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ACRONYMS AND ABBREVIATIONS 
 
DGPS Differential global positioning system 
DQI Data quality indicators 
DQO Data quality objectives 
DO Dissolved oxygen 
FSP Field Sampling Plan 
G&A Germano & Associates, Inc. 
IFWI Index of Fish Waste Impact 
NPDES National Pollutant Discharge Elimination System 
PM  Project Manager 
PSEP Puget Sound Estuary Program 
PUC Plan-view Underwater Camera 
QA Quality assurance 
QAO Quality Assurance Officer  
QAPP Quality assurance project plan 
QC Quality control 
RPD Relative percent difference 
RSD Relative standard deviation 
SPI Sediment profile imaging 
ZOD Zone of Deposit 
ZOI Zone of Impact 
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A3.  DISTRIBUTION LIST  
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Manager in each organization will provide the QAPP to other members of their staff who are 
working on the project. 
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Project Manager 

Phone: 206-553-0253 
Fax: 206-553-1280 
gebhardt.chris@epa.gov 

U.S. EPA, Region 10  
1200 Sixth Avenue  
Suite 900, OCE-133  
Seattle, Washington 98101 

   
Trident Seafoods Corporation 
Shawn Stokes 
Director, Environmental 
Compliance 

Phone: 206-297-6646 
Mobile:  907-382-9031 
sstokes@tridentseafoods.com 

Trident Seafoods Corporation 
5303 Shilshole Ave NW 
Seattle, WA 98107 
 

Joe Plesha 
Chief Legal Officer 

Phone: 206-783-3818 
Mobile:  206-331-0711 
joep@tridentseafoods.com 

Trident Seafoods Corporation 
5303 Shilshole Ave NW 
Seattle, WA 98107 

Germano and Associates, Inc.   
Joseph Germano, Ph.D. 
Project Manager 

Phone: 425-865-0199 
Fax: 425-865-0699 
joe@remots.com 

Germano & Associates, Inc. 
12100 SE 46th Place 
Bellevue, WA 98006 

   
Dave Browning 
Field Survey Leader 

Phone: 360-866-6806 
Fax: 425-865-0699 
dave@remots.com 

Germano & Associates, Inc. 
5541 Keating Road 
Olympia, WA 98502 

   
Ken Hickey 
Quality Assurance Officer 

Phone: 978-501-5111 
Fax: 425-865-0699 
ken.hickey13@gmail.com 

Germano & Associates, Inc. 
12100 SE 46th Place 
Bellevue, WA 98006 
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A.4.  PROJECT/TASK ORGANIZATION 
 
The purpose of this work plan document is to present the quality assurance project plan (QAPP) and 
Field Sampling Plan (FSP) for a study to measure the benthic Zone of Impact of seafood waste piles 
created by Trident Seafoods Corporation in Akutan Harbor, Alaska, as specified in the Consent 
Decree agreement of June 18, 2012 (US DOJ 2012). 
  
At Akutan, sediment profile imaging (SPI), and plan-view underwater camera (PUC) imaging will be 
conducted by scientists from Germano and Associates, Inc. (G&A) to examine the environmental 
impact of seafood wastes to the benthos.  Measurements of dissolved oxygen, conductivity (salinity), 
temperature and depth will be collected throughout the water column.  In addition, baseline total 
suspended solids concentration measurements will be collected near the seafloor, at mid-column, and 
near surface.   
 
This QAPP provides general descriptions of the work to be performed to collect and process the 
samples, meet quality assurance (QA) objectives, and meet quality control (QC) criteria, including 
procedures to ensure that data are scientifically valid, defensible, and that uncertainty has been 
reduced to a known and acceptable level. 
 
The organizational aspects of a program provide the framework for conducting tasks.  The 
organizational structure and function can also facilitate project performance and adherence to quality 
control procedures and quality assurance requirements.  Key project roles are filled by those persons 
responsible for ensuring the collection of valid data, the routine assessment of the data for precision 
and accuracy, as well as the data users and the person(s) responsible for approving and accepting 
final products and deliverables.  The program organizational chart is presented in Figure 1; it 
includes relationships and lines of communication among all participants and data users.  The 
responsibilities of these persons are described below. 
 
Tara Martich from US EPA Region 10 will be providing overall project/program oversight for this 
study as the Federal Project Manager (PM).  The Federal PM will have the following responsibilities: 
 

• Providing oversight for project goals, sampling design, and adherence to study objectives. 
 
• Reviewing and approving the study objectives and sampling design, QAPP, and other 

materials developed to support the project. 
 
The G&A Project Manager is Joseph Germano, who will coordinate and participate in study design, 
QAPP development, and the SPI/PUC sampling.  Other specific responsibilities of the G&A PM 
include the following: 
 

• Coordinating project assignments in establishing priorities and scheduling; 
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Figure 1. Program Organizational Chart 
 
 
 

• Ensuring completion of all tasks, within established budgets and time schedules, and meeting 
Trident’s and EPA’s requirements; 

 
• Providing guidance, technical advice, and performance evaluations to those assigned to the 

project; 
 
• Implementing corrective actions and providing professional advice to staff; 

 
• Preparing and/or reviewing preparation of project deliverables, including the QAPP and other 

materials developed to support the project; and 
 

• Providing support to EPA and Trident in interacting with the project team, technical 
reviewers, and others to ensure technical quality requirements are met in accordance with 
study design objectives. 
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Ken Hickey 
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The Project Quality Assurance Officer (QAO) is Ken Hickey, whose primary responsibilities include 
the following: 
 

• Providing support to G&A and the Federal (EPA) PM in preparation and distribution of the 
QAPP; 

 
• Reviewing and distributing the QAPP; 

 
• Monitoring Data Quality Objectives (DQOs) to determine conformance; and 

 
• Reporting DQO results and corresponding effect on overall data quality and results 

interpretation 
 
The Field Survey Leader for this project will be David Browning of G&A.  G&A will be responsible 
for all SPI/PUC and water quality data collection and sampling activities, including collection, 
preparation, and completion of field sampling records.  The Field Survey Leader and his assistants 
have the requisite specialization and technical competence in field sampling activities to effectively 
and efficiently perform the required work in adherence with the project study design and QAPP, 
including maintenance of sample custody and related documentation.  Custody procedures are 
required to ensure the integrity of the samples and maintenance of proper sample identification 
during handling.  In this role, the Field Survey Leader is responsible for: 
 

• Completing and signing appropriate field records; 
 

• Assigning tracking numbers to each sample; 
 

• Controlling and monitoring access to samples/data while in their custody; and 
 

• Insuring proper navigation and position recording procedures are used. 
 

Additional oversight will be provided by the G&A PM, who will be responsible for ensuring that 
field QC procedures are followed throughout the sampling process.  The QC evaluations will include 
double-checking work as it is completed to ensure that the standards set forth in the QAPP are met or 
exceeded.  
 
Other QA/QC staff in each of the participating organizations, including technical reviewers and 
editors selected as needed, will provide peer review oversight on the content of work products, and 
work with the QA Officer to ensure that work products comply with project-specific data quality 
criteria and objectives.  
 
The primary Data Quality Objective (DQO) specific to seafloor monitoring is to determine the nature 
and extent of the benthic Zone of Impact of seafood waste discharges.  A secondary DQO is to 
provide potential baseline information for actions that may be taken to address benthic Zones of 
Impact. 
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A5.  PROBLEM  DEFINITION/BACKGROUND 
 
Trident Seafoods Corporation has a seafood processing facility in Akutan, Alaska that is under a 
Consent Decree (CD) to reduce the Zone of Impact (ZOI) associated with seafood waste piles from 
the facility to not more than 25 acres by December 31, 2017 and not more than 5 acres by December 
31, 2022.  The CD also specifies that pilot-scale pile remediation projects be conducted.  If the 
Akutan ZOI does not meet the size requirements described above, EPA may require pile remediation 
projects, as described in the CD (US DOJ 2012).   
 
A baseline benthic assessment featuring sediment profile imaging and plan-view underwater camera 
imaging techniques (G&A 2011a) was conducted in 2010 and a Zone of Impact of 47 acres was 
delineated.  The CD requires that benthic assessments be conducted in 2014, 2017, 2019, and 2022 to 
monitor the seafood waste pile area and measure the ZOI. These benthic assessment surveys will 
monitor and quantify benthic recovery in Akutan Harbor.     
 
Working collaboratively, EPA, Trident, and G&A developed a methodology for using the SPI/PUC 
data to determine whether or not the benthic community had been adversely affected at each 
sampling location.  This methodology, known as the Index of Fish Waste Impact (IFWI), has been 
reviewed by EPA and is described in Appendix A.  The SPI/PUC data collected at Akutan will be 
used following the IFWI methodology to determine the areal extent of the Zone of Impact.  
 
