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1.0 EXECUTIVE SUMMARY 

One of Hanford’s most challenging projects continues to be the safe management of 
approximately 56 million gallons of radioactive and chemically complex waste stored in 
underground tanks.  Managing this waste must occur in parallel with operations to remove waste 
from the single-shell tanks, manage available double-shell tank space, and install infrastructure 
necessary to safely and reliably deliver the waste to the Waste Treatment Plant for treatment.  
One potential hazard of concern in the tank farms is the presence of chemical vapors released 
from the tanks in various ways, which may enter workers’ breathing spaces and potentially cause 
physical reactions or health effects. 

Beginning in early 2014, some 50 Washington River Protection Solutions (WRPS) and other 
employees reported potential exposures to chemical vapors in and outside of the tank farms and 
received medical evaluations for these events.  While chemical vapors hazards at Hanford’s tank 
farms have been reduced over the years, WRPS and the U.S. Department of Energy’s (DOE) 
Office of River Protection (ORP) recognized that new approaches and technologies could reduce 
the potential for worker exposure to chemical vapors even further. 

WRPS chartered Savannah River National Laboratory (SRNL) in April 2014 to establish and 
oversee a panel of external, independent experts to examine chemical vapors management and 
related worker-protection measures at the Hanford tank farms. 

Known as the Tank Vapor Assessment Team (TVAT), this group released its report in late 2014 
(SRNL-RP-2014-00791, “Hanford Tank Vapor Assessment Report,” October 30, 2014; 
http://srnl.doe.gov/documents/Hanford_TVAT_Report_2014-10-30-FINAL.pdf).  The report 
recognized that WRPS’ overall worker-protection program, based on accepted and traditional 
industry health and safety practices, and is focused on protecting against the long-term health 
effects resulting from cumulative or ongoing chemical exposures.  The TVAT hypothesized that 
short, intermittent, higher-concentration (bolus) vapor exposures are a likely cause of reported 
worker health effects, particularly upper respiratory irritation. 

According to the TVAT, verifying the existence and quantifying the amount of such potential 
transient acute exposure requires a different approach than the traditional IH monitoring regime 
employed by WRPS.  The TVAT report outlined 10 Overarching Recommendations (ORs)—
encompassing 47 more-specific recommendations—to help reduce the potential for chemical 
vapor exposures in the near-term and to define steps to conclude whether bolus exposures are the 
primary cause of the reported worker health effects. 

To address the TVAT report recommendations, WRPS has developed this implementation plan 
with multiple proposed response actions, a corresponding schedule, and estimated costs. 

WRPS actions are organized according to the report’s 47 recommendations and grouped into six 
technical assessment areas investigated by the TVAT:  Site Characterization (SC); Exposure 
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Assessment (EA); Dose-Response (DR); Risk Characterization (RCH); Risk Management (RM); 
and, Risk Communication (RC). 

A number of actions recommended by the TVAT report and outlined in this plan already have 
been implemented, and several others are underway.  The TVAT acknowledged that limiting 
worker exposure to bolus emissions of chemical vapors “represents an extraordinary challenge 
that cannot be easily addressed through traditional approaches.” 

Execution of the implementation actions is planned to occur in two phases.  A primary focus of 
Phase 1 (FY 2015-2016) will be data collection to determine the validity of the hypothetical 
bolus exposure or identify other exposure mechanisms.  Key program elements in Phase 1 
include, but are not limited to, expanded sampling and characterization of tank head space gases; 
evaluation and procurement of new field and personnel monitoring equipment; evaluation and 
implementation of tailored personal protection equipment; and increased hiring and training of 
industrial hygiene staff.  These actions will mitigate potential hazards on a tank farm-specific 
basis; enhance characterization of chemical constituents in the waste; improve sampling and 
detection technology; and increase real-time monitoring. 
 
Depending on information gathered and analyzed in Phase 1, Phase 2 actions, costs and 
schedules (FY 2017-2019 and beyond) currently identified in the plan will be reviewed and, as 
needed, revised to reflect any updates to the technical basis, as well as the ongoing deployment 
of new technology and/or findings from research and development activities.  A second major 
part of Phase 2 is the institutionalization of an enhanced industrial hygiene program.  This 
enhanced program includes attributes of a standard process for ongoing monitoring, continued 
sampling for changing conditions, and the incorporation of vapor management controls into new 
projects. 
 
WRPS and ORP recognize that verifying the existence of and addressing potential exposures to 
chemical vapors over a large area and number of tank farms will take a sustained, ongoing effort.  
WRPS has established a project team that will lead its implementation of the actions in this plan.  
A panel of external experts has been established to monitor implementation, validate research 
and development plans and progress, and assess progress and effectiveness of vapor prevention 
and mitigation strategies. 
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Current waste retrieval efforts are concentrated in C Farm, where retrieval activities  

in 13 of the 16 single-shell waste tanks have been completed. 
 
 

 
The Evolution of Vapor Controls in Hanford Tank Farms 
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2.0 INTRODUCTION 

2.1 HANFORD TANK WASTE 

The underground storage tanks on the DOE’s Hanford Site hold approximately 56 million 
gallons of radioactive and chemical waste that are the byproduct of processing nuclear materials 
for the nation’s weapons programs. 

The tank waste generates vapors as heat and radiation break down chemical compounds. In the 
double-shell tanks (DSTs), some chemical vapors are exhausted with active ventilation, while the 
single-shell tanks (SSTs) are normally passively ventilated.  In both types of tanks, the vapors 
are passed through filters to remove, to the extent possible, radioactive particles and some 
chemical compounds. 

2.2 FORMATION OF TANK VAPOR ASSESSMENT TEAM AND DEVELOPMENT 
OF RECOMMENDATIONS 

As a result of more than two dozen workers receiving medical evaluations in March and April 
2014, following reported on-the-job exposures to chemical vapors emanating from the waste 
storage tanks, WRPS requested that SRNL establish and oversee a panel of external, independent 
experts to examine chemical vapors management and related worker protection measures at the 
Hanford tank farms.  WRPS also asked that the study include an enhanced scope for analysis and 
recommendation beyond the previous technical reviews of Hanford-tank-waste-vapor policies 
and issues.  

In June 2014, as a result of the WRPS request, SRNL assembled a team of external, recognized 
experts to perform an independent review of the chemical vapors program.  The ten-member 
team was comprised of members from academia, industry, and government agencies, and 
included a representative of the Hanford Atomic Metal Trades Council, the bargaining unit that 
represents union tank farm workers.  Its members brought a wide range of knowledge and 
expertise across many disciplines, including the fields of occupational risk assessment, nuclear 
waste processing, air emission releases from storage tanks, worker safety, and biological 
monitoring and modeling.  The team’s activities were observed by members of DOE’s Office of 
Enterprise Assessment and by members of the Radioactive Air Emissions Section of the 
Washington State Department of Health. 

The TVAT conducted its assessment along lines of inquiry in six technical assessment areas:  
site characterization, exposure assessment, dose-response assessment, risk characterization, risk 
management, and risk communication. 

The TVAT released its report in late October 2014.  The team hypothesized that short, 
intermittent, higher-concentration (bolus) vapor events are occurring and that exposures to such 
vapors are a likely cause of reported worker health effects, particularly upper respiratory 
irritation.  Based on the six technical assessment areas, the team developed 10 Overarching 
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Recommendations that reflect cross-cutting programmatic issues.  In support of the Overarching 
Recommendations, the team provided 47 recommendations for improvements to reduce the 
potential of chemical vapor exposure in the near term and to try to conclude whether bolus 
exposures are the primary cause of the reported worker health effects. 

