
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QC Procedures: Graphite Furnace AAS analysis 

16. Each of the blanks and blank spikes is to be run at least three times. If the 
samples occupy three or more autosampler trays the blanks and blank spikes shall be 
run once in each tray. If they are less than three trays of samptes then run the blanks 
and blank spikes as described under Flame AAS procedures above. 

17. Each of the SRMs are run at least twice per sample set. 

18. The zero calibration solution shall be repeatedly run at the beginning of an analysis 
until a stable baseline can be established. This removes any airborne contaminants 
which may have settled in the furnace as well as any which have settled on the 
sampling capillary or in the rinse out cup. It may be necessary to replace the zero 
calibration solution if any contaminants are introduced by this procedure. 

19. The first sample positions in the sample carousel shall contain all of the calibration 
standards. These shall be used to check the precision of the calibration curve. Should 
any or all of these values vary from the expected by more than 10% the curve shall 
be reentered and rechecked. If this problem persists the calibration standards shall be 
checked for contamination, improper concentration, or contamination of one or more 
sample cups. The appropriate corrective action shail be taken. If none of these are the 
problem the operator should check the temperature program, in particular the 
atomization temperature should be checked. Additionally, the sampling and rinse 
pumps and capillaries, rinse drain tubing, position of the sampling capillary in the 
graphite tube and sample cups, and operation of the sampling arm are to be checked 
for proper operation and corrected if possible. If the problem is with the equipment or 
supplies the Chemist 111 should be notified immediately, if the problem can not 
immediately be corrected any furnace analysis shall be suspended. Any repairs or need 
for repairs shall be entered into the instrument log book. 

20. A zero calibration standard shall be placed in carousel spots number 10, 20, and 
30. A caiibration standard other than zero shall be placed in carousel positions 1 1 , 2 1 , 
and 3 1 . An EPA WP series standard shall be place in positions 13, 23, and 33. An 
EPA WP series sample shail also occupy the carousel position immediately after the 
check calibration samples discussed in 19. These samples are used to check the 
accuracy, precision, and drift of the curve. If the accuracy or precision are more than 
10% different than the expected value the corrective actions specified in 1 9 shall be 
applied. If the drift is more than 10% the recalibration function of the furnace shall be 
utilized. 

2 1 . Any sample found to be higher than expected from the flame analysis shall be 
checked for contamination in the furnace sample cup. The sample shall be replaced 
with a new aliquot in a new sample cup. Note that samples near the detection limit 
of the flame technique may be higher than expected if the flame analysis had a noisy 
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baseline. 

22. Any analyses found to be suspect shall be disregarded and rerun. Analyses are 
suspect if they exhibit a trend of increasing or decreasing concentration or the 
concentration values of the QC samples are erratic. 

QC Procedures: Hydride System AAS analysis 

23. The blanks are identical to the zero calibration solufion and the blank spikes are 
identical to the calibration standards. Run the blanks and blank spikes as described 
above in the instrumentation procedures section. 

24. The SRMs are to be individually spaced and run throughout the analysis of the 
set. One SRM is run after the calibration curve is accepted and one at the end of the 
set. Other SRMs are used if the curve is recalibrated or after a long pause in the 
analysis. Each individual SRM is to be run at least once during the analysis of the 
sample set. 

25. The value of the baseline shall be continuously monitored. If the value of the 
baseline becomes suspect it shall immediately be checked with the zero calibration 
solution. If the baseline has drifted two or more units from zero it shall be reset and 
a calibration standard shall be run. If the calibration standard varies more than 10% 
from the expected value the curve shall be reentered and checked for precision. If the 
problems persist the equipment shall be checked for poor or erratic lamp energy, a 
partially or fully blocked flash arrester, a partially or fully blocked reductant capillary, 
and/or fluid in the quartz tube or gas transfer tubing. If any of these problems occur 
it shall be noted on the PR-100 printout, additionally, any lamp or AAS problems shall 
also be noted in the instrument log book. Any problem with equipment or supplies 
shall be fixed if possible and the analysis resumed after the calibration curve is 
reentered and checked. The Chemist 111 shall be notified regardless of the outcome of 
the repair attempt. 

26. The curve shall be checked as in 25 at any time that the analysis becomes 
suspect. The analysis is suspect if the triplicate readings of a sample vary by more 
than a few units, one of the sample readings is more than a few units different from 
the other two readings, the samples show a pattern of increasing or decreasing 
concentration, the lamp energy is observed to fluctuate or change, or the background 
values become erratic or different. 
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Quality Control Criteria for Instrument Data Analysis 

QC Criteria for blanks, blank spikes and SRMs 

NOTE: Any of the following problems are to be properly noted in the extraction log 
book. 

1. Any blank whose value is suspect shall be rejected and not included in the data 
processing. A blank is suspect when values for any or all elements are larger than the 
mean plus three times the standard deviation of the remaining blanks. 

2. Any blank contaminated at any time during analysis shall not be used for that 
analysis or any subsequent analyses and shall not be included in the data processing. 

3. Any blank spike whose value for all elements is the same multiple or fraction of the 
expected value shall be discarded and not used in any analyses, it shall not be used 
in the data processing. 

4. Any blank spike whose value is outside the range of the expected value plus or 
minus 20% shall be rejected and not included in any calculations. 

5. Any blank spike which is contaminated during analysis shall be discarded and shall 
not be used for that or any subsequent analyses. It shall not be used in the data 
processing. 

6. Any reference material whose value for all elements is the same multiple or fraction, 
of the expected value shall be discarded and not used in any analyses. It shall not be 
used in the data processing. 

QC Criteria for elements within a sample set 

7. If more than one blank in the set is rejected for an element the values for that 
element shall be disregarded and not used in the data processing. The sampies shall 
be reextracted and retested for that element. 

8. If more than one spike blank in the set is rejected for an element the values for that 
element shall be disregarded and not used in the data processing. The samples shall 
be reextracted and retested for that element. 

9. If more than one or 10%, whichever is higher, of the tissue spikes in the set is 
rejected for an element the values for that element shal! be disregarded and not used 
in the data processing. The samples shall be reextracted and retested for that element. 
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10. If more than one of each of the Standard Reference Materials in the set is rejected 
for an element the values for that element shall be disregarded and not used in the 
data processing. The samples shall be reextracted and retested for that element. For 
rejection criteria see chart. 

QC Criteria for an entire sample set 

11 . if more than one blank in the set is rejected for 5 0 % or more of the elements the 
set shall be disregarded and not used in the data processing. The samples shall be 
reextracted and retested. 

12. If more than one blank spike in the set is rejected for 50% or more of the 
elements the set shall be disregarded and not used in the data processing. The 
samples shall be reextracted and retested. 

13. If more than one or 10%, whichever is higher, of the tissue spikes in the set is 
rejected for 50% or more of the elements the set shall be disregarded and not used 
in the data processing. The samples shall be reextracted and retested. 

14. If more than one of each of the Standard Reference Materials in the set is rejected 
for 5 0 % or more of the elements the set shall be disregarded and not used in the data 
processing. The samples shall be reextracted and retested. For rejection criteria see 
chart. 
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% DRY WEIGHT DETERMINATION 

Supplies/Equipment: 
Disposable Aluminum Weigh Pans 
Stainless Steel Spatulas (one per sample) 
Drying Oven 
Analytical Balance 

Note: % Wet Weight is performed at the time of extraction as the sample is 
thawed only once and the weight value is available for calculations when needed. 

1. Using a ball point pen emboss the sample identification number into the 
aluminum weigh pan. 

2. Weigh the empty pan to the nearest O.lmg and record the weight. 

3. Using a stainless steel spatula transfer 0.5 to 1.5g of tissue to the weigh 
pan and record the weight of pan plus tissue. The weight of the tissue used is 
dependent upon the amount of tissue available and the tissue type with more fluid 
samples requiring less tissue. Subtract the pan weight to obtain the tissue wet 
weight. 

4. Place the pan plus tissue in a 60°C oven overnight. 

5. Remove sample from oven, let cool to room temperature, weigh the pan plus 
dry tissue to the nearest 0.1 mg, and record the weight. Subtract the pan weight 
to obtain the tissue dry weight. 

6. Percent dry weight is calculated as the weight of the dry tissue obtained in 
step 5 divided by the weight of the wet tissue obtained in step 3 multiplied by 100: 

Tissue Drv Wt. (a) X 100 
Tissue Wet Wt. (g) 
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Method for Determination of Percent Lipid Content in Marine Biota 

Eauipment and Supplies: 
Analytical Balance {accurate to O.lmg) 

Beckman Model TJ-6 centrifuge 
Drill 
Vortex mixer 
Stainless steel spatula 
Scalpels (if analyzing fish tissue) 
9" Pasteur pipettes 
Kontes 10mL Homogenizer tube(mortar) with teflon tipped 
pestled per sample) 
1 40mL centrifuge tube per sample 
20mL scintillation viai(pre-weighed) 
lOmL graduated cylinder 
25mL graduated cylinder 
Teflon Squeeze bottle Dichloromethane(DCM) 
Teflon Squeeze bottle Methanol 
Distilled water 
0 .7% NaCI solution 

Sample Weight per Tissue Type 

Finfish Tissue(finely minced) 

Finfish Liver 

Lobster Tissue 

Shellfish Tissue 

Roe or Gonad Tissue 

0.40g - l.OOg 

0.25g - 0.40g 

0.40 g - l.OOg 

0.40g - l.OOg 

0.40g - l.OOg 

NOTE: Make sure that all samples are very well homogenized before analysis for 
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lipids. Finfish tissue needs to be finely minced using scalpels before 

weighing due to its texture. 

Glassware does not need to be thoroughlv solvent rinsed because the technioue is 
gravimetric. Make sure the glassware is clean and free of lipid residue. You must 
completelv solvent rinse (once with acetone, twice with hexane) anv spatula which 
is to come into contact with the archive sample. 

1. Weigh sample into a ciean, dry homogenizer tube(mortar). 

2. Create a 1:1 sample/distilled water mixture in the homogenizer tube. 

3. Using a teflon tipped pestle homogenize the sample for 1 minute moving the 
pestle up and down to insure complete mixing. 

4. To the homogenizer.tube, pipette 5mL of a 1:2 DCM/Methanol mixture, 
making sure to rinse any sample residue from the probe and the side of the 
tube. (Try and keep this pipette with the sample until step 19) 

5. Let stand for 10-15 minutes vortexing the sample every 3-5 minutes. 

6. Centrifuge sample for 5 minutes at a setting of between 5 and 6. 

7. Prepare 5mL of a 1:1 DCM/Methanol mixture and set aside. 

8. Remove supernatant and transfer into the 40mL centrifuge tube. 

9. Add the 5mL 1:1 DCM/Methanol mixture to the homogenizer tube. 

10. Repeat steps 5 & 6. 

11 . Prepare 5mL of a 3:1 DCM/Methanol mixture and set aside. 

12. Remove supernatant and combine with the previous supernatant in the 40 
ml centrifuge tube from step 8. 

13. Repeat step 9 using the 3:1 DCM/Methanol mixture. 

14. Repeat steps 5 & 6. 

1 5. Remove the supernatant and combine in the centrifuge tube with that from 
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steps 8 & 12. 

16. Add 2.5mL of a 0 .7% NaCI solution to each centrifuge tube and reflux with 

a pipette to insure complete mixing. 

1 7. Place tubes in a refrigerator for 30 minutes. 

18. Centrifuge the tubes for 10 minutes at a setting of 6. 

1 9. Carefully remove the bottom DCM layer from the tubes and transfer them to 
the pre-weighed scintillation vial labelled for that sample. 

20. Evaporate the sample under a stream of N2 until all DCM and possibly a 
small amount of methanol have evaporated. 

2 1 , Re-weigh the scintillation vial and calculate the percent lipid for the sample. 
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PCB Labware Cleaning Procedures 

1. All Labware, including glassware, teflon stopcocks, stainless steel spatulas, 
tweezers, e t c . , will be washed with soap (Liqui-onox) and hot water. For the 
cleaning of the Tekmar probes, see next section ("Cleaning Procedures For 
Tekmar Probes"). 

2. Labware will be rinsed with tap water, followed by distilled water, then all 
glassware will be dried in a drying oven. 

3. After drying: 

• Teflon stopcocks will be stored until just prior to use. 

• Volumetric glassware(pipettes, graduated cylinders, e tc . . ) and 
chromatography columns will be capped with aluminum foil and stored. 

• All other glassware will be capped with aluminum foil and baked at 400°C 
for two hours in the muffle furnace. 

4. Prior to use, ALL glassware and lab equipment wil l be thoroughly solvent rinsed. 
Rinse once with acetone and then twice with hexane. 

Cleaning Procedures for homogenizer Probes 

1. Immediately after use, probes will be run at high speed in a solution of water 
and Liqui-nox to prevent tissue material from drying on the probe. 