The primary objective of this project is to present a detailed picture of benthic community impacts on 
and around the fish waste pile in Akutan Harbor.  

A6.  PROJECT/TASK DESCRIPTION 
 
Major activities for the Akutan fish waste pile survey include developing and refining a sampling 
design, coordinating field and laboratory activities, analyzing data generated, and creating formal 
reports.  Each of these activities has inherent QC requirements and requires oversight by a trained 
staff person.  The activities can also be divided into a number of tasks, each requiring management 
and QC by qualified personnel.  G&A and their subcontractors will perform the tasks listed below.   
 
Task 1: Develop Sampling Design  
 
A baseline SPI/PUC survey was conducted in 2010 (G&A 2011a) and follow-up benthic assessment 
surveys are scheduled for 2014, 2017, 2019, and 2022 to characterize changes in benthic conditions 
and determine the extent of the Zone of Impact over time.   
 
Based on the draft CD, Trident proactively conducted a precision bathymetric survey in October of 
2011 to support characterization of physical conditions in Akutan Harbor (G&A 2011b).  The 2011 
survey found that Akutan Harbor has dimensions similar those of a bathtub - steep slopes near shore 
and a large relatively flat basin in the middle.  The Harbor basin is roughly 100 feet deep in the 
western end and 160 to 170 feet deep through the central region (Figure 2).  
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Trident Seafoods’ Akutan Facility is situated along the north shore of Akutan Harbor as shown in the 
upper right in Figure 2.  In the study area, the Akutan Harbor floor drops steeply from the northern 
shoreline to depths of greater than 140 feet (43 m) at distances of 300 to 700 feet ( 90 to 210 m) from 
shore.  Beyond the near-shore slopes, water depths range from 140 to 160 feet (43 to 49 m) (Figure 
2).  Seafood processing waste from the Trident Akutan facility is discharged through submarine 
outfall pipes into Akutan Harbor south of the facility.  
 
The 2010 benthic assessment survey featured data collection at the locations shown in Figure 3 
(G&A 2011a).  The Zone of Impact was delineated using the IFWI described in Appendix A and is 
shown in Figure 3.  The 2010 Zone of Impact covered an area of 47 acres. 
 
The proposed Akutan survey design is an orthogonal grid of stations at 200-ft intervals designed to 
improve delineation of the ZOI.  The proposed survey design is shown in Figure 4. In addition to the 
200-ft grid, three far-field stations have been included to characterize reference ambient seafloor 
conditions. 
 
G&A has prepared a sampling design for Akutan (Figure 4) to meet the following objectives. 
 
1. Measure a suite of parameters from the SPI/PUC images that help describe the condition of 

the benthic infauna community and compare these parameters among sites with different fish 
waste coverage designations (continuous, discontinuous, trace) and the ambient seafloor 
beyond the influence of the fish waste piles. 

 
2. Carry out necessary field and laboratory analyses. 
 
3. Analyze data and apply the IFWI as described in Appendix A to determine the ZOI for the 

study area. 
 
4. Prepare draft and final reports on project findings. 
 
The methods applied to achieve the objective described above are provided in this QAPP 
document.  Additional stations may be sampled at the discretion of the G&A PM or field team 
lead, based on conditions observed in the field.  Specifically, stations will be added to improve 
identification of the ZOI, as needed. Any deviations will be noted in the field logbooks.  
 
Deliverables: The Akutan sampling design provided above and the associated survey figures 
(Figures 2-4) represent the Field Sampling Plan for these surveys.  
 
Task 2:  Conduct Sediment-Profile and Plan-View Photographic Survey 
 
1. In the field, locate each of the Akutan Harbor sampling points using a DGPS accurate to 3 

meters or less (see Figure 4).  At each sample point, deploy a SPI/PUC system to take three 
replicate sediment profile photos and corresponding plan view photos of the bottom at each 
sample location, producing a minimum of two acceptable SPI photos and one acceptable 
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PUC photo.  Acceptable sediment profiles should show the bottom surface and 15 to 18 cm 
of substrate below.  Acceptable plan view photos should cover a minimum area of ~0.2 m2, 
with good resolution.  All acceptable photographs will be interpreted. 

 
2. From the PUC photographs, estimate the percent coverage of fish waste at each sample point; 

identify percent coverage at each sample point on a map and in a data table. 
 
3. From the SPI photographs, estimate thickness of surface fish waste up to the maximum 

penetration depth of the camera prism or deposited organic matter at each sample point; 
display this data on a map and in a data table.  To the extent possible, describe the nature of 
the waste material and approximate proportions with respect to fresh, decayed, bones, crab 
shells, etc. 

 
4. Based upon “real time analysis” of the SPI/PUC images in the field, select 3 to 5 sample 

points and collect water column profiles of conductivity (salinity), temperature, depth, and 
dissolved oxygen (DO).  In addition, collect baseline total suspended solids concentration 
measurements near the seafloor, at mid-column, and near surface.  Sample points will be 
selected to be representative of fish waste areas and reference areas.  Additional detail is 
provided in Task 3 below.  

 
Deliverables:  Sediment-profile and plan-view photos; 2-D depth profiles for salinity, 
temperature, and dissolved oxygen grouped by area (i.e., fish waste area and reference area).  
Deliverables will be provided as part of the draft and final project reports. 
 
 
Task 3:  Conduct Assessment on Ambient Bottom  
 
At each sampling location, SPI/PUC images will be collected and analyzed for visual evidence of 
any fish waste or organic matter to document the status of the native sediments and benthic 
community. Water quality profiles (salinity, temperature, and dissolved oxygen) will be collected 
at a minimum of 3 ambient bottom locations, as previously described. 
 
Deliverables: Sediment-profile and plan-view photos; map and data table showing measured SPI 
parameters at each sample point along with tabular and graphical presentation of water quality 
data. Deliverables will be provided as part of the draft and final project reports. 
 
 
Task 4:  Synthesize Data and Prepare Draft and Final Technical Reports 
 
The primary objective of the technical report is to present a descriptive and analytical picture of 
benthic biological community conditions that exist in the vicinity of Trident’s fish waste piles in 
Akutan Harbor. 
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Benthic data will be analyzed as described in this QAPP document and the IFWI method, 
described in Appendix A will be applied to determine the benthic status at each sampling 
location and the resulting ZOI for the study area.  
 
G&A will conduct a synthesis of data and prepare a draft project report to address all project 
elements, including methods, results, and anomalies and issues.  The report will describe 
methods used, actual conduct of the assessment work, conditions and difficulties encountered, 
apparent accuracy of sample point locations and assessment methods employed, and significant 
errors or discrepancies in measurements and findings.  The report will address each item 
described above; fully characterize each aspect of the results; and present each aspect of the 
results in appropriate descriptive, tabular, or graphic format, with copies of all digital images 
collected as high-resolution digital files (Joint Photographic Experts Group [JPEG] format).  
Particular discussion should be provided concerning the nature and condition of benthic 
biological communities. 
 
Deliverables:  A draft project report will be submitted to US EPA for review and comment and a  
final project report will be submitted to US EPA. 
 
The proposed schedule of work and due dates for deliverables for this project are listed in Table 1.  
 
 
Table 1A.   Project Schedule for Akutan Benthic Impact Studies. 
 

 
Action/Deliverable 

 
Due Date 

 
Task 1: Sampling Design 

 
September 15, 2012 

 
Tasks 2-4: Start field survey operations 

 
After May 15, 2014 

Tasks 2-4: Conduct field surveys In 2014, 2017, 2019, and 2022 
 
Tasks 2-4: End field survey operations Before September 30, 2022 
 
Task 5: Draft Project Reports 

 
Within 3 months of completing each assessment survey 

 
Task 5: Final Project Reports 

 
Within four weeks of receiving comments from US EPA 

 
 

A7. QUALITY OBJECTIVES AND CRITERIA  
 
Data quality objectives (DQOs) are qualitative and quantitative statements that clarify the intended 
use of the data, define the type of data needed to support the decision, identify the conditions under 
which the data should be collected, and specify tolerable limits on the probability of making a 
decision error due to uncertainty in the data (if applicable).  DQOs are developed by data users to 
specify the data quality needed to support specific decisions. 
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A7.1 Project Quality Objectives 
 
The quality of an environmental monitoring program can be evaluated in three steps: (1) establishing 
scientific assessment quality objectives, (2) evaluating program design for whether the objectives can 
be met, and (3) establishing assessment and measurement quality objectives that can be used to 
evaluate the appropriateness of the methods being used in the program.  The quality of a particular 
data set is some measure of the types and amount of error associated with the data.  
 