To address the TVAT recommendations, WRPS was tasked to develop an implementation plan 
to address the recommendations of the TVAT report. 

The 10 Overarching Recommendations are discussed in Section 3.0.  The 47 supporting 
recommendations and corresponding actions are detailed in Section 4.0, grouped according to the 
appropriate technical assessment area.  Section 5.0 contains schedule and cost information.  
Appendix A provides a table cross-referencing the overarching and supporting 
recommendations. 

2.3 IMPLEMENTATION PLAN SCOPE 

This implementation plan addresses the 10 Overarching Recommendations and 47 supporting 
recommendations identified in the TVAT report. 

2.4 IMPLEMENTATION PLAN ASSUMPTIONS 

The following assumption applies to this implementation plan: 

• Resources will be authorized by DOE to complete the required scope and activities in a 
phased approach outlined in the plan to resolve the vapor issues. 

Implementation of this plan may be impacted by technical and programmatic uncertainties.  Key 
areas of uncertainty are: 
 

• Technology Development – Developing new monitoring technologies may result in 
schedule delays and additional costs.  This plan calls for using available industry 
technology as much as practical and minimizing technology development. 

• Resource Availability – There may not be enough qualified industrial hygiene staff 
available. 

• Development and Acceptance of Exposure Standards – There are no existing standards 
for potential bolus exposures to many of the chemicals of potential concern (COPCs).  
Engineering controls standards and calibrations need to be established following tank 
head space sampling and characterization to identify any additional key COPCs. 
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3.0 SUMMARY RESPONSES TO THE TEN 

OVERARCHING 
RECOMMENDATIONS FROM THE 
TANK VAPOR ASSESSMENT REPORT 

OR1:  Hanford Site contractor and DOE 
management actively demonstrate commitment to 
improve the current program and ultimately resolve 
the vapor exposure concerns. 

Response:  Management is demonstrating its 
commitment to this program by committing 
its personal oversight, as well as a dedicated 
staff, to develop and execute the 
Implementation Plan to enhance the 
Industrial Hygiene chemical vapor program.  
Cost estimates, staffing plans, and proposed 
schedules have been developed for the 
detailed actions in the Implementation Plan.  
Several elements of the Implementation Plan 
are already underway and are expected to be 
integrated into the Tank Operations Contract 
(TOC) lifecycle project baseline.  

OR2:  Implement measureable benchmarks to assure operational and cultural parity among 
chemical vapor, flammability, and radiological control (RadCon) programs. 

Response:  The Implementation Plan identifies actions necessary for the chemical vapor 
program to attain parity with the WRPS RadCon program.  This will include chemical As 
Low As Reasonably Achievable (ALARA) implementation of Integrated Safety 
Management System core functions, Voluntary Protection Program tenets, and 
benchmarking initiatives that focus on industry-standard, best-management practices for 
chemical safety and may include incorporation of a DOE national standard or revision to 
10 C.F.R. § 851, “Worker Safety and Health Program.”  Training, chemical-vapor 
control monitoring, and comparable staffing have commenced.  Additional actions are 
being initiated to incorporate chemical ALARA into the current work-control processes 
utilizing RadCon program rigor. 

OR3:  Establish a program to sample proactively the head space of tanks to validate and 
enhance chemical characterization. 

Response:  A program will be developed that includes prioritization of tank head space 
sampling and use of the latest analytical methods under quiescent and waste-disturbing 
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conditions in order to update the current Chemicals of Potential Concern and the 
Technical Basis of the chemical vapor program. 

OR4:  Accelerate development and implementation of a revised industrial hygiene exposure 
assessment strategy that is protective of worker health and establishes stakeholder confidence in 
the results for acute, as well as chronic, exposures. 

Response:  Recommendation #3 above is being accelerated and once results from 
implementation of recommendation #3 are available, the Industrial Hygiene Exposure 
Assessment Strategy will be updated for documented exposure limits.  However, 
developing postulated bolus exposure limits will require deploying new technologies to 
measure these transient events that have not been observed with existing field 
instruments.  In addition, bolus occupational exposure limits (OELs) determined from 
scientifically validated health studies are not available for many chemicals.  Those OELs 
may need to be developed by external experts. 

OR5:  Modify the medical case evaluation process and reporting procedures to recognize the 
appropriate uses and limitations of the available monitoring data and other potential exposure 
information when evaluations are made regarding tank chemical vapor exposures. 

Response:  The Implementation Plan includes actions to communicate the limitations of 
the sampling data for chemical vapors and enhance employee sampling and monitoring 
notification letters.  The on-site medical provider has reviewed potential software and 
analysis tools to better evaluate and track potential exposure effects.  This action will be 
managed contractually between the DOE-Richland Operations Office and the medical 
provider with communication to the tank farms contractor.  Medical case evaluations are 
determined by a third party administrator. 

OR6:  To reduce the impacts of bolus exposures, utilize real-time personal detection and 
protective equipment technologies specifically designed to protect individual employees. 

Response:  Immediate actions have been initiated that include the use of supplied air for 
individual employees working in the SST farms.  Supplied air is also required for 
individual employees working in DST farms where there is the potential for low-threshold 
chemical vapors.  These controls will be in place until further evaluation and technical 
analyses are completed.  A program looking at advanced technology is established with a 
recommended list of instrumentation and equipment.  Multiple technologies are being 
evaluated to include advanced personal protective equipment (PPE), alternative personal 
sampling, and enhanced area monitoring.  The implementation of these technologies may 
include specification/requirements development, procurement and process/field 
implementation, and pilot-testing.  
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OR7:  Accelerate implementation of tailored engineering technologies to detect and control 
vapor emissions and exposures experienced in the Hanford tank farms (“tank farm of the 
future”). 

Response:  The tank farms contractor has established a Chemical Vapor Solutions Team 
(CVST) subcommittee (Engineering Controls) to evaluate current field-deployed 
technologies and newly developed technologies.  The program is looking at imaging 
cameras with alarms, increased stack heights for dispersion, abatement techniques, and 
air-flow promoters. 

OR8:  Augment the Hanford Tank Farm IH Program to further develop competencies to address 
the tank vapor exposure issues. 

Response:  The tank farms contractor has revised the current chemical vapor 
management strategy to include increased staffing; specialized training qualifications; 
chemical ALARA; risk communication; increased exposure monitoring and sampling 
strategies; and expansion of personal protective equipment requirements.  IH staffing 
will be increased across most functions to parallel the RadCon program.  Increased field 
presence, enhanced training, and a qualification program will be added.  The program 
will benefit from more specific IH guidelines and requirements.  

 
Industrial hygiene technicians 

routinely monitor for chemical vapors 
in Hanford’s tank farms. 

 

 Page 8 
 



 
 
 
OR9:  Effectively communicate vapor exposure issues and actions proactively with all 
stakeholders. 

Response:  A near-term action in the Implementation Plan is to improve the clarity and 
enhance communication of vapor information with employees and stakeholders, 
including exposure issues and actions. 

OR10:  Investigate and pursue external research opportunities and partnerships to address data 
and technology gaps related to vapor exposure, effects, and mitigation. 

