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Task/Subtask Summary: 
Fuel storage pools need to be decommissioned and decontaminated after many 
years of use. Some storage pools have accumulated fairly large quantities 
sludge containing plutonium, uranium, and fission products. The water 
also contains a large quantity of colloidal and dissolved particles that 
need to removed in order to decontaminate and decommission the pool. The 
current approach of filtration, ion exchange, aikd drying of the sludge is 
not the solution for safe, cost-effective clearojip that will meet the 
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current safety and environmental guidelines. 
The proposed work includes evaluating standard and improved technologies an 
designing an integrated demonstration system to clean the water and sludge 
the fuel storage pools. The water released would meet drinking water 
standards and tritium standards. The volume of radioactive sludge would be 
reduced by partial separation of the sludge and radionuclides and eventual 
solidification of the hazardous and radioactive waste. The scope of the wo 
includes a survey of needs and applicable technologies, system engineering 
evaluation, conceptual design, detailed design, fabrication of the integrat 
demonstration system, and testing of the system. 
The survey task will locate potential specific customers within the DOE 
complex, and outside of the DOE complex throughout the United States, that 
be able to utilize the narrowly focused technology to stabilize/shutdown 
reactor fuel storage pools. responsible parties will be located and asked 
respond to a survey about their specific process requirements. Literature 
searches will be run through technical and scientific databases to locate 
technologies that may be an improvement over the standard baselined technol 
for cleanup of radioactively-contaminated pools. systems engineering will 
provide decision analysis support for the development, evaluation, design, 
test functions of the treatment of pool water and sludge. 
The radioactive demonstration will be performed by the operating contractor 
with technical support from the Pacific Northwest Laboratory (PNL). The 
envisioned system includes an integrated process with selected unit process 
alternatives. The process would include sludge and supernate treatment 
systems. The sludge would be separated into.radioactive and nonradioactive 
components to reduce long-term storage requirements. The solid/liquid 
separation would include coarse and fine particulate removal. The final so 
waste stream would be solidified into a stable form for disposal. The liqu 
stream would be treated with improved processes to remove dissolved 
radionuclides, including tritium. The treatment processes considered will 
include ion exchange, electrocoagulation, and advanced membrane technologie 
This technology deployment effort will benefit the Hanford reservation and 
other Department of Energy (DOE) sites that have fuel storage pools or basi 
containing radioactive contaminated sludge. The benefit will include the 
minimization of waste, safe decontamination and decommissioning of fuel 
storage pools, and production of an environmentally stable waste form. The 
key issues for this project are the regulations for the disposal and 
transportation of the waste types that will be removed from the storage poo 
and the commercial availability of certain technologies, such as tritium 
removal. 

J 
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Budget Sx. iwmary (Dollars ia Thousands): 
B&R Code: EW4020 < 

TOTAL ACT 1994 ACT 1994-CO 1995 R 1995 FUNDING -
TO DATE TO DATE 

OE 0 0 0 950 0 
CE 0 0 0 0 0 
GPP 0 0 . 0 0 0 
LI 0 0 0 0 0 
TOTAL 0 0 0 950 0 
FTES 4.30 

1996 R 1997 R 1998 R 1999 R 2000 R ALLSUBS TOTAL 
YEARS 

OE 890 484 2194 0 0 0 4518 
CE 1955 750 0 0 0 0 2705 
GPP 0 0 0 0 0 0 0 
LI 0 0 0 0 0 0 0 
TOTAL 2845 1234 2194 0 0 0 7223 
FTES 9.30 2.40 5.70 ;; 0.00 0. 00 0.00 21.70 
Budget Summary Totals ( Dollars in Thousands): 

TOTAL ACT 1994 ACT 1994-CO 1995 R 1995 FUNDING 
TO DATE TO DATE 

OE 0 0 0 950 0 
CE 0 0 0 0 0 
GPP 0 0 0 0 0 
LI 0 0 0 "0 0 
TOTAL 0 0 0 950 0 
FTES 4.30 

1996 R 1997 R 1998 R 1999 R 2000 R ALLSUBS TOTAL 
YEARS 

OE 890 484 2194 0 0 '0 4518 
CE 1955 750 0 0 0 0 2705 
GPP 0 0 0 0 0 0 0 
LI 0 0 0 0 0 0 0 
TOTAL 2845 1234 2194 0 0 0 7223 
FTEs 9.30 2.40 5.70 0.00 0. 00 0.00 21.70 
Task/Mile stone Summary: 
Milestone Due 
Number: Mil estone Titl e. : Date: Level: 

Al FY95 Project Management Plan L2/01/94 OO 
Description: 

The Project Management Plan will contain the 
project's structure, including how this project 
will coordinate with other activity at the 105-KE 
Basin, describe all technical task . activity, and 
otherwise detai 1 how the project will be executed. 

PAGE: 3 TTP N o . : R L 3 - 5 - 2 0 - 0 2 



Task/Milestone Summary: 
Milestone Due 
Number: Milestone Title.: Date: Level; 
CI Complete Draft Technology Status and 02/28/95 HQ 

Applications Report .. 
Description: 

This system engineering report will contain the 
results of the literature searches in Task 2 and a 
systems engineering analysis to define the 
requirements of the improved process. The report 
will be an internal letter and not a cleared 
report. 

Task/Milestone Summary: 
Milestone Due 
Number: Milestone Title.: Date: Level: 
D10 Update Technology Status and Applications 08/31/95 HQ 

Report 
Description: -

The report will cover and summarize'previous 
reports. 

