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Section 1.  Introduction and Background 
 

 
INTRODUCTION and BACKGROUND 
 
I.  WA State Regulation for Pre-Booming of Oil Transfers 
Recent legislation, WAC (Washington Administrative Code) Title 173, Chapter 1801, requires 
that all Rate A oil transfers, those that are conducted at over 500 gallons per minute, must be 
pre-boomed when it is safe and effective to do so.  Rate A transfers include the majority of 
those conducted at Class 1 facilities in WA State and most vessel-to-vessel transfers.  Rate B 
transfers are those oil transfers that occur at a lower rate and the operators must comply by 
choosing to comply either with the pre-booming regulations or with the alternative measures 
outlined in the regulation. 
 
Rate A transfer deliverers, and those Rate B deliverers choosing to comply with the pre-
booming regulations, must develop and submit for approval to Ecology a report that describes 
the environmental factors that will be used to determine thresholds for when it is safe and 
effective to pre-boom at each location. These threshold values will be used by the transfer 
deliverers to determine whether or not it is safe and effective to pre-boom each transfer, on a 
case-by-case basis. The determination of safe and effective threshold values for each transfer 
site must be included within a detailed report which follows specific guidelines outlined in WAC 
173-180-224 and must be submitted to the Washington Department of Ecology (DOE). 
 
The intent of this regulation is not simply the production of a report characterizing local 
environmental conditions and boom performance standards but also to ensure that the transfer 
deliverers have developed a comprehensive approach to provide their boom operation 
personnel with a process to make a “safety and effectiveness” determination before and during 
a pre-boom operation, and a method for documenting these decisions.  The ability for the DOE 
reviewer to properly evaluate these safe and effective boom threshold reports (S & E reports) 
then, lies in the ability to accurately determine that: (a)  the completeness and content and of 
the report are consistent with the regulation requirements,  (b)  a program will be put in place to 
ensure that sound decisions about safety and effectiveness are made prior to and during 
booming operations, based on best available information and best practices, and (c) whether 
the information used and decisions made are appropriately recorded and reported to DOE. 
 
A process was developed to facilitate a systematic review by DOE of these required S & E 
reports through a series of checklists as follows: 

• First, a screening COMPLETENESS checklist to determine whether the report is 
complete and is suitable for review by DOE (or if the report requires modifications 
before it will be reviewed). 

• Second, a checklist will be used to evaluate the CONTENT of the report for the 
presence or absence of such elements as proposed Threshold Values, the on-site 
environmental monitoring data used to develop the values, and the Methodology of the 

                                                 
1 WAC 173-180-221 1) The Rate A deliverer must preboom oil transfers when it is safe and effective 
to do so… 
(2) The determination of safe and effective must be made prior to starting a transfer or, if 
conditions change during a transfer. To make this determination, the deliverer must use the safe 
and effective threshold values found in their operations manual. Safe and effective threshold 
values are determined using the safe and effective threshold determination report - see WAC 173-
180-224. 
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Threshold Value determination, as well as all other required elements listed in WAC 
173-180-2242 

• Third, an ADEQUACY Review checklist will assist the reviewer through the process of 
determining whether the proposed Threshold Values and the other data and 
methodology provided are technically-supportable, adequate and acceptable by DOE 
and follow the intent of the regulation. 

• These checklists are summarized in a short table at the end of the Checklists section 
(Section 3). 

 
This process allows for the recognition of the unique nature and environmental character at 
each transfer location and during each transfer operation.  The bathymetry, meteorology, 
oceanography, and other environmental conditions at each transfer site will vary such that each 
of the required transfer deliverers may have a unique set of conditions to consider in developing 
threshold values for safe and effective pre-booming operations.   
 
Additionally, the safety requirements for each transfer operation are the responsibility of that 
operator.  DOE will not evaluate or pre-judge an operator’s obligation to make appropriate 
safety decisions in the field to protect their personnel.  DOE’s review and acceptance process 
for the safety component of these reports, then, will be based upon the level of detail and 
thoroughness of the safety procedures and plans that an operator proposes to utilize during pre-
booming operations, as well has whether the report outlines in detail how a safety decision will 
be made, by whom, using what information and how these decisions will be documented. 
 

                                                 
2 WAC 173-180-224 Safe and effective threshold determination report. (1) Report requirements. The 
report must include at a minimum the following, in the order presented: 
(a) Cover sheet with name of company submitting the report and point of contact. 
(b) Table of contents including supporting documents and appendices. 
(c) Summary of safe and effective threshold values. 
(d) The body of the report must include the following: 
(i) The information used to support these values which must be based upon on-site environmental 
monitoring data recorded at specific times, dates, and locations. 
(ii) These values and the supporting data must address, at a minimum, the following site specific 
information: 
(A) Personnel safety; 
(B) Sea state values in feet including typical wave periods; 
(C) Water current velocity such as peak currents, sustained 
currents in hourly increments, and direction of flow, during typical oil transfer operations; 
(D) Wind speed in knots, and prevailing directions; 
(E) Other conditions such as vessel traffic, fishing activities, and other factors that influence 
the oil transfer operation. 
(iii) The facility must provide a detailed analysis of the 
proposed threshold values for the transfer location including: 
(A) Methodology of the analysis; 
(B) Equipment used to measure data collected; 
(C) Supporting data, references, graphs, tables, pictures, and other relevant information. 
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SECTION 2.  SAFE AND EFFECTIVE THRESHOLD DETERMINATION   
 REPORT REVIEW PROCESS 
 
 
PLAN REVIEW PROCESS  
 
The plan review process involves a sequence of several steps as outlined below: 
 
STEP 1:  COMPLETENESS SCREENING 

• This first step represents a screening of the overall S&E report submitted by the transfer 
deliverer.  The screening process determines if the plan is complete and in a suitable 
form to undergo the review process. 

• The screening would use the Completeness Checklist which includes the following 
categories:  Format, Timeliness, and Presentation. 

• OUTCOME – a completed Completeness Checklist which states whether the plan is 
complete and will be reviewed or if it is incomplete and is rejected for the listed reasons 
(and the operator has a period of xx days within which to resubmit a revised version).  
The Completeness Checklist is returned to the report submitter as a notice of report 
receipt with a cover sheet from DOE with further instructions as necessary. 

 
STEP 2:  CONTENT REVEW 

• This step reviews the report to establish that the elements required by the regulations 
are included in the report.  This review is a straightforward “present/absent” checklist 
approach.  The checklist is subdivided into the following subsections: 

o Safety Threshold Values and Safety Process; and 
o Effectiveness Threshold Values and Effectiveness Threshold Value 

Determination.  
• OUTCOME – Completed checklists that indicate whether or not the report contains all 

the required elements listed in the regulation. 
 
 
STEP 3:  ADEQUACY REVIEW 

• This step determines assists the DOE reviewer in determining whether the proposed 
threshold values, method for determining the threshold values, the decision process 
that will be used prior to pre-booming to make a safety and effectiveness 
determination, and documentation/reporting procedures are reasonable, adequate 
and acceptable to Ecology.   

 
• CHECKLIST FOR ADEQUACY OF SAFETY THRESHOLD VALUES – the reviewer 

will determine if: 
o the proposed safety threshold determination process is acceptable to DOE. 
o a detailed safety plan has been developed for booming operations. 
o a procedure has been identified describing who makes the safety threshold 

decision prior to and during each pre-booming operation, with what 
information/data, what training and experience level this person must have 
and how this decision will be documented and reported to DOE. 

• CHECKLIST FOR ADEQUACY OF EFFECTIVENESS THRESHOLD VALUES – the 
reviewer will compare the submitted proposed boom effectiveness threshold values 
against the matrix in Section 6 of expected boom performance vs environmental 
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conditions to determine if they fall within a reasonable range.  The reviewer will also 
determine if: 

o the proposed effectiveness threshold values are acceptable to DOE 
o a procedure has been identified describing who makes the boom 

effectiveness decision prior to and during each pre-boom operation, with what 
information/data, what training and experience level this person must have 
and how this decision will be documented and reported to DOE 

 
• CHECKLIST FOR ADEQUACY OF ENVIRONMENTAL MONITORING– the 

reviewer will use this checklist to determine whether the report contains adequate 
description of what equipment, measurements, observations, predictions, forecasts 
or other information types and sources will be used by the designated person(s) to 
make the pre-boom decision and whether the report clearly indicates how 
information will be used to make Safety or Effectiveness decisions prior to or during 
a pre-booming operation. 

o The reviewer will determine if the equipment listed is (are) sufficient, and if 
alternatives are adequate. 

o The reviewer will also determine whether the operator has outlined a 
reporting/documentation process for recording, documenting and submitting 
the information used to make the booming decision for Ecology. 