Response:  An annual Grand Challenge process has been established over the last two 
years to promote innovative solutions.  Participants include representatives from 
national labs, universities, and other technical experts to identify the most promising 
solutions to ORP technical challenges.  Vapor-related solutions being considered include 
the destruction of noxious vapors with ultraviolet light, and the development of a Hanford 
SST farm passive breather filter.  In addition, ORP is committed to working with other 
agencies including NIH and NIOSH, to promote studies and investigations to support 
evaluation of chemical vapor bolus exposures.  Due to the complex nature of the 
challenges and the need to make adjustments based upon performance of near-term 
actions (e.g., sampling), ORP will establish ongoing processes to identify and manage 
research opportunities and partnerships with national labs, industry, and academia to 
solve existing and emerging vapor-related challenges.  To ensure ongoing alignment in 
the identification and pursuit of technology solutions, the external expert panel will 
include some TVAT team members to provide ongoing feedback related to research and 
partnership opportunities. 
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Overarching Recommendations (OR) 
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4.0 PLANNED ACTIONS TO ADDRESS THE TVAT RECOMMENDATIONS 

This section contains a summary table of planned actions organized according to the TVAT 
recommendations and grouped into six technical assessment areas:  site characterization, 
exposure assessment, dose-response assessment, risk characterization, risk management, and risk 
communication. Section 5.0 provides a detailed description of the planned schedule. 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
Site Characterizations 
TVAT 1 – 
SC1 

Develop a prioritized program to sample and 
characterize tank head space composition and 
stratification during quiescent as well as 
disturbed conditions. 

• Develop a prioritized project schedule to 
sample tank head spaces during 
quiescent as well as waste-disturbing 
conditions. (Phase 1 and 2) 

• Develop and/or revise the head space 
sampling Data Quality Objectives. 
(Phase 1) 

• Incorporate sample results into the 
existing IH Technical Basis. (Phase 1) 

In progress 
 
 
 

Scheduled 

 

Scheduled 

TVAT 2 – 
SC2 

Assess the potential for materials to plate or 
condense in vent risers, stacks and HEPA 
filters, and characterize the emissions for each 
condition. 

• Conduct an assessment of the potential 
for materials to plate or condense.  
(Phase 1) 

Scheduled 

TVAT 3 – 
SC3 

Implement technologies to assess fugitive 
sources of emissions that are not connected to 
tank head spaces and characterize the 
emissions for each non-head space fugitive 
source. 

• Initiate technological evaluations, field 
testing, and deployment of advanced 
technologies focused on fugitive 
emission sources. (Phase 1) 

• Implement procurement and deployment 
of the selected monitoring/sampling 
technology, based on evaluation and 
field testing. (Phase 1) 

• Develop and issue a technical maturation 
plan (TMP), including subject-matter 
expert reviews for identified 
technologies. (Phase 1) 

In progress 
 
 
 

In progress 
 
 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 4 – 
SC4 

Identify and implement new technologies to 
detect, locate and quantify fugitive and 
episodic releases. 

• Develop and issue a technical maturation 
plan for new technologies.  The review, 
selection, and incorporation of selected 
technologies will include subject-matter 
expert reviews. (Phase 1) 

• Initiate multiple actions to perform 
technological evaluations, field testing, 
and deployment of new technologies 
focused on fugitive emission sources.  
Based on the evaluation and field testing, 
procurement and deployment of the 
selected monitoring/sampling technology 
will be implemented. (Phase 1) 

In progress 
 
 
 
 
In progress 

TVAT 5 – 
SC5 

Identify and implement new technologies to 
quantify stack and vent emissions with suitable 
local alarms so that workers can respond in a 
timely fashion. 

• Develop and issue a technical maturation 
plan for new technologies.  The review, 
selection, and incorporation of selected 
technologies will include subject-matter 
expert reviews. (Phase 1) 

• Initiate multiple actions to perform 
technological evaluations, field testing, 
and deployment of new technologies 
focused on stack and vent emission 
sources and local alarming systems. 
(Phase 1) 

• Implement procurement and deployment 
of the selected monitoring/sampling 
technology, based on evaluation and 
field testing. (Phase 2) 

In progress 
 
 
 
 
In progress 
 
 
 
 
 
In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
Exposure Assessment 
TVAT 6 – 
EA1 

Continue the development and expedite 
deployment of new techniques for real-time 
response and appropriate sampling for short 
duration intermittent releases. 

• Schedule actions which include the 
assessment of characterizing tank head 
spaces. (Phase 1) 

• Develop and issue a technical maturation 
plan for new technologies.  The review, 
selection, and incorporation of selected 
technologies will include subject-matter 
expert reviews. (Phase 1) 

• Perform air dispersion models to 
increase the fidelity of the technical basis 
for the vapor control zones. (Phase 1) 

• Initiate actions to accelerate the 
procurement of additional real-time 
direct reading instruments, personal 
sample pumps, and alarm-detecting 
capabilities to capture and protect 
workers from short/intermittent bolus 
releases. (Phase 1) 

• Based on the results, incorporate the 
changes into a revised IH Technical 
Basis.  The characterization will assist in 
strengthening the overall program 
requirements and will focus on potential 
bolus exposures within the tank farms. 
(Phase 1) 

Completed 
 
 

In progress 
 
 
 
 

In progress 
 
 

In progress 
 
 
 
 
 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 7 – 
EA2 

Identify and implement sampling and/or in-situ 
analytical methods as appropriate for reactive 
volatile organic chemicals (VOCs), submicron 
aerosol, volatile metal compounds, and volatile 
metalloid compounds that may be present but 
would have been missed by past head space 
sampling and analytical methods. 

• Contract with industry experts to revise 
and update the 2004 Droppo Report 
(PNNL-14767, Characterization of the 
Near-Field Transport and Dispersion of 
Vapors Released from the Headspaces of 
Hanford Site Undergound Storage 
Tanks,” J. G. Droppo, July 2004) based 
on newer technologies, methodologies, 
and sampling/monitoring results. 
(Phase 1) 

• Perform an assessment that focuses on 
the development of sampling strategies, 
utilizing analytical methods for reactive 
VOCs, submicron aerosols, volatile 
metal compounds, and volatile metalloid 
compounds.  Results of the assessment 
will determine appropriate actions for 
implementing sampling methodology 
enhancements. (Phase 1) 

Scheduled 
 
 
 
 
 
 
 
 
 

Scheduled 

 Page 15 
 



 
 

Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 8 – 
EA3 

Use modeling, including computational fluid 
dynamics methods, to determine the potential 
locations, conditions, and next steps in 
attempting to measure sporadic exposure 
events.  

• Contract with industry experts to 
perform dispersion modeling.  The basis 
of the model will help to determine the 
predicted locations and levels of 
potential chemical vapor emissions, 
effectiveness of increased stack heights, 
and other engineered controls. (Phase 1) 

• Incorporate additional models, such as 
the American Industrial Hygiene 
Associate (AIHA) Air Dispersion 
Model, into the work control & worker 
protection program. (Phase 1) 

In progress 
 
 
 
 
 
 

Scheduled 

Dose Response 
TVAT 9 – 
DR1 

Conduct an additional review and re-
prioritization of COPCs under tank-disturbing 
conditions to provide adequate emission 
characterizations, OEL development, and 
worker exposure surveillance. 

• Initiate additional exhaust stack 
sampling, head space sampling, and 
fugitive-emission monitoring/sampling. 
(Phase 1 and 2) 

• Perform COPCs evaluation for both 
waste-disturbing and non-waste 
disturbing activities and incorporate into 
the IH Technical Basis, employee 
training programs, qualification 
programs, and stakeholder 
communications. (Phase 1 and 2) 

Completed 
 
 
 

In progress 

TVAT 10 – 
DR2 

Conduct a rigorous review of the COPC list to 
ensure it is current, and develop a process to 
document the mechanisms used to ensure 

• Perform an IH program review and 
incorporate changes as necessary. 
(Phase 1) 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
COPC updates and the basis for changes in the 
COPC list over time. 