Task/Milestone Summary: 
Milestone Due 
Number: Milestone Title.: Date: Level: 
El Complete status report of design/fabrication 08/31/95 HQ of test equipment ................. 

Description: 
The report will cover the equipment that has been 
designed and fabricated to date. 

Drivers: 
DOE/EPA/STATE Agreements 

A Tri-Party Agreement milestone calls for the 
removal of the fuel, removal and treatment of the 
sludge and pool water and placement of the 105-KE 
Basin in decontamination and decommissioning by CY 
2003. 

Waste Types: 
HLW TRU TRU MIX LLW LLWM HAZ SANT GTCC 
N Y . Y Y Y Y' Y N 
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Office of Technology Development 
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Title: STABILIZATION OF REACTOR FUEL STORAGE POOL 
Program Element: FT02 - FACILITIES SHUTDOWN AND STABILIZATION 
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17:01:35 

TTP No.: RL3-5-20-02 
Revision: 00 
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Subtask No.: 00 
Contractor: PACIFIC NORTHWEST LABORATORY ( 
HQ Office: DTE 
Fiscal Year: 1995 

Spending Plan: 
EM-50 Funding Other Fun 

PY-CO 0 
October 81 0 
November 68 0 
December 69 0 
January 88 0 
February 74 - 0 
March 79 0 
April 76 0 
May 96 0 
June 72 0 
July 84 0 
August. 73 0 
September 90 0 
FY-CO 0 0 
TOTAL 950 0 

Total 
81 
68 
69 
88 
74 
79 
76 
96 
72 
84 
73 
90 
0 

950 
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|Budget Expense Schedule by Cost Element 1 
- 1 |TTP Title: STABILIZATION OF REACTOR FUEL STORAGE POOL TPO: Deborah Trader, DOE -RL 1 

iTTP.No: V; RL352002 Subtask No: 00 TPM: Steven Slate, PNL 1 
|Revision: 00 • • 1 
|B&R No: ;: EW4020 Principal Investigator: Gary Sevigny , PNL 1 
(Date: . 10/14/94 Prepared By: Andy Marks 1 

1 
|Cost Element(1) $PYs (2) FY 1995 FY 1996 ;/ FY 1997 FY 1998 FY 1999 . FY 

1 
2000 1 

$K $K FTE $K FTE $K FTE $K FTE $K FTE $K FTE| 
1 

|Direct Labor 0 295 4.30 239 9.30 133 2.40 422 5.70 0 0.00 0 
1 

o.oo| 
1 

|Travel 0 10 0.00 3 0.00 3 0.00 3 0.00 0 0.00 0 
1 

o.oo| 
|Rent, Communications.& Utilities 0 276 0.00 220 0.00 127 0.00 409 0.00 0 0.00 0 o.oo| 
|Printing and Reproduction 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 o.oo| 
|Other Service 0 41 0.00 124 0.00 25 0.00 886 0.00 0 0.00 0 o.oo| 
{Subcontracts 0 0 0.00 0 0.00 0 0.00 , 0 0.00 0 0.00 0 o.oo| 
|Supplies and Materials 0 140 0.00 150 0.00 108 0.00 178 0.00 0 0.00 0 o.oo| 

1 

(Subtotal, ODCs 0 467 0.00 497 0.00 263 0.00 1476 0.00 0 0.00 0 
1 

o.oo| 
|Total Direct Costs 0 762 4.30 736 9.30 396 2.40 1898 5.70 0 0.00 0 o.oo| 
|Overhead(Indirect Costs) 0 188 0.00 155 0.00 08 0.00 296 0.00 0 0.00 0 0.00 
(Contingency 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 j 

1 
(Total Operating Costs (BO) 0 950 4.30 891 9.30 484 2.40 2194 5.70 0 0.00 0 

1 
0.00 

|<Less: Beginning Uncosted> 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
1 

0.00 
|Plus: Prefinancing 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
|Plus: Commitments 0 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 

(Operating Funds (BA) 0 950 4.30 891 9.30 484 2.40 2194 5.70 0 0.00 0 0.00 
(Capital Equipment Funds 0 0 0.00 1955 0.00 750 0.00 0 0.00 0 0.00 0 0.00 

|Total TTP Funding (BA) 0 950 4.30 2846 9.30 1234 2.40 
I 

2194 
1 

5.70 0 0.00 0 0.00 

(l. Minimum Required Elements. Others may be used as necessary from the FIS Obj ect Classificati 
i 

on Codes in DOE 2200.10 
1 

|2. Prior Years Cumulative actual costs. .. 