• OUTCOME – this is the final step in determining whether the report has not only met 
the requirements as outlined in the regulation, but if the proposed values are 
adequate, suitable processes have been developed to ensure S & E determinations 
will be done in a consistent, systematic way, and that there is an adequate 
documentation and reporting process in place. 

 
 
STEP 4: CHECKLIST SUMMARIES 

• In each of the CONTENT and ADEQUACY CHECKLISTS (Section 3), there are 
summary items in the end rows.  These values then are transcribed into the 
CHECKLIST SUMMARIES table at the end of Section 3 and serve as an overview of 
the progress of the report through the review process.  If the values for the listed 
items in the CHECKLIST SUMMARIES table are all “Y”, then the report has been 
accepted by DOE and a cover letter will accompany the checklists stating the 
acceptance of the report.  Should the report reviewer determine that portions are 
incomplete, then the appropriate checklist(s) will be returned to the report submitter 
with instructions and a deadline for revisions. 
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SECTION 3.  CHECKLISTS GUIDANCE AND JOB-AID 
 
For Section 3, the Review Checklists, the following job aid describes the information required or 
being reviewed, for each item in the checklist. 
 
CHECKLIST 1:  REPORT CONTENTS CHECKLIST 
 

 
REPORT SUBMITTAL REQUIREMENTS 

 
FORMAT 
 

In this category, the reviewer is looking for the presence or absence of the listed items.  
The reviewer will answer “Y” if the item is present in the report, and “N” if the item is 
not present.  If the requested information is not present in the report, the reviewer will 
note the details of the missing information under “REMARKS”. 
 

Lines 1 & 2 
 

In this category, the reviewer will answer each question with a “Yes” or “No” regarding 
if the report was submitted by the deadline, or if by an approved extension.  Any 
additional comments or questions should be noted under “Comments”. 
 

Line 3 
 

In this category, the reviewer will decide whether the report was well-organized and 
followed a logical format, and will check either “Yes” or “No.  This is a value judgment 
by the reviewer and should be supplemented with comments in the “Comments” 
section if the answer is “N”. 
 

Line 4 
 
 
 

In this category, the reviewer will review the previous category items in this checklist 
and make a determination, based on the amount of “Yes” and “No” whether the report 
is suitable for the review process.  Any clarifying remarks explaining this decision 
should be included in the “Comments” section. 
 

Line 5 & 6 
 
 
 

The WACs require each report to contain a cover sheet and a table of contents.  The 
reviewer will indicate whether they are present and adequate or not and note any 
comments or discrepancies in the “Comments” section.  
 

 
SUMMARY OF SAFE AND EFFECTIVE THRESHOLD VALUES 

 
 
 In this checklist, the reviewer is looking for the presence or absence of the listed items 

in the report.  The reviewer will check “Yes” if the item is present in the report, and “No” 
if the item is not present.  If listed item is present in the report, but appears to be 
missing information or incomplete, the reviewer will the reviewer will note the details of 
the missing information under “Comments”. 
 

Line 7 & 8 The actual Environmental operating conditions for the area defined, as well as the 
effectiveness thresholds for the facility or area. The items in this category will vary for 
each site, and for each report.  The purpose of this checklist item is to determine 
whether or not the operator has included environmental conditions and effectiveness 
threshold values specific to this facility and area. 
 

Line 9 Safety Threshold Values are required in the regulation to be included in this report.  
The reviewer must determine whether the report has listed Safety Threshold Values for 
the various stages of a pre-boom operation: Small Boat Operations (Ops), Boom 
Deployment Ops, Boom Tending Ops, and Boom Retrieval Ops. 

Safe & Effective Threshold Report  7   6/14/2007 
Guidance Document 



Line 10 The reviewer must also determine whether the plan submitter has included the 
Documentation and Reporting procedures for threshold value determinations. 

 
Line 11 & 12 The regulation lists specific requirements relating to how the operator (plan submitter) 

determined the Safety Booming Effectiveness Threshold Values.  These requirements 
include a specific list of data types as well as a requirement that the plan describe in 
detail the actual process used to determine the Safety and Effectiveness Threshold 
Values.  In this checklist, the reviewer must determine whether the specific required 
data types listed in the regulation are listed in the report and if all required types were 
used (or whether the operator omitted the use of one or more data types).  The 
reviewer must also determine whether the report adequately describes the analysis 
process used by the operator to determine the Safety and Effectiveness Threshold 
Values. 
 

Line 13 For the actual environmental operating area as defined, the reviewer must determine 
whether the report contains specific environmental information about the proposed pre-
booming operation, such as:  sea state, water currents, wind speed and direction, and 
any other conditions that might effect booming operations such as fog or night 
operations.  If these items are discussed in this report, check “Yes”, if not check “No” 
and note the discrepancies in the “Comments” column. 
 

Line 14 The reviewer must also determine whether the plan submitter has included the 
Documentation and Reporting procedures for Booming Effectiveness threshold value 
determinations. 
 

Line 15 Booming Effectiveness Threshold Values are required by the regulation to be included 
in this report.  The reviewer must determine whether the report has listed the type of 
equipment to be used for specific operations and if the Effectiveness Threshold Values 
for this equipment is also listed.  This needs to be listed for each of the various stages 
of a pre-boom operation: Small Boat Operations (Ops), Boom Deployment Ops, Boom 
Tending Ops, and Boom Retrieval Ops. 
 

Line 16 & 18 The reviewer must also determine whether the plan submitter has clearly identified the 
procedure for determining if environmental conditions are at or above Booming 
Effectiveness Threshold Values prior to and during each pre-booming operation at 
their site.  The report must not only include a list of the Booming Effectiveness 
Threshold Value(s), but the operator must have thought through and presented a 
detailed procedure of how that operator will use the Booming Effectiveness Threshold 
Value, and the environmental data at the time of transfer, to make a Booming 
Effectiveness determination whether to pre-boom or not. 
 

Line 17 The reviewer must also determine whether the plan submitter has clearly identified the 
procedure for determining if environmental conditions are at or above Safety Threshold 
Values prior to and during each pre-booming operation at their site.  The report must 
not only include a list of the Safety Threshold Value(s), but the operator must have 
thought through and presented a detailed procedure of how that operator will use the 
Safety Threshold Value, and the environmental data at the time of transfer, to make a 
Safety determination whether to pre-boom or not. 
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Line 19 SAFETY THRESHOLD VALUES REPORT CONTENT COMPLETE? The reviewer 
must make a judgment to answer this question based upon the answers to the 
previous questions concerning Safety Thresholds.  If the items under this category are 
all present in the report, the answer to this question is “Yes”.  If items are missing or 
incomplete, and the reviewer checks “No” for this question, explanatory comments 
must be noted in detail under “Comments”. 

Line 20 BOOMING THRESHOLD VALUES CONTENT COMPLETE? The reviewer must make 
a judgment to answer this question based upon the answers to the previous questions 
Effectiveness Thresholds.  If the items under this category are all present in the report, 
the answer to this question is “Yes”.  If items are missing or incomplete, and the 
reviewer checks “No” for this question, explanatory comments must be noted in detail 
under “Comments”. 
 