• Incorporate a formal technical review 
process that incorporates periodic 
technical evaluations, decisions, and 
program enhancements. (Phase 1 and 2) 

In progress 

TVAT 11 – 
DR3 

Conduct additional evaluations of COPC 
toxicological studies to provide insight into the 
sensory and pathophysiological irritation 
response, including the role of mixture 
interactions and the potential need for 
additional toxicological evaluation. 

• Conduct a toxicological study on tank 
chemistry mixtures and how they 
interact with the COPC listing and other 
chemical constituents. (Phase 1 and 2)  

• Incorporate results of the evaluation into 
the IH program requirements as 
necessary. (Phase 2) 

Scheduled 
 
 
 

Scheduled 

TVAT 12 – 
DR4 

Perform a comprehensive evaluation of acute 
odor thresholds and toxicity effect levels for 
each COPC to facilitate the establishment of 
action levels based upon the relationship 
between odor and toxicity thresholds. 

• Conduct an assessment on acute odor 
threshold and toxicity effect levels for 
each COPC.  Results of the assessment 
may assist with the establishment of 
action levels for odor and toxicity 
threshold relationships. (Phase 1 and 2) 

• Incorporate results of the evaluation into 
the IH program requirements as 
necessary. (Phase 2) 

Scheduled 
 
 
 
 
 

Scheduled 

TVAT 13 – 
DR5 

Continue to evaluate COPC OELs within the 
context of observed symptomatology versus 
10% of the irritations thresholds and develop a 
"new" acute OEL list.  

• Conduct an assessment to extrapolate a 
short-term bolus exposure and compare 
to 10% of the excursion limit. (Phase 1 
and 2) 

• Incorporate results of the evaluation into 
the IH program requirements as 
necessary. (Phase 2) 

Scheduled 
 
 
 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 14 – 
DR6 

Maintain a robust health surveillance program 
that follows up with exposed workers to 
evaluate short- and long-term consequences 
from vapor exposures.  

• Participate in and provide feedback on 
DOE’s evaluation of an enhanced 
medical-surveillance program that 
provides continuous feedback and 
evaluation results based on short-term 
and long-term health consequences to the 
exposed worker. (Phase 1) 

Scheduled 

TVAT 15 – 
DR7 

Evaluate tank vapor mixture toxicological 
interactions at concentrations associated with 
transient plume exposures to modify OELs to 
accommodate mixture effects.  

• Conduct a review on the vapor mixture 
toxicological interactions at 
concentrations associated with transient 
plume exposures.  In the event this 
review results in any changes to OELs, 
the cost and schedule for implementation 
of these changes will be addressed 
separately. (Phase 1) 

Scheduled 

TVAT 16 – 
DR8 

Develop an overall IH strategy for aerosol 
evaluations that focus on analytical 
quantifications, the evaluation of chemical 
aerosols for inclusion in the COPC list, as well 
as the establishment of appropriate aerosol 
OELs.  

• Conduct a review of potential aerosol 
hazards focused on analytical 
quantifications. (Phase 1) 

• Incorporate results of the evaluation into 
the IH program requirements as 
necessary. (Phase 1) 

Scheduled 
 
 

Scheduled 

TVAT 17 – 
DR9 

Develop a research strategy roadmap in 
partnership with DOE, national laboratories, 
and university faculty subject-matter experts to 
address critical questions regarding tank vapor 
emissions and exposures. 

• Collaborate with technical experts (e.g., 
national laboratories, medical providers, 
other prime contractors) and implement 
actions through the tank farms 
operations contract managed by DOE-
ORP. (Phase 1) 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
• Provide, based on the results of 

evaluations, studies, and assessments, 
appropriate notifications to the 
Occupational Safety and Health 
Administration, and the National 
Institute for Occupational Safety and 
Health to support the development of a 
national standard for chemical vapor 
bolus exposures and/or revision to 
10 CFR 851. (Phase 2) 

• Support an epidemiology study for the 
health effects from acute and chronic 
vapor exposures that include health 
effects, medical surveillance and other 
epidemiology studies available.  
(Phase 2) 

• Incorporate results of the evaluation and 
ongoing research strategy into the IH 
program requirements as necessary.  
(Phase 2) 

Scheduled 
 
 
 
 
 
 
 
 
 
Scheduled 
 
 
 
 
 

Scheduled 

Risk Characterization 
TVAT 18 – 
RCH1 

Identify an Occupational Exposure Limit – 
Ceiling Limit – (OEL-C) for each analyte in 
Hanford tank head spaces. 

• Update the existing program to 
incorporate OEL-Time Weighted 
Averages (TWA), and Short-Term 
Exposure Limit (STEL) values for each 
analyte in the head space. (Phase 1) 

• Support the study, evaluation, and 

Scheduled 
 
 
 
 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
potential development of an OEL-C for 
analytes that do not currently have an 
established OEL value. (Phase 2) 

TVAT 19 – 
RCH2 

Classify and conduct toxicological testing on a 
reasonable number of distinct types of Hanford 
tank head space vapors (e.g., potential classes 
of tank vapor types such as ammonia rich, 
ammonia poor, nitrosamine rich). 

• Conduct a toxicological study on tank 
chemistry mixtures and how they 
interact with the COPC listing. (Phase 1) 

• Incorporate results of the evaluation into 
the IH program requirements as 
necessary. (Phase 1) 

Scheduled 
 
 

Scheduled 

TVAT 20 – 
RCH3 

Use the OEL-C from analysis or subsequent 
toxicological testing to characterize the hazard 
index and risk from the tank vapor mixtures. 

• Provide results from the toxicological 
studies and establishment of OEL-C to 
DOE and support a revision to the hazard 
index. (Phase 1) 

Scheduled 

TVAT 21 – 
RCH4a 

(Chronic) The WRPS IH program has in place 
procedures for evaluating chronic chemical 
exposures [based on Time Weighted Average 
(TWA)]; it is recommended that more periodic 
follow-up monitoring be conducted and 
documented to provide needed data for the 
industrial hygienist to verify that worker 
chronic exposures have not changed with time. 

• Initiate a strategy for an enhanced IH 
monitoring routine for the tank farms.  
This includes developing and 
implementing additional routine 
processes to identify and validate 
chemical vapor controls and fugitive 
emission points. (Phase 1) 

• Incorporate results from the routine 
monitoring and sampling into the IH 
program and promulgate the necessary 
changes to ensure that hazard 
characterization is appropriately 
evaluated and enhanced. (Phase 2) 

• Incorporate results of the monitoring and 

In progress 
 
 
 
 
 
 

Scheduled 
 
 
 
 
 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
sampling into advanced vapor training 
for employees. (Phase 2) 

TVAT 22 – 
RCH4b 

(Acute) Transient vapor/gas exposures (i.e. 
high dose rate) are substantially greater than 
what is currently measured as a TWA; 
alternative strategies for evaluating transient 
plume-like vapor exposures are recommended 
and adherence to excursion limit principles 
must be implemented (5 times OEL). 

• Incorporate additional monitoring 
programs based on short episodic 
releases from tank farm sources and 
other appropriate forms of short- 
duration exposures sampling (e.g., 
alternative personal sampling), in 
addition to Short-Term Exposure Limit 
(STEL) sampling/monitoring.  The 
program will account for more than 
traditional TWAs, but also bolus-type 
events. (Phase 1) 

• Incorporate results of the monitoring and 
sampling into advanced vapor training 
for employees. (Phase 1 and 2) 

In progress 
 
 
 
 
 
 
 
 
 
 

Scheduled 

TVAT 23 – 
RCH4c 

(Medical Surveillance) Routine medical 
surveillance is a key workplace evaluation tool 
needed to predict health impairment from 
vapor exposures; appropriately designed 
epidemiology studies focused on tank farm 
workers are recommended to evaluate the 
potential long-term health consequences.  