PART II. TASK JUSTIFICATION 

TTP Number; RL3-5-20-02 
Subtask Number; 00 
Purpose 
The objective of this task is to provide improved technology for an 
•integrated cleanup of the sludge and pool water at nuclear fuel storage 
basins such as the N-Reactor 105-KE fuel storage basin. This demonstration 
will provide a suite of technologies for transfer to DOE and commercial 
reactor sites where fuel basin problems exist. 
Target Problem 
The task is directed at the cleanup of the water and sludge of nuclear fuel 
storage basins such as the N-Reactbr 105-KE Basin. The 105-KE Basin 
represents the most significant of the basin cleanup problems across the 
complex and has a significant inventory of corroded fuel resulting from 
damage to the cladding during reactor discharge and subsequent handling and 
contact with the pool water. The fuel corrosion products are mixed with 
zirconium oxide, iron oxide, concrete grit, and other materials. The 
amount of sludge is estimated at 22,000 L and the radionuclide content is 
conservatively estimated at 0.7 MCi. Plutonium accumulation in the sand 
filter backwash pit and tritium concentrations of about 3 /iCi/L in the 105-
KE Basin water are also concerns. The 105-KE Basin water also contains 
significant concentrations of 1 3 7Cs and 90Sr. Similar problems of somewhat 
less magniture exist at other sites. 
Safety concerns that must be addressed in this activity include nuclear 
criticality safety, pyrophoricity of fuel components, contamination 
control, and personnel radiation exposure. 
This task will contribute toward meeting the Tri-Party Agreement milestone 
to remove and treat the sludge and the pool water and be out of the 105-KE 
Storage Basin by 12/31/02. 
Technology Description 
This task involves assembling an integrated package of technologies for the 
cleanup of the water and sludge in nuclear fuel storage basins particularly 
the N-Reactor 105-KE Basin because of current safety concerns and consent 
agreements. Retrieval technologies for the sludge and solids include 
vacuuming, sluicing, and remote pick and place technologies. Water 
treatment separations technologies include filtering and electrocoagulation 
for the solids, ion exchange, and electrochemical ion exchange for removal 
of 1 3 7Cs and s 0Sr and either a membrane technology or an 
electrolysis/catalytic exchange process for tritium removal. These 
technologies, once demonstrated, could be transferred to users who have 
fuel basins requiring decontamination and decommissioning. This TTP 
addresses technology demonstrations at the KE Basin. However, actual 
demonstrations may occur in the N basin to support concurrent remediation 



of 105-KE. 
Retrieval 
Existing technologies will be used as much as possible to remove sludge 
from the 105-KE Basin. Technologies exist for vacuuming, sluicing, 
sparging, and pumping soft sludge from commercial reactor fuel storage 105-
KE basins. The technologies could be contracted or purchased from 
commercial vendors and readily implemented. The evaluation will include a 
thorough safety review to assess application of the technology to special 
safety conditions that might exist in a pool, such as pyrophoricity and 
nuclear criticality safety. Current technologies in development by EM-50 
(Cu foil), proposed for development (pulsed neutron logging) could be 
included during operations to monitor fissile inventories before and during 
removal operation. 
Retrieval of hard and soft wastes from basins may require more than one 
technology. Since the method of retrieval will determine the condition of 
the waste, this task will evaluate'.'the available methods, and those 
currently being developed for the tank retrieval programs. This evaluation 
will address the maturity and capability of the commercial and DOE methods 
and their associated costs and effectiveness. The purpose of this 
evaluation will be to quickly assess the need for improvement to the 
existing methods, and to establish the range of waste conditions that must 
be considered in the processing options. 

\ Some retrieval methods, such as sluicing, have been effective in the past, 
but greatly expand the volume of waste to be processed and disposed. On 
the other hand, methods that can reduce waste generation, such as the use 
of high pressure jets to remove hard waste, will require more sophisticated 
equipment. Each method will have unique safety, ALARA, environmental, and 
health implications. The evaluation will address these factors and 
recommend an approach that is adaptable to varied 105-KE Basin 

I requirements. 
\ Solid/Liquid Separation 

Filtration is expected to be the primary means of separating the solids 
from the liquid stream. The type of filter selected will depend on the 

[ size and concentration of the particles requiring separation. More than 
\ one filter size may be needed because of the wide range of particulate 
! sizes. The filter design will depend on special safety considerations as 

well as what is to be done with the solids. One option is to design the 
I filter and container to be compatible with additional treatment of the 
| sludge. Another option is to design the filter to be the disposal 
| container. The cartridge filter design is amenable to a modular 
| deployment. Cyclone separators will be evaluated for initial separation of 
| large pieces. 
| 
I Some of the solids are present as colloidal materials and they are 
| typically difficult to filter. Flocculating agents can be added to 
f encourage agglomeration, which makes the materials easier to filter. The 
| disadvantage to this approach is that chemicals are added to the process. 
!' One improved solids separations process is a commercially available AC 



electrocoagulation process. This process uses an alternating current to 
cause submicron and colloidal materials to agglomerate. No chemicals are 
added and the process contains no moving parts, a feature which is highly 
desirable in a radioactive environment. The electrocoagulators could be 
deployed as a stand alone unit for in-pool treatment or as a pretreatment 
to filters. 
Water Treatment 
Mixed bed ion exchangers are presently used to deionize and decontaminate 
fuel storage pool water. When the exchangers are loaded it is necessary to 
dispose of them in large concrete modules. An improved process, 
electrochemical mixed bed ion exchange, uses H + and OH" generated at 
electrodes to regenerate the resins. The radionuclides and other dissolved 
ions are collected as a concentrated aqueous solution. The small volume 
concentrated aqueous stream can be converted into a final waste form by 
standard methods of disposing of aqueous solutions. Modular 
electrochemical ion exchange units are available. 
Tritium exists in the 105-KE Basinvas tritiated water (THO). Because it is 
essentially water, it is extremely difficult to remove this tritium 
particularly at JXCX and pCi levels and meet the EPA drinking water standard 
of 20,000 pCi/L tritium. Only two experimental improved techniques exist 
that have the potential to remove tritium to meet the EPA standard. These 
are: 1) the membrane separation process under development by EM-50 (TTP 
RL3-4-20-003, Rev. 1) at PNL, and 2) Combined Electrolysis and Catalytic 
Exchange (CECE) under development by Atomic Energy Canada Limited's 
(AECL's) Chalk River Laboratories. Both processes produce a highly 
concentrated tritium stream suitable for further processing by cryogenic 
distillation or chromatographic isotope separation. Very rough estimates 
indicate that the capital and operating costs for tritium removal by the 
PNL membrane separation concept should be less than the AECL CECE concept. 
PNL's membrane separation is expected to operate like reverse osmosis and 
require only pumping and associated costs while the AECL CECE separation 
requires a large commitment in electricity to electrolyze the water to be 
treated. Each concept is expected to be available as a single unit for 
installation when the units become available in the marketplace. 
Sludge Treatment 
Decontamination/Leaching- - Sludge/soil leaching and washing technologies 
appear to have some promise for removing the radionuclides and hazardous 
components. One improved technology is the ACT*DE*CON process that leaches 
uranium, plutonium, and strontium from soil and other solid materials. The 
process has been used successfully to decontaminate soil at the Mound Site 
and is being tested for decontamination of the Hanford tank sludge. 
Standard decontamination processes will also be considered. 
Solidification - Wastes remaining from the sludge treatment will be 
solidified to a waste form suitable for disposal. Glass waste forms that 
chemically bind and encapsulate the wastes into a stable waste form will be 
considered as well as concrete and other forms. A commercial 
supplier/waste immobilization company will be selected to provide the waste 
processing capability for the demonstration. Testing with nonradioactive 
simulants is expected prior to solidification of the actual wastes. PNL 