Line 21 DETERMINATION PROCESS COMPLETE?” The reviewer must make a judgment to 
answer this question based upon the answers to the previous questions in this 
Checklist.  If all the items in this checklist are checked yes and are all present in the 
report, the review checks “Yes” and the reviewer can proceed with the ADEQUACY 
review.  If items are missing or incomplete, then the reviewer checks “No” for this 
question, noting explanatory comments in detail under “Comments”.  The report is 
then returned to the plan submitter with a request to complete the missing information.  
In some cases, the report may be missing some of the information requested but not 
enough to hold up the Adequacy review.  In this case, the review can check “Yes” and 
proceed with the ADEQUACY review.  However, an explanation should be noted in the 
comments section why the decision to proceed was determined. 
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Checklist 2: ADEQUACY REVIEW CHECKLIST 
 

SAFETY THRESHOLD VALUES 
 

 In this category, the reviewer must make a judgment that the information 
presented in the report is adequate, technically-supportable (consistent with 
available literature, testing results and/or on-site and local operational 
experience), and acceptable to Ecology.  This is accomplished by answering 
the questions listed in the checklist. 
 

Line 1 First, the reviewer determines whether the report defines or has identified all  
potential hazards to small boat ops and booming ops; if not, the reviewer must 
determine whether the report identifies a process by which their personnel will 
be able to identify potential hazards.  Hazards to small boat operations may be 
site specific, but if the operator has identified them or has demonstrated an 
awareness of the importance of having a process in place to identify potential 
hazards to safety, the reviewer will check “Yes”.  If the reviewer would like 
supplemental information or would like to make a suggestion to the operator on 
this or other areas, this must be noted under “Comments”.  These items are 
not required by the regulation, however their inclusion or consideration in the 
preparation of the report indicate a high level of awareness of safety concerns 
for these operations. 
 

Line 2 “Does the Report define or reference Small Boat and/or Booming Safety 
Procedures?”   
 
For this item, the reviewer will determine whether the report includes or 
references Safety Procedures or a Safety Plan for small boat operations, 
and/or for booming operations.  These items are not required by the regulation, 
however their inclusion or consideration in the preparation of the report 
indicate a high level of awareness of safety concerns for these operations.  
The reviewer determines whether this item is present by checking either “Yes” 
or “No”.  If the reviewer finds this item missing, incomplete or partial, this must 
be noted in detail under “Comments” as a suggestion. 
 

Line 3 “Does the Report define or reference training requirements and/or 
qualifications for all personnel involved in pre-booming operations?” 
 
For this item, the reviewer will determine whether the report defines or 
references training requirements and/or qualifications for all personnel involved 
in pre-booming operations.  These items are not required by the regulation, 
however their inclusion or consideration in the preparation of the report 
indicate a high level of awareness of safety concerns for these operations.  
The reviewer determines whether the item is present by checking either the 
“Yes” or “No”.  If the reviewer finds this item missing, incomplete or partial, this 
must be noted in detail under “Comments” as a suggestion. 
 

Line 4 “Does the Report define or address how Safety Threshold Values will be re-
evaluated based upon changes in the environmental conditions (e.g. STOP or 
HOLD Points)?” 
 
For this item, the reviewer will determine whether the report defines or 
references or otherwise address how Safety Threshold Values will be re-
evaluated throughout a pre-booming operation based upon changes in the 
environmental conditions (e.g. STOP or HOLD Points).  These items are not 
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required by the regulation, however their inclusion or consideration in the 
preparation of the report indicate a high level of awareness of safety concerns 
for these operations.  The reviewer determines whether the “ITEM” is present 
by checking either the “Yes” or “No”.  If the reviewer finds this item missing, 
incomplete or partial, this must be noted in detail under “Comments” as a 
suggestion. 
 

Line 5 “Does the report demonstrate the use of all available literature, testing results 
and local/onsite experience?” 
 
For this item, the reviewer will determine whether the report demonstrates the 
use of all available literature, testing results and local/onsite experience.  While 
some of these items are required by the regulation to be used and/or included 
in the report, it is prudent and a “BEST PRACTICE” for the operator to utilize 
and include all available experience when determining Safety and 
Effectiveness Threshold Values, as well as sound procedures for determining 
whether environmental conditions meet or exceed those values prior to and 
during pre-booming operations for each transfer.  The reviewer will make a 
judgment whether the operator has demonstrated the use of all available 
elements listed by checking either the Yes or “No”.  If the reviewer finds these 
elements to be incomplete or partial, this must be noted in detail under 
“Comments” as a suggestion. 
 

Line 6 “Is the proposed Safety Threshold Value Determination process for making 
Safe pre-booming determinations well-defined?” 
 
For this item, the reviewer will make a judgment on whether the Safety 
Threshold Value Determination process for making Safe pre-booming 
determinations is well-defined in the report.  This judgment will be based on 
and made only after thorough review of the entire report and after answering 
all the previous checklist questions, so will be a culmination of the overall 
approach and demonstration of the operator to submit a well-thought out plan, 
using all available information that follows the concepts of “BEST 
PRACTICES”. 
 

Line 7 PROPSED SAFETY VALUES REASONABLE AND ACCEPTABLE? 
 
For this item, the reviewer will make a judgment on whether the Safety 
Threshold Values are reasonable and acceptable.  This judgment will be based 
on and made only after thorough review of the entire report and after 
answering all the previous checklist questions, so will be a culmination of the 
overall approach and demonstration of the operator to submit a well-thought 
out plan, using all available information that follows the concepts of “BEST 
PRACTICES”. 
 

Line 8 PROPSED SAFETY VALUE DETERMINATION PROCESS REASONABLE 
AND ACCEPTABLE? 
 
For this item, the reviewer will make a judgment on whether the process used 
by the operator to determine the Safety Threshold Values is reasonable and 
acceptable.  This judgment will be based on and made only after thorough 
review of the entire report and after answering all the previous checklist 
questions, so will be a culmination of the overall approach and demonstration 
of the operator to submit a well-thought out plan, using all available information 
that follows the concepts of “BEST PRACTICES”. 
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BOOMING EFFECTIVENESS THRESHOLD VALUES 
 

Line 9 “Proposed Boom Types appropriate for environmental conditions (Check boom 
type with P.B.P. Matrix3)” 
 
For this item, the reviewer must determine whether the boom type(s) proposed 
in the report are appropriate for the environmental conditions they have listed 
in the report as typical for their transfer operation site.  This must be done 
using the P.B.P. Matrix (Section 4). 
 

Line 10 “Does the report indicate why the proposed booming configuration scheme(s) 
is/are appropriate for conditions at the site?” 
 
For this item, the reviewer must determine whether the report indicates any 
details about how the boom will be arranged (i.e. a booming scheme) and 
whether the report provides a rationale for that booming scheme, and why it is 
appropriate for the environmental conditions they have characterized in the 
report for their transfer site. While there is no good means for the reviewer to 
determine with certainty whether the proposed booming scheme(s) are 
adequate, if the report explains the rationale behind this choice, then the 
reviewer can indicate Yes.  Any supplemental remarks, comments or 
suggestions should be included under “Comments”. 
 
 
 

Line 11 “Does the report indicate why the proposed booming vessel is appropriate for 
site conditions and booming scheme?” 
 
For this item, the reviewer must determine whether the report indicates any 
details about why the proposed booming vessel(s) is/are appropriate for the 
environmental conditions they have characterized in the report for their transfer 
site. While there is no good means for the reviewer to determine with certainty 
whether the proposed vessel(s) are adequate, if the report explains the 
rationale behind this choice, then the reviewer can indicate Yes.  Any 
supplemental remarks, comments or suggestions should be included under 
“Comments”.   
 

Line 12 PROPOSED BOOMING EFFECTIVENESS THRESHOLD VALUES 
TECHNICALLY-SUPPORTABLE4? 
 
For this item, the reviewer will make a judgment on whether the proposed 
Booming Effectiveness Threshold Values presented in the report are 
technically-supportable.  This judgment will be based on and made only after 
thorough review of the entire report and after answering all the previous 
checklist questions, so will be a culmination of the overall approach and 
demonstration of the operator to submit a well-thought out plan, using all 
available information that follows the concepts of “BEST PRACTICES”. 
 