• Initiate a review of the medical 
surveillance program for chemical 
compounds found within the current IH 
technical basis and incorporate into the 
Employee Job Task Analysis (EJTA) 
program. (Phase 1) 

• Support the study, evaluation, and 
potential development of epidemiology 
studies focused on long-term health 
consequences. (Phase 1) 

• Ensure that the results from 

Completed 
 
 
 
 
 

Scheduled 
 
 
 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
epidemiology studies are communicated 
to the workforce and incorporate 
appropriate changes into the existing 
medical surveillance program. (Phase 2) 

• Schedule an assessment and follow-up 
reviews to ensure that the appropriate 
level of emphasis is placed on the 
maintenance and incorporation of 
changes based upon results from related 
studies, evaluations, and assessments. 
(Phase 2) 

 
 
 
 

Scheduled 

Risk Management 
TVAT 24 – 
RM1a 

Provide and manage IH professional and 
technician staffing levels to properly 
characterize and assess worker vapor exposure 
in the tank farms. 

• Build the IH organization with the 
correct expertise and resources to assist 
with the characterization, enhanced 
monitoring, research, and exposure 
assessment modeling. (Phase 1) 

Completed 

TVAT 25 – 
RM1b 

Provide and manage IH professional and 
technician staffing levels to participate in all 
planning, execution and evaluation phases of 
tank farm work activity, similar to radiological 
and flammability control functions. 

• Complete staffing comparisons between 
radiological controls, flammability, and 
IH. (Phase 1) 

• Complete and implement additional 
qualifications and requirements for the 
IH function. (Phase 1) 

• Initiate actions to increase IH staffing 
levels so that additional emphasis will be 
placed on work planning, field 
execution, and oversight. (Phase 1) 

Completed 
 
 

Completed 
 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 26 – 
RM1c 

Provide and manage IH professional and 
technician staffing levels to properly 
recommend and evaluate the effectiveness of 
work practices, PPE and engineering controls.  

• Complete staffing comparisons between 
radiological controls, flammability, and 
IH. (Phase 1) 

• Initiate actions to increase IH staffing 
levels so that additional emphasis will be 
placed on work practices, PPE, and 
engineering controls. (Phase 1) 

Completed 
 
 

In progress 

TVAT 27 – 
RM1d 

Provide and manage IH professional and 
technician staffing levels to effectively inform, 
advise, and train line functions and address 
workers concerns regarding tank farm vapors.  
In addition, available analytical resources 
should be re-evaluated and increase to assure 
the timely reporting of sample results 
associated with tank farm vapors. 

• Complete staffing comparisons between 
radiological controls, flammability, and 
IH. (Phase 1) 

• Initiate hiring actions to increase IH 
staffing levels so that additional 
emphasis will be placed on informing 
and training line functions and managers 
regarding worker concerns. (Phase 1) 

• Hire additional professionals to support 
lab work scope resulting in a timely 
reporting of sample results. (Phase 1) 

• Place external contracts for additional 
sample processing capabilities. (Phase 1) 

Completed 
 
 

In progress 
 
 
 
 

Completed 
 
 

Completed 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 28 – 
RM1e 

DOE should increase its focus on chemical 
hazards and develop more specific 
implementation guidelines on the anticipation, 
recognition, evaluation, and control of 
chemical hazards that is comparable to the 
focus and rigor given to radiological hazards.  
Consistent guidance on implementation of IH 
programs in DOE facilities would assist in 
assuring functional parity with radiological 
controls. 

• Collaborate with DOE to appropriately 
establish tailored program parity 
between IH programs and 10 CFR 835, 
“Radiological Controls Program.” 
(Phase 2) 

In progress 

TVAT 29 – 
RM2 

Achieve functional parity of the IH program 
with the radiological control program with 
respect to worker training and core 
competencies. 

• Evaluate the current DOE programmatic 
requirements between IH and RadCon, 
and develop processes to address 
programmatic differences. (Phase 1) 

• Develop and implement advanced 
training based on an evaluation and 
review by DOE-ORP. (Phase 2) 

In progress 
 
 
 

Scheduled 

TVAT 30 – 
RM3 

Expand general chemical hazard awareness 
training (CHAT) for tank farm workers to be 
more consistent with the length and intensity 
of the radiological-hazard training currently 
mandated for all site workers.  

• Enhance CHAT to increase worker, 
supervisor, and management 
understanding of chemical management 
practices, specific to the tank 
farms.(Phase 1) 

• Incorporate CHAT training into the 
existing employee training profiles and 
EJTA. (Phase 1) 

Scheduled  
 
 
 

Completed 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 31 – 
RM4 

Adequately staff the IH function to ensure 
proper resources are deployed in the planning, 
pre-job, job execution, and post-job ALARA 
review in a fashion similar to that of the 
radiological control function.  

• Complete staffing comparisons between 
radiological controls, flammability, and 
IH. (Phase 1) 

• Initiate hiring actions to increase IH 
staffing levels so that additional 
emphasis will be placed on work 
planning, job execution and post-job 
ALARA review. (Phase 1) 

• Initiate the enhancement of a Chemical 
ALARA process into the existing work 
control program.  This may include 
program development, implementation 
strategy, training, and program 
assessments. (Phase 2) 

• Use elements from the radiological 
program and process safety management 
models to develop the program structure 
(Phase 2). 

Completed 
 
 

In progress 
 
 
 
 

In progress 
 
 
 
 
 

Scheduled 

TVAT 32 – 
RM5 

Redefine unacceptable chemical exposure risk 
to include short-term, episodic exposure to 
chemicals that can result in adverse health 
impacts. 

• Update tank farm-specific chemical 
information sheets and IH Technical 
Basis documents to reflect short-term, 
bolus exposure hypothesis to chemicals, 
based on the results from tank head 
space sampling and advanced 
monitoring. (Phase 2) 

Scheduled 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 33 – 
RM6 

Investigate and implement best available 
technologies to detect and control vapor 
plumes from fugitive sources as well as from 
vents and stacks. 

• Initiate actions to conduct research, 
evaluation, and field testing of 
technologies to detect and control 
chemical vapor plumes. (Phase 1) 

• Form a dedicated task team of technical 
experts, workers, and managers to 
research and implement the most 
appropriate methods.  Solicited industry 
experts for additional review.  This effort 
has been underway since June 2014. 
(Phase 1) 

• Begin field testing for multiple 
technologies. (Phase 1) 

• Select and deploy appropriate 
technologies, based on the technical 
evaluation and field testing. (Phase 2) 

• Conduct training programs and 
employee orientations related to new 
technologies. (Phase 2) 

In progress 
 
 
 

Completed 
 
 
 
 
 
 

Completed 
 

In progress 
 
 

In progress 

TVAT 34 – 
RM7a 

Establish a more effective methodology for 
designating Vapor Control Zones (VCZs) and 
Vapor Reduction Zones (VRZs). 

• Initiate a comprehensive review and 
evaluation regarding the establishment, 
implementation, and maintenance of 
VCZs and VRZs. (Phase 1) 

• Incorporate the results of the 
comprehensive review enhancements 
into the existing IH program and review 

In progress 
 
 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
on regular basis to ensure effectiveness. 
(Phase 1 and 2) 

• Conduct a comprehensive evaluation of 
air dispersion modeling based on the 
AIHA Standards to assist in the 
revaluation of VCZ and VRZ 
boundaries. (Phase 1) 

 
 

In progress 

TVAT 35 – 
RM7b 

Confirm that air-purifying respiratory 
protective equipment is effective in reducing 
exposure to tank vapors below acceptable 
levels.  