will conduct confirmatory laboratory tests with simulants and actual wastes * 
to support the immobilization supplier and to provide product data for 
regulatory documentation. 



Waste Package/Storage/Disposal 
Packaging, transportation, and storage will be in accordance with criteria 
established for the waste types expected to be removed from the basin. 
Investigation and evaluation of the canisters used to transport and store 
TMI-2 core debris and zeolite resins will be performed. Sludge containing 
radioactive mixed wastes will require development of acceptable storage 
criteria and packages before packaging. Pieces of fuel or cladding will be 
packaged according to criteria developed to package and store reactor fuel. 
Existing approved waste package designs and shipping casks will be utilized 
as much as possible in order to eliminate the necessity of qualification of 
new designs. 
Benefits 
This task will provide improved technology to remove and treat the sludge 
and the pool water at the N-Reactor 105-KE Basin and contribute toward 
meeting the Tri-Party Agreement milestone that calls for the 105-KE Basin 
to be placed in decontamination and decommissioning by 2003. The improved 
technologies should result in more efficient cleaning technologies and 
reduced emissions from baseline technologies for this near-term effort and 
for subsequent remediation of basins across the DOE complex. Possible 
transfer to the international nuclear community or the nuclear utility 
industry will be evaluated. 
Technology Transfer 
Technology transfer will be from selected EM-50 Integrated Demonstrations 
(IDs) and Integrated Programs (IPs) and from industry to the operating 
contractor. Selected UST-ID retrieval technologies (such as Vectra's 
recently licensed, PNL-developed vitrification technology for treating low-
level wastes from commercial reactors) and ESPIP separations technologies 
are expected to be especially applicable. Technologies used in the cleanup 
of Three Mile Island will be investigated and used where applicable. 
Opportunities for technology transfer to agencies outside of the DOE 
complex are somewhat limited. Other nuclear fuel storage basins throughout 
the world are potential customers. Applications to nonnuclear industries 
are very limited and potentially nonexistent. These opportunities will be 
evaluated as technologies are identified and developed. 
Principal Performers 
The Pacific Northwest Laboratory (PNL), DOE's multi-program laboratory at 
the Hanford Site, is operated by Battelle Memorial Institute. PNL is 
completing a quarter century at Hanford; the staff has a detailed 
understanding of the site and strong working ties with the operations staff 
in RL and WHC. The full set of Hanford problems, which cover nearly the 
full range of environmental problems faced by DOE, allow the technologies 
coming from PNL and others to be tested on-site and then rapidly adopted 
for use if found acceptable. Over the last 5 years, DOE's $700M investment 
in environmental projects at PNL has established a large number of 
specialized research facilities and substantial expertise in over 1500 
staff spanning most disciplines and all stages of development. 



Environmental projects for all clients are managed through a central 
program office and executed by teams of technical staff drawn from 
discipline-oriented line organizations. For DOE tasks, the program office 
provides a dedicated management staff, fully versed in DOE requirements. 
This staff is integrated with PNL's finance, procurement, QA, and other 
support functions, and with RL, to efficiently manage multiple small to 
medium-sized projects. PNL conducts environmental projects (these totaled 
$40M for FY 1993) for other government agencies (e.g., OER, DoD, and EPA) 
and, through its unique dual-use contract, for industrial clients. This 
provides unprecedented opportunities for leveraging and prompt 
commercialization. Strong internal linking between PNL's basic (e.g., 
Office of Energy Research) and applied environmental projects is consistent 
with DOE's New Approach and has resulted in several new innovative 
solutions. 

