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ABSTRACT

The Hanford Tank Waste Treatment and Immobilization Plant (WTP) is under construction 
for the U.S. Department of Energy by Bechtel National, Inc. and subcontractor URS 
Corporation (contract # DE-AC27-01RV14136). The plant when completed will be the 
world’s largest nuclear waste treatment facility. Bechtel and URS are tasked with designing, 
constructing, commissioning, and transitioning the plant to the long term operating contractor 
to process the legacy wastes that are stored in underground tanks (from nuclear weapons 
production between the 1940's and the 1980's).  Approximately 56 million gallons of 
radioactive waste is currently stored in these tanks at the Hanford Site in southeastern 
Washington. There are three major WTP facilities being constructed for processing the tank
waste feed.  The Pretreatment (PT) facility receives feed where it is separated into a low 
activity waste (LAW) fraction and a high level waste (HLW) fraction.  These fractions are 
transferred to the appropriate (HLW or LAW) facility, combined with glass former material, 
and sent to high temperature melters for formation of the glass product.  In addition to PT, 
HLW and LAW, other facilities in WTP include the Laboratory (LAB) for analytical services 
and the Balance of Facilities (BOF) for plant maintenance, support and utility services. The 
transfer of staged feed from the waste storage tanks and acceptance in WTP receipt vessels 
require data for waste acceptance criteria (WAC) parameters from analysis of feed samples. 
The Data Quality Objectives (DQO) development was a joint team effort between WTP and 
Tank Operations Contractor (TOC) representatives. The focus of this DQO effort was to 
review WAC parameters and develop data quality requirements, the results of which will 
determine whether or not the staged feed can be transferred from the TOC to WTP receipt 
vessels. The approach involved systematic planning for data collection consistent with EPA 
guidance for the seven-step DQO process. Data quality requirements for sample collection 
and analysis of all WAC parameters were specified during the DQO process.  There were 
eighteen key parameters identified with action limits to ensure the feed transfer and receipt 
would not exceed plant design, safety, permitting, and processing requirements. The 
remaining WAC parameters were grouped in the category for obtaining data according to 
WTP contract specifications, regulatory reporting requirements, and for developing the feed 
campaign processing sequence.

INTRODUCTION

The Hanford Tank Waste Treatment and Immobilization Plant (WTP) is under construction 
for the U.S. Department of Energy by Bechtel National, Inc. and subcontractor URS 
Corporation (contract # DE-AC27-01RV14136). When completed, the plant will be the 
world’s largest nuclear waste treatment facility. The mission of WTP is to process the legacy 
wastes that are stored in underground tanks.  

There are three major WTP facilities being constructed for processing the tank waste feed.  
The Pretreatment (PT) facility receives feed where it is separated into a low activity waste 
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(LAW) fraction and a high level waste (HLW) fraction. These fractions are transferred to the 
appropriate (HLW or LAW) facility, combined with glass former materials, and sent to high 
temperature melters for formation of the glass product.  In addition to PT, HLW and LAW, 
other facilities in WTP include the Laboratory (LAB) for analytical services and the Balance 
of Facilities (BOF) for plant maintenance, support and utility services.

Data Quality Objectives (DQO) for acceptance of staged feed were developed to protect the  
design and safety limits in these three facilities. This development included the identification 
of parameters required for feed acceptance.  In addition, the process included defining the 
type, quantity, and quality of the data required for waste acceptance criteria (WAC)
parameters which were previously identified [1-3]. Two hundred and fifty eight parameters 
were identified as WAC constituents. The initial DQO identified eighteen parameters which 
were directly associated with the plant design, safety, permitting, and processing limits, and 
will allow the safe and compliant transfer of tank waste to WTP receipt vessels.   The DQO 
development process was a joint team effort between WTP and Tank Operations Contractor 
(TOC) representatives.  

PROCESS

The DQO process was implemented in accordance with the Hanford site procedure [4] with 
some modifications to accommodate specific WTP plant design, safety, processing, and 
regulatory compliance requirements.  

This effort was the first iteration for defining data quality requirements for WTP feed 
acceptance. Changes to the developed requirements will be made, as needed, during the 
time the DQO will be in effect.  

The seven steps as defined in the EPA guidance document [5] and the Hanford Site 
procedure [4] were used in the development of the DQO for WTP feed acceptance [6]. The 
activities associated with the seven steps are summarized in the following sections. 