Sources of error or uncertainty in statistical inference are commonly grouped into two categories: 
 

• Sampling error:  The difference between sample values and in situ “true” values from 
unknown biases due to sampling design.  Sampling error includes natural variability not 
specifically accounted for in a design (for design-based inference), and variability associated 
with model parameters or incorrect model specification (for model-based inference). 

 
• Measurement error:  The difference between sample values and in situ “true” values 

associated with the measurement process.  Measurement error includes bias and imprecision 
associated with sampling methodology, specification of the sampling unit, sample handling, 
storage, preservation, identification, instrumentation, etc. 

 
The goals of this project are to: 
 

(1) Understand the extent and nature of benthic community impact at Trident’s fish waste piles 
in Akutan Harbor. 

 
(2) Determine whether dissolved oxygen permit thresholds are exceeded in the water column 

above the fish waste area.  
 
The data requirements for this project encompass aspects of both laboratory analysis and data 
management to reduce sources of errors and uncertainty in the use of the data.  Data needed for the 
project are listed in Table 2. 
 
Uncertainty in the data due to sampling and measurement errors or errors introduced during data 
manipulation could result in identifying the potential for an effect on sediment characteristics and  
benthic infaunal community status when one does not exist or in not identifying an effect when one 
does exist.  Reducing data uncertainty using the appropriate QC protocols is of highest priority.   
 
Methods and procedures described in this document are intended to reduce the magnitude of 
measurement error sources and frequency of occurrence.  The relevant quality objectives for this 
project are related to sample handling, as well as making measurements of certain parameters onsite.  
Project quality objectives include the following: 
 

• Use of standardized, repeatable data and sample collection procedures. 
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• Use of trained personnel to perform the data and sample collection and analyses. 
 

• Equipment for parameters to be collected on site will be calibrated according to 
manufacturer’s specifications. 

 
 
Table 2.  Environmental data collected. 
   

 
DATA TYPE 

 
MEASUREMENT ENDPOINT(S) OR UNITS 

 
Physicochemical Parameters 

 
Water depth 

 
m 

 
Salinity 

 
parts per thousand (‰) 

 
Temperature 

 
degrees Celsius (°C) 

 
Dissolved Oxygen (DO) 

 
milligrams per liter (mg/L) 

 
Biological Parameters 

 
Infaunal successional stage 

 
type of functional community (Stage 1,2, or 3) 

 
Ancillary observations 

 
standard units used for parameter of interest or 
specific descriptive codes or description 

 
Chemical and Geotechnical Parameters 

 
Sediment type determination 

 
grain size major mode and range (<-1 to 4 phi) 

 
Prism penetration depth 

 
cm 

 
Surface boundary roughness 

 
cm (distance between highest and lowest points of 
sediment-water interface) 

 
Mud clasts 

 
number, size, shape, oxidation state (reflectance value)  

 
Sedimentary methane 

 
number and total area of gas-filled pockets 

 
 
 

A7.2 Measurement Performance Criteria 
 
Measurement performance criteria are quantitative statistics that are used to interpret the degree of 
acceptability or utility of the data to the user.  These criteria, also known as data quality indicators 
(DQIs), include the following: 
 

• Precision 
• Accuracy 
• Representativeness 
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• Completeness 
• Comparability 

 
DQIs that cannot be expressed in terms of accuracy, precision, or completeness will be reported by 
fully describing the specified method; all other quality assurance requirements will still be fulfilled.  
The assessment of percent fish waste cover will include visual estimates made by G&A of conditions 
present that may influence the degree of accuracy of those measurements.  Measurement 
performance criteria for data to be collected during this project are discussed in Section B5, and are 
shown in Table 3. 

A8. SPECIAL TRAINING/CERTIFICATION 
 
Due to the specialized nature of the skills required for the navigation and boat piloting in the project 
area, G&A has secured the services of qualified subcontractors to address these specialized tasks.  
CR Environmental has provided precision navigation surveys, performed hydrographic surveys  and  
collected water, sediment, and biological data for a wide variety of marine environmental monitoring 
programs both domestically and internationally.  The Field Survey Leader or his designees will 
possess an advanced degree in a discipline related to this study, and similar levels of specialized 
experience to perform the tasks required in this study.  All field personnel at G&A and CR have 
current certificates for 40-hour HAZWOPER and cold water Helicopter Underwater Egress Training 
(HUET). Because the individuals selected to support this program have experience in their 
specialized areas, no additional training or certification is expected to be required under this scope of 
work.  
 
 
Table 3.  Measurement Data Quality Objectives. 
 
 

Measurement Parameter 
 

-Accuracy 
 

Completeness 
 
DGPS 

 
± 1 m ≥ 90% 

 
Pressure 
Water Depth (calculated) 

 
±0.15% 

± 0.05 m (<61m depth) 100% 
 
Conductivity 
Salinity (calculated) 

 
± 0.001mS/cm 

± 0.2 ‰ 100% 
 
Temperature 

 
± 0.1 °C 100% 

 
Dissolved oxygen 

 
± 0.1 mg/L at <8 mg/L 
± 0.2 mg/L at >8 mg/L 100% 
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A9. DOCUMENTS AND RECORDS 
 
Thorough documentation of all field sample collection and handling activities is necessary for proper 
processing in the laboratory and, ultimately, for the interpretation of study results.  Field sample 
collection and handling will be documented in writing using the following forms and labels: 

 
• Field log notebooks to record observations, sampling date, time, sampling site/location, 

DGPS coordinates for each sampling site (electronic recording), and calibration data. 
 

• Hard copy records, and where feasible electronic records, obtained from the instruments used 
in the field. 

 
 
The G&A PM will maintain files, as appropriate, as repositories for information and data used in the 
preparation of any reports and documents during the project and will supervise the use of materials in 
the project files.  The following information will be included: 
 
  • Any reports and documents prepared. 
 

• Contract and work assignment information. 
 
• Project QAPP. 
 
• Communications (memoranda; internal notes; telephone conversation records; letters; 

meeting minutes; and all written correspondence among the project team personnel, 
subcontractors, suppliers, or others). 

 
• Studies, reports, documents, and newspaper articles pertaining to the project. 

 
• Special data compilations. 

 
• Spreadsheet data files:  physical measurements, analytical chemistry data (hardcopy and on 

diskette) 
 
• All field records, including filed sampling log notebooks containing all pertinent sampling 

data. 
 
Copies of the field log notebook entries and data generated during the field surveys will be supplied 
to G&A for data compilation and entry.  Formal reports submitted to US EPA that are generated from 
the data will be maintained at G&A’s Bellevue office in the central file (electronic and hard copy).  
The data reports will include a summary of the types of data collected, sampling dates, and any 
problems or anomalies observed during sample collection.  
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If any change(s) in this QAPP are required during the study, a memo will be sent to each person on 
the distribution list describing the change(s), following approval by the appropriate persons.  The 
memos will be attached to the QAPP. 
 
All written records relevant to the sampling and processing of samples will be maintained at G&A’s 
Bellevue office in the central file.  Unless other arrangements are made, records will be maintained 
for at least 5 years following termination of the Consent Decree. 
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B1.  SAMPLING PROCESS DESIGN 
 
This section describes the strategy and procedures that will be used to collect SPI/PUC photographs 
and perform water column profiling to characterize the benthic communities at Trident’s Akutan fish 
waste pile.  Figure 4 was prepared to show proposed sampling points.  The stations for water column 
profiling will be selected in the field based on “real-time” analysis of the SPI and plan-view 
photography. 

B2. SAMPLING METHODS  
 
The Field Survey Leader is responsible for ensuring that all measurements and samples are collected 
in accordance with the QAPP.  In the event of equipment failure or other problems occurring while in 
the field, the Field Survey Leader must determine, in conjunction with the G&A PM, whether backup 
equipment can be obtained quickly to continue the sampling effort.  Any deviations from the planned 
sampling procedures must be recorded in the field log notebook and on any pertinent forms.  
 
At a minimum, backup equipment for measuring dissolved oxygen only is required. Equipment 
consists of a 2.5-L Niskin water bottle sampler and a Hach™ dissolved oxygen titration kit. In the 
event that the DO probe fails, is lost, or cannot be calibrated, discrete water samples will be collected 
at each of the three target depths and analyzed for dissolved oxygen as soon as practical following 
retrieval of the sample on deck.  
 
The work will begin with SPI and plan view photography.  Station location coordinates will be 
recorded using a DGPS receiver.  DGPS coordinates will be recorded electronically, and site 
characteristics will be recorded in the field log notebook.  
 