PNL and Battelle have a tradition of outreach to universities and 
involvement with industry, facilitating DOE's goal of economic transition. 
Over 80% of PNL's current set of OTD tasks are being performed in 
collaboration with universities, industry, or other DOE contractors. In 
the last year alone, over 20 PNL-developed technologies resulted in 
substantive commercial relationships, and four new regional business 
opportunities were developed. 
GJ Sevigny, Radiochemical Process Engineering and Operations 
EL Benjamin, ES&H 
JG Carter, Design and Engineering 
GA Jensen, Tritium Separations and Tritium Removal 
DE Kurath, Separations Processes, Electrochemical Treatment 
RA Merrill, Sludge Vitrification 
MF Morrissey,...Mixed/LLW Processing, Solid/Liquid Separations 
JM Seay, Radiochemical Process Design 
JJ Toth, Systems Analysis 
JH Westsik, Jr., Waste Forms 
Facilities 
A test bed for retrieval technologies is available in PNL's 336 Building 
Fluid Dynamics Laboratory. This facility is used to evaluate retrieval 
technologies for the wastes in Hanford's double- and single-shell tanks and 
includes flat bottom tanks with capacities of 2600 L and 65,000 L and the 
associated equipment necessary to prepare simulants vfor testing. 
An alternative that will be evaluated for modular deployment is a 
modification of the Cesium Demonstration Unit (CDU) being designed for 
treatment of tank wastes. 
Vitrification testing to demonstrate the applicability to pond sludge will 
be carried out in existing facilities in the 324 Building at PNL using 
simulants and actual wastes. This testing will include glass formulation 
and durability testing on the vitrified product. Such testing is regularly 
carried out at PNL to evaluate the applicability of vitrification to 
various waste streams. Development and demonstration of an actual 
vitrification system for treatment of the pond sludge will be carried out 
in collaboration with an industrial partner at the 105-KE Basin. In the 



event that concurrent remediation is desired, technologeis will be 
demonstrated in the adjacent N-reactor fuel basins. 
PNL has many years of experience operating radioactive processing 
facilities. For example, PNL operates hot cell facilities in the Hanford 
300 Area. These facilities support DOE programs ranging from fuels and 
materials postirradiation examination to chemical/thermal radioactive waste 
treatment process demonstrations. The hot cell facilities offer a wide 
range of capabilities to remotely handle radioactive and hazardous 
materials. Facilities can be tailored to provide testing and examination 
services required for most experiments. These capabilities and services 
are distributed between the 324 and 327 Building based on the type of 
operation to be performed. The Postirradiation Testing Laboratory (PTL) is 
located in 327 Building. The Shielded Materials Facility (SMF) and the 
Radiochemical Engineering Cells (REC) are located in 324 Building. The REC 
is primarily used for radioactive chemical and thermal treatment process 
demonstrations, and could be used for this project, if radioactive 
demonstration outside the storage pool is desired. 
All three.facilities are maintained and operated in compliance with 
Environmental Protection Agency (EPA), Occupational Safety and Health 
Administration (OSHA), DOE, and PNL regulations, policies, and procedures. 
References for Part II 
None. 

PART III; TASK EXECUTION PLAN 

TTP Number: RL3-5-20-02 
Subtask Number; 00 
Prior-Year Progress 
Not applicable, as this is a new task. 
Work Element Descriptions 
A. PROJECT MANAGEMENT AND REPORTING 

Performance Goals/Deliverables 
The goal of this work element is to coordinate the efforts of 
personnel to ensure the final results meet the requirements of the 
Technical Task Plan. Deliverables include: 

• preparation of Monthly Reports, Weekly Highlights, and other 
required documentation; 

• preparation of Current Year Management Plan, Out-Year Management 
Plans, Contractor Project Management Plans, and Technology 



Commercialization Plans; 
• presentation preparation/attendance at ID/IP Technical 'Mid-Year 

Review, OTD information meeting, and EM-50/DOE/Outreach meetings; 
and 

• contacting/meeting with industrial partners/technology licensees 
and EM-30/EM-40 users; 

Technical Description of Work 
The project management subtask will coordinate all technical task 
activities, provide overall administrative and fiscal control, 
schedule control, and will oversee the safety and quality assurance 
functions for the project. This task will also prepare a technical 
task plan, a project management plan, records management, monthly 
progress and management reports, and establish subcontracts. 
The project will be managed by a qualified, experienced technical 
manager who is trained and experienced in earned value and cost, 
schedule, and control system program management of similar sized 
projects ($500K-$2000K/yr). Earned value and cost, schedule, and 
control system methodology will be used to plan, track, control, and 
report project progress. Support to the project manager will be 
supplied by professional project management staff matrixed to the 
project. 
The project manager will coordinate with the work being done at N-
Basin and K-Basin under EM-30 and EM-40. This effort will build upon 
and compliment the existing efforts. 

Milestones (Decision Points/Major Accomplishments) 
Al FY95 Project Management Plan 12/94 00 
A2 FY96-98 Project Management Plan 10/1/95 00 
Cost/Duration of Work Element 

Performer FY95 FY96 FY97 FY98 FYR+4 FYR+5 
PNL 50K 180K 100K 200K 

Collaborators and Principal Performers 
Principal Performer: Gary Sevigny, Project Management Staff. 
Collaborator: 

CUSTOMER, MARKET, INDUSTRY AND LITERATURE SURVEYS 
Performance Goals/Deliverables 
The'goal of this work element is to determine potential customers, 



markets, and industries for this technology and to determines their 
interest in the technology being developed and demonstrated.. The 
literature survey will be used to locate technologies that may be 
appropriate for consideration into the conceptual design. 
Technical Description of Work 
The survey task, with input from Argonne National Laboratory, will 
locate potential specific customers within the DOE complex, and 
outside of the DOE complex throughout the United States and the world 
that may be able to utilize the narrowly focused technology to 
stabilize/shutdown reactor fuel storage pools. Responsible parties 
will be located and asked to respond to a survey about their specific 
process requirements. 
Literature and vendor searches will be run through technical and 
scientific databases to locate existing technologies that are directly 
applicable to the stabilization/shutdown process. Alternatively, the 
searches will find technology'! that exists for other applications that 
could be adapted to fit the problems at hand. The technologies will 
be reviewed in Task 9 for their appropriateness to develop an 
integrated improved process for cleanup. The results of this activity 
will provide input to the technical status and applications reports in 
Task C. 
Milestones (Decision Points/Major Accomplishments) 
None. 
Cost/Duration of Work Element 
Performer FY95 FY96 FY97 FY98 FYR+4 FYR+5 
PNL 100K 
Collaborators and Principal Performers 
Principal Performer: Dean Kurath (PNL) 
Collaborator.-