2. Probes will then be disassembled and washed in hot soapy water. All parts are 
then rinsed with tap water followed by distilled water. Rinse once with acetone 
to prevent rust on probe parts and then allow to dry. 

3. The inner stem and outer sleeve are solvent rinsed (once with acetone and 
twice with hexane). 

4. Place the remaining small parts in a clean beaker, add acetone, and sonicate for 
ten minutes in a hood. 

5. Decant the solvent and rinse with hexane. 

6. Add hexane to the beaker and sonicate for 10 minutes in a hood. 

7. Repeat Steps 5 and 6. 
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8. Place all clean parts on a piece of rinsed aluminum foil, allow to dry in a hood, 
and reassemble using solvent rinsed tweezers. 

9. Store probes in assigned cleaned, solvent rinsed stainless steel pan, cover pan 
with solvent rinsed aluminum foi i . 

10. Prior to using the probe run it at high speed for three minutes in each of the 
following solvents in this order: acetonitrile, acetone, hexane. Observe the 
solvents for any small particles that may come off the teflon bearing. Repeat 
rinse if necessary. Place probe in solvent rinsed aluminum foil until used. 
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Extraction Procedure for PCBs 

Reagents: 
Acetonitrile; J.T. Baker, Resi-Analyzed 
Hexane; J.T. Baker, Capillary-Analyzed 
Saturated Salt(NaCI) Solution; J.T. Baker, ACS grade 
Distilled Water 

Glassware/Equipment; 
6 lOOmL Glass Centrifuge Tubes 
6 Solvent Rinsed Tekmar Probes 
6 lOOOmL Separatory Funnels w / teflon stoppers & stopcocks 

(rubber O-ring excluded) 
6 Glass filter funnels 
6 300mL or 500mL Pear Shaped Flasks w/glass stoppers 
Waste Beakers 
Tekmar Tissuemizer w/probes 
Centrifuge; Beckman, Model TJ-6 
Rotary evaporator w/water bath, vacuum pump and coolant system 

NOTE: See cleaning procedures for all glassware and probes before use. 

Procedure: 
Samples are organized into batches of 20. Each batch contains 3 sub-batches. The 
sub-batches are labeled as A,B, and C accordingly (eg.Batch 1 Subatch A). Each sub-
batch contains 8 extractions with OC samples typically as follows: 

Sub-batch A - 1 Procedural Blank 
Sub-batch B - 1 Sample Replicate 
Sub-batch C - 1 Matrix Spike & 1 Laboratory Control Material 

Add homogenized biota sample to centrifuge tube. Centrifuge tube remains 
with sample through extraction procedure. Approximate wet weight for 
different organisms is as follows: 

flounder liver 
flounder tissue 
lobster 
bivalves 
alewife roe 
alewife tissue. other 

0.25g 
5 g 
3 g 
5 g 
0.5g 
5g 
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2. Measure 50mL acetonitrile in a graduated cylinder and add to centrifuge tube. 

Note: When preparing spiked sample, add 40ng of BZ 1 98 standard to sample 
prior to first blending using a syringe; Blanks, matrix spikes and laboratory 
control marterial receive identical treatment as the samples at all times. 

3. Start blending at low speed scraping sample off sides and bottom of tube with 
homogenizer probe or grinding large tissue pieces into fine pieces with probe 
as necessary. Once tissue is suspended blend at high speed for two (2) 
minutes, raise the probe above the acetonitrile but keep it within the tube, rinse 
any tissue from the probe with a small amount of acetonitrile. Remove probe 
from tube, place solvent rinsed aluminum foil over the mouth of tube and screw 
on tube's cap. 

4. Centrifuge for 5 minutes @ 2500 rpm (dial setting # 7) and decant acetonitrile 
into a 1 Liter separatory funnel. 

5. Repeat steps 2, 3, and 4 two times. 

6. Measure lOOmL of hexane in a separate graduated cylinder. Pour the lOOmL 
hexane into the centrifuge tube assigned to the sample to rinse any remaining 
sample residue and centrifuge for 5 minutes (as in step 4). Add the lOOmL 
hexane to the I L separatory funnel when ready to continue. 

7. Vigorously shake the I L separatory funnel for 90 seconds. 

Caution: Vent the separatory funnel once or twice after 1 or 2 initial shakes to 
relieve vapor pressure and repeat periodically while shaking. 

8. Add lOmL of saturated salt solution to the I L separatory funnel, followed by 
approximately 500mL distilled water. 

9. Hold separatory funnel horizontally and shake for 35 seconds. Remember to 
vent funnel periodically. 

10. Allow phases to separate. Drain lower phase and watch for an emulsion. If an 
emulsion (foam) is present between phases, attempt breaking up the emulsion 
with a glass rod ( use a separate glass rod for each sample). If emulsion still 
persists, proceed as follows; 

a. Add another 10mL saturated salt solution, after draining as much of the 
lower phase as possible without losing any emulsified material. Allow some 
time for the emulsion to disperse. 
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b. Drain any water that has been released. 

c. Add lOOmL distilled water to the separatory funnel and let the phases 
separate. Drain off lower phase and repeat the procedure 3X. Proceed to step 
12. 

11 . Add 10OmL distilled water to separatory funnel. Invert the separatory funnel, 
carefully open stop cock and gently swirl for 5 seconds. Drain lower phase 
then repeat the procedure wi th a second lOOmL distilled water. 

12. Drain lower phase from separatory funnel. Collect upper phase in a glass 
stoppered round bottom or pear flask. 

13. Rotovap the sample to approximately 50 ml in the flask. Rotational speed is 
100 rpm, water bath temp, is 50°C, vacuum is 22 inches of mercury, and 
coolant system temp, is 1°C. 

Note: Samples can be stored in a refrigerator at this step. Storage over 4 days 
is in the freezer. 
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Column Chromatography Cleanup for PCBs 

Reagents: 
Sodium Sulfate (anhydrous); J.T. Baker, ACS grade 
Florisil 60-100 mesh; J.T. Baker analyzed, activated at eSO^'C, stored at 
130°C 
Hexane; J.T. Baker, Capillary-Analyzed 
Sulfuric Acid; J.T. Baker Analyzed 

Glassware/Equipment: 
Baked glass wool 
Baked GC vials w/250 / j \ inserts 
Nitrogen gas delivery manifold 
10 ml concentrator tubes 
6 Baked Pasteur Pipettes 
6 300mL Chromatography Cleanup Columns w/ teflon stopcocks (rubber 
O-rings excluded) 
6 500mL Round Flat Bottomed Flasks w / glass stoppers 
lOmL Graduated Cylinder 
250mL Graduated Cylinder 
waste erlenmeyer flasks 
Vortex mixer 
Rotary evaporator w/water bath, vacuum pump & coolant system 

NOTE: See cleaning procedures before using any glassware. 

1. Wearing dry disposable gloves, i.e, w/o any water droplets from washing 
glassware, construct the column by placing a glass wool plug, (handling the 
glass wool with tweezers and a glass rod) at the bottom of the column, 
assemble stopcock without the rubber o-ring. Place a waste beeaker, 500 ml 
or larger, under the column. Add 20g Florisil (cool to the touch) and 
approximately 1/2" of sodium sulfate. Rinse column with 200 ml hexane. 
Drain off excess hexane but always leave 1/2" of hexane covering the top of 
the column (Do not let column go dry). Discard the solvent and replace the 
beaker with a 500 ml flat bottom round flask under the column. 

2. Before putting the extract on the column, add a few grams of sodium sulfate 
to the sample extract and watch to see if all the sodium sulfate forms clumps. 
If so, add more. Let the extract and sodium sulfate stand no less than 10 
minutes but no more than 30 minutes before putting the extract on the column. 

D^or /̂̂ r^ooo i n i '^'^' Marine Fisheries, Annisquam River Marine Fisheries Station. 
PLBLCLbUP V. 1 .2 1 Gloucester, MA 



3. Adjust the flow rate on the column to approximately 5mL/min (or lmL /12 
seconds). As hexane drains from top of column, pipette extract onto column. 
Do not let the column go dry. 

4. Add lOmL of hexane to the empty pear or round bottom flask, rinse sides of 
flask with 10 ml hexane using the pipette. When the last of the extract 
disappears from the top of the column, add the lOmL hexane rinse. 

5. Repeat the 1 OmL flask rinse 2X adding the rinse each time to the column as in 
step 4. 

6. After the last 10mL hexane rinse disappears from the top of the column, rinse 
the column with hexane using the teflon squeeze bottle, and add 220mL hexane 
to the column. Collect all hexane from the column in the 500mL flat bottom 
flask. 

7. Rotovap the sample to less than SmL and quantitatively transfer to a lOmL 
concentrator tube. Rotational speed is 100 rpm, water bath temp, is 50°C, 
vacuum is 22 inches of mercury, and coolant system temp, is ̂ °C. 

8. Concentrate the sample to lessthan I m L under a stream of N2, and spike with 
40ng each of BZ103 and 2,4,5,6-tetrachloro meta-xylene (TCMX) Internal 
Recovery Standard. 

9. Adjust spiked extract to exactly 1mL, acidify by adding 0.5mL H2SO4, vortex 
mix for 30 sec. and place an aliquot of the supernatant in a GC vial for GC 
analysis. The remaining supernatant is placed in a screwcap GC vial and 
archived in the freezer. 
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Operating Procedure for Gas Chromatographic Analysis of PCBs 
Read the manuals and the "GC Maintenance and troubleshooting" Section before 
operating the GC 

Equipment: 
Gas Chromatograph: HP5890 w/electronic pressure control 
Detector: Electron Capture Detector 
Auto Sampler: HP7673 
Integerator: HP3365 Chemstation installed on 80486DX/66mhz 
computer working from Windows for Workgroups v. 3 . 1 1 . 
Printer: HP520 Inkjet 

System Pre-Run Check Sequence: 
1. Check all gas supplies and pressure; make note of any purifying cartridges 

(Supelco OM-1) that are spent or are low and will need to be replaced prior to 
the next run. Make note of any gas tank pressures that are low. 

2. Before beginning operation raise the oven temperature to 280°C for 
approximately 10-20 minutes until a stable baseline is achieved. Return oven 
temperature to initial setting and make an injection of hexane. When a clean 
run is achieved proceed with pre-run check and calibration. 

3. At initial oven temperature and pressures check all f low rates. Adjust carrier 
and make-up gas pressure to achieve desired f low rates. 

4. Check the temperature and pressure menus to make sure you are running in the 
desired method and all setpoints have been achieved. 

5. Check the autosampler menu to make sure you have three syringe washes and 
three pumps before injection, one injection per vial, one microliter injection 
volume (stop #1), and three post-injection washes. Viscosity delay is zero, no 
"on~column" injection. 

6. Check the autosampler menu to make sure the split/splitless purge valve is 
initially off and is set to come on at the desired time. Make sure the source is 
assigned to the autosampler at the correct injection port. 

Calibration and Run Setup Sequence: 
1. In the Sequence menu establish a sequence for multilevel calibration. Create a 

subdirectory using the current date. 

2. Place hexane plus three calibration standards at concentrations of 1, 1 0 & 40 
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ppb (or other concentrations as needed to encompass the range of sample 
values) in the autosampler tray. NOTE: Each calibration standard contains 40 
ppb of BZ 103, 198 and TCMX or other concentrations as needed for a 
particular type of sample. BZ 103 can be omitted if it interferes with the 
quantitation of peaks of interest. Run the sequence. 

3. At the end of the sequence, determine if the caiibration meets the QC criteria 
and replace each level of the calibration table with its' most recent 
corresponding standard. If the calibration sequence does not meet the QC 
criteria re-check all gas f lows and method menus/parameters. Repeat 
calibration when system has been checked. 

4. After calibrating the method, establish a separate sequence for the sample run 
and separate subdirectory using the date. Arrange the samples by placing a 
hexane reagent biank followed by a 10 ppb standard (or other mid-level 
concentration depending on the range of concentrations in the samples) before 
the first and after every six samples. When all menus have been checked for 
accuracy run the sequence. 
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Gas Chromatograph Temperature and Pressure Programs for PCB Analysis 
HP5890 Series 11 w/pressure programming 

Purpose: 

This section provides an example of a typical gas chromatograph temperature and 
program menu and a description of the DB-5/1 701 dual column configuration for PCB 
analysis. The GC operator shouid review the GC manual and be prepared to make 
changes in the menu to achieve stable baselines and peak separations or eliminate 
other problems that may interfere wi th the identification and quantification of PCBs 
(refer to the section on GC maintenance and troubleshooting). The menu below serves 
as a guide only and will change as column conditions change over time and as 
warranted with different types of samples. 

Temperature Setpoints: 
Inlet: 275° C 
Detectors(A&B): 300° C 

TEMPERATURE PROGRAM 

Oven Setpoints: 
Equilibration Time: 4 min. 
Initial Temp.; 100°C 
Initial Time: 3 min. 