 
Sediment Profiling Image Survey 
 
The following technical description and QA/QC procedure for sediment-profile imaging is a formal 
and standardized technique developed during the last decade (Rhoads and Germano, 1982). The 
method of acquiring SPI data and its subsequent analysis, interpretation, and synthesis is described 
below together with QA/QC procedures for each of these steps. This mapping technique and QA/QC 
plan has evolved over the past 15 years as a result of the vast survey experience of G&A scientists. 
 
The SPI field QA/QC procedures are as follows: At the beginning of each survey day, the time on the 
internal Nikon data logger is synchronized with the internal clock on the computerized navigation 
system being used to conduct the survey. Each SPI station replicate is identified by the time recorded 
on the digital image file and on disk along with vessel position. Redundant sample logs are kept by 
the field crew and on the navigation computer.  Test exposures of the Kodak® Color Separation 
Guide (Publication 6 No. Q-13) are made on deck at the beginning of each day to verify that all 
internal electronic systems are working to design specifications and to provide a calibrated 
measurement scale against which final images can be calibrated for accurate physical measurements. 
Extra cameras and charged batteries are carried in the field at all times to insure uninterrupted sample 
acquisition. 
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The SPI camera system is attached to the winch wire. The camera prism is mounted on an assembly 
that can be moved up and down by producing tension or slack on the winch wire. As the camera is 
lowered, tension on the wire keeps the prism' in the 'up' position.  Once the camera frame contacts the 
bottom, slack on the wire allows the prism to vertically descend into the seafloor. The rate at which 
the optical prism penetrates into the sediments is controlled by a passive hydraulic piston. The piston 
allows the optical prism to descend at approximately 6 cm per second and minimizes disturbance to 
the sediment column.  Once on the seafloor, the SPI camera is controlled by the descent of the prism 
assembly past a magnetic switch.  When the magnetic switch is closed by contact with the prism 
assembly, an image of the sediment column is taken after a 15-second intervals from the time of 
switch contact. Two replicate images will be collected at each station to ensure acquisition of one 
good image for final analysis.  As the camera is raised off the bottom, a wiper blade automatically 
cleans any sediment off of the prism faceplate.  The strobe is automatically recharged, and the 
camera can be lowered for another replicate image. 
 
When the camera is brought to the surface, the frame count is verified and the camera prism 
penetration is estimated from a penetration indicator that measures the distance the prism fell relative 
to the camera base.  If penetration is minimal, weight packs can be loaded to give the assembly 
increased penetration.  If penetration is too great, adjustable stops (which control the distance the 
prism descends) can be lowered, and "mud" doors can be attached to each side of the frame to 
increase the bearing surface.  Images can be immediately downloaded to a laptop computer through a 
watertight USB port and examined for parameters of interest. 
 
 
Plan-View Underwater Camera (PUC)  
 
Plan-view images of the surface sediments will also collected at each station, using with a second 
camera mounted on the sediment-profile camera frame.  An Ocean Imaging Systems Model 
DSC6000 plan-view underwater camera (PUC) system will be attached to the Model 3731 
camera frame and used to collect downward-looking (i.e., horizontal or “plan-view”) 
photographs of the seafloor surface.  The plan-view system consists of a Nikon® D7000 camera 
encased in a titanium housing, a 24 VDC autonomous power pack, a 500W strobe, and a bounce 
trigger along with two Ocean Imaging Model 400-37 Deep Sea Scaling lasers.  As the camera 
apparatus is lowered to the seafloor, the weight attached to the bounce trigger contacts the 
seafloor prior to the camera frame hitting the bottom and triggers the camera.  The length of the 
stainless steel trigger cable is adjusted for changing conditions in water clarity within the site; the 
scaling lasers project two red dots that are separated by a constant distance (26 cm) regardless of 
the length of the trigger cable.  The field of view for the plan-view images typically ranges from 
approximately 0.6 m² to 3.1 m², depending on the length of the trigger wire.  All plan-view 
images will be collected as 16 megapixel raw Nikon Exchange Format (*.nef) files and 
converted to jpegs after the survey. This procedure will be followed at all sampled stations.  
 
 
Water Quality Profile 
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At the representative fish waste and reference sites, G&A will use a Hydrolab™/Hach™ DS-5 CTD 
or equivalent water quality profiler  to obtain measurements of conductivity (salinity), temperature, 
water depth, and dissolved oxygen from within 1 m of the water surface to ≤ 1 m above the seafloor 
(as close to the seafloor as practical).  Measurements throughout the water column will be 
continuously recorded at a rate of 0.033 records/sec in remote mode and at a rate of 1 record/sec in 
continuous mode and downloaded from the unit at least once daily. 
 

B3. SAMPLE HANDLING AND CUSTODY  
 
During sample acquisition, date, time, station, and sample/replicate number are recorded in the 
field log by the field technician for each image and water quality profile acquired.  The digital 
time stamp recorded on each image and the numerical order of the images are used to identify 
the correct station and replicate number, which is recorded in field log book for each station.  
The internal clock of the water quality profiler is synchronized with the camera so that water 
quality measurement data share the same station information as the SPI/PUC data.  All date/time 
recordings are made in Alaskan daylight time (-8 hrs GMT). 
 

B.4. ANALYTICAL METHODS 
 
The SPI images obtained at each station will be analyzed to determine a standard suite of 
measurement parameters (e.g., sediment grain size major mode, presence/absence and thickness 
of any sand cap material or dredged material layers, redox depth, infaunal successional stage, 
Organism-Sediment Index, etc.).  Likewise, the plan-view image from each station will be 
analyzed for identification of significant features (e.g., sand ripples, epifaunal organisms, etc.).  
The data will then be summarized and presented in a series of maps. 
 
The sediment-profile images are analyzed with a full-color image analysis system.  This is a PC-
based system that utilizes a Windows-like interface.  The system provides a life-size display of 
each digital SPI image on the color monitor while measurements of the physical and biological 
parameters are obtained.  Software allows the measurement and storage of data on a standard 
suite of variables for each image obtained.  Automatic database storage of all measured 
parameters allows data from any variables of interest to be compiled, sorted, displayed 
graphically, contoured, or compared statistically.  Following the initial analysis of the images for 
a given survey, the measurements for each image are reviewed for accuracy by a senior scientist.  
Any corrections that are made must be reviewed and approved by the original analyst; this 
provides a learning tool to allow continuous improvement in the quality of each analyst’s image 
interpretation capabilities.  After the final acceptance of any changes by the original analyst, the 
data are entered into the final database for use in preparing the statistical analyses, summary 
tables, and maps that appear in reports.  
 
Each sediment-profile image will be analyzed for the following parameters: 
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• Sediment type: major mode and sorting 
• Boundary roughness 
• Optical prism penetration depth 
• Mud clasts 
• Depth of the apparent Redox Potential Discontinuity 
• Layering 
• Presence of methane gas bubbles 
• Infaunal successional stage 
 
SPI parameters will be applied to determine benthic community status at each sampling location and 
the Zone of Impact using the IFWI, as described in Attachment A. 
 
Water column samples will be collected and analyzed for total suspended solids at three depths, near-
bottom, mid-depth, and near-surface, at three to five locations.  Samples will be analyzed for total 
suspended solids by a qualified laboratory using EPA Method 160.2 (USEPA 1999). 
 

B5. QUALITY CONTROL  
 
Data quality is addressed, in part, by consistent performance of valid procedures documented in the 
standard operating procedures.  It is enhanced by the training and experience of project staff 
(Section A8) and documentation of project activities (Section A9).  This QAPP and other supporting 
materials will be distributed to all sampling personnel.  The Field Survey Leader will ensure that 
samples are taken according to the established protocols and that all forms, checklists, field 
measurements, and instrument calibrations are recorded correctly during the sampling episode.   
Following data entry, all spreadsheets will be proofread using the original handwritten field and 
laboratory data sheets.  This review will be performed by someone other than the data entry 
specialist.  Calculations for data quality indicators will be performed as soon as possible.   
 

B.5.1 Field Survey QC 
 

Images will be downloaded from the SPI and plan-view cameras at regular intervals over the 
course of each field day.  The images are reviewed in the field and an assessment made of their 
overall quality.  If images are judged to unacceptable, there are several actions that can be taken, 
as follows:   
 
• Underpenetration/No penetration.  Check the number of weights and, if more can be added, 

revisit the site.  If the site is too rocky, penetration may not be possible.  Check the other 
replicate images obtained at the station and estimate whether penetration is possible. 
 