IMPROVED PROCESS REQUIREMENTS 
Performance Goals/Deliverables 
This task defines the requirements for the improved processes as 
determined from the customer surveys and other sources of information, 
such as regulatory issues and DOE orders. At the completion of the 
first year, a report will be issued identifying the system 
requirements for application to the nuclear industry. 
Technical Description of Work 
The systems engineering task will provide decision analysis support 



for the development, evaluation, design, and test functions of the 
treatment of pool water and sludge (Storage Basin Program)., Key 
responsibilities for the systems .engineering task for the first year 
are to prepare a preliminary evaluation of system alternatives/ 
compare the standard performance of conventional equipment to the 
customer defined process requirements as described in customer survey 
responses, and compare the conventional process performance to the 
required performance. 
Milestones (Decision Points/Manor Accomplishments) 
CI. Draft Technology Status and Applications Report 02/28/95 HQ 
Cost/Duration of Work Element 
Performer FY95 FY96 FY97 FY98 FYR+4 FYR+5 
PNL 100K 
Collaborators and Principal Performers 
Principal Performer: Dean Kurath, Jim Toth, from PNL 
Collaborator: A systems engineering consultant will assist 

in the preparation of the systems engineering 
activities. 

IMPROVED PROCESS PERFORMANCE SPECIFICATIONS AND COST ESTIMATES 
Performance Goals/Deliverables 
A technology, description letter report containing the necessary 
information required to evaluate the process options. 
A report summarizing testing results, including a flowsheet of the 
improved process and how the improved process compares to the accepted 
baseline processes. 
Complete baseline flowsheet with selected process alternatives. 
Complete conceptual design report. 
A report identifying the system specifications at the end of the first 
year. 
Technical Description of Work' 
The objective of this task is to provide the necessary information on 
the various individual technologies. This will.be accomplished by 
evaluating the technologies that are commercially available as well as 
the technologies that are being developed as part of other waste 
cleanup activities. Special safety requirements, that exist at-.-, 
specific sites, such as pyrophoricity and nuclear criticality safety, 
will be factored into the evaluation. Some testing with simulants is 

http://will.be


expected to be required. This will be performed with existing -
equipment at universities, national laboratories, and/or private 
industry. The Fluid Dynamic Laboratory at PNL is one example of a 
potential testing location. The information generated as part-of this 
activity and input from Westinghouse Hanford Company (WHC) will be 
used in the systems analysis, flowsheet development, and conceptual design. 
The flowsheet and conceptual design is needed to develop an improved 
system for treating contaminated water and sludge from fuel storage 
basins to meet environmental regulation. The conceptual design would 
be performed to minimize primary and secondary waste generation, 
produce water that would meet drinking water standards, separate the 
radiological material from the bulk sludge, and produce a final solid 
waste acceptable for burial onsite. The design would be performed 
with WHC's direct participation and in design reviews. 
ANL will aid in identifying potential technologies and will act as an 
outside design reviewer, along with Vectra. The conceptual design 
report will include the following sections: 

• flowsheet, including expected waste stream composition and 
volume; 

• process description; 
• conceptual P&IDs for the process; 
• outline specification for the equipment; 
• conceptual capital cost estimate; and 
• a section on special safety requirements and their engineered 

controls. 
The flowsheet will contain the major process streams including 
chemical and radiological compositions. Before the flowsheet for the 
conceptual design is finalized, various options will be evaluated 
using a system analysis approach. A safety assessment of the various 
options will be made. The conceptual P&IDs and equipment 
specifications will be based on the flowsheet produced and sized based 
on information in the technology evaluation in Task C. The cost 
estimate to construct the process equipment will be based on the 
vendor equipment costs, and construction cost estimates from the 
onsite architect-engineer (AE). The process description document will 
include the flowsheet; cost estimate; brief descriptions of the 
technologies used in the process, the control of the process, and 
shielding and support structures; and the environmental and safety 
considerations. The process description will also include the 
informational needs required to complete the detailed design. 

The conceptual design work will be completed by the end of FY95 to 
support detailed design and procurement in FY96. 
Environmental Safety and Health 



The process selected and the equipment provided by PNL under this 
contract will be designed to protect the public and the environment 
and to provide a safe and healthy working environment for the workers 
performing the cleanup. PNL personnel experienced in toxicological, 
radiological, criticality, and occupational safety will be an integral 
part of the process selection and equipment design teams. The design 
will integrate ALARA principles with safe material handling and 
environmental protection. 