Level 

1 

2 

3 

Rate rc/min.) 

25.00 

1.0 

35.0 

Final Temp. (°C) 

170 

240 

280 

Final Time (min.) 

1.00 

10.71 

5.00 

Total Run Time: 93.65 min. 

Flow Setpoints (nominal ml/min.) @ initial temperature and pressure: 

Total Flow In: 
Total Flow Out: 
Septum Purge: 
He Carrier: 
Ar/Me Make-Up; 

Col. A 
54.20 
47.20 
2.80 
3.20 
44.00 

Col. B 
54.20 (common to both columns) 
48.40 
2.80 (common to both columns) 
2.99 
45.41 (by difference w/He from total f low out) 

Pressure Setpoints: 

Initial Pressure; 35.00 psi 
Initial Time: 5.00 min. 
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PRESSURE PROGRAM 

Level 

1 

2 

3 

Rate (psi/min.) 

3.00 

0.50 

1.00 

Final Pressure 
(psi) 

20.0 

30.0 

35.0 

Finai Time (min.) 

44.00 

4.00 

10.65 

Total Run Time: 93.65 min, 

Column Description/Configuration: 

Col. A 
Column Stationary Phase:DB-1701 
Column Length: 30 m 
Film Thickness: 0.25 p 
Column I.D.: 0.25 mm 

Coi. B 
DB-5 
30 m 
0.25 ;U 
0.35 mm 

J&W Scientific part #: 1 22-0732 122-5032 

Connector: 3-way glass union (0.25 mm i.d.); part # 705-0731 

Pre-column; 4 m undeactivated fused silica, 0.25 mm; part # 160-2250 
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Quality Control Procedures for PCB Data Analysis 

Purpose: 

This section describes the quality control criteria for evaluating analytical data 
obtained for PCBs. Where applicable warning and control limits are specified along 
with the required corrective action including re-extraction of samples, re-analysis of 
sample extract or noting any discrepancies when reporting final results. 

Initial Demonstration of Method Calibration Standards 

1. When establishing a method perform a method calibration on three replicates 
of each calibration standard to establish response over the desired range of 
concentrations. 

2. Perform the extraction and analysis of seven replicates of a matrix containing 
PCBs at or below the lowest calibrated standard (1 ppb), spiked with 1 ppb of 
the calibration mixture. Establish the MDL as foltows; 

MDL = t(,.,.o,99) X S 

Where: 

MDL = Method Detection Limit 
S = standard deviation of replicate analyses 
t(n.i=o.99) - Student's t-value for 99% confidence level with 

n-1 degrees of freedom 

Quality Control Criteria for Calibrating Before a Sample Run 

1. Linearity of calibration curve 
The warning limit is that the calibration standard cannot deviate from linearity 
by more than a correlation coefficient of r̂  = 0.995 for all analytes. Control 
limits are linearity with a correlation coefficient between 0.995 to 0.980 for 
more than one third of all analytes. Corrective action is diagnose for changes 
in f low, temperature and pressure systems, examine all suspect 
chromatograms, use integration event tools if applicable, re-establish new 
calibration curve. 

Quality Control Criteria After A Sample Run 

1. Continuing Calibration 
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No analyte can exceed a twenty percent difference in response between the 
beginning and end of a run, and a twenty percent absolute difference from a 
reference concentration at the beginning and end of a run. Corrective action 
is re-establishment of calibration curve and re-analysis of the batch. 

2. Laboratory Control Material (LCM) 
No more than a thirty percent difference in average percent recovery with no 
more than one-third of the individual analytes exceeding a thirty-five percent 
difference in recovery. Corrective action is noting exceedances in data 
package, review overall QC to determine if sample batch must be re-analyzed. 
If all weights, measures, instrument set points, etc., are accurate and there is 
no sample contamination causing the exceedance then report results. If sample 
integrity has been compromised then re-extract the LCM. If all other QC is 
intact then report resuits of second LCM analysis. 

3. Laboratory Duplicates 
Criteria is no more than a twenty five percent average relative percent 
difference (RPD) between duplicates, with no more than one-third of the 
individual analytes exceeding thirty-five percent. Corrective action is noting 
exceedances in data package, review overall QC to determine if sample batch 
must be re-analyzed. If QC is intact then re-extract the duplicate. If RPD still 
exceeds criteria note in data package and report second results. Relative 
percent difference is calculated as follows: 

(Ci-C^) 
RPD = X 100 

(Ci + C2)/2 

Where; 
RPD = Relative Percent Difference 
Cl = larger of two concentration values 
C2 = smaller of two concentration values 

4. Procedural Blanks 
The warning limit is that the procedural blank cannot exceed the MDL by a 
factor of two for any one analyte based on the average weight for all samples 
contained in the batch. The control limit is that the procedural blank cannot 
exceed the MDL by a factor of three for any one analyte based on the average 
weight for all samples contained in the batch. Corrective action is to identify 
all associated samples as contaminated for each analyte in exceedance of the 
control limit. Procedural blanks with unstable or erratic baselines are suspect. 
Corrective, action is evaluation of GC system and extraction/column cieanup. 
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all associated samples as contaminated for each analyte in exceedance of the 
control limit. Procedural blanks with unstable or erratic baselines are suspect. 
Corrective action is evaluation of GC system and extraction/column cleanup. 
Note any interferences with analyte quantification in the data package. 
Additional procedural blank may be required. 

5. Reagent Blanks 
Inspect reagent blanks to determine if sample carry-over occurred for analytes 
of interest. Corrective action is noting in the data package with concentration 
of anaiyte carry-over for each batch based on the average sample weight for the 
batch. If carry-over interferes with analyte quantification refer to sample carry
over section in "GC maintenance and troubleshooting" standard operating 
procedure and re-inject another aliquot of extract from affected samples. 

6. Matrix Spike 
Recoveries cannot exceed a range of eighty to one hundred and twenty percent 
for all analytes. Corrective action is to note any exceedances in data package. 
Check overall QC for sample contamination, accurate weights and measures, 
etc. If sample integrity has been compromised re-extract the sample. 

7. Internal Standard 
The warning limit range is that recovery cannot exceed a range of eighty to one 
hundred and ten percent for the response factor ratio between BZ# 1 98 (internal 
standard) and BZ# 103 or TCMX (internal recovery standard). Control limit 
range is seventy to one hundred and twenty percent. Corrective action is to 
note any exceedances outside the control limit range in data package and re
extract the sample. 

8. Internal Recovery (Injection) Standard 
The warning limit for the response factor ratio of the internal recovery standard 
is that it cannot exceed a difference of fifteen percent from a preceding batch. 
The control limit is that the response factor cannot exceed a difference of 
twenty percent from a preceding batch. Corrective action is to check overall 
QC for accurate weights and measures, and all GC operating parameters when 
control limit is exceeded. Note any exceedances (warning or control limit) in the 
data package. If control limit is exceeded in two consecutive batches initiate 
preventive maintenance on GC flow system. 

9. Standard Reference Material 
Matrix and criteria to be determined by project requirements. Acceptable 
materials are NIST cod liver oil and NRC-Canada CARP-1. 
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GC Maintenance and Troubleshooting for PCB analysis 

Purpose: 

This section identifies components of the gas chromatograph system that can cause 
contamination or otherwise interfere with instrumental analysis for polychlorinated 
biphenyls (PCBs). Both the hardware and software are under service contract. In 
most cases a failure of the electronic hardware or computer software will produce a 
fault notice to the user, in which case instructions will be provided in the equipment 
manuals for user remediation or to call for service. The following information will 
decrease reliance on calling for service. Most but not all of the information in this 
section is described more fully in the GC manuals, which should be read thoroughly 
before operating the GC or performing anv maintenance or troubleshooting procedure. 

Baseline Interference 
Diagnosing baseline interference can be time consuming and frustrating. The 
following sequence of GC system component checks is recommended to save time; 

1. Autosampler syringe 
2. Injection port assembly 
3. Guard column 
4. Detector 
5. Serviceable electronics 

Whenever servicing or troubleshooting any component of the GC be certain that all 
consumables, such as ferrules, syringes, o-rings, etc. are H-P parts, or if from another 
supplier such as SUPELCO that they meet the specifications for the H-P replacement 
parts listed in the GC manual. 

The most frequent causes of baseline interference will be wander, noise, ghost peaks, 
and spiking. 

Wander, the undulation of a baseline, in most cases is caused by fluctuations in gas 
pressure (flow) usually when the septum (Supelco LB-2 Green) leaks. These septa can 
last for up to 100 injections according to the manufacturer. It is recommended that 
the septum be replace after fifty injections or if wander becomes apparent. Piercing 
the new septum with a manual syringe prior to using the autosampler syringe greatly 
reduces the chance of tearing the septum. Use of predrilled septa is not 
recommended as they tend to leak more rapidly than nondrilled septa. If this does not 
eliminate baseline wander then the flow system needs to be diagnosed for leaks. 
Contamination by nonlabile sample material should also be suspect, especially after 
running several dirty samples. 
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Noise, which is a steady fluctuation (rumble) of a constant baseline can result from 
several sources: 

Gases: 
Gas filters (Supelco OM-1) change color as they become saturated. When near 
fully saturated they should be replaced. 

Injection Port Liner; 
Small pieces of septum can be torn by the autosampler syringe and become 
lodged in the injection port liner. The liner can also become coated with non-
labile materials after several injections of sample material. Replace the liner 
each month or sooner if noise or ghost peaks persists. Use only a single taper 
liner that has been baked in a muffle furnace. After baking add a plug of 
silanized glass wool. The glass wool plug should be approximately one-eighth 
inch long loosely packed two-thirds into the liner towards the tapered end. The 
viton o-ring seal is reusable. If it appears torn replace it. 

Electron Capture Detector (ECD): 
The ECD cell can become contaminated with non-labile sample residue after 
repeated use. Signal units between 20 and 60 are signs of contamination build
up. A thermal bake-out can be performed to clean the ECD cell. Refer to the 
manual. A thermal bake-out is recommended only after evaluating the entire 
GC system. If contamination problems persist after a thermal bake-out notify 
the laboratory radiation safety officer and arrange for a detector exchange with 
the manufacturer. 

Ghost peaks are chromatographable material that appear in all injections (samples, 
blanks, reagents, etc.) but are not coming from sample. The two most likely sources 
are the autosampler syringe and the injection port liner. 

Autosampler Syringe: 
The HP7673 autosampler syringe is a notorious source of ghost peaks. 
Consultation with HP service technicians revealed the plastic needle guide can 
be a source of ghost peaks. It has been removed and replaced with an 
aluminum needle guide. A second source is from the rubber belt that operates 
the plunger. Small pieces of rubber can coat the plunger as it passes by the 
belt that rapidly moves up and down. With the syringe removed periodically 
place a kimwipe against the belt and run the belt up and down to minimize 
contamination. A dark halo at the top of the autosampler syringe around the 
opening indicates rubber contamination. Proceed as follows; 

1. Remove the syringe from the autosampler (read the manual) and in a fume 
hood clean the syringe under vacuum using methanol, acetone, and hexane, in 
this order. After cleaning the syringe move the plunger back and forth through 
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the syringe then wipe it on a kimwipe and look for any dark residue. This 
cleaning step may have to repeated several times. If the plunger moves freely 
and there is no dark residue on the kimwipe proceed to step 2. 

2. using the cleaned syringe set the oven temperature to 220°C (§) 20 psi 
(pounds per square inch) carrier gas pressure and manually inject ^p\ of hexane. 
Watch for ghost peaks during the next 20 minutes. If they appear repeat the 
injections until the peaks finally disappear, signalling that the syringe has been 
cleaned. 

3. It is advisable to inspect and test the autosampler syringe before every 
sample run. If the plunger feels sticky or otherwise difficult to move clean the 
syringe and perform a manual hexane injection. If it still feels difficult to move 
the plunger, with or without the appearance of ghost peaks, replace with a 
clean syringe and clean the dirty syringe as above until it moves freely. 
Operating the autosampler with a sticky syringe invariably will destroy the 
syringe and could damage other autosampler components. 

Injection Port Liner: 
If septum material becomes lodged in the injection port liner or if several dirty 
samples have been run then subsequent injections can have ghost peaks. 
Replace the injection port liner if suspected after evaluating the autosampler 
syringe. 

Guard Column; 
The DB-5 coiumn is equipped with a 5m guard column which can be shortened 
at the injector port end if noise, wander, or ghost peaks still persist. Refer to 
the manual for changing columns. Removing only 4 - 6 cm is recommended. 

Spiking is a sudden rapid deflection off the baseline and is usually caused by electronic 
malfunction(s). Refer to the manual. Check all serviceable electrical connections for 
grounding problems. If spiking persists call for service. 