Step 1 -- Statement of the Problem

The problem statement was to clearly define the problem for which data needs to be 
collected. The team reviewed existing data and references for defining the objective. The 
problem statement. was defined as:

“In order for the TOC to provide staged feed to the WTP that meets the WAC, data regarding 
staged feed are needed.” [6]

Step 2 -- Decision Statement

A decision statement was required to answer the principal study question.  The following 
logic diagram (Figure 1) was created to address the study question:

“Does the staged feed meet the WTP WAC for transferring the feed to WTP?” [6]
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Figure 1: Decision Logic Diagram 

Step 3 -- Data Inputs

The inputs required defining terms for decisions relating to feed acceptance parameters.  
The following terms were defined for the process:  

Staged Feed Feed designated by TOC for transfer to WTP.  The designated feed shall 
meet the applicable WTP Contract and Tank Farm Operations 
specifications including technical safety requirements. 

Action Limit A concentration value or acceptance criteria for a specific parameter at 
which point a pre-determined action will be taken.  Action limits were
established to avoid adverse impacts on WTP design, safety basis, 
permitting requirements or the ability to process waste through unit 
operations in WTP facilities.

Additional Data Data required by WTP contract specifications, regulatory reporting 
requirements, or for developing the feed campaign processing sequence.
The data quality requirements for constituents in this category are the 
same as those in the action limit category.
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The DQO team reviewed WAC constituents, tank waste characterization data, DOE 
references, WTP contract / permitting requirements, and Tank Farm operations 
requirements relating to Hanford tank waste material for obtaining data inputs. As a result, 
the identified WTP WAC constituents were categorized into two distinct groups: 

 Action Limits group: includes constituents deemed as impacting WTP receipt vessel 
design, or safety basis (e.g., dose-rate, shielding, hydrogen generation, or criticality 
safety limits) if the concentration of any of the constituents exceeds the specified 
values in the staged feed.  This group also included constituents from in-tank 
monitoring or measurements (e.g., feed temperature) and permitting requirements 
(e.g., total organic carbon and polychlorinated biphenyl limits per the WTP Permit 
Conditions). These constituents are listed in Table I.

 Processability group: includes constituents identified in the WTP contract for 
regulatory reporting or processing information.  These constituents do not affect WTP
decision to accept waste.  

Table I:  WAC Parameters with Action Limits

Data Inputs
LAW Feed

Action Limit Values

HLW Feed

Action Limit Values

Bulk Density ρ (kg/L) < 1.46 (kg/L) < 1.5 (kg/L)

Waste Feed pH pH > 7 pH > 7

Maximum Solids Cwt (wt%) ≤ 3.8 wt% NA

Maximum Solids  (g/L) NA ≤ 200 g/L 

Feed Unit Dose < 1500 Sv / liter at 10M Na < 270 Sv / gram dry solids

Slurry Viscosity

(at 25°C)

- Consistency (cP)
NA

< 10  (cP)

- Yield stress (Pa) < 1.0 (Pa)

NH3

(Ammonia)
< 0.04 M < 0.04 M

No Separable Organics No visible layer

Polychlorinated Biphenyls (PCBs) < 50 ppm

Total Organic Carbon (TOC) < 10 wt %

Pu to Metals Loading Ratio < 6.20 g / kg

UFissile to UTotal Ratio < 8.4 g / kg 

Pu Concentration of Liquids < 0.013 g / liter

Na Molarity < 10 moles/L

Hydrogen Generation Rate
3.7E-07 gmole H2 / L / Hr @ 

120˚ F
2.1E-06 gmole H2 / L / Hr @ 

150˚ F
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Data Inputs
LAW Feed

Action Limit Values

HLW Feed

Action Limit Values

Feed Temperature (in-tank) < 120 ˚F < 150 ˚F

Critical Velocity Vcr (ft/s) 