• Implement the use of half-face/full-face 
combination chemical-cartridge 
respirators in the SST farms with the 
appropriate posting and communications 
of this control, based on the release of 
the TVAT report. (Phase 1) 

• Implement the control of supplied air for 
all work in SST and DST farms where 
there is a potential for low-threshold 
vapors.  These controls were initiated to 
focus on worker safety while respiratory 
protection (i.e., cartridge effectiveness) 
evaluations could be conducted). 
(Phase 1) 

Perform chemical-cartridge technical 
evaluation to determine source-sampling 
locations, duration of samples, sample 
results, modeling, and vapor-control 
zones to confirm respiratory protective 
equipment is effective. (Phase 1) 

Completed 
 
 
 
 
 

Completed 
 
 
 
 
 
 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 36 – 
RM8 

Modify the medical case evaluation process 
and reporting procedures to recognize the 
appropriate uses and limitations of the 
available monitoring data and other potential 
exposure information when evaluations are 
made regarding vapor exposures. 

• Support DOE and the Hanford on-site 
medical provider to refine the medical 
protocol for potential chemical exposure 
evaluations. (Phase 1) 

• Enhance communications to medical 
providers; describe the limitations of the 
sampling data for chemicals and vapors 
in ongoing and frequent interactions 
among medical service providers and the 
tank farms contractor as changes in the 
sampling data or monitoring 
technologies occur. (Phase 1) 

In progress 
 
 
 

Completed 

TVAT 37 – 
RM9 

Verify that all programs associated with vapor 
controls are properly vetted, evaluated, 
communicated and tracked to ensure timely 
completion. 

• Incorporate and track all actions 
associated with the chemical vapor 
management process through currently 
established corrective action 
management system. (Phase 1) 

In progress 

TVAT 38 – 
RM10 

All levels of line management demonstrate that 
they are committed to reducing the potential 
for tank farm vapors releases and continuously 
improving management systems to assure all 
workers are properly protected. 

• Initiate monthly senior-level 
management meetings with IH staff and 
field personnel to ensure direct feedback 
and that information is communicated. 
(Phase 1) 

• Issue a statement from senior ORP and 
tank farms contractor management to 
employees and stakeholders supporting 
the recommendations of the Tank Vapor 
Assessment Report, and committing to 

Completed 
 
 
 
 

Completed 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
implement the recommendations. 
(Phase 1) 

• Have the tank farms contractor 
Executive Safety Review Board (ESRB) 
approve and monitor the implementation 
plan. (Phase 1) 

• Add and align resources to ensure the 
successful implementation of programs, 
processes, procedures, manuals, training, 
and work planning to incorporate the 
improvements in the overall WRPS IH 
Program. (Phase 2) 

• Establish an external technical panel to 
monitor implementation, validate 
research and development plans, and 
assess effectiveness of vapor prevention 
and mitigation strategies. (Phase 1) 

 
 

Scheduled 
 
 
 

In progress 
 
 
 
 
 

Completed 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
Risk Communication 
TVAT 39 – 
RC1 

Develop more routine and transparent 
communications, which offer unsolicited 
information to the Hanford Challenge, Hanford 
Concern’s Council, and other interested 
community groups regarding potential health 
impacts, health and safety risks, and 
WRPS/DOE efforts to reduce risk to 
employees and the community. 

• Continue efforts to provide additional 
information about chemical vapor issues, 
health risks and progress being made to 
mitigate workplace hazards through 
periodic presentations, public 
announcements, and other 
communication vehicles.  The frequency 
will vary depending on audience and 
project activities. (Phase 1) 

In progress 

TVAT 40 – 
RC2 

Improve the EJTA process to include 
opportunities for worker engagement and buy-
in into the process and protective measures 
assuring the health and safety of the worker.  

• Enhance the EJTA program to include 
improved worker engagement and buy-in 
into the process and protective measures.  
This includes worker review, comment, 
and concurrence when changes are 
made. (Phase 1) 

• Incorporate continued evaluation and 
assessment of the process into the 
integrated assessment plan to ensure that 
the recent changes have been effective. 
(Phase 2) 

Completed 
 
 
 
 
 

Completed 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 41 – 
RC3 

Improve the degree of employee involvement 
in and ultimate acceptance of all teams and 
programs that are associated with tank farm 
vapor issues (e.g., PERs, CVST). 

• Initiate efforts to develop and formalize 
a chemical ALARA program to manage 
and oversee overall improvements for 
vapors focused on improving worker 
engagement.  It will manage the 
corrective actions and improvements 
identified within the Tank Vapor 
Assessment Report, and oversee 
implementation of advanced detection 
and monitoring technologies, IH vapor 
practices, analyses, sampling methods, 
and sampling protocols.  Program 
elements include the development and 
management of a chemical vapor 
communications plan, performance 
indicators, and program effectiveness 
reviews. (Phase 1 and 2) 

In Progress 

TVAT 42 – 
RC4 

Revise the content of the employee monitoring 
notification letters to include more relevant 
information regarding the capabilities and 
limitations of technology used to collect and 
analyze samples, which should include clear 
definitions for concepts such as “ND” vs. 
“<LOQ” vs. “<RQL.” 

• Revise the content of the employee 
monitoring notification letters to include 
more detailed analysis of the sampling, 
monitoring, limitations of 
instrumentation, and analysis.  These 
revisions will continue as new 
monitoring becomes available.   

In Progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 43 – 
RC5 

Establish a greater IH technician and 
professional presence in the tank farms and 
undergo specific risk communication training 
and improve their ability to deliver effective 
risk communications to employees. 

• Hire additional qualified Industrial 
Hygienists and Technicians to support 
field activities and increase field 
presence. (Phase 1) 

• Develop and establish a training module 
focused on risk communication.  This 
training course will be required for 
safety & health professionals and 
selected line management. (Phase 1) 

Completed 
 
 
 

In progress 

TVAT 44 – 
RC6 

Perform an alternatives assessment for the 
current Shift Office Event Notification 
(SOEN) process to identify other methods to 
assure that all workers potentially impacted by 
vapor events (i.e. WRPS, MSA, visitors) are 
immediately alerted of a vapor event and 
understand what mitigating actions they must 
take to avoid possible health or safety impacts. 

• Perform a specialty assessment of 
personnel notification systems and seek 
out alternative methods for immediate 
notification of employees. (Phase 1) 

• Take appropriate action to address any 
improvement opportunities, based on the 
results of the assessment. (Phase 2) 

In progress 
 
 
 

Scheduled 

TVAT 45 – 
RC7 

Deploy appropriate laboratory resources to 
ensure timely analysis and reporting of IH 
results, and ensure all exposure data is 
assigned correctly to all members of the 
Similar Exposure Group. 

• Hire additional professionals to support 
lab work scope resulting in a timely 
reporting of sample results. (Phase 1) 

• Place external contracts for additional 
sample processing capabilities. (Phase 1) 

• Perform a review of the existing Similar 
Exposure Groups basis to ensure proper 
assignment. (Phase 1) 

Completed 
 
 

Completed 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
TVAT 46 – 
RC8 

Communicate in a timely fashion to all 
employees the results of incident 
investigations, including a description of event, 
results of any samples taken, lessons learned, 
and corrective actions planned and completed. 

• Revise and improve the event-response 
protocol for chemical vapor events, 
which includes improved 
communications with all employees 
(e.g., notification letters, event 
investigation forms, information posting 
boards). (Phase 1) 

• Enhance communication mechanisms 
(e.g., SOEN) for other Hanford Site 
contractors and subcontractors.  
(Phase 1) 

Completed 
 
 
 
 
 
 

Completed 

TVAT 47 – 
RC9 

Evaluate and improve the communication 
system associated with vapor events and result 
of worker compensation claims.  