Retention Time Drift 
Changes in retention time of peaks usually indicates a change in gas pressures, effects 
of sample load on the column and/or changes in the behavior of the sample with the 
columns' stationary phase. Proceed as follows: 

Gas flows/leaks 
Check all f low rates with the bubble meter for any changes. Check the septa 
to see if it is leaking. Any change in carrier f low rate can result in a change in 
retention time. If retention times for calibrated peaks fall outside the caiibration 
window either re-establish previous f low rates and re-calibrate or re-calibrate at 
new f low rates that approximate previous retention times. 
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Sample Affect 
If a large amount of chromatographable material is placed on the column the 
retention times can be pushed back by the large peaks eluting from the column. 
If retention times are consistently delayed make sure the peaks of interest are 
identified within the calibration window. Also check for any sample carry-over 
between samples. If retention times are consistently delayed but are being 
accurately identified there is no need for remediation. 

Column Affect 
If retention times drift without consistency (some early, some late) suspect 
changes in column performance. The DB-5 column is a workhorse with a 
proven track record of withstanding deterioration from repeated use or 
overloading with sample material. Nonetheless, if retention times keep 
changing without consistency after checking all f low rates, checking for leaks, 
baking out overnight at 240°C and several subsequent test runs with the 
calibration standard then consider replacing the column. 

Electron Capture Detector (ECD) 
The following information will assist with the maintenance and troubleshooting of the 
ECD. With the exception of spiking, which is most often caused by an electronic 
problem, most of the causes associated wi th ECD interference can be traced to the 
f low system, performance design of the detector, or the wet chemistry. 

Anode Purge; 
The HP5890 is equipped with a new generation of electron capture detector 
(ECD) that includes an anode purge gas attachment, HP service technicians 
recommend not using this feature due to increase noise levels produced when 
make-up gas is purged through this new f low system. The valve providing 
make-up gas to the anode purge should be kept closed. 

ECD Cell; 
The GC manual provides a good description of the ECD cell and other detector 
components. The symptom produced by a defective ECD cell is a steady 
decrease in background signal units over several days until the ECD reads zero. 
Gradual decreases over several months can be corrected wi th the potentiometer 
located on the ECD board. Continued decreases in background below ten signal 
units after repeatedly adjusting the baseline using the potentiometer indicates 
the ECD cell is defective. Notify the laboratory radiation safety officer and 
arrange for a replacement through the manufacturer. 

Detector Response; 
The most common cause for changes in detector response to calibrated peaks 
(measured as area units) is a change in make-up gas flow rate. There is a range 
of f low rates that will produce detector responses in the range of calibration 
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currently in use. At a low make-up gas f low rate the ratio of carrier;make-up 
gas is increased thereby increasing the detector response, i.e. a greater 
proportion of sample material from the column is passing through the detector. 
Unfortunately this is accompanied by a higher level of baseline noise due to low 
make-up gas f iow rates. Conversely, at higher make-up f low rates the ratio of 
carrier:make~up gas decreases and the pressure inside the detector cell 
increases. These two effects (decreased proportion of carrier:make-up gas and 
increased gas pressure in the detector cell) tend to flatten and smooth-out a 
baseline but reduce the detector response. If f low rates have not changed, the 
system is leak-free, but detector response decreases over several runs then 
consider the fol lowing possible source of decreased response. 

A second possible source of reduction in detector response can occur if the 
ECD cell becomes "quenched" meaning sample material is covering enough of 
the plated surface to decrease response. Normally this will be accompanied by 
higher levels of baseline noise and can be remedied by a thermal detector bake-
out. Refer to the manual to become familiar wi th the operational principles of 
the ECD. Attempt a thermal detector bake-out only after all other possible 
sources have been ruled-out. 

Changes in detector response should be consistent for all analytes (either all 
increasing or decreasing). If not then check all aspects of the wet chemistry 
procedures. Sometimes a change in materials used in the extraction/clean-up 
can affect the recovery of analytes, especially with changes in Florisil used as 
the clean-up stationary phase. Check if a new batch of Florisil, solvents, etc., 
was used or if any other method changes occurred. Although this effect is rare 
it has happened. If there are no changes in the wet chemistry and the GC flow 
systems are O.K. then suspect changes in the column stationary phase. If the 
column needs to be changed refer to the manual for instructions. 

Sample Carry-Over 
During the course of running several samples some of the material from one injection 
may not elute completely off the column and "carry-over" to the next injection. The 
reagent blank (hexane) placed within a series of sample injections serves as a monitor 
for carry-over which often appears as unresolvable (no peaks) material eluting in the 
reagent blank injection. Provided the carry-over does not interfere with the 
quantification of analyte peaks the carry-over is not a problem. If it does interfere 
with analyte quantification then the final time for baking-out the column at the end of 
the temperature program needs to be extended to allow sufficient time for all sample 
material to clear the column before the next injection. When extending the 
temperature program the pressure program needs to be extended by the same amount 
of t ime. Refer to the GC manual. 

A bake-out time extension in excessof ten minutes to eliminate carry-over is indicative 
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of more serious problems. An extensive bake-out (hours or even days) can be 
necessary to eliminate sample material that routinely persists as carry-over after 
adjusting the temperature program. This usually indicates incomplete sample clean-up 
or sampie contamination during the wet chemistry operation. Incomplete clean-up 
occurs when sample components intended to be retained on the Florisil column elute 
into the final extract. Contamination during wet chemistry that causes carry-over can 
occur from exposing the sample to plastics such as gloves or other plastic material. 
The most frequent source of carry-over contamination from plastics is a group of 
compounds known as pthalate esters which are common to most heat-cured plastics, 
and for which the ECD is highly sensitive. If carry-over is a persistent problem a 
review of all sample handling and wet chemistry procedures is necessary to identify 
and eliminate any source(s) of the carry-over. 
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Shellfish Management Plan Outline 



MASSACHUSETTS DIVISION O F MARINE FISHERIES 
SHELLFISH MANAGEMENT PLAN OUTLINE 

(Annotated) 

I. Brief Community Description 

A. Population 
B. Coastline (miles & type) 
C. Shelifishing area (approximate acreage) 

*This may be very brief, 1-2 short paragraphs giving an overview of your city/town's 
demographics and available shellfish area. 

H. Historical Background 

A. Catch statistics 
B. Propagation activities (brief overview of major historical activities used.) 
C Commercial fisheries 
D. Recreational fisheries 
E. Aquaculture 
F. Diseases, die-offs, fish kills 
G. Commuruty structure for managing resources (i.e. role of a shellfish advisory board if 

appUcable) 

*This section can utiUze graphs and/or charts to show summaries and trends of historical 
data. Some brief narratives may be necessary or beneficial, particularly for (B),(F) and (G). 

HI. Budget Breakdown 

A. Personnel (Salaries) 
B. Equipment 
C. Propagation 
D. General Expenses 

*This can be a copy of Form 1 of Application For Reimbursement sent annually to the 
Division. 
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IV. Shellfish Resources (Include maps) 

A. Status of Shellfish Areas 
1. Town management of areas 
2. State DMF classifications 

B. Accessibility 
1. Shore vs. boat only 
2. Public access 

C. Resource and Habitat mapping 
(See V. below also) 

*Maps, maps, maps! It is helpful to have 1-page town maps to use for (A) and (B). 
Resource and habitat mapping should be broken down by area. 

V. Marine Resource Planning 

A. Recreational and Commercial Shelifishing 
B. SheUfish leases (Aquaculture grants) 
C. Moorings and marinas 
D. No discharge zones 
E. Waterskiing, jetskiing, etc... 
F. Docks & piers 

*Harbor Management plans or the like may be used. It's a good idea to prioritize the most 
important shellfish areas to protect them from potential conflicting uses within town. List any 
areas which are zoned for specific purposes, Uke mooring or dock free zones, aquaculture lease 
zones, etc. 

VI. Resource Management 

A. Relays and Transplants 
B. Seed grow-out Programs 
C. Predator Control Programs 
D. Area rotations 
E. Law enforcement 
F. Future plans 

*miS IS THE MEAT OF YOriRMAMAGEMENT PLANl Outline your short and long 
term goals and plans for shellfish propagation and management. Be specific on short term plans. 
You may want to include a chart on seasonal areas for relay planning if applicable. Note work in 
progress as well. It is useful to document what has and hasn't worked in the past. 



v n . Shellfish Lease Program 

A. PoUcy 
B. Number and locations of existing leases 
C. Estimated production (species and amounts) 

*A map of existing leases is useful here. 

v m . Water Quality Programs 

A. Priority list of mitigation projects 
B. Potential intern projects 
C. Sanitary survey/Trietmial review schedule 

IX. Shellfish Permits 

A. Numbers 
B. Fees 
C. Requirements 

*Very briefly list types of permits issued and their respective fees. Ifthe town has specific 
residency time requirements or other requishes, make note of it. 

IX. Rules & Regulations 

*Your updated shellfish regulations 

XL Other 

A. PubUc Education Programs 
B. Special Projects 

*this can be a brief description of important related activities going on or being plarmed 
for your city/town or region. 
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Amendments to the Annual Shellfish Management Plan 

1) List any major changes that occurred such as classification changes to an area; major storm 
erosion or shifting; shellfish mortalities or diseases, etc. 

2) List any pollution source updates and/or changes such as drainage mitigation, septic updates 
along the waterways, dredging projects, marina pumpouts, etc. 

3) Give a brief annual report on shellfish propagation activities which actually took place for that 
year including relays, transplants, seed grow-out, predator control, etc. Document your 
observations: problems, mortalities, growth, condhion of shellfish, habitat suitability, etc. 

4) Update your plans for the foUowing year. 

5) Give an anticipated budget. 

Ifyou have any questions relative to this outline or should need assistance with the 
devlopment of your plan, contact DMF biologist Dave Whittaker @ (508) 563-1779, ext. 126. 
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PRELIMINARY FLOOD PLAIN ASSESSMENT INVESTIGATIOI 

NEW BEDFORD HARBOR 

NEW BEDFORD, MASSACHUSETTS 

This summarizes the results of the preliminary hydrology study of the various 

in-harbor contaiiment areas and their effect on flooding within the New 

Bedford Harbor area. The 15 containment areas identified in the April 1986 

evaluation by NUS entitled, "Investigation and Ranking of Potential In-Harbor 

Disposal Sites," are delineated on the attached map. 

The hydrology study concluded that any loss of harbor volume, either by 

filling or diking, below elevation 2.0 feet NGVD would have no impact on the 

design storage capacity of the New Bedford Hurricane Barrier. Similarly, it 

is concluded that any loss of volume above elevation 6.0 feet NGVD would have 

no impact on design storage capacity. It is, therefore, loss of storage in 

the 2.0 to 6.0-foot elevation range that will have an effect on project flood 

storage capability. For every 400 acre-feet of volume lost between these 

elevations, there will be a resulting rise in project design flood level of 

about 0,2 feet. The attached table summarizes the total volume in acre-feet 

of each site and the resultant increase in flooding during design flow 

conditions. 

The other option evaluated consists of channelizing the Acushnet River 

through an 80-foot wide trapezoidal channel from Coggeshall Street Bridge to 

the head of the harbor. Construction of this option would increase flood 

stages upstream of the Coggeshall Street Bridge by about 2,0 feet. 



New Bedford Harbor 
New Bedford, Massachusetts 
In-Harbor Containment Sites 

Volume Between +2' & +6' NGVD 

Site 
Number 

1 
IA 
IB 
2 
3 
4 
5 
6 
7 
8 
9 

10 
IOA 
11 

Surface 
Area 

(acres) 

29 
7 
18 
43 
17 
5 
7 

11 
23 
7 
11 
25 
3 

11 

Dike 
Volume 
(ac-ft) 

26.3 
36.5 
72.4 
45.3 
24.2 
10.9 
14.0 
17.4 
27.8 
12.4 
20.3 
26.8 
18.4 
22.0 

Total 
Volume 
(ac-ft) 

142.3 
64.5 
144.4 
217.3 
92.2 
30.9 
42.0 
61.4 
119.8 
40.4 
64.3 

126.8 
30.4 
66.0 

Flooding 
Increase 

(feet) 

0.07 
0.03 
0.07 
0.11 
0.05 
0.02 
0.02 
0.03 
0.06 
0.02 
0.03 
0.06 
0.02 
0.03 

Flooding 
Increase 
(inches) 

0.85 
0.39 
0.87 
1.30 
0.55 
0.19 
0.25 
0.37 
0.72 
0.24 
0.39 
0.76 
0.18 
0.40 
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HYDROLOGY OF FLOODS 

NEW BEDFORD HARBOR 

MASSACHUSETTS 

1, PURPOSE 

This report presents basic hydrologic information and discussion as an aid to 
the planning and design of pollution control and abatement measures for the 
upper New Bedford Harbor, in the area generally upstream of Coggeshall Street 
bridge. Included are sections on site description, climatology, stream flow, 
tidal regime and analysis of floods. This initial assessment of preproject 
hydrologic conditions will be followed by assessments of the hydrologic 
impacts and alternatives of finally selected plans of action. 

