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PRETREAT: A Graphical User Interface-Based Spreadsheet Model 
for Hanford Tank Waste Pretreatment Processes 

Lietai Yang, Roberto Pabalan, Vijay Jain, and Gustavo Cragnolino 
Center for Nuclear Waste Regulatory Analyses, San Antonio, Texas, U.S.A.
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INTRODUCTION 

The U.S. Department of Energy (DOE) will remediate 
204,000 m3 of high-level radioactive waste (HLW) stored in 177 
aging underground storage tanks at the Hanford (Washington, 
U.S.A.) site. The remediation will consist of waste retrieval, 
pretreatment, immobilization, and disposal. The retrieved tank 
wastes will be chemically separated into HLW and low-activity 
waste (LAW). Both will be solidified into glass forms. The LAW 
stream will be pretreated prior to solidification to reduce the 
concentrations of 13 7CS, 9Sr, 99Tc, and transuranic (TRU) 
elements so the LAW glass complies with the required 
radioactivity limits and is suitable for on-site disposal.  

Assessments of potential radiological, chemical, and 
criticality hazards and of strategies for mitigating these hazards 
require a knowledge of the chemical compositions and 
radionuclide concentrations of the waste streams at each stage 
of the LAW pretreatment process. To aid these assessments, 
PRETREAT, a mass-balance model for Hanford tank waste 
pretreatment processes, was developed using Microsoft Excel.  
More than 30 worksheets are used in PRETREAT to represent 
the pretreatment flowsheet. A graphical user interface was 
implemented using Visual Basic to (i) guide the user in 
navigating through the worksheets, (ii) minimize the tendency 
to input incomplete information on the worksheet, and (iii) 
enforce certain rules to prevent incorrect data entry, e.g., in 
cells requiring equations or specific data types.

(c) 

(d)

Figure 2. A graphical interface is impleme ited in PRETREAT to 
guide the user. Figure 2(a) shows the hierarchy and access 
directions of the PRETREAT user forms. Figures 2(b) to 2(e) are 
typical user forms of the graphical user intorface.

RESULTS 
Table 2. Calculated radionuclide activities for selected waste streams
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Figure 1. PRETREAT flow diagram representation of the Hanford LAW pretreatment process flowsheel. The 
process stream numbers given in parentheses are used for reference (see Tables 1 and 2).

LOW-ACTIVITY WASTE PRETREATMENT FLOWSHEET 

Figure 1 shows a flow diagram of PRETREAT. There are 
seven process units in the flowsheet: 

(1) Feed Receipt-feeds received from the DOE and from 
HLW stream processing are mixed with recycled streams 

(2) LAW Evaporator-removes excess water 

(3) Precipitation/Ultrafiltration-precipitates and filters out 
9°Sr and TRU 

(4) Cs Ion Exchange-removes 1
31Cs 

(5) Tc Ion Exchange-removes 99Tc 

(6) Melter Feed Evaporator-removes excess water from the 
final feed to the melter 

(7) Melter-converts LAW and glass-forming materials into 
glass product 

As shown in Figure 1, the incoming feed stream of each 
unit, except the Feed unit, separates into two output streams.  
The partitioning of waste components in the two output 
streams are calculated in Excel from known or assumed 
decontamination or separation factors.

SUMMARY 

A spreadsheet model, PRETREAT, was developed 
for mass-balance calculations of pretreatment processes 
proposed for the immobilization of Hanford nuclear waste.  
A user interface is implemented to allow convenient 
navigation through the large number of worksheets and 
cells of the spreadsheet model, specify model input 
values, make modifications to the process parameters, 
and view the model results. The applications of 
PRETREAT include estimation of radionuclide and 
chemical species concentrations in the waste streams at 
each stage of the pretreatment flowsheet, assessments of 
potential radiological, chemical, and criticality hazards, and 
identification of mitigating strategies for these hazards.  
The model also can be used to evaluate the sensitivity of 
model results to uncertainties in model parameters (e.g., 
decontamination or separation factors). PRETREAT 
handles the calculations for the entire pretreatment 
flowsheet for the complex Hanford nuclear wastes 
efficiently.

Table 1. Example of a typical worksheet for a process unit. The 
example shown is for the low-activity waste evaporator unit. Only 
selected components are shown; the actual Excel worksheet 
tracks more than 70 components.
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