• Overpenetration.  Check and reduce the number of weights, possibly use the mud doors, and 
revisit the site.  Some material may be too soft to support the weight of the camera. 
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• Pull out.  The camera prism has started to pull away and is not flush with the sediment when 
the image is taken; revisit the station. 
 

• Mud Smears.  The wiper blade may not be near enough to the prism glass or material may be 
very sticky.  Revisit the station after checking the wiper blade. 

 
• Black image.  No illumination of the sediment via the strobe light; check the strobe and 

revisit the station. 
 

• Water shot.  Revisit the station. 
 

B.5.2. Image Analysis QC 
 
A technician operates the image analysis system and generates a series of measurements for each 
sediment-profile image.  The data for each image are stored in a temporary database, pending a 
review and QA check by a senior level scientist.  Upon completion of the initial analysis by the 
technician, the senior scientist uses the image analysis system to review all of the measurements 
performed on each image.  Any changes or corrections made by the senior scientist are flagged 
within each data file using red typeface.  The technician responsible for the initial analysis must 
review and accept any changes made by the senior scientist.  Upon accepting the changes, the data 
are exported to a final database for long-term storage, as well as exported into a Microsoft Excel 
spreadsheet file.  This Excel file is used to create summary tables and graphics that are presented in 
reports.  
 
An archive DVD is created to store all the image files, image analysis measurement files, and the 
spreadsheet of the exported bulk data, and the images and data are also stored on an external hard 
drive.  The archive DVDs are stored at the G&A office in Bellevue, WA, and the external hard 
drive with archived project files is stored at an offsite location paid for by G&A in Bellevue, WA. 

B.6  Instrument/Equipment Testing, Inspection, and Maintenance Requirements 
 
As part of survey mobilization, all sediment-profile imaging equipment is “bench tested” to ensure 
everything is working properly before departure.  Upon return from the survey, demobilization of 
all field equipment includes a fresh water rinse and servicing such as checking o-rings and 
batteries.  The equipment will be re-checked and, if it is not functioning properly, repairs are made 
at this time (i.e., replace electronic boards within the camera).  Routine maintenance is also 
accomplished at this time (i.e., replace prism window and/or mirror). 
 

B.7 Instrument Calibration and Frequency 
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Prior to survey operations, the SPI camera head will be "bench-tested" to ensure that the camera is 
in focus and firing properly, and that the strobe is operational.  The acceptance criteria for a bench 
test are that the strobe light must fire properly and at the correct time interval following activation 
of the trigger (usually set to 15 seconds), and the readout on the illuminated frame counter must 
show an advance by one.  Spare camera parts and fully-charged battery packs will be stored aboard 
the vessel to ensure uninterrupted sample acquisition.  The plan-view camera also will be tested to 
ensure that the camera is firing properly and the strobe is operational.  Spare cameras and batteries 
for the plan-view camera and strobe will be available as backup. 
 
A computer image analysis system is used to make linear measurements of the images, such as 
prism penetration depth, and is also used to detect differences in optical reflectance used to 
determine the apparent redox-potential discontinuity (RPD) depth.  The image analysis system is 
calibrated at the beginning of each analysis day.  A digital image is taken of a calibration slide 
that is marked in 1-cm increments.  The image is measured using the image analysis system and 
the calibration data are stored.   
 

B.8 Inspection/Acceptance Requirements for Supplies and Consumables 
 

Critical Supplies and Consumables 
 
The equipment and expendable supplies associated with the SPI/PUC sampling operations are 
listed below: 
 
• Ocean Imaging Model 3731 Digital Sediment Profile Camera System 
• Ocean Imaging Digital Underwater Plan-View Camera System 
• Synchronized camera and strobe trigger assembly 
• 25 lb lead weights (2 sets of 5) 
• 12  volt rechargeable battery packs 
• "Mud" doors to prevent over penetration into soft sediment 
• Glass cleaner and paper towels 
• Distilled water 
• Swivel for hydrowire 
• Field notebook and sampling logs stations 
• SPI tool kit with stainless hardware spares 

 

B.9 Data Acquisition Requirements (Non-Direct Measurements) 
 
Coastal Oceanographic’s HYPACK survey and data acquisition software will be used to 
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provide the real-time interface, display, and logging of the DGPS data.  Prior to field operations, 
HYPACK will be used to define a State Plane grid around the survey area.  During the survey 
operations, the incoming navigation data will be translated into state plane coordinates, time-
tagged, and stored within HYPACK.  Depending on the type of field operation being 
conducted, the real-time navigation information will be displayed in a variety of user-defined 
modes within HYPACK. 
 

B.10  Data Management 
 

B.10.1 Electronic Data 
 
A laptop personal computer is used to display the navigation data and to store it on hard disk.  At 
the end of each day of survey the daily navigation data are copied onto a CD.  Image analysis 
data are stored in real-time to an electronic data base during the image analysis process and 
saved on the computer hard drive. 
 

B.10.2 Field Logs 
 
Documentation associated with SPI consists of field logs, notes and narratives associated with 
data processing, review, and interpretation.  The log will be used to document all sampling and 
data recording events, as well as other significant activities or problems encountered during survey 
operations.  Maintenance and custody of the log will be the responsibility of the Field Leader.  
Upon completion of the survey activities, the log will be provided to the Project Manager. 
 
If a significant deviation from the field sampling plan is necessary, the Field Leader aboard the 
survey vessel is responsible for noting such deviations in the field log, and notifying the Project 
Manager, who will be on board during field operations and can make the appropriate decision for 
corrective action if necessary.   
 

B.10.3 Corrections to Documentation 
 
If errors or omissions in the field logs or sample documentation records are identified by project 
personnel involved with the survey, these occurrences will be communicated to the Project 
Manager.  The need for any significant corrections will first be documented in writing, and then 
corrections will be made in red ink on the original logs or records.  Additionally, corrections will 
be dated and signed by the person affecting the change. 
 
The Project Manager will be responsible for security of all field records and project 
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data/information acquired during survey operations.  Originals of logs and data records will be 
maintained in a secure storage facility at G&A’s Bellevue, WA office.  Additionally, back-up 
copies of all digital data will be stored on magnetic medium in an appropriate storage area. 
 
 
 

C1. ASSESSMENTS AND RESPONSE ACTIONS 
 
The QA program under which this work assignment will operate includes implementation of 
preventive protocols as well as oversight and independent checks of the data obtained from sampling, 
analysis, and data gathering activities.  The QA programs followed by subcontractors will be 
reviewed by G&A to ensure that similar levels of QA/QC are attained.  Each team member will work 
to prevent problems by training staff, ensuring equipment is calibrated and properly maintained, 
procedures are followed, and oversight is constant.  If a problem occurs, the essential steps in the QA 
program are as follows: 
 

• Identify and define the problem. 
• Assign responsibility for investigating the problem. 
• Investigate and determine the cause of the problem. 
• Assign and accept responsibility for implementing appropriate corrective action. 
• Establish effectiveness of and implement the corrective action. 
• Verify that the corrective action has eliminated the problem. 

 
Immediate corrective actions form part of normal operating procedures and are noted in records for 
the project.  Problems not solved this way require more formalized, long-term corrective action.  In 
the event quality problems that require attention are identified, G&A or the subcontractor will 
determine whether attainment of acceptable quality requires either short- or long-term actions.  If a 
failure in an analytical system occurs (e.g., performance requirements are not met), the G&A PM or 
QAO will be responsible for corrective action and will immediately inform the US EPA PM.  The 
G&A PM has the primary responsibility for monitoring the activities of this project and identifying / 
confirming any quality problems.  These problems will also be brought to the attention of the G&A 
QAO, who will initiate the corrective action system described above, documenting the nature of the 
problem and ensuring that the recommended corrective action is carried out.  The G&A QAO has the 
authority to stop work on the project if problems affecting data quality that will require extensive 
effort to resolve are identified.  The US EPA PM will be notified of major corrective actions and stop 
work orders. 
 
Performance audits are quantitative checks on different segments of project activities; they are most 
appropriate for sampling, analysis, and data processing activities.  Performance audit techniques 
include checks on sampling equipment, volume measurements, and the analysis of data quality using 
QC and spiked samples.  The G&A PM or designee is responsible for overseeing work as it is 
performed and periodically conducting checks during the data entry and analysis phases of the 
project.   Field and laboratory audits will not be performed during this project.   
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System audits are qualitative reviews of project activity to check that the overall quality program is 
functioning and that the appropriate QC measures identified in the QAPP are being implemented.  
An internal system audit will not be conducted for this project unless specifically requested by the 
US EPA PM. 
 