2. DESCRIPTION 

a- New. Bedford Tidal Estuar.y 

New Bedford Harbor, located between the city of New Bedford on the west and 
Fairhaven, Massachusetts, on the east, is the tidal estuary of the Acushnet 
River and discharges to Buzzards Bay, The harbor has a maximum width of 
about 0.7 mile and an overall length of about 4.3 miles extending from just 
south of Palmer Island, upstream about 2.5 miles to the limits of navigation 
at Coggeshall Street bridge and then continues another 1,9 miles to the 
northerly limit of tide water. The outer limit of the Harbor is generally 
defined by a tidal barrier (see Paragraph 6) completed by the Corps of 
Engineers in 1966. Total surface area of the harbor, behind the barrier, is 
just over 1,000 acres at zero mean sea level, with about one fifth of the 
area located upstream of the Coggeshall Street bridge, 

b. Acushnet River Watershed 

The watershed of the Acushnet River, shown on Plate 1, is approximately 11 
miles long and three miles wide. The drainage area above the main barrier is 
29,4 square miles. The river originates in the town of Freetown, 
Massachusetts, and flows in a general southerly direction for about 12 miles 
to New Bedford Harbor. It has a total fall of about 50 feet of which seven 
feet are in the upper four miles and the remaining drop is in the middle four 
miles. The lower four miles are within New Bedford Harbor, 

The headwater tributaries, Squam Brook and Keene River, originate on slopes 
that rise to about 160 feet above mean sea level. These two streams flow in 
a southeasterly direction for about two miles, then join to form the Acushnet 
River. This junction is at New Bedford Reservoir, New Bedford Reservoir 
controls 6.8 square miles of drainage area and has a water surface area of 
600 acres at full pool. The top of dam is approximately five feet above the 



spillway crest elevation. The surcharge storage at three feet above spillway 
crest is estimated to be 2,800 acre-feet, equivalent to 7.7 inches of 
runoff. Flood outflows from New Bedford Reservoir are greatly reduced by 
this large amount of surcharge storage. 

Between New Bedford Reservoir and Saw Mill Dam, at the northern end of New 
Bedford Harbor, the Acushnet River meanders in a general southwesterly 
direction through large flat swamplands, A small dam has been built just 
upstream of Hamlin Road for irrigation purposes. The storage at this dam is 
very small and would have no appreciable effect on moderate or major floods. 
The storage at Saw Mill Dam also is small and would not have any appreciable 
effect on floods. The drainage area of the Acushnet River at Saw Mill dam is 
18,4 square miles. 

Between Saw Mill Dam and the main barrier, there are very few open channel 
streams entering the Acushnet River, In contrast to the area above Saw Mill 
Dam, which is sparsely settled, the area below Saw Mill Dam is highly 
urbanized and industrialized. This area is almost entirely drained by storm 
sewers. This urban area comprises a net drainage area of about 11 square 
miles. 

3, CLIMATOLOGY 

a. General 

New Bedford, a humid region with an average annual precipitation of about 50 
inches, has a variable climate characterized by frequent but generally short 
periods of heavy precipitation. Mean annual temperature is about 50 degrees 
Fahrenheit, varying from the low 70's in July to near 30 degrees Fahrenheit 
in January, Extremes in temperature range from highs in excess of 100 
degrees to lows near minus 12 degrees Fahrenheit. 

b. StOT̂ ns 

The Acushnet River Basin experiences three general types of storms: 
continental, coastal, and those associated with thunderstorms. Continental 
storms originate over the United States and southwestern Canada, and move in 
a general easterly and northeasterly direction. These storms may be 
rapidly-moving intense cyclones or may be of the stationary type. These are 
not limited to any season or month but follow one another at more or less 
regular intervals with varying intensities throughout the year. Of the 
coastal storms, tropical hurricanes constitute a very important potential for 
flood producing precipitation from July to October. Coastal storms of an 
extra-tropical nature differ from hurricanes, principally, in that they 
originate off the Carolina coastline. These storms occur most frequently 
during the autumn, winter and spring months. These coastal storms frequently 
produce severe weather in the form of high winds, tides and intense 
rainfall. Thunderstorms may be of local origin or of the frontal type 
associated with summer months. 



c. Storm} Rainfall 

Heavy precipitation, often of torrential proportions, usually accompanies 
hurricanes and sub-hurricane coastal storms, A tabulation of historic 
hurricane rainfalls along the North Atlantic coastal region, developed in 
connection with the design of the New Bedford Barrier in 1961, is shown in 
Table 1, Included in the table are maximum 6-hour and one-day rainfalls at 
New Bedford, Massachusetts, and Providence, Rhode Island. Four notable 
sub-tropical coastal storms, experienced this century, occurred in November 
1944, November 1953, November 1963 and January 1978, Storm rainfalls 
associated with these events ranged from 1.5 to 3 inches. Rainfall 
frequencies for durations of 1 to 24 hours, taken from U.S, Weather Bureau 
Technical Paper #40, are listed in Table 2, 



TABLE 1 

RAINFALL ASSOCIATED WITH HURRICANES 
FQR NORTH ATLANTIC COASTLINE 

DATE YEAR STORM CENTER 
PRECIPITATION IN INCHES 

10 SQ, MI, 
Max. 6-hr. M^?., ,?4-,t̂ir,, 

NEW BEDFORD 
Max. 6-hr. 

PROVIDENCE 
1-dav Max. 6-hr. 1-dav 

Oct 22-26 
Aug 26 
Sep 16-17 
Aug 20-24 

Sep 16-18 
Sep 18-19 
Sep 17-22 
Aug 19 

Sep 31-Oct 1 
Sep 12-15 
Sep 7-12 
Sep 25-Oct 1 

Aug 11-15 
Aug 17-20 
Sep 20 
Aug 29 
Jul 29-31 

1923 
1924 
1932 
1933 

1933 
1936 
1938 
1939 

1940 
1944 
1954 
1954 

1955 
1955 
1955 
1958 
1960 

Setauket, N.Y, 
Kingston, R.I. 
Westerly, R.I, 
Peekamoose, N.J, 

Provincetown, MA 
Provincetown, MA 
Buck, CT 
Manakawkin, N.J. 

Ewan, N,J, 
New Brunswick, N,J, 
Long Island, N.Y. 
Eagles Mere, PA 

Slide Mt,, N.Y, 
Westfield, MA 

"Daisy" 
"Brenda" 

7,0 
6,8 

6,4 
9.7 

20.1 
6.2 

5.6 
7.8 

+ 7 
+ 7 
12.2 
11,2 

+ 10 
+ 7 
11.3 
17.8 (18 hrs) 

22.7 (12 hrs) 
7.0 
+ 9 
+ 6 

10.8 
15.2 

0.8* 
4.2* 
1,8* 
0.5* 

2.5* 
2.4* 
0,8* 
0,8* 

none 
1.78 
2,39 
none 

2,42 
2.16 
0.25 
0.61 
0.25* 

1.0 
5,65 
2,42 
0.6 

3.35 
3,16 
1,04 
0.94 

none 
1.93 
3.35 
none 

3.47 
2.70 
0.25 
0.85 
0.31 

0,6* 
2,9* 
4.1 
0.6* 

3.0* 
2.2* 
0.8* 
0,3* 

none 
4,69 
2.74 
none 

1,59 
2.90 
0,47 
0.30 
0,6* 

0,76 
3,76 
6.17 
0.73 

3.99 
2,85 
1.04 
0.43 

none 
5.43 
4.37 
none 

2.25 
3.28 
0.47 
0,34 
0.72 

* Estimated 



TABLE 2 

RAINFALL FREOUENCY - DURATION 
NEW BEDFORD. MASSACHUSETTS 

(USWB T.P - 40) 

Frequency In Y^^r^, 

2 
5 
10 
25 
50 
100 
SPF 

1 hour 

1.2 
1.6 
2.0 
2,2 
2.5 
3,0 
3.5 

in 
in 
in 
in 
in 
i n 
in 

6 hours 

2.4 in. 
2.9 in, 
3.4 in, 
4.0 in. 
4.5 in. 
5.0 in, 
9.1 in. 

12 hours 

2.8 in, 
3,5 in, 
4.1 in. 
4.7 in. 
5.2 in. 
6.0 in, 
10,5 in. 

24 hours 

3,3 in, 
4.2 in. 
4.9 in. 
5.8 in, 
6.2 in, 
7.0 in, 
11.8 in. 

4, TIDAL REGIME 

a. General 

Tides in New Bedford Harbor are semidiurnal, with two high and two low waters 
occurring each lunar day. The mean range of tide is 3,7 feet as measured 
between a mean low water of 1.3 feet below National Geodetic Vertical Datum 
of 1929 (NGVD) and a mean high water of 2.4 feet above NGVD, Spring tides 
have a mean range of 4,6 feet and a maximum range of approximately 6,7 feet, 
A maximum spring tide will reach elevation 4,2 feet above NGVD. Time 
interval for a complete tidal cycle averages about 12 hours and 25 minutes. 
Tidal data for New Bedford Harbor are summarized in Table 3. 

TABLE 3 

ASTRONOMIC TIDES 
NEW BEDFORD. MASSACHUSETTS 

FEET 

Mean Tide Range 
Mean High Water (above NGVD) 
Mean Low Water (below NGVD) 
Mean Spring Tide Range 
Mean Spring High Water (above NGVD) 
Maximum Spring High Water (above NGVD) 
Minimum Spring Low Water (below NGVD) 

3.7 
2,4 
1,3 
4,6 
2,9 
4,2 
2.5 



b. Storm Tide Levels 

A recording tide gage was maintained at the New Bedford-Fairhaven bridge by 
the city of New Bedford from 1922 to 1965, and since 1966, the Corps has 
operated a continuous recording tide gage at the hurricane barrier. Based on 
the above gaged data and historical records for hurricanes. Table 4 lists 
outer harbor tide levels at New Bedford in excess of 5,5 feet NGVD. 

c. Tidal Frequencv 

A tide-stage-frequency relationship for New Bedford has been developed 
utilizing a composite of a Pearson Type III distribution function (with 
expected probability adjustment) for analysis of adjusted annual maximum 
Stillwater tide levels and a graphical solution of Weibull plot positions for 
partial duration series data. Historic tidal flood data for Providence, 
Rhode Island, together with a stage correlation between Providence and New 
Bedford were utilized to adjust the Pearson Type XII statistics and 
effectively extend the historic period of record at New Bedford, The 
resulting tide stage-frequency relationship for the outer harbor at New 
Bedford is shown on Plate 2, 

TABLE 4 

MAXIMUM TIDE ELEVATIONS 
NEW BEDFORD, MASSACHUSETTS 

Stillwater 
Elevation 
(ft, NGVD) 

21 
31 
23 
14 
30 
12 
9 

22-23 
7 
30 
30 
19 
10 
20 
29 
25 
29 
2 

Sep 
Aug 
Sep 
Sep 
Nov 
Sep 
Jan 
Jan 
Nov 
Nov 
Jul 
Feb 
Jun 
Nov 
Dec 
Nov 
Dec 
Dec 

1938 Hurricane 
1954 Hurricane "Carol" 
1815 
1944 
1944 
1960 
1978 
1987 
1953 
1963 
1960 
1960 
1960 
1972 
1966 
1983 
1959 
1974 

Hurricane 
Hurricane 

Hurricane "Donna" 

Tropical Storm "B 

12.5 
11,9 
11,5+ (est) 
8,1 
6,8 
6,3 
6.3 
6,3 
6,2 
6,1 
6.1 
6.1 
6.1 
6.1 
6,0 
5,9 
5,8 
5.7 



5. STREAMFLOW 

a. General 

There are no streamflow gaging stations on the Acushnet River. Based on 
long-term gaging station records in the region, it is estimated that the 
average annual flow of the river at tide water (drainage area = 18,4 square 
miles) is about 30 cfs or about 1.7 cfs per square mile, equivalent to about 
26 inches of runoff per year, or about 50 percent of average annual 
precipitation. Accordingly, average annual runoff to New Bedford Harbor 
above the barrier, with a total drainage area of 29.5 square miles would be 
about 50 cfs. In general, about 60 percent of average annual runoff in this 
region occurs during the late winter and spring months: February - May, 

b. Peak Discharges 

Peak freshwater inflows into New Bedford Harbor are comprised of inflows of 
the Acushnet River at Saw Mill dam (drainage area = 18.4 square miles) and 
local runoff from the surrounding New Bedford and Fairhaven urban areas. The 
Acushnet River has a flat hydrologically sluggish watershed with considerable 
wetland detention area. Peak discharge frequencies for this river were based 
on gaged flows on a similar nearby watershed; the Wading River near Norton, 
Massachusetts, located about 12 miles northwest of New Bedford, with a 
drainage area of 42.4 square miles. Peak discharge frequencies for the 
Acushnet, listed in Table 5, were computed as proportional to the Wading 
River data by ratio of drainage areas to the 0,7 power. The Standard Project 
Flood (SPF) for the river, at 1,350 cfs, was computed during barrier design 
by applying SPF rainfall to an adopted unit hydrograph. 