                                                 
3 P.B.P. Matrix – Potential Boom Performance Matrix, Section 4.  This matrix lists expected boom 
performance under given environmental conditions, however oil retention will vary case by case and 
decisions on its effectiveness must be made case-by-case based upon site specific conditions, and 
experience. 
4 Technically-supportable is defined as consistent with available literature, testing results and/or on-site 
and local operational experience. 
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Line13 
 

PROPOSED BOOMING EFFECTIVENESS THRESHOLD VALUE 
DETERMINATION PROCESS TECHNICALLY-SUPPORTABLE2 AND 
ACCEPTABLE? 
 
For this item, the reviewer will make a judgment on whether the process used 
to determine the Booming Effectiveness Threshold Values is technically-
supportable.  This judgment will be based on and made only after thorough 
review of the entire report and after answering all the previous checklist 
questions, so will be a culmination of the overall approach and demonstration 
of the operator to submit a well-thought out plan, using all available information 
that follows the concepts of “BEST PRACTICES”. 
 

ENVIRONMENTAL MONITORING INFORMATION & DATA 
 

Line 14 “Does the report contain adequate description of the type(s) of environmental 
monitoring equipment that will be used to gather data to make a Safe and 
Effective determination, prior to and during pre-booming?” 
 
For this item, the reviewer must determine whether the report contains a 
description of the types of equipment that will be used to monitor the 
environmental that will be used to determine whether conditions are at or 
exceed the Threshold Values for Safety and/or Effectiveness, and whether or 
not the operator will pre-boom the transfer.  The pre-boom transfer decision 
must be made on a case-by-case basis, using environmental data and/or 
forecasts which the operator must clearly define in the report.  If the 
environmental data monitoring equipment which will be used to help the 
operator make the Safety and Effectiveness decision to pre-boom are 
described in the report, the reviewer will check Yes.  If there is not a 
description of the environmental monitoring equipment in the report, or it is 
incomplete or lacking details, the reviewer will check “No” and provide detailed 
comments in the “Comments” column. 

Line 15 “Does the report describe the data/information types that will be used to make 
a Safe and Effective determination, prior to and during pre-booming?” 
 
For this item, the reviewer must determine whether the report contains a 
description of the types of environmental observations that will be used to 
determine whether conditions are at or exceed the Threshold Values for Safety 
and/or Effectiveness, and whether or not the operator will pre-boom the 
transfer.  The pre-boom transfer decision must be made on a case-by-case 
basis, using environmental data and observations, the type of which the 
operator must clearly define in the report.  If the environmental data and 
observation types which will be used to help the operator make the Safety and 
Effectiveness decision to pre-boom are described in the report, the reviewer 
will check “Yes”.  If there is not a description of the environmental data types in 
the report, or it is incomplete or lacking details, the reviewer will check “No” 
and provide detailed comments in the “Comments” column. 
 

Line 16 “Does the report describe any environmental forecasts that will be used to 
make a Safe and Effective determination, prior to and during pre-booming?” 
 
For this item, the reviewer must determine whether the report contains a 
description of the types of environmental forecasts (such as weather and tidal 
predictions) that will be used to determine whether conditions are at or exceed 
the Threshold Values for Safety and/or Effectiveness, and whether or not the 
operator will pre-boom the transfer.  The pre-boom transfer decision must be 
made on a case-by-case basis, using appropriate/applicable environmental 
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forecasts, the type of which the operator must clearly define in the report.  If 
the environmental forecast types which will be used to help the operator make 
the Safety and Effectiveness decision to pre-boom are described in the report, 
the reviewer will check “Yes”.  If there is not a description of the environmental 
data types in the report, or it is incomplete or lacking details, the reviewer will 
check “No” and provide detailed comments in the “Comments” column. 
 

Line 17 PROPOSED ENVIRONMENTAL MONITORING EQUIPMENT, DATA AND 
FORECAST TYPES TECHNICALLY-SUPPORTABLE AND ACCEPTABLE 
 
For this item, the reviewer will make a judgment whether the types of 
environmental monitoring equipment, data/observations and forecasts are 
appropriate for making a determination whether conditions are at or exceed the 
Safety and Effectiveness Threshold Values at their specific site.  This judgment 
will be based on and made only after thorough review of the entire report and 
after answering all the previous checklist questions.  If the report contains an 
adequate characterization of the environmental conditions at the transfer site, 
particularly those that would affect the safety and effectiveness of booming 
(e.g. strong tidal currents), then the reviewer will determine whether the report 
defines those data and observation types which will indicate the state of those 
conditions prior to pre-booming, and whether the report lists the type of 
equipment that will be used to observe and/or predict those conditions which 
would affect pre-booming decisions.  The characterization of the environmental 
conditions of concern re booming at the transfer site must “match up” with the 
types of data the operator will be monitoring and the types of equipment they 
will use to monitor them in order to make a pre-booming decision.  If this is 
done so in the report, the reviewer will check “Yes”.  If this information is 
incomplete or lacking details, the reviewer will check “No” and provide detailed 
comments in the “Comment” column. 
 

 
 
 
 



Section 4.  Potential Boom Performance Matrix 
 
The following matrix will be used as a suggested guide for DOE Report reviewers to determine whether the boom type(s) proposed in 
an S & E Report may be appropriate for the environmental conditions at the transfer site.  This matrix is not designed to be exclusive, 
nor do it indicate that the DOE reviewer has the experience, knowledge, training and background to determine whether the proposed 
boom type is inadequate or inappropriate for the given booming conditions at the site.  The information in this matrix is provided to as 
a tool for the DOE reviewer to determine only whether the proposed boom type(s) are reasonable for the environmental conditions 
reported for that transfer site. 
 
1. POTENTIAL BOOM PERFORMANCE vs. ENVIRONMENTAL CONDITIONS – This matrix is only a subjective planning tool to 

help determine whether the boom type(s) proposed in the S & E Report might be appropriate for the environmental conditions 
identified in the report for the transfer site.  This matrix is not to be used as a measure or standard of expected oil retention by 
boom under any particular set of environmental conditions during an actual pre-booming situation.  The decision to pre-boom or 
not, will always be made by the transfer personnel, using the procedures and data described in their S & E Report.  Also, 
SAFETY CONSIDERATIONS are not factored into this matrix as a safety decision will always be made on-scene by the 
appropriate personnel and safety decisions will not be judged or pre-judged by DOE. 

a. The values of GOOD, FAIR and POOR are completely subjective and indicate a range of possible oil retention outcomes 
under the given environmental conditions for the listed boom.  These values were determined from best professional 
judgment of highly-experienced boom operations personnel who have operated in the Puget Sound area for decades. 

b. The matrix focuses on the most common types of boom used in the Puget Sound area and is not meant to be 
comprehensive. 
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  CURTAIN BOOM, INTERNAL FOAM                                        FENCE 

CURTAIN, 
PRESSURE-
INFLATABLE 

CURTAIN, 
SELF-

INFLATING 

   BOOM HEIGHTS (FREEBOARD (F) + DRAFT(D)) , INCHES BOOM HEIGHTS (F + D), 
INCHES 

BOOM 
HEIGHTS   (F 
+ D), INCHES 

BOOM 
HEIGHTS   (F 
+ D), INCHES 

   20 (7 + 13), (8 
+ 12) 

29 (14 + 15); 30 (8 + 22), (10 + 
20), (11 + 19), (12 + 18) , (14 + 

16) 

34 (14 + 20); 36 (10 + 26), (11 + 
25), (12 + 24), (14 + 22) 

42 (14 + 28), 
(15 + 27), (16 

+ 26) 

24 (6 + 18), (8 
+ 16), (11 + 

13), (12 + 12) 

36(11 + 25), 
(12 + 24) 

42 (17 + 25), 
(18 + 24), (25 

+ 17) 

30 (10 + 20), 
(12 + 18) 