 

C2. REPORTS TO MANAGEMENT 
 
Upon completion of the Akutan sampling activities, the Field Survey Leader will summarize 
sampling team progress.  Weekly progress reports will not be submitted unless specifically requested 
by the US EPA PM.  A Draft Report will be sent to the EPA PM that will summarize and present the 
findings of the evaluation as discussed in the project objectives of this document. 
 
 
 

D1. DATA REVIEW, VERIFICATION, AND VALIDATION 
 
Data review, verification that the specified data were collected, and validation that the data were 
obtained by the protocols specified in the QAPP, provide a method for determining the usability and 
limitations of data, and provide a standardized data quality assessment.  Funding is restricted for 
these activities but will be conducted to the extent possible; however, all data will be turned over to 
the EPA for agency examination.  Results of the review, verification, and validation processes will be 
reported to the G&A PM and summarized in the draft and final reports submitted to the US EPA. 
 
 

D2. VERIFICATION AND VALIDATION METHODS 
 
Field record forms, field log notebooks, and chain-of-custody records will be reviewed by the G&A 
PM for completeness and correctness.  Any discrepancies in the records will be reconciled with the 
appropriate associated field personnel and will be reported to the US EPA PM.  G&A will be 
responsible for reviewing data entries and transmittals for completeness and adherence to QC 
requirements.  Data quality will be assessed by comparing entered data to original data or by 
comparing results with the measurement performance criteria summarized in Section A7.2 to 
determine whether to accept, reject, or qualify the data. 
 
Analytical verification and validation will be followed per the methods and protocols established by 
the field staff and are beyond the scope of this QAPP.   
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D3. RECONCILIATION WITH USER REQUIREMENTS  
 
As soon as possible following completion of the sample collection and analyses, precision, accuracy, 
and completeness measures will be assessed by G&A and compared with the criteria discussed in 
Section A7.  This will represent the final determination of whether the data collected are of the 
correct type, quantity, and quality to support their intended use for the Akutan Benthic Impact 
Assessments.  Any problems encountered in meeting the performance criteria (or uncertainties and 
limitations in the use of the data) will be discussed with the EPA PM and will be reconciled, if 
possible.  



Seafood Waste Assessment                     November 4, 2013  
QAPP           Page 24 of 25 

     
       

 
REFERENCES 
 
Germano & Associates, Inc. 2011a. Benthic Impact Assessment of Trident Seafoods’ Submarine 

Waste Piles in Akutan & Ketchikan, Alaska. Germano & Associates, Inc., Bellevue, 
Washington. January 2011. 

 
Germano & Associates, Inc. 2011b. Bathymetric Survey Summary Report: Seafloor Topography of 

Trident Seafoods’ Submarine Waste Piles in Akutan, Alasks. Germano & Associates, Inc., 
Bellevue, Washington. December 2011. 

 
Rhoads, D.C. and J.D. Germano.  1982.  Characterization of organism-sediment relations using 

sediment profile imaging: an efficient method of remotes ecological monitoring of the 
seafloor (REMOTS® system).  Mar. Ecol. Prog. Ser. 8: 115-128. 

 
U.S. Department of Justice, 2012. United States District Court: Western District of Washington. 

U.S.A., Plantiff v. Trident Seafoods Corporation, Defendant. No. Civ. No. 11-1616 Amended 
Consent Decree. June 18, 2012. Frederick Phillips, Environmental Enforcement Section, 
Environmental & Natural Resources Division, U.S. Dept. of Justice, Washington, D.C. 

 
USEPA.  2001.  EPA Requirements for Quality Assurance Project Plans.  EPA QA/R-5, EPA/240/B-

01/003, U.S. Environmental Protection Agency, Office of Environmental Information, 
Washington, DC, March 2001. 

 
USEPA. 1999. USEPA Region 5 Central Regional Laboratory (1999). Standard operating procedure 

for the analysis of residue, nonfilterable (suspended solids), water, method 160.2 NS 
(Gravimetric, 103-105oC). 

 
 



Seafood Waste Assessment                     November 4, 2013  
QAPP           Page 25 of 25 

     
       

 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURES 
 



 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 2. Akutan Study Area with Bathymetric Surface. 
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  Figure 3. Akutan Study Area with 2010 Survey Locations and Zone of Impact. 
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Figure 4. Akutan Sampling Area with Proposed Study Locations 
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Summary of Analyses  
to Develop an Index of Fish Waste Impact to 
Determine a Zone of Impact in Akutan Harbor  

 

Overview 

In 2010, EPA Region 10 requested that Trident conduct a benthic investigation to more thoroughly 
characterize and delineate the extent of seafood wastes and the status of biological communities 
present on the harbor floor. Germano & Associates (G&A) was hired by Trident, conducted the survey 
requested by EPA, and submitted a summary report in January 2011 (Germano & Associates, 2011).  
The 2010 G&A survey included the delineation of the harbor floor area with detectable seafood waste 
(shaded gray in Figure 1) as well as the smaller area contained within this footprint that was defined as 
the zone of benthic impact from accumulated seafood waste (shaded red in Figure 1). 

Trident and the U.S. EPA are currently in the process of completing a Consent Decree agreement that 
includes a requirement for assessment and reduction of impacts associated with seafood waste piles 
from several Trident facilities.  The Consent Decree states that the benthic Zone of Impact (ZOI) in 
Akutan Harbor “is assumed to be 50 acres” based on the Germano & Associates 2010 survey and “the 
agreement of the parties” (US DOJ, 2011). Under this Consent Decree, seafood waste pile monitoring 
and remediation activities are required at the Akutan facility.  These activities are focused on reducing 
the size of the ZOI. The Consent Decree specifically states that the ZOI must be reduced to 25 acres 
by 2017 and to 5 acres by 2022. 

The Consent Decree also requires that Trident submit a “Zone of Impact Measurement Plan” for the 
Akutan facility.  Since this ZOI is part of a regulatory framework, it is important that we develop a 
transparent and scientifically-sound method for calculating the area of the ZOI.  This zone 
measurement method will be used to assess the size of the ZOI at Akutan in future years and may be 
used to evaluate benthic impacts at other coastal sites where fish processing plants are located that are 
under EPA Region 10 jurisdiction. This summary describes the process we used to develop a ZOI 
measurement method; while the primary site of interest was Akutan, we took advantage of other data 
sets at our disposal where fish waste impacts were measured (Ketchikan and Sitka) to validate the ZOI 
index prediction. 
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Preliminary Index of Fish Waste Impact Calculation Method 

The index of fish waste impact (IFWI) is a summary mapping statistic that was calculated on the basis 
of four independently measured SPI/PV parameters: mean apparent RPD depth, presence of 
Beggiatoa or other thiophilic bacterial colonies, presence of methane, and successional status (Table 
1). The highest possible IFWI value is +12, which reflects a mature benthic community in relatively 
undisturbed conditions, generally a good yardstick for indicating a low disturbance regime and high 
benthic habitat quality: deeply oxidized sediment with a low inventory of anaerobic metabolites and low 
sediment oxygen demand, populated by a climax (Stage 3) community. The lowest IFWI value is -4, 
indicating that the sediment is organically enriched, has a high inventory of anaerobic metabolites, has 
a high oxygen demand, both thiophilic bacterial colonies and methane are present, and is azoic.  

Table 1. Calculation of the SPI IFWI Value 

A. CHOOSE ONE VALUE: 
 Mean aRPD Depth Score 
 0.00 cm 0 
 > 0 - 0.20 cm 1 
 0.21 – 0.50 cm 2 
 0.51–1.25 cm 3 
 1.26–2.00 cm 4 
 2.01–3.00 cm 5 
 3.01 –3.75 cm 6 
  > 3.75 cm 7 
 
B. CHOOSE ONE VALUE: 
 Successional Stage Score 
 Stage 0 0 
 Stage 1  1 
 Stage 1 ↔ 2 2 
 Stage 2 3 
 Stage 2 ↔ 3 4 
 Stage 3 (includes 1 on 3; or 2 on 3) 5 
 
C. CHOOSE ONE VALUE: 
 Beggiatoa* Presence Score 
 Beggiatoa surface mats (“present”)  -2 
 Beggiatoa small aggregates (“trace”) -1 
 Beggiatoa absent 0 

*or other thiophilic bacterial colonies 
D. CHOOSE ONE VALUE 
 Methane Presence Score 
 Vesicles greater than 5mm diameter:  -2 
 Vesicles less than 5mm diameter:  -1 
 Methane absent  0 
 
INDEX OF FISH WASTE IMPACT VALUE = Total of above subset indices (A+B+C+D) 
 

IFWI VALUE RANGE: -4 to +12 
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At each sampling station, images from replicate drops of the camera were assessed and summarized 
for a single value per station as: 

1. The mean aRPD depth across replicate values; 

2. The most advanced successional stage observed in any replicate;  

3. The strongest Beggiatoa presence observed in any replicate; and 

4. The strongest methane presence observed in any replicate. 

 

In the Akutan data set, methane was absent everywhere so this variable did not contribute to the 
overall IFWI value for Akutan.  However, methane was present at one of the other Alaska sites (Sitka) 
where the IFWI value was evaluated. 