Peak runoff from the remaining local area, totalling 11 square miles below 
Saw Mill dam, would be comprised of the sum of the runoff of ntimerous storm 
drained areas discharging to the harbor. Runoff volume to the harbor from 
the local area during barrier gate closure was assiamed equal to the maximum 
5- or 6-hour rainfall times percent runoff. Percent runoff was 90 percent 
for 50 percent of the area; 60 percent for 36 percent of the area; and 100 
percent for the 14 percent bay area. It is possible, but not likely, that 
the peak discharge of the river, the peak runoff of the local area, and the 
storm tide would all occur coincidently. However, for barrier design, it was 
assumed that lOO-year local rainfall and standard project river flood could 
occur at time of design storm tide. For purposes of comparison, 10 percent 
(10-year), 2 percent (50-year) and 1 percent (lOO-year) events were developed 
in current studies assuming: a 10 percent chance (10-year) riverflow and 
tide coincident with a 50 percent (2-year) local rainfall, a 2 percent 
(50-year) riverflow and tide with a 10 percent (10-year) local rainfall, and 
a 1 percent (lOO-year) riverflow and tide with a 2 percent (50-year) local 
rainfall. Results of the analysis are summarized in Table 6. 



TABLE,6 

FREOUENCY IN YEARS 

Ocean Stillwater 
Elev, (NGVD) 

Gate Closure Elev. 

River Inflow at Saw Mill 
Dam (18.4 sq. mi.) 

(cfs): 

NEW : 
FLOOD 

10 

7.0 

3.5-4,5 

475 

BEDFORD HARBOR 
FREQUENCY DATA 

50 

10.8 

3.0-4.0 

740 

^po 

12.6 

2.5-3.5 

880 

DESIGN 

16,0 

2.0-3.) 

1350 

(acre-feet): 395 

Local Inflow (11 sq, mi,) 
(acre-feet): 1050 

(2-yr) 

Wave Overtopping (acre-ft) 0 

TOTAL INFLOW (acre-feet) 1450 

Interior Elev. (ft, NGVD) 
Range: 
Adopted: 

4.5-5,5 
5.0 

590 

1490 
(10-yr) 

0 

2080 

4.5-5.5 
5.0 

700 

1970 
(50-yr) 

0 

2670 

4.6-5.6 
5.1 

(SPF) 

1080 

2190 
(100-yr) 

900 

4170 

5.2-6.2 
5.7 

6. NEW BEDFORD BARRIER 

a- Description 

The barrier at the mouth of the Harbor, the principal feature of the overall 
New Bedford-Fairhaven Tidal Flood Protection Project, extends from Fort 
Phoenix at the southwestern tip of Fairhaven, westward across the entrance to 
New Bedford-Fairhaven Harbor, a distance of 4,600 feet. A dike then extends 
from the western end of the barrier another 4,500 feet southward along the 
East Rodney French Boulevard to high ground. The barrier has a top elevation 
of 20 feet National Geodetic Vertical Datum (NGVD) and the dike is at 22 feet 
NGVD. Both are constructed of earth and rock fill with armor stone 
protection. The barrier has a 150-foot wide navigation opening equipped with 
two sector gates, with sills at -39,0 feet NGVD and tops at +20,0 feet NGVD. 
The barrier also has two twin-barrel gated conduits to provide circulation of 
water in the southwestern corner of the harbor. Each conduit is 6 feet wide 



by 9 feet high. The dike has 3 circular gated conduits: 48, 36 and 24 
inches in diameter plus a street gate, sill elevation 7.5 feet NGVD, on 
Rodney French Boulevard East, A general plan of the tidal flood protection 
project is shown on Plate 3. 

b. Operating Procedures 

The Corps of Engineers is responsible for operation of the main barrier, 
whereas, the city of New Bedford is responsible for operating the connecting 
dike. Operation of the main barrier for the more frequent coastal storms is 
under the direction of Corps staff at the Cape Cod Canal office. For 
hurricanes, main barrier operation is under the direction of Corps staff at 
New England Division headquarters in Waltham, Massachusetts, For coastal 
storms the barrier is closed on rising storm tides at tide levels of 3.5 to 
4.5 feet NGVD, The closure level depending on wind speed and direction. For 
hurricanes, the barrier is closed when the bay reaches about +2.0 feet NGVD 
on a rising tide with an occurring or expected hurricane surge. For further 
information and discussion on operating procedures at the New Bedford 
Barrier, reference is made to: Corps of Engineers, New, Bedford-Fairhaven 
Hurricane Barrier Regulation Manual for Hurricanes and Coastal Storms. August 
1983. 

c. Design Flood Conditions 

The hurricane barrier and dike are designed to protect against a standard 
project hurricane tide having a Stillwater tide level of 16 feet NGVD with 
accompanying winds of 100 miles per hour from the south producing 8-foot 
waves. The design standard project hurricane was based on a transposed Cape 
Hatteras hurricane of September 1944, For design flood conditions, gate 
closure is required at tide level +2.0 feet NGVD to provide interior storage 
capacity for design interior runoff and wave overtopping. Design interior 
runoff was based on: 

(1) Standard project flood runoff from the Acushnet River upstream of Saw 
Mill Dam (1,350 cfs), 

(2) Runoff from 1 percent chance (lOO-year) rainfall over interior area 
downstream of Saw Mill dam, 

(3) Maximum overtopping from design hurricane tide. 

Total design storage inflow was approximately 3,700 acre-feet assuming a 
5-hour gate closure period and about 4,200 acre-feet assuming a 6-hour 
closure period. Total inflow was about 20 percent overtopping, 25 percent 
Acushnet flow and 55 percent local urban runoff. 

With gate closure at +2.0 feet NGVD and a design inflow of 3,700 acre-feet, 
the resulting interior storage level would be to 4,8 feet NGVD. The original 
design area - capacity curve for the interior bay area is shown on Plate 4. 
The elevation 4.8 feet NGVD is considered a minimum design level. With a 



6-hour inflow of 4,200 acre-feet and gate closure at +2.0 or +3,0 , the 
resulting interior storage levels would be +5.2 feet NGVD and +6,2 feet NGVD, 
respectively. Start of flood damage is between 4,0 and 4,5 feet NGVD 
depending on wind speed and direction. Significant damage commences with 
levels above 5 feet NGVD, 

7. ANALYSIS OF FLOODS 

a. General 

The factors that govern water levels in New Bedford Harbor are twofold: one 
set for conditions with barrier closed and a second for barrier open. For 
conditions of hurricanes and coastal storms, with gate closure, resulting 
interior levels are almost entirely a function of interior flood stprage 
governed by: interior runoff, available harbor area, gate closure elevatioa 
and duration of closure. Whereas, during non-gate closure periods, harbor 
levels are a function of the open ocean tidal regime and the hydraulics of 
flow conveyance through the harbor, 

b. Flood Flow CqnyevancQ 

Under open gate, normal spring tide conditions, approximately 5,000 acre-feet 
of tidal flow enters and exits the harbor every 6-hour tide period which 
represents an average flow through the open navigation gate of about 10,000 
cfs, requiring an average velocity through the 150-foot wide by 39-foot deep 
opening of about 2 feet per second. Velocities at the center of the opening 
at mid-tide are in the order of 4 feet per second. This tidal interchange 
rate of 10,000 cfs is about 10 times greater than the peak standard project 
flow of the Acushnet River above Saw Mill dam. Under present conditions 
tidal flows and river flows are conveyed through the harbor, with its large 
cross sectional area, with low velocities - generally less than 1 feet per 
second - and with negligible hydraulic head loss. Hydraulic losses and 
velocities in the reach between the barrier and Coggeshall bridge are quite 
negligible. From Coggeshall to the head of the harbor, with a river flow of 
1,350 cfs (SPF), computed velocities and rise in water surface, under 
existing conditions, vary from about 2,5 feet per second and 3,5 feet with an 
ocean tide of -2.0 feet NGVD to 0.5 feet per second and 0.1 feet with an 
ocean tide of +2,0 feet NGVD, 

By comparison, if the Acushnet River were to be channelized in an 80-foot 
wide trapezoidal channel with 2 horizontal on 1 vertical side slopes, from 
Coggeshall Street bridge, to the head of the harbor, the computed velocity 
and rise in water surface for a flow of 1,350 cfs would be 3,5 to 4 feet per 
second and about 5,5 feet with an ocean tide of -2,0 feet NGVD and about 3,0 
feet per second and 2,0 feet with an ocean tide of +2,0 feet NGVD, 

10 



c. Flood Storage 

Under conditions of gate closure, during hurricanes and coastal storms, 
harbor storage capacity, rather than conveyance, ia vital for the safe 
storage of interior river and local urban runoff, and any barrier wave 
overtopping. Because the lowest gate closure tide level is about +2.0, any 
loss of harbor volume, either by filling or diking, below elevation +2.0 
would have no impact on design storage capacity. Similarly, since upper 
limit storage capacity is about elevation 6,0 feet NGVD, it can generally be 
concluded that any loss of volume above elevation 6,0 feet NGVD would have no 
impact on design storage capacity. It is, therefore, loss of storage in the 
+2,0 to +6,0-foot elevation range that will have an effect on project flood 
storage capability. The present harbor area, at elevation +2,0 feet NGVD, is 
believed about 1,200 acres. Therefore, for every 100 acres of harbor area 
lost above +2,0 feet NGVD but below +6,0, either by diking or filling, there 
will be a resulting rise in project design flood level of about 0,2 feet. 

11 
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Mr. Chet Myers 
Apex Companies, LLC 
184 High Street, Suite 502 
Boston, Massachusetts 02110 
 
Re: Global Stability Analysis 

New Bedford-Fairhaven Hurricane Barrier 
 New Bedford Marine Commerce Terminal 

New Bedford, Massachusetts 
 
Dear Mr. Meyers: 
 
GZA GeoEnvironmental, Inc. (GZA) is pleased to provide you with this geotechnical 
report for the New Bedford-Fairhaven Hurricane Barrier global stability analysis.  The 
primary objectives of this report were to review available information for the site and to 
assess the potential impacts to the global stability of the existing New Bedford-Fairhaven 
hurricane barrier due to the proposed dredging for the New Bedford Marine Commerce 
Terminal project.  This report is subject to the Limitations and Terms and Conditions of 
Engagement in Appendix A. 
 
BACKGROUND 

 
The New Bedford-Fairhaven hurricane barrier spans across New Bedford Harbor between 
New Bedford and Fairhaven, Massachusetts and is located immediately south of Palmer 
Island.  The barrier was constructed in the 1960’s as part of a flood control infrastructure 
program.  The barrier is generally comprised of an earth fill embankment consisting of 
layered armor stone, filter stone, and earth fill layers.  There is an access roadway that runs 
the length of the barrier positioned on the harbor side of the embankment.  Two gated 
structures were incorporated into the barrier which, under normal conditions, allows water 
to easily flow from one side of the barrier to the other during tidal fluctuations.  A gated 
navigation channel is also located on the eastern side of the barrier. 
 
This hurricane barrier is located immediately south of the proposed New Bedford Marine 
Commerce Terminal project (see Figure 1, Locus Plan).  The project involves the 
development of a waterfront parcel into an all purpose marine terminal having specific 
applications to the offshore wind industry.  The development will include the construction 
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of a cellular cofferdam bulkhead and nearshore dredging along the cofferdam bulkhead to 
facilitate berthing of larger vessels.  Dredging is planned in the vicinity of the hurricane 
barrier to either elevation -14 feet or -20 feet Mean Lower Low Water (MLLW).  Mudline 
elevation in this area is approximately -5 MLLW which corresponds to overall dredge 
depths between 9 and 15 feet.  A 3H: 1V slope has been proposed to be constructed along 
the perimeter of the dredge area to transition from the existing mudline elevations to the 
desired dredge elevation.  Refer to the attached figures, drawing P-4 “South Terminal 
Marine Infrastructure Park Proposed Bulkhead”, and drawing P-9 “Bottom of Dredge-Plan 
1” for plan views of the proposed dredge scenarios.   
 
The U.S. Army Corps of Engineers (USACE) has requested a global stability analysis of 
the hurricane barrier which addresses the potential impacts to the barrier due to the 
proposed dredging.   
 