[in a nominal 3 inch diameter pipe, (in-tank) 
NA ≤ 4.0 ft / sec

Temperature Change

(Waste Feed Compatibility)
+/- 20°C

The team did not specifically address the details of sample collection methodology but 
assumed the Hanford tank sampling procedure [7] will be used, and compliance with sample 
holding times per regulatory data quality objectives (RDQO) requirements could be 
achieved. The sampling constraints were noted during the review of tank sampling 
practices. The team agreed to include the constraints in the design of the sampling and 
analysis plan (step 7). The quality assurance and quality control (QA/QC) requirements for 
data collection would be derived from the Hanford Analytical Services Quality Assurance 
Requirements Document (HASQARD), WTP Quality Assurance Manual and RDQO 
Optimization Report. The performing laboratory will be required to develop a matrix that 
cross-references the applicable quality assurance requirements to the implementing 
procedures for the work, and documents these requirements in the laboratory QA Project 
Plan.  In addition, the performing laboratory shall maintain required state and federal 
accreditation and demonstrate performance by participation in proficiency evaluation 
programs. Data packages shall be evaluated by WTP to verify data availability (for WAC 
constituents in accordance with this DQO) for the corresponding staged feed.  The 
evaluation of sample results to support the feed transfer decision shall take into 
consideration the precision, accuracy, and representativeness of sampling and analysis 
including the matrix comparability for analysis and completeness of data collection.

Step 4 -- Study Boundaries

This DQO step defines the spatial and temporal boundaries for the required sampling and 
analyses including the real time measurements needed to make the necessary decisions. 
The spatial boundaries for the sampling and analyses including the in-tank measurements 
were defined to apply to the staged feed only, while the temporal boundaries were defined to 
apply to completion of the WTP mission cycle.

Step 5 -- Decision Rule

The development of a decision rule requires defining action limits and actions to be taken as 
a result of exceeding an action limit.  The rule is expressed as “if / then” statements, which
incorporate the parameter of interest, the action limit, and the action that would result from 
resolution of the decision rule.  The decision rule applies only to the “action limit” WAC 
constituents. (Table I)

The developed decision rule can be stated as:

If the confidence level on the mean values of the action limit constituents is within the 
acceptable range ), then the staged waste can be transferred to the WTP.
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To account for uncertainty in the data, analytical results will be compared to the action limit 
at the statistical confidence limit.  A 95% confidence level is required for data supporting 
criticality safety limit (CSL) decisions. A confidence level for other action limit parameters 
was not readily available for this initial evaluation so a 90% confidence level was selected 
(on the basis of existing tank data) as a starting point for the decision rule relating to non-
criticality constituents.  

If the results exceed the action limit values, then alternative actions must be evaluated. The 
following alternatives have been identified by the DQO team:

 the waste must be adjusted to meet the requirements, or

 the waste acceptance criteria changed so the waste meets the requirements, or

 the waste transferred to an alternative treatment, or

 the waste storage continued. [6]

Step 6 -- Error Tolerance

This step in the DQO process allows the evaluation of the probability of a decision error 
based on an estimation of the mean, variance, and number of samples.  The uncertainty 
evaluation is used to assess the accuracy and precision specified for sample collection and 
analysis, the level of decision error, and the number of samples required to meet a given 
decision error rate. The elements of total study error (sampling and measurement) are 
under consideration and are not fully available to assess total variability.

Within the statistical framework used for the decision rule, the confidence level is 
complementary to the decision error (Type I error) associated with (incorrectly) accepting 
staged waste that does not meet the acceptance criteria.  A second decision error type is 
associated with (incorrectly) not accepting staged waste that does meet the acceptance 
criteria.  As a starting point, this error rate (Type II error) was selected to be equal to the type 
I error rate.  Further analysis is required to better understand and evaluate the 
consequences of each type of decision error in order to better define the tolerable decision 
error rates.

Using the 90% and 95% confidence level assumptions and current tank data, sample size 
graphs and power graphs were constructed to aid in the determination of data collection 
required to make the decision regarding acceptance of staged waste for further processing 
in the WTP.  An example of a sample size graph (figure 2) is shown below. This graph 
shows the sample size (left vertical axis) that would be required to decide that the waste 
meets the acceptance criterion for a specified “true” value of the criterion on the horizontal 
axis (plutonium, Pu, to metals ratio in gram of Pu per kilogram of metal), at the specified 
confidence level and power. For example, if the “true” value for Pu to metals ratio was 5.0, 
then approximately 10 samples would be required, based on the “Analytical + Sampling 
20%” uncertainty curve. The last two curves (Pu : Metals Ratio) on this graph represent the 
empirical cumulative distributions for the actual data, based on model projections, 
referenced to the right vertical axis. These curves provide an indication of how close the 
constituent value in waste may be to the action limit value.
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Figure 2: Sample Size Graph

Step 7 -- Sampling and Analysis plan for obtaining data

The development of Tank Sampling and Analysis Plans (TSAPs) is required to provide
directions to the sampling organization for sample collection, and the laboratory for analysis,
in support of the decision to transfer and accept the staged feed.  A TSAP shall be prepared 
for each sampling event. These TSAPs include sample collection specifics and analysis 
requirements including QA/QC and data reporting requirements.