CALM WATER                     
WAVES 0-1 FT,               

CURRENTS < 0.5 KT             
        

0 -10 KTS GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 

10-20 KTS GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 
WIND 

SPEEDS  

> 20 KTS POOR POOR POOR POOR POOR POOR POOR POOR POOR POOR 

PROTECTED WATER                     
WAVES 1-3 FT,               

CURRENTS < 1 KT             
        

0 -10 KTS GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD GOOD 

10-20 KTS FAIR GOOD GOOD GOOD GOOD GOOD FAIR FAIR GOOD GOOD 
WIND 

SPEEDS  

> 20 KTS POOR POOR POOR POOR POOR POOR POOR POOR POOR POOR 

OPEN WATER                     
WAVES 1-3 FT,               

CURRENTS 1-3 KTS             
        

0 -10 KTS FAIR FAIR FAIR FAIR FAIR FAIR POOR POOR FAIR POOR 

10-20 KTS FAIR FAIR FAIR FAIR FAIR FAIR POOR POOR FAIR POOR 
WIND 

SPEEDS  

> 20 KTS POOR POOR POOR POOR POOR POOR POOR POOR POOR POOR 
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ATTACHMENT A.  Review Process Job Aid 
 
Part 1.  Boom Definitions 
Part 2.  Boom Applications and Categories 
Part 3.  Boom Components 
Part 4.  Operational and Failure Elements 
Part 5.  Boom Types and Performance Trends 
Part 6.  Boom Failure Considerations 
Part 7.  Checklists Job-Aid 
 
 
 
PART 1.  Boom Definitions 
Boom can be defined as a “Floating physical barrier used to control the movement of 
oil” (Potter and Morrison, 2005). 
• Typically a boom or booms are the first mechanical response equipment used on an 

oil spill. 
• They are used to (1) contain oil; (2) deflect/divert oil away or toward an area; or (3) 

exclude slick from an area; and (4) ensnare oil via sorbents. 
• Booms are manufactured in a wide variety of designs, sizes, materials for many 

applications. 
 
 
 
 
PART 2.  Boom Applications and Categories 
 
Boom Applications  
Containment – to be used under little or no current to isolate a slick, control spreading, 
concentrate the surface oil, facilitate recovery by skimmers 
Deflection – Deployed at an angle to divert oil away or toward an area, can be effective 
under some amount of current depending on configuration 
Protection – Deployed to exclude slick from sensitive area 
 
Boom Categories: 

• Curtain, Internal foam flotation 
• Curtain, Pressure-inflatable  
• Curtain, Self-inflating 
• Fence 
• Specialty booms 
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Boom Selection Matrix 
Table A.1.  Boom Selection Matrix  

Type of Boom  
Internal 
Foam 

Flotation 
Self 

Inflating 
Pressure-
Inflatable 

 
Fence 

Open Water FAIR FAIR GOOD POOR 
Protected 

Water GOOD GOOD GOOD FAIR 

Calm Water GOOD GOOD GOOD GOOD 
High Current 

(> 1kt) FAIR POOR FAIR POOR 

Environmental 
Conditions 

Shallow Water 
(< 1ft) GOOD FAIR FAIR POOR 

Operation 
In Debris GOOD POOR FAIR FAIR 

Excess 
Buoyancy FAIR GOOD GOOD POOR 

Wave 
Response FAIR FAIR GOOD POOR 

Performance 
Characteristics 

Strength POOR GOOD GOOD POOR 
Ease of 

Handling FAIR GOOD FAIR FAIR 

Ease of 
Cleaning GOOD GOOD GOOD GOOD 

Convenience 
Features 

Compactibility POOR GOOD GOOD POOR 

Open Water             Wave Height > 3ft        Current Velocity  < 1kt 
Protected Water      Wave Height 1-3ft        Current Velocity  < 1kt 
Calm Water              Wave Height < 1ft       Current Velocity  < 0.5kt 
 
Not all boom of a particular type have the rating shown. 

1 foot = 0.3049 m 
1 kt = 0.5144 m/s 
Adapted from EMRE, 2005. 
 
 
PART 3.  BOOM COMPONENTS 
 
Boom Components and Fittings (EMRE, 2005; Potter and Morrison, 2005) 
• 4 basic components: 

1. Flotation – positions boom at water surface; buoyancy chambers usually foam 
or air; heavier boom (for offshore, rougher conditions) needs more buoyancy. 

2. Skirt – usually fabric, hangs below water surface and traps oil from escaping 
below; can fail due to currents, waves, and other forces. 

3. Tension Members – pull the boom tight and bear the force of currents, waves, 
wind, and towing to keep the boom together and in desired shape; usually 
comprised of chains, cable, or webbing 
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4. Ballast – weighting material to keep skirt vertical in water; usually comprised 
of chain, wire cable, or lead weights along skirt bottom 

 
• Freeboard and Draft (ITOPF, 1997; EMRE, 2005): 

1. Freeboard is the height from the waterline to top of boom flotation – prevents 
splashover. 

a. The greater the freeboard area, the greater the force wind has on the 
boom:  If freeboard > 4-8 in. (10-20 cm), winds > 20 kts will affect oil 
retention and overall boom performance. 

2. Draft is total distance from the boom’s waterline down to base of the skirt 
a. Shallow draft reduces tension on a boom. 

• Auxilliary Fittings (EMRE, 2005): 
1. Anchor Points – Eye bolts on end connectors along a lower tension member 
used to secure anchor/mooring lines 
2.  End Connectors – Join sections of boom to each other, accessory devices or 
skimmers. (best = ASTM stds). 
3.  Lifting Points – Attachments to upper tension member for lifting 
4.  Stiffeners – Vertical members in flexible gaps b/w flotation elements to add 
stability 
5.  Handholds 
6.  Towing devices – wire towing bridles and paravanes (floating tow connectors) 
prevent twisting/damage under tow. 
 
 

 
Figure A-1.  Major elements of boom (from Michel et al., 1994). 
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Figure A-2.  Typical foam filled boom configuration (from SEAPRO, 2004). 

 
 

Boom Coating Materials 
Specific boom choices involve consideration of boom fabric or coating.  Appropriate 
fabric choice will help inhibit tearing and boom structural degradation and overall 
performance of the boom during application. 
 
Table A.2.  Boom Fabric Types and Advantages 

Coating Advantages Disadvantages 

PVC 
 • Excellent flexibility 

• Limited long-term resistance to 
sunlight, heat, hydrocarbons, and 
organics 

Inhibited 
PVC 

• Resistant to sunlight, heat, 
hydrocarbons and organics 

• Not as resistant to organics as 
urethanes 

Polyether 
urethane 

• Best weather and water 
resistance 

• Not as resistant to organics as 
polyester urethanes 

Polyester 
urethane • Best resistance to organics • Not as weather-resistant as 

polyether urethanes 
Adapted from EMRE, 2005. 
 
Boom needs continual tending, particularly in areas of reversing/changing tides and with 
other anticipated changes in environmental conditions. 
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PART 4.  OPERATIONAL ELEMENTS AND BOOM FAILURE 
 
A.  Operational Factors that Affect Boom Performance (EMRE, 2005) 
 
• Roll Stiffness – The resistance of boom to turn over in high currents and winds.  

Increase by adding ballast at bottom, or floatation above vertical center of gravity 
(CG). 

. 
• Heave Response (HR) – The ability of the boom to conform to waves while 

minimizing oil losses due to splashover and underflow (bridging of waves).  Internal 
flotation boom with short members has good H.R. so will respond well to wave 
action. 

 
• Freeboard and Skirt (FB and SK) – FB height and SK depth should be optimized. 

o Increased FB will decrease oil splashover but lower roll stiffness in high wind. 
o Increased SK depth will decrease entrainment but will increase loading and 

decrease heave response. 
o NOTE:  for unprotected/open waters – boom with high reserve buoyancy (i.e. 

buoyancy:weight ratio = boom buoyancy divided by boom weight) is usually 
most effective. 

 
• Tensile Strength and Puncture Resistance – important in open water deployment.  

Fabric will also bear forces acting on boom (besides tension members). 
 
• Ease of storage, deployment 
 
 
B.  Boom Failure (EMRE, 2005) 

 
Five basic types of operational boom failure: 

 
1. Entrainment 
 
2. Drainage 

 
3. Splashover 

 
4. Submergence 

 
5. Planing 
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Figure A-3.  Boom holding capacity based on boom length in a caternary configuration 
(boom normal to water movement/current).  (From SEAPRO, 2004). 
 