The proposed IFWI values were calculated using the scoring tables shown in Table 1 and applied to 
three data sets where organic enrichment from fish waste was presumed to be a dominant driver of 
adverse benthic effects: 

1. Akutan (September 2010) SPI survey; 
2. Sitka (May 2011) SPI survey; and 
3. Ketchikan (October 2010) SPI survey. 

All three sites had fish waste present, but the organic enrichment at the Sitka site was predominantly 
from wood waste, so any measureable adverse benthic effects may not necessarily be attributed to 
fish waste (the index is an indicator of excess organic enrichment).   

The index values represent a continuum from uniformly bad (-4) to uniformly good (+12), but we need a 
threshold value for the IFWI value to use as the decision criterion that there is an impact based on the 
weight-of-evidence of adverse effects.   

Identifying a Threshold Value for the IFWI Value:   

When there is a weight-of-evidence that a station is displaying adverse benthic effects, the IFWI value 
will be low.  But how “low” is low enough to represent sufficient weight-of-evidence?  We address this 
by looking at values that are unlikely when the individual scores are all independent. For example, if all 
values of the aRPD score were equally likely for any value of successional stage, then the individual 
scores are independent and there is no association.  The randomization distribution based on uniform 
draws from the entire distribution of possible values (i.e., any score is possible from each of the 
variables) tells us what would happen if there was no concordance (total independence).  This 
“Randomization Distribution” constitutes the null hypothesis of independence among the individual 
scores.  Uniformly low scores on all four input variables will be unlikely in this null distribution and 
therefore represent a significant weight-of-evidence that all conditions are poor, and the low IFWI value 
didn’t happen purely by chance.     
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The more individual numbers that are summed, and the larger their ranges, the easier it is to obtain 
anything except extremely low or extremely high values.  Total index values that have a low probability 
of occurring strictly by chance when the variables are independent have the following probabilities: 

• 13% chance of getting IFWI values < 1 for 3 independent variables (22% chance for 4 
variables); 

• 22% chance of getting IFWI values < 2 for 3 variables (33% chance for 4 variables); 
• 33% chance of getting IFWI values < 3 for 3 variables (45% chance for 4 variables). 

The results for “3 variables” exclude methane (or similarly, Beggiatoa which take on the same values), 
and can be thought of as the randomization results conditional on methane (or Beggiatoa) being 
absent.   

IFWI values of 1 or less would be considered unlikely under the randomization distribution.  IFWI values 
in this range represent the worst conditions with most occurrences (80% or more) having at least some 
thiophilic bacteria present (trace or worse), successional stage at Stage 1 or 0, or aRPD less than 
0.5cm.  It is possible to have an IFWI value of 1 and a successional stage at Stage 2, but then both the 
aRPD and Beggiatoa score must be at their minimum.  Two out of three variables indicate a severe 
problem.  For example, the observed successional stage may not have caught up yet with the declining 
conditions.   

However, we want to capture more than just the stations that have severe conditions currently:  we 
want to capture those that are also on the cusp of decline.  These would be stations that have slightly 
higher IFWI values but are still supported by a weight-of-evidence of generally poor conditions.  IFWI 
values of 3 or less are not likely to occur under the randomization distribution (33% chance), although 
they are not highly unlikely either.  IFWI values in this range generally represent poor conditions with 
occurrences having the following characteristics in the randomization distribution (conditional on 
methane being absent): 

• 79% have at least some thiophilic bacteria present; 
• 59% have Stage 1 or less (79% have less than Stage 2); 
• 77% have aRPD < 0.5cm (91% have aRPD < 1.25cm). 

A threshold value of 3 or less allows for slightly better conditions on one of the variables, which must be 
offset by poor conditions in the other two variables. This threshold allows us to identify stations that are 
transitional, and err on the side of including stations that might be improving, as opposed to only 
including those stations that have already severely declined.  The ZOI determined by an IFWI threshold 
of 3 or less will be conservative, in the sense that it will include a broader area of stations that might 
have marginal effects.  Given these variable characteristics, we propose that areas of seafloor in 
Akutan that have an IFWI value of 3 or lower would be considered adversely affected by the fish waste 
discharge. 

Zone Boundary Definition 

A series of contours were outlined using a variety of IFWI thresholds so that the reader can see how 
boundaries of the “zone of impact” would change using different threshold values. Successional stages 
at stations 66 and 67 were indeterminate for all the replicates and therefore an accurate IFWI value 
could not be calculated so these points were not considered when the final contour intervals were 
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drawn.  A bathymetry-based shoreline boundary was applied to constrain the impact zone boundary to 
the north along the 3 fathoms (18 feet) depth contour (Figure 2).  
 
GIS maps showing the spatial distribution of the individual scores for Akutan (Figures 3-5) were used 
for data presentation and interpretation.  These maps were produced using a continuous kriging 
method on the score values and a smaller pixel size than what was used above for the IFWI zone 
boundary definition; these figures are, in essence, a “deconstructed” version of Figure 6.  Graphical 
presentations of the scores and IFWI values for the Sitka and Ketchikan sites (Figures 7 – 10) utilize 
Thiessen polygons, which set the impact zone boundary to the midpoint between stations where the 
response was present and absent.   

Results 

Using the methods described above, the Akutan ZOI was drawn for an IFWI threshold of 3 or less to 
indicate a station was “in” the ZOI for fish waste impacts (see contoured area outlined in a dotted red 
line in Figure 2). This figure also shows the original 2010 zone of benthic impact initially assessed from 
the SPI survey results; the total acreage identified as being within the ZOI from this revised IFWI is 47 
acres (Figure 2), 7 acres more than the original ZOI determined from the initial SPI results (Figure 1).   

The individual scores for successional stage, aRPD, and Beggiatoa presence are mapped in Figures 3 
through 5, and presented in one summary illustration in Figure 6.  Adverse effects indicated by low 
Beggiatoa and aRPD scores are fairly wide-spread throughout the entire ZOI, whereas successional 
stage is primarily depressed only near the outfalls and near-shore to the site.  A cross-tabulation of the 
frequency of stations with individual scores, in each of three IFWI levels (Table 2) indicates the 
consistency of conditions within and beyond the ZOI.   

• Beggiatoa is present (Beggiatoa score = -2) at 23 of the 24 stations within the ZOI (IFWI score 
of 3 or less); it is also present at 19 of the 72 stations outside the ZOI.  Beggiatoa is fairly 
widespread at the site, showing trace level presence or greater in 60 of the 96 stations at the 
site. (Figure 3)   

• The RPD score is 2 or less (aRPD < 0.5 cm) at 20 of the 24 stations within the ZOI, and at 6 of 
the 72 stations outside the ZOI.  The RPD score is 3 or greater (aRPD >0.5cm) in over 90% (66 
out of 72) of the stations outside the ZOI. (Figure 4)   

• The successional stage score is 1 or less (Stage 1 or 0) in 18 of the 24 stations within the ZOI.  
Successional Stage 2 or greater (ss.score > 3) occurs both within and beyond the ZOI.  
Successional Stage 2->3 or Stage 3 (ss.score = 4 or 5) is present at 97% (70 out of 72) of the 
stations outside the ZOI boundary and at 8% (2 out of 24) of the stations within the ZOI. (Figure 
5)  
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Table 2.  Cross-tabulation of the frequency of stations in low, moderate, or high IFWI categories 
for the individual scores at Akutan. 