The sampling events for the LAW feed will contend with the grab sampling constraints 
encountered in sampling tank waste (e.g., riser location restrictions for grab sampling). The 
HLW feed will be sampled using a flow loop/remote sampler (under development) and will 
not encounter the grab sampling constraints.  
  
Presently, there is insufficient information to be able to specify all of the parameters 
necessary to calculate the number of samples required to meet the decision criteria.  
However, the sample size and power graphs built around a range of assumed errors 
provided some insight into the number of sample requirements.   

The sampling design recommended by the DQO team is as follows:

 Obtain ten samples during the sampling event assuming sufficient volume of liquid 
and solids are collected to complete the required analyses.

 Initially analyze three of the ten samples.  Three samples are considered to be a 
practical minimum to balance the economic and ALARA concerns against the data 
required to enable making the waste acceptance decision.

 Evaluate the analytical data from the three samples and determine if the decision can 
be made to transfer the staged waste to the WTP.
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 If the decision cannot be made to transfer the staged waste to WTP, then use the 
sample data to calculate the number of additional samples or measurements 
required for a specific analyte or multiple analytes.

 If the calculated number of samples is ten or less, then analyze the remaining 
samples.

 If the calculated number of samples is more than ten, then determine how to 
proceed.  This could include obtaining additional samples or invoking one of the 
alternative actions.

This approach minimizes unnecessary samples and analyses.  The data from analyses of 
the initial three samples will provide the most current compositional estimates.  The 
approach of using current data provides a more relevant basis for determining the minimum 
number of samples required or the need to analyze additional samples in cases where 
constituent results are close to the action limits, which inherently require analytical results 
from a greater number of samples.

CONCLUSION

The development of this initial DQO for WTP waste feed acceptance provides a systematic 
approach for data collection for WAC constituents. The development process identified 
eighteen key parameters from the WAC listing that have action limits that must be met prior 
to accepting the transfer of staged feed from tank farms. These parameters are shown in 
Table 1. Many action items were identified by the DQO planning team during the course of 
DQO development, and most of the action items were closed prior to issuing the initial DQO
report [6]. Items requiring further actions or awaiting decisions / results were left open.  
These open actions are highlighted below: 

 TOC to develop HLW mixing and sampling protocol and establish sampling error for 
staged HLW feed

 WTP to establish measurement sensitivity requirements / decision for hydrogen 
generation rate

 WTP to resolve measurement definition (liquid or vapor) for ammonia / ammonium ion in 
LAW feed

 WTP / TOC to resolve minimum detectable quantity for separable (visible) organic layer 
in staged feed

 WTP to establish tolerances for critical velocity measurements

 TOC to establish measurement uncertainty for in-line critical velocity measurement 
instrumentation

 WTP / TOC to re-evaluate the criticality related requirements with the goal of reducing 
the required number of samples necessary to demonstrate 95% confidence levels

 WTP to establish a procedure for measuring staged feed abrasivity

 WTP to develop and propose an Authorization Basis Amendment Request (ABAR) to 
update vessel erosion requirements in the Authorization Basis

 WTP / TOC DQO team to re-evaluate required number of sample estimates based on 
refined error estimates and modified requirements

 WTP / TOC DQO team to evaluate non-action limit parameter constituents and remove 
those without traceability to feed acceptance requirements

 WTP to review safety-related design assumptions and determine if any additional data or 
quality requirements are required
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 WTP to evaluate the Large Scale Mixing test results when completed for impacts on the 
WAC and data quality requirements for WAC constituents

 WTP / TOC to evaluate temperature tolerances for staged feed, sample handling and 
analyses, and feed transfers in relation to feed receipt vessels

 WTP / TOC DQO team to further evaluate the consequences of both types of decision 
errors to better define the tolerable decision error rates (which correspond to the 
confidence level and power) that are used to determine the required number of samples

This initial DQO will be optimized following completion of closure of open action items.   
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