REVIEW OF EXISTING DOCUMENTATION 

 
Electronic copies of the original USACE drawings titled “New Bedford-Fairhaven Plan of 
Harbor Explorations and Geologic Sections”, dated 1960, “New Bedford-Fairhaven, 
Record of Foundation Explorations, No. 4”, dated 1960, “New Bedford-Fairhaven Barrier, 
Harbor Barrier and Dike, Plan and Profile No. 2”, dated 1962, “New Bedford-Fairhaven 
Barrier, Harbor Barrier and Dike, Typical Sections No. 1”, dated 1962, and “New Bedford-
Fairhaven Barrier, Parking Area, New Bedford”, dated 1962 were provided to GZA by 
Apex Companies, LLC (Apex) for use in this analysis.  These drawings are included in 
Appendix C.   
 
All current project elevations reference Mean Lower Low Water (MLLW) datum; however, 
all of the original USACE drawings and accompanying subsurface information reference 
Mean Sea Level (MSL) datum which was assumed to reference the 1960-1983 epoch.  
These elevations were converted to MLLW, with respect to the current epoch, for 
consistency when comparing original information with current conditions.  The conversion 
used was MSL 1960-1878 = 1.84 MLLW1.   
 
The original USACE documentation, Figure 2, “Dredge Footprint Cross Section”, dated 
September, 2010, drawing P-9, “South Terminal Marine Infrastructure Park Proposed 
Bulkhead”, dated September, 2010, and recent subsurface boring logs by Apex were used 
to generate a design cross section and subsurface profile for use in the global stability 
analysis.  Apex boring logs used in the analysis are included in Appendix D.  Section line 
A-A’, as shown on drawing P-4, “South Terminal Marine Infrastructure Park Proposed 
Bulkhead”, was chosen due to the close proximity of proposed dredging activities to the 
hurricane barrier.   

                                                 
1 NOAA Tides and Currents, Elevations on Station Datum, Buzzards Bay, MA, Station 8447270. 
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SLOPE STABILITY ANAYLSIS 

 

Recent borings, A-2010-B7, A-2011-B23, and A-2011-B28 performed by Apex on 
September 24, 2010, March 17 and March 28, 2011, respectively, and original USACE 
borings FD-95 and FD-97 performed on August 27 and September 3, 1959, respectively, 
were used to develop a typical subsurface profile along section line A-A’ shown on 
Drawing P-4.  The generalized subsurface conditions at the site consist of a 5 to 7 foot 
thick layer of soft sandy organic silt underlain by approximately 4 to 13 feet of medium 
dense to very dense fine to coarse sand and/or sand and gravel, both having varying 
amounts of silt, isolated portions of a very thin layer of very dense glacial till, and bedrock.  
The general construction of the hurricane barrier at section line A-A’ consists of riprap 
armor stone layer, chocking stone and sand and gravel filter layers, and an earth fill core.  
Based on the original USACE documents, it was assumed that the organic silt had been 
dredged prior to construction of the barrier.  This profile and section thicknesses obtained 
from the original construction documents were modeled using the software program 
GeoStudios Slope/W 2007 by Geo-Slope International, LLC.   Selected soil parameters, 
including total unit weight and angle of internal friction for each of the soil layers along 
with the embankment materials can be seen on the attached Slope/W output.  The bedrock 
was modeled as an impenetrable surface. 
  
Additionally, water levels on the hurricane barrier were modeled in Slope/W using FEMA 
flood maps for the area.  FEMA flood insurance maps were reviewed, and a 100 year flood 
elevation of 17.0 feet, referenced to the North American Vertical Datum of 1988 (NAVD 
88) was used for the area.  This elevation was converted to MLLW and corresponds to 
elevation 14.7 feet.  Based on information provided by Apex, the conversion is MLLW = 
(NAVD of 1988) - 2.34 ft.  A “worst case” scenario was modeled which assumed that the 
gate structures had been closed and that the water elevation within the harbor was 0.0 feet 
and that the 100 year flood elevation was present on the ocean side of the barrier, 
corresponding to elevation 14.7 feet.  A diagonal line was assumed for a phreatic surface 
through the barrier connecting the differing water elevations.     
 
Acceptable factors of safety under static loading conditions are generally considered to be 
1.3 for normal structures, or 1.5 for structures that support critical utilities or infrastructure 
or any other sites with low tolerance for failure2.  Four scenarios were run for this global 
stability analysis.  Scenario 1 modeled the existing conditions and used the generalized 
hurricane barrier section and soil profile and Scenarios 2, 3, and 4 modeled the proposed 
dredge scenarios.  Scenario 2 modeled the dredge footprint outlined on drawing P-4 and 
Scenarios 3 and 4 modeled the dredge footprint on drawing P-9 with final dredge 
elevations of -14 feet and -20 feet MLLW.  Elevation -14 is the dredge elevation proposed 
for the project at this time, and elevation -20 is the elevation for possible subsequent 

                                                 
2 AASHTO Standard Specifications for Highway Bridges 
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deeper dredging. The predicted potential failure surfaces for all scenarios displayed factors 
of safety greater than the recommended minimum of 1.5.   
 
The results of the analyses indicate that the factor of safety for global stability for the 
existing condition is approximately 2.2 and that the proposed dredging would likely have 
minimal impacts on the global stability of the hurricane barrier.  The factor of safety 
determined in Scenario 2 remained 2.2 and the factor of safety for Scenario 3 showed a 
slight reduction to 1.9 for a dredge elevation of -14 feet and 1.7 for a dredge elevation of -
20 feet MLLW.  Therefore, under the 100 year flood condition, all of the proposed dredge 
scenarios have acceptable factors of safety.   
 
We trust that this report addresses the principal geotechnical issues for this project.  Please do 
not hesitate to contact the undersigned with any questions or comments. 
 
Very truly yours, 
 
GZA GEOENVIRONMENTAL, INC. 

     
James J. Marsland      Diane Baxter, Ph.D., P.E. 
Geotechnical Engineer      Senior Project Manager 

 
David R. Carchedi, Ph.D., P.E.  
Senior Principal 
 
DYB/DRC:jm   
 
Attachments:  Figure 1: Locus Plan 
   Appendix A: Limitations 
     Appendix B: Apex Companies, LLC Drawings 
   Appendix C: Original USACE Drawings 
   Appendix D: Subsurface Exploration Logs 
   Appendix E:  Slope Stability Analysis 
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APPENDIX A 

 

LIMITATIONS 



 

LIMITGEO.TEC (1/1/91) PAGE 1 

 GEOTECHNICAL LIMITATIONS 
 
 
Explorations 
 
1. The analyses and recommendations submitted in this report are based in part upon the data obtained from 

subsurface explorations.  The nature and extent of variations between these explorations may not become 
evident until construction.  If variations then appear evident, it will be necessary to reevaluate the 
recommendations of this report. 

 
2. The generalized soil profile described in the text is intended to convey trends in subsurface conditions.  The 

boundaries between strata are approximate and idealized and have been developed by interpretations of widely 
spaced explorations and samples; actual soil transitions are probably more erratic.  For specific information, 
refer to the boring logs. 

 
3. Water level readings have been made in the drill holes and monitoring wells at times and under conditions 

stated on the boring logs.  These data have been reviewed and interpretations have been made in the text of this 
report.  However, it must be noted that fluctuations in the level of the groundwater may occur due to variations 
in rainfall, temperature, and other factors occurring since the time measurements were made. 

 
Review 
 
4. In the event that any changes in the nature, design or location of the proposed building are planned, the 

conclusions and recommendations contained in this report shall not be considered valid unless the changes are 
reviewed and conclusions of this report modified or verified in writing by GZA GeoEnvironmental, Inc (GZA). 
 It is recommended that this firm be provided the opportunity for a general review of final design and 
specifications in order that earthwork and foundation recommendations may be properly interpreted and 
implemented in the design and specifications. 

 
Construction 
 
5. It is recommended that this firm be retained to provide soil engineering services during construction of the 

excavation and foundation phases of the work.  This is to observe compliance with the design concepts, 
specifications, and recommendations and to allow design changes in the event that subsurface conditions differ 
from those anticipated prior to start of construction. 

 
Use of Report 
 
6. This report has been prepared for the exclusive use Apex Companies, LLC for specific application to the New 

Bedford-Fairhaven Hurricane Barrier located in New Bedford, Massachusetts in accordance with generally 
accepted soil and foundation engineering practices.  No other warranty, express or implied, is made. 

 
7. This soil and foundation engineering report has been prepared for this project by GZA.  This report is for 

design purposes only and is not sufficient to prepare an accurate bid.  Contractors wishing a copy of the report 
may secure it with the understanding that its scope is limited to design considerations only. 

 
8. This report may contain comparative cost estimates for the purpose of evaluating alternative foundation 

schemes.  These estimates may also involve approximate quantity evaluations.  It should be noted that quantity 
estimates may not be accurate enough for construction bids.  Since GZA has no control over labor and 
materials cost and design, the estimates of construction costs have been made on the basis of experience.  GZA 
does not guarantee the accuracy of cost estimates as compared to contractor's bids for construction costs. 
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ORIGINAL USACE DRAWINGS 
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SUBSURFACE EXPLORATION LOGS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Date: 9/24/2010

Time: 12:15 PM

Project: Project No: 6690.005

Location:  

-5.5

Boring Depth: -28.0' MLLW Boring No: A-2010-B7

4" Drill Rig: CME 45

Drill Co: Method: Drill and Wash Sheet:  1 of 1
Driller:  Log By: GAD

Comments: 

Notes: 
1). Numbers in "Depth below mudline (ft)" column represent the depth below mudline of the 

bottom of the respective split-spoon, core run, or drill tool advancement. 

2). Numbers in "Elevation (MLLW)" column represent the elevation of the bottom of the 

respective split-spoon, core run, or drill tool advancement.

8'-8.5' Greenish grey, fine to medium SAND and fine angular GRAVEL

8.5'-9.5' Light grey, fine to medium SAND, some coarse SAND18/14/12/17
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15/18/24/58

11/10/12/15/

12

9.5'-10' Greenish grey, fine SAND and SILT

10'-11.5' Greenish grey, fine SAND and SILT, trace fine angular gravel

11.5'-12' Olive grey, medium to coarse SAND, trace rock fragments at tip.

Rock Core #1: -18.5to -23.5 MLLW - Highly to moderately fractured grey and pink 

Granitic Gneiss   

   

Drove casing to refusal, cleaned hole, and began core run at -18.0 MLLW

24"

8/8/7/8/9
60" Rock Core #2: -23.5 to -28.5 MLLW - Highly to moderately fractured grey and pink 

Granitic Gneiss22.5 40"

Core run was completed at less revolutions per minute than recommended by core barrel 

manufacturer, drill time is not a good indicator of rock competency.
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12.5
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6 12"
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61%

24"
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88%

10

24"

8 17"

BORING LOG
Phase IV Dredging X: 816781.1

Description

12"

(Color, Texture, Structure)

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50%

24"

Elevation at mudline:   

R
Q

D

South Terminal Expansion Y:  2687710.6

Datum:                    MLLW

15/23/100-

5"

7/5/7/5

Olive Grey, fine to medium SAND, some shell hash, trace silt

0-1' Black, organic SILT

1'-2' Olive Grey, fine to medium SAND, some shell hash, trace silt

6'-7' Olive Grey, fine to medium SAND, some shell hash, trace silt

7'-7.4' Olive grey, fine SAND and SILT

Casing Type: Steel

Casing Diameter: 

WOR,6,8,8
2

4'-4.5' Olive Grey, fine to medium SAND, some shell hash, trace silt

4.5'-6' Greenish grey, fine SAND and SILT

12

9/11/12/16
24"



Date: 3/17/2011

Time: 1:00 PM

Project: Project No: 6690.008

Location:  

-10.65

Boring Depth: -38.65' MLLW Boring No: A-2011-B23

4" Drill Rig: CME 45

Drill Co: Method: Drill and Wash Sheet:  1 of 1
Driller:  Log By: GCD

Comments: 

Notes: 
1). Numbers in "Depth below mudline (ft)" column represent the depth below mudline of the bottom 

of the respective split-spoon, core run, or drill tool advancement. 
2). Numbers in "Elevation (MLLW)" column represent the elevation of the bottom of the respective 

split-spoon, core run, or drill tool advancement.

85%

5'
Rock Core #2: -33.65 to -38.65 MLLW 0.0'-5.0' Moderately fractured pink grey 

granitic GNEISS.

65%

4.8'

0"

No recovery.

-33.65
4.55'
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5'
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-12.65

-17.65

-20.55

Light gray, fine to coarse SAND.

Cleaned hole and began core run at -28.85 MLLW. 

0"
100/0"

-28.85

8,9,9,10,11
Rock Core #1: -28.85 to -33.65 MLLW 0.0'-4.8' Intensely to moderately fractured 

pink grey GRANITE.

-28.85

-38.65

Obstruction encountered at -23.4 MLLW.  Advanced roller bit through a series of 

obstructions, believed to be either a series of boulders or rock fragments to     -28.85 

MLLW.  