Medical case evaluations and workers 
compensation claim determinations are 
made by organizations outside of DOE and 
its tank farms contractor.  
 
• Improve information provided for the 

processing of worker compensation 
claims.  This information includes 
monitoring and sampling results at the 
time of the potential exposure, working 
conditions, weather conditions, and the 
activities occurring during the period 
when the employee experienced the 
symptoms. (Phase 1) 

• Increase the frequency of worker 
briefings, feedback sessions, and regular 
interface meetings. (Phase 1) 

 
 
 
 

Completed 
 
 
 
 
 
 
 
 

In progress 
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Table 1.  Planned Actions Addressing the TVAT Report Recommendations. 

TVAT # Recommendation Actions  Status 
Table Key: 
DR  = Dose-Response Assessment 
EA = Exposure Assessment 
RC = Risk Communication 

 
RCH = Risk Characterization 
RM = Risk Management 
SC = Site Characterization 
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5.0 SCHEDULE AND ESTIMATED COST 

Presented below is the schedule and Rough Order of Magnitude (ROM) cost estimate developed 
to support the implementation plan. The schedule covers late 2014 through 2019. 

The cost estimate is presented as a ROM because the scope has not been developed utilizing 
certified costs and pricing, and contract modifications have not occurred at the time this plan was 
written.  The Phase 1 estimate for FY 2015-2016 is estimated between $60 and $70 million and 
will include, but is not limited to, expanded sampling and characterization of tank head space 
gases; evaluation and procurement of new field and personnel monitoring equipment; evaluation 
and implementation of tailored personal protection equipment; and increased hiring and training 
of industrial hygiene staff.  These actions will mitigate potential hazards on a tank farm-specific 
basis; enhance characterization of chemical constituents in the waste; improve sampling and 
detection technology; and increase real-time monitoring. 

Depending on information gathered and analyzed in Phase 1, Phase 2 actions, costs and 
schedules (FY 2017-2019 and beyond) currently identified in the plan will be reviewed and, as 
needed, revised to reflect any updates to the technical basis, as well as the ongoing deployment 
of new technology and/or findings from research and development activities.  A second major 
part of Phase 2 is the institutionalization of an enhanced industrial hygiene program.  This 
enhanced program includes attributes of a standard process for ongoing monitoring, continued 
sampling for changing conditions, and the incorporation of vapor management controls into new 
projects. 

It is important to note that the ROM cost range does not include potential future actions that may 
become necessary as studies and technology development actions are completed.  The ROM only 
provides for the cost to complete the actions specifically identified in the implementation plan.  
The ROM cost range also does not include any efficiency impacts (cost or schedule) as a result 
of implementing these actions against the contract/performance baseline.  The ROM amounts 
will be revised into certified cost and pricing as the scope is added to WRPS’ TOC contract 
through contract modification(s). 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 



 
 
 

APPENDIX A 
 

TABLE OF OVERARCHING AND SUPPORTING RECOMMENDATIONS 
 
 
Listed below for easy reference are the 10 Overarching Recommendations and the 47 supporting 
recommendations from the six technical assessment areas, followed by a table cross-referencing 
the recommendations. 

OVERARCHING RECOMMENDATIONS 

OR1:  Hanford site contractor and U.S. Department of Energy (DOE) management actively 
demonstrate commitment to improve the current program and ultimately resolve the vapor 
exposure concerns. 

OR2:  Implement measurable benchmarks to assure operational and cultural parity among 
chemical vapor, flammability, and radiological control programs. 

OR3:  Establish a program to sample proactively the head space of tanks to validate and enhance 
chemical characterization. 

OR4:  Accelerate development and implementation of a revised Industrial Hygiene (IH) 
exposure assessment strategy that is protective of worker health and establishes stakeholder 
confidence in the results for acute as well as chronic exposures. 

OR5:  Modify the medical case evaluation process and reporting procedures to recognize the 
appropriate uses and limitations of the available monitoring data and other potential exposure 
information when evaluations are made regarding tank chemical vapor exposures. 

OR6:  To reduce the impacts of bolus exposures, utilize real-time personal detection and 
protective equipment technologies specifically designed to protect individual employees. 

OR7:  Accelerate implementation of tailored engineering technologies to detect and control 
vapor emissions and exposures experienced in the Hanford tank farms (“tank farm of the 
future”). 

OR8:  Augment the Hanford Tank Farm IH programs to further develop competencies to address 
the tank vapor exposure issues. 

OR9:  Effectively communicate vapor exposure issues and actions proactively with all 
stakeholders. 

OR10:  Investigate and pursue external research opportunities and partnerships to address data 
and technology gaps related to vapor exposure, effects, and mitigation. 

SUPPORTING RECOMMENDATIONS 

 



 
 
 
Site Characterization 

SC1:  Develop a prioritized program to sample and characterize tank head space composition 
and stratification during quiescent as well as disturbed conditions. 

SC2:  Assess the potential for materials to plate or condense in vent risers, stacks, and high-
efficiency particulate air (HEPA) filters, and characterize the emissions for each condition. 

SC3:  Implement technologies to assess fugitive sources of emissions that are not connected to 
tank head spaces, and characterize the emissions for each non-head space fugitive source. 

SC4:  Identify and implement new technologies to detect, locate and quantify fugitive and 
episodic releases. 

SC5:  Identify and implement new technologies to quantify stack and vent emissions with 
suitable local alarms so that workers can respond in a timely fashion. 

Exposure Assessment 

EA1:  Continue the development and expedite deployment of new techniques for real-time 
response and appropriate sampling for short duration intermittent releases. 

EA2:  Identify and implement sampling and/or in situ analytical methods as appropriate for 
reactive VOCs, submicron aerosol, volatile metal compounds, and volatile metalloid compounds 
that may be present but would have been missed by past head space sampling and analytical 
methods. 

EA3:  Use modeling, including Computational Fluid Dynamics methods, to determine the 
potential locations, conditions, and next steps in attempting to measure sporadic exposure events. 

Dose Response 

DR1:  Conduct an additional review and re-prioritization of COPCs under tank-disturbing 
conditions to provide adequate emission characterization, OEL development, and worker 
exposure surveillance. 

DR2:  Conduct a rigorous review of the COPC list to ensure it is current, and develop a process 
to document the mechanisms used to ensure COPC updates and the basis for changes in the 
COPC list over time. 

DR3:  Conduct additional evaluations of COPC toxicological studies to provide insight into the 
sensory and pathophysiological irritation response, including the role of mixture interactions and 
the potential need for additional toxicological evaluation. 

DR4:  Perform a comprehensive evaluation of acute odor thresholds and toxicity effect levels for 
each COPC to facilitate the establishment of action levels based upon the relationship between 
odor and toxicity thresholds. 

 



 
 
 
DR5:  Continue to evaluate COPC OEL’s within the context of observed symptomatology 
versus 10% of the irritation thresholds and develop a “new” acute OEL list. 

DR6:  Maintain a robust health surveillance program that follows-up with exposed workers to 
evaluate short- and long-term consequences from vapor exposures. 

DR7:  Evaluate tank vapor mixture toxicological interactions at concentrations associated with 
transient plume exposures to modify OELs to accommodate mixture effects. 

DR8:  Develop an overall IH strategy for aerosol evaluations that focus on analytical 
quantification, the evaluation of chemical aerosols for inclusion in the COPC list as well as the 
establishment of appropriate aerosol OELs. 

DR9:  Develop a research strategy roadmap in partnership with DOE, National Laboratories, and 
University faculty subject matter experts to address critical questions regarding tank vapor 
emissions and exposures. 