During the first year, safety and environmental engineers will attend 
meetings and provide input into the selection process. Analysis of 
special safety requirements/criteria will be required during the first 
year. After the process is selected, chemical safety, radiation 
shielding, criticality, and human factors analysis will increase to 
support the design activities. A failure modes and effects analysis 
will be included in the preliminary safety analysis report during the 
third year of the project. The efficiency and effectiveness of the 
process and equipment designed will be greatly enhanced by the 
involvement of safety, environmental and human factors engineers 
during all phases of the process. 
Systems Engineering 
Systems engineering will evaluate the identified and characterized 
process technologies provided in the other subtasks. The criteria for 
evaluation during the conceptual design (first year) tasks:. 
.. • Technical Capability, 
• ALARA Considerations, 
• Waste Minimization, and 
• Total Cost. 

Systems engineering will provide decision analysis support for the 
development, evaluation, design, and test functions of the treatment 
of pool water and sludge (Storage Basins Program). Key 
responsibilities for systems engineering for the first year are to 
evaluate system alternatives, compare the performance of improved 
processes to the required performance and to any baseline, maintain 
traceability of requirements, and ensure the impact of changes on the 
total system are evaluated and controlled. 
The primary focus of the cost estimation will be the development of 
capital and operating costs based on the amount of primary media to be 
removed, handled and treated in various design alternatives. Trade
offs between capital investment and operating costs will be evaluated. 
Costs savings as a result of consolidation of labor requirements with 
optimized equipment design will be the goal. Capital costs include 
the following categories: plant and equipment, onsite construction 
labor, mobilization/demobilization working capital, start-up, and 
decommissioning. Operating costs include operating and maintenance 
labor, materials, consumables, and utilities. 



For the various alternatives, the estimated resulting volumes of 
primary and secondary low-level radioactive waste, low-level 
radioactive waste Class C, transuranic, and hazardous waste requiring 
disposal will be determined. 



Milestones (Decision Points/Maior Accomplishments) 
Dl Complete Technology Description Letter 3/1/95 HQ 

Report 
D2 Complete Draft Conceptual Design Report 9/29/95 00 
D3 Complete Conceptual Design Drawings 9/2 9/95 00 
D4 Complete Technology Status and Applications 8/31/95 HQ 

Report 
Cost/Duration of Work Element 

Performer FY95 FY96 FY97 FY98 FYR+4 FYR+5 
PNL 380K 560K 138K 0 

Collaborators and Principal Performers 
Vectra will design and perform demonstration testing of the sludge 
vitrification system. The principal preparation of the conceptual 
design report will be prepared by PNL. The associated equipment 
suppliers and onsite AE will support the preparation of the process 
design, equipment descriptions, and cost estimates. 
Nationally recognized systems engineering collaborators will be sought 
from the academic community, under the auspices of the National Council 
- on Systems Engineering (NCOSE). 

PROCURE, FABRICATE, ASSEMBLE, AND TEST EQUIPMENT FOR IMPROVED 
PROCESSES 
Performance Goals/Deliverables 
This.task will finalize the conceptual design prepared in Task D; 
prepare a detailed design; and procure, fabricate, assemble, and test 
equipment for improved processes. The size of the test equipment 
probably will not be production size, but will be large enough to 
obtain meaningful results in an actual 105-KE Basin test.- The size 
will depend on the technologies selected and will be determined during 
the system evaluations, and conceptual designs. Additional 
deliverables include a preliminary safety analysis report (PSAR) from 
which the process operator will be able to write a final SAR to 
operate the equipment. The PSAR will be due at the end of the fourth 
year. 

Technical Description of Work 
A draft design will be prepared based on the conceptual design with 
additional details.. This design will allow the early procurement of 
standard equipment. A detailed design will be performed based on the 
draft design with additional details. The detailed design will be 
staged so that long-lead equipment procurement can get started before 
the complete design is finished. This will allow the completion of 
the system fabrication by May 1997. The detailed design will be 



completed in FY96. The detailed design report will include the 
following sections: 

• updated flowsheet, including expected waste stream composition 
and volume; 

• detailed P&IDs; 
• specification for the equipment; 
• detailed capital cost estimate; and 
• process description. 

The updated flowsheet will contain all the streams, including chemical 
and radiological compositions. The detailed P&IDs and equipment 
specifications will be based on the conceptual design and any 
additional information of the. contents of the 105-KE Basin at that 
time. The cost estimate to' construct the process equipment will be 
based on the vendor equipment costs and construction costs estimates 
from the onsite AE. The process description document will include the 
updated flowsheet; cost estimate; a description of the technologies 
used in the process, the control of the process, and shielding and 
support structures; and the environmental and safety considerations. 
The;-work will consist of procuring and assembling the process 
...equipment with the appropriate quality assurance documentation. The 
procurement will start in FY96 and the construction will be completed 
-in FY97. Major equipment pieces will be procured as process modules 
and combined with other pieces, as appropriate, based on the final 
process design. The modules would fit into a shielded structure 
similar to the CDU concept envisioned for processing high level waste 
tank supernate. The modules and shielding structure would be combined 
onsite by construction forces. 
Milestones (Decision Points/Maior Accomplishments) 
El Complete status report of design/fabrication of 

Test Equipment 
E2 Detailed Design Report 
E3 Complete Detailed Design Drawings 
E4 Preliminary Safety Analysis Report (PSAR) 
E5 RD&D Permit (Cold Test) 
E6 Complete Procurement of Major Equipment 
E7 Complete Assembly of Modules 
E8 Complete Acceptance Testing by Construction 

Forces and Turnover to Operation 
Cost/Duration of Work Element 

Performer FY95 FY96 FY97 FY98 FYR+4 FYR+5 
PNL 180K 1955K 888K 116K 

8/31/95 HQ 
7/30/96 00 
4/28/96 CNTR 
2/30/98 CNTR 
6/30/96 00 
12/30/96 HQ 
02/29/97 CNTR 
05/31/97 HQ 



Collaborators and Principal Performers 
The principal preparation of the detailed design report will be 
prepared by PNL. The associated equipment suppliers and on-site AE 
will support the preparation of the process design, equipment 
descriptions, and cost estimates. Environmental Safety and Health 
collaboration will be provided by Hazards Research Corporation, 
Denville, New Jersey. 
The procurement of the equipment would be performed by PNL, the 
construction of the major equipment module would be performed by 
private industry, and the assembly would be performed by onsite 
construction forces. 