 
1. Entrainment – occurs when small droplets of oil become torn off the slick layer 

pushed up against the boom surface, and escape under the boom skirt. 
o This generally occurs at velocities between 0.7-1.0 knots. 
o Mechanism – a headwave forms upstream of the boom with turbulence on 

downstream side.  Turbulence causes oil droplets to be torn from slick and 
escape under the skirt. 

o Amount of oil lost is dependent on oil thickness and viscosity. 
o Critical Velocity = velocity when the headwave becomes unstable and oil 

droplets escape. 
o Entrainment is primarily a function of current velocity and wave height and 

period (and degree of “choppiness”), as well as oil viscosity and other factors. 
o Deployment Angle – will affect entrainment; Entrainment may be prevented 

by deploying at an angle < 90° to the flow direction 
Suggested Boom Deployment Angle as a function of velocity: 

 1 knot  - use 45-90° 
 2 knots – use 20-30° 
 3 knots – use 15-20° 
 4 knots – use 10-15° 
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Figure A-4.  Typical behaviors of oil droplets separated from an oil slick retained behind a 
boom: (a)  droplet is larger in size and refloats to recoalesce with oil slick; (b) droplet is carried 
downstream on a streamline passing below the boom; (c) droplet is separated from the slick, 
transported toward the boom in a recirculation set up by differential current flows and escapes 
under the boom. (From Lee and Kang, 1997). 
 
 

 
 
Figure A-5.  Description of entrainment and drainage failures: (a) no failure; (b) entrainment 
failure; and (c) drainage failure.  (From Lee and Kang, 1997). 
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2. Drainage Failure – occurs due to strong current or winds, trapped oil slick gathers 
and thickens at the boom surface until it flows down boom skirt and escapes 
underneath.  Longer skirt depth is not necessarily a good fix as that can increase 
planing failure (see below). 

 
3. Splashover Failure –usually occurs in choppy water when: 

• wave height is > boom freeboard and  
• wave length:height (L/H) ratio is < 10:1 (shorter, more frequent waves) 
• booms usually perform well in longer, rolling swells, even if H > freeboard. 

 
4. Submergence Failure – usually occurs with boom in high current when the flotation 

submerges below the oil/water interface. 
• Tendency for boom to submerge is based on reserve buoyancy  

 
5. Planing Failure – occurs when boom heels flat on the water surface – usually due 

to high wind and current in opposing directions. 
• Caused by inadequate ballast or an internal tension member near/above the 

waterline. 
 

 
 
 
PART 5.  BOOM TYPES AND PERFORMANCE TRENDS 
 
 
Boom Types and Performance Trends (EMRE, 2005) 
 
Boom can be classified for use in three different sea conditions: 
 - Calm Water (wave height < 1 ft, current < 0.5 kt) 
 - Protected (wave height 1-3 ft, current < 1 kt) 
 - Open Water (wave height > 3 ft, current < 1 kt) 
 
and two environmental considerations: 

- High Currents (or “Fast Water”, usually > 1 kt) 
- Shallow Water (< 1 ft) 

 
• Anticipated sea condition is most direct determining factor for selecting boom 

size. 
 
There are some widely accepted, general guidelines for expected boom performance 
under anticipated environmental conditions.  These guidelines are helpful when 
selecting boom types and sizes.  However, it is important to note that how a booming 
scheme will perform and retain oil in an actual deployment, when each of the 
environmental factors could have a complex and compounding effect on each other and 
the boom, is very difficult to predict. 
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Table A.3.  General boom performance trends as a function of environmental 
conditions. 
 

WIND 
 

WAVES CURRENT Boom 
Performance 

 
0-10 kts 

(0 - 5.1 m/s) 
 

Calm, swells 0-0.5 kts 
(0 - 0.25 m/s) 

 
> 20 kts 

(> 10.3 m/s) 
 

< 3-4 ft 
(< 1m) 

> 1 kt 
(> 0.5 m/s) 

Good 
 
 
 
 
 

Poor 

Adapted from EMRE, 2005. 
 
 
 
 
Table A.4.  Minimum boom size recommendations for environmental conditions (sea 
state). 

Boom Size Wave Height Freeboard Draft Sea State 
ft m in cm in Cm 

Calm <1 <0.3 4-10 10-25 6-12 15-30 
Protected 1-3 0.3-1 10-18 25-45 12-25 30-60 

Open Water >3 >1 >18 >45 >25 >60 
Adapted from EMRE, 2005. 
 
 
 
 
Table A.5.  National Contingency Plan operational requirements for boom (40CFR 112.21). 
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PART 6.   BOOM FAILURE CONSIDERATIONS  
 
Overall, there are a number of factors which can affect the failure or performance of a 
boom in retaining oil (Table A-6).  A number of these factors are addressed in more 
detail in this section. 
 
Table A.6.  The key factors which influence boom performance/failure are: 
 

FACTOR TYPE STRATEGY 
Oil Density Spill-Specific Adjust draft, retention angle 
Oil Viscosity Spill-Specific Adjust draft, retention angle 
   
Currents Environmental Adjust draft, retention angle 
Waves Environmental Adjust draft, retention angle 
Wind Environmental Adjust draft, retention angle 
   
Draft Boom Design Adjust to Environmental Conditions 
Freeboard Boom Design Adjust to Environmental Conditions 
Fabric Roughness Boom Design Adjust to Environmental Conditions 
   
Caternary/Retention Angle Deployment Adjust to Environmental Conditions 
Anchor Points Deployment Adjust to Environmental Conditions 
Twists/Bends/Debris Deployment Adjust to Environmental Conditions 
Submergence/Emergence Deployment Adjust to Environmental Conditions 
   
Fabric Integrity Maintenance Proper Maintenance/Service 
Corrosion in Anchor Pts, 
Tension Members, etc. Maintenance Proper Maintenance/Service 

 
 
• Factors that are primarily responsible for retention success or boom failure include 
the characteristics of the oil (density and viscosity), the volume of the substance 
approaching the boom, and current velocity (Oebius, 1999). 
 
Oil Density and Viscosity (Oebius, 1999): 
 
• The viscosity of the oil trapped by the boom determines how fast droplets are torn 

from slick/water interface and lead to entrainment under the boom. 
• Lower density oils present less resistance but form droplets more quickly  ; 
• Higher density oil are more likely to form droplets but these take longer to form. 
 
 
Retained Volume and Boom Draft: 
 
Numerous field and laboratory tests show that there is an upper limit to the amount 
of oil any boom can retain, regardless of its draft (Oebius, 1999).  Model tests suggest 
that in calm water without waves, once boom drafts are at 0.16m, the length of the draft 
itself will no longer have an effect on the retention – retention in booms with draft > 
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0.16m is a function primarily of current speed (Oebius, 1999), and any further increase 
in boom draft does not reduce escape. 
 
 
Flow Velocity Influence (Critical Flow Velocity): 
 
Field, laboratory and model tests all indicate that for most boom types, flow velocities of 
> 0.37 m/s (~ 0.7 kts) provoke marked and increasing oil escape, regardless of its 
physical characteristics (Oebius, 1999).  This critical flow velocity usually occurs when 
the flow is perpendicular to the boom.  Changes in boom deployment angle, then would 
alter the retention and escape of oil from the flow component alone. 
 
Wave Influence: 
 
Most of the studies conducted on effects of waves on boom are done on progressive, 
sinusoidal waves – rather than on solitary, internal or other types of waves – particularly 
on “monochromatic” waves with finite amplitude and period return between 0.5s and 
30s (Oebius, 1999).  However, within a wave train under natural conditions, wave 
height, length and period can all vary due to changing boundary conditions such as 
water depth, wind, reflection and defraction. 
 
Waves affect an oil slick retained at a boom in two fundamental ways: (1) changing 
water level elevations and (2) compressing the slick in the wave crests and stretching it 
in the troughs.  Waves in the natural environment will cause the slick to transport slowly 
in the direction of wave progression.  Floating boom will partly reflect the waves and the 
boom will start to oscillate itself and act as a wave generator (Oebius, 1999).  Three 
types of waves can result and act on the slick - incoming waves, reflected waves and 
produced waves – which can interact to form steeper waves. 
 

 
Figure A-6.  Reflection of waves in a containment boom.  (from Oebius, 1999). 
 