Risk Characterization 

RCH1:  Identify an OEL-C for each analyte in Hanford tank head space(s). 

RCH2:  Classify and conduct toxicological testing on a reasonable number of distinct types of 
Hanford tank head space vapors (e.g., potential classes of tank vapor types such as ammonia 
rich, ammonia poor, nitrosamine rich). 

RCH3:  Use the OEL-C from analysis or subsequent toxicological testing to characterize the 
hazard index and risk from the tank vapor mixtures. 

RCH4a:  (Chronic) The WRPS IH program has in place procedures for evaluating chronic 
chemical exposures (based on TWA); it is recommended that more periodic follow-up 
monitoring be conduct and documented to provide needed data for the industrial hygienist to 
verify that worker chronic exposures have not changed with time. 

RCH4b:  (Acute) Transient vapor/gas exposures (i.e. high dose rate) are substantially greater 
than what is currently measured as a TWA; alternative strategies for evaluating transient plume 
like vapor exposures is recommended and adherence to excursion limit principles must be 
implemented (five times OEL). 

RCH4c:  (Medical Surveillance) Routine medical surveillance is a key workplace evaluation 
tool needed to predict health impairment from vapor exposures; appropriately designed 
epidemiology studies focused on tank farm workers are recommended to evaluate the potential 
long-term health consequences. 

Risk Management 

RM1a:  Provide and manage IH professional and technician staffing levels to properly 
characterize and assess worker vapor exposure in the tank farms. 

 



 
 
 
RM1b:  Provide and manage IH professional and technician staffing levels to participate in all 
planning, execution and evaluation phases of tank farm work activity, similar to radiological and 
flammability control functions. 

RM1c:  Provide and manage IH professional and technician staffing levels to properly 
recommend and evaluate the effectiveness of work practices, PPE and engineering controls. 

RM1d:  Provide and manage IH professional and technician staffing levels to effectively inform, 
advise, and train line functions and address workers concerns regarding tank farm vapors. In 
addition, available analytical resources should be re-evaluated and increased to assure the timely 
reporting of sample results associated with tank farm vapors. 

RM1e:  DOE should increase their focus on chemical hazards and develop more specific 
implementation guidelines regarding the anticipation, recognition, evaluation and control of 
chemical hazards, comparable to the focus and rigor given to radiological hazards.  Consistent 
guidance on the implementation of the IH programs in DOE facilities would assist in assuring 
functional parity with radiological controls at Hanford and other facilities within DOE. 

RM2:  Achieve functional parity of the IH program with the radiation control program with 
respect to worker training and core competencies. 

RM3:  Expand general CHAT training for tank farm workers to be more consistent with the 
length and intensity of the radiological hazard training currently mandated for all site workers. 

RM4:  Adequately staff the IH function to assure proper resources is deployed in the planning, 
pre-job, job execution, and post-job ALARA review in a fashion similar to that of the 
radiological control function. 

RM5:  Redefine unacceptable chemical exposure risk to include short-term, episodic exposure to 
chemicals that can result in adverse health impacts. 

RM6:  Investigate and implement best available technologies to detect and control vapor plumes 
from fugitive sources as well as from vents and stacks. 

RM7a:  Establish a more effective methodology for designating Vapor Control Zones (VCZs) 
and Vapor Reduction Zones (VRZs). 

RM7b:  Confirm that air-purifying respiratory protective equipment is effective in reducing 
exposure to tank vapors below acceptable levels. 

RM8:  Modify the medical case evaluation process and reporting procedures to recognize the 
appropriate uses and limitations of the available monitoring data and other potential exposure 
information when evaluations are made regarding vapor exposures. 

RM9:  Verify that all programs associated with vapor controls are properly vetted, evaluated, 
communicated and tracked to ensure timely completion. 

 



 
 
 
RM10:  All levels of line management demonstrate that they are committed to reducing the 
potential for tank farm vapors releases and continuously improving management systems to 
assure all workers are properly protected. 

Risk Communication 

RC1:  Develop more routine and transparent communications, which offer unsolicited 
information to the Hanford Challenge, Hanford Concern’s Council, and other interested 
community groups regarding potential health impacts, health and safety risks, and WRPS/DOE 
efforts to reduce risk to employees and the community. 

RC2:  Improve the employee job task analysis process with opportunities for worker 
engagement and buy-in into the process and protective measure assuring the health and safety of 
the worker. 

RC3:  Improve the degree of employee involvement in and ultimate acceptance of all teams and 
programs that are associated with tank farm vapor issues (e.g., PERs, CVST). 

RC4:  Revise the employee monitoring notification letters to include more relevant information 
regarding the capabilities and limitations of the technology used to collect and analyze samples, 
which should include clear definitions for concepts such as “ND” vs. “<LOQ” vs. “<RQL.” 

RC5:  Establish a greater IH technician and professional presence in the tank farms, provide 
risk-communication training, and improve their ability to communicate with employees. 

RC6:  Perform an alternatives assessment for the current SOEN process to identify other 
methods to assure that all workers potentially impacted by vapor events (i.e. WRPS, MSA, 
visitors, etc.) are immediately alerted of a vapor event and understand what mitigating actions 
they must take to avoid possible health or safety impacts. 

RC7:  Deploy appropriate laboratory resources to assure timely analysis and reporting of IH 
results, and ensure all exposure data is assigned correctly to all members of the SEG. 

RC8:  Communicate in a timely fashion to all employees the results of incident investigation, 
including description of event, results of any samples taken, lessons learned, and corrective 
actions planned and completed. 

RC9:  Evaluate and improve the communication system associated with vapor events and results 
of Workers’ Compensation claims. 

 



 

Appendix A 
 

TABLE OF OVERARCHING AND SUPPORTING RECOMMENDATIONS 

Overarching 
Recommendations 

 
Supporting 

Recommendations 

OR 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 

SITE CHARACTERIZATION 
SC1   X X  X X    
SC2       X    
SC3 X     X X  X X 
SC4 X  X   X X  X X 
SC5 X   X  X X  X  
EXPOSURE ASSESSMENT 
EA1 X   X  X X  X X 
EA2   X X  X X    
EA3 X   X   X    
DOSE-RESPONSE 
DR1  X X  X X    X 
DR2  X X  X X   X X 
DR3  X X  X X    X 
DR4  X X  X X   X X 
DR5  X X  X X    X 
DR6  X X  X X    X 
DR7  X X  X X    X 
DR8  X X  X X   X X 
DR9  X X  X X    X 
RISK CHARACTERIZATION 
RCH1   X X  X X   X 
RCH2   X X  X X   X 
RCH3    X  X X   X 
RCH4a    X       
RCH4b   X X  X X   X 
RCH4c     X      
RISK MANAGEMENT 
RM1a X  X X  X X  X X 
RM1b X   X  X X X X  
RM1c X    X X X X X  
RM1d 
 

X     X X X X  
RM1e X X         
RM2 X      X X X  
RM3 X      X X X  
RM4 X      X X   
RM5 X  X   X X X X  
RM6     X X X   X 
RM7a       X X X  
RM7b       X X X  
RM8 X    X      
RM9 X     X X X X  
RM10 X       X X  

 



 

Appendix A 
 

TABLE OF OVERARCHING AND SUPPORTING RECOMMENDATIONS 

Overarching 
Recommendations 

 
Supporting 

Recommendations 

OR 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 

RISK COMMUNICATION 
RC1         X X 
RC2        X X  
RC3    X  X X  X X 
RC4    X   X X X  
RC5 X      X X X  
RC6       X   X 
RC7 X       X X  
RC8 X       X X  
RC9 X   X    X X  
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