No recovery.
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South Terminal Expansion Y:  2687892

Datum:                    MLLW

Casing Type: Steel

Casing Diameter: 

BORING LOG
Phase IV Dredging X:  816606

Elevation at mudline:   

2

Description

(Color, Texture, Structure)

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50%

Top 4": Black, organic SILT.                                                                                   Last 

4":  Dark gray, fine to medium SAND and SILT, trace shell hash. 
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Date: 3/28/2011

Time: 9:29 AM

Project: Project No: 6690.008

Location

-5.2

Boring Depth: -24.0' MLLW Boring No: A-2011-B28

4" Drill Rig: CME 45

Drill Co: Method: Drill and Wash Sheet:  1 of 1
Driller:  Log By: GCD

Comments: 

Notes: 
1). Numbers in "Depth below mudline (ft)" column represent the depth below mudline of the 

bottom of the respective split-spoon, core run, or drill tool advancement. 
2). Numbers in "Elevation (MLLW)" column represent the elevation of the bottom of the 

respective split-spoon, core run, or drill tool advancement.

-24.0
18.8 4.5'

Encountered obstruction at -19.5 MLLW.  Cleaned hole and began core run. 

12"

36%

4.5'

5,4,5,5
Rock Core #1: -19.5 to -24.0 MLLW - Intensely to moderately fractured pink grey 

granitic GNEISS.
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Tan to grey, very fine SAND, trace inorganic silt. 
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Grey, fine to medium SAND, little shell hash. 
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20,27,29,43 Grey fine to coarse SAND, little silt, little fine to coarse gravel. 

10,18,17,18

24"
10,20,29,32

-15.2

24,37, 

100/0"
Grey, fine to coarse SAND, little silt, little fine to coarse gravel. 

Intervals 0-2, 2-4. and 4-6 Sampled using a 3" diameter split spoon sampler, all of the other 

intervals were sampled using a standard 2" diameter split-spoon.

-17.2

-19.5

7"
Grey, fine SAND, little inorganic silt, little medium to coarse sand, trace gravel. 

Grey fine SAND, little silt, trace coarse gravel. 
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South Terminal Expansion Y:  2687636

Datum:                    MLLW

Casing Type: Steel

Casing Diameter: 

 BORING LOG
Phase IV Dredging X:  816775

Elevation at mudline:   

2

Description

(Color, Texture, Structure)

Trace < 10%, Little 10% to 20%, Some 20% to 35%, And 35% to 50%

Black, organic SILT, trace fine to coarse sand, trace shell hash. 
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APPENDIX E 

 
SLOPE STABILITY ANALYSIS 
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Name: GRANULAR FILL     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: BEDROCK     Model: Bedrock (Impenetrable)     Piezometric Line: 1     
Name: SAND AND GRAVEL     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: ORGANIC SILT     Model: Undrained (Phi=0)     Unit Weight: 100     Cohesion: 25     Piezometric Line: 1     
Name: RIPRAP     Model: Mohr-Coulomb     Unit Weight: 150     Cohesion: 0     Phi: 50     Phi-B: 0     Piezometric Line: 1     
Name: Embankment Fill     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 34     Phi-B: 0     Piezometric Line: 1     
Name: Glacial Till     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 36     Phi-B: 0     Piezometric Line: 1     

         Scenario 1: Existing Conditions

New Bedford-Fairhaven Hurricane Barrier

   Slope Stability Analysis: Section A-A' 

       Minimum Factor of Safety = 2.2

New Bedford South Terminal

File No. 33734.00

File Name: J:\Geo\33734.00.dyb\Work\Hurricane Barrier\SlopeW\33734.00_Secton A-A'-Scenario1.gsz
GZA GeoEnvironmental, Inc.
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2.209Name: GRANULAR FILL     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: BEDROCK     Model: Bedrock (Impenetrable)     Piezometric Line: 1     
Name: SAND AND GRAVEL     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
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Name: Embankment Fill     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 34     Phi-B: 0     Piezometric Line: 1     
Name: Glacial Till     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 36     Phi-B: 0     Piezometric Line: 1     

Scenario 2: Dredge Conditions Based of Drawing P-4 

              Dredge Elevation -20 feet MLLW

        New Bedford-Fairhaven Hurricane Barrier

            Slope Stability Analysis: Section A-A' 

                Minimum Factor of Safety = 2.2

New Bedford South Terminal

File No. 33734.00
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Name: GRANULAR FILL     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: BEDROCK     Model: Bedrock (Impenetrable)     Piezometric Line: 1     
Name: SAND AND GRAVEL     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: ORGANIC SILT     Model: Undrained (Phi=0)     Unit Weight: 100     Cohesion: 25     Piezometric Line: 1     
Name: RIPRAP     Model: Mohr-Coulomb     Unit Weight: 150     Cohesion: 0     Phi: 50     Phi-B: 0     Piezometric Line: 1     
Name: Embankment Fill     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 34     Phi-B: 0     Piezometric Line: 1     
Name: Glacial Till     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 36     Phi-B: 0     Piezometric Line: 1     

Scenaro 3: Dredge Conditions Based off Drawing P-9

            Dredge Elevation -14 feet MLLW

      New Bedford-Fairhaven Hurricane Barrier

           Slope Stability Analysis: Section A-A'

               Minimum Factor of Safety = 1.9 

New Bedford South Terminal

File No. 33734.00
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GZA GeoEnvironmental, Inc.
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Name: GRANULAR FILL     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: BEDROCK     Model: Bedrock (Impenetrable)     Piezometric Line: 1     
Name: SAND AND GRAVEL     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 32     Phi-B: 0     Piezometric Line: 1     
Name: ORGANIC SILT     Model: Undrained (Phi=0)     Unit Weight: 100     Cohesion: 25     Piezometric Line: 1     
Name: RIPRAP     Model: Mohr-Coulomb     Unit Weight: 150     Cohesion: 0     Phi: 50     Phi-B: 0     Piezometric Line: 1     
Name: Embankment Fill     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 34     Phi-B: 0     Piezometric Line: 1     
Name: Glacial Till     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 0     Phi: 36     Phi-B: 0     Piezometric Line: 1     

Scenaro 4: Dredge Conditions Based off Drawing P-9

             Dredge Elevation -20 feet MLLW

      New Bedford-Fairhaven Hurricane Barrier

           Slope Stability Analysis: Section A-A'

               Minimum Factor of Safety = 1.7 

New Bedford South Terminal
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ATTACHMENT AA 

Information on the Route 18 – JFK Highway Access Improvement Project 

 

   













































 

 

 

 

 

 

ATTACHMENT BB 

Outline for the Construction Management Plan for the New Bedford Marine 

Commerce Terminal 
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1. Introduction 
2. Scope, Contract, Administration, and Authority 

2.1. Scope of the Plan 
2.2. Contract and Project Requirements 
2.3. Administration of the Plan 
2.4. Authority 

2.4.1. Responsibilities 
2.4.2. Contacts and Chain of Command 

2.5. Contractor Submittals 
2.6. Interface with Contractor Plans and Policies 

3. Public Involvement and Information Plan 
4. Project Description 

4.1. In-water Construction 
4.2. On-land Construction 

5. Project Sequencing 
6. Site Health and Safety 

6.1. Introduction 
6.2. Authority and Responsibility 
6.3. Objectives 
6.4. Health & Safety and Rehabilitation Policies 
6.5. Health & Safety Standards 
6.6. Roles and Responsibilities 

7. Site Control and Security 
8. Quality Assurance and Quality Control 

8.1. Authority and Responsibility 
8.2. Reporting 
8.3. Monitoring, Management, Sampling, and Testing 

8.3.1. Dredging 
8.3.2. Site Prep and Clearing and Grubbing 
8.3.3. Pre-construction Soils Remediation 
8.3.4. Sheet-piling and Pile Installation 
8.3.5. Site Grading 
8.3.6. Concrete 
8.3.7. Appurtenances 

8.4. Insufficiency Reporting and Remedial Actions 
9. Environmental Management 

9.1. Introduction 
9.1.1. Objectives 
9.1.2. Environmental Policies 
9.1.3. Environmental Standards 
9.1.4. Roles and Responsibilities 

9.2. General Site Operations 
9.2.1. Pollution Control 
9.2.2. Spill Prevention, Control, and Countermeasures 
9.2.3. Air Emission Reduction 
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9.3. On-land Construction Operations 
9.3.1. Site Control 
9.3.2. Earth Moving, Sediment, and Erosion Control 

9.4. Over-water Operations 
9.4.1. Site Control 
9.4.2. Pollution Prevention 
9.4.3. Sediment Management and Siltation Control 

10. Stormwater Management 
10.1. Upland Areas 
10.2. Intertidal Areas 

11. Dust Management and Air Quality Monitoring 
11.1. Upland Construction 
11.2. Dredging 

12. Waste Management 
12.1. Excavation Out-of-Spec Debris 
12.2. Construction Debris 
12.3. Construction Generated Wastes 

12.3.1. Personal Protective Equipment 
12.3.2. Refueling and Lubricating Waste Management 
12.3.3. Trash 

13. Archaeological Management 
13.1. Paleosol Protection 
13.2. Monitoring during Construction 
13.3. Contacts, Reporting, and Actions 

14. Noise and Vibration Control and Minimization 
15. Traffic and Parking Management 
16. Construction Risks and Mitigation Measures 
17. Cross-reference Other Project Plans 

17.1. Associated Project Plans 
17.2. Hierarchy of Project Planning Documents 
17.3. Conflict Resolution 

18. Signatures and Certifications 

 
TABLES 
 
FIGURES 
 
ATTACHMENTS 
 
APPENDICES 

 


	Attachment C - C_underwaterexplosions[1].pdf
	TABLE OF CONTENTS
	Introduction
	REFERENCES CITED
	CHAPTER 1
	RATIONAL FOR NATURAL RESOURCE AGENCY CONCERNS
	NATURAL RESOURCE AGENCY REGULATORY AUTHORITY

	CHAPTER 2
	INTRODUCTION
	EXPLOSIONS
	MEDIA CONSIDERATIONS
	TRANSMITTING MEDIA
	PRESSURE-WAVES

	CHAPTER 3
	INTRODUCTION
	DAMAGE AND MORTALITY OF AQUATIC PLANTS EXPOSED TO UNDERWATER EXPLOSIONS
	MITIGATION TECHNIQUES TO PROTECT AQUATIC PLANTS FROM UNDERWATER EXPLOSIONS

	CHAPTER 4
	INTRODUCTION
	APPROACH
	INVERTEBRATE LITERATURE REVIEW
	SUMMARY AND DISCUSSION

	CHAPTER 5
	INTRODUCTION
	INJURY AND MORTALITY OF REPTILES EXPOSED TO UNDERWATER EXPLOSIONS
	INJURY AND MORTALITY OF AMPHIBIANS EXPOSED TO UNDERWATER EXPLOSIONS
	MITIGATION TECHNIQUES TO PROTECT REPTILES AND AMPHIBIANS FROM UNDERWATER EXPLOSIONS

	CHAPTER 6
	INTRODUCTION
	PRESSURE RELATED MORTALITY OF FISH
	EXPLOSIVE PRESSURE RELATED ORGAN DAMAGE
	EFFECT OF FISH SIZE
	EFFECTS OF UNDERWATER EXPLOSIONS ON LARVAL FISH AND EGGS
	SUBLETHAL INTERNAL DAMAGE TO FISH FROM UNDERWATER EXPLOSIONS
	UNDERWATER EXPLOSIVE FISH MORTALITY MODELS
	EXAMPLE CALCULATION
	MITIGATION TECHNIQUES TO PROTECT FISH FROM UNDERWATER EXPLOSIONS

	CHAPTER 7
	INTRODUCTION
	INJURY AND MORTALITY OF MARINE MAMMALS EXPOSED TO UNDERWATER EXPLOSIONS
	EXAMPLE CALCULATION
	BEHAVIORAL EFFECTS OF UNDERWATER BLASTING ON MARINE MAMMALS
	MITIGATION TECHNIQUES TO PROTECT MARINE MAMMALS FROM UNDERWATER EXPLOSIONS

	CHAPTER 8
	INTRODUCTION
	DEVELOPMENT OF MITIGATIVE STRATEGIES: THE BLASTING DESIGN
	DEVELOPMENT OF MITIGATIVE STRATEGIES: BIOLOGICAL CRITERIA
	DEVELOPMENT OF MITIGATIVE STRATEGIES: USE OF PHYSICAL MITIGATION FEATURES
	MITIGATION RECOMMENDATIONS
	A TIERED MITIGATION PLANNING PROCESS


	Attachment Z - 33734.00_Hurricane Barrier Report.pdf
	33734.00_South Return Wall Design Alternative (08-22-2011).pdf
	SOUTH_TERMINAL_EXPANSION-9-20-10