The presence of currents will change the retention effects of waves.  As current 
velocities increase, the concentration of oil in wave crests will increase, as will the 
thinness of oil in the troughs correspondingly decrease.  Hale et al. (1974) found that 
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waves can have a positive effect on the retention capacity of a boom – when they act to 
increase the concentration of the oil slick, this can minimize the entrainment of oil 
droplets and their escape.  Model test results suggest that a wave height (H) to wave 
length (L) ratio of H/L = 0.041 is the most advantageous to develop the critical retention 
velocity (Oebius, 1999). 
 

     
                              (a)       (b) 
Figure A-7.  Wave effects on oil slicks: (a) for 3 types of oil, increasing wave height to wave 
length ratios increases the current speed at which first loss of oil occurs.  (b) for a fixed wave 
height to wave length ratio of 0.041, increased water velocities (u∞) result in oil entrainment.  For 
this model, entrainment did not occur until water velocity reached 0.5 m/s. (from Oebius, 1999). 
 
 
 
Seakeeping and Stability of Booms: 
Booms must be constructed and deployed in such a way as to cover the distance 
between wave crests and troughs, while being stable enough to withstand the wind, 
wave, current and other forces acting on it in open water. 
 

 
Figure A-8.  Diagram of a boom segment responding to a wave of length L, height H, and 
period T.  (from Oebius, 1999). 
 
Floating booms must be deployed so that they can respond to waves and the influence 
of the currents.  Individual boom sections connected by chain will generally tend to form 
some sort of catenary which causes the “sidewings” to act as diversionary boom when 
current is present (Oebius, 1999).  How the boom segments are tethered and anchored 
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will cause additional lifting or descending forces which could interfere with the 
movements at the couplings (Oebius, 1999).   
 

 
Figure A-9.  Two types of movements boom can experience in open water conditions, heave 
(vertical movement) and roll.  (from Oebius, 1999). 
 
When waves are irregular, the heaving movement of a boom becomes dominant 
(Oebius, 1999).  Under heave conditions, additional strain is put on the tension 
members, which can be overcome by additional buoyancy (reserve buoyancy).  As a 
rule of thumb, reserve buoyancy of floating booms in waves should not be less than 2.5 
x segment weight (Oebius, 1999).  The design of the boom draft should be able to 
provide retention within the expected heave conditions.  Oebius (1999) recommends 
freeboard during heave and open sea conditions to be no less than 0.2m. 
 

 
 
Boom Deployment: 
 
Boom designs have been optimized over many years, so that it is the deployment and 
operational considerations of the boom which will likely have the greatest influence on 
overall boom performance. 
 
Additional Operational Considerations (Oebius, 1999) 
Disadvantageous Environmental Conditions can be considered to be: 

• Currents > 0.4 m/s 
• Shallow water areas 
• Extreme wind exposure 
• Waves 
• Shorelines 
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ATTACHMENT B – LITERATURE REVIEW SUMMARY 
(Adapted from Fingus, 2004) 
General     

AUTHOR(S) KEYWORD(S) COMMENTS 
Allen (1988) Operational limits        

Waves 
Compared on-water response 
options and suggested that the 
typical operating limit for boom 
effectiveness is a wave height of 
3 feet (1.0 meter) or a wind 
speed on the order of 10 knots 
(20kph). 

Allen-Jones (1997) Towing              
Significant wave height 

Reviewed the towing forces and 
suggested that the direct use of 
significant wave height may be 
appropriate. 

An et al. (1997); Brown 
et al. (1997); Clavelle 
and Rowe (1993); Fang 
and Wong (2000); 
Goodman et al. (1997); 
Grilli et al. (2000); Swift 
et al. (2000a); Van Dyck 
and Bruno (1995); 

Model                        
Boom failure 

Utilized models to study failure 
modes.  Most did not include 
waves as a mechanism for 
failure or components. 

Delvigne (1989) Boom failure                 Described boom failure by 
critical accumulation of viscous 
oils.  Also noted that the 
classical droplet breakaway 
failure varied as the square of 
the current velocity. 

Devitis and Hannon 
(1995) 

Boom failure                 
First-loss velocity             
Test tank 

Noted that the first-loss tow 
velocity testing results have 
increased over the years.  
Particularly, there was a jump 
between the 1982 and 1992 
results.  During that period, no 
testing was conducted in 
OHMSETT and, when it 
resumed, the first-loss failures 
jumped from about 0.5 to 0.6 
m/s.  However, they note that the 
range of results are about the 
same and the differences my 
stem from the fact that the earlier 
results were conservative and, 
secondly, that boom designs 
have improved somewhat. 

Dorrler et al. (1975);  
Jensen et al. (1975); 
Wooten (1973); Zhang 
et al. (1999) 

Currents                      
Design 

Several attempts have been 
made to increase the 
containment capability of booms 
in fast waters using energy 
dissipative devices. 
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Fang and Wong (2001) Design Used a ramp and a series of 
vertical barriers to create a calm 
recovery area. 

Johnston et al. (1993) Boom failure Identified a boom failure 
mechanism just before critical 
accumulation occurs with heavy 
oils.  This mode is characterized 
by a surging and recirculation of 
the oil slick in the upstream part 
of the boom. 

Kordyban (1992) Model                        
Boom failure 

Developed a model to examine 
the effect of waves on boom 
failure.  His approach is similar 
to Lee and Kang and a 
sinusoidal wave increases the 
effective velocity. 

Lee and Kang (1997) Currents                    
Waves 

Review the performance of 
currents and waves.  They 
suggest that the effect of waves 
is to increase the horizontal 
current velocity.  They present a 
graphical algorithm to predict the 
failure resulting from symmetrical 
waves. 

Marks et al. (1971) Waves                      
Boom forces 

Analyzed the forces on a boom 
and calculated the total force 
was directly related to the wave 
amplitude as well as 12 other 
factors. 

Milgram (1977) Design                     
Significant wave height 

Reviewed the specific 
mechanical design features of 
booms. He derived a relationship 
to predict fabric tearing force 
between: flow around the boom, 
density of oil, gravity, fabric 
strength and significant wave 
height.  Miligram notes that 
fabric tearing is the most 
significant type of physical 
damage to the boom and that it 
relates to the one-third power of 
the significant wave height. 

Nash and Hillger (1988) Waves                          
First-loss speed 

Reviewed the results of testing 
from 1975 to 1982 and the 
procedures for offshore testing 
for oil spill containment booms.  
The first-loss speed ranged from 
0.1 to 0.57 m/s for a calm 
situation and from 0 to 0.56 m/s 
for regular waves and 0 to 0.38 
m/s for chop. 
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Nash and Molsberry 
(1995) 

Offshore                  
Design 

Discuss the offshore testing and 
note that the size of the system 
is a factor.  They observed that 
larger booms performed better in 
an offshore environment. 

Nordvik et al. (1995a, b); 
Sloan et al. (1994) 

Offshore                  
Design 

Tested several booms offshore 
in the New York/New Jersey 
area.  Findings included the 
result that many of the booms 
tested were not suitable for the 
conditions encountered in 
offshore waters, and that the 
wave height was only one of the 
factors that caused an excess of 
tow forces for the boom designs.  
It was also noted that there was 
a strong relationship between 
tow speed submergence 
initiation and reserve buoyancy 
and that the calculation methods 
for tow force underestimated the 
tow force.  It was suggested that 
this might be a result of not 
adding the second tow vessel's 
acceleration. 

Oebius (1999) Wave period Noted that the wave period is a 
serious factor in determining 
boom capabilities when 
deployed in waves.  Oebius 
noted that a height-to-period 
ratio of 0.04 is optimal for boom 
containment, but that shorter 
periods such as 0.056 would 
result in loss of containment. 

Potter et al. (1999) Towing                   
Waves          

Studied the towing forces on 
booms.  The first formulation that 
they review has the wave height 
as a direct and linear factor.  The 
second formulation has the wave 
height as a constant that varies 
with boom and wave type.  A 
typical constant for wave height 
is about 2 for a calm condition, 
3.5 for regular waves, and 4 for 
harbor chop. 
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Schulze and Lane 
(2001) 

Boom failure                   
Design                           
First-loss velocity          
Operational limits 

Review the performance of 
booms; summarize 20 years of 
testing.  Note importance of 
relating first-loss velocity as well 
as test oil viscosity, freeboard, 
boom draft and boom buoyancy-
to-weight ratio.  Much of the 
boom testing was conducted in 
OHMSETT where the results of 
boom testing have varied over 
the years. 