TEST PROCESS UNDER COLD CONDITIONS 
Performance Goals/Deliverables 
Perform cold test with complete process system. 
Technical Description of Work 
The cold test will consist of operating the modular demonstration 
system in an in-pool test environment available at the Hanford Site in 
the-336 Building. The building is managed by PNL for evaluating 
sludge removal processes from waste tanks. The process system would 
be tested with simulated sludge in a fuel pool containing 
nonradioactive Cs and other fission product simulants. The test would 
be run to test the sludge removal and filtration ability of the 
process. The system control and overall operating parameters 
determined. The system test would also be used to test the remote 
handling capabilities and packaging systems. The tritium removal 
system would be tested only for typical operating conditions. The 
effectiveness of the tritium system would be tested separately and in 
conjunction with another EM-50 project. At the completion of the 
test, a test report would be prepared that included recommended 
changes, if required, and recommended operating parameters.. This work 
would be completed the first half of FY98. 
Milestones (Decision Points/Major Accomplishments) 
Fl Complete System Cold Test 
F2 Complete Cold Test Report 
Cost/Duration of Work Element 

Performer FY95 FY96 FY97 
PNL 

Collaborators and Principal Performers 
The cold testing would be performed by PNL with evaluation of the data 

(3JJ30/91J HQ 
ll/3~0797 HQ 

FY98 FYR+4 FYR+5 
600K 



by the major equipment manufacturers as appropriate. 

RADIOACTIVE DEMONSTRATION AT KE-105 
Performance Goals/Deliverables 
Perform radioactive demonstration. 
Technical Description of Work 
The radioactive demonstration would be performed by the operating 
contractor with support from PNL. The permitting and safety 
documentation would be the responsibility of the operating contractor. 
PNL would provide supporting information and consultation. The 
demonstration would be performed on KE-105 Basin after all the intact 
fuel is removed and would be considered complete after a short trial 
run. The complete cleaning of the 105-KE Basin is not included in 
this scope of work. 
Milestones (Decision Points/Major Accomplishments) 
Gl Complete Radioactive Demonstration 09/30/98 HQ 
Cost/Duration of Work Element 

Performer FYR FY96 FY97 FY98 FYR+4 FYR+5 
PNL HOOK 

Collaborators and Principal Performers 
The radioactive testing would be performed by the operating contractor 
with PNL support. 

Design Technical Services 
Performance Goals/Deliverables 
Provide outside representation to the process design and project 
review team. 
Technical Description of Work 
This work will provide guidance to the PNL process design team to 
incorporate any project specific requirements to ensure the success of 
the improved process demonstration. 
Cost/Duration of Work Element 

Performer FY95 FY96 FY97 FY98 FYR+4 FYR+5 
PNL 140 150 108 178 



Collaborators and Principal Performers 
Mike Coffey of the Argonne National Laboratory and the Facility 
Manager at a Reactor Fuel Storage Pool Facility (RFSPFM) will be given 
contracts for $30K each to help identify potential technologies and 
provide outside representation on the process design team. 
A systems engineering consultant will be contracted with to help in 
engineering. 

Consolidated Funding and Basis 

FYR+4 FYR+5 
PY 

Work Element CO FY95 FY96 FY97 FY98 

A 50 180 100 200 
B 100 0 0 0 
C 100 0 0 0 
D 380 560 138 0 
E 180 1955 888 116 
F 0 0 0 600 
G 0 0 . 0 1100 
H 140 150 108 178 
I 0 0 0 0 
TOTAL 950 2845 1234 2194 

Mai or Cost _It ems 

• Equipment test modules 
• Cold test and report 

Cost Determination 
The cost estimates for the equipment modules are based on previous 
estimates for relatively small-scale process equipment, but the cost could 
vary considerably depending on the actual equipment and size of the 
equipment used. 
The cold test is based on similar testing with other sludge removal 
equipment. 
Monthly Spend Plan 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
OP 81 68 69 88 74 79 76 96 72 84 73 90 

Key Issues 

Identification of the composition and physical nature of the sludge in 
the 105-KE fuel storage basins. 



• Obtaining the necessary logistical, scheduling, operational and 
permitting support from the Operating Engineer Contractor (OEC) to 
perform the radioactive demonstration. 

• Obtaining the necessary permits for the radioactive demonstration. 
• The schedule is success-oriented and has no float. Procurement of 

long-lead items would be a problem. 
• Identification of process requirements for sludge removal and water 

treatment. 
• It is assumed that the fuel will be removed before the demonstration. 

NEPA/Regulatory Compliance Approach 
The NEPA and permitting approach is for PNL to obtain the documentation to 
allow the design, construction, and operation of the system as a cold 
demonstration unit. The NEPA and compliance documents for the cold test 
unit could be completed based on previous activities similar in nature 
(CX). The NEPA and regulatory permits would be obtained by WHC to perform 
a demonstration test on KE-105 Basin. 