  IFWI category    IFWI category    IFWI category  

rpd.score < 3 4-7 > 8  ss.score < 3 4-7 > 8  
Beggiatoa 

score < 3 4-7 > 8  
0 16 0 0  0 3 0 0  -2 23 19 0  
1 2 2 0  1 15 0 0  -1 1 8 9  
2 2 4 0  3 4 2 0  0 0 0 36  
3 3 14 2  4 1 11 0       
4 1 6 18  5 1 14 45  dominant counts in each IFWI category 
5 0 1 19       . low IFWI (<3) 
6 0 0 2       . moderate IFWI (4-7) 
7 0 0 4       . high IFWI (>8) 

 

IFWI values were also calculated for Sitka and Ketchikan sites, and maps drawn to illustrate the 
performance of stations on each variable as well as the overall index values.  Ketchikan results for the 
individual variables (Figure 7) shows that conditions at this site are generally quite good.  Many of the 
stations have all individual “green” scores, producing overall IFWI values of 10 or greater.  Only four 
stations have index values of 3 or less.  There are several stations around the perimeter of the IFWI 
ZOI with moderately poor results in two or more legs (i.e., station 10 to the west of the ZOI boundary, 
and station 2 to the east).  These are borderline stations that do not currently have strong weight-of-
evidence of adverse effects.  Station 10 has Beggiatoa present, but a higher successional stage (Stage 
2->3), and an intermediate aRPD value.  Station 2 has a lower successional stage (Stage 1↔ 2) and 
higher aRPD, but no Beggiatoa observed.  For both these stations, it is not clear if conditions are 
declining or improving, but they currently indicate that an active benthic community is supported.  
Figure 8 shows just the overall IFWI values and the presence of fish waste.  The red boundary is clearly 
within the area where fish waste was observed.  The transitional stations (greens and light blues) 
generally occur where fish waste was observed (‘yes’ or ‘trace’).   

A cross-tabulation of the frequency of stations with individual scores, in each of three IFWI levels for 
Ketchikan (Table 3) indicates the predominance of good conditions at most stations beyond the ZOI.  
The four stations within the ZOI have low aRPD values (< 0.20 cm), successional stage below 
transitional Stage 1->2, and evenly split between Beggiatoa present (score =-2) and absent (score = 0).   
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Table 3.  Cross-tabulation of the frequency of stations in low, moderate, or high IFWI categories 
for the individual scores in Ketchikan. 

 

  IFWI Category    IFWI Category    IFWI Category 

rpd.score < 3 4-7 > 8  ss.score < 3 4-7 > 8  
Beggiatoa 

score < 3 4-7 > 8 
0 2 0 0  0 2 0 0  -2 2 1 0 
1 2 0 0  1 1 1 0  -1 0 0 1 
3 0 1 0  2 1 0 0  0 2 1 27 
4 0 0 1  3 0 0 2      
5 0 1 1  4 0 1 8      
6 0 0 6  5 0 0 18      
7 0 0 20           

 

Sitka results for the individual variables (Figure 9) indicate that conditions at this site are more severely 
affected by organic enrichment.  Fish waste is present at over half (40 out of 70 stations = 57%) of the 
stations with complete SPI results (Figure 10); wood waste is present at all of the stations (not shown in 
Figure 10).  An IFWI threshold of 3 or less identifies 20 out of the 70 stations with complete SPI results 
as stations exhibiting a weight-of-evidence of adverse benthic effects (Figure 10).  The worst conditions 
(those within the IFWI ZOI) are close to shore and present near the historic Alaska Pulp Company 
outfall as well as a few sites further out. A cross-tabulation of the frequency of stations with individual 
scores, in each of three IFWI levels (Table 4) indicates the following: 

• aRPD conditions are pretty cleanly delineated by the IFWI threshold:  19 of the 20 stations 
within the ZOI have rpd scores of 2 or less (aRPD < 0.5 cm), while only 8% (4 out of 50) of the 
stations beyond the ZOI have rpd scores this low. 

• Successional stage, on the other hand, shows much more overlap across the ZOI boundary: 
successional stages between Stages 1 and 3 (SS scores of 2-4) are present at half of the 
stations within the ZOI and at almost 40% (19 out of 50) of the stations beyond the ZOI.  
Successional Stage 3 was present only outside the ZOI, at 62% of the stations (31 out of 50).   

• Beggiatoa was present at trace levels or greater in 91% of the stations (64 out of 70), while 
methane was present at only one station and so contributes very little to the IFWI values at this 
site.  
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Table 4.  Cross-tabulation of the frequency of stations in low, moderate, or high IFWI categories 
for the individual scores in Sitka. 

              
  IFWI Category    IFWI Category    IFWI Category 

rpd 
score < 3 4-7 > 8  

SS 
score < 3 4-7 > 8  

Beggiatoa 
score < 3 4-7 > 8 

0 13 0 0  0 0 0 0  -2 19 35 7 
1 1 0 0  1 10 0 0  -1 0 0 3 
2 5 4 0  2 5 2 0  0 1 0 5 
3 0 12 0  3 2 3 0      
4 1 10 1  4 3 11 3    IFWI Category 

5 0 8 3  5 0 19 12  
Meth. 
score < 3 4-7 > 8 

6 0 1 2       -2 0 0 0 
7 0 0 9       -1 0 1 0 

          0 20 34 15 
 

 

Discussion 

There is a slight difference between the ZOI designated in the initial SPI report (Figure 1) and that 
calculated by the IFWI index (Figure 2); 4 stations that were initially included in the Figure 1 ZOI 
(Station 17, 18, 54, and 55) are now outside of the ZOI determined by the IFWI (Figure 2), while 7 
stations that were originally excluded from the ZOI in Figure 1 (Stations 14, 33, 25, 57, 58, 70, and 84) 
are now included as part of the ZOI according to the IFWI scores (Figure 2). All in all, there is a net gain 
of 3 stations in the ZOI and approximately 7 more acres by IFWI calculation. The initial determination of 
the ZOI (Figure 1) was based on a visual examination of SPI images and an attempt to use consistent 
“expert judgment” while examining images from each station; the problems with using expert opinion or 
“best professional judgment” have been documented numerous times in the literature (see Germano, 
1999 for an overview), so it is a little humbling to realize that the principal investigator of this survey did 
not take heed of his own advice.  However, the application of a straightforward, actuarial method of 
assessment should eliminate this type of problem in the future. 

There are two potential limitations to this particular index which must be kept in mind: 

1. Because this index is not sensitive only to fish waste but instead is an indicator of organic 
enrichment, i.e., it would be equally sensitive to and applicable for delineating benthic impacts 
due to organic enrichment from wood waste, deposited sewage sludge, agricultural river runoff, 
marine aquaculture operations (excess food or feces from salmon pens or mussel rafts), etc., 
one must use caution in applying ZOI results as a regulatory enforcement tool for specific waste 
streams. It is possible to get ZOI determinations in areas with multiple organic stressors (as is 
the case in Sawmill Cove in Sitka – see Figures 9 and 10) and for fish waste to not be the 
underlying cause for the retrograde conditions in the local benthic community. The situation in 
Sawmill Cove is an excellent illustration of this “exception to the rule”; the stress on the benthic 
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ecosystem in this region is due to the thick layer of wood waste from the former Alaska Pulp 
Company mill operations, and these retrograde benthic conditions existed long before the fish 
processing operation came on line in 2006. There are areas in Sawmill Cove with low IFWI 
scores where no fish waste is present, and the areas with low IFWI scores where fish waste is 
present have not, in more than 90% of the locations,  attained these scores due to fish waste 
presence. 

2. While we have developed the index to minimize the occurrence of false negatives, false 
positives (stations designated as having an adverse impact that really do not) will occasionally 
occur; stations that are right on the cusp of a failing score can either be indicative of a 
community assemblage on the decline or of one on the road to recovery (Figure 11). While it is 
extremely rare to develop a predictive index that is 100% accurate with no false positives or 
negatives (Germano, 1999), when dealing with issues of human health or environmental 
protection, it is usually best to err on the conservative side (false positives are much more 
desirable than false negatives).  
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Figure 1: Original determination of ZOI from fish waste discharge in Akutan based on examination of sediment profile and plan view 
images (from Germano & Associates 2011) 
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Figure 2. Determination of ZOI from fish waste discharge in Akutan based on IFWI scores; the area outlined in the red dotted line contains 
stations with IFWI values  < +3, the recommended threshold value. 
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Figure 3: Distribution of thiophilic bacteria IFWI scores in Akutan 
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Figure 4: Distribution of aRPD IFWI scores in Akutan. 
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Figure 5: Distribution of infaunal successional stage IFWI scores in Akutan. 
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Figure 6. .  Results of individual scores and overall IFWI values at Akutan.  The IFWI zone of impact (influence) is indicated by the red 
boundary based on IFWI values of 3 or less.    
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Figure 7.  Results of individual scores and overall IFWI values at Ketchikan.  The IFWI zone of impact (influence) is indicated by the red 
boundary based on IFWI values of 3 or less.   
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Figure 8.  Overall IFWI value and presence of fish waste at Ketchikan. 
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Figure 9: Contribution of individual variables to calculated IFWI scores in Sitka. 
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Figure 10: ZOI from IFWI determinations in Sawmill Cove, Sitka, AK. 
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Figure 11: Response of benthic community to organic loading; stations with IFWI scores right on the cusp of passing/failing may be 
indicative of communities on the road to recovery or on the downhill slope of further decline (arrow). 
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