Schulze and Potter 
(2002) 

Test tank                 
Towing 

Subsequently conducted a 
series of tests in OHMSETT to 
measure the tow forces.  This 
resulted in a new estimator of 
tow force which includes the 
tension caused by the force of 
water directly proportional to the 
significant wave height. 

Tedeschi (1999) Boom failure             
Wind 

Reviews booms and notes that 
the typical failure is at winds of 8 
to 9 m/s (15 to 18 knots). 

Van Dyck and Bruno 
(1995) 

Waves                        
Test tank 

The effects of waves were 
studied by conducting a series of 
tow tank tests which show that 
short wavelength waves are the 
most difficult sea conditions for a 
floating boom to follow, even at 
optimum tow speeds or relative 
currents.  It was found that wave 
height was not the limiting 
parameter, provided the wave 
length/height ratio is 12:1 or 
greater.  Short length/height 
ratios lead to breaking waves 
where the height of the breaker 
must not exceed the available 
freeboard of the floating boom or 
there will significant oil loss.  
Optimum catenary tow speeds 
are verified to be near 0.5 knot 
full scale for all wave sizes 
tested. 

Wicks (1969) Model                        
Boom failure 

Established classic failure of oil 
spill containment booms at 
currents of about 0.4 m/s (0.8 
knots). 

Wong and Witmer 
(1995) 

Design Used an elliptical shape to 
increase containment capability. 
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Zhu and Strunin (2002) Model  Propose a new containment 
model utilizing the Froude 
number submergence depth and 
the amount of oil trapped by the 
barrier. 

      
Special and High 
Current Booms     

AUTHOR(S) KEYWORDS COMMENTS 
Bitting (1993) Current  Reports on the testing of the 

NOFI Vee-Sweep system noting 
that this device retains oil at 
higher speeds than most other 
devices. 

Brekne et al. (2003) Operational limits Describe a boom designed to 
work in up to 2.5 m significant 
wave height and 20 m/s winds 
(50 knots).  This new specialized 
boom, known as the Uniboom, 
uses a net for the lower portion 
of the skirt and is self-inflating.  
No subsequent data was actually 
provided on measured 
performance. 

Brown et al. (1992, 
1993); Brown and 
Goodman (1998) 

Current                    
Design 

Report on the study and testing 
of several high-speed 
containment concepts including 
vertical cylinders, vertical slats 
with and without a back wall, 
vertical walls with fins at an 
angle, a hydrofoil, and horizontal 
structures including inclined 
screens and a variety of filters.  
Several of these innovations 
improved the containment ability, 
but no single system was 
recommended. 

Eryuzlu and Hauser 
(1977) 

Current                          
Design 

Describe the use of floating 
deflectors to move oil out of 
currents to calm areas.  A 
prototype deflector was tested in 
currents from 0.8 to 2.1 m/s and 
successfully deflected oil 
simulated to a calm area. 

Folsom and Johnson 
(1977) 

Current                       
Design 

Describe a streamlined boom 
which was claimed to contain or 
deflect oil at currents up to 3 
m/s. 
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Getman (1977) Current                          
Waves 

Reports on the tests of three fast 
current oil recovery devices; the 
Shell ZRV skimmer, the 
Seaward streaming fiber 
skimmer, and the French 
Cyclonet 050.  Getman noted 
that the Shell ZRV performed 
well in a high current and in a 
wave train and the other two 
devices performed poorly in a 
wave train 

Hansen (2002) Current Described a series of tests to 
measure the performance of fast 
water booms and deflectors. 

Swift et al. (2000b) Design  Reported on tests of an inclined 
submergence bow plane device 
which retained oil at currents up 
to 1.03 m/s. 
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SAFE AND EFFECTIVE THRESHOLD REPORT 
 

ADEQUACY REVIEW CHECKLIST 
 

Facility or Company Name: _________________________________________________________________________ 
 

Report Reviewer: ___________________________________________________      Review Date: ________________ 
 

Attachment D – Adequacy Review Checklist  6/14/2007 
Safe and Effective Threshold Report 

 

Safety Thresholds Values 
  Yes No Comments 
1 Report defines potential hazards to small 

boat and booming operations?   _________________________________________ 
 • Report identifies a process for 

identifying potential hazards?  _________________________________________ 
2 Report defines or references small boat and 

booming safety procedures?  _________________________________________ 
3 Report defines or references training 

requirements or qualifications for personnel 
involved in pre-booming operations? 

 
_________________________________________ 

4 Report defines or addresses how Safety 
Threshold Values will be re-evaluated 
based upon changes in the environmental 
conditions (e.g. STOP or HOLD Points)? 

 
_________________________________________ 

5 Report demonstrate the use of all available 
literature, testing results and local/onsite 
experience? 

 
_________________________________________ 

6 Proposed Safety Threshold Value 
Determination process for safe pre-booming 
determinations is well-defined? 

 
_________________________________________ 

7 PROPSED SAFETY VALUES 
REASONABLE AND ACCEPTABLE?  

_________________________________________ 

 

8 PROPSED SAFETY VALUE 
DETERMINATION PROCESS 
REASONABLE AND ACCEPTABLE? 

 
_________________________________________ 

Comments on Safety Threshold Values: ____________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
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SAFE AND EFFECTIVE THRESHOLD REPORT 
 

ADEQUACY REVIEW CHECKLIST 

 
 
 

Booming Effectiveness Threshold Values 
  Yes No Comments 
9 Proposed boom types appropriate for 

environmental conditions? 
(Check boom type with P.B.P. Matrix1) 

 
_________________________________________ 

10 Report indicates why the proposed booming 
configuration scheme is appropriate for 
conditions at the site? 

 
_________________________________________ 

11 Report indicates why the proposed booming 
vessel is appropriate for site conditions and 
booming scheme? 

 
_________________________________________ 

12 PROPOSED BOOMING EFFECTIVENESS 
THRESHOLD VALUES TECHNICALLY-
SUPPORTABLE2? 

 
_________________________________________ 

13 PROPOSED BOOMING EFFECTIVENESS 
THRESHOLD VALUE DETERMINATION 
PROCESS TECHNICALLY-
SUPPORTABLE2 AND ACCEPTABLE? 

 
_________________________________________ 

 
 
Comments on Booming Effectiveness Threshold Values: _______________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 

Page 2 

                                                 
1 P.B.P. Matrix – Potential Boom Performance Matrix, Section 4.  This matrix lists expected boom performance under 
given environmental conditions, however oil retention will vary case by case and decisions on its effectiveness must be 
made case-by-case based upon site specific conditions, and experience. 
2 Technically-supportable is defined as consistent with available literature, testing results and/or on-site and local 
operational experience. 



SAFE AND EFFECTIVE THRESHOLD REPORT 
 

ADEQUACY REVIEW CHECKLIST 

 

Environmental Monitoring Information and Data 
  Yes No Comments 

14 Report contains an adequate description of 
the type(s) of environmental monitoring 
equipment used to gather data to make a 
Safe and Effective determination, prior to 
and during pre-booming? 

 

_________________________________________ 
15 Report describes the data and information 

types used to make a Safe and Effective 
determination, prior to and during pre-
booming? 

 

_________________________________________ 
16 Report describes any environmental 

forecasts that used to make a Safe and 
Effective determination, prior to and during 
pre-booming? 

 

_________________________________________ 
17 PROPOSED ENVIRONMENTAL 

MONITORING EQUIPMENT, DATA AND 
FORECAST TYPES TECHNICALLY-
SUPPORTABLE AND ACCEPTABLE? 

 
_________________________________________ 

 
 
Comments on Safe and Effective Threshold Values: __________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
_______________________________________________________________________________________ 
 
 
 
 
Signature: ________________________________________________   Date: _______________________ 
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